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PREDICTION MODELS USING FINANCIAL RATIOS

A ratio is defined as "indicated quotient of two mathema-
tical expressions" and as "the relationship between two or more
things“l. This relationship can be eXpréssed as a quotient,
or as per centum, or interms of 'times' or 'prOportiﬁns'.
Construction of a financial ratio is essentially an attempt to
develop meaningful relationship between individual and/or group
of items drawn from the financial statements and is of consi-
derable significance in developing insights about the financial
condition of the enterprises2.

"It is inconceivable that accounting data can be analysed
without transferring it into ratios, in one way or another...“3
_ This reﬁark, made more than two decades ago, is even more important
toéay with the rapid increase in the volume of financial state-
ments, Time available for specific corporate investigation is
under increasing pressure. The demand for quick analysis techni-
que tﬂat can help detect the financial and economic event of
corporations high lights the roles that financial ratios can play’
in this regard. "The detection of company operation and financial
difficulties is a subject which has been particularly susceptible

to financial ratio analysis"4.

The financial ratios have become an accepted evaluative

techniquwe to financial 'analyst. "It is being used to determine
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the financial position of a firm since as early as 1890'3. It
is only recently that researchers have engaged themselves in
using empirical technigques to enhance the quality of'the ratio
analysis"s. "Notwithstanding that the credibility of ratios is
goéerned to a large extent by corporate reporting behaviour in
discharging relevant and accurate information, it is suggested

' that when a technique is used extensively in financial statement

|l6

analysﬁs, it should be used as meaningful a way as possible
Traditionally, current ratio was popularly used to evaluate the
credit worthineSS~of the business enterprises. At present, ratio
analysis involves the use of several ratios by a variety of
users including credit lending, credit rating agencies, investors
and management people for assessiﬁg the financial condition of
the firml. "Despite the voluminous literature which has been
built up on financial ratio analysis, very little progress has
been made in empirical testing of financiél ratios with a view
to showing which of them really reflect a firm's state of health,
its chances of,survival or failure"8. Recently, researchers
have applied sophisticated statistical technique to ratio
analysis and proved that statistically derivea ratio functions
are more accurate and efficient in-providing guidelines to the
énalysisg.

The studies concerned with warning of business failure
were evident in 1930'510. These studies concluded that-failing
firms exhibit significantly different ratio measuremenés from

continuing entities. In other words, financial ratios are a
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better measure of prediction of events 1l. At that time, a study

was concerned with ratios of large-asset-sized corporations that
experienced difficulties in meeting their fixed indebted
obligations. The interest of the researchers was created much

by the study of W.H, Beavef in 1966, involiving the analysis of
financial ratijios in a bankruptcy-prediction contentlz. He compared
a list of ratios individually (in univariate ways) for failed
firms and a matched sample of non-failed firms. Additional wide-
spread interest was created by E.I. Altman who applied a sophis-
ticated statistical technique called 'Multiple Discriminant
Analysis' to financial ratio analysisl3. Eince then sev:ral other
researchers have conducted further research works in this area.
It is observed that, these studies were mainly cecncerned with two
types of problems - (i) whether it is possible to predict an
economic or financial ‘event/condition through ratio analysis,
i.e. identification of the financial ratios which reflect better
a particular financial or economic event/conditions; and (ii)
improving or enhancing the gquality of the predictive model based
on financial ratios through the analysis and examination of their
statistical sensitivity and statistical validity (of both the
ratios and the models) to predict é particular financial or
economic event/bondition and thereby improving the overall quality
ofythe ratio analysis technigue. "Univariate and multivariate
statistical techniques have been used by the writers who have

4

attempted to identify a relationship between accounting ratios
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and corporate failure“l4. These studies have concluded that the
ratios can be used as predictaors of econcmic and financial events
like failure, bankruptcy etc., and the ratios commonly used for
measuring liquidity, profitability, financial. stability, etc.,

are found to be better indicators of eventsls.

Therefore,‘this study reviews Dbriefly some empirical
works on 'financial ratio analysis' with a view to finding areas
for further research. Our review is.selective in nature, intended
more to enlarge our understanding to search the areas of further

research than to be a compendium of literature on the subject.

Donald E. Miller : 1966

Miller16 attempted to present a cause-and-effect ration
approach. He studied the relationship of the ratios by dividing
them into two categories : (i) causal ratios, and (ii) ratios that
measure effect. He found that there exisgs a cause~and-effect
relationship among the ratios. However, the cause-~and-effect
relationship was traced by him only among raéios inter se, not
betwéen a ratio and the ultimate survival of a firm. In his study,
there was no clear indication about which ratios have closer
bearing on the prospective health'and survival of firms. Only
tracing the céuse-and-effect relationship among thexratiOS, does
not help to build a catggérica; frame work of the financial health
of a firm. Furthermore, "the examples wﬁich Miller uses to
illustrate his point ignore some of the most important problems
that arise in practical analysis in this imperfect world-

distortions and incomparabilities resulting from price-level



changes and differences among firms in respect of financial

. 1
practices” 7,

W. He Beaver : 1966

Beaver18 attempted to demonstrate the failure of an
enterprise which could be forewarned reliably through combined

utilization of quantitative techniques and financial ratio analysis.

Beaver used 'dichotomous classification test' to study
the financial ratios of 79 failed and 79 non-failed firms. He
defined fallure as a business defaulting on interest payments
of its debts, overdrawing. K its bank accounts or declaring
bankruptcy. He selected the firms on the basis of industry and
asset size and adopted a paired sample design, (i.e., for each
failed firm in the sample, a non-failed firm of the sam industry
and of similar asset size was selected). H examined the predictive
power of 30 different financial ratios whiéh were further divided
into six ratio groups, namely, Cash-flow ratios, Net income
ratios; Debt to total assets ratios, Liquid assets to total
assets ratios and Turnover ratios. He, “for the first time, threw
interesting light on the relative efficiency éf the various
ratios to predict failure upto 5 yéars'prior to failurglg. His
approach involved ranking the firms by the &alues of particular
financial ratios, and then visually inspecting the data to
determine an 'optimal' cut-off point for classifying a firm és
'failed' or 'non-failed'., The cut-off was selected to minimise

the percentage of total misclassification.
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Beaver concluded that, the Cash-flow to total debt ratio
had the ability to correctly classify both failed and non-failed
firms to a much greater extent than would be possible through
random sampling. This ability exists for at least five years
before failure. His error rate was 13 ﬁercent for one year before
failure and ranged between 21 to 24 percent for 2-5 years before

failure,

The ratios tested by Beaver predicted the failed and
'non-failed firms with unequai degrees of success. Non~-failed
firms were correctly classified to a greater extent than the
failed firms. Moreover, his findings were based on the univariate
model which has several limitations. "A major limitation of the
univariate approach is that different ratios can suggest different
conclusions for the same COmpany"2O. In spite of all these criti-
cisms, Beaver's study 5y using quantitativg techniques, added
a new dimension to the ratio analysis to assess the quality of
in@ividual financial ratios in the context of forwarning
failures.

On the basis of the same body of datazL, an extension of

his earlier effort was presented in another paper - "Alternative
Accounting Measures as Predictors of Failure"zz, where he
attempted to emphasize the need for emperical verification of

a pfiori belief523. Beaver studied non-liquid-asset ratios (cash
flow to total debts, net income to total assets and total debt

~ to total assets) and the liquid-asset ratios divided into three
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common denominator groups - a total asset group, a current debt
group and a turnover group (wifhin each denominator group four
liquid asset measures were studied : Current asset, quick asset,
net working capital and cash). He analysed the data at three

jevels : (1) the dichotomous classification test, (ii) the compari-
.so; of mean values of ratio components, and (iii) the likelihood
ratio anmalysis, and observed that : (i) the results of the
dighotOmous classification test showed a consistently superior
perfoémance of the non-liguid asset ratios ovér the liquid asset
ratios; and the superior predictive power existed not only in iong-
term but also in the years shortly before failure, (ii) the’
'comparative mean-value' study which relied solely on the com-
parison of means could not be an alternative to the dichotomous
classification test, and (iii) the outcome of the likelihood ratio
analysis was similar to the classification test. His reason for
emphasis on the dichotOmous}classificatio; test was that, it

was "a more convenient and accurate measure"24. Thus, Beaver

showed that a priori beliefs in the literature did not hold good

when examined by emperical evidence.

