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ABSTRACT

Y1i-Otli, Peavo & Ilkka Virtanen {1985). Modelling a financial ratio system on the
ecanomy-wide level. Acta Wasaensia No 21, 74 p.

The purpose of this study is to devalop, on the economy-wide level, an empirically-
based classification pattern for commonly used financial ratios and to measure the
long-term stability of the ratios. The data used for this study consists of December
31 fiscal year US industrial firms for the period 1947-75. The selected financial
ratios are according ig a priori classification the measures of shert-term sclvency,
long term-solvency, profitability and efficiency. Classification patterns of the
financial ratios are developed via factor analysis and the stability analysis is carried
out via transformation analysis,

The empirical results show that ernpiricaliy-based classifications are not fuily equiva-
lent to the = priori classification. The following factors are found: sclveney,
profitability, efficiency and dynamic liguidity. The empirical results are based both
on the value- and equal-weighted indices of the selected ratios. Classification
patterns are developed using variables (indices) both in the level and in the first-
difference form. The use of the first differsnces of ratios becomes necessary
because of the clear positive or negative trend in the time series. The use of first
differences of ratios makes it alss possible to overcome the open and quite serious
problern eoncerning the role of constant term in financial ratio analysis. Further,
empirical results show that different aggregation methods lead to different results.
The theoretically better value-weighted indices (in the first-difference form) give
more accurate and interpretative empirical results. Factor patterns based on value-
weighted variables in the first difference form display also very clear time series
stability. This result confirms the great impartance of aggregation method in ratio
analysis, Finally, some demonstrations how to use financial ratios in macro-economic
analysis are presented.

Paavo Y1i-Olli and Ikia Virtanen, School of Business Studies, University of Vaasa,

" Raastuvankatu 31, SF-65100 Vaasa, Finland.

KEYWORDS

Financial ratio analysis, classification of financial ratios, stability of financial ratios,

aggreqation of financial ratios, facter analysis, transformation anatysis.
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1. INTRODUCTION
1.1. Financial statement anatysis

Financial statement analysis 1s an information-processing system developed to
provide ralevant date for decision makers. Users of the financial statement analysis
are investors, management, lenders, labor unions, requlatory agencies, researchers
ete. The great number of infarmation users, their different objectives and dif ferent
decision-making models have to some extent meant that the ratios used in financial
analysis have heen numerous and treated as separate figures without explleit
theoretical structure {(Horrigan 1968: 294), Many alternative categories of financial
ratias have been proposed in litteraturs {Horrigan 1967: Chapter 6, Foster 1978:_ 24~
37, Courtis 1978 372-375 and Tamari 1978t 24-&4), There is no consensus on each
ratlc as to what the ratio primarily measures because of the differences in
standardizing items reportsd on the financial statements (Ahc 1981: 16-19) and
because of the differsnces in computation of financial retios (Gibson 1982: 13 and
Gombala and Ketz 1983: 105). Faced with the great number of potentially useful
ratios there has arisen a need to develop some theorstically acceptable system for

classifying financial ratics (see e.q. Pinches, Mingo and Caruthers 1973).

Another interesting series of research articles analyses methodological issues in the
use of fimancial ratios. The object of these papers is to provide some insight into
assumptions, limitations and uses of accounting ratios {(Gonedes 1973, Deakin 1976,
Lev and Sunder 1979, Whittington 1980, Barnes 1982, and Frecka and Hepwood 1982).

Further, one important group of researches is formed by the papers which try to

measure the predictive power of financial ratios in decision-making (Reaver: 1966,
Altman 1968, Ball and Brown 1968, O'Ceonnor 1973, Prihti 1975 and Gibson 1982).

1.2 Review of prior research on topic

A great number of individual financial ratios and many of their alternative categories

heve been proposed in the text-bogks on accounting {(see e.g. Horrigan 1967: Chapter
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6, Foster 1978: 24-37, Courtis 1978: 372-375 and Tamari 1978: 24-44, Kettunen-
Makinen-Meilimo 1979: 29, Aho 1981: 16 and Artto 1982: 27} Suech classifications do
not, however, always take aceount of the empirical relationships existing between
and amany financial ratios. Valuable insight into relationships between financial
ratios was first presented hy the study of Pinches, Minge and Caruthers {1973) and by
the study of Pinches, Eubank, Minga and Caruthers {1975). They developed an
empirically-based classification system for financial ratios using factcr analysis.
According to thelr results the classification patterns of ratios were also reasanably
stable over time even when the magnitude of the financial ratios was undergoing
change. They analyzed the stability by using correlation coefficients.

Interesting results were recently presented by Combola and Ketz {1983) and Y1-Oll
{1983) independently of each ather. They showed that profitability ratios and-cash-
flow ratios do not measurz the same characteristic of firm peri’ormance‘ (for
computation of cash-flow, see CGombola and Ketz 1983: 107). Gombola and Ketz
found considerable time series stahility of factor patterns. Y1i-Otlti (1983) and later
on Yl1i-Olli and Virtanen (1984) used so-czlled transformation analysis (see Yyii-Olli
and Virtanen 1984: 9-16) to measure the medium-term stability of factor patterns
(for the accounting principles of variables see Y1i-Olli and Virtanen 1984: 7-8;
compare also Aho 1980 418). Compared with correlation or cengruency analysis used
in previpus studies Y-Oli and Virtanen get a mare clesr-cut picture about the
stability of factor patterns {end also about the minar unstable elements in these
patterns). in this context can also be mentioned an interesting research published by
Laitinen (1980). Laitinen advanced a theoretical firm model. He explained with the

aid of the model the relationships between the ratios he presented.

Recently it was published a series of research articles concerning methodolagical
issues in the use of financial raties. It has been very popular te deseribe the
distribution of financial ratios in various countries (Horrigan 1965, Mecimore 1968,
O'Cannor 1973, Deakin 1976, Bird and MeHugh 1977 and Bougen and Drury 1980), The
results show that, in general, financial ratios are not normally distributed. Therefore,
some transformations are suggestsd to achieve the normality of the data {see Deakin
1974: 91-96), The usual trapsformations such as square rocts or natursl logarithms
are often used. However, it is even possible that they merely confuse the data
further (see Elsenbeis 1977: 875-899 and Barnes 1982 57) It is possibie to argue that
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where. certain usual statistical multivariate methods, e.0. discriminant analysis or
factor analysis are exploratively used In ratio analysis there s no necessity to
transform non-normal distributions. On the contrary, the researchers should be very
careful in cases with a small number of observations. The study of Copeland and
Ingram {1982) shows that the cutliers could have a severe impact on the parameter

estimates In such a case.

The role of "he caonstant term" is also considered of great impartance by many
researchers {Lev and Sunder 1979, Whittingten 1580 and Barnes 1982} In this study it
is supposed that this serious {and stil! unsalved) problem can be overccme in some
special cases by using the first differsnces (instead of the original tavel values) of

financial ratios.

During the last twe decades, a considerable amount of research has been directed
toward analysis of predictive power of financial ratioce. Ernpirical evidence indicates
that stock price fluctuations are closely related to changes in accounting earnings
(see e.g. Niederhoffer and Regan 1972 65-71). However, it should be noted that
contemparaneous fluctuations betwsen changes in stock prices and earnings do net

directly indicats how effectively investors actually use financial data.

Ball and Brown {1968) and C'Cannor (1973) conclude that in efficient capital markets
the information contained in the annual inceme numbers is useful in that it is related
to stock prices. But annual accounting reports ars only ocne of the many sources of
information available to investors. Only 18-15 per cent of the price adjustment took
place in the month of income announcement (Ball and Brown 1968: 174-176). Ball and
Brawn examined the effect of annual earnings announcemants. It can be supposed
that most of the information contained in the annual report has already been
pul:_;iished in the quarterly reports. However, the informatian conveyed by financial
statements and ratic analysis could in seme cases be more useful to investors than
the reSL_slts af Ball and Brown indicated. In the market where most firms publish only

annual reports {e.q. in Finland), annual reports might prave quite useful to investors.

Ancther group of ressarches directed toward the predictive power of financial ratias
are those concerning the prediction of corporate fallure or bankruptey (see e.q.
Beaver 1966, Altman 1968, Meyer and Pifer 1970, Wilcox 1973, Pribti 1975 and
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Tamari 1978). Beaver demostrated the predictive power of ratios for individual firm
failures using a dichotomous classification test. Altman and Prihti utilized the
discriminant anélysis and Meyer and Pifer and Tamari regression analysis techniquas
for predieting corporate bankruptcy. Although many interesting works in this area
have been published, only very few researchers have be.en interested in theoretical

aspects of their predictive models (exceptions e.g9. Wilcox 1973 and prihti 1975).

Other important uses of financial statement information congist, for example, of the
banks' credit decisions and the prediction of bond risk premiums and ratings. The
analysis of the commercial banks' loan offer {supply) functicn by Hester (1962) was
interesting, He tried to find the variables which have the greatsst weight on the
term loan decisions. Y1i-Olli (1980) explained, using simultaneous multi-equaticn
models, investment and financing behaviour of Finnish firms (the loan gquation was
based on the idea presented by Ruuhels, see Ruuhela 1875: 67-71). In Finland, bank

tpans are the most important source of the firms' external funds.

1.3 The purpose and progression of the study

The purposes cf this research work are:

1. to develop, on the economy-wide level, empirically-based classification

patterns for soma commonly used financial ratios,

2. - to compare, both on the theorstical and empirical avels, the usefulness of

different aggregation methods in financial ratio anatysis,

3. to measure, using transformation analysis, the long-term stability of

financial ratios,
4. to demonstrate the use of financial ratias in macro-economic analysis.

