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ABSTRACT

A general mathematical model based on conventional
financial ratios has been derived for analysing business
performance and its trend. The fimancial ratios can be
calculated erﬁ the published accounts of an enterprise.
The model is in the form of a single linear funcetion
consisting of seventeen ratios found to be significant by a
Z-way discriminant analysis, In all, thirty six ratios and
seventy nine cases have been analysed., DISCRIMIMNANT sub-
programme of IBM 5P553 package has been used to isclate the
"significapt ratiocs with their relative weightages. The
resultaat model produces for an enterprise, &8 point value
called Z-score in the solvency barometer or Z-scale which
is a contipuum with cut-off peint at zero, This model
compares fawvourably wiih those of Altman and Taffler-Tisshaw.
Multiple regression analyses have been performed to defer-
mine the relatlonships between the variables of the present
mocdel with those of Vaffler-Tisshaw,.-:The significant ratios - -
have been grouped as profitability ratios, assets turnover
ratios, eguity., ratios and stock turnover ratios mithl
respective contributions of Z4,89%, 24,18%, 20,29% and
t12.07% towards Z-score. Business failure diagnostics have

also been discussed,
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CHARPTER-1

INTRODUCTION

1.1 General Introduction:

(1)

- The word 'business' refers to all thaose activities
which are connected with the production or purchase af goods
and services with the object of selling them at a profit.

It includes activities connected with manufacturing, trading,
transpartation, storing, banking and fimance., When an
establishment is engapged for the production of poads or
provision of services using factors of production wviz,
"machinery, eguipment and alsa workers, it means a 'plant‘{1}.
The word 'Firm'{1) refers to the concern which swns and
manages 2 plant or plamt manufacturing the same preduct

or even different ﬁroducts, and in additicon arranges fozx

(1)

marketing of the products. The term 'Industry relers
to the aggregation of firms engaged in the manufacture of
similar products either for finsl consumptiion or for use

by another undertaking for further transformation inteo

Finished products.

The general belief is that the aim of business isto
earn profit, Though this is true to a large extent a. 'truly
successTul business cannoi afford to keep profit as its
sole objective. (ﬁFurd{” 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



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 continuve fer long,

In moedern days cwing to the large scale production of
commodities through the joint stock corporations, the
competition amonyg units/compenies has becoame severe not
towards the objective of maximisation of profit but towards
the earning of sufficient profit to cover the risks af
econamic activity which-are beyond the control of the busi-
nessmen. Thus there has been a rece among business units/
companies ‘to improve 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 eof substitutes, Because
of these factors running a.business is not a Lﬁﬂgmﬁgigobs 1~
and the besinessman must be cancerned with the study of the
methods and procedures of—promoting the husiqess unit and
furnishing it with the factors of production, producing
guality goods at-the lowest possible cost, and supplying to
the consumers at the louwest possible cost and yet earning

adequate profit,

Susiness is increasinoly becoming an important pro-
fession in modern age. It is also becoming more and more
complex and competitive. The knowledge of ﬁany thingsis
essential for acheiving real success in business. The
problems related te the survival of = business are as

(2)

follows:



A Financing problem - difficulty in meeting obliga-
7

tions..
A1l Liguidity deficiency - the compeny's current liabi-
lities exceed its current assets, which results in difficulty

in meeting current obligatians,

A2 Equity dEficiency - the company's solvency is gues-
tionable because of a retained earnings deficlt or in more
extreme cases, an excess of total liabilities over fotal

assets {negatiue net worth).

A3 Debt default - the company has been unable to meet
debt payment schedules or -has isplated one pr more covenants

af its loan ‘agreements,

A4 Funds shortage - the company has either limited or

no liability to obtain additicnal funds from varigus capitel

sources, -

B. Operating problems - apparent-lack of.operating
SUCCEess. -

B.1l Continved operating losses - no net profit has been

garned for more than one paat period,

B.2 Prospective revenues doubtful ~ revenue is insuffi-
cient for dey to day operating needs, or there have been

cutbhacks in operations such as personnel reductions,

B,3 Bhility to operate is jenpérdized - legal proceeding
related to operations, or suppliers of operating materials

may refuse to transact with the company.



B.4 Poor control over coperations- the company management
has been unable to copntrol operaticens, as evidenced by °

repetitive, uncorrected problems.

Financial statements guantify 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 ligquidation, bank-

ruptc or reorganization in future.
B g

Such an evaluation will help management for efficient

(1)

financial planning and to appraise the eventual financial
risk, Proper-financial planning-estimates both the present
and future -needs for working and fixed capital and also
devises means toc procuUdre the reguired amount of capital

from different sources. External investors will evaluate

the corporate credit-worthiness of-the firm- by -determining

the total -amount-of-assets held, existing-mix of-these

assets and the fimancial risk invelved,

Ultimately, the ewvaluation of a company's future trend
mostly reBts upon subjective judgement and experience.
Recognizing the fact that such an ewvaluvation pracess is a
difficult and imperfect one and the evaluator often fails
to warn of impending disagters. Because of there limitatioans

-

and shortcomings of the evaluation process some additional

tools of analysis could be helpful,



1.2 Scope and Objectives:

The objectivesof the present research are:

i)

ii)

iii)

iv)

Te develop a general mathematical model based on
conventional financial ratiocs for analysing business
performance and its tremd., A single linear function
consisting of those ratios will provide & numeric
score to give an indication of the corporate

health of a company.
To test the adequacy of the derived model.

To compare the derived model with the models

formulated by earlier workers.

To identify the probabable causes of failure in
order to prescribe remedial measures well in

adyance.



CHAPTER-2

LITERATURE REVIEW

To evaluate the wﬁrth and effectiveness of business
activities by adepting 'fimancial ratio analysis' is not
new and poes back to 192D{3J. The ratios are derived from
Ffinancial statements and the more common of them fall into one
of the three geaeri: groupings according to their use. These

{4)

main grauﬁs pf ratios are .
1. Measures of profitability.
2, Measures of asset use,
3. Measures.gf liguidity and the use of debt,

The implicetion aof these retios in financial analysis,
management policy and decision making is everwhelming. .The
topic haserCEiUEd considerable- expusure in almost all cost
engineering, management accounting,financial mansgement and

businmess finance .texts.

Ingham and HaI‘I‘il‘IgtD]‘I{E} have arranged a -

collection of simple but comprehensive measures into a
lopically constructed framewsork, the presentation resembiing
a pyramid of ratiust}. The frame work has particularly
been used by the organisatiopns conducting interfirm compa-
rison (IFC) for menagement in Emgland, The term interfirm
camparisan {IFE)3 refers to an organised poeoling betuween

. .

firms of an industry of key business data on an |monymous,

confidential and agreed uniform basis. Each cempany taking



part is reported as to how its overall success compares
with that of others in the same industry and why it differs

from others.

{2)

Fimnancial ratio gnalysis 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 depended

entirely on the subjectiive judgement and experienCe on the

part of the evalvator,

In the last fifty years or so studies have appeared
periodically which -examined the financial Tatios of firms
in order to assess the prédictability of business failure.
Typically these studies examined ipndividual fimnancial
retios of solvent and insolwvent business units for thelr
predictive sccuracy. 1he most recent study of the tradi-
tienpal one-wvariable-at-a-time or univariate appreach
claimed that certain measures were fairly accurate in

(6)

forecasting failure as much as flve years priar to collapse .

(7)

In fact, sound-liguidity-analysis clearly involues
{a) considering as many ratios as are releﬁant (b) comparing
each of these ratios with their previous values and (c)
comparing Eaéh of these ratios with the means {or other
averages) for compamies in & similar class of business,
Though each ratioc In {a) may have its weakness, and though

{b) may be entirely not valid if there is & general change



of economic climate, and (c} may engensdar false optimism
if all companies in a given class of business are doing
badly, the effect of multiple comparison will largely

cancel out some of these weaknesses,

If this technigue 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 'non=-parametric! or 'tdistribution-free' tests may
be used. The bipomial sign-test{B} which is the most
simple of all non-parametric tests helps to assess the
degree nf cansensus, In sign-test, positive and negative
signs are used rather tham guantitave measurements of

variables.,

For establishing whether a Lusiness unit is showing
a growth or decline, all of its useful fimapcial ratins:
will be compared. The differences between the present and
previous values of these ratios will indicate that the
firms pesition is declining when bulk -af--the differences
are represented by negative signs and vice-versa, Such a
test has its MEERHESSEE{?} that we are giving egual weinght
to ratios that may not be egually important; thalt simple
statistics is employed to assess the degree of agreement
hetween all ratios. In spite of the limitations, it at
least forces menagement to examine all relevant ratios and
thereby diagnose the real ceuses of potentlial failure

more easily.
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the solvent and insolvent region, The higher up the scale,
the more sound the enterprise; the more negative its
rafing the more insolvent it looks. The pouer of the

model is nearly 100% as indicated from epplying the madel

to the 82 firms from which it was derived.

