
CHAPTER 24 WEB/CD EXTENSIONS

Case Histories and Multiple 
Discriminant Analysis

Anatomies of Two Business Failures
This section sketches two of the more prominent business failures. They provide ad-
ditional insights into the bankruptcy process.

Eastern Airlines During the 1980s, Eastern Airlines was plagued by seemingly
unending woes, from incessant labor strife to occasionally poor service, which caused
the airline to lose hundreds of millions of dollars.1 Finally, under its chairman, Frank
Lorenzo, the company filed for Chapter 11 bankruptcy in March 1989 after a show-
down with its unions. Lorenzo, who was determined to break the unions’ strike, in-
sisted that he could restore Eastern to profitability if given enough time. Every few
months, the company would submit projections to the bankruptcy court showing that
the airline was about to turn the corner, while creditors complained that the forecasts
were wildly optimistic.

The bankruptcy judge stated early on that keeping Eastern flying was in the
“public interest” and that this goal outweighed the “parochial” concerns of the
creditors. Thus, the court allowed Lorenzo to sell off assets and use the proceeds
to cover operating losses. In early 1990, the unsecured creditors demanded that a
trustee be appointed to run Eastern, and Martin Shugrue was appointed by the
court in April. By then, however, $1.2 billion in assets that could have gone to
creditors had been sold, and the funds had evaporated. Although analysts gave
Eastern almost no chance of surviving, Shugrue launched an expensive program to
restore the carrier to health. About $35 million was spent on national TV ads fea-
turing the trustee as the leader of a new Eastern, and millions more were poured
into new leather seats and increased flight attendants for first-class passengers to try
to steal full-fare passengers from rival carriers which had better reputations for ser-
vice, such as Delta.

When the Persian Gulf war slowed air travel and sent fuel prices upward, it became
obvious to all, even the court, that Eastern would never make it, so the court finally
agreed to shut it down for good on January 18, 1991. By that time, however, Eastern
had wasted another $530 million in its attempt to stay afloat.

It took from January 1991 to December 1994 for the bankruptcy court to approve
the liquidation plan. By that time, more than $95 million had been paid out to lawyers
and other bankruptcy officials, and hundreds of millions had been vaporized in oper-
ating losses. All priority claims—including those to employees, the pension plan, and
secured creditors—were paid in full, which required more than $1 billion of the liqui-
dation proceeds. The 70,000 general creditors fared less well: They received roughly
11 cents on the dollar. Clearly, a more timely liquidation would have greatly increased
the payout to the unsecured creditors.
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1For more information on the Eastern bankruptcy, see “Eastern: The Wings of Greed,” which was published in the No-
vember 11, 1991, issue of Business Week.
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What about Martin Shugrue, the trustee? He moved on to greener pastures; he is
now president of a resurrected Pan American, which is trying to muscle its way back
into the very competitive skies of commercial aviation.

Revco On December 29, 1986, Revco Drug Stores went private in a leveraged
buyout.2 At the time, Revco was one of the nation’s largest retail drug chains, operat-
ing over 2,000 stores in 30 states. The buyout increased management’s ownership in
the company from 3 percent to 31 percent, but it also raised the company’s indebted-
ness from $309 million to $1.3 billion, including $700 million in subordinated notes
(junk bonds). Immediately after the buyout, the company only had $35 million in
common equity out of $1.7 billion in capital, for an equity ratio of only 2 percent.
Given the heavy debt burden, several analysts stated that a hiccup would throw the
company into bankruptcy.

Indeed, on April 15, 1988, Revco announced that it could not make a $46 million
interest payment on its subordinated notes. In a press release issued that day, the com-
pany said: “Revco believes that its business is strong and its operations solid; however,
our current capitalization is not the appropriate one for the company. After evalua-
tion, Revco’s board has determined that a financial restructuring is appropriate.” The
company and its creditors wanted to avoid the costs of a Chapter 11 bankruptcy, so
they made several attempts at a workout. For example, in mid-May Revco’s manage-
ment proposed that bondholders exchange their subordinated notes for a new class of
common stock that would leave then-current stockholders with only 5 percent owner-
ship. Such a restructuring was consistent with the argument that the LBO team paid
too much for the company and that any equity value remaining after the overpayment
was destroyed by poor operating performance. However, this proposal failed because
the company’s stockholders would not agree to go along with it.

