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1 

Introduction 

1 This paper descr i bes the results of an exercise in discr iminant 

ana lysis , a techn ique wh ich is attract ing increas ing i nterest as a tool 

or screening device in assess ing the f inancial pos ition of companies .  

Sect ion 2 br iefly su rveys prev ious work i n  the f ield; Section 3 

d i scusses methodology; Sect ion 4 desc r i bes the pe r formance of the model 

developed in the pr esent exercise; a br ief comment on the use of such 

models is g i ven in Sect ion 5 .  
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2 

Prev ious re search 

Univar i ate stud ies 

2 The f i r s t  ser ious attemp t s  at company ban k r uptcy pr edict ion 

fol lowed t he 19 29- 31 stock ma r ket col lapse in the Un i t ed S t at e s, and 

we re based l ar ge ly on an exami nat ion of the trend i n  mean values for 

ce r t a i n  f in anci al r at ios in t he yea r s  immed i ately preceding fai lu r e . 

Th e se stud i es have been f a i r ly widely reported, [l] and it i s  

s uf f i c i ent t o  comme nt that s ig n i f icant d i f ferences between gr oups of 

f ai l ed and non- f ai led f irms wer e  ev ident for a numbe r of year s  pr i or 

to f a i l ur e. Mor e recent work by Beaver (19 66 )  demonst r ated t he 

predict ive super ior i ty o f  cas h flow r at ios over t he shor t-term 

solve ncy r a t i os ( cu r r ent and qu ic k r a t ios) t r ad i t ionally r e l i ed upon . 

Un l i k e  many of the ear l i er studi es, Be aver reali sed the danger of 

me r e ly relying on a s imple ana lys is of mean r a t io values and ignor i ng 

the under lying r a t i o  d is t r i but ions . The f i nanc ial ratios under 

con s i de ra t ion tend to be h i gh ly s kewed, and it i s  pos s i bl e  that a few 

e xt reme val ue s may account fo r most of the d i f fe r e nce in means 

betwe en the g r oups of f a iled and non- f ai led f i rms . De sp i te the se 

and other stat i s t ical shortcomi ng s, t he e ar ly studies e st ab l i shed 

qu i t e  f ir ml y  th at it was po s s ible to ide nt if y  those f i rms mos t  l i kely 

to be at r is k  o f  fa i l ur e. There was, however, a g row ing r ea l i sat ion 

t h at a s i ng le r at io could not re flect fully a f ir m's f inanc ial pr of ile, 

and that a me thod o f  s imu ltaneously comb in ing seve r a l  var i able s  could 

add s ign i f icantly to the e f fect iveness of models for pred i c t i ng 

company f a i lu r e . 

Mul t ivar iate s t ud i e s  

3 I n  19 6 3 , Tamar i (19 7 8 )  attempted t o  con st r uct a n  ' i ndex of 

r i sk ' by wei gh t i ng and combi n i ng several r at ios on the bas i s  of 

s ubject ive and theor et ical con side r ation s .  A mor e object ive 

me thod o f  a s s i gn ing we igh t s  and combining r at ios wa s adopted by 

Altman (19 68 ) .  He incor por ated a s ta t i st ical t ec hn ique known 

as d iscr im inant an alys is, into a mode l  wh ich has gene rally become 

known as ' Z- score ' ,  and wa s able to demon strate f ai r l y  conclus ive ly 

the succe ss o f  th i s  approach in ide nt ifying fai l i ng compan ies . 

[1] See, for e xample, Dev (19 7 4 ) , Green (19 7 8 ) , and Lev (19 7 4 ) . 
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Altman examined twenty-two f i nancial ratios for th irty-three American 

manufacturing companies fa i l i ng between 1946 and 196 5 and selected 

th irty-three non- f a i led f irms (matched by t ime period , i ndustry and 

asset size )  as a control group with wh ich the fa i led companies cou ld be 

compared .  The resultant model was based on the following ratios : 

( i )  working cap ital to gross total assets; 

( i i ) retai ned earn ings to gross total assets; 

( i i i ) pro f it be fore interest and tax to gross total assets; 

( i v )  market value of equity to book value of total de bt; and 

(v ) sales to gross total assets . 

4 The model proved to be fa irly successful for the last two ye ars 

before f a i l ure , but by the th ird year the pred ictive accuracy fell off 

quite dramatically . Th is work sparked of f a w ave of studies in the 

United States , and various authors were able to conf irm quite conc lusively 

that d iscr iminant analys is could be used as an analyt ical tool in 

pred icting company bankruptcy . However ,  all these studies were based 

on US data , and to date the only published work based on UK data is by 

Taffler (l9 77a and b) . 

Theory of failure and ratio selection 

5 A large number of f inancial ratios have been proposed and h ave 

appeared in various combinat ions in d i f ferent fai lure predict ion 

mode ls. Th is led to the situation where Taf f ler (l9 7 7 a )  was faced with 

the task of reduc i ng an initial sample of 1 50 rat ios to a me aning fu l  

sub-set of f i ve . However ,  any attempt at rat io ide nt i f ication should 

be supported by some sort o f  conceptual framework , and not based merely 

on mechanistic methods such as factor analys is or stepw ise regressi on . 

I n  the f ie ld of bankruptcy predi ct ion the majority of stud i es that have 

appeared over the last decade have been large ly empir ica l , emphasising 

the informat ional content of accounting statements and f inanci al ratios , 

w ithout attempting to deve lop a consistent theory of fai lure . Many of 

the early attempts at solvency eval uation focussed on l iquidity as a 

major determinant of failure , and the 2 : 1 cr iter ion for the current 

ratio (current assets to current l i abi l ities) as a measure of l iquidity 

had gained widespread popularity by the ear ly 1900s . However ,  Fade l 

and Par k i nson (19 7 8 )  have argued that a mere comparison of the totals of 

current assets and current l i ab i l ities is not a d irect measure of the 
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abi l ity of a f irm to meet its current obl igat ions as and when they 

fall due , s ince it ignores the f low of funds into and out of the f irm. 

6 A recogn it ion of the dynamic nature of the problem o f  

evaluating solvency led Beaver (19 6 6 )  to introduce the cash flow 

mode l .  Beaver saw the f irm as ' a  reservoir of l iquid assets, which 

is supp l i ed by inf lows and dra i ned by outflows . The reservo ir 

serves as a cush ion or buf fer aga i nst vari at ions in the f lows . The 

solvency of the f irm can be def ined in terms of the probabi lity that 

the reservo ir w i l l  be exh austed , at wh ich po i nt the f irm wi l l  be 

unable to pay its obl igations as they mature' . 

framework the probabi l i ty of fa i l ure is greater : 

With in th is conceptual 

( i )  the smal ler the reservo ir of l iquid assets; 

( i i )  the smal ler the inf low of resources from operat ions , 

i . e .  cash f low; 

(i i i )  the larger the cla ims on these resources by cred itors; 

( i v )  the larger the outflow of resources for ope rat ions . 

B l um (19 74 ) added the followi ng two propos itions : 

(v ) the larger the vari ation in inf lows (cash f low) and 

outflows (expenditure on operat ions and obl igat ions to 

creditors ) ,  the greater the probabi lity of fa ilure; and 

(v i )  the more f a i l ure-prone the industry sector in wh ich the f irm 

operates , the greater the probabi l ity of failure . 