The progress of the text is the following. In this first chapter we took a review of

prior research on topic and presented the purpases of the study. In Chapter 2, we will
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present the financial ratios to be used and analyze also the removal of the trend from
time series and the use of first differences nf financial ratios in developing an

economy-wide empirically-based classification for those ratios.

In Chapter 3, we will present the data and the statistical methads to be used in this
study. The main statistical methods are factor and transformaticn analyses. The
properties of different aggregation methods in computing sconomy-wide indices for

fimancial ratios are slso discussed.

In Chapter 4, we will first analyze the maero-economic develepment of US econamy,
using value-weighted and squal-weighted indices of financial ratios, Second, we will
via factor analysis develop economy-wide financial ratio pattarns of financial ratios,
using the two different aggregation methads, Thereafter, the analysis will be
deepened by using the first differences of the ratios and different rotation methcds.
After that, we will measure the long-term stability of financial ratios. Based on the
results of our study we are able to say which is the best aggregation methed and
which are, according to empirical criteria, the best financial ratios in our analysis.
Finally, we will compare the depsndence between the change of stock market prices

and the selected financial ratios on an aggregate ievel.

In Chepter 5, the results of the study are summarized and evaluated.
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2. THE SELECTION OF FINANCIAL RATIOS AND SOME BASIC PROPER-
TIES OF THE RATIOS

In this chapter we present the classification of financiaf ratios examined. It will also
be analyzed what each ratie, a priori, measures. The analysis is based on earlier

researches and texthooks.

After selecting the ratios we alsa discuss one basic problem in ratio analysis, i,e. the
role of comstant term, and how this problem can be cvercome in this study. Other

methadological and statistical issues are discussed in Chapter 3.

2.1, The selection of financial ratios

In this study, 12 different ratios are selected, which - a priort - measure short-term
solvency (liquidity ratics), long-term solvency (leverage / capital structure ratios),
profitability {(profitability ratios) and efficiency (turncver ratios) of the firm (the
calculation of these ratios is presented in Appendix 1). This classification is the most
carmman in litterature (see s.g. Lev 1974:- 12, K attunen-Mikinen-Neilimo 1976: 29,
Foster 1978: 28 and Tamari 1978: 24-44} and it is ariented to the needs of users of
these Tatios {sse mors about the use of financial ratios Tamari 1978: 71-93 and 146~
1715

z.1.1. Liguidity ratios

The ability of a firm to meet its short-term financial obligatiens is of prime intersst
to management, merchandise suppliers, lenders and investors. In the extreme case
when the firm is not able to meet its short-term financial obligations those groups

will be the losers.

The liquidity ratics examined in this study are the current ratio {CR), the guick ratio
(QR} and the defensive interval measure {DI) (for calcuiation of liquidity ratios, see

Foster 1978: 43-44), The current and quick ratios are, in principle, very simitar. The
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denominator of bath ratios consists of current liabilities, The numerator of the
current ratio consists of current assets. The quick ratio includes in the numeratcor
cash marketable securities and accounts receivable {current assets - (inventories +
other current assets). According to Lev (Lev 1974t 28) the quick ratio provides a
stricter test of liquidity than the current ratio. In Gibson's inquiry (Gibson (1982); a
questionnaire was sent to the financial executives of the 500 largest industrial firms
for 1979 listed in Fortune) there was a blg consensus on each ratio as to what the
ratio prirmarily measures: 94 % of the firms were of such opinion that the current

ratio [s a measure of liquidity. The corresponding number of quick ratio was 80 %,

The current and quick restios have been criticized on the basis of their static
structure (see Walter 1957: 38). These ratios reflect the surplus of current assets

over current liabilities at a point in time.

This criticiem led to the development of cash- and funds-flow-based liquidity ratios.
Such a ratio is the defensive interval measure (see Davidson, Sorter and Kalle 1964:
23-26). This measure incorporates 2 dynaric etement in liquidity evaluation. Accord-
ing to the results of Davidson's, Sorter's and Kalle's empirical study "thers is
substantial evidence that the interval measure and the traditional ratios {e.g. current
ratio) produce differing impressions of the size and mavement of a firm's defensive

strangth”.

2.1.2. Long-term solvency ratios

A firm may finence its activies - as far as the external finaneing of the firm is

concerned - either by using the funds borrowed or by investing the owners' money.

The selected long-term solvency tatios in this study are the debt-to equity (DE), lang-
term debt to equity (LTDE) and times interest earned (TIE) ratios.

Debt to equity and long-term debt to equity are very similar by nature and they are -
like the current and quick ratios in liquidity measurement - static measures of the
long-term solvency of the Tirm. They are measures for financial risk associated with

the shareholders' equity.
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The times intsrest earned ratio incorporates a dynamic element In leng-term

solvency evaluation.

2,13,  Profitability ratios

It is presented in many textboaks that profitability may refiect different things to
different users. Therefare many ditferent indicators of profitability should be
considered (see e.g. Tamari 1978: 25 In this study, three different ratios are used:
earnings to sales (ES), return on assets (ROA) and return on equity (ROE).

The first ratia (ES) is a surrogate of operational efficiency of the firm and both the
numerator and dencominator of the ratia represent a flaw over the entire period (i.e. a
year). The second ratio (ROA) measures how efficiently total assets of the firm are
being utilized. The third and most interesting ratie (ROE) indicates the prefitability

of the capital suppiied by common stockholders.

2.1.4. Turnover ratios

Turnover ratios measure different aspects of firm's performance, i.e. the efficiency
of the firm In using its assets in order to generate income. The selected turnover
ratios are; total assets furnever (TAT), inventory turnover (IT) and accounts receiv-

able turnover (ART).

Total assets turnover together with earnings to sales (the first profitability ratie in
this study) comprices the so-called DuPont system of ratio analysis (Foster 1978: 4k),
The inventory turnover ratio is supposed to indicate the efficiency of inventory
management. The problem to be solved by inventary manzgement is to determine
and maintain an optimal inventory level. Accounts receivable turnover has been said
to indicate efficiency of the credit department (Lev 1974z 28). So, the dimlnishing of
this ratio may be due either to faulty cotlection system or to the weak financial
position of the debtors. On the other hand, the reason can also be that the firm
attempts to increase sales by granting more credit to customers, Irrespective of the
cause, the decrease of this ratic from the target level indicates greater risk than the

changes of default by customers.
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2.2. Some basic properties of financial ratios

In recent years, a series of research articles concerning methodological issues of
financial ratios has been published. A major reason for using financial varigbles in
the form of ratios is to control the systematic effect of size on the varlables.

Thereafter the ratios are compared with some industry norms.

In this study it is accepted that some financial industry norms may be impaortant in
decision making. In our opinion, however, it should first be determined if these norms
are ratios. If they are, one must dacide what are the potentially good ratios and
select among them those ratios which measure the same characteristic of the firm's
performance during different cyelical conditions, The next task is then to solve the
aggregation problem of ratios. Only after that it becomes possible to give some

predetermined standards to firms.

In the empirical part of this research, where 12 financial ratics are analyzed during 2
25-years period, it is possibie to see a Very clear positive or negative trend in each
time series (see Chapter £,1.). At the ssme time, the time series inelude
considerable cyelical fluctuations. These features mean that streng seemning correla~
tions exist between the ratios and also autocorrelation is included in the time series
of the ratios. Both of these phenormena may cause difficultiss in the subsequent

analyses.

Ore commenly used way to get rid of thess harmiul elements in the data is to use the
first differences of the variahles (instead of their ariginal level values). In this study
_macause we =sre mainly interested In long-term behaviour of the ratios and
relatioﬁships between them but nat in their industry norms {i,e. the absolute level of
their values) - it is also pessible to use this technique. In addition, the use of the first
order differences makes it possible, at least to some extent, to overcame the
difficult problemn of existence {or non-existence} of the constant term in computing

the ratios, The last paint of view is discussed in what follows.

The usual method of defining a financial ratio is to specify it without the constant

term (see e.q. McDonald and Morris 1984: 90), i.e. is the form
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{2.1) T o® ati”bti , £ 1,2Zpee T3 12 L2500 N,
where Iy denctes the financiai ratie In question for the ith firm in year t, and a;
and b,; =re the relevant firm-specific accounting numbers in year t. Industry-ar
scanomy-wide indices of the ratio can be taken into account for the firm-speacific
value of the ratic when we writs

(2.2) r, o= Tt & 1,200 T3 L= 1,200y N,

it 7 i’
* - . .y
where the component ©p 1§ common to all the firms and €y 18 the individual
corponent of the ith firm's ratio. In the following, normal assumptions of ordinary
¥*
least sguares concerning the stochastic properties of the “error term" gy Aare

supposed. Combining equations (2.1) and (2.2) we can write

@.3) a, /by = Tyt Eg t 21,20 Ts 12 1,25 N

and further

(2.4} ag = Ty b+ £y e 1,2 T3 12 L2500 Ny

where En = bti ag. The assumption about zerc mean value for €4 still holds but

the assumptions of homoscedasticity or independence do not hold.

An alternative definitien for r, inciuding a constant term in it, can be given in the

following modified form:

(2.5 ay = 87 ry b+ el b= 1,20 T3 1= L2 N

Using aquations (2.8) and (2.5) it is possible to obtain indices without and with the
eonstant term, respectively, concerning the whole population. By taking the
expectations over the firms, we obtain first from equation (2.4)

(2.6) E(atl) = I‘t E(btl) + E(Eti), t=1,2,m0 T,

which, by taking inte account the assumption E(Eti) =0 and by denoting E(ati) =a,,
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F_'(aoi) =a, and E(bti) = bt’ becomes

(2.7 a, = Iy b E= 1,20 T,

On simitar lines, from (2.5} we can obtain

(2.8) a, = 8,+T} by, t= 1,25, Ts
Comparing (2.7) and (2.8), we can see that differsnt vajues for the economy-wide
index (for the aggregated financial Wpatig") are obtained depending whether the
canstant term is included or not In the definition. The fcllowing derivation shows

that the two approaches differ less when the first differences of the ratios are used

instead of the level values.