Beaver's current asset measure was strongly criticized
due to the inclusion of inventory which impaired the measure's
usefulness25. Another strong criticism was that the items of
current assets when analysed in the form of current ratio, were
subject to manipulation through a practice known as 'window

dressing'zs'
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E.I. Altman : 1968

Altman27 evaluated the analytical quality of ratio analysis
to predict corporate bankruptcy. To overcome the limitations of
the univariate model, he suggested the multivariate model con-
sisting of a few important variables. He used multiple discri-
minant analysis as an apprOpriaté statistical technique and argued
that ratios, if analysed within a multivariate frame-work, will
take on a greater statistical significance than the standard

techniques of ratio comparisons.

The model developed by Altman considered two groups of
firms, viz., 'bankrupt' and ‘'non-bankrupt' and the initial sample
was composed of sixty-six corporations with 33 firms in each
group. The sample units selected for one group were bankrupt-
manuf acturing-firms which filed the bankruptcy petitions during
1946-65, and for the other were the paired sample of manufactur-
ing firms which were still in existence during 1966 and were
chosén on a stratified random basis., The sample firms were
stratified by the industry category and the asset size. The
necessary data were collected from the financial statements
relating to the periods preceding the period of f£iling the

bankruptcy petitions by the first group of sample firms.

He used 22 ratios for evaluation and these ratios were
broadly classified into five categories, viz., profitability,
1i§uidity, leverage, solvency and/activity ratios. From the
original list of 22 ratio-variables, five were selected as doing

the best job together in'the prediction of corporate bankruptcy.
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To select the final profile of variables, he followed the follow-
ing procedures:
(i) Observation of the statistical significance of various
alternative functions including determination of the

relative contributions of each independent variable,

(ii) Evaluation of inter-correlations between the relevant
variables,

(iii) Observation of the predictive accuracy of the various
profiles,

and (iv) Judgement of the analyst.

.Thus, he selected the following ratios for his final

discriminant function:

X, = Working Capital /Total Assets.

X, = Retained Earnings/Total Assetf.

Xy = Earnings before interest and Taxes/Total Assets
X, = Market value of Equity/Book value of Total Debts.
X = Sales/Total Assets. ‘

These five variables were introduced in the model and the
discriminant scores (or Z-values) were obtained with the help of
‘the discriminant function in the form :

where, Vl’ V2, }.. Vn were the discriminant Co-efficients and
Xl’ X2 ceee Xn were independent variables. His final discriminant

function28 is as follows:
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2= ,012 X, + .014 X2 + 033 X, + .006 X, + ,999 X

1 3 4 5

Altman performéd the 'F-test' to f£ind out the individual
discriminanting ability of the variables. He employed an addi-
tional technique, namely, the 'Scaled vector' to determine the
relative contribution of each variablée to the total discrimina-
ting power of the fupction and the interaction between them. Thus,
he observed thatbthe ratio Sales to Total Assets had larger con-
tribution in the group separati@n whereas this ratio was insigni-

ficant in his univariate study.

Altman conducted several tests to ascertain the accuracy
of his model. His model, for the initial sample, classified
correctly 94 percent, 72 percent, 48 percent, 29 percent and
36 percent of the sample firms for one, two, three, four and
five year prior to bankruptcy, fespectively. He tried a similar
model on the secondary sample for the data of one year prior to
the date of bankruptcy and observed that the model correctly
classified 96 percent of the firms in the secondary sample. In
searching the possible causes for this difference in accuracy
and the superiority of the sedondary sample's result, he stated
that, "two possible reasons are ﬁhat the upward bias normally
present in the intiél sample tests is not manifest in this
investigation, and/or the model, ... is something less than
0ptimal"29. He concluded that "bankruptcy can be accurately
predicted up to two years prior to actual failure with the
accuracy diminishing rapidly after the second year"BO. Further-

more, he suggested several practical and theoretical applications
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of the model which included business credit evaluation, internal

contrel procedure and investment guide lines.

Altman, in another study31, attempted to f£ind out héw far
the discriminant model would help Loan Offjicers of commercial
banks and other lending institutions.tO'devglOP loan evaluation
techniques. He found that most of the variables which were finally
selected in predicting the bankruptcy, were also potentially
important in predicting the loan defaults. He claimed that his
modei, 1ike any other credit scoring mocdel, would reduce the
time and costs of loan officers in evaluating loan applicationsl

He indicated that the model is to be updated in the light of

experiences.

There are several criticisms against Altman's studies.
Craig Johnson states that, "the Altman's model demonstrates that
faiied and non-failed firms have dissimilar ratios, not that
ratioé have predictivé power. The crucial problem is to make an
inference in the reverse direction, i.e., from ratios to failuii".
queover, Johnson stated that the model built up for predicting
failure have not enabled the analyst to differentiate between
'firms which will fail' énd *firms which will almost fail'. Any
exbercise on the prediction of alternatives to failure would be
more meaningful. Ratios have a meaning only if they are related
to some standard and ratios by themselves cannot describe a
dynamic system like failure2, He argued that ratio-discriminant

model is not dynamic in nature and, therefore, cannot'éapture
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whatever time series contribution is relevant towards’failure
contributions34, and concluded that Altman did not provide any
evidence of the ability of ratios to predict failure. Altman

has not established any logical link between the given values of
ratios and grouping of failed and non-failed firms., Merely mea-
suring the degree to which the state of failure is related to
current status of firms does not differentiate between near
failure and outright failure. Withcut additional evidence, the
practical value of ;atio analysis to the issue of failure is still

. 35
an open gquestion” .

L.C. Gupta criticized that, "an implicit assumption under-
lying this approach is that the relationship among the various
financial variables is of 'compensatory' type. This is incorrect.
ceese In our opinion, this is simply not true of the various
aspects of business firm's financial working. A business firm is
more like a structure resting on several pillars and would
collapse if even one of those pillars did not have a required
minimum strength. That is why we do not think that the Altman-
type approach would ever have much success in this area“36. In
view of the misclassification rate jumped from 6 percent tc 28
percent from one year to two yearsibefore bankruptcy, Gupta
further criticised that "an error of this magnitude is intclerably
high, higher, in any case, than the minimum accuracy needed from
this view point of the practical utility of a method......

Altman's error rate reaches the absurd level of 71 percént in

the prediction made from years before bankruptcy..... And even
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for the three years before bankruptcy, greater accuracy than his
mode). can be achieved by just flipping a coin"37.“An another
serious shortcoming of Altman's model is that it was derived
purely from a statistical search procedure for the 'best'
function and have no basis at all in theory or logical reasoning.
The lack of theoretical underpihing cf the model means that the
relationship could turn out to be wholly spurious without even

our knOWing“38.

In reply to Craig Johnson's criticisms, Altman stated
that, "the guestion is not whether a firm should be bankrupt if
it displays certain ratio measures but whether its éymptOms are
similar to other firms which have continued to deteriorate towards
bankcruptcy. The discriminant bankruptcy model is a form of
stochastic analysis specifying a general model for predictive
purposes. To predict the results of individual firm, more specific
model can be developed. Ratio models dealing exclusively with
firms in a particular industry or product line will yield more
representative parameters which can be used for further predictions

"391 He further stated

of other firms in'the same line of business
that, "models utilising ratios could be predictors of failure but
this should not preclude complementary opportunistic analysis.l
Alternative strategies like mergers, may avert formal bankruptcy
‘situation but this does not diminish the overall usefulness of

the ratio model"4o.
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‘David Ewert : 1968

David Ewert41 studied the scope for predicting the non-
repayment of receivables of a manufaéturing firm. His study was
based on the information supplied by the credit reports of
Dun and Bradstreet Inc., Cincinnati, Ohio. He collected the
relevant information from 300 trade accounts of a manufacturing
concern of California. His sample consisted of small as well as
large business concerns. He used 17 variables in his multiple
discriminant analysis model, His 17 variables included only two
financial ratios, namely, current ratio and the ratio of net
sales to net working capital and 15 other non-ratios like credit
repayment reports, legal form of organisations, ownership of
premises, etc. Ewert found that the variables used could predict
successfully the non-repayment of receivables and his model
correctly_classified 82 percent of the trade accounts. He observed
that the ratio variables included in the fist of 17 wvariables
did predict the non-repayment of receivables and the non-ratio-
variables could do equally well in the prediction of non-

repayments.

Marc P. Blum : 1969

On the basis of the accounting and financial market
data,'Blum42 attempted to build a theoretical model to discri-
minants between the failing and non-failing firms. He indicated
failure as "entrance into a bankruptcy proceeding or an explicit

43

agreement with creditors which reduces the debts of the company!