Although the model appears very simple since the
numeric solvency index can be determined from only four
rations taken together but for any remedial action it is
essential to cansider each ratio in isolation. Extensive
statistical analyses are reguired to discover the 'contri-
bution' of those retios towards failure., The previous
authors did not -make this sort of attempt to ideniify 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 unguoted cnmpaniesiqjj consists
of fiue_ratius,mhich are not. similar to those ratios of
the eardy -model—-Nothing has been mentioned to clarify the
discrepancies between the two formulae which at.least

indicates that there is no sinple model to apply in all

sttuations,
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CHAPTER- 3

FORMULATION OF THE MATHEMATICAL MODEL

3.1 General Statement of the Business Ferformance Analysis:

With the growing complexity of industries as well as the
ranid change of business enwironment, periodic systematic
evaluation regarding the existing trend of a particular
business is Lery essential, In general the appraisal should
consider all factors related to allocating of scarce resources
and also efficient utilization of the resources leading to
high fimancial returnms, In thiscontext, a business is viewed
as a mechanism{4} for adding value to thé resources it uti-
lizes and its success is measured by the difference between

the value of its output {(sales of goods and services} and

the cost of the resources used in creating that output,

From time to iime accountants produce statements which
give a picture of the position of the firm at a given moment.,
The balance sheet{12) is a summary of assets and liabilities
at B particular date. It is possible to loogk at two balance
sheets to see what progress the firm has made, But the route
it has taken in chanping its position is set out %to a certain
extent by income statement or profit and loss statementi12}.
It summarizes the revenue items,the expense items and the
difTference between them {net income) for an accounting
period, In a technical sense the income Etatement{a) is

subordinate tc the balance sheet in that it shous in some



12

detail the items that together =sccount for the change

during an accounting pericd in one balance sheet category,
owner's equity, and more specifically in one item in that
category, retainmed earnings, Newvertheless, the information
on the inceme statement is wusually more important than

information on the balance sheet since the former reports
the results of operations and indicates reasons for busi-

ness prafitability aor lack thereof.

However, both.the incame statement and the belance
sheet can be cambipned into a package that discloses impor-
tapt information about the events of an accounting period.
Such a package commonly known as a statement of funds
flnmsfﬂ} would be developed through a numbgr 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, liebility 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 & firm's financial poesition at year-end. But
it is not possible to get an overview of the financlal
picture from the funds flow statement alone., A porposeful
ratin analysis provides sufficient scope for further

analysis.
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J.2 Role of Financial Ratips in 8usiness Failure Analysis:

(12}

The term financial ratios or accounting ratios
is.cnmmnnly used to mean relaticnships drawn from sets of
accounts, The ratios form a patitern of information which
is intended to give a picture of what has really happened
from the'shadow' information pivan in the accounts. They
will be meaninopful and useful! and will form the basis of
systematic method of analysis when o significant set of
ratios are selected - ratios that provide management with
valuable pointers in terms of liquidity, funds and profit-
ability, Theoretically, there 2re no limits to the no, of
ratios that van be derived. qulk{13} suggests that five
hurndred or more can be made. fi brief description of the
thirty-six ratios which comprise the data inputs for the
present analysis is given below, Scerce financial infor-
mations limitad the scope for detarmining other relevent

ratios,.

(3)

1, Operating profit/aperating capital

Operating profit is the profile (before tax) earned
through the normal cperations of the business., Uperating
capital includes land and buildings, plant ard machinery
and othar fixad assets plus ils current assets. This is
synonomaus with total assets. This ratic reflects the
earning powar of a business and shows whether profitable

use has been made of its total oparating capital. A favourable

&



S

T

ratio hclps the business to show a satisfactory return on

shareholders capital.

(4)

2. Operating profit/net sales

fibsplute figures for profit take on more meaninag when
compared with sales, This ratio is often used as a measure
af profitability of a firm and indicates gross profit
margin an sales. Usually an incresse in sales widens the
profit margin, since fixed costs need not rise in direct
proportion to sales. For the same reasan, provits tend to

increase more rapidly percentagewise thawn do szles,.

{12)

3, Het sales/operatino capital

The rztic measures the utilization of a2 firm In
obt aining from the funds or respurces employed in the
business. It has got importsnce as one af the return on
investment ratios and tells vheiher the management is

able to make effective use of the resources at their

{12)

4, Operating profit/capitsl employed

Capital employed can be defined in & mamber of ways.
Here it is defined as Tixed assets plus current assets
less current liabilities. The usefulness of the ratioc is
obvious because management is more concerned with the rate

of profit earned omn each % 1 of capital employed rather

than the absclute prefit.



in

L=

(14)

5. Met profit/unrking cepital

Net profit in the present case is the retained earnings
after all deductions have been made from the operating
profit. Working capital represents the equity of ouwners
in the company's current assets: the difference betueen
total current assets and total liabilities. This margin
represents the cushion available to the business for
carrying receivables and for fimancing day-to-day opera-
tians. The ratic is useful in measuring the profitability
of firms whose operating funds ere provided largely through
borrowing, or whose permanant capital is-usually small in

relation to volume of salas.

6. Not profit/net wurth{1d]

Net worth is defined as the balance sheet values
attributable to total eguity sources in the investment of
capital, This ratio, therefore, represents the efficiency -
with which invested capital has been employed. The return
on net worth figure for =& company gives a rough indication
of what constitutes a minimum acceptable return on & new
investment for that company. LCertainly, any investment
proposal indicating a return lower thamn what the company
is presently earning cannot be considered a pariiculerly

attractive investment opportunity.
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7. Net profit/total assets{1&)

The ratin is closely related te the net profit/net
wotth ratic, except that here the theory is that return
on investment showld be measured iH terms of all capital
employed in the business = whether supplied in the foom
of eguity or debt ~ and not in terms af equity interest
only. For evaluating different investment oppraisals,

this ratio plays a significant role.

{14}

8, Net sales/net wortih

This ratie is anoiher measure of profitability of
widespread use and keen significance, particularly to
shere capital investors. It relates sales after taxes to
the total investmen®: in the form of share capital, reserve/
surplus andg sccumulated profit/less. It measures the rate
of cepital turnover showing how actively the firms capital
is being put to work. If the capital is turned over toc
rapidly, lisbilities are apl to build up at an .axcossive
rate; if capital is turnedover too slouwly, funds begcome
stagement and profitability suffers. Hence there is an
optimum rate vhich may be significantly diversified for

gifferent companies.

(14)

9, Met sales/working capitel

The rate of working capital turnover ean highlight

a financial problem if it is either very lowor high. If
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the ratio is high, the business may cwe too much, relying
on credit as a substitute for an adeguate margin, of current

vperating funds,

10, Sales/fixed 8559t5{1a)

The ratioc mezcures the use rate of the firmks resources
which is relatively long lived like land and bullding, plant
and machinery etc. The ratio is less sipnificent in itself
than when compared with the same ratio for previous years,
fuch a comparison shows whether, or, not thes funds used
to increase productive cupacity are being cspent wisely.

If eomparable sales increases have failed to ecampany
sirpable investments in fixed assets, then poor a2sset

utilization is indicated.

i
11. Sales/stock 1%

This important ratio indicates the ratce of turnover
of stock in trade i.e = mz=asure of the volume of business
being done by the firm. Since a considerable portion of
cesh is tied up with the stock in the form of purchased
raw materials, wark-in-progress, ogods in tramsit and
finished goods, the greater the ratio, the more cash
relessed and the greater possibility of accumulation of
profit in the business. On the other hand, slowdown of
stock turnover cen of course, hinder & company's ability

to meet iks 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 af

cash flow.

-
12. Finished stnckfsales{1j]

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 befure being sold, Clearly the guicker the
finished goods can be disposed SF, the better profit is
likely to the maximised, Any reduction in the ratia indi-
cating that the turnover i1s slower may call for action to
imcrease sales., Alternatively, if there is ocver-production
there may have to be curtailment of output. In shart, sales
and production will heve tao be coordinated, If the turnover
rate increases too much there may be a danger that custo-
mers needs cannot be met promatly -~ this fact may prevent

maximum profit being earned.

132, Materials stuckfsales{15]

The ratio is similar to the previous one except that
finished stock is substituted by raw materials stock., UWhen
there is mo marked fluctuation in sales revenue, @ Tise in
this ratioc will manifest as a fall in £he previous one. Since

the usage of raw materisals often is not known with certainty,
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a higher ratio ensures the possibility of running out of
stock., When & manufacturer runs out of raw materlals he

will luse_prnductiun and his cost per unit may rise.

Howevexr, in same companies there is often.a marked vulnera-
bility brought about by the possibility of price fluctuations
in raw meterials. If a business is carryinmg large stocks
experiencing wide fluctuationms in prices and there is price

fall, seriocus conseguences may result.

14. proTit before tax/total liabilitjes‘ 1!’

The ratio indicates the ability of an enfterprise to

' cover both current liabilities and long-term obligations

through itsgross margin,

15. Net production cost/cost of DutpUtE1E}

Gross production cest in the case of an industrial
plant includes costs of material, labour, fixed and vari-
able sverheads, capital charges etc. When material cost is
excluded from the figures indicates net production cost,
Cost of output accounts for sales and distribution overheads
togather with gross production cost plus adjustment due to
finished stock. The ratio expresses the fraction of total

sost of output on production purposes.

{15)

1H. Materials cost/cost of output

The ratic indicates the percentage breakdouwn of cost

of oputput as raw materisls ceost item,
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(15}

17. Gross production cost/cost of output

This ratio is directly influenced by the previous
two ratios and can be cantrolled by excersing suitable

fcnntrul pver both of them,

(12)

18, Cost of obutput/average stock

Stock turnocver is sometime expressed by this ratio
since cost of output is nothing but sales at cost price
and stock figure is usually an average figure for the vyear.
If the cost of output is not known, sales figure is subs-
tituted by a more precise measure af physical turnover

cam be obtained by using cost of output rather than sales.

(15)

19. Dpreciation/net production cost

Tangible fixed assets are depreciated and the ratio
points out the relative percentage in relation to net

production cost.

{15)

20, Yalue added/factory employee

Yalue is added ta materials by the process of production
and is obtained by subtracting the raw materials expenses
from the total sales value. The ratle stands as a measure
of output per employee. It indicates whether the management

is utilizing its factory labour efficiently OT not,

(12)

21, Current assets/current liabilities
The most commonly used ratio also knouwn as current

ratioc compares assets which will becone liguid in approximately
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twelve months with liabilities which will be due for payment
in the same period. The current ratio is used by creditors
as a measure of the extent that current asset values could
shrimk in ligquidation of the firm and s5till be adeguate

to cover liabilities and the eventuality of losses. It is
hard, however, to say exactly what is satisfactory, a 2:1
ratio being considered a standard, but many good firms shouw
a lower margin, whilst some ones, by over waluing assets,
show a much higher marginm. In general the more liguid the
current assets, the less margin needed to cover current
liabilities.