7 Wi lcox (19 76 ) adopted a ' gambler ' s  ru in approach ' and 

attempted to descr i be a f a i lure path in terms o f  a stat istical 

process in wh ich the bas ic var i ables were net l iquidation value and 

the processes wh ich cause it to change . He arg ued as fol lows : 

' Net l iquidation value is , in the language of systems dynamics, a 
level fed by a liquidity i nf low rate and dra i ned by a liquid ity 
outf low rate. The inf low rate in a g ive n period is def ined as net 
income less d i v idends . It is governed by prof itabi l i ty and by 
management' s d i v i dend pol icy . The l iquidity outflow rate is the 
increase each per iod in the book value of assets less the increase 
in the l iquidation value of those assets . It is governed by 
management ' s  capital budgeting pol i cy and by the interaction of 
sales f luctuations w ith current asset control procedures . '  

8 Turnbu l l  and White (19 7 5 )  deve loped a theoret ical framework 

based on the factors they be l i eved to be the underlying determinants 

of bankruptcy . I n  the short run , bankruptcy is the consequence 

8 



of ins u f f i c i ent income ava i lable to mee t the f i rm' s f i xed ob ligation s ,  

but i n  the longer run the f i rm i s  abl e to surv ive th i s  s ituat ion by 

bor r ow ing add itional funds . Thu s  they argued th at the probabil ity 

of bankr uptcy was dependent on the f ir m ' s abil ity to r a i se suf f i c i ent 

funds , both inter nally or exter nally , to cover its f ixed charges . 

And that th is in tur n was dependent on the f i rm ' s  s i ze , technology , 

f uture prospects , manager ial abil ity , and the pr ev a i l i ng and expected 

economi c cond it ions . 

9 In an attempt to counter var ious cr i tici sms of the conventional 

appr oach to l iquid ity valuation , Fadel and Park i n son (19 7 8 )  

con str ucted a mode l adapted f r om  the earl ier work o f  Walter (1900) , 

who saw the solvency of the f irm a s  dependent on four ma in factors: 

( i )  a su ff ic iency of cas h to cope w ith the short-term uncertainty 

inhe rent in a s ituation where the f i rm h as incomplete control 

over the col lection of r ece ivable s ,  etc . ; 

(i i )  a net f low of funds f rom oper ation s  of at lea st nil , thus 

enabl ing it to settle its obl ig at ions as and whe n they ari se; 

( i i i) the abi l ity to generate such add itional funds as are neces sary 

to r ide out the troug hs of any cyc l icality i nherent in the 

trade or economy in wh ich it oper ates; and 

( i v )  the abi l i ty to gener ate such additional f unds as are neces sary 

to f und any mor e  or less permanent changes in the str ucture 

of the bal ance she et .  

Fade l and Pa r k inson (19 78 )  ar gued that conventional ratio analys is may 

be used to mea sure ( i )  and (i i i ) , but that (i i )  and ( i v )  ' can bes t  be 

me asur ed by the appl ication o f  the not ion of cash flow , and the rel at ion 

of th i s  to the job one envi sage s  it doi ng ' .  

10 Ar gent i  (19 76 , 19 7 7 )  arg ued that fa ilure is a complex proce ss which 

i s  unl ikely to be model le d  successfully by a s ingle equation , such as a 

z-score f unction . He bel ieved th at ' f a i lure i s  a pr ocess th at takes 

many yea r s  to complete and compani e s  seem to go through thr ee distinct 

s tage s on the ir way to ins olvency . F i r st ,  the re i s  someth i ng wrong 

with them , pr e-eminently with thei r  top management or w ith the way they 

r espond to change . Then they make a mistake . Fi nally , the ir f in ance s 

dete r i or ate ' .  Argenti attempted to quanti fy a l i st o f  symptoms 

exhibite d  by a f a i l ing f ir m  on the bas i s  of these three stag e s  along the 
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road to f a i lure , and comb i ne them with a number of f i nancial ratios 

uti lised by the quantitative analysts. Although the Argent i  model 

has cons iderable mer i t ,  its pract ical use f u lness in the current 

context is severely l i mited by its heavy rel i ance on subject ive 

judgment. The object ive of th is project is to evaluate the 

suscept i b i l i ty to f a i lure of al l UK-quoted i ndustr i al compani es, 

and the nature of the project precludes spec i f ic examination of 

ind ividual compan ies ,  at least initially. 
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3 

General approach 

11 The ma in purpose of the present exerc i se was to see to what extent a 

model drawing exclusively on publi shed account ing data could , i n  the 

UK-quoted industr i al sector , improve on the res u lts of the earlier work . 

A spec i f i c  aim was to incorporate f low of funds variables into the 

analys is and to compare their u sefulness ,  in the context of fa i l ure 

predict ion , with the more convent ional balance sheet and prof it and loss 

ratios . In what follows , earl ier models for predi cting company fa i lure 

are evaluated , and the results as far as pos s i ble compared with those of 

the model developed i n  th is study . 

Sample construction 

12 The following Financial T imes indu stry c las s i f icat ion was used in 

ident i fy i ng the sectors cons idered in the current project : 

beers , wines and spir its: chemicals and p lastics: drapery and 

stores: electr ical and rad io: eng i neering and mach ine tools: food 

and grocer ies: industrials (mi scel laneous ) :  motors and a ircraft 

trades: newspapers and publi shers: paper , pr int ing and advert is ing: 

sh ipbui lders: shoes and leather: text i les: tobacco . 

I t  fol lows that any model derived from this data is d i rectly 

applicable on ly to the above sectors , and that the exerc i se would 

need to be repeated for those sectors (such as construct ion ) 

not con s i
'
dered here . 

The fai led f irm 

1 3  Hav ing ident i f ied the relevant sectors from wh ich the 

data were to be drawn , the next stage was to construct a sample 

of ' fa i led ' compani es . Various def in it ions o f  fai lure were 

chosen in an attempt to ident i fy the relevant population 

of fai led companies : 

( i )  entry i nto rece ivership: 

( i i )  voluntary l iquidation: 

(i i i )  creditors ' l iqu idation: 

( i v )  takeover of investment by the National Enterpri se Board as an 

alternat ive to f a i l ure: and 

(v ) the need for extens i ve bank support to avo id f a i l ure . 
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14 B ecause of the very small number of l i sted compani es fai l i ng i n  

any g iven year , the sample was chosen from among t hose companies 

wh ich fai led dur i ng the period 19 7 4  to 19 77 . Th is had t he ef fect 

o f  tend i ng to average out any underlying fluctuat ions in the dat a ,  

such as the impact o f  the bus ine ss cycle on company performance . 

Data for the three years immed i ately preceding the date of fa i lure 

were collected . Because of the t i me lag between publicat ion of 

accoun t s  and actual f a i lure , the data were variou sly spread over 

f inanc i al years end i ng in the cale ndar years 1 9 72 to 19 77 . 

15 The ident i f icat ion of a sample of f irms meet ing the requ irements 

was not a stra ightforward task s i nce no comprehens ive source of 

company fai lure s in the Un ited K i ngdom appears to exi s t . The search 

embraced a w ide variety of sources ,  i ncludi ng i n format ion from the 

s tock exch ange , cred it insurers , profe s s ional liquidators and 

rece ivers , commerci a l  data serv ices , and the London Business School . 

