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ABSTRi\CT

A general mathematical model based on conventional

fi~ancial ratios has been derived for analysing business

performance and its trend. The financial ratios can be

calculated from the published accounts of an enterprise.

The model is in the form of a single linear function

consisting of 5eventaen ratios found to be significant by a

2_way discriminant analysis. In all, thirty six ratios and

seventy ninB caSeS have been analysed. DISCRrMI~ANT 5ub-

programme of IBM SP5S package has been used to isolate the

significant ratios with their relative weightages. The

resultant modsl produces for an enterprise, a point value

called Z-score in the solvency barometer or Z-5cale which

is a continuum with cut_off point at zero, This model

compares favourably wit.h those of Altman and Taffler-Tissh"w.

Multiple regression analyses have been performed to deter_

mine the relationships between the variables of the present

model with those of TafflBl'-Tisshaw.coThB signi"Ucant l'atios

have been grouped as profitability ratios, assets turnover

ratios, equity_~ ratios and stock turnover ratios with

respective contributions of 26.6~%, 26.16%, 20.29% and

',2.07% to'",ards Z_score, Business failure diagnostics have

also been discussed,

•
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N1 = Number of observations 1n fi:rst sample

NZ = Number of observations in 2nd sample

n = A linear function of measurements

= Function coefficients

,

,

D = Difference between the means of two grou~s

s ..
"

= Sum of squares or products f'Tom the means

x. = Measurements in first group/second group,

1[1 = Population of .the fi,st group

TT2 = POpulation_ of 2nd group



CHAPTER-1

INTRODUCTION

1.1 General Introduction;

The word I business' (1) refers to all those activities

which are connected with the production or purchase of goods

and services with the object" of selling them at a profit.

It includes activities connected with manufacturing, trading,

transportation, storing, banking and finance. When an

establishment is engaged for the production of goods or

provision of services using factors of production viz.

machinery, equipment and also workers, it means a 'Plant,(l).

The word 'Firm,(1) refers to the concern which owns and

manages a plant or plant manufacturing the same product

Or even different products, and in eddition arranges for

marketing of the products. The term 'Industry,(1) refers

to the aggregation of firms engaged in the manufacture of

similar products either for final consumption or for use

by another undertcl<ing for further transformation into

finished products.

The general belief is that the aim of business isto

earn profit. Though this is true to a large extent a,truly

successf~l business cannot afford to keep profit as its

sale objective. t'£J Ford(1) has stated that business is

not mere money chasing but it also should have an objective

of 'Service to the community'.

However, profit plays an important part as a measure of
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success. It is the measuring rod of business performance

and the test of efficient business operations. Moreover,

a firm has to avoid losses if it wants to continue for long.

In modern days owing to the large scale production of

commodities through the joint stock corporations, the

competition among units/companies has become severe not

towards the objective of maximisation of profit but towards

the ea.niflQ of sufficient pTofi t to cover the risks of

economic activity which-are beyond the control of the busi_

nSsSman. Thus there has been a racS among business units/

companiss.to imprO\/8 efficiency _and to reduce cost of

production. Again, the demand-fOr products is unpredictable

because the demands are everchanging due to the influence

of fashions and the introduction of substitutes, Because

of these factors running a ,business is not ,af~'ll'!asy",jObS~-

and the businessman must be concerned with the study of the

methods and procedures of-promoting the business unit and

furnishing it with .the factors of production, producing

quality goods at-the 'lowest possible cost, and supplying to

the consumers at the lowest possible cost and yet earning

adequate profit.

Business is increasingly becomin'g an important pro-

fession in modern age. It is alsO becoming mare and mOre

complex and competitive. The knowledge of many thingsis

essential for acheiving real sUcCesS in business. The

problems related to the survival of a business are as

follollls;(2)



A Financing

tiooso_

problem, - difficulty i,
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meeting obliga-

A.1 Liquidity d~ficiency _ the company's current liabi-

lities exceed its current assets, which results in difficulty

in meeting current obligations,

A.2 Equity deficiency _ the company's solvency is ques_

tionable because of a retained earnings deficit or in more

extreme cases, an excess of total liabilities ovsr total

assets (negative net worth).

A.3 Debt default _ the company has been unable to meet

debt payment schedulss or -has isolated one Dr mol'S covenants

of its loan -ag~eements.

A.4 Funds shortage _ the company has either limited or

nO liability to obtain additional funds from various capital

sources,

B. Operating problems _ apparent-lack of_operating

success.

B.1 Continued operating losses - nO net profit has been

earned for more than one past period.

8.2 Prospective revenues doubtful - revenue is insuffi-

cient for day to day operating needs, or there have been

cutbacks in operations such as personnel reductions.

Ability to operate is jeopardized - legal proceeding

related to operations, or suppliers of operating materials

may refusa to transact with the company.



Poor control ovar ope;r<ltions-
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the company ma"agsment

has been unable to control operations. as evidenced by

repetitive, uncorrected problems.

Financial statements quantify information concerning

the financial position of a company and the results of its

operations,

Based on the financial statements, it is essential

to evaluate whether the company will be able to continue

to operate successfully or will face liquidation, bank-

ruptcy or reorganization in futUre.

Such an evaluation will help management for efficient

financial p18nning(1) and to appraise the eventual financial

risk. Proper-financial planning-estimates both the present

and future -neads for working and fixed capital and also

de~ises means to procure the required amount of capital

from different sources. External investors will evaluate

the corporate credit_worthiness of--the -fi-rm-by -determining

the total.amount~of_-assets held, existing_mix of__these

assets and the financial risk involved.

Ultimately, the evaluation of a company's futUre trend

mostly reBts upon subjective judgement and experience.

Recognizing the fact that such an evaluation process is a

difficult and imperfect one and the evaluator often fails

to warn of impending disa:sters. Because of there limitations

and shortco~ings of the evaluation process sOme additional

tools of analysis could be helpful.



1.2 Scope and Objectives:

The objectives of the present r"s"arch Ilre:

i) To develop a g"neral mathematical model based on

conventional financial ratios for analysing business

performance and its trend. A single linear function

consisting of those ratios will provide a numeric

scOre to give an indication of the corporate

health of a company.

ii) To test th" ad"quacy of the derived modeL

iii) To compare the derived model with the models

formulat"d by earlier workers.

iv) To identify the probabable {;au5"s of feilure in

order to prescribe re",edial measUres well in

advance.
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CHAPTER_2

LITERATURE REVIEW

To evaluate the worth and effectiveness of business

activities by adopting 'flnam:ial ratio analysis' is not

new and goes back to 1920(3). The ratios are derivsd from

fInancial statements and the more common of them fall into one

of the three generic groupings according to their use. These
- (4)main groups of ratios are •

1. Measures of profitability_

2. MeasureS of asset USB.

3. Measures _of liquidity and ths use of debt.

The implication of these ratios in financial analysis,

management policy and decision making is overwhelming. _The

topic has -received considerable- exposure in almost all cost

engineering, management accounting.financial ~ansQpme~t and
businesS finance .texts.

Ingham and ~Harrington(5) have arranged a -

collection of simple but comprehensive measures into a

logically constructed framework, the presentation resembling

a pyramid of ratios(3). The frame work has particularly

been used by the organisations conducting interfirm compa_

rison (IFe) for mmagement in England. The term interfirm

comparison (IFe)3 refers to an organised pooling between
,

firms of an industry of key business data on an amonymous,

confidential and agreed uniform basis. Each company taking
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pa~t is reported as to how its overall succeSS compares

with that of others in the same industry and why it differs

from others.

Financial ratio analysis(2) has also been utilized

a great deal of late in the evaluation of business entity

regarding its ability to continue to operate successfully

in -future. Prior to that 'the process of evaluation depsnded

entirely On the subjective judgement and experienCe On the

part of the evaluator.

In the last fifty years or so studies have appeared

periodically which -examined the f.inancial--ratios of firms

in order to asS~sSthe predictability of business Failure.

Typically these studies examined individual financial

ratios of solvent and insolvent business units fo. thei.

p.edicti~e accu.acy. ~he most .ecent study of the t.adi_
tional ona_va.iable_at_a_tima o. uhi~ariate app.oach

claimed that ce.tain meaSU.eS were fairly accu.ate in

fo.ecasting failu.e as much as five yea.s prior to collapse(6).

In fact, sound _liquidity __analYSis(7) clearly involves

(a) considering as many ratios as are relevant (b) comparing

each of these ratios with their previous values and (e)

comparing each of these ratios with the means (or other

averages) for compaaies in a similar class of business.

Though each ratio in (a) may have its weakness, and though

(b) may be entirely not valid if there is a general change
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of economic climate, and (c) may engenedgr Falsa optimism

if all companies in a given class of business are doing

badly, the effect of multiple comparison will largely

cancal out some of these weaknesses.

IF this technique is adopted, then no overall ratio

is important. Instead, it is important to assess the

measure of consensUS between all useful ratios. For this

purpose tnOCl_parametric' or 'distribution-fre13' tests may

be used. The binomial sign_tsst(B) which is the most

simple of all non_parametric tests helps to assess the

degree of consensus. In sign-test, positive and negative

signs are used rather than quantitave measurements of

variables.