For the first differences of r, and r} {for Art and Ar't, respectively) we obtain

(2.9} Ar, =T, 4-T —at*’l-i__at_*‘]_-it-____%ﬂl—
t t+1 Tt bt+1 bt bt bt+l
and
a -a a -a
t+l "o t "o
(2.10) Af =T j-rl 5 ——— -
t £+1 £ bt+l bt

3,10 -9 b1 800k c by)

= +
bt b1:+l bt b!:-7-1
A aby, 1 - by
= +
t bt bt+1

On the basis of the empirical data used in this study (aggregated ratios) it is not
possible te conclude numerically the exact absolute or relative magnitude of the

difference between Ar‘t and Ar:
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(z.11) AI"t - Ar, = 5

However, it is possible to conclude that in most cases the difference between Ar‘t
and Ar, s relatively smaller than that between rl and r.. The difference between
Ar‘t and Art is the difference of the denominator of the original accounting number
to be examined {= Abt) multiplied by the term ao!bt by, s In most cases this term is
very small. The reason is that the major objective of variable b, is to control the
systematie effect of size on the examined variables and therefore it is quite large
and stable aver tims. Therefore, both of the factors in the numerator of {2.11) are
vary small cumpared' with the factors in the denominator. So must aiso the
difference Ar} - ﬂrt he small. In the special case where the size or velue variable by
remains constant, i.e. AD = 0, the differences Ar, and Ar"t even coincide. This

halds although the ratios .’ and r‘t themselves differ.

All together, the uss of the first differences in the analysis makes it to some extend
possible to overcome the open problem concerning the ineluston of the constant term
into the financial ratics. The analysis presented sbove Is in a way anatcgical to the
usual econamatric technique where the constant term is suppressed by using the First
differences in variables. The regression coefficient remains the same as in the
original formulation {with level values in variables) but the disturbance isrm is

different.
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3. DATA AND STATISTICAL METHODS

In this chapter, we present the data and give a brief description of the statistical
methods used the study. We also discuss the different aggregation metheds to

produce economy-wide data.

3.1. Data and empirical varisbles

The firms used for this report are selected from an Annual Industrial COMPUSTAT
tape containing data for all Decervher 31 fiscal year US firms for the period 1947-75
{see Foster 1978: 156-160), The number of firme in the sample varies from year to
year, increasing from about 450 in 1947 to about 1500 in 1975. The use of the same
fiscal year firms gives a more clesr-cut picture about differsmt phases of economic
cycles than the use of all firms regardies of the fiscal year. This is especially
impértant in such cases - as in this study - wherse the analysis is mainly based on the
first differences of the variables. The uniform timing of data is also important in
Chapter 4 where we demonstrate the use of financial ratios in rRacro-economic

analysis.

The chservations (rows) in the data matrix consist of the years 1947-1975 (denoted by
£ =120 7T, rseqaectively). The verigbiss are the average values of the selected 12
financial ratics, the average values being computed across the individual firms. The
average values have been computed in two different ways, as arithmetic averages and
as weighted averages. In the following, some definitional properties of these two
ways to aggregate the individual firm-specific ratios inte an economy-wide index are

presented and compared to each other.

The ratios to be considered are defined in the traditional form, iL.e. without the

constant tarm (cf. the discussion in Section 2.2). For firm 1 inyear t we thus have

3.1 Ly = ati!bti . L= 1,2 T5 0= 120y Ny

The usual arithmetic mean across the individual firms in year © is simply
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N
‘ - t
(3.2) T, o= (1N Eil (a,, /by s t=LZp T,

The general form of the-weighted average is

(3.3) ? = .Z Wt. T k= 1,2,..., T ’

where the weights wy;, b m 1,2 Ty 1= 1,250 Ny satisfy the conditions

(3.4) 0<w, <1, ITwyo= 1.

In computing the weighted average (3.3), it is usual that the individual firm-specific
ratics are welghted according to the size of the firms during the year in guestion. As
the denominator of any financial ratio is typically a size or value variable (sales,
equity ete.), the usyal way to proceed is to use weights which are proportional to the

denominators of the ratio. We thus have

(3.5) T, = I oWy Ty
i=1

Nt Nt
= ¥ (b, f T b T
i=1 ti i=1 in

Nt. Nt
= 5 byl £ by @by
i=1 i=1

Nt Nt

= (g a /(=7 t=1,Z 1.
. 1 R ti
=1 i=l

The last equation in {3.5) shows that the weighted average of the firm-specific values
of a financial ratio, the weights being propartional to the size of the firms, can also

be expressed as the ratio of the sums {over the individual firms) of the aceounting
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numbers appearing in the numerator and in the denominator of the ratio, respective-

by.

Both the arithmetic mean (3.2) and the weighted average (3.5) are usual mathemati-
cal tocls in aggregating tndividual firm-specific valuss into an industty- Or £CONOMmy-
wide index. On the hasis of equation (3.5) one can, hawever, see that the use of the
welghted average preserves for the aggregated index certaln impartant deflnitional
properties of the ariginal ratio. The same is not true when the arithmetic mean is

used.

First, the ratio for a specific firm i inyear t {equation (3.1 and the aggregated
index in the same year {(equation {3.5)) are analogical by definition. They are ratios
of the total amounts of quantity a and guantity b observed in year t infirm 1 and
in the whole group, respectively. The arithmetic mean (3.2) has no corrasponding

definitional interpretation.

Secand, the so-called DuPont system af ratios is well-known in the ratio litterature
{cf. Section 2.1.4.0. In general terms, the DuPont system consists of three ratios, two
of which are formed by definition and the third is & derived ratio, Let the two

original ratios (i.e, earnings to sales and total assets turnover) be denoted as

(3.6) Ty = ati‘{bti s t=1,200 T
and
(3.7 b,/ =120 1.

Pori = PurCurv

The third, derived, ratia in the DuPort system (i.e. earnings to average total assets)

is then

(3.8) [ TR SR ati/cti y b= 12 T s

Tagg © "1 a2t

Using weighted averages in computing the corresponding aggregated indices, we

obtain
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—w Nt Nt
3.9 T = (iil ati) / {izl byy) » t= 1,20 T,
(3.10) . (5% )/(gt ) 1
' e R ] “’ Ee Lo T
( } W Nt Nt
3.11 - )
T3y (iil ati) / (i}il cti) . 21,2 T .

On the other hand, by multiplicating ?‘ft and ‘;\;t’ we obtain

(3.12) ™ s (P;t'a )/(T;t y =T e lZpen T
: 2t T Tt _lcti =Tz = L2 Ty
1= 1=

i.e. the use of weighted averages preserves the properties of the DuPont system (3.6}
- (3.8) also in the aggregated level. The same is not true, when arithmetic means are

used.

Abaove we have discussed two different weighting schemes In praducing economy-wide
indices for the ratics (also the arithmetic mean (3.2) can be considered as & weighted
average, the weights (3.4) must only be the same, i.e. each wy, equals 1/Nt). One
can theoretically reason, on the basis of properties (3.5) and (3.12), for example, that
the technique of weighted averages pressrves better the praperties of the ratio in the
aggregation procedurs. There are also empirical reascns why weighted averages
might be superior to arithmetic means in aggregating ratios. It is typical that
extreme values appear in computing ratios. This happens, for instance, v.;hen the
denominator of a firm's ratio is close to zero. In most cases, the weighted average
appears to be less affected by such firm-specific extreme values than the arithmetic

mean does.

The definition end computation of the variables in the data matrix is presented in
Appendix 1. The numerical values of the variables are presented in Appendix 2.
These aggregated indices are given both as arithmetie means {called equal-weighted
averages, see the discussion above) and as value-weighted averages {equation (3.5)

As a consequence, we have twa different data matrices for our analysis.
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3.2. Statistical methods

The empiricel analysis in the study is based on multivariate time series data. The
main statistical methods to be used are, therefore, typleal methods of multivariate
statistical analysis: factor analysis and transformaticn analysis, Factor analysis can
be regarded as a usual technigue in business applications. Transformation analysis, on
the contrary, has been largerly applied only In Finnish political and sosiclogical
research. Therefore, the paper contains a short description of the main features of
this multivariate method. And as transformation anatysis uses the resuits of previous
factor analyses, also a brief description {e.g. the notation} of this technigue, in spite

of its popularity, wili be presented.

3.2.1. Factar analysis

One of the specific purpases of the study is to develop from 2 set of 12 financial
ratios {of the economy-wide averages of these ratins in fact) classification patterns
for the ratios in a lower dimensien than the measurements in the data matrix have
been presented, This is a typical problem to be handled via multivariate factar

analysis.

The essential purpose of factor apalysis is (Johnson and Wichern 1982: 401) to
deseribe the covariance (or correlation) relationships ameng many yariables in terms
of a few underlying, but unobservable random quantities called factors. The factor
model may be motivated by the following argument. Suppose variables can be
classified by their carrelations. That, is, all variables within a particular class are
highly correlated amaong themselves but have relatively small correlations with
varisbles in a different class. It is concelvable that each class of variables represents
a singie underlying construct or latent variable, factar, that is respensible for the
observed correlations. For example, high correlations among the ratios earnings to
sales (ES), return on assets (ROA) and return on equity (ROE), and small correlations
betwesn these and the other variables might suggest an underlying "profitability”

factor.