(12)

22, Current assets less stock/current liabilities

In order to refine the analysis of the current ratio
this ratio is used which is kpown 2s acid test or net quick
ratio. It is similsr to current ratio but takes only those
current assets which are cash or will convert very guickly
to cash. It indicates the firm's immediate ability to meet
current obligations, If a large proportion of the current
assets remains in the form of stock in trade, the liguid
position does not provide adequate safety margin to cover
more than current liabilities. Hence this ratio should-be
always greater than one expressing that provideo creditors
and debtors are paid at spproxinately the same time, the
campany has sufficient liguid resources to meet its current

obligations.
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23, Current assets/total 1iahilitiezi11]

This is related to the conventional current ratie and
is a measure of the warking capital position of the firm.

The greater the ratie, the sounder the enterprise.

24. Prafit before tax/eurrent 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 negative
value for this ratio, its dounside risk is clearly greater

than that for the average manufacturing company.

(7)

25. Working capital/total assets

Since working capital prowvides a basis for current
recurring financing, the particular ratio is important
for evaluating risk of lenders., Lenders for short term
debt will be interested to see.the company's present ability

for repayment of loans rather than its Tixed assets,

(7}

76. Revenue before tax and interest/totsl assets

The ratin is similar to sales/operating capital
except that income other than sales has been included in
the present ratio. It highlights the overall return on

total investment in the enternrise,
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27. Het worth/total asset5(1?}

The ratio shows what stake the equity capital has in
the total assets of the business in :Dmp;rison with long
term and current obligations. Lenders might be daubtful
about lendimp more until the existing percentage of eguity
capital is sufficiently saund. Because the larger the
proportion of the assets of a business that has been furni-
shed by the stock holders, the bigger the decline that can
t d<e place in assets_while still affording protection for
creditors. Twe types of companies can have a higher propor-
tion of debt: those that have very liguid assets that are
transformed inte ecash continuously as part of the business
process and those compamies whose assets although liguid,
produce steady flow of income. Since a low ratic will
hamper acditional borrowing, but there is little seasonal
reguirements, 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 earmings on such funds exceed thelr cost,

{14}

28, Fixed assets/met worth

The ratic shows the extent to which the owners funds
are tied up in assets with & low turnowver, A firm's tendency
to overinvest in fixed assets can often be identified by
this ratic. A high value of the ratic results in heawvy
depreciation and interest burdens, which can lead to serious

profit problems should any sales difficulties be encountered.
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29, Fixed assets/operating capitalfq?)

The total capital should be put to effective use in
crder for the concern to perform its tusiness purpose and
to assure its survival and prosperity. To accomplish these
ends, management should decide wisely regarding the appor-
tiomment of the total capital among current assets, fixed
ascets and miscellanecus assets, The particular ratio
measures the extent to which a company's total capital is
tied uvp in nonliquid, perinanent, depreciable assets. h
disproportionate high investment in fixed assets places
burden on the company because it limits current assets.and

productive miscellaneous .assets, increases debti position.

(11)

30, Current liabilities/total assets

The ratioc is measuring .the company's current liabilities
position, and is & financial-leverage ratic. The greater
its magnitude, the more serious the problems the company
has to {ace in financing the cost of its debti and the

acguisition of additional debt.

{a)

31, Total liabilities/capital employed

The ratico reflecis the fimancial condition of the
company oy comparing its total oblipgations with ifs total
capitalization. It is a tool to assess the creditwnrthiness

nf a Tirm and is useful to lenders for long term debts,
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32. Immediate assets/capital emplnyed“zJ

The ratic expresses the immediate or.liguid position
of a firm in relation to the total capitalization, Some
Tirme can afford lower level of liquid reserves uhilE
others cannot, Firms experiencing insufficient immediate
or cash balances face strong temptation to lean op their
suppliersby delayinp payment of trade obligations., The
tolerence of suppliaers is not unlimited and thereby the
trading efficiency of the subject firm is hampered consi-

derably..

(14}

33, Current liabilities/net werth

The ratio provides a means of evaluating a company's
financial canditieon by comparing what is owed with what
is owned. The company with a lower than average ratie -which
denates a strong wwhnership interest orposition - enjoys
relaéiue freedom foom creditors demandimg resayment of
debt or attempting to impose their wills on the campany's
management decisions., & higher ratio - any value over D.80 -
indicates that the firm is overly dependent om its creditors.
fgain financial obligaticns which is current in status
carries with it more immediaste danger to the company's
operating freedom - because of its early maturity. From
the point of view of time, the current ratic is the more

RTESS1INg.

2% R e



14, Total liabilities/net warth'l7)

r

The vperating freedom of every company is conditioned
by the relative stake creditors have in the buslness in
constrast with that of the ocwners. Whemever this particu-
lar ratio exceeds 1.00 it indicates that the ereditors
have a greater equity in the firmb assets than do the
puners. Such top heavy 1iabilities make the business
extremely uulne;able to any unexpected contigencies and
manapenent may be compelled by creditors to courses of
action that rob the company of valuable jinitiative and

innavation.

fis compared with short term debt, long term obliga-
tions has its own peculiar peril im that it i3z generally
more exactly fixed as to maturity and repayment reguire-
ments, Marecver, repayment of lang term debt is usually
mnre.enfarceable because almost all long term obligations

is backed by pledoge of specific collateral,

35. Immediate assets-current liabilities/operating cost -

{11

depreciation

The ratio is also known as no - credit intervel and
akin to the acid test., It calculates the time for which
the company can finance its continuing operations from its
immediate assets if all other sources of short-term flnance
are cut off and is a ratioc relatively new to accouniing

literature.
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36, Equity/total debt!%

Comparison of borrowed funds with ownership fund is
of much interest to many analysis. This ratio summerizes
the relationship between total equity and total debt. The
creditors can regard the ownership funmds as representing
a buffer protecting him {rom loss. From creditors wiew
point, the higher the percentzge of eguity, the better
because the assets could shrink in liquidation considerably
and still be sufficient to cover debt claims, since cre-
ditors are gntitled to be paid out in full before the
owners are entitled to be paid anything, Of course, the
amount of deht that the business can reasonably endure
depends on many factors. A wvieuw penerally expressed is
that indebtedness should not exceed the equity i.e a ratio
af 1:1 is preferred. But this 1s not & rigid rule flexible
with the nature of business and general Ecmnumi& condition,
A public utility with stable earning ancd favourable pros-
pects many safely finance a much lower ratio tham can
say, s manufacturer with a past record of erratic profit-
ability .who produces a single speciality product of uncer-

tain long-term demsand,

In times of prosperity there is a tendency for a larger
volume of borrowing to bLe undertaken and for this to be
regarded as being guite normzsi. dn the other hand, in a
trade recession total indebtedress would be expected to be

much lower than the eguity capital.
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3.3 Model Construction Approach

3,3.1 Derivation of discrimimant function

i multivariate stetistical technigue known 25 discri-

{10}

minant analysis is adopted in censtructing the model. The.
objective of discriminant analysis is to weigh and linearly
combine the discriminating variables (financial ratios af

the firms in the presenmt analysis) in such a way as to obtain
a single dimension on which solvent firms are clustered at
onpe end and insoclvent firms at the other end. The single
dimension is a particular statistic knoun as discrimimant
funetion which is derived to maximize the remaining distance
between the Equare-ﬂf the difference between group means and
the variance within groups. The mathematical treatment for
the derivation of the discriminant fumctien is given in
fopendix-E, The meaning of the function will be illustrated

with the heip of an ExamplE(1DJ.

Suppose one wishes to discriminate between good and
bad loans by a family loan agency. The variables are
K1 = age nearest 5 years

XE = logarithm of number of years {plus one} with
present employer
X, = ratio of total debt to total annual earninos,

in per cent



Calculated measures for two groups

Good accounts

8ad accounts=

N B 5
IX, 240 160
Tﬂ 40 32
EX, 5.46 1.08
EE 0,391 0,336
IXy 73 118
?'{3 12,2 23.8
Ex12 10, 250 5, 250
zxzz 237,90 5%, 90
X7 2,025 3,710
ZX, X, 5. 7876 0.7704
EX, X 943 2,892
Ex2x3 61.90 43044
d, 8.00
d, 0.574
dy -11. 40
Solving the equations (E,10}
780.00 17,640  -161,00 Y [ 8.00 |
1 E
17.64 1.02492 -0,738 P A, | = 0.574 f
161,00  -0,738 162,033 | | 2 | “11.4 |

the discriminant function is obtalned as




Sl

D = D.0352K1 + 1.0932K2 - D.1DD3}£3
D1: 1.637 for good accounis
D2= 3.126 for bad accounts

I1f the cut-off point is choosen as the mid-point betuween
these twao flgures, it may be estimated that any account with
discriminant wvalue above 2,382 to be bad and belouw this wvalue

to be good.

To test the hypothesis of no discriminating capability,
F is calculated to be 9,45 with 3 and 7 deprees of freedom.
Aeference to the F table shows this velue to be sipnificant
at the D.01 level, hence it may be concluded that the variables
used as discrimimators have some ability te discriminate between

good and bad loans.

3,3.2 Isoclation o ratiaos

{uite often there are more discriminating variables
than necessary to achieve satisfactory discrimination. To
(18)

select the most useful 6f these the stepwise procedure

is followed. The procedure will be discussed in article 3,3,4.