For establishing whether a business unit is showing

a growth or decline, all of its Useful financial ratios_

will be compared. The differences between the present and

previous values of these ratios will indicate that the

firms position is declining when bulk-of--the differences

are represented by negative signs and vice_versa. Such a

test has its weaknesses(7) that we are giving equal weight

to ratios that may not be equally important; that simple

statistics is employed to aSSess the degree of agreement

between all ratios. In spite of the limitations, it at

least forces management to examine all relevant ratios and

thereby diag~ose the real causes of potential failure

more easily.



ou.leradss lU.od 1Jo ln~ sYl u. aTe~s z aYl u. anTe~ o~az
',Tapow z, sa umou~ 8~uay pua snTan z ~o a~oos luau.w.~~s.P

TTe~sAO ue saonpo~d TSPOW aYl 'so11e~ lue~111uo.S ~nol
uo pOIseS 'sw~11 JO s:tas 0""1- 8'-11usam:taq lssq paleu.w.~os.P

40.4m so.le~ ~n01 paleTos, Alleul1 slsAIeue le~llsllels
a~.sualx3 'sw~.J ~6 8'-1110 '-IDea~DJ paleln~leo a~Sm 'asn l'-lDlw

lsAIeue Te.oueulJ Aue 'aso'-llJO leoldA1 'solle~ lU8~a
-.H1P Al'-l0n '(aldwes 1ua"l0s 01'-1+'a'n A~lsnpul pu" aZls

Aq pa'-l~lewsW~H punos. ATTa.l~uaUH 9\7 wo~J __~a'-110a'-llpue
(STdwes 1dn~>rueq 01'-11'a'n 696l a:::lu"!-,s6ulTle1' sw~11 9\7'wO~J

palll~ap sem las .ls~"!-,)a'-l1'so11"~ 1-e.l'luaUl1"10' sdno~D oml 01
palTdde sam s"!-,sAIeuel~eYlw"!-,~os"!-,P~aau"!-'T'lapow A'lUailTosa'-ll

l'ln~'1suO'l'Ol'~'s'n ul pasn's! ,'-I"!'-I'"TSPOW " pa'l'ln~lsuoo
AT31I,SUS1XS

(ll)me'-lss11 pue ~al1~-el-'u"'w:i:l\j)0 '1~om Teu1Bpo a'-lluo
paseS 'm13'-Iss11pue ~aT1Je1 '~a'lslu1wP3 'waYH Aq padoTal1ap

uaaq alley sanblULjOS1 ~a'-lloTapow s,uew:tTliaoulS

'suoT1dumsse
Te::lT'IsT'IelSA.Iessa'lau aljl 01 a.Is'-IpeaW"!-'lawes alj1 le pLE Tapo'~

alj:t)0 ~amod all.1o.pa~d aY1 aZlw.xew 01 ~ap~o ul pal'-l0lam
Aialel.Ido~dde S~Sm sOl'le~ Tel'lueu.J al1"!-'1Aqa~a'-lmpadoTallap sem

(Ol'S)TSPOW ~eau!T li 'sw~.) A41TeaLj )0 aTdwes (a2!S :t8sse pue A~l
-snpul Aq) palj'llewa pue sw~.l ldn~'1ueq )0 sTdwes e uaam'lsq

sleuTwl~:JS1P 01 sem 8"!-''-I:t)0 asod.:rnda'-l1'"slSAlSUS lueu.w
-l~'lSlP" p8TTe:J sJ:npaDo~d Te~.:tsl:tels e '-Ill"'pszATeue pus
paUlqwo:J a~sm 8011EJ: Te.~ueul) 01'-11'Ljoeo.:rddeslel.:Iell11Tnw

E PSTT13'lATuowwoO aWl1 e ~13 s011e~ Te.~ueul) Auew 6u1z
-lTl:tn TSpoW e pS:tussa~d (Ei) uewlTli~/4 ,~..896, uI

•
6



10

the solvent and insolvent region. The higher up the s~ale,

the mare sound the enterprise; the more negative its

rating the more insolvent it looks. The power of the

model is nearly 100% as indlcated from applying the model

to the 92 firms from which it was derived.

Although the model appears VBry simple since the

numeric solvency index can be determined from only four

ratios taken together but for any remedial action it is

essential to consider each ratio in isolation. Extensive

statistical analyses are required to discover the 'contri_

bution' of those ratios towards failUre. The previous

authors did not-make this sort of attempt to identify the

causes of failure in particular.

Regarding the universality of the Taffler_Tisshaw's

model, one point needs __further clarification. The formula

proposed by the authors for unquoted companies(1yJ consist5

of five .ratios .which are not_ similar to th05e ratios of

the early -model-.--Nothing has been mentioned to cl-ari fy the

discrepancies between" the two f-o;rmulae which at ,least

indicates that the;re is nO single model to apply in all

situations.



FOR~lUlATIO~ OF THE r~ATHEMATICAL mODEL

3.1 General Statement of the Business Performance' Analysis:

With the growing co",plexi ty of industries as well a5 the

ra::Jid change of business environment, periodic systematic

evaluation regarding the existing trend of a particular

business is very essential. In general the a~praisal should

consider all factors related to allocating of ScerCe resources

and also efficient utilization of the resources leading to

high financial returns. In this context, a business is viewed

mechanism(4) for adding value to the resources it uti_

lizes and its success is measured by the difference between

the valus of its output (seles of goods and services) and

the cost of the :resou:rces used In creating that output.

From tilOe to. time account.?n~~ produce statements which

give a picture of the position of the firm at a given moment.
(12)The balance sheet is e summary of assets and liabilities

at a particular date. It is possible to look at two balance

sheets to see what progress the firm has made. But the route

it has taken in changing its poeition is

extent by income statement or p:rofit and

set out to a certain
(12)loss statement •

It summa:rizes the revenue items, the expense items and the

di fference between them (net incDme) for an eccounting

period. In a technical sense the income statement(4) is

subordinate to the balance sheet in that it shows in Some
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detall the items that together: account for the change

during an accounting period in one balance sheet category,

owner's equity, and more specifi~ally in one item in that

categor:y, l'etained earnings. Nevertheless, thO' inForlJlation

an the income statement is usually more important than

information on the balance sheet since the former reports

the results of operatiDns and indicates reaso~s for busi_

ness profitability or lack ther-eof.

HDW8118r, both. the income statBm"mt and the balance

sheet can be ~ombinBd into a package that discloses impor-

tent inFormation about tha Events of an a~counting period.

Such a package commonly known as a statement of funds

flows(4) would be developed through a nu~ber of steps

viz,

(i) The net cash inflOWS from operations during the

period is noted from the income statement.

(ii) The net changes in the asset, liability and

net worth are classified from the balance-sheet at the

beginning and end of the year.

In this way, the financial data can be structured

to appraise a firm's financial position at year-end. But

it is not possible to get an overview of the financial

picture from the funds flow statement alone. A porposeful

ratio analysis provid"s sufficient scope for furthsr

analysis.



3.2 Role of Financial Ratio~ in 8usiness Failure Analysis:

The term financial ratios(12) or accounting ratios

is commonly used to mean relationships drawn from sets of

accounts. The ratios form a pattern of information which

is intended to give a picture of what has really happened

from the'shadow' information given in the accounts. They

will be meaningful and useful and will form the basis of

systematic method of analysis when u significant set of

ratios are selected _ ratios that provide manage",ent with

valuable pointers in terms of liquidity, funds and profit-

ebility. Theoretically, there are nO limits to the no. of

ratios that can be derived. Foulk(13) 5U<]gests thet five

hundred or more can be made. A brief description of the

thirty-six ratios which comprise the deta inputs for the

present analysis is given below. Scarce financial infor-

mations limited the scope for determining other relevant

ratios.

1. Operating profit/operating capital(3)

Operating profit is the profile (before tax) earned

through the normal operation~ of the business. Operating

capital includes land and buildings, plant arrd machinery

and other fixed assets plus its current assets. This is

synonomous witl, total assets. This ratio raflacts thD

earning power of a business and shows whether profitable

use has been made of its total operating capital. A favourable
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ratio helps the business to show a satisfactory return on

shareholders capital.

2. Operating profit/net sales(~)

Absolute figures for profit take on more meEJnino when

compare-d with sales. This ratio is often used as a measure

af profitability of a firm anu indicates gross profit

margin on sales. Usually all increase in sales widens the

profit margin, since fixed costs need not rise in direct

proportion to sales. For the same reason. profits tend to

increase more rapidly percentagewiSe th~n do sales.

3. I'Jetsales/operating cilPital(12)

The ratio measures the utilization of e firm in

abt aining frclm the funds or resources employed in the

business. It ha" got Lllportanca aa One of the return on

investment ratios and tells whether the management is

able to make effective usc of the reSOurces at their

command. C:~~=--i:O
4. Operating profit/capital employed(12)

Capital employed can be defined in a m~mber of ways.

Here it is defined as fixed assets plus current assets

less current liabilities. The usefulness of the ratio is

obvious because management is mare concerned with the rate

of profit earned on each ~ 1 of capital employed rather
than the absolute profit.
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5. Net profit/working capital(14)

Net profit in the present CBse is the retained earnings
after all deductions have been made from the operating

profit. Working capital represents the equity of owners
in the company's current assets: the difference between
total current assets and total liabilities. This margin
represents the cushion available to the business for
carrying receivables and for financing day_to_day opera_

tions. The ratio is useful in measuring the profitability
of firms whose operating funds ere provided largely through
borrowing, or whose permanent capital is-usually small in
relation to volume of sales.

6. Not profit/net worth(14)

Net worth is defined as the balance sheet values

attributable to total equity sources in the investment of

capital. This ratio, therefore, represents the efficiency

with which inve~ted capital has been employed. The return

On net worth figure for a company gives a rough indication

of what constitutes a minimum acceptable'return on a neW

investment for that com;lany. Certainly, any investment

proposal indicating a return lower than what the company

is presently e~rning cannot be considered a'particularly

attractive investment opportunity.



7. Net profit/totel assets(14)

The ratio is closely related to the net profit/net

worth ratio, except that here the theory is that return

on investment should be measured in terms of all capital

employed in the business - whether supplied in the form

of equity or debt _ and not in terms of equity interest

only. For evaluating different investment appraisals,

this ratio plays a significant role.

This ratio is another measure of profitability of

widespread uSe and keen significance, particularly to

share capital investors. It relates sales after taxes to

tha total investment in the form of share capital, reser\/e/

surplus and accu~ulated profit/loss. It ~casures the rate

of capital turnover showing how actively the firms capital

is being put to work. If the capital is turned over too

rapidly, liabilitios ere apt to build up at an .exccssive

rate; if capital is turnedovsr too slowly, funds become

stsgement and profitability suffers. fience there is an

optimum rate which m~y be significantly diversified for

differp.nt co~pani8~.