The alm of factor analysis thus is to reduce the space of correlated varigbles into a
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factor space of lower dimensionality. This reduction is dorme in such a way as to
retain as much of the original information {the total variance of the original

variables) as possible.

Let us assume that we have p original variables Xl’x2""’xp with mean values
LysHosesss “p and variances 0’%, cg,..., 0';, respectively. The common factor model
pastulates, that each X, is linearly dependent upon a few unobservable variables
fl,fz,...,fr {r < p), called common facteors, and an additional source of variation u;,
called specific factor. The factor analysis model thus is {see e.g. Johnson an]d
Wichern 1982: 402-407)

(3.13) X o= iilfl + liZfZ o lirfr +U i=1,20p

or, in matrix notation

(3.14) x-u=Lf+u,

where X' = {xl,xz,...,xp), p = (ul,uz,...,up), L= Oij)pxr’ f= (fl,fz,...,fr} and u' =
(UI’UZ’""UP)' The coefficient 1ij 1s palled the loading of the ith variable on the jth
factar, so the matrix L is the matrix of factor loadings. Note that the ith specific
factor 4 is associated only with the ith response x; (u.1 includes measurement esrror
and quantities that are uniguely associated with the ith individual variahle x.). Thep
deviaticons XU i=1,2,.,p, are expressed in terms of r+p random trariables
fl,fz,...,fr, ul’UZ""’Up’ all of which are unobservable. This distinguishes the factor
model fram the usual multivariate regression model in which the independent

variables (whose position is now ocecupied by the fi’s) can be cbserved.

Factor analysis contains three main phases: tactoring, rotation and interpretation.
The first phase, factoring, means the estimation of the factor matrix L, le.
estimation of the number of factors r and the loadings lij‘ With so many
unobservabls quantities, & direct estimation of the facter model from the observa-
tions is hopeless. However, with some additional assumptions about the random
vectors f and u, the model (3.14) implies certain cavariance relationships, which
can be checked, see e.g. Johnson and Wichern (1982: 403-404). One output of these

assumptions is that in the case of orthogonal (uncorreiated) factors the variance of
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the ith variable x; can be expressed in the form

(3.1%) var(x.i] = “12 vy,
where

. 2 42 2 2
(3.16} hi = iil + liZ Foeee + 111‘

is the ith communality, that portion of var(xi) explained by the r cammon factars,
and Yy, Is the portion af var{xi) dus to the speeific factor (the "unexplained"

yariance). Further we have

{(3.17) cov(xi,fj} = lij R

i.e, the loadings 1ij give the covariance structure between the variabies and facicrs.
In the case of standardized variables, instead of the deviations about the mean used
in (3.13), the covariance structure becomes even mors simple: the communality and
the specific variance in (3.15) add to gnity and the loadings lij give correlation
coefficients between the varlabies and the factors (1., all these measuras are scaled

between 0 and 1 in absolute values).

I# the factors . are allowed to be corralated, we have the obligue factor medei. The
oblique model presents some additional estimation difficulties which will not be

discussed here, For the ablique factor madsef see Harman (1967: ch. 13 and ch. 15).

The main estimation methods in the phase of initial factor extraction are principal
component method, prineipal factor methad and maximum likelihood method (see .0,
Johnson and Wichern 1982 407-420). In this study the initial factor matrix is
sstimated by the principal component method. In estimating the dimension of th\e
factor space there exists no unambiguous criterion. Several procedures for determin-
ing how many common factors to extract have been suggested. In this study the
nurnber of factors is in the first hand determined according to the a priori hypothesis
on the existence of four different classes of ratios (L.e, four factors). This criterion
will be replenished by interprstative aspects and by eigenvalue and Cattell's scree

tost eriteria.
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There is always some inherent ambiquity associated with the factor model (3.14). For,

if we have a nonsingular t xr matrix T, and we denota
(3.18) L* LT end ff =T,
we can write

Lf+u

il

(3.19) X-U

LT ifau

= L*f*+u.

From (3.19) we can see that factor loadings L (and factors f) are determined only
yp to a nonsingular matrix T. Eguations (3.18} reprasent the ratation phase of factor
analysis. The initial loading matrix is rotated (multiplied by a nonsingular matrix),
where the rotation is determined by some "simple-structure” or "ease-of-interpreta-
tion" criterion. The aim of the rotation thus is to provide a clearer resolution of the

underlying factors.

If matrix T is orthogonal (i.e. T-1 = T we have an orthogonal rotation. in this
case the loadings L amd L* =LT both give the same covariance representation for
the origimal data. The communalities, given by the diagonal elements of LL'=
(LEXL*Y, are also unaffected by the choice of T. The results in this study are
mainly bassd an Kalser's Varimax ratation which is an orthogenal rotation method.
Some additional or interpretatively supporting results are cbtained via Quartimin
rotaticn., This is a nonarthogonal {an oblique) rotation where the resulting factors are

allowed ta be correlated.

Factor analysis cortains several elements which have na unique sofution (how mmany
factors to extract?, how ta choose the rotation matrix T7, ete.). In applications it is
therefore important that these ambiguous guantities are fixed as to produce results
which are based on some relevant theory and have meaningful empirical interpreta-
tions. Generally speaking, the interpretative phase is a proper part of the entire

factoring process.
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3.2.2. Transformation analysis

Another specific purpose of this study is to measure and model the long-term
stability in the factar analytical classiflcation patterns. The degres of stability (both
time-series and cross-sectional) in factor patterns has been traditionally measured
with correlation eoefficients (e.g. Pinches, Mingo and Caruthers 1973, Aho 1980) or
with congrueney coefficients (e.g. Johnson 1978, Gombola and Ketz 1983). Both of
these measures give an index for the similarity of twa different factor solutions in
terms of the pattern of correlations among factor loadings across ail variables in the
reduced factar space. For the dissirnilar part of these fector soluticns these indices
are, however, unable to describe and explain the reason for the non-invariant part

orevailing in these factor solutions,

Reesntly, Yh-Clli (1923) introduced the use of transformation analysis for determin-
ing the degree and nature of medium-term stability exhibited by the factor pathams
of the financial ratios. This approach was further appiled and deepened by Y1-Olli
and Virtanen (1984).

Transformation znalysis was initiated by Ahmavaara (1954) and further developed by
Ahmavaara {1963 and 1946), Ahmavaara and Nordenstreng (1970) and Mustonen
{19é6). The most appiications of transformation enalysis exist in the area of Finnish
political and soclological research (g.0. Markkanen 1964, Nordenstreng 1968}
Originally transformation analysis was developed to compare factor solutions
between two (or more) different groups of abjects, Y1i-Olli {(1983) and Y1-Olli and
Virtamen (1984) have used the techmique to compare two different factor solutions
among the same group of ohjects, the two factar sclutions being based on measure-
ments made at different times (at two different time periods). The latter use af
transformation analysis means its use far measuring and modsiling the medium-term
stability of the financial factor patterns. In the fallowing we sketch out the general
idea hehind transformation analysis {for & mare detailed discussion, see e.g. Ahma-

vaara 1966, Mustenen 1966).

Let's assume that we heve two groups of pbservations Gl and GZ {two different
groups of objects or one group measurad at two different times} with the same

variables, both by number and by content. Lst L1 and L2 be the factar matrices
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(cf. equation (3.14)) for Gl and G, respectively. Lat's further assume that the
factor medels used in deriving 1, and L, are both orthogonal and have the same
dimension (these assumptions are not, in general, necessary, but transformation
analysis which is restricted to orthogonal factor solutions with the same number of
factors is computationally simpler and interpretatively more clear-cut). So we may

assume that both Ll and L2 are pxr-matrices.

If there exists invariance between thes two factor structures, there exists a non-

singufar rxr-matrix Tyo such that equation

(3.20) Ly=LTyy

holds. Matrix le is called the transformation matrix (between Ll and LZ’ or in
direction G1—> Gz). 1f equation (3.20) holds exactly, it means that the factor

[T

structures in gTOURS -'_“;1 and Gz are, up ta a linear transformation, invariant, all the
variabies have the sarne empirical meaning in different groups. Depending oan the type
of the transformation matrix le, the formation of the factors from the variables
and thereby the interpretation of the factors either is preserved (le is the identity

matrix I) ar it changes (le tas also non-zero off-diagonal elements).

In practice, situation (3.20) will not be reached, but, after matrix le has been

" sstimated, we have L2 £ LlTIZ' The goodnass of fit criterion for the model (3,20}

may be based on the residual matrix

{3.21) E.. =L Tl

=tk

2
MNom-zere elements in E12 mean that the empiricel meaning of the variables in

guestion has changad. This is called abnarmal transformation.

To avoid eonfusion it is worth to note here that in the cass of two factor scletions L
and L¥* which have been obtained from the same set of observations, we always have
an exact solution T for the equation (3.20). In fact, this is the prablem of rotation
considered in Section 3.2.1. (cf. equations (3.18) and (3.199). Now the situation is

quite different when two separate sets of observations are considered.
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The main problem in transformation analysis Is the estimation of the mateix le. The
sstimation methods are in general based on the minimization of the sum of squares of
the residuals eJ (the elements of the residual matrix Elz) This is the usual method

of least squares. The problem is to minimize
(3.22) NELT = LTyp-Lyh
= trace (L Ty, - LML Typ- Lz)’) .

Depending on additional constraints set for the matrix le, we have three different

estimation methads (three transformation analysis models).