3.3,3 Classification aof cases

To classify the original set of cases to see houw many
are correctly classified is an owerall measure of the
adequacy of the discriminant function. The procedure for

classification will be discussed in article J.3.4.
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3.3.4 fApplication of the computer program is 3P55

Subprogram DISCRIMINART(TS)

performs discriminant apalysis
throupgh a variety of stepwise methods selecting the best set af
diseriminating wvariables, The user inﬁicates the stepuise selec-
tion criterion to he used through the METHOD specification. Present
criterion {METHGOD = RAO) is Ran's W, a genéralised distance
measure, The variable selected is the ome which contributes the
largest increase in V whep added to the previous variables. This
amounts to the greatest eoverall separation of the groups. A wvari-
able which contains a large amount of information already included
in the previous selected variables may actually cause a decrease
in the wvalue of Y, This implies-a decline in discriminating pouwer
since the groups are being brought more closely tegether. Such
a variable is not ineluded, Moreover, the change in ¥ has a chi-
square distribution with oneé degree of freedom facllitating
statistical significance testing.

is wvariables are selected for inclusion, some variables
selected may 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 wvariable making the lesgst contritution

is eliminated, To test the adeguacy of the ﬂéIiUEJdiSCriminaﬁi
functian, classification of the original set of cases i1s done

by the same program. Classification is, achi®ved through the
computation of classification functions, one for each group

using a separate linear cambination of the discriminating variables.
Under the assumption af multivariate .normal distributions, derived
classification score for each case can be converted into proba-

bilities of group membership.
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CHAPTER-4

DATA COLLECTIOM AND ANALYEES

4.1 Preparation of Input Data for the Subprogram DISCRIMINANT

Toe provide data for the SP55 DISCRIMINAWT subprogram,
386 financial ratios af 78 enterprises of BLIC emd 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 enterprises from private sectors and
other corporations, But unfortumately most of them lack
in regular published accounts and the authorities of the
private sectors were reluctant toc show their books aof

accounts,

The Lotal sample.of 79 firms were classified into
two groups, the first being apparently finangially splwuent
{subfile GO, and the other being apparently losing (subfile
NG)., Balance sheet and profit amd loss account of the
firms are provided in Appendix-A and Appendix-B, 3&
financial raties-are listed in fppendix-C and discussed
in details in Chapter 3, A listing of the 5P55 DISCRIMINANT

subpragram is given in Appendix-0.

A,z Detput from Subpiogram GISCRIMINANT

S5ince there are only fwo groups i,e subfile GO and

subfile HGD only one discriminant funmction is possible.



The standardized and unstamndardized coefficients for this
function are reported in Teble 4,1, The standardized function
coefficients are camputed by conveting the oripinal discrimi-
nating variables in standard form. When the sipn is ignored,
each coefficient represents the relative contribution of its
associated variable to that function. The sign merely denotes
whether the variable is making & positive or pegative contri-
bution. The unstandardized functiom coefficients whem multi-
plied by the raw values af the associated variables, summed
taogether and added on to the constant produce a discriminant

Score.

The average of the scores for the cases within a parti-
cular group is referred to as group centroid, This is the
most typical location of a case from a group in the disecrimi-

nant functlon space.

The summary table provided by the program is shown in
Table #,2. It illustrates the stepwise procedure based on the
K
SElectiDn-:riterimn(ﬂan's w discussed in articie 3.3.4.

{18}

Czrmnonical correlation measures the degree of association
betwsen the single discriminant fupction and significant vari-
ables, It is a measure of the functions ability ta discriminate

(10)

among the groups. Wilks"' lambda is a criterion to test the
discriminmating power of the significant variables. The chi-
square approximation of the distribution of wilks'! lambda

provides a probability level (significance level} for accepting
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the null hypothesis of equality of populstipbns on the assump-
tion of equality of dispersions. A decrease in the value of

lambda increases the confidence to reject the null hypothesis,

The discriminant 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. The laroest and the second highest probabilities
are printed as P{G/X). Ancther probability P(X/G) is the
probability that a member of the predicted group would be as

far from the centroid as the case being considered,

The individual case is located on the continuum repre-
senting the function in Fig. 4.1, The plots take the form
af histograms and nambers 1 and 2 signify two group identi-

ficationg,

The classification rtesults are provided in Table 4.4,
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CHARPTER-5

RESULTS AND DISCUSSIONS

2.1 Interpretetion of Results and Discussions

The stepwise analysis of the {inancilsel ratics for
the business failure model has produced a discriminant

function, whiclh is of linear form as in the following:
7 = HG+K1(UHHD1}+Ké{UHHDE)+K3{UHHDE]+K?(UHHD?}
o +KB(UHHUH]+H11(UHH11J+K12fUHR12J+K13{UHHTBJ
+K1E{UHH1E]+K1Q[UHH19J+K23{UHH23}+K24[UHHEQ}

+H28{UHHEEJ+K2?(UHH2?}+K {UHH31]+K32(UQHEE}

3

+H33{UHH33J

where Z = Z-score or discriminant score
KD= a constant
K1, KE’ K3 veenns K33 = coefficients

YORE1, YWAROZ,,.... MAR33 = selected financial ratios.

The ratios are presented in decreasing order of their

contribution towards Z-score io Table S5.1. Contribution

percentage of cach variable is its standardized coefficient

expressed as a percentage of the total sum of coefficients

of all variables { ratios },
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The proposed model seems to be cumbersome since the deri-
vation of its Z-score involwves too many financial ratios,
To talculate the ?Z-score, 17 financial ratios will have

to be worked out and the whole process is definitely
laborious and time consuming. But a closer look into the
list of the ratios presented in the Tale 5.1 reveadls that
different facets af a business have been taken into coensi-
deration by them. The selected ratios have cowvered a broad
spectrum of business performance criteria regarding profi-
tability, utilization of assets, turnover of stocks and
financing criteris regarding liguidity, capital structure,

crecitworthness etc.

It can.therefore, be concluded that Z-score provided
by the model is sufficiently reliable simce it tries to
evaluate a business entity in its broader context rather

than peeping into the marrow -segment of its operations,

The predictive power of the model is further suppie-
mented by an analysis of its statistical sigpificance which

is discussed below.

The results of the analysis indicate that & single
discriminant fumction of 17 weriables produce & very high
degree of separation as indicated by the final Wilk's lamda
(0,21615) and a2 cannonical correlation of 0,B8535. At this
stage tolerence level has become insufficient for further
calculation, This minimum tolerence is eguivalent to 5

{18)

percent significance level .
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Further evidence about the fact that the selected
variables are effective discfiminanturs can be derived
from the group centroids and a plot of cases. The group
centroids are reported in Table 4,1. These are the mean
discrimirmant sgores for each group. The centroids are
quite apart from each other., These are further visualized
from the plotting of cases in Fig. 4.7. The zeroc point
for the abscissa is the grand mean of a1l the classified
cases. lhe Clustering-ﬂ# the cases represented by their
group idemtification number (i.e 1 for GO sample and 2
for NGD sample) proves that initial classification is
sufficiently correct, It may be remembered that the ini-
tial rlacssification was based upon the earning potential
{(net profit/loss) of the firms. Only tuc firms namely
H&EIE MATCH{BO) and EBC(B0} were misclassified with the
insolvent sample. This minority cases of misclassificaticn
can actually be swpporTted by a closer look at the siogni-
ficant financial ratios of those firms. Although they hawve
incurred net 1esses but the two ratios namely VARDY (i.e
operating profit/operating capital) and WARDGZ (i.e
operating profit/net sales) ta<ing care of the negative
operatino profit centribute anly 12,86% to the discrimi-
nant fumction shown im Table 5.7. The Sulk of the contri-
butionn from the rest 15 ratios has vupgraded the financial

poisition of the (irms akinm to solvent sample.
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5.2 Comparison of the Present Model with the ilodels of
Bltman and Tafifler-Tisshauw

5.2.1 Comparison of the present model with Altman's model

The model developed by Altman produces an overall

discrimimant scare or Z-value, sa that
Z = 0.010(VARD3)+0,014{VARDT)+0,012{YAR2E)
+0,.003(VARZE)+0,006(VAR3E)

where variables YARDT e s vvas UAR3EG have been referred to

Pppendix-LC.

4 score of 2.675% was established as-a practical
cutoff point, But Argenti's modification of Altman's
formula states that if the total of all these factors(Z)
falls below 1.0% (i.e. O0,018) there is a high probahility

that the business is nearing fallure.

The discriminant scores of 79 cases of the present
model together with the Z-scaresof Altman's model heaue
been presentecd in Td&le 5.2. From the comparison it is
found that only 2 cases (namely Ispahani-B1 and Mehar-81)
of the solvent set have scored below critical level af
titman's model (i.e. 1.8%) and 8 cases {namely TSP-80,
KNM-30, KPM-80, TS5P-81, CCC-8%, BBL-81, BELLA-B1 & CSM-81)
of the insolvent set have produced a higher scere then the
critical veslue. Ignoring the anomalies of the solvent

set since its probability is very low (20 out of 4B6) it
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may be concluded that the critical lewvel of Altman's model
is lower relative to the critical level of the present
model, Altman's model fails to account for the turnover

of stock of commodities with respect to sales which has
been duly taken care of in the present model by the
variables VAR11 (i.e Sales/stock), VYABRIZ (i.e Finished
stock/sales), Thus differences in cash inflow from turn-
over to rescue & business from cash shortages have been
spportioned in the medel, Liguidity ratics to assess the
financial condition of the ficm derived by Altman's model
i,e VARZLZ and YAR3IE seem to he less informative than the
liguidity ratias of the present mudel i,e., VWAR3Z and WAR33,
VARZE (i.e warking capital/toial assets) is & crude index
ef liguidity since the financing capitzsl is compared against
total assets-af-the firm, Also YAR3E or-Equity/total .inceb-
thess, {(though it reveals the capital structure neatly, __.
may be influenced hy stock exchencge values of shares
comprising-the eguit, capital. This has littie to do-with

the financial stending of the firm.

it has been stated above that liyuidity ratios of the
discriminant function of the present model i1.e. VARZZ anc
VAR33 are more s propriate. Since UVAR3Z2 [i.e. immediate
sssetefcapital employed) expresses the liguid reserve in
respect of total capitalization of a firm and VAR3S (i.e.
current liabilities/net mﬂrt%DeualuatES the financial

condition of the firm by compering what it owed with. what
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it owned, It may be mentiened that the ratios have also
ranked higher in their contribution towards Z-score,
Hesides these, a number of measures of profitability,
viz. ratios VYARD, YARDZ and of liguidity, viz. ratios
VARZ23, VARZ7 and VAR31 have been included in the present
model providing a more realistic basis for evaluating

busimess performances.