His sample consisted of 330 firms of which 115 were failed and
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indﬁstry category, annual sales, number of employees and fiscal
year and adopted a paired sample design. He selected 115 firms
which failed during 1954-68 with liabilities great=r than one
million dollers and a paired sample of 115 non-failing firms being
similar to the failed firms in respect of industry,annual sales,
number of employees and fiscal year. He collected the relevant
and necessary data upto eight years prior to failure where
available, however, five years data prior tc failure were found
optimal, His best overall function contained twelve ratio varia-
bles of which five were the measures of ratio trend or variance.
Blum made a deliberate choice of his variables in terms of
financial theory of firm. He derived separate discriminant
functions for each of the five years before failure. His model
had an accuracy of 93 to 95 percent when failure occurred within
one year of the statement date and 80 percent at prédiction for
two years prior to failure and 70 percent at prediction for three

vears prior to failure.

Blum's primary contribution was the inclusion of ratio
trends and variance (i.e. stability over time) as predictors
in his prediction model; but "since his discriminant function
varies according to the number of years before failure, one would
not really know which particular discriminant function to apply
in a particular case ex ante"44. This made the model impréctical
for adoption in spite of the higher accuracy claimed by‘the

author-



Paul A. Meyer and Howard W, Pifer : 1970

Meyer and Pifer45 attempted to present a mocdel for pre-
dicting the bank failures. They studied the factors responsible
for bank failure and divided them into four categories : (i) local
ecénomic conditions, (ii) general economic conditions, (iii) |
quality of management, and (iv) integrity of employees. Theif
sample consisted of 39 solvent and 39 failed banks. They studied
28 operating ratios and 4 balance sheet ratios. These ratios

were computed from the data collected from the financial state-
ments and from the information supplied by the reports of the
‘Federal Deposit Insurance Corporation'46. The data were gathered
for a period of six years., They used multiple-regression analysis
to assess the pfedictive ability of the ratios. Their model
clagsified correctly 80 percent'and 72 percent of the banks in
the initial sample for one year and two years before failure.
They‘observed‘that, when the lead time was three years or more,
financial variables were unable by discriminate between the
viable apd failing banks. Their study emphasized that along with
financial ratios, the report of the 'Federal Deposit Insurance
Corporation' should be studied to'make a better prediction of
bank failure. In other words, Meyer and Pifer's study suggested
théf a-study of financial ratios alone would not predict the

failure of banks.

Robert Edmister : 1970

Robert Edmister47 attémpted to predict the failure of

firms borrowing or receiving loan guarantees. He indicated a



47

- business as a failﬁre if its 'Small Business Administration {(SBA)®
loan was written off as a loss, otherwise, the business was
considered as a success. His sample consisted of 21 borrowers

who failed to repay loans and other 21 borrowers who hac¢ not
failed to repay loans granted under SBA programme. The borrowers
were selected on the basis of the industry and the size of assets,
and data were collected for a period of three years. Edmister
considered 19 ratios selected on the basis of the ratios found

significant in the studies conducted by Beaver, Altman, Ewert
48

and Blum, except the ratio of ‘'net operating margin'

:The hypotheses of Edmister's study were : (i) A ratio
level is a predictor of small business failure; (ii) A three
year's trend of such ratio is a predictor of small business
failure; (iii) The three year's average of ratio is a predictor
of small business failure; and (iv) The copbination of the
industry relative trend and the industry relative level for each

ratio is a predictor of small business failure.

His first hypothesis represented the use of ratios in
their crudest form and no adjustment was made for the variations
between industries and the ratios were not compared with one
another. It was based on the theory that there were standards
which were applicable to all firms. The relative level of
borrowers' ratio ﬁo the average ratio of other small business in
the same industry was hypothesized to be predictor of small
business failure. To test this hypothesis, the ratio level for
certain industries (based.on the Robert Morris Associates'

(RMA) Annual Statement Studies (1958-66) and Small Business
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Administration {SBA) Annual Statement studies (1958-65)) was
considered and compared with the ratio levels of the borrowers
under the study. To test the second hypothesis, Edmister assigned
some welghts to the upward and downward trend of each ratio
(value '1' to upward trend and '0' for the downward trend). To
test the third hypothesis, he worked out the averages for RMA
and SBA relative ratios to provide an index of the relaﬁive firm
to the industry position over the three years. Averaging was
expected to smooth out the ratios and to result in more repre-
sentative figures than that calculated from the ‘most recent
statements only. His fourth hypothesis had not been presented in
previous empirical research but was an explicit representation
of the conditional nature of ratios, recognised by the ratio
analysis. Edmister attempted to establish an interaction between
the trend and the level of ratios and for Fhis he formed four
types of interactions, namely, 'up-high level of trend', 'up-
low level of trend', 'up down-high level of trend' and 'down-low

level of trend' for each RMA and SBA relatives.

Edmister, firstly, divided the borrowers' ratio by the
respective industry ratio (RMA or SBA) to form an industry
relative of ratios; secondly, he noted the trend of the industry
relative as up-down or non-existent; thirdly, he calculated the
three years' average ratios; and lastly, he considered together

the trend and recent level as a joint condition,



(oY
O

The trend and the level were c¢onsidered to be variables
which might 'interact' or 'act' with regard to predict failure.
In the context of failure of firms in repaying the loan, Edmister
used the multiple discfiminant analysis, with 7 variables only,

to asses the predictability of the ratios.

The results of his study showed that the discriminant

model developed for small business failure demonstrated 92 percent
accuracy in the initial sample and 80 percent accuracy in the
validation sample. His study also indicated that ratio analyses
may be benefitted by comparing industry averages with borrowers'\
ratiés and by using a small number of ratios representing different
borrowers' characteristics father than one or a few ratios

' describiné'very similar borrowers' conditions. The study showed
thag the smallibusiness function failed to discriminate when

'only one statement' (financial statement) was available. (But
the Altman's and Beaver's studies showed that for large business
‘only one statement' was sufficient for a highly discriminant
function). According to Edmister's study, at least three conse-
cutive financial statements are necessary for the analysis of a

small business failure.

Edmister concluded that multiple discriminant analysis
offers one mean of selecting an optimal set of ratios and methods
of assigﬁing weights to obtain a relatively simple function and
the analysts interested in predicting small business failure might
find the function not only more accurate method but also a more

efficient technigque than that of the subjective process of the
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study. Edmister attempted to enhance the guality of the ratio
analysis by considering average ratios, ratio trends, ratio levels
and the interaction of the trend and the level. He concluded

that a linear combination of the above variables can produce

better prediction of events.

Edward B. Deakin: 1972

Deakin49 proposed an alternative mocel for predicting
failure. He replicated Beaver's analysis on a different sample
over a different time period and searched for the linear com-
bination of the variables used by Beaver which could best predict

the potential failure in each of the five years'prior to failure.

Deakin selected sample firms from a population which
experienced failure during 1964770. He indicated failed firms
as those which experienced bankruptcy/inso}vency or were other-
wise liqﬁidated for the benefit of creditors. Each of the failed
firms were matched with a non-failed firm on the basis of industry
classification, asset size and availability of financial informa-
tion. He applied dichotomous classification test to ascertain
percentage error of each ratio and calculated accuracy of the
test on the initial sample and hold—out sample. He used the
Spearsman's raﬁk-o;der correlation coefficient to indicate the
relative order of the predictive power of the ratios. The rank-
order correlation coefficients were high in four of the five years,
“but the coefficient in the third year prior to failure was

relatively low. He attempted to f£ind out the cause which made
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+the coefficient in the third year relatively low by a comparison
of mean values of the ratios. The results cf ‘his univariate
test were guite similar to those reported by BeaverSO but with

some higher percentage of misclassification rates.

Deakin condﬁcted discriminant analysis by constructing
separaté discriminant functions for each of.£he five years before
failure and his ‘original model included 14 variables-andtrevised
model’ included only 5 variableé. The selection of variables was
based purely on a statistical search procedure. He adopted a
random sampling procedure for the non~failed firms drawn from
'Moody's Industrial Manual' for the period 1962-1956. The result
of the discriminant analysis programme, consisting of a set of
discriminant weights, indicated that a linear combination of
variables maximises the difference between the groups as well as
scaled vectors which indicate the relative ,contributory power of
each variable. His model predicted all the firms in the initial
sample with the misclassification rates of 3 percent, 4.5 percent,
4 percent, 21 percent and 17 percent for each of the five years
prior to failure, respectively. He tested hi§ the model on the
“independent samplé consisting of'lllfailed and 23 non;failed
firms, 'selected at random f:om the same scurce and observed a
relatively higher rate of misclassification error in the first
year which was quite uﬁusual; The error rates of 22 percent, 6
peréent, 12 percent, 23 percent and 15 percent were observed for

: < ‘
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each of the five years prior to failure, respectively.
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Deakin concluded that the application of statistical
techniques, particularly discriminant analysis, cculd be used to
predict business failure from accounting data as far as three
years in advance with a fairly high degree of accuracy. Since,
such a long period could be discovered with his method, he
expected that, it should be possible for the management of
potentially-failing firms to take steps to avert such an

occurrence.