1. 1f there. are no constraints for le in minimizing (3.22) we have the naive
model, This is the original solution for the transformation problem
presented by Ahmavaara {1954). The naive model has been now superseded

by the other medels In the applications,

2. If the transformation matrix has ta obey the transitivity property Tlelrrz
Tkm’ we get the relativistic model, The relativistic model has been also
developed by Ahmavaara (1963, 1966). The relativistic transformation
znalysis possssses some general thecrstical advantages, wherefore it is
prefered by some authors (Ahmavaara 1966, Ahmavaara and Nordenstreng
1970, Markkanen 1964, Nordenstreng 1968).

3. If the transformation matrix le is required to be orthogonal, i.e.
T 12— T‘ we have the symmetric model. In this case we obtain the
followmg symmetry property: E..E.., =E,.E) i.e. the cavariance

12712 21-21?
matrix of the residuals is independent of the direction of the transfor-
matlon, The symmetric model was intreduced by Mustonen (1966} The
resuits cbtained via this method are in general easy to be interpreted
wherefore the symmetric versicn of transformation analysis has been used
in most applications. Tt is worth to note that the problem of estimating
le in (3.20) under the same assumptions as those used in symmetrie
transformation analysis has been independsntly solved by Schanemann

(1966). Schinemarn has censidered the problem, however, purely from the

ACTA WASAENSIA 29

point of view of mathematies, without any explicit connections to factar or

transformation analysis.

In this study the symmetric transfcrmation analysis will be used. The results have

the following properties (Mustonen 1366 8):

1. Transformation matrices are orthogonal.

2. Abnormal transformation {measured by residuals) is independent of the
directicn between the groups.

3. Orthogonal rotations in the original factor spaces have no effect on the

results.

Further, in symmetric transformaticn analysis the abnormal trangformation {the total

residual) || Els Il may be expressed in form
r P
2 2
(3.23) NE.,|l=2 Zei=z%t
12 i=1 ot
or
TP o, T
{3.24) HE,pff=Z ZTe=Is
20 U

p
whers tz = ¥ e, and s2 = ¥ e~ are those portions of abnermal transformation

i=]
due to the ;thJ variable % and Jth factor f. i respectively.

In this study the two groups to be compared via transformation analysis consist of
observaticns made in two successive time periods: years 1947-1961 (sub-period 1) and
years 1962-1975 (sub—périod 2). Transformation anpalysis is thus used as a technique
to describe and measuré the longitudinal stability existing in the observations.
Invariznce between the factor patterns of two successive long-term periods means
long-term stability in the underlying factor structure, whereas non-invariance in-

diecates the sxistence of instable elements in the factor patterns.

Transformation analysis possesses several advantages in analysing the stability of the
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factor patterns when compared for example with correlaticn or congruency analysis,
With correlation and congruency coefficients ane can only measure the degree of
similarity of two factor solutions (correlations or congruencies among factor loadings
across the variables in the factor space). This is also possible via transformation
analysis {coefficients of coincidence on the main diagonal of the transformation
matrix), In addition to this we obtain a regression type medel fer shiftirg of
variables from one factor to another (normal or explained transformation). This is
revealt by the non-zero off—diagonal siements in the transformstion matrix and

indicates interpretatively changes for the factors in question. And at last, large

elements in the residual matrix, if any, indicate abnarmal or unexplained transfsrma-

tion between the two factor solutions. This means that the empirical contert of the
orresponémg var:ables has changed. Further, this abnormal transformation can be

appointed to separate variables or to separate factors {ct. {3.23) and (3.24)).
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LR EMPIRICAL RESULTS

In this chapter we will first analyze some of the macro-economic features of US

econcmy, using the time series of valug-weighted and squal-welghted indices of

" financial ratios, Thereafter we will develop empirically-based classification patterns

for the presented financial ratios and messute the time-series stability of the
classification patterns of the ratics. Finally, we will compsre the dependence
between stock markst prices and the profitability raties en the aggregate level,

4.1. The description and interpretation of the US scamemy-wide financial ratio
indices

In this section we discuss the time series of econemy-wide financial ratios.
Appendix 3 presents the graphs of the ratics te be snalyzed (value-weighted indices
only). Table 1, hawever, presents the growth rates of the selected ratics, the growth
rates being computed bath for equal-weightad and for value-weighted indices.
Comparing the two types of time-series of the econoimy-wide indices, it is possible to
see the Impact of the aggregation method in the numerical values of the indices. In
addition, it is possitle to see differences in the development of the examined ratios

between "small® and "big" firms.

Table 1 presents the first and last smoothened sheervetions for each varlable. The
smoothened values of the indices have been computed using an estimated linear
reoression model, time being the explanatory variable. Via this methed, the impact
of exceptionally high or low chservations at the beqinning or st the end of time series
is eliminated and the numbers show better the "true" long-term development of the

ratios.

The liquidity ratios In Table 1 are CR {current ratic), QR (quick ratio} and DI
(defensivé interval measure), The development of these time-series which deseribe
the economy-wids liquidity of US corporations shows that the liguidity of the firms
has bean going down during the whole period gxamined. The numbers show further

that the development has been especially strong among big firms. This conclusion
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can be made by comparing the value-and equal-weighted indices. In addition, the
liquidity of small firms has been better than that of big firms during the psried
examined. All liquidity ratios have developed in the same direction. However, the
defensive interval msasure, which incorporates a dynamic element in liquidity

evaluation, has chanoed considerably less than other liquidity ratios.

Table 1. Development of the ratios (as smoothened values) during the period
1947-1975.

Aggregation Year Ratio i

method CR GR Di DE L TDE TIE

Valus-weighted 1547 Z.65 1.65 105 0,43 0.26 13.5
averages 1975 1.55 1.00 85 C.95 0.40 2.0
Equal-weighted 1947 3.30 1.85 110 0.45 0.34 23.5
averages 1975 2.35 1.50 100 1.30 0.85 1.5
Aggregation Year Ratio

method ES ROA ROE TAT 1T ART

Value-weighted 1947 0.G83 0.094 0.143 1.1C 5.75 9.09
averages 1975 0.063 0.038 0.115 0.60 6.90 4.80
Equal-weighted 1947 0.084 0.100 0.165 1.50 8,85 15,20
averages 1875 pD.065 0.052  0.125 1 ..20 12.60 8.50

The develapment of the long-term solvency ratios DE (debt to equity}, LTDE {long-
_term debt to equity) and TIE (times interest sarned) shows first that both long-term
and short-terrn debt have inereased a lot in LJS corporations (the leverage ratios of
US corparations are, however, very low compared with those of most European firms
(ses Stonham 1978)). The increase of short-term debt has been faster than that of
long-term debt. This increase has been especially fast among small firms. The
analysis of residual terms in regression madeals shows that the development of
leverage ratios has not been exactly linear. The residual term seems to be
considerably parzbetic. One can, however, argue that the presentsd numbers show

the right long-term development of these ratios.

The changes of ratio TIE - a dynamic long-term selvency ratio - have diminished very

strongly during the period examined. This can be seen from the residual term of the
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time series presentad in Appendix 3 ar even more clearly from the first differences

of this variable.

The development of the profitability ratios £5 {earning to sales}, ROA (return on
assets) and ROE (return on equity) in Table 1 shows that the profitability of small
firms has been better than that of big firms during the whole period (especially when
measured with ROA or ROE). On the other hand, the change of those ratios has been
quite similar among small and big firms. Onty the ratio ROA has gone duwn faster

armnong big firms. This ratio measures how efficiently total assets are utilized by the

" firms.

Turnover ratios measure different aspects of a firm's performance. First, the
development of variable TAT, total assets turnover; which is sonnected to profitabili-
ty ratios via the Du Pont system (see 2.1.4. and 3.1.) is considered. The development
of this variable is very interesting. Appendix 3 shows that there are two different
levels in the time-series of this ratio. The first level appeared in the years 1947-56
(value-weighted averages about 1,1) and the second in the years 1961-75 (value-
weighted averages sbout 0.6). The very fast fall from the first level to the second
was caused by the postwar baom in the years 1956-60 (see Baumol and Blinder 1982
27-35). On an average, small firms have had a higher TAT than big firms.

Inventory turnover (IT) of US corporations has risen during the period examined. Both

the level and the rise of this ratio have been higher among small firms,

The develepment of ART, accounts recsivable turnover, has been opposite. The fall
of this ratia (shout 45 %) has been approximately the same among big and small
firms. However, the level of this ratio has been corsiderably higher among small than
among big firms.

4.2, Classification patterns of the financial ratios

Correlation coefficients between the selecied ratios for the perind 1247-7% are
presented in Tables 2 and 3. The correspanding correlation coetfislents between the

first differences of these ratios are presented in Tables & and 5. The letter £ or W

3
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appearing in the abbreviation of a ratio indicates that the economy-wide index of the
ratio has been computed as an equai-weighted or as 2 value-weighted average,
respectively, And the lstter D at the end of the whole symbal (e.g. ROAWD)

indicates that the first differences of the ratio are considered.

The numerical values of mast of the correiation coefficients in Tables 2 and 3 are
very high. This implicates, in principle, a high degres of covariability among the
ratios, However, the correlation coefficients between time and different ratios are
very high (time is also a yariable in matrices 2 and 3). This means a positive or
negative linear trend in ratios. By removing the trend from the variables we see the
nreal" correlation coefficients between the ratios. This is done by working wifh the
fipst differences of the variables (Tables 4 and 5), The correlation matrices in Tables
& and 5 are therefors a better basis than matrices in Table 2 and 3 in evaluating the

properties the ratics really measure.