As Revco’s fortunes fell, Magten Asset Management, a firm that specializes in in-
vesting in distressed companies, began buying Revco’s senior subordinated notes at
about 50 cents on the dollar. By late June, Magten had accumulated more than 25 per-
cent of that particular security, which gave it veto power over any reorganization plan,
whether private or under court supervision. Such power gave Magten the right to hold
out for higher returns before consenting to any reorganization plan. On July 7, 1988,
bondholders agreed to a one-month “standstill,” whereby creditors agreed not to take
action against Revco for missing its June interest payments. However, the company’s
cash flow was not improving, and on July 22 Magten demanded full and immediate
payment of all principal and interest due. This action triggered cross-default provi-
sions, which put Revco in default on all its borrowings. On July 28, 1988, Revco filed
for protection under Chapter 11 of the Bankruptcy Act.

Following the formal bankruptcy filing, numerous reorganization plans were pro-
posed, but most failed because of disagreements among the various claimants. In Sep-
tember 1991, creditors filed a plan in which they would get 100 percent ownership of
the company in return for agreeing to lighten Revco’s current debt load of $1.5 bil-
lion. In addition, the plan called for Salomon Brothers, an investment bank that had
collected almost $40 million in fees on the original overleveraged LBO deal, to pay
$9.5 million to the creditors in return for an agreement to drop several proposed suits
against Salomon. In the plan, banks that had lent Revco $306 million would receive
$205 million of new 12 percent notes due December 31, 1998, a small amount of cash,
and some new convertible preferred stock. The value of this package of securities was
estimated at about 60 cents on the dollar. Holders of Revco’s subordinated notes did
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2For more detail on the Revco buyout and subsequent failure, see Karen H. Wruck, “What Really Went Wrong at Revco,”
Journal of Applied Corporate Finance, Summer 1991, 79–92.
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not fare even that well. They would get common stock in the post-bankruptcy Revco,
but no cash or notes. These notes had been trading at about 18 cents on the dollar, re-
flecting investors’ beliefs that the final reorganization plan would leave little for bond-
holders. Revco’s stockholders would receive nothing—stockholders are almost always
wiped out when creditors are forced to accept less than their original claims.

Finally, in June 1992 the plan was accepted, and Revco emerged from bankruptcy
with fewer than 1,200 stores. With several former creditors now on the board, the first
order of business was to fire the chairman, Boake Sells. Then, the board created a
committee of five executives to lead the company. In spite of its years of problems,
many analysts predicted a bright future for Revco once it shed its onerous debt bur-
den. In fact, the company did well, becoming an industry leader in the use of technol-
ogy to fill and track prescriptions. Today, Revco is the second largest drug store chain,
with more than 2,200 stores. It has fully recovered from its reorganization, and it is
poised for rapid growth as the population ages.

Using Multiple Discriminant Analysis 
to Predict Bankruptcy
As we have seen, bankruptcy, or even the possibility of bankruptcy, can cause signifi-
cant trauma for a firm’s managers, investors, suppliers, customers, and community.
Thus, it would be beneficial to be able to predict the likelihood of bankruptcy so that
steps could be taken to avoid it or at least to reduce its impact. One approach to bank-
ruptcy prediction is Multiple Discriminant Analysis (MDA), a statistical technique simi-
lar to regression analysis. In this section, we discuss MDA in detail, and we illustrate
its application to bankruptcy prediction.3

The Basics of Multiple Discriminant Analysis Suppose a bank loan offi-
cer wants to segregate corporate loan applications into those likely to default and
those not likely to default. Assume that data for some past period are available on a
group of firms which includes both companies that went bankrupt and companies that
did not. For simplicity, we assume that only the current ratio and the debt/assets ratio
are analyzed. These ratios for our sample of firms are given in Columns 2 and 3 at the
bottom of Figure 24WE-1. The Xs in the graph represent firms that went bankrupt,
while the dots represent firms that remained solvent. For example, Point A in the up-
per left section is the point for Firm 2, which had a current ratio of 3.0 and a debt ra-
tio of 20 percent, and a dot indicates that the firm did not go bankrupt. Point B, in the
lower right section, represents Firm 19, which had a current ratio of 1.0 and a debt ra-
tio of 60 percent, and the X indicates that it did go bankrupt.