Selection of variables by Deakin was criticised because
the selection process was not basedvon the financial theory of
firm51. The selection of variables was based'purely on a statisti-
cal search procedure. "The lack of under-pinning of the model means
that the relationship could turn out to be wholly spurious without
even our knowing it. There was a serious lacuna in his model from
the practical angle : since his discriminant function varies
according to the number of years before failure, one would not
really know which particular discriminant function to apply in
a particular case before hand., This makes even this model impracti-
cal for adoption in spite of the higher accuracy calimed by

Deakin"SZ.

E.I, Altman, M. Margain, M. Schedosser and P, Vernimmeni .
1974

5 : -
They 3 attempted to develop a model for evaluating the
creditworthiness of commercial loan applicaticns of the;firms

under the cotton and wool industries in France. Their sample
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consisted of 38 firms 'troubled with finance' and 99 'good!
firms. They used 41 ratios which were divided into six ratio-
categories, namely, ligquidity, indebtedness, profitability,
turnover, coverage and value added. They observed that financial
ratio measures seemed to discriminate well between good and bad
credit risks based on their mean values, but, this beccme less
impressive as the time before non-repayment increases. Despite
this seemingly different mean values of individual fihancial
ratios, observation of fregquency distribution of each measure
showed that a large proportion of firms were difficult to dis-
criminate from cne another due to the overlapping range in
univariate analysis. To overcome this problem they applied a
multivariate technique, —<fprincipal component analysis', and
observed that certain group of ratios clustered together in the
correlation with one principal component such that they reveal
similar pieces of information. According £o them, this technique
provided a better understanding of the financial ratio groups
than for actual discrimination between good and bad firms,
Through the 'principal component anélysis' they finally selected
10 variables (ratios) for their discriminant-model and the linear
conbination of the selected variables produced a higher degree of
accuracy in the prediction of firms. They, further, observed tﬁat
the accuracy was reduced when 10 variables were introduced in

the model. They concluded that, such reduction in the accuracy
did not mean that a statistical technique for credit scoring was

of no use, and one shculd continue to search for a modern technique
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Dalton L. Chesser : 1974

Chesser54 attempted to develop e discriminant model for
determining the 'acceptable risks' and'unacceptable risks' of the
commercial loan customers in the context of their non-compliance
to original loan agreement. He suggested that, non-compliance
did not necessarily mean that the borrower would completely
‘default, rather, some workout agreement might have to be
arranged which would result in settlement of the loah under
conditions less favourable to the lender than those specified in
the original loan agreement. He attempted to predict the proba-
bility that a c0mmercial loan customer would not be able to
comply with his‘original loan agreement and stated that the
applicant's probability of non-compliance which represented the
degree of risk associated‘with the loan request, was still a
'judgement factor (subjective factor) in the mind of the loan
cfficer. He attempted to replace subjective assignment of
prbbability with a mathematical technique which quantified to the
extent possible for an appliéanﬁ's a priori pfobability ofvnon-

compliance of the loan agreement.

The saﬁple, in his study, consited of 37 pairs and 21
pairs of the setisfactory and un-satisfactory loans for the first
andlsecond year befofe the event, respectively. He considered a
loan agreement as unsatisfactery, if the borrowing fir% failed

to comply with the terms of its original loan agreement during
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Vhisétést period (1962-71)., His selection of the satisfactory
lOaﬁs,fere made .on the basis of the firm borrowing the loan had
cbﬁbliédzwiﬁh the terms of ité agreement provided that it could
bé ;éééhed witﬁ.anvunsatisfactory loan. in terms of ihdustry and
total asset size. He used IS'ratios selected on the basis of
theirfpopularity.in the lifera%ure, their performances in the

- pré?lous studies and availability"qf the relevant information
from the financial'stateménts offthe‘firms under his‘study. These
ratios.wgre'divided into liduidity} leverage, activity and pro-
fitability groups. He finally selected 6 rétiOS for his final

model.

Chesser used a mathematical technique to éstimate the
probability that a.ldan_cusﬁomer wéuld not be able to comply with
the terms of the original'loan agreement. The probability model |
utilized in his study, calculated 'P' (the estimated probability
of a loan non;compliance) after obtaining a set of weichts or
co-efficients based upon the selecﬁed financial ratios. Thé modél
ré?ised the weights according to a pfééestablishedlrule to assure
that after each revision, the incremental chance in 'P' was
reducea to a level considered acceptable a priori. He attempted
to compute probability values that céﬁld be used to classify the
samﬁlé loans as either satisfactory or unsatisfactory. Since the
poséible prdbébility=vaiue ranges frdm“O' to '1l', the mid-point
(O.Sb)féf the possible values was selébted as the cut-off value.
Iﬁ 9§h§r‘words; if,.through the application'oflthe.probability

model, -a test loan was assigned the 'P! Value'greater than 0. 50,

L
.
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it was considered as unsatisfactory loan and when it was léss than

. 0.50, éhe loan was considered as satisfactory.

Chesser claimedhthat his model correctly classified 76

. percent of the units in the initial sample for the first year

data; when a similar test was conducted on the secondary sample,

the model produced 75 percent accuracy. His model correctly
classified 57.14 percent of the units in this sample for the data
two years before the non compliance. He observed that this reduction
in accuracy in the second year, specifically for the unsatisfactory
loans, was due to the fact that non-compliance was more remote |

and the indications were less clear. "The serious lacuna of the

model is that, the model does not specifically tell the loan

nd>

officer whether to accept or reject a loan applicCation

Inspite of the criticisms made against the model,
Chesser's attempt to summarise the applicant's tendency to comply
with a loan agreement, provided a better basis in the hands of the
loan officer for matching the terms of the loan with the charac-
teristics of éhe borrower. He suggested to modify his model for
implementation by introducing non-ratio variables such as,
measures of management performance, capacity utilization,
diversification of products and services, fluctuation of sales,

relation with employees, and general economic activity.

Jarrod W. Wilcox : 1976

Wilcox56 suggested an alternative approach to the problems

of predicting failure of firms. He called his model, the 'Gambler's
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Ruin' approach and assumed that, at any moment, the firm's
financial state can be defined by iﬁs ‘adjusted cash position’

.or 'net liguidation value'. He arbitrarily defined the liguidation
value of assets and debts. According to him, "the ‘net liguidatian
value' or 'adjusted cash position' of a‘business firm is the
difference betweeﬁ the ligquidation value of assets and liquidation
value of debts. The fluctuation in the net liquidation value from
year to year is due to the inflows and outflows of liquid resources.
This led to fluctuations in the financial states of the firm. That
is, the financial states of the business firm can either imprové

or worsen from one pericd to another"57.

He assumed that the
phange in the financial state took place always by a fixed amount.
He called this fixed amount as the 'Size of the bet' ('3') and
stated that, a firm would surely fail unless the probability of

the firnls gaining a bet ('P') exceeded that of its losing the

bet ('qi); and, the length of period to the time §f failure were
determined by the size of the firm's net liguidation value in
combination with the size and probabilities of inflows and ocutflows

of liqguid resources. He calimed great success for his prediction

model:on the basis of a sample study.

In criticizing the model, L.C. Gupta stated that "the

idea underlying this approach is analogous to the concept of

n 58

'reserve strength' , and added that the model is, however,

neither convincing nor realistic because of several arbitrary

assumption on which it depends"Sg.



08

Ahmed Belkaoui : 1978
\

i

Belkaouiso éttemptea to identify the financial charac-
teristics'of the companies that became the object of takeover,
He used the‘term 'take-over' in its broadest sense and considered
the companies that were subjéCt tb both voluntary and involuntary
mergers. He used the dichotomous test on the ratios of the firms
and also used discriminant analysis to search for a combination

(of  the same ratios) which best predict take-overs.

The author selected twenty five companies at random from
a population which was the subject of take-over during the year
1960 to 1968. A‘control group of 25 companies which were still in
existence in 1973, were selacted from the same industries (as the
‘experimentél’COmpanies) and were within a range of 25 percent of
the assets of the ‘experimental’ companies. For each of the fifty
companies (25 'experimental’ plus 25ééontrof) the anﬁual reports
were examined for five years prior to fhe take-~-over date., He ,
selected 16 ratios on the basis of : (i) their popularity in
literature, (ii) thei; possible relevance to the take-over
phenomenon, (iii) their distinction between liﬁuid and non-liguid
ratios, and (iv) their appearance in the literature as indicators

of the ability of a firm to avoid take-overs.