4.2.1, Financial ratio patterns uzing economy-wide ratio indices

Qur factor-enalytic derivation of the financial ratio patterns begins with the original
level values of the sggregated ratios {factor analysis is based on the correlation
matrices in Tables 2 and 3). The four factars found via Kaiser's orthogonal varimax
rotation are presentsd in Tables & and 7. The results in Table & are based on value-
welghted averages and in Table 7, respectively, on the equal-weighted averages of
the ratios. The number of factors to be extracted can be determined by using
different criteria e.g. a priori knowiedge, interpretative aspects, the gigenvalue
criterlon or Cattell's scree test. In this study, the number of factors extracted is
mainly based on interpretétive aspects and on a priori knowledge {i.e. the number of
olassss in the original classification), However, in most cases the eigenvalues

asscriated with sach factor exceed 1.

The farm of all factor loading matrices to be presented in this study is the fellowing.
First, the columns (factars) appear in decreasing order of varlance explained by the
factors. The rows (variables) are rearranged so that, for each successive factor,

loadings greater than 0.5 appear first. Loadings less than 0.25 are replaced by zero.

Correlation matrix of the rakios (ratios computed as value-weighted averages).

Table 2.

ITW ARTW

ESW ROAW ROEW TATW

LTDEW TIEW |

DEW

DIw

TIME CRW GQRW

0.647 -0.843 -0,892 -0.664 0,878 1.000
-0.956 0,799 0.724 0.748 -0.774 -0.456 1.000

0.903 -0.964 -0.958 -0.807 1.000

1,000

-0.912 1.000
-0.644 0.656 0.695 0.661 -0.716 -0.689 0.618 1.000

.0.804 0.772 0.838 1.000
-0.880 0D

-0.849 0,971 1.000

TIME
CRW
QRW
Diw
DEW
LTDEW
TIEW
ESW

1.008

.718 0.635 0.654 -0.693 -0.344 0.956 0.643

ROAW
ROEW
TATW

ITW
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628 -0.703 -0.311 0.937 0.432 0.941 0.s46 1.000

203 0.323 -0.23¢ 0,080 0.696 0,551 0.816 1.000

-0.895 0,718 0.616 1.

-1.505 0,271 0.

398 0.976 0.549 0.950 0©.704 @.938 -0.656 1.000

.703 0.626 -0.673 -0.282 -0,510 -0.068 -0.597 1.000

0.773 -0.781 -0.680 -0.510 O
-0.937 0.786 0.694 0.685 -0.735 -0.

ARTW

Correlation matrix of the ratios (ratios cornputed as equa'l—weighl:ed averages),

Table 3.

ARTE

ARE DIE DEE LTDEE TIEE ESE ROAE ROEE TATE ITE

CRE

TIME

0.884 -0.923 -0.808 -0.546 0.963 1.000
-0.921 ©.642 0,444 0.636 -0,826 -0.709 1.000

0.962 -0.887 -0.699 -0.584 1.000

1.000

-0.813 1.000
-0.539 0.454 0.472 0.505 -0.524 -0.560 0.572 1.000

-0.622 0.523 0,609 1.000

-0.614 0.889 1.000

TIME
CRE
QRE
DIE
DEE
I.LTDEE
TIEE
ESE
ROAE

332 0.542 -0,705 -0.597 0.941 0.686 1.000

0.531 0.

-0.801

0.832 1.000

—0.414- 0.108 -0.010 0.330 -0.263 -0.154 0.687 0.558
-0.881 0©.531 0.308 0.522 -0.782 -0.638 0.91% 0.434

ROEE

0.867 0.601 1.000

B4B 0.798 -0.747 -0.254 -0.599 -0,232 -0.658 1.000

TATE
ITe

ol
wn

867 0.916 0.484 0.805 0.433 0.901 -0.848 1.000

D.846 -0.821 -0.541 -0.362 O.
~-0.983 0.793 0.561 0.539 -0.954 -0.

ARTE
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Table & shows thet the four factor solution accounts for 97.1 per cent of the total
varianee in the criginal tweive financial ratios when value-weightad averages of the
ratios zre used. The corresponding value by using equal-weighted averages 1s 95.1 per
cent. The communalitiss of all variables are also high. However, the interpretation

of those factor sclutions is not easy.

The financial ratios which achieve the highest factor loadings on the first factor in
Table & are RGE (return on equity), ROA {return on assets), ART (accounts receivable
turnover), TIE (tirne interest earned) and TAT (total assets turnover). The first
factor can be interpreted as a factor of profitability and efficlency. However, the
loading of ES (earnings to sales), supposed to be a profitability measure a priori, and
the toading of IT {inventory turnover) an efficiency measure a priori, are quite low con
the first factor. In addition, the loading of TIE (tirne interest earned), a long-term

solvency variable a priori, Is high on this factor.

The seeond factor can be interpreted as a factor of solvency. The variable LTDE

(lang-term debt to equity), ES (earnings to sales), QR (guick ratio), DE (debt to

equity) and CR {current ratio) have high loadings on this factor. All these variables,

axcluding ES, were, a priori, measures cf either shart- or lang-term solvency.
The third factor indicates the efficiency of the firms' inventory management,
The fourth factor can be interpreted as a facter of dynamic fiquidity.

The four factor solution, based on the equal-weighted averages of the ratics, is
presented in Table 7. The interpretatiuﬁ of the first factor in Table 7 ls, to some
extent, similar to the interpretation of the second factor in Table 6. This factor
describes, in the first place, the solvency of the firm. However, also the variables IT
and ART {turngver measures a pricri) achleve high loadings on this factor (the

loadings being even provided with different signs).

The second factor in Table 7 can be interpreted as @ factor of profitability. The third

factor indicates dynamic liquidity of the firm.

The variable ES (earning to sales) creates a factor of its awn in the solution of

Table 7.
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Summarizing, althcugh the explained variances and communalities in Tables 6 and 7
are very high, the interpretation of the factors is not easy. This is especially true
when the factor salution based on equal-weighted averagss is concerned, In addition,
the obtained factor solutions in Tables 6 and 7 differ a lot from each other. The
reason for this numerically satisfactory but interpretatively confusing situation is

quite clear: the high seeming corrsiations among the variables caused by time.

4,2.2. Financial ratic patterns using first differences of the ratios

The factor solutiens found by using the flrst differences of the selectsd ratios are
presented in Tables 8 and 9. The four factor solutions account for 87.8 per cent
{Table 8) and 86.2 per cent (Table 9) of the total variances in the criginal variables.
The obtained values are slightly tower than these presented in Tables 6 and 7 because

the trend is now remaved from the variables.

The interpretation of the first factor in Table 8 s clear and unambigious. The
financial ratios which achieve the highest loadings on this factor are DE, CR, LTDE
and GR. This factor decribes the solvency of the firms. {In fact, the factor model
being based on the first differences of the ratios, also the interpretation cf the factor
should be the change of the solvency of the firms. For the sake of simplicity and
clarity, all the factors are nemed according to basic guantifies themselves,

however,),

The second factoar can be interpreted as a factor of profitability. The interpretation
of this factar is also easy. Only the high loading of the variable TIE (times interest
earned) on this factor requests an explaration. This variable was, according to the a
priori classification, the measure of dynamic long-term solvency, However, Table 8
and alse the following results show that TIE is rather the measure of profitability

than that of long-term solvency.

The third factar describes the efficiency of the firm, The variables with the highest
loadings on this factor are, in correspondence with a priori classification, the three

turnover ratios selected for this study.
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Tahle 8. Varimax-rotated factor matrix for the first differences of value-
weighted averages.

Variable Factor Factor Facter Factor Cammuynality

1 2z 3 4 hi

DEWD -0.895 0.coo 0.0oc 0.0c0 0.832

CRWD 0.834 -0.272 -0.281 0.0c60 0.854

LTDEWD -0.834 0.0cc 0.411 0.000 0.895

QARWD 0.834 0.000 0.000 0.454 0.935

£5wWEe (.00C 0.942 0.000 0.000 0.942

ROEWD 0.00C 0.874 0.384 0.000 0.970

ROAWD 0.00C 0.813 0.505 0.000 0.946

TIEWD -0.394 0.769 0.000 0.358 0.785

TATWD -0.338 0,000 0.821 a.c00 0.850

ITWE -0.271 0.513 0.621 0.c09 0.858

ARTWD -0.454 0.412 0.590 8.0800 0.725

DIWD 0.000 0.009 0.000 0.928 0.943

Variance

explained

by the factor 3.607 3.568 2.124 1.235

Curmnulative

proportion of

total variance 0.301 0.598 0.775 0.878

Table 9. Varimax-rotated factor matrix for the first differences of equal-
weighted averages.

Variable Faector Factor Factor Factor Commynality

1 2 3 4 hi

ROAED 02.901 0.000 -0.282 0.800 0.899

ESED 0.875 0.000 0.000 0.60c0 0.776

ROEED 0.857 0.000 0.000 0.000 0.787

TIEED 0.837 4.400 -0.345 0,000 0.882

ITED 0.703 -0.590 0.000 0.000 0.885

TATED 0.548 -03.398 -0.336 -0,37C 0.708

DEED " 0.0c0 -0,913 £.000 0.0300 0.891

LTDEED 0.occ -0.877 -0.375 0.000 0.923

QARED 0.000 0.328 0.851 0.2¢9 0.948

CRED -0.407 0.411 0.759 0.000 0.928

ARTED 0.900 0.000 0.000 -0.%06 0.877

DIED 0.427 0.000 0.455 0.691 0.867

Variance

explained

by the factor 4,235 2.430 2.077 1.629

Cumuiative

proportion of

total variance 0.353 0.555 0.728 0.864
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The fourth factor indicates the dynamie short-term solveney of the firm, This factor
is a very pure one-variable (DI) factar, because the loadings of other ratics are very

low on this factor.