Tho rate of working capital turnover can highlight

a financial problem if it is either very IowaI' hi'Jh. If



thl:l ratio is high, thE' businE's" "my OW"too mu",h, relyinw

on ",redit as a substitut" For an adequate margin, of current

opBratinlj funds.

Th" ratio me8SUrSS ths us~ rate of ths firms reSOUrCE'S

which is rclativsly long lil/ed like land and building. plant

and machinery etc. Th8 ratio is Isss significDnt in itself

than when compared wite, the samE' I:atio for >JI:sl/ious yeaI:s.

Such a comparison shows wh8ther, or. not the funds used

to increasE' productive Capacity ar~ being spBnt wisely.

If comparablB sales incI:sases havE' failed to a::company

sizsable in\!E'stmBnts in fixed assets, then puor ",,,sct

utilization is indicatBd.

This important r~tio indicates the I:at~ of turnover

of stock in trLlde 1. e a m"asure of thB lIo1umBof DusinE'sS

being done by the firm. Since a considBrable portion of

cash is tied up ~ith thB stock in the fDr~ of purchased

raw materials, w.~rk_in_progress, goods in transit and

finished goods, thE greater the ratio. the morE' cash

rBleasE'd and the greatsr possibility of accur;wlation of

profit in the business. On the othBr hand, slowooUJnof

stock turnover can of course, hinder a company's ability

to mBet its current obligations and can affect its costs.
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particularly through the incurrence of charges to support

the luxury of excessive inventory or through the loss of

purchase discounts which may result from the slowdown of

cash flow •

.12. Finished stock/sales (15)

Finished stock is a part of current assets and its

utilization is compared with sales figure. The finished

stock turnover ratio is an important indication of how long

goods are kept before being sold. Clearly the quickel' the

finished goods can be disposed of, the better profit is

likely to the maximised. Any reduction in the ratio indi_

cating that the tUrnover is SIDweI' may call for action to

increase sales. Alternatively, if there is over_production

there may have to be curtailment of output. In short, sales

and production will have to be coordinated. If the turnover

rate increases too much there may be a danger that custo-

merS needs cannot be met prom~tly - this fact may prevent

maXimUll1profit being earned.

13. Materials stock!sales(15)

The ratio is similar to the previous One except that

finished stock is substituted by raw mate;rials stock. When

there is no ma;rked fluctuation in sales ;revenue, a rise in

this ;ratio will manifest as a fall in the previous one. Since

the usage of ;raw mate;rials often is not known with ce;rtainty,
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a highe:r :ratio ensu:res the possibility Df :running out of

stock, When a manufactu:re:r :runs Dut of :raw mate:rials he

will lose p:roduction end his cost pe:r unit may rise.

However, in same companies there is often _a marked vulne:ra-

bility brought about by the possibility of price fluctuations

in raw materials. If a business is ca:r:rying lerge stocks

expe:riencing wide fluctuations in p:rices and the:re is price

fall, serious consequences may result,

P:rDfit before tax/total liabilities(11)

The ratio indicates the ability of an enterp:rise to

cove:r both cu:r:rent liabilities anu long_te:rm obligations

through its g:ross ma:rgin.

15. Net p:roduction cost/cost of output(16)

Gross p:roduction cost in the eaSe of an industrial

plant includes costs of material. labov:r, fixed and vari-

eble ove:rheads, capital cha:rges etc. When mate:rial co"t is

excluded f:rom the figures indicates net p:roductiDn cost.

Cost of output accounts for sales and distribution overheads

together with gross production cost plus adjustment due to

finished stock. The ratiD expresses the fraction of total

cost of output on production purposes.

materials cost/cost of output(15)

The ratio indicates the pe:rcentage breakdown of cost

of output es :raw mate:rial" cost item,
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17. Gross production cost/cost of output(16)

This ratio is directly influenced by the previous

two ratios and can be controlled by excersing suitable

_control over both of them.

18, Cost of output/average stock(12)

5toci< turnover is sometime expressed by this ratio

since cost of output is nothing but sales at cost price

and stock figure is usually an average figuro for the year.

If the cost of output is not known, sales figure is subs-

tituted by a more precise measura of physical turnover

can b8 obtained by u5ing cost Df outrut rather than sales,

19. Dpreciation/net production cost(15)

Tangible fixed assets 8re depreciated and the ratio

points out the relative percentage in relatiDn to net

prDductiDn cost,

20, Value added/ractory employee(15)

Value is added to meterials by the process of production

anc is obtained by subtracting the raw materi8ls expen"ses

rrom the total sales value. The ratio staJlds as a meaSUre

of output per employee, It indicate" whether the marlagemerlt

is utilizing its factory labour efficiently or not.

Current 8ssets/current liabilities(12)

The most commonly used ratio also known as current

ratio compares assetc; which will becoo,s liquid i" approximately



twelve months with liabilities which will be due fo:r payment

in the same pe:riod. The current :ratio is used by credito:rs

as a measu:re of the extant that cur:rent asset values could

shrink in liquidation of the fi:rm and still be adequate

to cOver liabilities and tha eventuality of losses. It is

ha:rd, hOUlever, to say exactly what is satisfacto:ry, a 2:1

ratio being conside:red a standard, but many good fi:rms show

a lowsr margin, whilst some ones, by ove:r valuing assets,

show a much higher margin. In general the more liquid the

curre"t assets, the less ma:rgin ne"ded to cover current

liabilities.

22. Current assets less _stock/cu:rrent liabilities(12)

In order to :refine the analysis of the current ratio

this ratio is used which is knoUlnas acid test or net quick

ratio. It is similar to current ratio but takes only those

current assets which arB cssh Dr will convert very quickly

to cash. It indicates the firm's immediate ability to meet

current obligations. If a large propo:rtion of the current

assets remains in the form of stock in trade, the liquid

posi tion does not provide adeqCJate safety rna:rgin to cover

mo:re tha" current liatJilities. Hence this ratio should .be

always g:reate:r than one exp:ressing that provided credito:rs

anJ debtors lOra paid at approxir:lately the same time, the

company has sufficient liquid resources to meet its current

obligations.



23; Current assets/total liabilities (11)

This is related to the conl/entional current ratio and

is a meaSure of the working capital position of the firm.

The greater the ratio, the sounder the enterprise.

24. Profit before tax/current liabilities(11)

This is a profitatbility measure indicating the

ability of an enterprise to cover its current liabilities

through its earning power. If it has a low Or ne;]ative

valUe for this ratio, its downside risk is clearly greater

than that for the average manufacturing company.

25. Working capital/total Qssets(?)

Since working capital provides a basis for current

recurring financing, the particu!ar ratio is important

for el/aluating risk of landers. Lenders for short term

debt will be interested to see.the company's present ability

for repayment of loans rather than its fixed assets.

26. Revenue before tax and interest/total assets(?)

Th" ratio is sinlilar to sales/operating capital

except that income other than sales has been inclUded in

the present ratio. It highlights the ol/erall return on

total investment in the enterprise.



27. [,et worth/total assets(17)

The ratio shows what stake the equity capital has in

the total assets of the business in comparison with long

term and current obligatiD,,~. Lenders might be doubtful

about lending more until the existing percentage of equity

capi tal is sufficiently sound. Because the larger the

proportion of the assets of a business that has been furni-

shed by the stock holdars, the bigger the decli"a that can

t Ike place in asseta_ while still affording protection for

creditors. Two types of companies can have a higher propor-

tion of debt: those that have very liquid assets that ara

transformed i"to cash continuously as part of the business

process and those compawias whose assets although liquid,

produce steady flow of i"come. Since a low ratio will

hamper additional borrowing, but there is little seasonal

requirements, short term debt is a low cost method of

temporary funds. Long term debt in reasonable amounts will

raise the return for the common stock holder as long as

the earnings on such funds exceed their cost.

28. Fixed assets/net worth(14)

The ratio shows the extent to which the owners funds

ara tied up i" assets with a low turnover. A firm's tendency

to overinvest in fixed assets can of tan be i~entified by

this ratio. A high value of the ratio results in heal/Y

depreciation and interest burdens, which can lead to serious

profit problems should a"y sales difficulties be encou"tered.



29. Fixed assets/operating capital(17)

The total capital should be put to effective use in

order for the concern to pel:fol:m its business purpose and

to aSSUl:e its sUl:vival and prospel:ity. To accomplish these

ends, msnagement should decide wisely regarding the appor-

tionment of the total capital among current assets, fixed

assets and miscellaneous assets. The particular ratio

measures the extent to which a company's total capital is

tied up in nonliquid, pel:lnanent, depreciable assets. g

disproportionate high investment in fixed assets places

burden on the company because it limits current assets. and

pl:oductive miscellaneous _assets, increases debt position.

30~ Current liabilities/total a"sets(111

The l:atio is measuring .the company's current liabilities

position, and is a financial--leverage ratio. The gn;ater

its magnitude, the more sel:ious tile problem" the company

has to face in financing the cost of its dE!bt and the

acquisition of additional debt.

31. Total liabilities/capital cmployed(~l

The ratio reflects the financial condition of the

company "y comparing its total obligations with its total

capitalization. It is a tool to assess thE! creditworthiness

of a fir'" and is useful to lender,; fOl: long term debts.



25

32. Immediate assets/capital employed(12)

The ratio expresses the immediate or .liquid position

of a firm in relation to the total capitalization. Some

firms Can afford lower level of liquid reservE's while

athe;r:> cannot. Firms experiencing insufficient immediate

or cash balances face strong temptation to lean on their

suppliers by delaying payment of trade obligations. The

tolerence of suppliers is not unlimited and thereby the

trading efficiency of the subject firm is hamper"d consi~

del'ably.

33. Curn,~t liabilities/net worth(14}

The ratio provides a means of evaluating a company's

financial condition by comparing what is owed with what

is owned. The company with a lower than average ratio-which

D8notes a strong -ol:lnership interest or posi tion ~ enjoys

relative freedom flL'Dmcreditor::; demanding re:;lsyment of

debt or attempting to impose their wills on the company's

management decisions. A higher ratio - any val'ue over 0.80

indicates that the firm is overly dependent on its creditors,

Again financial obligations which is current in status

carries with it more immediate danger to the company's

operating freedom _ because of its early maturity. cram

the point of view of time, the current ratio is the more

rressing.