A feview of the error percentage of the dichotomous
classification test by the author showed a superior performance
of the non-liquid asset ratios. This superiority in the,predictiVe

power of the non—liQuid ratios was more striking in the. short-term,
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particularly in the year one, two and three than in the long-
term, The second major result of the test pertained to the
differences of prediction among the ligquid asset ratios. The
ratio "working capital over total assets predicted relatively
better than the other ligquid ratios specially in one, two, three
and four years before takeover. The ratio had superior predictive
ability to both the 'current ratio' and ﬁhe 'acid test ratio' in

yvear one, two and four.

Belkaouil used discriminant analysis with the same set of
ratios which were used in his dichotomous classification test Qith
the objective to search for a combination of ratios which best
predict the takeovers. The result of his discriminant analysis for
the initial sample showed the rates of misclassification at 28
pgrcent, 20 percent, 16 percent, 22 percent and 20 percent for
yvear one, two, three, four and five prio; to the event, respec-
tively. The result of the secondary sample (consisted of 11 pairs
of another firms) showed the misclassification rates to 30 percents,
24 percent, 15 percent, 24 percent and 25 percent for each of the
five years. The new sample's results are similar to those of the
initial sample. According to Belkaoui "the results on both the
initial and secondary sample determined the overall effectiveness
of the discriminant model for a longer period of time prior to
takeover"61 and his explanation was that "either the long-term
financial position as conveyed by the accounting data is more
indicative of a possible takeover, or the changes in the realisa-

52

bility of the model from year to year have little or no meaning" "~
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He suggested that, "the inclusion of non-financial characteris-

tics would add to the external validity of the model"63.

C.L. Norton and R.E. Smith : 1979

The objective of the study64 was to compare the predic-
tion éf bankruptcy based on ratios computed from General Price
Level (GPL)- financial statements to the prediction based on
ratios computed from traditional Historical Cost-financial state-
ments. A sample of an equal number of bankrupt and non-bankrupt
firms were chosen and the financial statements were adjusted for
the effects of the general price level changes. Fiﬁancial ratios
were computed Both from the traditional and GPL financial state-
ments. Discriminant analysis was used for the bankruptcy classi-
fications. The authors found that both GPL and traditicnal ratio
exhibited the abiliﬁy to predict bankruptcy. In spite of the
sizeable éifferences in magnitude that existed between GPL and
Historical cost financial statements, little differences were

found in the bankruptcy predictions.

VeS3S. Kaveri : 1980

In his study, Kaver165 attempted to assess the financial
ratios as predictors of borrowers' health-with special reference
to the units under the small-scale inéustries in India. He divided
the financial health of the sample units into three categories,
namely, 'gobd','irregular' and 'sick'. These different degrees
of financial health were identified on the basis of the ‘extent

of irregularity in their ‘'cash credit' account with the banks'.
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His sample consisted of 200 units with the break-up of 80, 80

and 40 units in 'good', 'irregular' and 'sick' groups, respectively.
The sample units were selected on the basis of the industry, size
(investment made in plant and machinery), age and forms of organi-
sation. He tested 22 ratios dividing them into five ratio groups -
working Capital, turnover, asset utilisation, profitability, and
financial stability. He selected 13 ratios traditionally used by
the Indian banks and another 9 (nine) ratios with the objective to
make more meaningful interpretation in assessing the financial
health of their (banks) borrowers. The study was made from banker's

view pcint for better assessment of borrower's financial health.

From the original list of 22 ratios, he selected five
ratioé, on the basis of statistical significance tests (F-tast
and T~test) and the rank of the 'scaled vectors' of the ratios,
for his discriminant function.

He observed that his model correctly classified 76
percent, 69.42 percent, 66.67 percent, 60.86 percent, 65 percent,
64.70 percent, and 57.74 percent of all the 200 units in the
initial sample for each of the seven years before the event and
69 percent, 67.41 percent, 69.51 percent, 67.30 percent, 62.06
percent, 52.63 percent and 53.84 percent of all the firms in the
hold-cut samplé for each of the seven years prior to the event.
He further observed that, his model when tested on a random sample,
correctly classified 61.87 percent, 61.26 percent, 59.34 pearcent,
58.32 percent, 52.02 percent; 51.26 percent, 51.56 percent and
51.35 percent of all the ﬁirms in the random sample for the two,
three, fcur, five, six, seven, eight and nine years prior to the

event.,
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Kaveri studied the probleﬁ'in the 1light of the policies
and practices of the banks in India. The author claimed that,
“khe model can be used for evaluating a large number of loan
applications which are submitted alon¢ with the latest financial
statements. It 1is possible to take qﬁick decisions on the loan
applications and thereby the bankers and the borrowers will be
beﬁefitted"§6. His model did not indicéte how far the model be

useful to the practical analysts and interested parties other

thén the banks and borrowers.

<

James A. Ohlson : 1980

Ohlso_n67 presented some empirical results of a study
predidfing corporate failuré as evidenced by the eventof bankruptcy.
He'attémpted to develop, logically and systematically, the pro-
babilistic estimates of failure by applying the methodology

of 'maximum likelihood estimation'

He used 'conditional logit analysis' with nine selected
prédictprs-butrno attempt was made to select predictors on the
basis of rigorous theory. The predictors were partially selected
"simply because they appear to be the ones_mos£ frequently men-v
tioned in the literature. He followed the legal definition of
bankruptcy and his sample'consisted 6f 105 firms failed during

the period 1270-76 and 2058 non-failed firms.

He stated that, "the evaluation of the predlctlve classi-
flcatwon power of a model should be more realistic and much ¢an be
gained by imprOVing the data base"68. He asserted that, “most of

the previous studies have used Moddy's Manual to derive the
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 ’perﬁidéétnfinancial ratio and the Manual does not -indicate what
. poiﬁtﬁin?£imé the data were available"69. Pointing to the other

) aisédVantégéélassociaied with the Manual, he stated that, “the

' daté'afe often highly condensed,}and it is generally complicated,

if not impossible, to reconstruct actual balance sheets and

¥ 70
.‘income. statements"

He.observed that his model correctly predicted 96.12
;pepéént, 95.55 percent and 92.84 percent of the firms under his
“Rtotal sample for the bankruptcy within one year, within two-years

and within one or two-years, respectively.

The major findings of the study were "First, it was
possible to identify from basic factors as being statistically
 sigﬁificant.in affecting the probability of failure {within one
year). These are : (i) the size of the company; (ii) a measure(s)
of the financial structure; (iii) a measure(s) of performance;
(iv).a measure (s) of current liquidity (the evidence regarding
this factor is not clear as compared to cases (i) - (1ii). Second,

"?thezpredictivé power of any model depends upon when the informa-
| w71

.".ﬁion;(financial report) is assumed to be available

<

‘ Robert W. Scapens, Robert J, Ryan and Leslie
oy, Pletcher : 1981

Scapéhs; Ryan and‘f;letcher72 suggestéd that‘catastrOphe
thédry*c§n~providé a framework for an examination of sudden
'Edhéhgéé'iﬁ-cdfpoféte credit worthiness following publication of
::accquﬁting information. They attempted to use the catastrophe

-~ théory’

to model the relationship between accounting data
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(interpreted by ratios. ) and the behaviéural responses of creditors,
The moéel did not necessarily provide predictions of failure but
it indicated why some companies suddenly become 'at risk'. The
purpose of their analysis was to describe & possible relationship
between credit gganting policy of a company's creditors and its

financial performance.

The authors hypothesized that, "a model derived from
Catastrophe Theory will have predictive content provided that it
is possible to uniquely identify the position of the system state

and direction of movements in the control variables"74.

In their study the ‘cusp-catastrophe model'75 was used
initially but latter they extended their discussion to encompass
the higher-order 'butterfly model'76. Theyvy defined a successful
company as 'a company which is earning a 'Satisfactory return'
from its activities'. Thev suggested that the return could be
measured by profits, fund flow or cash flow, expressed as a ratio
of assets employed or finance raised or by a combination of ratios.
A company with a relatively high return for its type of business
was regarded as successful and creditors would be confident that
their loans to that company would be safe (i.e. the co. bearing
low probability of default), A company with a relatively low return
for its type of business was regarded as having a greater poten-
tial for failure and thus, creditors would have less confidence
in such companies and wculd might restrict or even would withdraw
their credit. For their model it did not matter whether or not a

measure of return, such as cash flow to total debt ratio, was in
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reality a valid economic predicfbr of corporate failure. It was
the creditors' perceptions of its predictive value which they

attached much importance.