We see that tha interpretation of the financial ratio classification which is based on
the first differences of the value-welghted indices of the ratics, becomes very clear-
cut compared with the results obtained from the criginel level values of the financial
ratios (Tables 6 and 7).

Table 9 shows the results based on the first differences of the equal-weighted
averages of the financial ratios. The first factor in Teble 9 is an indicator of
profitability and efficiency of the firms. This factor includes the main parts {ART

excluded) of the second and third factar presented in Table 8.

The first factor in the valus-weighted average solution in Table 8 (the solvency
factor), is in Table 9 divided into two factors: a factor of long-term solvency (the

second factar) and a factor of short-term salveney (the third factor),

The fourth factor can be interpreted - as in Table B - as a factor of dynamic liquidity.
However, that interpretation proves difficult, because of the high negative ioading of
the variable ART on this factar.

The inconsistency in the behaviour of the variable ART between Tables 8 and ¢
derives its origin probably from the very different role of aceounts receivable when
we have computed the values of variable D1 among small and big firms {for the
definition of the ratios, see Appendix 1), Thus, different aggregzation methods lead to
the very different results. Also other differences, caused by differsnt aggregaticn
methods can be found between the factor patterns presented in Tables 8§ and 9, Thase
differences are analyzed in a2 more detailed way in Chapter 4.3. The presented
results (Tables §-9) eonfirm that the use of the variables in first-difference form lead
to a more valid classification pattern than the classification pattern of original
ratios, Further, the results also suggest that the value-weighted indices give, in
addition to that they are theoretically more accurate, more clear-cut classifications
of the financial ratios than the egqually-weighted indices. The differsnces between
these twe classifications are analyzed in greater detail in Chapter 4.3. by using

transformation analysis.



42 ACTA WASAENSIA

It i difficult to find clear theorstical arguments why the factors extracted from
financial ratios should be uncorrelated. Therefore, the results presented in Tables B
and 9 are verified with a non-ortogonal rotation method, However, basad on earlier
theoretical and empirical arguments, the non-orthogonal results are presented only
for velue-weighted variables in first-ditference form, Table 10 shows that the nan-
orthoganal factar pattern is very similar to the orthogonal factor pattern (Table B).
Table 11 presents correlation coefficients between the factors within the obligue
factor solution, Firstly, the solvency factor seems to ba non-orthogenal both te the
profitability and efficiency facters. The correlations between those factors are -.227
and -.445, respectively. This result can be interpreted as follows: maintenance of
high solvency has a slightly decreasing sffect on efficiency and profitability. Second,
the correlaticn between profitability factor and efficiency factor is .421. The
positive correlation coefficlent suggests that elthough the profitebility and efficiency
ratios measure different dimensions of the firms' performance those dimensions are
not independent. The fourth facter {dynamic short-term solvency) clearly measures

guite an independent dimansion in the firms' behaviour.

The oblique factor solution {Table 10) mainiy supports the findings for the corre-
sponding orthogenal solution (Table B). On the other hand, it gives valuable additional
information about the interdependencies existing between the main dimensions of the
financiel ratios. Due to the strong similarity between these twe solutions, the

subsequent analysis will be restricted, however, ta orthogonal factor models only.

Table 1. Quartimin-rotated factor matrix tpattern laadings) for the ratios {for

the value-weighted averages in the first difference farm).

Variable Factor " Factor Factor Factor
1 2 3 4
DEWD -0.915 0.000 0.0600 0.000
CRWD 0.79% 0,900 0.000 0.0c0
QARWD 0.783 0.008 0.000 0.449
LTDEWD -0.768 0.000 0.321 0,000
E5SWD 0.255 0.996 0.008 §.c00
ROEWD 0.000 0.822 0,255 0.000
ROAWD 0.000 0.708 0.421 G.000
TIEWD -0.466 0.628 0.000 0.333
TATWD 0.00c 0.000 0.868 0.000
mwi 0.000 0.421 0.576 0.00C
ARTWD -0.308 G.009 0.547 (.000

DIWD 0.000 0.0oc 0.000 0.958
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Table 11. Factor correlations for quartimin-rotated factors. \

Factor Factor Factor Factor

1 2 3 4

Factor 1 l.00C
Factor 2 -0.227 1.600
Factor 3 -0.445 0.421 1.000
Factar 4 0.133 0.261 -0.007 1.000
&.3. The leng-term stability of financial ratic patterns

One of the objectives in this study was to measure, using transformation analysis, the
lang-term stability of factor patierns ghtained. For this analysis, the whole permd is
dividad into twa sub-periods of equai Innnth' sub-period 1 includes the years 1947-61
and sub-period 2 the years 1962-75.

Chapter 4.2, shaws that empirical results based on the variables in the first-
difference form are very clear-cut compared £o those in ratio forms. This indicates
that the difference-formed modsls should be preferred to the leval-formed models.
Therefore, stability analysis presented in this section is based only on the variables in
the first-differsnce form.

Tables 12 and 13 show, value-weighted variables being used, the four factor solutions
for sub-period 1 and for sub-period 2, respectively. The four factor solutions account
for 91.2 per cent (Table 12} and 91.3 per cent (Table 13) of the total variances In the

original variables. The corresponding number for the whale period was 87.8 (Table 8}

“The four factar solution for sub-period 1 is quite similar to that of the whele period.
The major difference between those two solutions is in the loadings of the variables
IT and ART. Those variahles have the highest loading on the profitability/efficiency
Pactor in Table 1Z. In Table 8 those variables, together with the variable TAT,
created more clearly an efficiency factor of their awn {this efficiency factor still

exists, however, in the solutlon of Table 12).
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Table 12. Varimax-rotated facter matrix for the raties (for the value-weighted
averages in the first difference form) in sub-period 1.

Variable Factor Factor Factor Factor Communality

1 2 3 4 hi

ESWD 0.952 0.000 0.00C 0.000 0.943

ROEWD 0.920 -0.2686 0.000 0.009 0.981

ROAWD 4.879 0.004 0.421 0.0co 0.979

TIEWD 0.755 -0,432 G.000 0,295 0.876

ITWD 0.623 -0.433 0.547 0.000 0.915

ARTWD 0.604 -0.574 0.328 0.000 0.823

DEWD 0,000 -0.913 0.000 0.000 0.837

CRWD -0.284 0.867 -0.291 0.000 0.924

LTDWD 0.0a0 -0.861 0.335 0.0c9 0.908

QARWD 0.009 0.799 0.000 0.500 0.928

TATWD 0.332 -0.385 0.792 g.000 0.886

DIWD D.ooo 0.809 ¢.000 0.955 0.959

Variance

explained

‘by the factor &,137 3.943 1.553 1,397

Cumulative

propertion of .

total variance 0.345 0.673 0.803 0.912

Table 13. Varimax-rotated factor matrix for the ratics {for the value-weighted
averages in the first difference form) in sub-period Z.

Variable Factor Factor Factar Factor Cornmunality

1 2 3 4 hi

ROEWD 0.930 0,000 0.279 0.000 0.970

ESWD 6.897 0.000 0.ooc 0.286 £.939

ITWD 0.89% 0.009 0.359 0.009 0.95%

ROAWD D.g88 0.040 0.328 0.oco 0.967

TIEWD 0.579 0.571 -0.321 -0.293 0.850

GRWD 0.000 0.961 0.000 0.000 0.970

CRWD 9.000 0.924 0.002 0.000 0.900

DEWD 0.000 -0.840 0.000 -0.263 0.814

LTDEWD 0.278 -0.802 0.354 0.008 - 0.%03

ARTWD 0.000 0.000 0.920 0.000 0.909

TATWD 0.571 -0.257 0.654 -0.525 0.906

DIWD 0.000 0.543 0.000 0.4895 0.870

Variance

explained

by the factor 3.963 3.922 1.918 1.150

Cumulative

proportion of

total variance 0.330 0.657 0.817 0.913
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The factor sofution for sub-period 2 is more close to the solution of the whole period
than that for sub-period 1. Now only the variable IT changes the factor. It transfers
from efficiency factor to profitability factor (in the whole period ve. sub-period 2).

Table 14 presents the transformation matrix between the factors for sub-peried 1
(Table 12) and sub-periad 2 {Tabla 13). The factors were caleulated on the basis of
value-weighted indices, and in the first-difference form they display considerable
long-term stability, This canclusion is based on the coefficients of coincidence on
the main diagonal of the transformation matrix. The numetrical values of those
coefficients are very close to 1. In addition, the transformation matrix shows a slight
transference between the first and fourth factors. This result confirms apparént
differences between the variable OI (dymamic liquidity) and other liquidity or short-
term solvency measures (CR and GR). The variable DI loads on a separate and

distinct factor which has a weak eonnection with the profitability facter.

Table 15 presents the residual matrix for sub-period 2 (matrix Elz)‘ Zero elements in
residual matrix mean that the variables in question measure the same characteristic
of the firms' performance during different periods. Non-zero slsments in residual-

matrix mean that the empirical meaning of the variables in question has changed.

‘The residual matrix shows that there are only two variablss with a moderately high
abnormal transformation, The abnormal transformation of the variable TIE can be
designated to the factors 1, 2 and 4, This variable was in the a priori classification
the measure of long-term solveney. However, during the first sub-period, this ratio
was, in the first plece, the measure of profitabllity. The great negative numerical
value -0.850 on the second factar in residual matrix shows that the feature measuring
lang-term solvency increases considerably in veriabls TIE during the second sub-
period. The abnormal transformatien of the variable ART is high on the first, second
and third factaps, It means that the empirical content of this variable has changed.
However, the transformation and residual matrices in Tables 14 and 15 indicate a

very high long-term stability of the facter pattern.
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Table 14. Transformation matrix between the factor patterns of ratios in sub-
period 1 and sub-period 2 (factors based on the first differences of

the value-weighted averages of the ratios).