Th is re sulted in a sample of th irty-e ight firms , for two of wh ich , 

however , only a two-year run of data were ava i lable . 

The non-f a i led f irms 

16 A f ter ide nt i fy i ng the sample of fai led f irms , the next task was 

to select the non-f a i led companies to be included in the mode l .  An 

examinat ion of methods used in past studies , and the implicat ions of 

these me thods for the d i scriminant mode l ,  was of use in ident i fy ing 

the populat ion from wh ich to draw the sample of non-f a i led f irms . 

17 The majori ty o f  past studi es have used pa ired s ampl i ng 

techn iques in wh ich a non-f a i led f irm was matched according to 

cer t a i n  cr iteria w ith a f irm in the fa i led s ample . Typ ically ,  

indu stry and s i ze have been used a s  pair ing cri t eria [l] wh i le 

account ing year has also been used for match ing the two sets of 

f irms . [2] Pa iring i n  th is manner ensures that inter- f irm d i f ferences 

in industry and s i ze do not af fect the magn i t ude of the independe nt 

d i scrim inant var i a bles in the f a i led and non-f a i led groups 

re spect ively , but it prec lude s spec i f ic con s iderat ion of these 

f actors in the eval uat ion of a firm .  Taf f ler (19 77a ) d i d  not pair 

[1) S ee , for example , Altman (19 6 8 ) ,  Beaver (19 6 6 ) ,  Blum (19 74 )  
Dea k i n  (19 7 2 )  and Taf f ler (19 7 6b ) . 

[2) S ee , for example , Beaver (19 6 6 ) ,  B lum (19 74 ) ,  Deak i n  (19 7 2 )  and 
Elam (19 7 5 ) . 



h is samples by industry , s i ze or f iscal year , and correctly observed 

that pairing does not improve the representative ness of the sample. 

The stat istical methodology mere ly requires a sample that is 

representat ive of the population of non-fai led f irms. 

18 O f  interest in th e Taf f ler stud ies (19 77a and b) was the attempt 

to ident i fy a population of ' hea lthy ' f irms for use in the d iscr imi nant 

model. Th is contrasted with the use of ' continuing ' or non-failed 

f irms in v irtu ally all the previous studies ,  although Altman and Loris 

( 1 9 76 ) also used the concept of ' healthy ' f irms. The arg ument for using 

' healthy ' f irms is that a random sample of ' continuing ' f irms may wel l  

include f irms w ith f inancial characteristics no d i f ferent from those of 

f irms in the f a i led set , result ing in a correspondi ng decrease in the 

discr imi natory power of the mode l and an increase in the type 2 errors 

(misclass i f icat ion of a non-fa i led f irm as f a i led). Taffler ( 19 77 a )  

suggested that ' the group o f  cont inuing enterprises should cons ist of 

f i nancially sound and consequently disti nct compan i es for correct 

appl i cation of the (stat istica l )  methodology ' .  However ,  this approach 

needs to be examined more closely in order to see what bi as it may 

generate. The arg ument may be i llustrated graph ically as fo llows: 

Chart A 

Distr i bution of d i scr imi nant scores with non-fai led f irms sampled 
from the population of continu ing f irms and from the population of 
healthy f irms 

(a) Continuing firms 

Frequency of 

Z- score 

Failed firms 

Non- failed firms 

Z- score values 

(b) Healthy firms 

Frequency of 

Z- score 

Healthy firms 

Z- score values 

13 



19 By restricting the sample to f irms in the ' healthy ' population , 

the distr i bution of d iscr imi nant ( Z )  values for f irms in the healthy 

sample is mere ly sh i fted along the X ax is away from the d istr i bution 

of z values for the f a i led f irms . The result for the sample o f  

f i rms used to construct the d i scrimi nant model , and th is cannot be 

over-emphas ised , must be a h igher e ff ic i ency in classif ication 

irrespective of the merits of the underlying discr iminant mode l . 

However , accur acy i n  class i f ication under these ideal conditions 

cannot be extrapolated w ith certai nty to the total population of 

cont i nu ing f irms to wh ich the d iscrimi nant function w i l l  typica l ly be 

app l i ed . I n  add it ion , there is the pract ical p r oblem o f  def in i ng 

the populat ion of ' healthy' companies , by dec i d i ng what cr ite r i a  are 

to be app l i ed to the total popu lation of cont inu i ng f ir ms to i denti fy 

th is subsector . There must also be a very r eal danger of mere ly 

prejudg ing the results of the very funct ion that it is hoped to 

construct . It is for these reasons that in the pr esent exe rcise a 

method of samp l i ng from the total popu lation of non- f a i led companies 

was pre ferred , and the F inancial T imes l isting of quoted companies 

was used to def i ne the popu lation . A systematic sampling procedure 

was used to select the f i fty-three f i rms wh ich·const itute the sample 

of non-f a i led or cont i n u i ng companies . 

20 A further issue was the ident i f ication of the time pe r i ods 

from wh ich the data for non-f a i led f irms were to be dr awn . Thi s  

problem does not ar ise in studies whe r e  fa i le d  and non-fa i le d  

compan i es are pa ired by f inanc i a l  year , but clearly any sign i f icant 

change in f inanc i a l  rat ios over time may ser iously d istort the 

resu lts . The data for the non-fa i led group were strati f ie d  over 

the period 1 9 7 3- 7 7  to average out any short-term cyclical ef fects 

wh ich might otherwise have been present had the data been dr awn f rom 

only one f inanc i a l  year . However , th is procedure may have rendered 

the mode l less v a l i d  i n  a predict i ve sense if inf lat ion has created a 

s ign i f icant trend over time in the accounting rat ios . Th is is 

matter for empirical veri f icat ion , and p r ov i s ion shou ld in any case 

be made for updating any mode l  at reg u la r  inte rvals if it is to be 

used for pre d ict i ve purposes . 

The f in anc i a l  ratios used 

2 1  The f inanc i a l  rat ios analysed were all constructed from publi shed 

account ing data , and no attempt was made to incorpor ate any stock 



ma r ket var i ables. As the data were collected for on ly thr ee account ing 

pe r iods , it was not poss ible to con s i de r  any t rend var i ables . In 

add i t i on to for ty-seven rat ios calcu la ted f r om balance sheet and p r of i t  

and loss statement s ,  a fu rther twelve rat ios were constructed f r om 

sources and uses of funds tables. These rat ios are l i sted in the 

appendi x .  Broadly , the rat ios fall into the follow ing catego r i es : 

l iqu i d i ty 

gea r i ng 

pro f i t abi l i ty 

.turnover 

cash f low 

funds flow } 

rat ios calculated f r om balance sheet and p r of i t  

and loss data 

rat ios calcu lated f r om sources and uses of 

funds dat a .  

The rat ios were selected on the bas i s  o f  succe ss in past fa i lu r e  

predict ion s t u d i e s  and popular i t y  in the publi shed mate r i al . The u s e  

of funds flow r at ios , although advocated i n  the l i te rature f o r  at 

least a decade , has not been w idespread , and no known study of company 

f a i lure has exp l i c i t ly incorpor ated these rat ios into i t s  analys i s .  An 

attempt was made to construct the funds flow r a t i os w i th i n  the ' cash 

f low ' f r amewor k descr i bed ea r l i e r , w i th the spec i f ic intent ion of use in 

a f a i lure pred i ct ion context . 