5.2.2 Comparison with Taffler-Tisshauws model

The model is represented by the formula |

7 = EU + E1H1 + EERE + E3H3 + E&Ra
where £ = Z-sare

ED= a2 constant

Eq... Ea = coefficients
and 'HT: VARZ &

H2= YARZ3

H3= YyARZO

Hﬁ= YARS3G

where VARZ3.... UAR3S are referred in fppendix-LC.

-

Two ratias VAERZJI and YARZY have already appeared
in the proposed model and the remaining two wvariables
YARZD and VAR35 were regressec individually with the 17
yvariables selected by the present amalysis., The resultis

of the bivariate regression analysis is presenied in Table 5,3,
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From the Table 5.3 it is found that VARJID is signi-
ficantly correlated with VARD1, VARDS3, VAR18, VAR1S, VARZE
and VARZ7 and VAR3S with VAR11, VAR13, VAR19 and VARZ4,
tlext, & mueltiple regression run was performed to guantify
the contribution of those significant wvariables with VARJ3D
and VAR35, The output of the multiple regression run is
presented in Table (5.4 & 5.5}. It is evident from the
Tele 5.4 that when VYAR3IO is regressed with VAROT, VAROS,
VAR1B, VAR19, VARZE and VARZ7? only YARO? 1s significant
at 5% lewel, Similarly from Tadle 5,3 it is found that
when YHBR3I5 is regressed with VARTY, VAK13, VAR1Y and VARZ4
two af them namely YAR13 and VAR1EZ come out to be signi-
ficant at 5% level, Frem the above analysis it may be
concluded that some of the redundant ratios uhi:h are less

informative may be dispensed with,

The Z-scores of this model could not be computed
since the values of the const ats and coefficients are

not known.

5.3 Identification of Prakbkable Causes of dusinpess Fallure

The analysis has produced 2 total of seventeen financial
ratios which are approoriately suited and prpoerly weighted
as shown in Table 5.1, The ratiocs may be ygrouped facilitating
further examination as (i) profitability ratios {(ii) assets

turnover ratios (iii) ligquidity ratios and {iv) stock turnover
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ratiags. The contributiaon of the ratios towards z-score 1In

groups are mentioned in Table 5.H.

in order to identify the probable causes leading to
failure, it is essential to scrutinize each ratic fully
in isolation. It appears from Table 5.6 that the ratios
having major contribuotion are return onm total investnent,
profit margin on sales, turnover of operating and eguity
capital relative tu sales/income, proportion of current
liabilities in equit; capital, liguid resources position
and stock turmover ratios. Relevant factors affecting the
ratios may be noted as saleability and resulting orofit
margin of commodities, utilizatiom rate of Firm's tangible
and intangible resources, inventaory planning, canitsl bud-
geting -etc. which interact in .a very complex manner, It
is very difficult to guantify relative magnitudes of the
factors towards growth potential or corperate collapse
since they- largely depend on the financial status and

operational performances of an enterprise,



TRELE 5,1
Rank/order Subname Financial ratio Contribution
percentage
1 VAROT Net profit/Total assets t1.83
4 VARD 3 Met sales/Operating 10,435
capital
3 VAR Sales/S5tock B.90
& WRR33 Current liabilities/ 8,83
Net worth
5 YARD? Opgrating profit/Net 8,36
cales
5 YARDA Net sales/Met worth 7.92
7 VAaRZE Revenue before tax and 5.51
interest/Total assets
A YOR32 Immediate Asset/ 5. 6]
Capital employed
g WRR12 Finicshed stock/Ssles &, 63
10 VA H1TE Cost of output/Average 4,52
Stock
11 WARD Uoerating profit/ 4,50
Gperating caplital
12 YAR19 Depreciation/Net 4,36
producticon cost
13 VAR3T Total liabilities/ 4,04
Lapital employed
14 VARZ4 Profit before tax/ 3.36
Cueryent lialbilities
15 VART3 Material stock/Sales 2,41
18 . VRRZ7 Net worth/Total asset 2,33
17 VARZ3 Current asset/Total 1,82

liabilities
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TABLE 5.2

Z-scores of the Firms
(S50lvent sample)

Wame of the Z-scores of the f-scores of the
firms present model fltman's model
cutoff point (0,00} cutoff point{0.u018)

UFFL {80} 1,835 0.028
NGFF{B80) 1,621 0.027
KHBM(80) 0.453 0.033
S5PBM{80) 0,REGE 0,034
Epp {80) 2.459 0.067
EAGLE {20 0.A852 0,065
ALEEART(HO) 2,307 0,070
KCL (80 1,323 a,0687
Kam (80) 1.697 0,073
CRECEMT(&0 ) 0,131 0,048
USMANTA {BD} 2,402 g.a7e
OH, MARTCH{GO) 1,703 0,077
DAODR MATCH{BD) 3,023 0.107
LIRA{BO} 2,675 0.039
UFFL(B1) 1.813 0,031
NGFF(81) 1. 365 n,D023
KPM{&1) a,07z2 0,034
KHEM(81) 0,039 0,035
SPem(B1 ) 0.476 0.033
Boo (&1} 2. 466 0,077
CAGLE(A17 ) 1. 584 0,042
ALBERT{81} 1, 31y 0,066
KCC(B1) 2,128 0,082
Kam{gl)} 2,555 0,114
USKANTA (81 ) 2,580 0,093
OH, MATCH{E1} 1. 466 0.87E
pADA MATCH(ET) 3,984 0.040
UJALA MATEH{BT) 1,001 0,073
HE.MATCH(BT ) 1.557 0,046
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Mame of the f-scores of the I-~scores of the
firms present model Altman's model
cutoff point(0.00) cutoff point{0,018)

LIRA(E1) 1,734 0, 561
KSL{81) 0,255 0,056
'ATLAS{A0) 0.330 : 0,088
ATLAS (81) 0.562 0.045
BLAN(B0) 1,566 b.073
BLAN(E1} 0,673 0,074
CSm{s0} 1.283 0,032
ECABLE(80) 2.515 . 0.03%
ECABLE{31) 2,24% n.029 "
ETUBE({&80O) TedT1 0,085
ETUBE(ET ) 3.011 . 0.057
I15PAHANI (BD) 1.G67 . 0,638
ISPARANI {81} 2,153 -0.06007
MEHAR(E ) 0.794 -0.405%
OROGATI(B0) 1,312 0,093
PRTNCE{AD) 2,241 0.113
PRINCE(S1) 1.350 a,078
tA. MATCH {EDJﬁ 0.1489 0.053
BB {BD}$E 0,104 0,024 )
{Insolvent sample)

T5P (80 -0.498 0.035
Kn{s0) -0.675 0,032
Kem(s0) ~-2.6%14 0,038
NEPM{A83) -3,0B2 0,004
SPRM{B0) -2,.313 0,007
KRC{ED) -2,612 0,013
CCC (807 -0, 70886 0,023
nNCI (B0 -3.,077 -0,0006
BELLA(BO) -z.0az2 0,017
RD & BE(Z0) ~-2,633 0,005
TSP{E1) -1.646 0.027

Knm {81) -{,562 0D.0710



Name of %he
firms

NBPM(81)
SPPM{B1)
KrRC{81 )
CEC(81)
NCI{B1)
BAC(S1)
BISF{B1i)
BELLA(B1)
BOP (80}

BOO (81}
EMTF (80)
BRTF(81)
csm{a1)
HUSSAIN(BAD)
HUSSATIN{B1)
mEHAR{AO)
GEMCO{E0)
GEMCD(R }
PROGATI(AT)

Zi-scores of the
present model
cutaff point(0.00}

~2. 644
-3. 406
-4,352
-2,887
-2, 240
-1.5345
~3. 708
-2,634
-1.830
-2.418
~3,683
-2.948
-0,922
-2,835
~].,342
-3.565
~3,081
-1.540
-3.,180

4

Z-scores of the
Altman'*s madel
cutoff point(0.018B)

0.0O005
b. 005
0,011
0.0%0
-0.004%
0,035
0,005
0.024
0.d04
o.M
0,301
U, 001
0,024
0.010
g,0i0
0D.013
0,001
0,003
0,017

¥ mMisclessified cases of the present model




TABLE 5.3
Summary of the results of the bivariate regression
between significant ratios of the present and
Taffler-Tisshaw's models.F statistics are presented

pairwise.

Significant ratios

Gf the Values of F-» statistics
Fresent madel VARG veqis
WARO 8,503 1,480
VA2 1.273 2.5
YARD3 10,67H 0,367
WARDOY .74 J3.H7E
VAR0G 0,033 0.0004
(LN T O0.4923 =0
UYART 2 2.223 0,338
VARt 3 0.0126 16,862
VARTE 17.574 Z.180
VARTY 11,557 T.BE4
WARZ3 1,181 O.EBZ
VAR Z4 ' 0,025 5,674
VARZE 10,6843 0.233
VAREZ2Y 13,145 2.414
VAK31 0,020 2. 754
VARSE 0007 d,23¢%
VARZZ .107 0,36

(Lriticel velue of F ab 5% sipnificance lewvel is 3.

ik

-
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Group

Profitability

Fssets
turnover

Liguidity

Stock turm-
oweT

TRELE 5.6

Financial Ratiaos

Net profit/Total
asset

Operating profit/
Met sales

Oper &ing profit/
Uperating capltal

Net sales/Operating
capital

et sales/Net warth
Revenue before Tax

and interest/Total
asset

Current liabilities/
Met worih

Immediate asset/Capital
employed

Tatal lisbilities/
Capital employed

Current asset/Total
liahilities
Finished stock/Sales

Cost of bputput/Stock

Material stock/Sales

% Contri-
bution

11.83

B, 36

4,30

=0

% cumulative
contribution

24,18

20,28

12,07
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CHAPTER-G

CONCLUSIONS

From the study of the business failure analysis, the
|

following conclusions can be made:

1. The model develeped in the study is sufficiently
reliable to predict the corporate health of a flrm
by measuring its Z-score from 17 conventional
financial tatins, A list of the ratios is provideo
in Table S.%.which shows that most of the significant
ratios -of Taffler-Tisshaw's nodel for both quoted
and unguoted companies have been Included to derive

the Z-score of the praposed model.