34, Total liabilities/net worth(17)

The operating freedom of every company is conditioned

by the relative stake creditors have in the business in

canstrast with thst or the owners. Whenever this particu-

lar ratio exceeds 1.UO it indicates that the creditors

have a greater equity in the firm~ assets than do the

owners. Such top heavy liabilities make the business

extremely vulnerable to any unexpected contigencies and

management may be comp"lled by creditors to coUrseS of

action that rob the company of valuable initiative and

innovation.

As compared with short term debt, long terlllobliga_

tions has its own peculiar peril in that it is generally

more exactly fixed as to maturity and repayment require-

ments, ['loreover,-repayment of long term debt is usually

more enforceable because almost all Ion!;.term obligations

is backed by pledga of specific collateral,

35. Immediate assets_current liabilities/oparating cost -
depraciation (11)

The ratio is also known as nO _ credit interval and

akin tD the acid test. It calculates the time for which

the cDmpany can finance its continuing Dperations from its

immediate assets if all other sources of short-terffifinance

are cut Dff and is a ratio relatively new to accounting

lit"rature.



• 36, Equity/total debt(4)

Comparison of borrowed funds with ownership fund is

of much interest to many analysis. This ratio summerizBs

the relationship between total equity and total debt. The

c ••,di tors Can r~gard the o\:InE'rship funds as representing

a buffeI' protecting him from loss. From creditoI's view

point, the higher the percBfltaga of equity, the bett"r

because the assets could shrink in liquidation considerably

and still be sufficient to CoVer debt claims, sirlee c;re_

dito;r" are entitled to be paid out in full befol'e the

owners are entitled to be paid anything. Of course, the

amount of debt that the business Can reasonably endu;re

depends On many fac;:to;rs. A view generally expressed is

that indebtedness should not exceed the equity i,e a ratio

of 1:1 is preferred. But this is not a rigid rule flexible

with thB nature of businss3 anu general economic condition,

A public utility ,,,itt, stable earning and favourable pros-

pects many safely finance a much lowsr ratio than can

say, a manufacturer with a past rscord of erratic profit-

abili ty ,who produces a single speciality prod"uct of uncer-

t~in long-term uemand,

In times of prospsrity there is a tendency for a larger

volume of borrowing to lJ" undertaken and for this to bs

rsgarded as being quite normal. On the other hand, in a

trads reccssion total indebtedness ,"ould be expected to bs

much lower than the equity capital,



3.3 Model Construction Approach

3.3.1 Derivation of discriminant function

A multivariate statistical technique known as discri-

minant analysis(10) is adopted in constructing the model. The.

objective of discriminant analysis is to weigh and linearly

comlJine the discriminating veriable:> (financial ratios of

the firms in the present analysis) in such a way as to obtain

a single dimension on which solvent firms are clustered et

one end end insolvent firms et the other end. The single

dimension is a perticuler statistic known as discriminant

function which is derived to maximize the remeining distance

between the square of the diffe.ence "uetween group meanS and

the variance within g.oups. The mathematical t.eatment for

the de.ivation of the discriminant function is g~ven in

A;:Jpendix-E. The meaning of the function will be illustrated

with the help of an example(10).

Suppose one wishes to discriminate between good end

bad loans by a family loan agency. ThO'variables are

X1 = age neerest S years

X2 = logarithm of number of years {plus one} with

present employer

X3 = ratio of total debt to total annual earnings,

in per cent
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-_ ..._--- --- ._---------_._--- ------,_.-
Calculated measUr8S fo:r t",O g:rDUpS

------_ .. ---_._----
Bad accounts

160

32

1 • 08

0.336

11 8

23, 0

5,250

51.90

3,710

0.7704

2,892

43.44

8.00

0.574

-11.40

Solving the equations (E.10)

780.0U 17,640 _151,OlJl

17.[;4 1.02492 _0,738 I

._-
~ 8 ,DO
i
! 0.574 i
I -11.4 IL: -.J

162.033
.-.J

_161.00

the discriminant function is obtained as
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0" O.0352X1 + 1.0932X2 - O.1003X]

D1= 1.637

°2," 3.126

for gaDa accounts

for bad accounts

If the cut_off point is choosen as the mid-poInt between

these two figures, it may be estimated that any account with

discriminant value above 2.382 to be bad and below this valua

to be good.

To test the hypothesis of no discriminating capability,

F is calculated to be 9.45 with 3 and 7 degrees of freedom.

Reference to the F table shows this value to be significant

at tha 0.01 lavel, hence it may be concluded that the variables

used as discriminators have some ability to discriminate between

good and bad loans.

3.3.2 Isolation of ratios

Quite often there are more discriminating variables

than necessary to 8cohieve satisfactory discrimination. To
select the most useful 6f these the ste~wise procedure(1B)

is followed. The procedure will be discussed in article 3.3.4.

3.3.3 Classification of cases

To classify the original set of CaseS to see how many

are correctly classified is an overall measure of the

adequacy of the discriminant Function. The procedure for

classification will be discussed in article 3.3.4.



.1 3.3.4 Application of the computer program

Subprogram DISCRIMINA~T(18)performs

3001

is SPSS

discriminant analysis

through a variety of stepwise methods selecting the best set of

discriminating variables. The user indicates the stepwise selec-

tion criterion to be used through the METHODspecification. Present

criterion (METHOD= RAO)is Rao's V, a generalised distance

measure. The variable selacted is the One which contributes the

largest increase in V when added to the previous variables. This

amounts to the greatest overall separation of the groups. A vari-

able which contains a large amount of information already included

in the previous selected variables may actually caUSe a decrease

in the valUe of V. This implies.a decline in discriminating power

since the groups are being brought more closely together. Such

a variable is not included. Moreover, the change in V has a chi-

square distribution with one degree of freedom facilitating

statistical significance testing.

As variables are selected for inclusion, some variables

selected llIay lose their discriminating power. Such variables

are redundant and should be eliminated, Thus, at the beginning

of each step. each of the previously selected variables is

tested to determine if it still makes a sufficient contribution

to discrimination, The variable making the least contribution

is eliminatad. To test the adequacy of the periveJ discriminafti

function, classification of the original set of cases is done
by the same progl:am. Classification is,.cchi'eved through the

computation of classification functions •. one fOl: each group
using a Sep3l:ate linear combination of the discriminating variables.
Under the assumption of multivariate ,normal distributions, derived

classification score for each eaSe can be converted into proba_

bilities of groUp memeership.



CH.~PTER_4

DATACOLLECTIDNANDA~ALY=ES

4.1 Preparation of Input Data for the Subprogram DISCRIMINANT

To proviue data for tha SPSS DISCRIMINANTsubprogram,

36 financial ratios of 79 enterprises of BCIC and BSEC were

worked out from the balance sheets and profit and loss

accounts. In order to get a generalised model, it was

tried to include entEnprises from private sectors and

other corporations. But unfortunataly most of them lack

in regular published accounts and the authorities of the

private sectors were reluctant to show their books of

accounts.

The total sample _of 79 firms were classified into

two groups, the first being apparently financially solvent

(subfile GO) and th~ other being apparently losing (subfilB

NGD). Balance sheet and profit and loss account of the

firms are provided in Appendix_A and Appendix_B. 36

finencial ratios-arB listed in Appendix-C and discussed

in details in Chapter 3. p, listing of the SPSS DISCRH]HJA~JT

subprogram is givan in Appendix_D.

~.2 Output from Subplogram DISCRIMINANT

SincB thare are only two groups i.e subfile CO and

subfile NGDonly One discriminant function is p055ibl8.



The standardized and unstandardized coefficients for this

Function are reported in Table 6.1. The standardiz.ed function

coefficients are computed by con~eting the original discrimi-

nsting variables in standard form. lLIh"nthe sign is ignored,

each co"fficient represents the ralative contribution of its

associated variable to that function. The sign merely denotes

whether the ~ariable is making a positive or negati~e contri-

bution. The unstandardized function coefficients wh"n multi-

plied by th" raw valu"s of the associated ~a.iabl"s, summsd

togsther and added on to the constant p.oduce a disc.iminant

sco.e.

Ths a~erage of the sco.es for the caSsS within a pa.ti-

cula. group is r"ferred to as group centroid. This is tho

most typical location of a caSe from a g.oup in the discrimi-

nant function space.

The summary table provided by the prog.am is shown in

Table 6.2. It illust.ates the stepwise p.ocedure based on ths

selection- c.iterion(Rao's v) discussed in article 3.3.6.

Cannonical correlation{1B) mcasUres the degree of association

between the singls discriminant function and significant vari-

abIes. It is a measUre of th<;, functions ability to discriminate

among the groups. Wilks' 1amb8a(10) is a criterion to test the

discriminating power of th" significant ~a.iables. The chi-

square approximation of the distribution of wilks' lambda

p.ovides a probability level (significance le~el) for acc"pting
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the null hypothesis of equality of populations on the SSSUf'1P-

tion of aquality of dispen,ions. A decI'sase in the \/slue of

lambda increases the confidence to reject the null hypothesis.

The uiscriminant scores for each case are printed with

the probabilities of group membership in Table 4.3. The

procedure for computing the probabilities is discussed in

article 3.3.4. ~he largest and the second highest probabilities

are printed as p{G/X). Another probability p(X/G) is the

probability that a member of the predicted group would be as

far from the centroid as the "ase being consider:ed.

The individual caSe is located on the continuum repre-

senting the function in Fig. 4.1. The plots take the form

of histog:rams and ntl,l1bers 1 and 2 signify two group identi-

fication,;.