The objective of discriminant analysis is to construct a boundary line through the
graph such that if the firm is to the left of the line, it is not likely to become insolvent,
whereas it is likely to go bankrupt if it falls to the right. This boundary line is called
the discriminant function, and in our example it takes this form:

Here Z is called the Z score, a is a constant term, and b1 and b2 indicate the effects
of the current ratio and the debt ratio on the probability of a firm going bankrupt.

Z � a�b1(Current ratio) � b2(Debt ratio).

Web/CD Extensions 24WE-3

3This section is based largely on the work of Edward I. Altman, especially these three papers: (1) “Financial Ratios, Dis-
criminant Analysis, and the Prediction of Corporate Bankruptcy,” Journal of Finance, September 1968, 589–609; (2) with
Robert G. Haldeman and P. Narayanan, “Zeta Analysis: A New Model to Identify Bankruptcy Risk of Corporations,” Jour-
nal of Banking and Finance, June 1977, 29–54; and (3) Salomon Brothers, with John Hartzell and Matthew Peck, “Emerging
Market Corporate Bonds, A Scoring System,” May 15, 1995. The last article reviews and updates Altman’s earlier work and
applies it internationally.
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Although a full discussion of discriminant analysis would go well beyond the scope
of this book, some useful insights may be gained by observing these points:

1. The discriminant function is fitted (that is, the values of a, b1, and b2 are obtained)
using historical data for a sample of firms that either went bankrupt or did not dur-
ing some past period. When the data in the lower part of Figure 24WE-1 were fed
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FIRM CURRENT DEBT/ASSETS DID FIRM GO Z PROBABILITY
NUMBER RATIO RATIO BANKRUPT? SCORE OF BANKRUPTCY

(1) (2) (3) (4) (5) (6)

1 3.6� 60% No �0.780 17.2%
2(A) 3.0 20 No �2.451 0.8
3 3.0 60 No �0.135 42.0
4 3.0 76 Yes 0.791 81.2
5 2.8 44 No �0.847 15.5
6 2.6 56 Yes 0.062 51.5
7 2.6 68 Yes 0.757 80.2
8 2.4 40 Yesa �0.649 21.1
9 2.4 60 Noa 0.509 71.5

10 2.2 28 No �1.129 9.6
11 2.0 40 No �0.220 38.1
12 2.0 48 Noa 0.244 60.1
13 1.8 60 Yes 1.153 89.7
14 1.6 20 No �0.948 13.1
15 1.6 44 Yes 0.441 68.8
16 1.2 44 Yes 0.871 83.5
17 1.0 24 No �0.072 45.0
18 1.0 32 Yes 0.391 66.7
19(B) 1.0 60 Yes 2.012 97.9
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into a “canned” discriminant analysis program (the computing centers of most uni-
versities and large corporations have such programs), the following discriminant
function was obtained:

2. This equation was plotted on Figure 24WE-1 as the locus of points for which
. All combinations of current ratios and debt ratios shown on the line result

in .4 Companies that lie to the left of the line (and also have Z values less than
zero) are not likely to go bankrupt, while those to the right (and have Z greater than
zero) are likely to go bankrupt. It can be seen from the graph that one X, indicating
a failing company, lies to the left of the line, while two dots, indicating nonbankrupt
companies, lie to the right of the line. Thus, the discriminant analysis failed to
properly classify three companies.

3. Once we have determined the parameters of the discriminant function, we can cal-
culate the Z scores for other companies, say, loan applicants at a bank. The Z scores
for our hypothetical companies, along with their probabilities for going bankrupt,
are given in Columns 5 and 6 of Figure 24WE-1. The higher the Z score, the worse
the company looks from the standpoint of bankruptcy. Here is an interpretation:

50-50 probability of future bankruptcy (say, within two years). The com-
pany lies exactly on the boundary line.
If Z is negative, there is a less than 50 percent probability of bankruptcy.
The smaller (more negative) the Z score, the lower the probability of bank-
ruptcy. The computer output from MDA programs gives this probability,
and it is shown in Column 6 of Figure 24WE-1.
If Z is positive, the probability of bankruptcy is greater than 50 percent, and
the larger Z, the greater the probability of bankruptcy.