Stat i st ical methodology 

22 Although the exe rc i se th i s  far has been descr i bed as one in 

d i scr iminant ana lys i s ,  the ready ava i labi l i ty o f  a mult iple reg r e s s i on 

package prompted i t s  use in the cur rent study.  Thi s  approach is not 

nove l , and was used by Edmi ster (19 7 2 ) ,  Meyer and P i f e r  (19 70) and Pogue 

and Soldof sky (19 69 ) in the i r  re spect ive studies . Ladd (19 6 6 ) 

demon s t r at ed that although the d i s t r i but ional assumpt ions and de r ivat ions 

of d i scr iminant ana lys i s  and mult iple regr es s ion are q u i te d i f fe r ent , 

they produce the s ame result s .  He observed that l i ne a r  probabi l i ty 

ana lys i s  (mult iple reg r e s s ion w ith a zero-one d i chotomous dependent 

var i abl e )  and two-gr oup d i scr iminant analys i s  ' s ta r t  f r om qu ite 

d i f f e rent places , follow d i f fe rent routes , and end up at nea r ly the same 

place ' .  Although regr e s s ion t echn iques were employed i n  the present 

s tudy , the exe rc i se rema ins essent ially one of d i scr iminat ion . 

2 3  To con f i rm the equ ivalence of two-g r oup d i sc r iminant analys i s  and 

mult iple reg r e s s i on , the data were t ransf e r red to the Oxfor d U n ive rs ity 

Comput e r  Cent r e  and run on the SPSS d i scr iminant analys i s  pac k age . 
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F i ve d i f fe r e nt mod e l s  wer e  compared , and , in terms of accur acy of 

cla ss i f icat ion , fou r of the f i ve mode l s  pr oduced ide nt ical r e s ul t s  

fo r e ach of the thr ee year s before fai lu r e. Fo r the f i fth mode l ,  

the numbe r o f  non- fai led f i rms mi sclas s i f ied in the th i r d  year before 

fai lu r e  was sl ight ly d i f fe rent , bu t othe rw i se the r esul t s  wer e 

iden t i cal. Consequen tly , i t  was fel t that for all p r act ical pu rposes 

the mu l t i pl e  r eg r e ss ion mode l would su ff ice , and con sequently the 

r e su l t s  r e po r t ed in Sect i on 4 all r e f e r  to the r eg re s s ion mode l. 

Fa i l u r e  predict ion mode ls eval uated 

24 The mode ls tha t wer e subjected to emp i r ical evaluat ion fall int o  

two d i st inct classe s ,  i . e .  the simpler univa r i ate mode ls and the mo r e  

soph i s t i cated mult iva r i at e  mode ls. The s i ng le r at io mod e l s  which 

we re exam ined wer e  the r a t io of cash flow to tot al debt suggested by 

Be aver ( 19 66 ) , and the r at io o f  cash flow to cur r e nt l iabi l i t ies 

( found to be the best s i ng le r at io in the present pr oject) , as well 

a s  the quick r at io ( q u ic k  as sets to cur r e nt l iabi l i t i es)  and cur r ent 

r a t i o  ( c u r r en t  as se t s  to cur rent l iabi l i t i es )  popu la r ly used in 

solve ncy an al y s i s. Two mul t i- r at io model s  we r e  tes ted , i . e. those 

by Deak in ( 1 9 77 )  and by Ta f fl e r  ( l9 7 7b)  The Deak in model , deve loped 

in the Un ited S t ate s ,  incorpor ated the fo llow i ng r at ios : 

p ro f i t  be fo r e  tax to gross tot al asset s; 

x2 
= c ash to g r os s  tot al ass ets; 

x3 = c ur rent asset s to g r o s s  total as s�ts; 

x4 
= q u ick asset s to cur re nt l iabi l i t i es; and 

c ur r e nt asset s to to tal.sa les. 

The Taf fler mode l wa s developed on UK dat a ,  and should pr ov id e  a 

more mean ing f u l  compar i son wi th the mode l  developed he r e. The 

propr ietary nat ur e of thi s mode l pr oh i bi t ed Ta f f le r  f rom reve al ing 

the exact de f i n i t i on of the se r at ios ,  and they wer e con sequently 

appr ox imat ed by the follow i ng: 
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x1 c ur r e nt asset s to total de bt; 

x2 = p rof it bef or e t ax to cur r e nt l ia bi l i t i es; 

x3 cur r e nt l iabi l i t i e s  to tot al cap i t al employed; and 

x4 
= q u ic k  as se t s  m i nus cu r rent l i ab i l it ies to total sale s 

minus pr e- t ax prof i t s  as an approximat ion o f  the 
no- c red i t  inte rval . 



I t  i s  impor tant to str ess th at, wi th r gard to th te st ing of th two 

mu ltivar i ate models, the 1deal s i t uat ion would have bee n simp ly to 

appl y the or ig inal mode ls as developed by the respect ive author s to 

the data us d in the present analys is. The propr ietary nat ur of 

the Ta ff le r  model meant that th i s  clear ly wa s not possi ble, and as 

the De akin mode l wa s deve loped on US da ta it meant tha t in thi s ca se too 

the d i scr im inant we ight s had to be e st imated. The pr oced ure adopted 

here was to f it both a r eg r e ss ion and a d i scr im inant funct ion to th 

f i nanc ial r at io s used in the r e spect ive mode ls, and the n to test the 

c lass i f icat ion ef f ic i ency of the se models on the data use d  in the 

present study. Thus any results r epor ted he re can only be regar ded as 

an appr ox imat ion of the acc ur acy of the or ig inal models, and thi s  is 

pa rt icular ly t r ue fo r the Ta f fler mode l whe re, in add i t ion to e st imat ing 

d i sc r imi nant wei ghts, seve ral approx imat ions wer e made to the or i g i nal 

spec i f ica t i ons of the model. 

25 The Al tman ( 19 68 )  mode l, which ins p i r ed so much of the lat e r  wor k on 

company f a i l u r e  pr ed ict ion, would se em to be the obvious mode l  to be 

subjected to fu r the r  ev aluat i on, bu t the nat ure of Altman's r at ios made 

i t s  applica t i on in the Un i t ed K i ngdom impr ac t i cal. Altman rega r ded the 

r a t io of ret a i ned ea r n i ngs to tot al asset s as the s ing le mos t  impo r t ant 

r a t i o  in h i s  model, bu t th e de r i vat ion of a f i gu r e  for r e t a i ned ea rn ing s  

in the Un ited K i ngdom is compl icated by the UK sy stem of cor porate 

taxation. Re tained earn ings i s  the r es idual fr om pre-t ax pro f i t s  after 

allow i ng for cor porat ion t ax and d i v idend payments, but the t ax charge 

r epor ted in the pro f i t  and loss sta teme nt oft en bear s no r esemblance to 

the act ual tax pai d. Th i s  f ig ur e  would be r epor ted in the statement of 

sou rces and uses of funds, bu t as thi s was not av ai lable fo r many of the 

f ir ms under cons i de rat ion, the actual tax l i abi l i ty could not be 

asce r t a i ned. The reta ined ear n i ng s  f i g u r e  wou ld consequent ly be 

d i stor ted. It wa s cons ide r ed that an y approx imat ion mig ht so d istor t 

the or ig inal model as to r ende r any fu r the r  an alys is meaning le ss, and 

r eg r e tt ably thi s me ant that no emp i r ical ana ly s i s  wa s poss ible. 
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4 

Re sults 

26 The f i r s t  stage of the analys i s  was the evaluat ion of the four 

s i ng le-r a t io models de scr ibed in parag r aph 2 4 .  The t r end i n  mean 

values for these four rat ios is illustr ated in Chart B oppos ite, and 

the separ a t ion of mean values is clea r ly ev ide nt as much as thr e e  

year s  be fore f a i lu r e . The result s in te rms o f  the numbe r of f i r ms 

m i sc lass i f ied i n  each o f  the thr e e  years be fore f a i lu r e  is g iven in 

T able A be low, and these tended to con f i r m  Beave r ' s  ( 19 6 6 ) result s .  