[

Periodic ewvaluation of Z-score from the Tinancial
stztenents of am enterprise will indicate the trend
of the business and give a prior warning of an

impending disaster,

3. For investigating ‘into the causes of vailure of an
enterprise, factors affectinc its profitesbility
must be amalyzed first, viz. wtilization rate of
firm resources, stock turnover rate, profit marein

on salies and rate of return on tatal investment,

4. The present model compares fayourably with those of

8ltman and Taffler-Tisshauw,
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S, Multiple regressions of the raties of Taffler-
Tisshaw's model (not included in the present model)
with the selected ratlas ef the present analysis
(which come out significant when regressed indivi-

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

VAR3IO = D.422 - 1.610{VARD1 }+0.223(VARD3)+0D,0536{VARIE)

- 0,169{(VAR199+0,0723(VAR2E}-0,0006(VAR2T)

VAR3S = -a.259+D.DBE(UHH11)~12.?5&(UAH1§h9.BD?{UAH19]

+ B,170{YARZ4).



CHAFPTER-

S5COPE FUR FUTURE WORK

The following list may provide & helpful guide for -

pursuing further research in this area,

i)

ii}

iii)

More number of firms both from private sectors
and different corporatioms should be included

in the analysis.

The research should be pursued for an extended
period of time to check the actual trend of
semple firms with the predicted trend in order

to teslt the sensitivity of the derived model.

Firms chgﬁ%en for analysis should be grouped by
the size of asset and pature of industry and
discriminant run should be conducted for each
group to discover similarities and dissimilarities

among derived . models.
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ARPENDIX-A

BALANCE SHEETS OF EMTERPRISES
UNDER BCIC
AND BSEL
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BALANCE SHEET OF ENTERPISES

Allas Rang Bang. Cyele Bengal [ Bang. Wel.
PARTICULARS Bangla. Bicsel Industrieg Metal ding Elec-
_ desh Lid | Plam Ltd Indus. trodes Lid
Lac Tk. | Lac Tk Lac Tk. Lac Tk, Lac Tk
fAoGu Yl F8AIS i |
Cash & Bank Balance 011 1 526 0.62 0.03 580
Trade Debiors 19.97 187.68 | 4,25 13.65 3740
Advance, Deposils & Pro-payments 843 1M1.73 27.45 11,43 1.15
BSEC C/A — — - - _
Finished Goods 48,57 433,37 £3.88 14 26 31.57
Work - 0~ Process 209 17387 28.62 — _
1 Raw matenals & other Stares 114.81 ZB0 10 97 09 95.85 2416
[ Total Currenl Aszels 195.18 778,85 22182 + 13682 100.08
f Eank Ouerdraﬁ & Luﬁnq 80.11 421.75 05,58 18,70 15.1%9
. Creditors tor Goods Supplied 1.13 1.80 12.88 _ — 0,33
Cregutors for EXpenses 2020 181.37 — o3 9.4
Creditors {or ather finanre 3274 ¢ 34356 8.34 5.80 1141
ESEC C/a 268 | 7R.00 10.50 4.84 a.04
Workers Participetion Fund .76 1 — 013 | 236 3.0
Advance B Deposits 195 1 14433 31.494 ' 7057 | (0.96
Frovisions & &ccoruals 322 | 1495 14,30 | 268 0 1498
Provision for Ineone Tax 1873 — 44 23 1.70 191
B ————t ek i —_— _— —_———- = = R A mAm = -
i Total Current Liabilities ! 168.56 877 35 197.45 . o1t3ed . 6L 1I
R R A . "26.62  (98.40) {2437 2186 @ 3482
FYWED B DIHTD S35 1 ' i T |
Fixed Assets 8104 | 947.29 l 29.97 I 1807 | 1625 E
t Less:Depreciation ] 3858 | -134.20 19.38 | 555 i 874 .
! -5 I T Y R RV I 10508 102 TBY
Capital Work-in-Progress — | *63.51 . — — —
Investment — - — — - !
Others _i 526 | — — 3.87 |
P Total 4146 ~ BB1.80 | 1053 , 1o.k2 [ 1138
T I 6E.08 | 783 40 34.95 | 32,38 46 20 j
- S- Cow . - o — — - 5 F T =
Ll::;:; Term Loan i 20,88 i Q60 21 - _ _ |
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Share Capiial 2820 ! — 10.00 — - |
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k oo men A i _'.r—'—_'— - - ——oc s e = T .._—.:"I
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| | | | -

AR g
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IAT 30TH JUNE, 1980
;
f
F— - - —_——————— - — —
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- 44 —~ 985 0.12 2.07
12.82 {31.351 (1414.01} {4.19) | 19.31 (6.77) 21.22
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BALANCE SHEET OF ENTERPISES AT 30TH JUNE 1980
Eastern Feclo Fecto Feclo _”mnn__u _ Fecto Gazx G.MW. _ Husgein Ispahani KITC Khuina Mehar _
PARTICULARS | Cables Industries | Yamagen Agencies | Trading Eid. Wirgs Steels  } Indus, Barshall Lid. Shipyard Industries
_ Ltd. Lid. Ltd, Co. Ltd. ] Ltd Lid. i bid Ltd L. Ltd, {B}) Lig.
Lac Tk. Lac Tk. Lac Tk Lag Tk. Lac Tk. | Lac Tk, . Lac Tk, Lac Tk. __..mn Tk. Lar Tk. Lac Tk Lag Tk, Lac Tk
;. CURBENT ASSETS |
63,86 0.09 0.11 — — ;1062 | 37.54 19.23 © 370 1 3.98 36.12 .66 10.21
m.m.mmwmmww_wﬂmmm_m:nm 147,79 022 0.93 4.7 0.28 m_ ﬂ 1714 | 1433 @ 15.67 : 6.56 E0.35 [ 14.83 53015 2243
wmnqﬂmm” Deposits & Fre- 276,91 45.87 27.46 | 033 2087 | ' 41,76 138.00 | mwm,wm H mwm 8.09 19.08 298,19 . 7.48
— — — — " _ _ A, ’ N _ — _ —_
BSEC C/A - — — 5 -
Finished Goods mwm.mm ;m.wm mw.wm — — H 5.82 h_ uw wm §9.76 1 3733 mm,wm | mm;m | 409.30 mme
Work-in. Process . : \ _ “ - : . == - . : “ : _ :
Raw matcrials 8 other Stores 752,14 25.63 887 — ] _ —_ b 181,92 “ 313.95 BE.E5 60 82 “ 7028 ! 746,232 112.08
Total Current Assets 1676.72 8281 70.87 504 | 21.25 _ . 76.34 | 456.98 | 649.77 11978 | 218.52 ' 202.47  -1986.02 186,57
3 . ] _ ! N
6 CURRENT LIAEILITIES ' _ _ | w i
: — — _ { _ -
Bank Overdrait &-Loans 166.70 ._m.amm : -E.mu“.. - 0oa | M = ,_mm,ww | —| 8355 | mnw_% ] s www ww : Emm,ww
e o eences | 782 iz | 270 0 63 0.02 | w 2100 a4g0 | 18439 633! 4047 “ 7.2¢ 3648 931 |
Creditors for Expenses . - I : ! ) . . . Jg 8 ) . . | .
Creditors for other Finance- 221,66 693 | 1450 0.18 ol ! 2086 . 34.34 i 049| 2339 | 56.29 3n - 6282 . 7646 |
BSEC C/A 11.83 20077 1 10.4 : LA . 7.57 3.56 | 07| 80 mmm | 273 7 58 290
Workers Participation Fund o0 | 1em 5.44 22.08 | _ 7 1 13k | ssaal 1483 | 11372 -|- 540.75 3.20
Advance & Deposits Mwmmww 40.21 374 : - mcwwm 4.62 L S mm“ a9 - . b3 .
Provisions & Accruals - - . - _ H - = i 93 . - i . Sy
Provisions for Income Tax 250.58 - — 0.22 | | | 074 _|| 183,01 ; 217.48 — | 1074 | 236 270.45 130.20
Tota! Current —lmmw-.__mﬁ.-ﬂ_m 1210.63 .m.__..n_m “ .Hﬂ...._w 7.41 _ 24.61% m - ".... Tl " Wmm.mm.nn -— mM.ﬂ.Hm“. .._Mﬂ..._mm Nmm.mm . 154 5% 1594 98 _ 45380
¢, NET WORKING CARITAL(A-BY | 466,19 {8.25} 0.74 - {237 - | {3.36) m (20.95) _ 80.36 | “12501) (7.80) | (0.74) | 48.92 - 381,068 {277.23)
| i T
0. FIXED & OTHER AZSETS _ p | ¢ m _
: - . 60 10.17 5.81 0.01 .3 0.02 m 408 ' 45 41 34481 2085] 45.99 22.40 414.65 29,11
Fixed Assets - www,mmm 341 | 282 — - " b 405 L 2448 15,31 * _11@2] 3479 | 1038 20370 | 1244
} Less Depreciafion _ : 02 I 3l03 T 2195 (18571 7T 87937 I 20 12'04 " T""210/95 1667
2727 6.76 3.725 . 0.0 . _ — - | — —_ . — ; 0.05 —
_ : : — —_— - : - - ; 1.28 _ — — - ! — ! — —
Capital Work-in-Frogress _ i - - 3 . i . _ i
investment — 5 T2 0.33 _ _ 2.36 —.28Q 1 645 | =l 245) i R e N YA
Others ol - | . > _ o X 14.09 28.40 1857 11361 1520 @ 1204 4 21100 : 1838 _
36 Y : e e e e L e o e e L e
Tatal 2i277 8.68 : o081 | . (B.B6) 38.76 143.58; 356 | 1446 | 6096 | 602.08 Tmmm.m& :
PoCAT 4 FMILOYLD :1+ 0. 1 738.96 0.63 4.36 L (238) | 995 | s s e R e e : _ﬂ
F o OREPRELINTED 8Y : _ ! _ _ 360" _ N _ _ 19771 4.50
g 85 11.45 — — - - 3.50 - - 2.00 - 300 —
Long Term Loan 0% .26 — — — - ' 532 12,50 25.00 —! 1823 | 820 200,00 30.00
Rehabilitation Grant | An 100 | £.00 ! .00 1.00 . < 5 o1 M,_.M.h___ n 018 0. 92" 103 s
w_HH,Wwa_z_ — - 1 N,,mmm i Ec%qw ' ﬁ._ m% Y1218y 69.85 93 81| (28.42y 1 (3.96) 52.64 120,33 [({293.35)
Fratit & Loss app. a/c 126.65 {11.82) _ (3- l.___ “ - d_ _. T . = .I_ e T 56 ” 6 258 mm.l -
Capital Fund m S : - [6.86) 83.76 143,58 356 14.46 60.96 602.06 | (258.85)
128.96 0.63 u 4,36 _ ﬁmmm__._ _Ill_.h._u.lm.m_“_.. -m S e R e R T e iy =
La uﬂuu_h;mrlirll.. —ES —= e e L I T e .
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BCIC