Z � 0:

Z � 0:

Z � 0:

Z � 0
Z � 0

Z � �0.3877 � 1.0736(Current ratio) � 0.0579(Debt ratio).
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4To plot the boundary line, let and 80%, and then find the current ratio that forces at those two values.
For example, at ,

Thus, �0.3611 is the vertical axis intercept. Similarly, the current ratio at is found to be 3.9533. Plotting these
two points on Figure 24WE-1, and then connecting them, provides the discriminant boundary line, which is the line that
best partitions the companies into bankrupt and nonbankrupt. It should be noted that nonlinear discriminant functions
may be used, and we could also use more dependent variables.

D/A � 80%
Current ratio � 0.3877/(�1.0736) � �0.3611.

0.3877 � �1.0736(Current ratio)
Z � �0.3877 � 1.0736(Current ratio) � 0.0579(0) � 0

D/A � 0
Z � 0D/A � 0%

Figure 24WE-1 footnote
aIf the “Z score” in Column 5 is negative, the firm should not go bankrupt, but a positive Z score predicts bankruptcy.
There were three misclassifications. Firm 8 had , so MDA predicted no bankruptcy, but it did go bankrupt.
Similarly, MDA predicted bankruptcy for Firms 9 and 12, but they did not go bankrupt. The following tabulation
shows bankruptcy and solvency predictions versus actual results:

Z POSITIVE: Z NEGATIVE:
MDA PREDICTS BANKRUPTCY MDA PREDICTS SOLVENCY

Did subsequently go bankrupt 8 1
Remained solvent 2 8

The model did not perform perfectly, as two predicted bankruptcies remained solvent and one firm that was expected to
remain solvent went bankrupt. Thus, the model misclassified 3 out of 19 firms, or 16 percent of the sample. Its success
rate was 84 percent.

Z � �0.649
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4. The mean Z score of the companies that did not go bankrupt is �0.583, while that
for the bankrupt firms is �0.648. These means, along with approximations of the 
Z score probability distributions of the two groups, are shown in Figure 24WE-2.
We may interpret this graph as indicating that if Z is less than about �0.3, there is
a very small probability that the firm will go bankrupt, whereas if Z is greater
than �0.3, there is only a small probability that it will remain solvent. If Z is in
the range �0.3, called the zone of ignorance, we are uncertain about how the firm
should be classified.

5. The signs of the coefficients of the discriminant function are logical. A high current
ratio is good, and since its coefficient is negative, the higher the current ratio, the
lower the probability of failure. Similarly, high debt ratios produce high Z scores,
and this is consistent with a higher probability of bankruptcy.

6. Our illustrative discriminant function has only two variables, but other character-
istics could be introduced. For example, we could add such variables as the rate
of return on assets, the times-interest-earned ratio, the days sales outstanding,
the quick ratio, and so forth.5 Had the rate of return on assets been introduced,
it might have turned out that Firm 8 (which failed) had a low ROA, while Firm
9 (which did not fail) had a high ROA. A new discriminant function would be
calculated:

Firm 8 might now have a positive Z, while Firm 9’s Z might become negative. Thus, it
is likely that by adding more characteristics we would improve the accuracy of our
bankruptcy forecasts. In terms of Figure 24WE-2, this would cause each probability
distribution to become tighter, narrow the zone of ignorance, and lead to fewer mis-
classifications.

Altman’s Model In a classic paper, Edward Altman applied MDA to a sample of
corporations, and he developed a discriminant function that has seen wide use in ac-
tual practice. Altman’s function was fitted as follows:

(24WE-1)

Here

net working capital/total assets.
retained earnings/total assets.6

EBIT/total assets.
market value of common and preferred stock/book value of debt.7

sales/total assets.

The first four variables in Equation 24WE-1 are expressed as percentages rather than
as decimals. (For example, if , then 13.3, not 0.133, is used as its value.)X3 � 13.3%

X5 �
X4 �
X3 �
X2 �
X1 �

Z � 0.012X1 � 0.014X2 � 0.033X3 � 0.006X4 � 0.999X5.