I n  the l ast two years be for e f a i l u r e  the two cash flow r at ios 

com fo r t ably outper formed the cur rent and quick r at ios tr adi t ional ly 

r e l i ed upon as solvency ind icator s,but the i r  u se as d i scr iminator s 

was c lear ly l i mited becau se of the large number of non-f a i led f i rms 

that were m i sclass i f ied .  As already noted,the two mult iva r i at e  

Table A 

Numbe r o f  f a i led ( F )  and non-f a i led ( NF )  f i rms mi sclass i f ied by 
var ious mode ls 

Mode l 

Cur rent r a t io 

Qu ick r at io 

Beave r model 

Best s i ngle rat io 

Dea k i n  model[a) 

Taf f le r  model[a) 

Mode l A 

Model B 

Number of obs e r vat ions 

One year 
before 
f a i l u r e  

F 

7 

4 

2 

2 

2 

3 

1 

1 

38 

NF 

20 

20 

13 

12 

10 

10 

4 

5 

53 

Two yea r s  
before 
f a i l u r e  

F 

10 

9 

5 

4 

5 

5 

5 

3 

3 8  

NF 

18 

19 

11 

9 

10 

7 

7 

8 

4 5  

Thr ee year s 
before 
f a i lu r e  

F NF 

1 3  1 5  

1 5  1 3  

1 4  11 

15 8 

1 9  7 

18 8 

12 4 

9 [b) 2 

36 34 

[a] Not e  that the res u l t s  r epo r t ed here can on ly be con s ide red an 
app r ox i ma t ion of the t r ue clas s i f icat ion e f f ic i ency of the 
or i g i na l  mode l .  Th is is d i scussed i n  g r ea t e r  deta i l  in 
paragr aph 2 4 .  

[b) F unds f low data ar e de r i ved f r om a compar i son of two succe s s ive 
accoun t i ng pe r iods, and m i s s i ng dat a  for one f i rm in the fourth 
yea r  before f a i l ur e  meant that, for Mode l B only, this per iod 
con t a i ned t h i r ty-f ive f a i led f i rms . 
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Cha r t  B 

Trend i n  ave r age r at i o  values for the three year s pr ior to failure 
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0•4 

0·2 

+ 
0 

Cash flow 

Toto l debt 

--------

/ 
/ 

/ 

/
/ 

/ 
/ 

./ 

1 2 3 
Years before failure 

Current assets 

Current liabili ties 

,J 

1· 4 

1· 2 

1 2 3 
Years before failure 

0·4 

0·2 

+ 
0 

Cash flow 

Current liabilities 

/ 
/ 

/ / 
/ 

/ 
/ 

/ 

/ 

1 2 3 
Years befor e  failurcz 

Quick assets 

Current liab ilities 

'T 
----

- / 
--- .-./ 

/ 
/ 

/ 

/
/ 

Years before fail ure 

19 



models tested were those by Taf f le r (l9 7 7 b )  and Deak in (19 77 ) , and 

the resu lts are reported in Table A on page 1 8 . The r e  seems to be 

l i t t le to choose between them , but it is d i sturbing to note that the 

best s ingle r at io ( cash f low to cur re nt l i abi l i t i e s )  seems to per form 

at least as wel l ,  if not a l i t t le better , than e i ther of these mor e  

sop h i s t icated mode l s . 

2 7  The pr imar y  object ive of the present study was to at tempt 

to ach ieve the necessary improvement on these resu lts r equ i r ed 

to just i fy the g reater cost of develop ing a mult iva r i at e  d i scr iminant 

mode l .  I t  was evident from the e a r ly r e sults that the stepwise 

mode l s , i . e . those de r ived by stepw i se select ion procedures , did not 

prov ide opt imal result s ,  and a thr ee-var i able mode l  was con s t r ucted 

that outpe r formed stepwise mode ls based on thr e e ,  four or even f i ve 

va r i ables . I t  was also obv ious that me rely addi ng var i ables d i d  not 

incr ease e f f ic i ency of clas s i f i cat ion . On the contr a ry ,  the 

four-va r i able stepw ise model outper formed the f ive-var iable stepw i se 

mode l in te rms of e f f ic i ency of clas s i f icat ion . The f i nancial rat ios 

wer e  based on balance sheet , p r o f i t  and loss , and f unds flow data , 

with the inclus ion of funds f low data be ing novel to the f a i l u r e  

p r ed ict ion mode l s . The best model exc lud i ng funds f low data (Mode l 

A) took the follow ing form: 

whe re 

x
1 

cu r rent as sets to g r os s  total assets 

x
2 

l ove r g ross tot al assets 

x3 = cash f low to cur r e nt l i abi l i t ies 

x
4 

i nt e r est payments to ope rat ing p r of it plus 
non-t r a ding i ncome 

b. = the regr e s s ion we i ghts . 
J 

The incl us ion of funds f low data r esulted in a s ign i f icant 

improveme nt on the results of th i s  mode l , and the f i nal mode l 

selected (Mode l B )  took the follow ing form : 

whe re 

20 

x
1

, x
2 

and x3 a r e  as def ined for Mode l A above , and 

x
4 

= f unds gene r ated f r om ope rat ions m i nu s  net increase 
in wor k i ng cap ital to tot al debt . 



The results in ter ms of class i f icat ion e f f iciency ar e repor ted in 

Table A, and the super ior ity of this second model is cle arly illustr ated , 

pa rt icularly in the second and t h i rd yea rs befor e failure. However , 

there can be no cla im that th is model is opt imal , and it is possi ble 

t hat some other combi nation of the r at ios tested , or the inclus ion of 

new rat ios , could pr ove as e f fect ive or poss i bly eve n more so . To 

e xamine eve r y  poss ible combinat ion of r at ios would be prohibi t ive , and 

eve n adopting one of the algor ithms pr oposed by , for ex ample , Beale et 

al ( 19 6 7 )  in or de r to f ind the ' best' subset of r at ios was beyond t he 

scope of the cur rent project . The only pract icable cou r se was to adopt 

a model that appeared sat isfactor y ,  whe n compared wi th oth e r  models 

tested , rather than to sea rch for the best possibl e .  A problem 

f aced by most mult i va r i ate model bu ilde rs is that of 'stat ist ical 

over f i t' wh ich is the consequence of att empt ing to f i t  a funct ion 

so closely to the sample data that the usef ulness of the model is 

rest r i ct ed to the sample on which it was cons t r ucted . The par allel in 

mathemat ics is the well-k nown theo r em that i t  is possible to f it a 

polynom ial o f  degr ee n th roug h  any n + 1 po ints on a plane . Th is 

p r oblem was avo ided as far as poss ible by l im i t ing the model to a small 

numbe r of car efully selected r at ios that could be log ically just i f i ed ,  

but it is often imposs ible to avo id a ce r t a i n  amount o f  sample bi as .  