The classification Tesults are provided in Table 4.4.
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CHAPTER_S

RESLJL TS Ar..!D DISCUSSIDNS

S.1 Interpretation of Results and Discussions

The stepwise analysis of the financial ratios for

the business failure model has produced a discriminant

function, whiCh is of !i,near form as in the following:

+K8 (1,'/\RLJ8l+K11 (Vi\H11 ) +K1 2 (VAR12J+K1 3 (VAR1 3)

+Y1 a (V~R18') +K19 (VAR1 0) +K23 (VAR23 )+K24 (VAR24)

+K26(VAR26)+1(27(VAR27)+K31 (UA~31)+K32(VAn32)

where I = I-score or discrir.linant score

K = a constanto

K1, K2, K3 •••••• K33 = coefficients

VARO", VI1RD2 •••••• IJAR,,3 = selected financial ratios.

The ratios ara presented in decreasing order of their

contribution towards I_scors in Table 5.1. Contribution

percentage of each variable is its standardized coefficient

expressed as a percentage of the total SUmof coefficients

of all vaTiabl~s ( ratios ).



The proposed model seems to be cumbersome since the deri-

vation of its Z_score involves too many financial ratios.

To !!alculate the I-score. 17 financial ratios will have

to be worked out and the whole process is definitel?

laborious and time consuming. But a closer look into the

list of the ratios presented in the T<i:Jle5,1 reveals that

different facets of a business have been taken into consi-

deration by them. The selected ratios have covered a broad

spectrum of business performance criteria regarding profi-

tability, utilization of assets, turnover of stocks and

financing criteria regarding liquidity, capital structure,

creditworthness etc.

It can~therefore, be concluded that Z_score provided

by the model is sufficiently reliaole since it tries to

evaluate a business entity in its broader context rather

than pe"ping into the narrow -sagment of its operations,

The predictive power of the mDdel is further 5upple_

mented by an analysis -of its stati5tical significanCE which

is discussed below.

The results of the analysis indicate that a single

discriminant function of 17 variables produce a very high

degree of separation as indicated by the final Wilk's lsmda

(n,21615) and a cannonical correlation of 0,86535. At this

stage tole renee level has become insufficient for further

calculation. This minimum tolerence is equivalent to 5

percent significance level {1B},



Further evidence about the fact that the selected

variables are effective discriminantors can be derived

from the group centroids and a plot of cases. The group

centroids are reported" in Table ~.1. These are the mean

discriminant scores for each group. The centroids are

qui te apart from each other. These are further visualized

from the plotting of cases in fig. ~.1. The zero point

for the abscissa is the grand mean of all the classi fied

cases. The clustering -of the cases represented by, their

group identification number (i.e 1 for COsample and 2

for NCOsample) proves that initial classification is

Clufficiently correct. It may be remembered that the ini-

tial classi fication was based upon the earning potential

(net profit/loss) of the firms. Only two firms namely

HAEJIBrrIATCH(BO)and 6aC(80) were misclassifiad with the

insolvent sample. This minority caSS5 of misclassification

can actually be strpported by a closer look at ths -signi-

ficant financial ratios of those firms. Although they have

incurred nst -losses but the two ratios namely VArl01(i.s

operating profit/operatin[) CGlpital) and VAR02(i.e

operating profit/net sales) t <><ingcare of ths negative

operating profit contribute only 12.86% to the discrimi-

nant function shown in Table 5.1. Tha bulk- of the contri-

bution from the rest 15 ratios has upgraded the financial

poisition of the firms akin to solvent sample.



5,2 Comparison of the Present Model with the ~lodels of

Altman and Taffler- Tisshaw

5,2.1 Comparison of the present model with Altman's model

The llIodel developed by Altman produces an overall

discriminant score or Z_value, so that

Z = O.010(VAR03)+O.014(VAR07)+O,012(VAR25)

+O.003(VAR26)+O,006(VAR36)

where variables VAR01••••• VAR36have been referred to

Appendix-C.

A scare of 2.675% wes established as-a practical

cutoff point, But Argenti's modificetion of P,ltman's

formula stetes thet if the total of all these fectors(Z)

falls below 1.iJ~ (1.13, O,U18) there is a high probability

that the business is nearing failure,

The discriminant scoreS of 79 cases of the present

model together with the I-scores of Altmen's model have

been presentee in TobIe 5.2. ,.rom the comparison it is

found that only 2 cases (namely Ispahani-B1 and r1ehar-B1)

of the solvent set have scored below critical level of

Altman's ,"odel (1.13, 1.8%) and 9 cases (namely TSP_BD,

KN~'I-BO, KPr'1-80, T"P-81, e[[_81, 5aC_01, BELLA-B1 & [5~1_81)

of the inso] vent set have producer! a higher score then the

critical value. !gnarinJ the anomalies of the solvent

set since its prDuability is very low (2.' out of 46) it
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may be concludeu that the critical level of Altman's model

is lower relative to the critical level of the present

model. Altman's model fails to accDunt for the turnover

of stuck of commodities with respect to sales which has

be"n duly taken care of i" thO' present mod"l by the

variables VM/11 (i.e :3ale"jstock), \fAR12 (i.e Finisr.ed

stock/sales), Thus diff_erences in cash inflow from turn-

Dve;r: ta rescue a business fl'om cash cho,tage5 have been

"fiportioned in the model. Liquidity ;ratios to aS5e55 the

financial condition of the firm asrived by Altman' 5 modal

L8 Vl\R25 and ljAR36 seeln to be less informative than the

liquidity ratios of tlw present mudel i.e. VAR32 and l1AR33.

VAR2S (i,e working capital/total assets) is a crwd~ index

of liquidity since the financing capital is compared against

total assets-of-_.thc firm, Alsa 'JP,1i36 ar.Eqwity/total.indeb_

tness, (thoulJh it Jeveals the capit"l .str.wctur8 _n8atly) _

may 08 influenced by stoc~ exch"n~e values of sh8res

comprising-the equit, capital, This ,has little ta da .",ith

the financial standing af the firrn.

It h8S b8en stated abave that li~uidity ratios of the

GiscI"iminent ,functian oT the i-Jresent mODel i.e. V!\R32and

\JP,P33 "re more a,Jpropriate. Since ','AR32 (i.e. i",mediate

Gs~ets/capi~el employed) expresses the liqwid reserve in

resp~ct of tatel capitalization of a fir~ and VAR33(i,e,

current liabiliti~c./net worth)evaluetes the financial

condition of the fJ.rm by compering what it oWiJdwith"what

•



it owned. It may be mentioned that the ratios have also

ranked higher in their contribution towards Z-score.

Besides these, a number of measures of profitability,

viz. ratios VAR01, VARD2and of liqL.lidity, viz. ratios

VAR23, VAR27 and VAR31 have been included in the present

model providing a more realistic basis for evaluating

business performances.

5.2.2 Comparison with Taffler-Tisshaws model

The model is represented by the formula

where Z = Z-sore

C = a constanto
C1••. C4 = coefficients

Elnd -R,= VAR24

R2= VAR23

R3= VAR30

R4= VAR35

where VAR23•.•• VAR3Sare referred in Appendix_C.

Two ratios VAR23 and VAR24 have already appeared

in the proposed model and the remaining two variables

VAR30 and VAR35 were regressaC: individually with the 17

variables selected by the present analysis. The results

of the bivariate regression analysis is presented in Table 5.3.
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From the Table 5.3 it is found that VAR30 is signi-

ficantly con'elated with VARD1. VAR03, VAR18, VAR19, VAR26

and VAR27 and VAR35 with VAR11. VAR13. VAR19 and VAR21,.

Next, a multiple regression run was performed to quantify

the contribution of those significant variables with VAR30

and VAR35. lhe Dut;Jut of the multiple regression run is

presented in Table (5.4 /; 5.S). It is evident from the

T obIs 5.4 that ,,-'hen VAR3D is regressed with VARD1, iJAR03,

VAR18. Vi\R19, VAR2Ei and VAR27 only VARD1 is significant

at 5% 18\181. 5imilarly from Lilla 5.S it is found that

when VA.R35 is regrBssed with V,~R11, VA1i13, liAR19 and VilR24

two of them namely 'JAR13 and VA.~15 COo,a out to be signi-

ficant at 5% level. From the above analysis it may be

concludBu that SDmeof thB .8dundant ratios which a.6 less

info.mative may be dispens8d with.

The Z-scores of this modE!l could not bE! computed

since th8 values of the CO["lstmts and coefficients a.8

not known.

5.3 Identification of Probable Caus8s of BusinBss Failure

The analysis has p.oduced a total of saventeen financial

n,tios which are app.o!,Hiately suited and prperly ",eighted

as shown in Table 5.1. The ratios may be urouped facilitating

further examination as (i) profitability ratios (ii) assets

turnOV8r ratios (iii) liquidity ratios and (Iv) stock turnover
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ratios. The contribution of the ratios towaJ;ds Z_SCOJ:Bin

groups a;rs mention so in Table 5.6.