Z � a � b1(Current ratio) � b2(D/A) � b3(ROA).
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5With more than two variables, it is difficult to graph the function, but this presents no problem in actual usage because
graphs are only used to explain MDA.

6Retained earnings is the balance sheet figure, not the addition to retained earnings for the year.

7[(Shares of common outstanding)(Price per share) � (Shares of preferred)(Price per share of preferred)]/Balance sheet
value of total debt, including all short-term liabilities.

Webext_24_Brigham_Daves  8/22/01  2:57 PM  Page 6



Also, Altman’s 50-50 point was 2.675, and not 0.0 as in our hypothetical example; his
zone of ignorance was from to ; and in his model the larger the 
Z score, the less the probability of bankruptcy.8

Altman’s function can be used to calculate a Z score for MicroDrive Inc. based on
the data presented previously in Chapter 6, Tables 6-1 and 6-2. Here is the calcula-
tion, ignoring the small amount of preferred stock, for 2001:

Because MicroDrive’s Z score of 3.473 is above the 2.99 upper limit of Altman’s zone
of ignorance, the data indicate that there is virtually no chance that MicroDrive will
go bankrupt within the next two years. (Altman’s model predicts bankruptcy reason-
ably well for about two years into the future.)

Altman and his colleagues’ later work updated and improved his original study. In
their more recent work, they explicitly considered such factors as capitalized lease
obligations, and they applied smoothing techniques to level out random fluctuations
in the data. The new model was able to predict bankruptcy with a high degree of ac-
curacy for two years into the future, and with a slightly lower but still reasonable de-
gree of accuracy (70 percent) for about five years.

MDA has been used with success by credit analysts to establish default probabilities
for both consumer and corporate loan applicants, and by portfolio managers consider-
ing both stock and bond investments. It can also be used to evaluate a set of pro forma
ratios as developed in Chapter 8, or to gain insights into the feasibility of a reorgani-
zation plan filed under the Bankruptcy Act. Altman’s model has also been used by 
Salomon Smith Barney, Morgan Stanley, Dean Witter, and other investment banking
houses to appraise the quality of junk bonds used to finance takeovers and leveraged

Z � 3.473
1.5 � 0.999 � 1.499X5 � $3,000/$2,000 � 1.5

138.8 � 0.006 � 0.833 � 138.8%X4 � [50($28.50) � 1($102)]/($300 � $800) � 1.388
13.3 � 0.033 � 0.439 � 13.3%X3 � $266/$2,000 � 0.133
33.0 � 0.014 � 0.462 � 33.0%X2 � $660/$2,000 � 0.330
20.0 � 0.012 � 0.240 � 20.0%X1 � $400/$2,000 � 0.200

Z � 2.99Z � 1.81
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8These differences reflect the software package Altman used to generate the discriminant function. Altman’s program did
not specify a constant term, and his program simply reversed the sign of Z from ours.

FIGURE 24WE-2
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buyouts. The technique is described in detail in many statistics texts, while several ar-
ticles cited at the end of this chapter discuss financial applications of MDA. The inter-
ested reader is urged to study this literature, for MDA has many potentially valuable
applications in finance.

When using MDA in practice it is best to create your own discriminant data using
a recent sample from the industry in question. It is not reasonable to assume that the
financial ratios of a steel company facing imminent bankruptcy are the same as for a
retail grocery chain in equally dire straits. If both firms were analyzed using Z scores
calculated with the same equation, it might turn out that the grocery chain had a rela-
tively high score, signifying (incorrectly) a low probability of bankruptcy, while the
steel company had a relatively low score, indicating (correctly) a high probability of
bankruptcy. The misclassification of the grocery company could result from the fact
that it has very high sales for the amount of its book assets, hence its X5, which has the
largest coefficient, is much higher than for an average firm in an average industry fac-
ing potential bankruptcy. To remove any such industry bias, the MDA analysis should
be based on a sample with characteristics similar to those of the firm being analyzed.
Unfortunately, though, it is often not possible to find enough firms that have recently
gone bankrupt to conduct an industry MDA.
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