2 8  I t  i s  wor th conside r i ng t h e  r e sults o f  Model B in g r eater det ail . 

In Chart C ove r leaf , the tr end in aver ag e  z-scores fo r the th ree ye ars 

bef or e failu r e  is ill ustr ated , and the cle ar sep ar at ion is evident as 

much as three ye ars be fore failu r e .  The downwar d  t r ajector y in z-sco res 

for t he g r oup of fai led f i rms is also immed iately appar ent . In Char t D 

a h istogram o f  z-sco r es for the two groups one year be for e failure is 

illust r a te d ,  showing the frequency d istr ibut ion of z-sco r es and cl early 

illustr a t i ng the separat ion of the fa iled and non- failed gr oups . 

I n  Chart E ( pag e 2 3) the indi v i dual z-scor es for the two groups ar e 

plot ted for t he thr ee yea r s  pr ior to fa ilur e ,  f ur ther ill ustr at ing the 

separ at ion between the groups . Table B on pag e 2 4  sets out the 

cl assi f i ca t i on mat r i x ,  showing the number of f i r ms misclassi f ied by t h i s  

model .  The int er p r e t at ion of t h e  type 1 e r ror ( number of failed f i rms 

m i sclass if ied) is f a i r ly unamb ig uous but the type 2 e r ror ( number of 

non- f a iled f irms misclass i f ied) r eq u i r es closer conside rat ion . An 

an al yst was ask ed to assess the f in anc i al vulne rability o f  the f iv e  
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Char t  C 

Tr end in aver age Z-scor e  values for the three ye a r s  be for e  failure 

z-score 
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Cha r t  E 

Dist r ibut ion of z-sco r es for fai led and non-fa iled f i r ms 
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Table B 

Number of fa iled ( F )  and non-failed ( NF)  f irms misclass i f ied by Mode l  B 

One year T-wo yea rs Th ree yea rs 
be fore befor e be fore 
f a ilure f a i lure f a i lure 

F NF F NF F NF 

Numbe r o f  f i r ms 
miscl assi f ied 1 5 3 8 9 2 

Numbe r o f  
obse rvat ions 38 53 38 45 35 34 

Pe r ce nt ag e  cor rect ly 
class i f ied 97 9 1  9 2  8 2  7 4  9 4  

non- f a iled f irms misclass i f ied by the model one year bef or e  fai lur e ,  

and the obse rvat ion was that four o f  the f irms we re i n  a fa i r ly 

preca r ious state and that any mode l should ide nt i f y  these f irms as 

potent i a l  f a i l u r e  cand idates . Th is means that on ly one o f  the f ive 

f i rms was misclassi f i ed by the mode l , thus boost ing i ts accur acy of 

classi f i ca t i on qui te cons ider ably . 

2 9  As an add it ional tes t  of the model ' s  cl assi f icat ion e f f ic ienc y ,  

the z-score func t ion was appl ied t o  a further sample which cons isted 

of ten f a il ed and n i ne teen non-fai led f i rms . The f a i led group also 

i nc luded all the indust r i al sec tor f a i l ur es dur ing 19 78 , and 

succe ssful class i f icat ion of these f ir ms wou ld to some extent have 

v e r i f i ed the model ' s  pr ed ict ive abi l i ty . The lar ge number of 

non- fa i l ed f i rms technically misclass i f ied in th is relat i ve ly smal l  
' 

sample is due to the f ac t  that the sample de l i be r at ely included a 

number o f  f i rms known to be exper ienc ing f inanci al d i f f iculty . That 

thes e  f irms at r is k  of fai lure and in need of furthe r  analysis wer e  

assi gned low z-scores i s  encourag i ng . The cu t-of f  sco re der ived 

f rom the or ig inal sample was app l i ed ,  and the class i f icat ion accur acy 

of the mode l is repor ted in Table C oppos i te . The relat ively smal l  

number o f  quot ed compani es f ai l ing i n  any year me ant that the mod e l  

co ul d not b e  test ed more·e xt ensively , b u t  these in it i a l  results 

sugg es t tha t  i t  should prove success ful in iden t i fy ing those f ir ms 

at r isk o f  f a i l ur e .  
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Table C 

Number of fai led ( F )  and non- fai led (NF )  f i rms mi sclass i f i ed by Model B 

One year Two years Thr ee year s 
before before before 
failure f a i lure failure 

F NF F NF F NF 

Numbe r of f i r ms 
misclas s i f i ed 1 9 1 12 2 11 

Numbe r of 
obse rvat ions 10 19 9 19 7 19 

30 The absolute s i z e  of the we ight ing coe f f i c i ents ass igned by the 

regress ion prog r am cannot be cons ide red to ref lect unambiguously the 

relat i ve impor t ance of the re spect i ve rat ios .  Howeve r ,  the resu lt s of 

numerous d i scr i minant runs , un i va r i at e  tests and s tepwi se regr e s s ions do 

provide an indicat ion of the relat ive impo r t ance of the rat ios , and the 

fou r rat ios are examined below in what is cons ide red to be the i r  or de r 

of impor t ance . 

Rat io x3 ( cash f low to cur rent l i abi l i t ie s )  

3 1  Th i s  rat io ove rshadowed any of the other f i fty-e ight r at ios in 

univar iate tests ,  and dominated the stepw i se select ion p r ocedures in 

each of the three years unde r con s ide r at ion . Removal of th is ratio 

f rom the stepw i se select ion procedures resulted in its replacement by 

the rat io of prof it before t ax to cur re nt l iabi l i t ie s . The s imilar ity 

between these two rat ios is r e f lect ed i n  a cor r e la t ion coe f f i c i ent of 

0 . 9 9 , but the u se of rat io x3 improved the clas s i f icat ion e f f ic i ency 

of the mode l  as a whole . The pos it i ve regr ess ion coef f i c i ent for th is 

rat io suggests that , all other th ing s be ing equal , the large r the ra t io ,  

the less fa i l ure-prone the f i rm.  Th is observat ion is con f i rmed by 

examining the ave r age values of th is r at io for the fa i led and non-f a i led 

groups o f  f i rms : one year before fai lure these are -0 . 02 and 0. 3 9  

r e spect ively. Th i s  r at io is a measure o f  the prof i tabi l i ty of the 

f ir m ,  and ref lects the f i rm ' s  abi l i ty to mee t  its sho r t -term commi tment s . 

I t  is obv iou s that a pos it ive net cash flow i s  es sent i a l  for the 

f i rm ' s  long-term surv ival , and that , unless r emed i ed, a neg a t ive cash 

f low is a dra i n  on the f i rm ' s  resource s that must ult imately r es u lt 

in f a i l ure . The use of cur rent l i abi l i t ie s  in the denomi nator of 
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this rat io becomes mor e  mean ing ful when it is noted that bank 

overdrafts are a major component of th is term. A compar i son 

of the rat io of bank ove rdr afts to gross tot al assets for the f a i led 

and non-fa i led groups presented i n  Table D below suggests that the 

f a i led group tends to have a much g r eater proportion of bank 

ove rdrafts r e lat ive to the s i z e  of the company. 