In order to identify the probable causeS leading to

failure, it is essential to scrutinize each ratio fully

in isolation. It appears from Table 5,5 that the ratios

having major contributicJn are return on total investlllent,

profit margin on sales, turnover of operating and equity

capital relative to sales/income, proportion of current

liabilities in equity capital, liquid resources position

and stock turnover ratios. Relevant factors affecting the

ratios may be noted as saleability and resulting oro fit
margin of commodities, utilization rate of firm's tangible

and intangible resources, inventory--pl,mning, ca~ital bud_

geting -etc. which interact in _a very complex manner, It

is very difficult to quantify relative magnitude~ of the

since they-largely depend Dn the financial status and

operational performances- of an enterprise,
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Rank/order

1

2

3

5

7

8

9

11

13

1 5

11

Subname

Vf\R07

Vf\R03

VAR11

VAR33

VAF102

VI\ROa

VAR1Z

VAR1B

\!AR01

VAR19

\,'A R31

lJ'AR13

\,'AH27

VAR23

Financ;:ialratio

Net profit/Total assets

Net sales/Operating
c;:apital

Sales/Stoc;:k

Current liabilities/
~let worth

Operating profit/Net
sales

~Jet sales/~Jet worth

Revenue before tax and
interest/Total assets

Immediate Asset/
Capital employed

Finished stock/Sales

Cost of output/Average
Stock

Operating profit/
Operating capital

Depreciation/Net
production cost

Total liatJilitie",/
Eapital employed

Profit bafore taxi
Current liabilities

Material stock/Sales

Net ,"orth/Total aSSBt

Current asset/Total
liabilities

Contribution
percentage

11.63

8.90

B.63

6.3G

5.61

5. 40

4.GS

4.50

4.36

4.04

3. 36

2.9"
2.33

1. 82



TABLE 5.2

Z-scores of the Firms
(Solvent sample)

Name of the
firms

UFFL{BO)
NGFF(80)

KHBrr.(so)

SP8M(OO)

BPP (8U)

EAGLE{-SO)

ALBERT(SO)
KCL (aD)

Kim (80)

CRECf.:NT(80)

USMANIA (80)

OK, ~lATCH(SO)

DADA ~lATCH(BO)

LIf1A(EJO)

UFfL (81)

NGFF(iJ1 )

KPr'1(81 )

KKB~1(81 )

5PP"1(81 )
BPP(1J1)

[AGLE(R1 )

ALBERT(21 }

KCC(81 )

K3M(S1 )

US~;ArHA (Bl)

OK, ~lATCK(e1)

DADA MATCK(S1)

UJAL.o. MATCK{fl1)

KA,~lATC!I(B1 )

•

Z-scores of the
present model
cutoff poi~t(O.OO)

1,935

1.621

0.453
0.B65
2,459

0.852
2,307

1.323
1,697
U.131
2.402
1,705

3,on
2.675
1.51 :3
1.3GB

0,072

0,039

0,476

2.466
1.580
1, :3(JS

2,128

2.555
2,5SS
1,466

3.954
1.001

1.557

Z_scores of the
Al tma~ IS model
cutoff point(D,U1B)

0.028
0,027

0,033

0.034
0.061
0.065
0,070

0,067

0.073
0.01;8
U,078

0.077
0.107
0.039
0,031

fl,D26

0.034
0,035

0,033

0.077
0.042
0.066
O,lJB2

0,114

0,093

0.876
0,040
D.D73
0.046



Name of the
firms

LIRA(Sl )

KSl{Sl )
'ATLAS(SO)

ATLAS (S1)

SCAN(SO)
8CA~)(S1 )

C5M (SO)

ECABLE(SO)

ECIIBLE (01)
ETUBE(8Q)

ETUSE(Sl )
15PAHMI (SO)
I5PAHMJI(81)

r1EHAR(81 )

PROGATI(80)

PRWCE(80)
PRIIJCE(01 )

'i
IIA. ,'1ATCH (80)

"S8C (80)

1'5P(80)
KNM{SO)

KPM (SO)
N8P~(80)

5PPM(SO)
Kr1C(80)

cce (80)
~)CI (80)

BELLA(SO)

RO & SErGO)
T5P(Sl)
KNr1 (81)

Z-scores of th",
pre"",nt model
cutoff pOint(O,OO)

1,73/:
0,255

0.330
0.562

1,566
0.6'13

1.283
2,515

1.1171
3,011

1.0[;7

2,153
0,794
1 ,312

2,241
1,350

0.149
0.106

(Insolvent sample)
_0.498
_0.675
_2.614
_3.082

_2.313
-2,612
_0,796
_3,077
_2.042

_2.633

_1.646
-0.562

Z_scorO'" of the
Altman's model
cutoff pDint(O,01S)

0.561

0.056
0,068

0.04ti
a.on
0.074
0.03~
0.033
0.020
0.065
0.051
O,63S

_0,0007
_0.405
0,093
0.113
0,078

0,053
O.O;;'S

0.035
0.032
0.038
0.004

0.0007
0.013

0,023

_0,0006
U.017
D,UD5

0.027
0,010



Name of the
firms

N8P~1(01)

5PPM(81 )

KRe(S1 )
CCe(81 )

Nel(S1 )
B8C(S1 )

BISF(Sl)

BELLA (81)

BOP (eo)
BOP(81)

B~1TF(80)
BrHF(81)

csr~{81J
:-IU5SAIN(SO)

HU55AIN(S1 )

MEHAR(SO)

GEMco(eol
GCMCO(fl1 )

PRUGAn(S1)

Z_scores of the
present mod"l
cutoff point(D.OO)

~2.I,qq

_3.406

-lj,352
_2.887

-2. 2~D
_1.945

_3.708
_2,534

_l,831J

_2.419

_2.Q48

_0.922
_2,835

_1,342

._3.565

_3.081

_1.510

_3.180

48

Z_scores of th"
Altman's model
cutoff point(O.D1B)

0.0005
0.005
0.011

0.070
_0.009
0.035
0,005

0.024
0.004

0.001
0.001
0.001
0.024
0.010
O,O',U

0.013

0.001

0.003
0.017

" r~i5cl"ssi fied cases of the present model
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TABLE 5.3
5ur:lmar-yof tr.e results of tr.e bivar-iate r-egI"e.'>sion

between sigr-.ificant I"atios of the present ar-.d
TafflaI"_ Tisshaw's models, F .'>tatistics are pI"8ser-.ted

paiI"wi.'>e.

Significant I"stios

Of the
Present model

\J'ARU1

VJ~RD2

'JARD3

'dP.RD7

lJllli12

'0'," Ri3
'JAR1R

'JQR1 9

'JP.R23

VA~24

\!AR2G

'vARZ?

VI'.~31

VAR32

'JAR3?

Values oC F. _ ., statistics
VAR30 Vl'.R3S

9.503 1.~9D

1 ,273 2.601

1D,67~ 0,367

1.1''rfI 3,07R

0.03, O.ODO~
o. ~29 7.752

2,223 0.39S

0,0126 18. ~R2

17.514 2.180

11.551 7,66(,

1.180 0.6132

0.025 5.674
10.843 D.~;J3

13,145 <'.419
0,020 2.7S1

0.0007 o. 23~

0.101 O. ~113

(C-~-iticJl •..."lue of F ElC5% signific5llc", level '-5 3. ~'r)
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;

Group [",inaneial Ratios l Contri_ % cUmulative
butia" co"tribution

Profitability "t p;rofit/Total 11.83
asset

Operating p;rofit/ 8.36 2~.G9
M sales

DP'll: 6;in9 profit! 4. 50
Operating capital

Assets I~"t salas/Operating 10,45
turnover capital

"t sales/P.:et worth 7.92 24,18

Revenue before To,
,," in t ere st ITo tal 5. 81
asset

Liquidity Current liabilities! 8.83
~!et wD ;r1ft.

Immediate asset/Capital S.40 20.29
,,;npIoyed

Total liabilities/ 4.04
Capital amcloyad

Current ""set/Total 1.52liabilities

5tock turn- Finished stock/Sales 4.65
over

Cost of output/Stock 4. 52 12.07

Material stock/Sales 2.9iJ
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CHAPTER-6

cor,CLUSION5

From the study of the business failure analysis, the
,

following conclusions Can be made:

1. The model developed in the study i5 sufficiently

reliable to predict the co,po:rate health of a firm

by measuring its Z_score from 17 conventional

financial ratios, A list of the I'atios is provideC;

in Table 5.1.which shO'."s that most of the significant

ratios -of Taffler-Tisshaw's IlIod"l for both quoted.

and unquoted companies have been included to derive

the Z_score of the propDsed model.

2. Pe.iodic evaluation of Z_sca,s fro," the financial

statenlents of an enterprise will indicat" the trend

of the business and give a prior warning of an

impending disaster.

3. Fa:r investigating -i-nto the causes of failure of an

enterprise. factors affectin9 its profitability

must be analyzed fir8t. viz. utilization rate of

firm resources. stock turnover rate, profit margin

on sales and rate of return on total investment,

4. The present model compares favourably with those of

Altman and Taffler-TisshaUJ.
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5. Multiple regressions of the :ratios of Taffler-

Tisshaw's model (not im:luded in the present model)

with the sele~ted ratios of the present analysis

(which come out significant when regressed indivi-

dually with Taffler-Tisshew's ratios) are as follows:

VAR30 ,. 0.422 _ 1.610(VAR01)+O.223(VAR03)+O.0536(VAR18)

- O.169(VAR19~+O.072g(VAR26)_O.0006(VAR27)

VAR35 = _4.289+0.D86(VAR11 )~12. 754 (VI\R1 :}9.807{VAR19)

+ 6.170(VAR24) •
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CHAPTER_7

SCOPE FOR FUTURE WORK

The following list may p:rovide a helpful guide fo:r

pursuing furthe:r :res8a:rch in this Br8B.

i) MOr8number of firm5 both from p:ri~ate s8ctors

and different corpo:rations should be included

in the analysis.

ii) The re58a:rch should be pursued for an extended

pD:riod-of time to check the actual t:rend of

sample fi:rms ~ith the pr8dicted trend in ord8:r

to test the sensitivity of the de:ri~8d model.

iii) Firms chojsen fo:r analysis should be grouped by

the size of esset and nature of industry and

discriminant run should be conducted fo:r eech

grOUp to di5co~er similaritis5 and dissimilarities

among derived_models.
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i l'5.00 2:~.90 - - 0.41 376.31 20.05 1O,,1o.'l88

120.29 13.93 0.60 0.17 6.03 127.51 10.40 12.983.51

n4.'3.02 507.12 314,29 180.74 80.07 80R51 42.87 43.686.69
I
Ij 72.93 - ,'.M 0.45 - - - 2,222,56

1
30
.
53 1.24 17.64 - 0.61 1.17 2.57 7.052.:14

:14.07 10,37 22.97 3,67 5.71 16.50 13.52 4.(:llO.Hi>
, IR65 122.04 lUi> 44J1O 13.50 39.22 6.66 8,1I-99.i>2
'107.16 337.50 3$6.98 64.04 40.62 11:16.:19 62,29 8,57),46