CONSOLIDATED PROFIT & LOSS ACCOUNT DR THI

CHES- | LUSMA- DACCA | TIADA | UJALS
PARTICULARS KBM CENT wiA NC3 UMATCOH | MATCH | MATCH
1G 17 18 19 20 21 2z
A SALIES REVIENDUTE : .
Galex 100870 77049 233A ana5 ¢ 005 61621 25670
Crbier Income 2349 7.1 213 5.7l L1 - G A68
Total "4’ 104420 T77TAOD MALAL as18 70514 G2155 26044
A COST OF SALES:
MaLerinls
Consumed BEGAR BATGT T3.71 1EA4  BROKBI TR0 107.18 .
Salnres & Woges 17R.14 B1.51 35RO 2581 avdAl 2188 141,17
Mower & Facl 1.59G 07 g5.07 aRG 1845 T.aH 8.606
Factory Cherheond ARBT 1h.E29 1571 EaY M7 2405 A
Adminlarnly
Terhend 3100 1667 Oh!l 614 2155 et i £ 8 * HGO
Selllng & 1M«
trudon (herhea 3493 3067 13,75 0.03 R.706 T 24h
Flunnctal Charg.« SH.A5 .11 504 11860 L 11.74 708
Deprecintion 4027 277 2115 11.31 1.18 6.0 210
Warkers Parllck-
pation Fund 1.39 .06 140 — 0.5E 15 -_—
Sail-Tond of "1 aTRO0 B71.15 R1.20 10850 6A%19  HBASAY  2GUL.ED
Adlusiment ol ;
Frzahed Goolds (055Y  (955) £NES) 7.7l RS 301K o0
Towal S ovT.ol 775.00 ¢ 155 11321 G, 00k 57R.T7 2rag1
Preiif{ o)
hefore Lux 5578 By A {TRD aAR.Do 1575 (1937}
Trx an.ans _ alrs — 1002 Pl L1 —
Caniurfbution to NE — — - —_ —- - -
Tt tins
Profiy/[Legs) 2L10 Bl ~£12  (YFDE) =507 a0 {(19.27)
Prolty/{ Lees) oo
presdous yours ivLin (LM LOB3 (20 06) (14.95) {7560} (RRAD)
Previous yanrs
ndhistment - - — —_ (10.10) .04 —
Amumulsred Profis
JiLans) Tranfoined -
14 Brlnnee Shect el LI (29,10 4595 (A3L11) 104 (6L.77) {7A7LY

[ ]

IJ BCIC

LIAR ENDIED 30T LIUNL, 1981 OF [UE DNTERPRISES ¢ oxi1D)

HAHRM FLMRIM
MNTCH BIC KRUBUER LIy HELILA | R N
: . 1 & DE K3I, TOTAL
23 R ‘ 2R 6 a7 R L)
30725 HL3D WATT L B3RS IAN6E 23339 77.31 HW5,120.76
. .i.?? 1.9 021 0.60 .10 IR L&WG LA1A.17
110,93 7.9 350,94 LAT.1A 32.05 239042 TR N7 36,4379
H‘g.n:: 21014 2ALHA 11943 12.62 - F.&7 188677
19710 623 03 64.00 (B SE 10,40 R2.52 7260 3.058.07
D4y 17.79 THH 0.5 349 (.63 1173 27708
G DL 0.60 2HO 1.G0 12099 ILEG 138065
10.50 A2 B.46 6.08 257 1642 A79 IRETRE
LK RYES 240 .01 L19 —_ — 54653
1F.49 1109 7.5 IH3 1174 57.00 0.8 TALLEL
304 AT L.0G 173 1449 54562 - 2B -
it - -— OB - - 005 G1.53
1.7 37703 82 69 153,53 877 USRI 7647 135,018 R0O
(N2 {1555) 903 (s (158497 551 - {LA%AY
HLLEO HAR, 15 AR Tk HEAD Wouos 76.47 THEEG
i
{1 {1106} . (1LAA) WH.00 i604A)  [1HRLDD) 154} . AEOT
— - — LG5.56 - - —_ L EDRI
— — —_ _ - - - 20000
{10.43) {1 1,10G) (4.6A) 18,63 (647)  {18362) 1.90 { AD1.7})
(2040 Hend {Hlidn) [y i ol vy UG EY) {12RM (H.UTE!.*H]
’ - -— {5900} E B2} - —_ 070 (45.13)
EAEREY 2767 (12K sS40 16145 (21005) IR | (MTE6.H1)




TRADING AND PROFIT & LOSS ACCOUNT OF

Atlas pong Bang, Cycla Bengol | Bang.Wel.
PARTICULARS Bangla. Diessat Industriag Meigl di!‘lgﬂ Elec.
desh Lid Plant Lid bncfus. }irodes Lid
! Lac Tk, Lac Tk Lag Th, Lac Tk, Lae Tk,
A, IHCOMNE ! '
Sates 403,44 294.09 116.54 421.48 B4.10
Misc. Income 1 0.B7 i 0.99 184 1.75 0.57
AVt LU PR ol U W
Total Income i apa31 | 295.08 118,38 423.23 84,67
b. EXPENSES '
Raw Maletals Consumed A04.66 43916 9214 326.72 58,30
Consumabla & QOther Storex 8.0 1.07 A.40 65,53 3.86
Power, Fuel, Oil alg 0.59 2.89 3.27 7.02 0,79
N Sataries N Waoges 20.34 2521 40,41 ‘20,32 5.04
' Repaite & Mzintanance 1.70 —_ 0.84 D.81 1.24
Depreciation .23 51.52 1.256 0.865 0.63 i
Corparation Charges 2m 1.73 . 1,58 126 0.84
Intetest A.45 200 1216 227 1.18
Other Expenyes 8.50 11.06 A.57 14,27 571 1
Tatal Expenies 358.21 | G5B3.ES 168.63 3819 §1i,59
Changs in Stock . 27.34 | (20507) (52.64) 1029 | (B8Yy |
— :' _+
C  COST Of S4.F% , 385,55 358.58 115.99 192,20 | 7275 |
U NetPrafgjie s 2.7, | 18.76 (63.501 | 238 | 3103] 1.92 |
F i W W —
PROFIT & LAES
Nai PralitiLoss B/F lrom i
plE'I".HJ'H‘E yaat E.T’D [11655} 1 ‘3 40 5.46 2565
Adjustment it respuct ot
Pravious vears (6.9 {0.40) i1.22)
Prafit/Lass {or Tho yvear 1876 {63.50y 2,315 31.03 11.92
Totas 27.46 (187.37) 15.39 35.27 37.57 |
Lo o IR T = TUrwwmarT b mehineoih
Proviaion for Taxanon 10.32 - 1.1 14,91 4.29
Provision for W.P.P. Fund - - - ! - 0.30 |
Pravisian Tor Contrbution - —_ — —_ 4.79 |
ProfitiLoss C/F 1o Batance Sheet] 17.14 (B3N 14.08 20.36 26.09
Total 27.46 (18737 15.39 35.27| 37.67
- i A P ST ~ T —— = =TT TR