Table D 

Me an values for gear ing rat io one year be fore failure 

Failed f i rms Non-failed f i rms 

Overdr afts 

Gross tot al assets 0. 2 2  0. 08 

Weaver ( 19 7 1 )  suggested that large r  f i rms have re ady acce s s  to the 

market for f ixed- i ntere st secur it ies, and this cou ld imply that the 

f a i led f i rms, wh ich are on ave r age sign i f icantly smaller than the 

non-fa i led f i rms, of necess ity place g reater rel i ance on short-term 

f i nance. Rat io x3 measures the abi l i ty of the f irm to gener ate 

suff ici ent cash to meet these shor t-term commitments, and its 

i nclus ion in the mode l  is of even gr eater appeal when the ' cash 

f low ' mode l descr i bed i n  paragr aph 24 is cons ide red. It measures both 

the inf low of r e sources from ope r at ions ( the g reate r th is inflow, 

the lower the p robabi l i ty of fa i lur e )  as wel l as the claims on 

these resources by cred ito r s  ( the h ighe r these claims, the g r eate r  

the probabi l i ty o f  fa i lu re ) .  

Rat io x
2 

( 1  ove r g ross total asse t s )  

3 2  Th is r at io is me r e ly a measure o f  the f i rm ' s  s i z e  measured 

in terms of its gross total assets, and the nega t i ve reg r e s s i on 

coe f f i c i ent suggests that the probabi l i ty of failure is inver se ly 

r e l ated to company s i z e. The ave rage values for th is ratio one year 

before f a i lu r e  are 0 . 41 for the f a i led group and 0. 10 for the 

non-fa i led group, i l lustr at i ng qu ite c le a r ly the smal le r s i z e  on 

ave rage of the f a i led f i rms. Along with r atio x3 , th i s  ratio was 

con s i s tently selected dur i ng var i ou s  stepwi s e  procedures for each of 

the three time per iods, and removal of th is r at io resu lted in a 

s ign i f icant reduct ion in d i scr iminat i ng a b i l i ty i n  the model s  examined. 

The inclus ion of th i s  r at i o  is intuitively appea l i ng when the followi ng 
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factors are taken into cons ide r at ion . The ve ry size of a company may 

often act as a buf fe r  aga inst exte rnal t u r bulence . Thus , a large f irm 

is often bett e r  able to weather cycl ical fluctuat ions in the demand for 

its products , or to r ide out major economic depr essions . The same 

appl ies to int e rnal tur bulence, for a g r eater depth in management might 

be expected in a large r organisat ion , mak i ng a problem of successi on in 

top management, for example, less cr uci al to the sur v ival of the f i rm .  

P r a is (19 7 6 ) examined t h e  g r owth of f i r ms i n  t h e  UK manu factu r i ng 

sector dur i ng the pe r i od 1909 - 7 0 ,  and argued t hat the r isk-bear ing 

advantages o f  large f i rms was a major incent ive for g r owth . The 's i z e  

equals secur i ty' syndrome means th at large f i r ms enjoy a sign i f icant 

advantage in terms of lower f i nance costs as well as g r eater ava ilabil i ty 

of cap i tal . O f  course, desp i t e  these and othe r advantages of s i z e, the 

pursu i t  of gr owth at all costs in no way guarantees su r v ival in an 

increasingly compet it ive env i ronment , but clea r ly s i z e  can be a key 

f actor in determini ng the p r obabil i ty of sur v ival . 

Rat io x
1 

( cu r r ent assets to g r oss tot al assets ) 

33 Th is r at io could be interpreted as a measure of company liquid i ty i n  

that it measures the s i z e  o f  the rese r vo i r  o f  l iquid assets relat ive to 

the s i z e  of the company , with the pos i t i ve regr ession coef f ici ent 

suggest i ng that the less l iquid the f i rm, the g r eater its probabil i ty of 

failure . Howeve r, the except ionally low cor r elat ion coe f f icients 

between th is r a t io and the other liquidi ty r at ios ( fo r  example, for the 

cur rent r at io ,  r = 0 . 12 ,  and for the quick r at io ,  r = -0 . 07 ) , as well as 

the results of the p r i nc ipal components analys is, suggest th at th is 

inter p r e t at ion is inappropr iate . A possible inter pr etat ion is to v i ew i t  

as the complement o f  the r a t io o f  f ixed assets to tot al assets (this 

r a t io was not calculated ) . F i r th (19 7 5 )  suggested t h at too high a figure 

for this latt e r  rat io impli es th at a company may be expand i ng too 

r ap idly, with consequent pressu r e  upon liqu i d i ty . Th is w ill mean a 

lower rat io of cur rent or tot al assets, with a consequent g r eate r 

probabil i ty of fa ilure .  I t  is int e r es t i ng to note that the ave r age 

values for th is r at io one year befo r e  fa ilur e ar e 0 . 6 4  and 0 . 6 3  for 

the failed and non-failed g roups r espect i vely, suggest i ng t hat , 

examined s ingly, t h is r a t io would not disc r i mi nate between the two 

g roups of fi rms . Howeve r, the cor r elat ion coe f f i c i ent between th is 

and the other rat ios in the model is v i r tually zero, suggest ing t h at 
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r a t io x1 i s  meas u r i ng a qu ite d i st inct d imens ion of company 

pe r formance . Th is is fu r t he r  con f i rmat ion of the fact that in any 

mult iva r i ate model t he v a r i ables cannot be isolated and eval uated 

s i ngly , but must be evaluated in conjunct ion w i th the othe r var i ables , 

and i t  is on th is bas is that r a t io x1 war r ants inclus ion in the 

model . 

Rat io x4 ( funds gene r ated by ope r a t ions m i nu s  net movement 

in wor k ing cap i t al to total debt ) 

34 
Th is was the only r at io in the model that made u se of funds flow 

data , and i t s  inclus ion seemed to add a furt he r  dimens ion to the 

analy s i s  in that it sign i f icantly imp r oved upon the clas s i f icat ion 

e f f ic iency of any of the other mode ls . The numerator of th is r at io 

p rovided a more accur ate ind ication of the total amount of cash 

gene r ated dur ing a par t icular year in that it cons ide red t he net 

movement in wor k i ng cap i tal in add it ion to the prof i t s  gene r ated . 

For example , a reduct ion in debtor s  means a cor respond i ng i ncrease in 

the cash balance ove r wh ich management has d i sc ret ion , and t h i s  is a 

sou r ce of funds wh ich is ava ilable to mee t  the company ' s  f inancing 

requ irements .  The rat io measures the abi l i ty of the f i rm to gene r ate 

s u f f i c i ent funds to meet both its long and short-term comm itment s ,  

and i s  fai r ly s imilar to r at io x3, thus r a i s ing t he ques tion of why 

two relat ively s imilar rat ios should be included in one mode l . 