263.34 4:71.15 441.78 112.96 60.54 24:~2S 85.04 31,156.73
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120.32) 35,97 (127.49) 67.78 19.53 56.';.23 (41,17) i2,.,29J)6

90.78 72.76 63.65 40.70 31.70 421.15 22.8.'> 4O,38(J..'i8

34.16 27.89 16.87 19.77 14.86 296.:\2 3.52 21,710,96

- - - - - 5.94 3.66 778.0:\

- 0.06 - 0.02 -- 109,75 - 308.)5
34.16 27,95 16B7 19.79 14.86 412.01 7.18 22.797,14

(86.16) 63.92 (110.62) 87.57 34,39 977.24 (34.%1) :\5,327.10
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20.00 14.00 10.29 ,.0<; 15.00 - 5.00 4,237,20

"0' 22,25 3.29 - 2.91 - 8,187.40
215.14) 27.61 (124.20) 8:3.01 16.48 (240.05) (39.99) ( 10,55.'l37)
149.18) 63.92 (1I0.62} 87.57 34,39 (240.05) (34.99) 1,871.23

- - - - - 837.76 - 1l,914,3H
53.02 - - - - 379.5.'l 21.-341.49
63.02 - - - - [,217,29 33,455.87

(86.16) 63-')2 (l1O.62) 87.57 34.:\9 977.24 (34,99) aii.:\27, [0

66,88 /"0'
37.26 2".9:,

0.7(;
- -

:17.2(, 2G/N

95.33 (17.02) (35.93)

95.33 (H.OT) (35.93)

29.00 19.&;
56.31 15,::17 42.79
10,(~~(.~1.77) (70.72)
95.3:, (11.02) (35.93)

.f,~

'
1.;';'""""
t~'!';"l
~

L'"
48.23 86.14

5<).,,7 135,88

48.23 84.68

128.77 (111.18)

---- , - c

>- D.'l.CCA DADA IUAL.\

"'" NO ]",j,\TOl l'oL\TCI! ~IATnl

_'~ ]!J l 21l I m 22

J~~;'J ;;.04 7L75 :,1,35 2.00
O.4:.!: 0,52 OD] !.OD.:.!:l 08::1

11.M! 3.20 ,',>47G 2,~_44 27.51

6689 D.Hl all 55 24,72 7.\)3

52.58 1344 99.40 74.93 3591
n.M 6,58 20,40 22.25 1 :\.:IH

0,"" 20,50 '" J 7.2:,

185.8b 36,47 306.36 207.34 ID4.7H

31.94 37.00 1501
6.G3 6.flt! 9.56 3.75 (i 70
11.11 10.97 3G.G6 104.a2 3t4
113.:<'1 19.5S 16000 52.TO 9(um
8.64 12G.41 ;;2.97 71>.1:\4 ij(jJi9

139.59 HI.SB8 29'.17 26Ul2 167/11

46.27 (J59.41) 9.19 (54.28) (62,62)

I

•

55.00 3300
7.89 63,19 0.87 OBI'

2Hl.20 (29.13) 44.95 (3.~2.11)
2240\, 34J)(j lOO.H:.!: (31HZI)

a,oo
81.65 210.86 24.9.~ 207.05
81,65 210.86 27.95 207.05
<}05.74 244,92 128,77 (llU8)

305.74 244.92

167..'>" 77,]3 1 Y!-1.9G

97,5] 49 ~)5 Sti.02
0.49 ;' 06 26,~'i

0.03
!m,OO ;;2.01 82 ..'50

20774 192.91

I 522,52 504.40
'pmj,

TOTAL OF 'B'

F. REPRESFNl'ED BY:
Share Capital
I,e""rve Surplus & Fund
Ae.cu rou lntct1ProOti (Loss)
EQUIIT(n)
ADPLoIlll
OthcrLongTenn Loan
1DT,\LDEBT(b)
TOTALOF'F (a+,,)

E. U\.PJTAL EMPLQYCD
(UD):

D. FIXEll &OTHERASSETS;
FIxed Asset" ("-L"05t)
FlXedAsset" (at "Titk"
down ,'alue)
C.a]litaJ. work-Jn-pn>L"Css
1nve«tm~Ill/IIl w.ngiiJlc
lUTALOF'D"

c. ' W(jRKI:I'\:G CAPITAL
(A-B) :

oms-
PARTICULIII{S KBM CE.'XT

,C I n---- c

56.0.0 47,27
6.1>" 21.711
S7.94 WH.le;
54.73 a.~3f'()
466,67 8lU:iO
&1,34 74JlIj

- 2,n
7:30.2fl 697,31

139.H2 -
15_'>7 21-'59
1.'>.86 24.97
123.34 4 96
>\?7 'Ill , _,All
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-Includes TK. 5.65 lac
under head suspense
Account ( OSW)

264.38(3.19}
~

"Deficit Asse!s.

6,48
1.50

77.84

18.82
51,04

Ctlond I Ctg.Stoel - ~~~-;a--- ~-acky",d 1- DaccaSte:l'I-Ea'tern 'I
Fillings Mill,Ltd. 1 Radio I '" Enqg I WOlks Ltd : Tubes

: Elect. Works Ltd. (GIOUP) I Ltd., -----'--------- -- _.- -~ --.- ._----- ----~
~"c Tk. i La~ Tk I L.c Tk, L~c Tk, I Lac Tk, L,c Tk. I L"c Tk.1, , I

0.53 I 0,05 85730 0.07' 38.58 3,86 0,22
13.29: _ 41991 001 293,95 105.70 15.43 I

148.25 ~ 0.63. 165687 27,85 1848;) 5544 32,02 ,, , , ,,. '
'-, - - -' - ." I-I
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95.85

135,82

La, Tk,

--l
95,58
12.88

n.57-
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22182
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t--.

I
41-:-46i -8"3:03---1a::;9,-~,-,,,n7'52 I 7:51-,

_ I '63.51 ~ - - ~
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, 25.20 10.00 - - II <:.86: 7.fi7 10.88 II - - I
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TRADING AND PROFIT & LOSS ACCOUNT OF

/'''''{~~\
~~ ....•..,;,";-

I N~1P,olitfloH BIF hom
,

(11G.95}TI p,evi<>tl~vu' 8.70 1340 5.46 25.65

Adjuslmefll in ''''p<lel al ,
P,evious veil" (6,92) (0.40) (1.221

P'O!ilJtOP tor dIe Ve3' 18.76 (63.50) 2.39 3\.03 11.92

Total 27.46 (187.37) 15.39 35.27 37.57 I
--,,-" - -- '._-

Provisiofl fa. hut'an 10.32 - 1.31 I 14.91 6.39 I
P,avl~ion for W.P.P. fund

,
0.10 I- - - -

P,ovis;an la, Cantrlbulion - - - - 4.79 ,
P,olil/ta'<S Clf.o lIa'ance SlIelll 17.14 (187.37} '4.08 20.36 26.09

Talal 27.46 l167.37\ 15.39 35.27 37.57

-,

",'~~.

~

, ., ..' , .. ,
I,.,

,

THE ENTERPISES AT 30TH JUNE 1980

~ladesh Chand Chil1~gang OllCC3"ladia Oockyll,d llo Oacc3 Slnl Eastern
nCo . Fini. Sleel Mills Em:uo. E"1Iinu,lng worlr.slid. Tubes,. "0' tJmiled nics Waflls LId IG,aup) '"~".Lac 11<. Lac n. I Lac n. tae n. la<: n. lac 11<.

272.03 \0637.42 14.2.$ 384.18 I 838.97 203.49- ,

5.00 - 109.63 , 8.91 I 19.00 1.01

, 217.03 10747.05 14.24 373.13 856.97 20.$.50

19(1.85 - 5SOfl.30 '6.75 204.\9 740.52 96.2\

3.57 - 175.54 - - - 1.94

5.a.7 - 11::22.65 0.05 \0.31 \9.15 2.86

, 48.47 0.76 937." 4.27 124.10 47,84 18.44

2.89 - 353.79 - 28.08 \.49 \.92

3.19 0.42 397.24 O.OB 7.37 3.22 3.53

2.02 - '. 45.17 0.28 '3.10 6.7' \.87

6.03 2.45 348.42 2.0\ 60.10 6.89 2.32

6.70 0.50 947.17 '" 21.93 39.'1 43.21

273.18 4. '3 10435.39 27,49 459.18 863.73 '62.20
, ( 12.95)(23.57) 16.36 (10.09) (147.53) (2.48)

249.61 4.\3 1045\.75 17.40 31\.65 850.78 159.72

27.42 (4.131 295.30 (3.16) 61.48 6.\9 44.78

-\PPAOPAIAfiON ""CCOUNT

6.76 {2B.35) (1347.95) to.801 33,66 (9,86) 9.30

(0.62) 1.22 ,t'95.71) (0.23) 116.55) - 0.17

27.42 (4.\3) 295.30 p.16) 61.48 6.19 44.78-
I 33.56 (31.26) t 1248,36) (4. '9) 78.59 (3.61) 63.25

.
14.14 0.10 158.45 - 24.34 3.10 24.83

- - 7.20 - - - -
- - - - 34.94 - '.W

'882 131.36\ (14'4.01) (4.19) \9.31 (6.17) 21.22

Ii 33.56 (3' 26) (1248.38) (4.19) 78.59 (3.67) 53.25

I ,

8.45 29.0" 12.16 ; 2.27~.18,
8,50 \1.06 8.57, 14,21 5.11 I

358_21 563.65 168.63 1381.91 81.59 .
,27,34 (20507\ (52.6~1 i_l0.~.;--.!.!,841;

I 385.55 • 358.58 115.99 J 392,70 I 72:.75 I
18.76 ! (6?501 j :2.39 I 31.03 11.92 I

PROFIT C, :''JSS

lnl~nl
01h., E.pen~u

TOlal hpcn<""
Changll in SIOC~,

C COST Of S:".F~

L> Nc. P,n!ail", :..

.
Atlas Bonll Bano. Cvcle Bengal B.nll.we~:!