The study cfncluded that, a catastrophe model of corporate
credit has some empirical validity. The model predicted that the
size of the'catastrophic change in credit policy would increase
with operating risX. The authors concluded that their model or
any other catastrophe model was not necessarily the only or the
best possible representation of changes in c¢redit policy or

explanation of corporate failure.

L.C, Gupta : 1981

L. C. Gupta77 reported the results of the study conducted
by him to predict the corporate sickness through ratio analysis
technique in the Indian situation. He opted for univariate

approach built on Beaver's idea but advanced it much further,

His sample consisted of 41 textile companies having .21
non-sick and 20 sick units. The author prepared a list of the
known sick textile companies first and next searched for 'matching
non-sick companies' in terms of the fellowing characteristics :
(a) product or products manufactured, {(b) age and {(c) size
(indicated by paid-up capital, assets, sales around a particular
year (1962». He collected financial data for each company for
the period 1962-74; computed 56 financial ratios of two ratio —
groups, namely, profitability ratios and balance sheet ratios and

was primarily interested in assessing the 'relative predictive
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power' of different financial ratios which were determined for

each of the years separately.

The author argued that, "most American studies on
bankruptcy prediction have attempted to prove the accuracy and
superiority of their particular techniques or formulae by referr-
ing to the percentage error to their predictions made 1 year,

2 years, and so on, before the point of bankruptcy. However
statistically neat and interesting this approach might appear,
it does not seem to be appropriate or even relevant given the

nature of the problem of industrial sickness in India"78.

The
time period coveréd under his study was divided and indicated
as : (i) the period 1962-63 as a period of '3-4 years prior to
the near bankruptcy stage', (ii) the year 1964 as the 'near to
the stage of acute sickness', and (iii) the rest period i.e.
1965 to 1974 as the period of 'sickness'. He claimed that his

3,

"approach is more flexible and is specially tailored to the nature
79 ‘

of the Indian problem" 7.

He observed that, the two ratios (profitability), namely,
EBDIT/Sales (net of excise) and OCF/Sales (net of excise) were
the best and of equal merit amcng all the ratios under his studygo,
He, further, observed that the foliowing two ratios were the 'best!
among the balance sheet ratios of about equal merit : (i) Net
Worth/Total Debt (including both short—térm and .long-term}); and

(ii) All outside liabilities/Tangible Assets (which can be alter-—

natively expressed in different form, viz. Net worth/Tangible

Assets)81.
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The author claimed that the percentage error steadily
diminished as the sick units moved nearer to the stagé of acute
sickness and his model's misclassification rate was 3 to 10
percent for 1-2 years prior to the event and 11 to 16 percent for

o
3-4 years prior to the eventg“.

F. Jerry Ingram and Emma L. Frazier : 1982

Thé purpose of the study83 was to compare the results of
multiple discriminant analysis énd maximun likelihood regression
models (probit and logit) in an empirical setting characterised
by a limited (non-normal distributed) dependent variable. "The
specific analytical problem to be addressed, moftgage lending
discrimination, was chosen because divergent statistical results

could have serious analytical and legal implications"84.

The salient features of the analysis were:
{i) Each of the model was significant at &< = ,01;

{ii) The logit model's classification accuracy was
slightly higher than that of the probit model and
both outperformed MDA, but only marginally;

{iii) The significance of the independent variables varied

substantially among the models.

“The purpose of the article has been to compare MDA, probit

and logit models in an empirical setting. The results indicate that

while there were only small differences in the classifying accuracy

”

of the three approaches, substantially different {even opposite)

conclusions were supported regarding the significance of the

individual variables"es.



R.J. Taffler : 1983

To evaluate the financial viability of the enterprises
R. J. Taffler86 illustrated the benefits that accrued when pub-
lished accounting information was used correctly in‘an holistic
and relative manner’ in the context of an UK-based linear discrimi-
nant model. His sample consisted of 46 UK-based firms, bankrupt
between 1969 and 1976 and 46 non-bankrupt firms, randomly matched
by the size and industry with the failed sample. He identified 80
poteritially useful ratios on the basis of 'what literature there
is' and the ratios used by related or similar studied. Using the
varimax rotated principal component analysis {PCA), he selected
only 4 ratios, viz., PBT/Average Current Liabilities, Current
As';ets/’rotal Liabilities, Current Lisbilities/Total Assets and

Credif interval¥*,

To overcome the difficulties faced in assessinc the
relative contribution of the individual ratios to the overall
discriminating power of the discriminant-model he used "the
approach with most intutive appeal (which), measures the propor-
tion of Mahalanobis Dz—distance between the centrcids of two
constituent groups accounted for the each variable"87.

He observed that his model misclassified only 2 companies

out of 92 i.e.,. the total misclassification rate was 2.17 percent

* It is measured in days which considered the time for which the
company would be able to finance its continuing operations from
its immediate assets if it could no longer generate revenue.
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(i,e., classification of a failled concern as solvent was 4.3.
percent and classification of a solvent as failed was zero
percent). A distinguishing feature of the study was placing the
performances of the enterprises 'at risk' in a scale of 0-100 which
helped to study the performances over é period of time. The "Z-
Score' measures a}number of performance related characteristics of
a business. As such, a company with a higher score may be viewed

as a better performér than one with a lower value, i.e., the

z-score is ordinal.. It is not possible to view a z-score of 2
88

as twice as good as a z-score of 1, only that it is better"
To overcome these problems, he suggested to calculate a company’s
performance analysis>score' {(PAS) in a particular year "by ranking
“the écores of all firms for that year in ascending sequence and
observing the percentage in which the z-score of the concern of
interest lies-its PAS"89. Different calculations were carried éut

for each year for each company to obtain the Co's PAS trajectory

which helped to indicate their relative performance over time.

The major findings of the study were : (i) the risk index,
appeared to provide an accurate measures of the actual degrees of
risk of financial distress faced by a company, (ii) a transformation
of the z-score, provided a single readily interpretable measure

of relative company performance, permitting valid cross-sectional

and inter-temporal performance comparison.

James A. Gentry, Paul Newbold and David T ,Whitford:1985

The objective of the studygo was to determine whether

relative fund-flow components by themselves can discriminate between
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failed and non-failed companies. The autﬁors used seven fund-
flow components, namely, funds from operations, working capital,
financial, fixed coverage expenses, capital expenditure, dividends,
and other assets and liability-flows (each divided by totél net
flow) and a scale measure, viz., total net flows/total assets.
The sample consisted of 33 failed and 33 non-failed units. Each
of the failed companies was matched with a non-failed coﬁpany in
the same industry based on asset size and sales for the fiscal
year, three years before bankruptcy. The study used only two sets
of components - one by using the data from cne year before failﬁre,
and the other by using the data from the mean value of each variable
for three years before failure, Multiple Discriminant Analysis
(MDA); Probit and Logit technigques were used to examine the
predictive ability of the funds-flow components. The finding of
the study was that the logit model provide? the best results and

the MDA and probit model did not alter the results.

The study, through Logit model, classified 77 percent to

83 percent of the sampie units correctly. The model correctly
classified 70 to 78 percent of the financially weak sample

companies. The misclassified logit results were similar to the
.probit and MDA_results. The logit model, tested on a secondary
_sémple of 46 compénies (having 23 financially weak and 23 non-
weak companies, in the same industry, and of approximately the
same asset size), correctly classified 70 to 74 percent of the

financially weak companies.



The results of the logit model indicated that cash-flow
from operations did not improve the classification results of
failed and non-failed companies. The study observed that dividend
fund-flow component was a significant variable in the failed/non-

failed classification model,

H.Ooghe and E., Verbaere : 1985

Oéghe and ‘-/erbaere91 presented the relationships between
the failure of a firm and its financial characteristics, within
the Belgian context. They classified the enterprises into 'fail-
ing' or 'non-failing' groups on the basis of a set of financial
ratios. The results of the classification analysis was used in
a 'predictive context'. The primary object of the study was to
construct a practical 'predictive' instrument available to the

external analyst.

4

The population of the 'failing companies' consisted of
all firms that became bankrupt, in the judgement of the commer-
cial court, during the year 1978 to 1980 or obtained a 'concordéat'
(creditors agreement) during the same period. ?he population of
the 'non-failed' enterprises was formed by all other business
firms. The division of companies iﬁto one of these two sub-
populations presented an artificial character to a certain
degrees: the two sub-populaticns were only mutually exclusive
within a well-defined time horizon. The authors preferred matched
sampling procedure for both the groups. By this procedure, 753
annual accounts of non-failing and 395 annual accounts of failed

were collected.
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The study tested a variable-set of 144 financial ratios
selected on the basis of supplemental theoretical considerations,
together with the ligquidity, profitability and solvency measures
which were differentiated into components as far as possible.
Linear discriminant analysis technique was used and four mocels
(namely, one~year before bankruptcy, two-yecars before bankruptcy,
three-years before bankruptcy, and the model for the 'global

sample') were presented,

Analysing the'relative importence of the ratios, the
study f£inally selected 16 ratios for the 'original model' and
9 ratios in total for the four reduced models (in each reduced
model, five ratios were considered) on the basis of univariate
analysis, multivariate. analysis and statistical significance

tests.