3
5 The obse r vat ion has alre ady been made that sma l l  f i rms seem to 

have heavier ove r d r a f t  commitme nt s  rela t i ve to the i r  s ize , and that 

r a t io x3 seems to measure the abili ty o f  the f ir m  to cove r its 

shor t-term obligat ions . Large r f i rms , becau se of the i r  ready access 

to t he f i xed- interest secur i t ies mar ke t , and t he cheaper cost of 

f i nance associ ated with the lowe r r i s k , tend to f i na nce the i r  

bor r ow i ng requ i rements by i ssu ing long-term debt , and t h is r at io 

could be measu r i ng the abil i ty of these f i r ms to meet the i r  

longe r-term f inanc ing comm i tment s .  An exam i nat ion of the f i r ms 

cor rect ly clas s i f i ed as a result of includi ng r a t io x4 in the model 

shows that they a re all s ign i f icantly la rge r than the ave r age fa i led 

f i rm ,  thu s tend ing to le nd suppo r t  to the above argument . Howeve r ,  

these are only tentat ive conclu s ions , and f ur t he r  resear ch into the u se 

of funds flow r a t ios in gene ral i s  cal led f o r . 
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5 

Comment 

36 In conclus ion , some comment on the interpretat ion of the z-score 

is cal led for . The z-score has been u sed as an index of f i nancial 

vulnerabi l i ty , but th is f igure should be inte rpre ted w i th the utmost 

caut ion . A low z-scor e doe s  not imply that a f i r m  will f a i l , me re ly 

that it is exh i b i t i ng ch aract e r ist ics similar to those of past 

fai lures , and con sequent ly no deci s ion as to the future v iabi l i ty of 

the f i rm can be taken w i thout a close r analys is . A u seful addi t ion to 

a mor e  det a i led company inve st igat ion wou ld be to exami ne the tr end 

in z-scores ove r  the last few account ing pe r iod s ,  and a steady 

dec l i ne in z-scor es wou ld ce rtai nly suggest a higher probabi l i ty o f  

f a i lure . 

3 7  A further , and potent ially more confus ing , problem i s  the 

interpretat ion of Z-scor es when a large number of fi rms are ranked 

acco r ding to th is f igure . For example , g iven two f i rms with z-scor es 

of 0. 2 5  and 0 . 50 respect ively,  does th is mean that the firm w i th the 

lower Z-score is more l i ke ly to fai l ?  What inte rpretat ion wou ld be 

p laced on z-scor e s  of 0. 50 and 0. 5 5  r espect ive ly? An examinat ion of 

the z-score formula wou ld ce r t a i nly seem to ind icate , for example , 

that the less prof i table the f i rm ,  the lowe r its z-score , and 

consequently the h igher its probabi l i ty of fa i l ur e . But cer t a in 

f i rms have the pot ent ial to sustain a pe r iod of losses and s t i l l  

survive , s o  that th i s  confuses the inte rpretat ion of the z-score even 

further . 

3 8  Thus it wou ld seem unw i se to p lace too gr eat an emphas is on r ank i ng s ,  

and a more sens i ble inte rpret at ion would be a s  follows . All f i rms w ith 

Z-sco r e s  less than the cut-o f f  po i nt should be regarded as pos s ible 

future problem cases and requ i r e  further examinat ion . In add i t ion , a 

dec l i n i ng Z-score would seem to indicate a dete r ior at ing f inanc i al 

pos it ion ,  thus demand i ng urgent at tent ion . B ut th is is ult imately a 

dec i s ion for the analyst .  The r e  is no sugges t ion th at mult iva r i at e  

stat i s t ical mode l s  such as Z- scor e should rep lace exi s t i ng solve ncy 

evaluat ion procedures , wh ich generally r equi re the services of a sk i l led 

account ant or analyst . All that Z-scor es can hope to do i s  act as a 

soph i s t icated screening dev ice and so d i r ect attent ion to those f i rms 

mos t  urge nt ly in need o f  analys i s .  
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Append ix 

Financ ial rat ios 

L iqu i d i ty Tur nover 

1 C/GTA 3 4  C/S 

2 QA/GTA 35 D/S 

3 CA/GTA 36 STK/S 

4 �/GTA 3 7  QA/S 

5 C/CL 38 CA/S 

6 CA/CL 39 GTA/S 

7 QA/CL 40 �/S 

8 STK/CA 41 STK/WC 

9 ( QA - CL ) / ( S - PBT) Cash flow 

10 CA/TD 42 CF/S 

1 1  QAA/CL 43 CF/GTA 

1 2  CL/TCE 44 CF/ (TD + PREF) 

1 3  1/GTA 45 CF/CL 

Gear ing 46 INT/CL 

1 4  CL/GTA 47 CF/NW 

15 LTD/GTA Funds f low 

16 ( LTD + OVD ) /GTA 4 8  FPO/TCG 

17 TD/GTA 49 MLF/TCG 

18 ( TD + PRE F ) /GTA 50 CFA/DEP 

19 CL/NW 51 CFA/TCG 

20 ( LTD + OVD + STB ) /NW 52 ( C I BO + CIC) /TCG 

2 1  TD/NW 53 ( LOAN + CIBO + CIC) /TCG 

22 ( LTD + OVD + STB ) /TCE 54 FPO/CFA 

2 3  ( LTD + OVD + PREF + STB ) /TCE 55 DVD/FPO 

2 4  ( LTD + OVD + STB ) /TCE 56 ( FPO - MWC ) /TD 

2 5  ( LTD + PREF ) /EQ 5 7  FPO/TU - T2 - T3 ) /TCE 

26 LTD/EQ 58 MWC/FPO 

2 7  I NT/ ( OP + NTI ) 59 ( TS - Tl - T2 - T3 ) /TCE 

P r o f i tabi l i ty 

2 8  TP/S 

29 OP/S 

3 0  PBIT/TCE 

3 1  P BT/GTA 

3 2  PBT/TD 

3 3  P BT/CL 

30 



Key to f inanc i al rat io def i n i t ions 

C cash + ma r k etable sec ur i t i e s  

CA cur rent as sets 

QA qu ick assets 

QAA = qu ick assets + mar ket value of investments 

we = wor k ing cap i tal 

STK = s tock + wor k  in progr e s s  

S = sales 

D = debtor s 

CL cu r rent l i ab il i t ies 

LTD = long-term debt 

OVD = bank overdrafts 

TD total debt (= LTD + CL ) 

PREF prefer ence cap it al 

STB shor t-term bor r ow ings 

INT total inte rest charges 

TP trad ing prof i t  

OP = operat i ng prof i t  

NTI = non- t r ad i ng i ncome 

PBIT = prof i t  be fore interest and tax 

PBT prof i t  before tax 

GTA = g ross total asset s ( =  net total assets + 
cur rent l iab i l it i es 

TCE = total cap i tal employed 

NW = net wor th 

EQ equ i ty cap ital + r e se rves 

CF = cash flow ( =  TP + NTI - INT ) 

FPO = funds gener ated by oper at ions 

TCG total cash gener ated ( =  TS + CIC + CIBO) 

MLF net movement in l i qu id f unds 

CFA = change in f ixed assets 

DEP = deprec i a t ion 

CIBO = change in bank ove r d r a fts 

CIC = change in cr e d i tors 

LOAN loan cap i tal 

3 1  



3 2  

DVD = d iv idends 

MWC net movement in wor k ing cap ital 

TU total uses of funds 

TS total sources 

Tl = externally gener ated f unds 

T2 = essen t i al cash payments 

T3 = change in wor k ing cap i tal 
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