PARTICULA.RS Bnnllia. Dio:!Scl Indu$l,ios Me'al dial! fie<:.
dcsh lid Plan! '" Indus. 1Iode. ltd I_.
Ll'C Tk. Lac TI:. Lacn. lac n. Lac Tk.

A. ltlCOM~
,,

Sales I 403.44 29i,09 \16.54 42\.48 84: 10
Misc.lnco"", I 0.87 I 0.9D 1,84 1.75 0.57•..._____ ._4~_._
TOlal IflCorne I 40431 ! 295.08 I 118.38 423.23 84,67

1- ,-
I,. I:XI'ENS£S I,

Raw Materials Consuml!d 304.66 439.115 92.14 326.72 ,."
ConllJmabla '" Olh., Slorcs 8.91 \,07 8AO B.53 3.86
POWIlr. fuel. Oil Ole 0,59 2.B9 3.27 7.02 0.19

20.34 25.21 40.41 "20.39 9.04
,one. 1.70 0.84 0.8' 1.24

2.29 51.52 I 1.26 0.65 0.63 I
'" 2.77 3.73 U. , 3.25 0,84
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APPEf,DIX_C
LIST OF FINANCIAL RATIOS USED

H, THE P.r,ALYSIS

"



APPENDIX_C
list of Financial Ratios (variables) used
•

in the analysis

Sub-name

VAR01
VAR02
VAR03
VAR04

VAROS
VAROS
'JAR07

\IARUB

',' p, RO 9

VAR1D
VAR11

VAH12

VAR13

VAR14

VAR15

'JAR1 [j

VAR17
'JAR10

vnR13

\!AR20

[,ame of the financial -ratios

OPE"RATlNG PROFIT/OPERATING CAPITAL
OPERATING PROFIT /~IET SALES
NET SALES/UPERATING CAPITAL
OPERATIr,G I'ROFITiGAPIHiL Err,PLOYEO
NET PROFIT/WORXI~G CAPITAL
NET PROFIT/NCT WORTH
NET PROFIT/TOT N..ASSET
NET SALES/NET WORTH
NET SALES/WORKING CAPITAL
SALES/FIXED ASSET
SALES/STOCK
FINISHED STOCK/SALES
MATERIAL STOCK/SALES
PROFIT BEFORE TAX/TUTAL LIABILITIES
NET PRODUCTION COST/COST OF OUTPUT
~lATEHIAL COST/COST OF OUTPUT
GROSS PRODUCTION COST/COST OF OUTPUT
COST OF OUTPUT/AVERAGE STOCK
DEPRECIATION/NET PRODUCTION COST
VALUE ADDEO/FACTORY EMPLOYEE



Sutl'-nama

VAR21

VAR22

VAR23

VAR24

VAR25

VAR25

'JAR28

\)'I\R29

VArno
VAR31

VAR32

VAR33

VAR35

l1P,R36

68

Name of the financial ratiDs

CURRENT ASSeT/CURRENT LIABILITIES
CURRENT ASSET_STOCK/CURRENT LIABILITIES
CURRENT ASSET/TOTAL LIABILITIES
PROFIT DEFORE TAXjCURrlENT LIABILITIES

IJ]ORKH,G CAPITAL/TOTAL ASSET

REV[NUE BEFORE TAX AND INTEREST!
TOTAL ASSET

NET WORTH/TOTAL ASSET
FIXED ASSET /I~ET WORTH

FIXED ASSETjDPERATHJG CAPIl'HL

CURRENT LIABILITIES/TOTAL ASSET
TOTAL LIABILITIES/CAPITAL EMPLOYED
IMMEDIATE ASSET/CAPITAL eMPLOYED
CURRENT LIABILITIES/NET WORTH
TOTAL LIABILITIES/NET WORTH
IMMEDIATE ASSET-CURRENT LIABILITIES!

•OPERATING C05T_DEPRICIATIDN
EQUITY/TOTAL DEBT
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VA"rtll"l." ll.,T V'.R~I T'J V',"~C,
SU",Ff\F I!ST "'~ ("~l ~,C;[1(,:-')
INPUT "0"[11U'1 ,'f'Q
IN"UT Frr"~T F'lX[rJ:l~n~.-Yl~=~.~/l~"'."I(,F".-"
P\l'.' 51)"''---Il..r:~ (G'l 'rCrl I
"ISC":"'!I:":T Grf'lI"~ '" ~,"'1f'IL"-:;/v'rn~"L"'~ = ''''''~ ~JJ V'C"7.~1
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APPENDIX_E

LINEAR DISCRIMINANT ANALY5!S/CANNONICAL
CORRELATIONjWILK'S LAMBDA



lINEAR DJSCRI~INANT ANALYSIS

•
Sometimes the responses which one wishes to predict from

a multivariate analysis are dichotomous, such as, for

example, good o;r bad, successful or llftsuccessful, standard

or substmdard, and the like. The particula;r statistic for

the solution of this type of problem, which is called the

discriminant function becaus", it has the ability to

discriminate between the t",o classes of interest. The

p;rinciple upon which the discriminant function rests is

that the linear functions of the measurements will maximize

the ratio of the difference between the specific means to

the standard deviations within classes.

let the samples be of N1 and ~'2 observations, respec-

tively whicl, make p measurements x1' •••• , on each

individual, conside;r fi;rst the question; _what linear func-

tion of the measurements will. maximizs _the. ratio of .the

difference between the means of the two classes to the

st a1da;rd _deviation within classes -7 The linea;r function

is represented by

Ai Xi (i = 1, ••••. (E.1)

Let the difference between meanS of Xi be represented lJy

di, where i = 1, ..•• ,p for the p measurements. Represent

the sum of squares Or products from the _specific means



wi\hin classes by 5i5, where i,5 '" 1, ... ,p. Then for any

linear function. 0: of the msasurements, the difference

between the meanS of CI in the two specific groups is

o = ZA.
i '

d. (i =, , ; • • • • , p )

while the variancs of 0. within classes is proportional

to

c
-'i 5 (i, j = ' ••••• ,p)

TIle particular function which best discriminates tha two

grou~s will be One for w~ich the ratio 02/50. is greatest.

by variation of the p coefficients. A, ••••• ,),p, indepen_

dently. ~lath"matically, the solution of each A should be

D'
( '5) = 0

wllich reduces to

(25 ~ - 0 ll.) = 0
"/, 01.

and consequently,

(E,S)

(E,S)

where it may be noticsd that 5/0 is:.a f'actor common to the

p unknown A'S. Thsrafore, the coefficients required are



prqportional to the solutions of the normal equations:

5111..1 + • • •

•

•

+SA=dpp p p

. (i = 1 •••• ,'),

( E • 7 )

(E.B)

In (E. 7) the ith equation is divideu by /5 .., whe:reu
i =1, •••.

, p. Then the follo"-'ingset of no:rmal equations are obtained:

..........

Solving (E.9) by Fisher's method by auxiliary statistic,

in which unity is substituted for each of the dil /5ii's

in turn, while the others a:re ",ade equal to zero as follows:

. .
..

+:r L = 0, ••.. , 1
pp P

(E.l0)

Let the means of u for these groups are defined as



follows:

•
"1 0 ,

'i X1 i Ii 0 1, ..... ,J
i

", 0 , Ai X2i Ii 0 1 ••.• , , J,

(E.11 )

(E,12)

•

when X1i i~ the mean value of Xi for the first group and
X2i is the mean value of Xi for the second g:roup. To tast

ths hypothesis:

E is th8 notation for the

expectation of a pa~amBter

that i5, the hypothssis that there is_no significant

di fference bet""8Sr1 two groups fo:r the function Ci . 5y

mathematical deductions, tile sums of sqLJares-due to '",lthin

g:roups' and 'bstween groups' aI'''

'within ~roup!;' 0 with 02 = f'1+f'Z-p-1 ([.1~)

'between'
•

(E.1S)

•

Then the test of Ho is given by

'", , '", - , - 1 N
1
N2

C 0 • ~. + I'J C, -, 2

H tce hypothesis, e " rejected, it ~o100 concludedc'
th"t the obtained value5 of A's are the assigned weights

of the measurements which bsst disc,iminatB theBe two groups .



74

Then the next problem arises such that if there is another

individual to be observed by making the same measurements,

x
1

••••• ,\,. On him, how to know to which group he belongs.

By using Wald's criterion, the ~opulatiDnS of the first

group and second groups are denoted by 111 and 112' respec-

tivsly. The hypothesis tested in this problem is that the

• individual i, drawn from Fi:rst calculatE,;",.
i '- Si/n:dj "1 X11

, ,
pXl P (E.1Ei)

" 0

i
0 ..... ,, j

" 0 i i 5i/21 d j 0 /'1 X21
, •••••• t"oXZp (E.17)

i j

U = L:
i

i ,j = 1.... P

(£.18)

",here "1,1.<2' X1i' XZi' 51j and dj are defined as before

Xi is the valu8 obt mnee _by .this individual On_the lth

measu""ment; and U is the value obtai.ned by the individual

fo;r the linear function ct, Then the c;ritical region for

rejecting the hypothesis with the least .isl, of both kinds

of e•• o., that is, acce~ting the hypothesis when it is

f alsO' and .ejecting the hypothesis whBn it is t.ue, is

given by



,

•

CannOllical CDl:relation:~
•

The cennonicel cOl:reletion is a measure of association

between the single discriminant Function and the set of

(9-1) dummy veri <bles which define the 9 group member~

ships. It tells how closely the function and the 'group

vari >bIe' are related, which is just anoth,,;r meaSUre of

the functions ability to di5cri~inate among the groups.

Reve:csing the logic in someway, the canflonical correlation

when squa;red stands as the p:ropDrtion of vaJ:iance in the

disc:riminant function explained by the groups.

liJilk's Lallbda:-

lJIilk's lelnc,da is an inverse meaSUre of the discri-

minating power in the original veri ClJles which has not

yet been remove;! by the discri",inant _functions - the

large. lambda is, the less information rsmaining. Lambda

can be transformed into a chi-squars statistic for an

easy test of -statistical sigrlificarocs.
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