The study, on the basis of the 'eritical value' of
discriminant scores observed that the average percentage of
misclassification for the 'original' models werse 9.98%, 20.4%,
23.6% and 21.,3% for l-year, 2-year, 3-year and 'global' models;
and the same for the 'reduced' models were, 1&.03%, 21.97%,
27;51% and 24.39% respectively. They also observed that the
percentage of misclassificatien for the 'reduced' models {consi-
dering Qﬁly 5—ratiCs in each model) were slightly higher than
th? 'original' models (considering 16 ratios in each model).
The study concluded with the comment that, "the discriminant
score is a. summing variéble that gives an important indication

. . Q
of the financial situation of a firm"’z.



C.J. Casey, V.E. McGee and C.P. Stickney (1986):

Using the 'probit analysis' and the discriminant analysis,
Casey, McGee and Sﬁickneyg3 attempted to assess the importance
of the'financial accounting data' and the 'security price informa-
tion' for distinguishing bankrupt firms between 'that successfully
reorganised' and 'those that liquidated'. In thelr study, a |
'success' was defined as a firm that - (i) filed for bankruptcy
but had a 'reorganisation plan' approved by igs creditors, (ii)
its plan was confirmed by the 'bankruptcy court', and (iii) conti-
nuad in operation for at least three years subseguent to the
confirmation date. A 'liduidatioh' was defined as a firm that
- (i) filed for bankruptcy, and (ii) was either adjudicated
bankrupt in 'bankruptcy court' or voluntarily decided to cease

operations and liquidate.

The sampeof the study consisted ofa56 *success' and 57
‘ligquidators' divided into three sub-groups:
» Group 1 : Combined Group (n = 113); Liquidators = 57,
- Successes = 56,

Group 2 -

1970-75 Filing Date (n = 72); Liquidators = 37,
Successes = 35, )

Group 3 : 1976-1981 Filing Date (n = 41); Liquidators =
_ 20, Successes = 21,

The following analyses were conducted by the study:
i) Using the Group - 1 data, a probit analysis was
performed to see if there was an overall difference

between the 'liquidators' and the 'successes'.
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ii) Using Group - 2 data, probit analysis was used to
develop a best-fitting equation which was then
applied to the Group ~ 3 data that served as the

hold out sample.,

The finding was that two factors —— (i) the 'free asset
percentage' and (ii) the 'change in profitability' in the years
preceding bankruptcy - had significant discriminating power. The
probit model was able to classify'correctly 69% and 59% of the
firms in the estimation sample and hold out sample, respectively.
It was further claimed that the discriminat model disclosed a

Slightly higher classification accuracy than the probit model.

Houghton, K.2. and Woodliff, D.R. (Winter 1987):

The objective of the study94 was to examine jointly the
ability of the financial ratios in predicting corporate 'success'’
and ‘'failure' (environmental predictabilit§) and the ability of
'humans'® (human information processing) to predict the cases of
''success' and 'failure'. The study defined 'success' and 'failure’
in terms of Earnings Per Share (EPS).

The principal research questions of tHe study were:

"(1) Do ratios have in themselves sufficient information
content to differentiate between companies with
differing future levels of earnings per share? and

(2) Can 'humans' (i.e. human information processors)
interpret those ratios sufficiently well té predict

93
the differing future levels of earnings per share?"
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The data set for the study COmpfised a sample of forty
eight (48) companies, containing 12 failure cases and 36 non-
failure ('success') companies (matched for time period and
industry). A financial profile of each of these 48 companies was
assemblea, based on five financial ratios over three years. These
five financial ratios were selected on the basis of their use in
literature and include measures of (1) income (EBIT/Total Assets),
(2) liquidity (Quick assets/ Current liabilities), (3) dividend
policy (Ordinary dividends/Ordinary earnings),'(4) Cash flow
(Total Lebt/Gross cash flowf, and {5) leavefage (Long term Debt/

Shareholder's equity).

The authors used tﬁe techniques of Discriminant Analysis
and computed separate functions for the 'success' cases and for
the 'failure' cases. The 'unvalidated discriminant function' of
the 'success' group correctly classified 80.56 percent of the
non-failure cases and the 'validated discfiminant function' of
the same group 'accurately classified' twenty four of the thirty
six companies (66.67%). The 'unvalidated discriminant function'
of the 'failure' group correctly élassified'ten of the twelve

failures (83.33%) and the 'validated function' classified seven

of the twelve failures (58.33%).

. The study concluded that the financial ratios of failed
firms were significantly different from those of non-failed
firms and the financial ratios of firms which experienced

different levels of Earnings Per Share were significantly different
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in the preceding years. The Quick ratio, they observed, "to

have a very low correlation with the failure function but,

surprisingly, a high correlation with the relative 'success'

w96

function . They also observed that "both financially trained

and untrained users significantly out performed 'chance' in a

.failure prediction context, achieving an accuracy similar or
superior to the discriminant function“97.

Besides these pioneers, there are a host of other studies

in the related areas. A number of researchers have tried to

predict the corporate bond ratings (Horrigan 196998; Pinches and

Mingo 1978°7; Pogue and Soldafsky 1969'°9; west 1970199, ¢o

predict an economic or financial event like, corporate bankruptcy,

take-overs, mergers, capital adequacy, etc, (Altman 1971102,

Altman, Baidya and Rebeiro Dias, 1979703; Altman, Haldeman and

Naryanan:. ' %% 1977; Altman and Loris 1976}°%; altman ana

McGough 1974106;'Casey and Bertczak 1985107; Castagna and

Matolesy 1981198; Dince and Fortson 1972109; Elah 1975110;

Fogelberg, Laurent and McCorkindale 1975111; Libby 1975112; Mason
- ‘and Harris 1979113: Martin 1977114; Moyer 1927115; Rege 1984116;

Reuvber and Roseman 1969117; Santomero and Vinso 1977118- Scott

119 120, 121

198111%; singh 1971129; stevens 1973121, Talmer 1980%2%; van

Fredrikslust 1978 23; White and Turnbull 1975%2%; White and

125 126y,

Turnbull 1975b ; Wilcox 1973 to identify differences

among industries with respect to financial ratios, (Gupta 196527;

Gupta and Huenfer 197212%5to test the ratios over time, to

identify the linkage between different ratios and to map a profils
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, . s : 129
of corporate financial characteristics (Courtis 1978 ;

Horrigan 1965130; Laurent 1979131; Pinches, Eubank, Mingo

and Caruthers 1975132; Pinches, Mingo and Caruthers

133,

1973 to identify the basic properties, statistical validuty

and statistical distribution of accounting/financial data/

ratios; (Barnes 1982134; Bird and McHugh 1980135; Bougen and

¢ 3
Drury 1980°3%; peakin 1976"37; Donnithorne!3® 139

140

1981; Foster

1975; Lev 1969°%1, McDonald and Morris 1984142,

4
O'Connor 1973143; Tamari 19781‘4

1978; Kennedy
;'Whittington 1980145): to

test the sensitivity of discriminant model in theé context of

46

.
’

prediction with accounting ratios (Altman, and Eisenbeis 19781

Dillon 19791477 Eisenbeis 1977148: Conedes and Dopuch 1979149;

{3 R
Joy and Tollefson, 1975130; Lachenbruch, Sneeringer and Revo

1973151; Richardson and Davidson 1983152; Richardson and Davidson
153).

1984 to test the effects of price level changes on the

154

7

prediction model based on financial ratios (Bildersee 1978

Ketz 1978155; Patel 1978156; Solomen and Beck 1980157); to

analvse elaborately the financial ratios (Kline and Hessler

158 159)

1652 ; Tucker 1964 ; ——— they all concludéed that financial

ratios, individually or in a set, contain specific information
and can be used with statistical and mathematical technigques, for

prediction or description of various attributes of the firm.