63

THE ENTERPISES AT 30TH JUNE 1980

Enqlndnh Chand Chittageng | Dacca Radio | Dockyard & Dacca Sient Eastarn
n Co. Fitti. Siweal Mils i Electro- Erginaering Waorks Lid, Tubes
d. ngs Limited nics Works Lid [Group) Lid
Lac Tk. Lac T, tac Tk, | Lae T tac Tk. Lac Tk. Lac Tk,
272.03 - 10637.42 14.24 1548 1 838.97 203.4%
5.00 - 109,53 —_ B.57 18.00 1.0
. 277.03 — 10747,805 14.24 37313 855,97 204,50
196.85 —_ 5501.30 16.75 204,13 740.52 a58.21
3.57 — 175.54 —_ - —_ 1.94
547 - 1222.65 0.05 10.31 19.15 z.86
d8.47 076 a3irn 4.27 12410 47,64 18.44
©2.89 - 353.79 - 28.08 1.49 1.82
3.18 0.42 157.24 .06 IT.E? 3.22 3.53
2.02 —_ © 45,17 0.28 3.0 6.7 1.87
6.03 2.45 148,42 2.01 6010 5.89 2.2
&.70 Q.50 847.17 4 07 21.93 3811 431
273.18 4.11 10435.38 17.49 459,18 863.73 162.20
{23.57) —_ 16.36 {10.0:m (147.53) {12.95) {2.48)
249.61 413 10:451.75 17,40 31185 A50.78 159.72
27.42 (443 295.30 {3.16) 81.48 G.19 44.78
- e ———————— e ————— b
APPROPRIATION ACCOUNMNT
676 |(28.35) {1347.95) (0.80) 31,66 (9.86) 8.30
{0.62) 1.22 L 195.71) (0.2 {18.55) —_ 0.17
27.42 {4.13) 295.30 13.16) 61,48 1 6.19 44,78
3356 [(31.26) {1248,36) {4.19) 78.59 (3.67) 53,25
mw‘-’m W_ mmm
1474 0.10 158.45 — 24 34 3.10 24 B3
—_ —_ 7.20 - —_ - —
- — - — 14.94 - 7.40
18 82 {3136 {1414.0%) {4.19) 19.01 16.77) 21.22
33,56 {(3126) | (1248.36) {4.19) 78.59 {3.67) 53.25

]
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ARPEHLIX-C
LIST OF FIMNAWLIAL RATIOS USED

IN THE AMALYSIS
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APPENDIX-C

List of Finamcial Ratios (variables) used

in the analysis

Sub-name Wame of the fimancial ratias

VARDT GPERATING PROFIT/OPERATING CAPITAL
VARDZ GPERATING PROFIT/MET SALES

YAHDOS NMET SALES/UPERATING CAPITAL

WARD4 OPERATING PHROFIT/CARITAL ERMPLOYED
VARDS HET PROFIT/WORKING CAPITAL

YAROE NET PROFIT/NET WORTH

YARD7 NET PROFIT/TDT A ASSET

WA AUS HET SALEEJNET WORTH

VARDY MET SALES/WORKING CAPITAL

YARTD SALES/FIXED ARSSET

VART SALES/STOCK

VAR Z FINISHED STDLK/SALES

VAR 3 MATERLAL STOCK/SALES

WART 4 PROFIT BEFGRE TAX/TULTAL LIABILTITIES
UARTS . NET PRODUCTION COST/LOST OF OQUTRUT
VARTG MATERIAL COST/COST OF QUTRUT

URR1T GROSS PROQUCTION COST/COST OF auTRUT
VARG COST GF DGUTPUT/AVERAGE STOCK

WART3 NEPRCCIATION/NET PRIODUCTION CBST

VaR20 YALUE ADODED/FACTORY EMPLOYEE



Su-name

VARZ]
VaRZZ
WARZ2Z
VARZ4
WARZS

VARZE

YORZY
VARZE
WARZ9
VARS3D
VAR

VARSZ
VAR3S
VARZ4

WARSE

WAR3E

ES

lame of the financial ratios

CUSRENT ASSET/CURRENT LIABILITIES
EUHHéNT NSSET-STOCK/CURRENT LIABILITIES
CURRENT ASSET/TOTAL LIABILITIES
PRUFIT OEFORE TAX/CURRENT LIABILITIES
WORKING CAPITAL/TOTAL ASSET

REVENUE BEFORE TAX AND INTEREST/
TOTAL ASSET

WET WORTH/TOTRL ASSET

FIXED ASSET/WET WORTH

FIXED ASSET/OPERATIMNC CAPITAL

CURRENT LIABILITIES/TOTAL ASSET

TOTAL LIABILITIES/CAPITAL EMPLOYED
TMMEDIATE ASSLCT/CAPITAL EMALOYED
CURRENT LIABILITIES/NET WIRTH

TOTAL LIABILITIES/NET WDRTH

IMMEDIATE HSSET-EJHHEMT | TABILITIES/
OPERATING €OST-DEPRICIATEIDN

EQUITY/TOTAL DEBT
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LINEAR DISCRIMIMANT AMALYSIS

.
Sometimes the responses which one wishes te predict from
a multivariate analysis are q}chutmmuus, such as, for
example, good or bad, successful or unsuccessful, standard
or subst avdard, and the like. The particular statistic for
the solution of this type of problem, which is called the
discriminant function because 1t has the aoility to
discriminate btetween the two classzes of interest, The
principle upon which the discriminant function rests 1s
that the linear Tunctions of the measurements will maximize
the ratino of the difference betwean the specific means to

the standard deviations within classes,

Let the samples be of N1 and NE ohservations, respec-
tively whicli make p measurements Kj,...., Kp on each
individual, consider first 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 endard -deviation within classes -7 The linear function

is represented by

n o= L L |:i = 13 R _D:-I {E.-]}
i

Let the difference between means of X be represented by
di, where 1 = 14..++2p Tor the p measurements, Represent

the sum of sgquares or products from the .specific means



Al

mi%hin classes by Sij’ where i,j = t,...,p. Then for any
limear function, & of the measurements, the difference

between the means of o in the tuwo specific groups is

0o = EJ‘; d. {i: 1;----;[3} EE;E}
i

while the wvariance of a4 within classes 1s proportional

to

o . S 4 Sy (0,3 = 1heeilp) (E.3)

The particular functiomn which best discriminates the tuwo
grouss will be one for whieh the ratiao IZZIE,J'“S‘:l is greatest,
by wariation of the p coefficients, l1,....,lp, indepen-

dently. Mathematiecally, the solution of each A should be
o
— %.; - D (E.4)

which reduces to

3] ~o 8D o5
—-—E [:.55 1;4'— - D .:I = D liEIE'::I
S
and conseguently,
as 5 3D -
g1 =9 W (E.5)

where it may be noticed that S/0 is''a factor common to the

p unknown A's, Therefore, the coefficients required are



Te

progportional to the solutions of the normal eguations:

511h1 + . e T 51p lp = d1
L] - L ] L] a L] EE-?}
5 .M, 4+ . e = a + 5 = d
p11 pp o p
Let Li = V’Ell i (l = 1;-1-:?.) {E'E}

In (E.7} the ith equation is divided by JSii’ WHhETE 1 =1sees-

., p. Then the following set of normal egquations are obtained:

B

I‘1.1|—1+ Fx e n & d + r,]DLp = "I‘S
11

- - L] L] L] - L] - * {E.g}

d

T L. 4+ 4 4 . & T L = —E

ptoi FRP A s
PR

Sotving (E.9) by Fisher's method by auxiliary statistic,
in which unity is substituted for each of the dif JEiiTs

in turn, while the others are made equal to zero as follows:

r,l1|._1l a & = - . T r1p A :1! ',G
*T *T - (E.10})
T;j1L1 + L] L] L] L] +Ipp p - D;lti - 1

Let the means of a for these proups are defined as
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follows:
- -
@y = i Ay Xqy (1 =2 1y0vney pJ (E.11)
b = I A KXoy (i = Tyeuey, p ) (£.12)

1

when x,. 15 the mean value of X, for the first group and

KEi is the mean value of £, for the second group. Te test

the hypothesis:

HotEley) = Elay)

t1

is the notation for the (£,13)

expectation of a parameter

that is, the hypothesis that there is_no significant
difference between two groups fer the function o . by
mathematical deductions, the sums of squares-due to 'within

groups' and 'between groups' are

twithin groupd' D with n, = Al +Hy-p-1 {[.14)
NN
"between'! ———i— D7 with n, = p {£.15)
172 .

then the test of H_ is given by

N, + Ny = p — 1 NN,
F = * 1 -.
5 e

If the hypothesis, H_, is rejected, it may be concluded
that the wbtaimed values of X's are the assiopned weights

alf the measurements which best discriminate these tuwe oproups.



Then the next problem arises such that if there is another
individual to be observed by making the same measurements,

x1,..._,x on him, how to know to which croup he belongs,

L}l
By using Wald's criterion, the populatiaens of the first

group and second groups are denofted by m ang M,y TESAEC-
tively. The hypothesis tested in this problem is that the

individual is drawn from m. . First rcalculate:

L =

.= g = r
6y = 5 aij}{jidj Aq¥qq T oeeens + }“pxm {E,1B)
@, = E Siszidj = A Xpq t ......+Anx2p (E.17)
H = :;:L z ;%895 ° e +1pxp (E.18)
i,j = 1!1-1':'
vhere Bys Gg, x1i’ Kzi’ Sij an o dj are defined as hefore

Ki is the value ocbtaned by this individual on.the ith
measurement; and U is the value obtamed by the indiwvidual
for the linear function @. Then the critical region for
rejecting the hypothesis with the least risl of both kinds
of error, that is, acceoting the hypothesis when it is

f alse and rejecting the hypothesis when it is true, is

given by

0y Top

[ —
nw
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Cannonical Correlationi-
L ]

The canncnical carrelation is a measure of assccistion
between the single discriminent fumction and the set of
[g:1J dummy vari @oles which define the g group member-
ships. It tells how closely the Function and the 'Ygroup
variale! are related, which is just another measure of
the functions ability to discriminate among the groups.
Reversing the lonic in someway, the cannonical correlation

when sguared stands as the proportien of variance in the

discriminant function explained by the groups.

Wilk's Lanbda:-

Wilk's lambds is an imverse measure of the discri-
minating power in the original wvarlialles which has not
vet been removed by the discriminant funciions - the
larger lambda is, the less information remaining. Lambda
can be fransfurmed into & chi-sguare ststistic for an

casy test of statistical significance. o

t‘b
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