Table -~ II

Ratio Analysis in some Prediction Studies and Scope for Further Research

S« Name of  Year Predicted Event A&nalytical Variable Relevance Firms in the
777 the of the . Tool Used for sam- of the study Sample
Research- report ' - ple selec- :
er of the tion
- study
1. Miller 1966 SurViVal of . Ratios NA From Analysts Na
© Firms ' point of view
2. Beaver 1966 Failure Ratios Industrial " Industrial
_ ' ' size firms
3. Altmah 1968 ‘Bakruptcy . n " n n
4. Ewert 1968 Non-repayment Ratios & Size " "
Of Teceivables Non- ‘
o Ratios
5. Blum 1969 . Failure Ratios Industry, Size, " "
: : Sales & Employ-
ees
- 6. Meyer & 1970 Bakruptcy " Managerial " Banks
Piffer : Co ability and
Honesty of
Employees
7. Edmister 1970 Failure R Industry & .Size " Trade
' Accounts
8. Deakin 1972 Bankruptcy " " " Industrial firm
9. Altman & 1974 Good and Bad " Industry " "
others credit risks
10. Chesser 1974 Non-compliance " Industry & " Consumer
of loan Size ) Loans
Agreement -
11, Wilcox 1976 Failure Resource NA From Analyst's NA 3
' ' movement point of view o



12,

13.

14.

15,

l6.

17.

18,

19.

20,

Belkaoui

Kaveri

Ohlson

Scapens &
Others

Gupta

Ingram
and Frazier

Taffler

Gentry and
others

Ooghe and

Verbaere

1978

1980

1980

1981

1981

1982

1983

1985

1985

Takeover

Good,

Irregular and
Sick accounts

Bankruptcy

Credit worth-

ness and
thereby
failure
Corrporate
Sickness

Mortgage
lending
situation
Financial
viability

Failure

Bankruptcy

Table - II (Contd..)

Ratios

Ratios-

Ratios

Ratios

Ratios .

Ratios

Ratios

Ratios-

Ratios

Industry &
S5ize

Industry,
Size, age
and organi-
sation

Time period

NA

Product, age
& size

NA

Industry and
Size

Industzxry,
asset size
and sales

Time period

FProm Analyst's
point of view

Banker Borrower

Relationship

Analyst's

point of view

Industrial
Firms

Firms under
Small Scale

- Industries

Industrial
firms

Industrial

firms specially

cotton &

textile firms

Industrial
firms

64



21,

22,

23.

Casey,"
et al

Houghton

1986 Reorganisation
Possibilities
of Bankrupt
firms

1987 Corporate

and Woodliff (Winter) ‘'Success'

Scope for
further
research

and 'Failure'

Financial
health

Table - II (Contd..)

Ratios

Ratios
and

' Human
informa-
tion
process-—
ing'

Ratios

Bankruptcy
petitions,
firms with
reorganisation
rlans

Time period
and
Industry

Industry,
locational
area, and
organisa-
tiocnal
structure

Analyst's
point of
view

i

Industrial

.firms

Industrial
firms

Agricultural
firms (Tea
Industry of
India)

08



From the comparative analysis of the major studies
(Table - II) it could be observed that the researchers have
attempted to predict corporate bankruptcy, failure, lqss or bad
accounts, unsatisfactory performance, takeover, corporate
sickness etc which are basically gqualitative in nature. But
most of them have not agreed to any common definition in the
matter of identification of financial health hazards experienced
by their sample units. The matter has been interpreted and
defined differently by the authors themselves. Most of the above
studies have provided some sort of their own definition of
financiél sickness; but in fact, those definitions were the
indication of different degrees of sickness or illness of the
financial health of their respective sample units. In general,
twO major groups in this regard (i.e; the opinion about the.
financial health) could'bé observed. One group studied the
failed or bankrupt or in501Vent or closed units* and the other
group covered the existing units having all or some of the
financial characteristics -and symptoms which had commonly been
found in the units which were already bankrupt or failed or

: 160 .
* % . < .
closed insolvent  ° Beaver 1dentif1ed failure as a business

unit defaulting on interest payments of its debts, overdrawing

* The studies conducted by Beaver, Altman, Meyer and Piffer,
Deakin, Belkaoui, Chlson, Ooche and Verbaere, Gupta, etc.

** The studies conducted by Ewert, Mare Blum, Edmisfer, Chesser,
Scapens and others, Ingram and Frazier; Taffler (1983) etc.
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. 1
its bank accounts or declaring bankruptcy. Altman 61 took up

the bankruptcy situation directly. Marc Blum162 identified
failures as "entrance into a bankruptcy proceeding or an
explicit. agreement with creditors which reduced the debts of

the company". Meyer and Pifferl63 considered failed banks as

thosée which were insolvent, According to Edmisterlsg, a business
was identified as a failure if its 'Small Business Administra-
tion's' loan was written-off as a loss : otherwise the business
" was considered as a sﬁccess.‘Deakin165 identified failed firms

. as those which experience bankruptcy, insolvency or were

otherwise liquidated for the benefit of the creditors.

"Avsimplelobéervation«of the above quoted studies indicated
rthaé the authors identified a unit as a 'sick’one when it had
filed the petition of bankruptcy or when the unit had been closed
wdown'or‘when the unit had really became bénkrupt; and likewise,
'the units ét riék' had been identified as basically a running
fﬁnit disclosingﬂall or major symptoms and financial characteris-
‘LVJtiés‘dfﬁthe,closed or bankrupt one, but depended "largely upon
varioqs faétoré which might increase or decrease their probabi-
l1ity of failure"*166. |
' The present study has cconsidered the matter (i.e. corporate/

‘industrial sickness) in a.different manner. This study attempted

* For instance, suppllers, bankers, etc. may be reluctant to
advance credits to such companies and this may brlnc about
their: collapse 72



83

to analyse the corporate financial health and/or its different
degrees of sickness following the guidelines as have. been

provided by the Indian Parliament167, the Reserve Bank of

mai1at®®, the State Bank of Tndia'®®

and the Development
Commissioner, Small Scale IndUStriesl7o. The present study
considered the corporate financial health of the sample units
.as has been provided by the Indian authorities conéérnedl71, as
thé variable to predict and is concerned with the analyses of
the significance (predictability) of the financial ratios in

this context to discriminate between the 'sick' one and the

‘good’ one.

The corporate financial sickness prevail upbn by degrees
thrOugh phases. It could be cbserved that the units suffering
.frbm»the'déficiency-or shortage in working capital incur cash
loéses and the resultant effect of these tyo led to errosion
"of net worth'of the units. The shortage or deficiency in working
capital* of an enterprise invited unfavourable operating cash
,fléws** and the effect of these two resulted in errosion of
and

Tk k%k :
networth turned the enterprise to be into financial

sickness. in othér'words,,when the working capital, operating

. The negative value of working capital was considered as
~the signals for shortage or deficiency in working capital.

il The negative value in operating cash flows was considered

as the signals for unfavourable operating cash flow and
which further indicate the excess in outflow over the
inflow of cash which was also the symptom of poor earning
capacity and cash losses.

*%%  This is, generally, indicated by showing the zero or

negative value of net worth.
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cash flows and net worth of an enterprise disclosed zero or
negative value, the enterprises were considered to be in acute

financial distress,.

In India, the term 'industrial sickness' provides a
different connotation and the essence of 'sickness' has been
considered by the authorities concerned in a different way
because the background of corporate culture influence the views
of the authorities responsible to Government. As the present
study is based on the financial data of the corporate bodies
governed by the enactments drawn upon by those authorities and
as the published financial statements are drawn upon according

to the dictum173

of such enactments and examined by the guali-
fied professionals also on the basis of the guidelines and
dictum174 provided by the enactments, we have no alternative but

to accept the definitions provided by such authorities.

The information and explanations collected so far have
forced the present author into the belief that in India, the
share-holcéers, the financial institgtions, the commercial banks
and the political leaders considered an enterprise to be a'‘sick’
one for reasons born of their self-interests, and that it is
very difficult to accept the way they view an enterprise to he

a 'sick' one.

As the present study is based on the Indian context,
the definition for identification of the units are grounded
on the definitions given by the authorities already referred

to175.‘
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The present study, on the basis of such given definitions,
regards the financiél health of a particular unit at a parti-
cular point of time (i.e the annual financial statement date)
as the 'sick' cne when it discloses negative working capital,'
negative operating cash-flow and negative net worth; and like-
wise, the financial health of an unit has been considered a
'good! one when it discloses a positive value of these three
particular financial variables. The financial health of the
units lying between these two extremes have been conéidered as

units having ‘semi-good'/'semi-sick' - financial health.

It is to note that the earlier studies in this line
have considered either the units of manufacturing industry or
the trade accounts of the units of manufacturing industry or the
trade gcc0unts'of banks (vide, Table - II), but none has studied
the sample units of agro-industry in this Eontext. The present
study has identified the agro-industry as the area to be looked
into and has particularly chosen the Tea Industry to test the
predictability of the financial ratios to predict the financial

health of the sample units.
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