Sub-period 2
Factor 1 2 3 4
Sub 1 " 0.95& 0.145 -0.080 ~0.249
period z -0.178 0.978 -B6.039 -0.100
1 3 0.056 t.0az 0.9%4 -0.080
4 0.234 0.143 0.058 0.960
Table 15. Residual matrix Elz and abnarmal transformation for sub-period 2
) (factars based an the first differences of the value-weighted averages
of the ratios).
Abnormat
Veriable Factor Factor Factor Factor  transformation
. 3
1 2 3 4 ti
CRWD -G6.227 -0.118 -0.330 0.161 0.214
QRWD -0.171 -0.133 -0.102 0.230 0.111
DIwD 0.105 -0.249 0.277 0.155 0.177
DEWD 0.190 -0.057 ~-0,122 0.327 0.161
LTDEWD 0.11% 0.009 ~-0.608 0.2440 0.072
TIEWD 0.277 -0.850 0.115 0.444 1.01c
E5SWD 0.007 9.106 0.226 -D.510 0.322
ROAWD 0.019 0.197 0.031 0.026 0.043
ROEWED 0.002 0.a32 -9,095 -0.197 (.049
TATWD 0.058 -0.039 0.122 0.413 g.1%0
ITWD -0.147 -0.151 0.184 -0.035 0.072
ARTWD 0.480 -0.360 -G.618 -0.026 0.742
Abnormal trans-
formation sjz 0.474 1.624 0.722 0.941 3.161

Tables 16 and 17 present for sub-period 1 and for sub-period 2, respectively, the four
factor solutions based on the equal-weighted indices in the first-difference form. The
factor pattern in Table 16 is very similar to that obtained by using value-weighted
averages of variables in the first difference form (Tables 8, 12 and 13). Table 16
includes four different factors: profitability, solvency, dynamic liquidity and efficien-

ay.
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Table 16. Varimax-rotated facter matrix for the ratins (for the equal-weighted
averages in the first difference farm) in sub-period 1,
Variable factar Factor Factor Factor Communatlity
1 2 3 & hi

ROAED 0.934 0.a0e - 0.000 0.00c 0.937
TIEED 0.912 -0.284 g.00¢ 0.9800 0.954
ESED 0.902 0.000 0.000 0.9006 0.845
ROEED 0.896 0.o00 0.00¢ 0.293 0.932
LTDEED 0.000 -0.949 0.000 0.000 0.922
DEED 0.000 -0.873 0.000 9.000 0.860
QRED -0.366 0.839 0.377 0.900 0.980
CRED -0.470 0.831 0.00G 0.000 0.963
ARTED 0.060 0.000 -0.925 0.000 0.903
DIED 0,315 0.292 0.844 0.00C 0.930
ITED 0.626 0.000 0,000 0.719 0.960
TATED 0.383 -0.309 0.000 0.705 0.937
Variance

explained N

by the factor 4.356 3.59 1.865 1.307

Cumulative

oroportion of

total variance. 0.363 0.663 0.818 0,927

Table 17. Varimax-rotated factor matrix for the ratios (for the equal-weighted

averages in the first difference form) in sub-period 2.
Variable Factor Factor Factor Factor Communality
1 2 3 4 h?

QRED 0.946 0.000 0.000 G.000 0.942
CRED 0.859 0.000 0.279 -0.308 0.928
DIED 0.786 0.000 0.900 0.445 0.819
TIEED 0.000 0.999 0.000 0.000 0.870
ROAED -0.474 0.745 0.000 0.323 0.921
TATED -0.530 0.703 0.000 C.080 0.894
ESED 0.293 0.650 0.9000 0.613 0.893
ARTED ) -0.415 0.542 0.350 £.000 0.517
DEED 0.990 0.000 -0.967 0.000 0.938
LTDEED 0.000 0.000 ~-0.953 .000 0.955
ITED 0.000 0.485 -0.628 0.318 0.73%
ROEED 0.000 0.000 0.000 0.9G2 0.387
Variance ’

explained

by the factor 3.232 2,887 2.538 1.74%

Cumulative

proportion af

total variance 0.289 0.510 0.721 0.867
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On the contrary, the factor solution In Table 17 differs considerably from the
solutions presented in Tables 8, 12, 13 and 16. The first factor deseribes the short-
term solvency of the firms, The variables, which according to the a priori
classification serve as the measures of liquidity, have the highest loadings on this

factor {(exceptionally also the variable DI). The second factor can be interpreted as a

factor of profitebility and efficiency. The third factor describes the long-term

solvency of the firms. Finaily, the variable ROE creates a factor of its own.

Table 18 presents the transformation .matrix between the factors given in Tables 16
and 17. The transformation matrix shows that the long-term stability between factor
patterns is very low. The first factor given in Table 16 is divided in the first place to
the second and fourth factors during the second period. The second facter is divided
to the first and third factors etc. Table 19 presentes the residual matrix involved.
The residual matrix shows that, in spite af the considerable Instability associated
with the factors, any remarkable abnormal transformation does nct 2xist. The
empirical meaning has changed only among factors, not among variabies. Only the

variables TIE and ROE have some noticeable abnormal transformation.

Table 14 indicates a very high long-term stability between factor patterns when the
variables are value-weighted indices in the first-difference form. On the other hand,
the results presented in Table 18 give evidence of considerable instabiiity bstween
factar patterns when the variables are equally-weighted indices in the first-
difference form. These results prove that the role of the aggregation methed is very
important, when we consider and calculate some industry-wide or economy-wide

notms to be "target financial ratios" for firms.
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Table 18. Transformation matrix between the factor patterns of ratios In sub-
periad 1 and sub-period 2 (factors based on the first differences of

the equal-weighted averages of the ratios),

Sub-period 2

Factor 1 - Z 3 4
Sub 1 -0.101 0.558 D.038 0.824
[_[ =

period 2 0.622 0.175 0.752 -0.077
1 3 0.7a8 -0.186 -B8.562 0.245

4 0.114 0,791 -0.327 -0.504
Table 19. Residual matrix El2 and abnormal transformation for sub-peried 2

{factors based on the first differences of the equal-weighted averages

of the ratios).

. Abnormal
Variable Factor Factar Factor Factor  transformation
1 2 3 4 ti

CRED -0.177 -0.133 0.283 -0.028 0.130
GRED -0.095 -0.106 0.229 =-0.158 0.097
DIED 0.033 0.214 -0.234 -0.093 0.110
DEED -0.344 -0.087 0.141 -0.158 0.170
LTDEED -0.336 -0.105 0.165 0.043 0.153
TIEED -0.249 -0.462 -0.194 0.690 0.785
ESED -0.353 -0,013 0.1%0 0.040 9.182
ROAED 0.308 -0.060 a.,086 0.333 0.215
ROEEL (.005 0.492 -0.162 -0.290 D.352
TATED 0.214 0.013 -0.463 £.010 0.260
ITED 0.118 G.375 0.204 -0.114 G.209
ARTED -0.210 -0.176 0.226 -0.387 0.27¢6
Abnormal trans-
formation siz G.654 0.724 0.649 0.8%6 2.922

In the following, we will further consider, if ths importance of the aggregation
methed has changed during the period examined. Therefore, we campare the factor
patterns given in Tables 12 and 15 via transformation analysis. The factor patterns

given in Tables 13 and 17 are compared analogously.

4
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Table 20 shows that during the first sub-period, years 1947-51, the role of aggrega-
tion method has not been very important. The numerical values of the coefficients of
coincidence are very high (0.986, 0.993, 0.961 and 0.947). On the contrary, the
situation changes tetally during the second sub-period {years 1952-75, results in Table
213, The transformation matrix shows that the factor solutions in Tables 13 and 17

ditfer considerably from each other.

Table 20. Transformation matrix between the facter patterns based on differ-

ent aggregation methods of raties (sub-period i)

Value-weighted averages

Factor 1 2 3 4
1 0.986 -0.097 -0.031 0.131
Eq‘fa:f: " 2 0.086 0.993 -0.609 0.086
ighte
e 3 -0.141 -0.4972 -0.274 0.949
averages
4 -0.008 -0.CG14 0.961 0.275
Table 21. Transformation matrix between the factor patterns based on differ-
ent aggregation methods of ratios {sub-period 2}
Value-weighted averages
Factor 1 2 3 4
1 0.121 0.642 -6.721 0.231
qu_:a:ty- ; 2 0.720 0.342 6.248 -0.551
weighte
606 0.211
averages 3 0.367 g.674 1]
4 0.577 -0.133 0.227 6.773

The comparison of the transformation matrices given in Tables 14, 18, 20 and 21
shows that the value-weighted indices in the first-difference form give very stable
factor solutions during the whole period examined. When equal-weighted indices
were used, the factor pattern was very similar to that based on value-weighted
indices during the first sub-period. The situation changes radically during the second
sub-perind. The result means that the numerical values of financial raties differ

systematically fram each other amang small and big firms during the latter period.
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4.4, Evaluation of the analysis and some further implications

The specific purposes in the Sections 4.2. and 4.3. were to develop empirically based
classification patterns of financial ratios and to measure and model the long-term

stability of those factor patterns between twao sub-periods,

The results, concerning the whole period examined, were first based an the value-
welghted and on the egual-weighted averages of the selected ratios. The number of
fazciors extracted was determined in the first place by a priori knowledge and
interpretative aspects. Although the explained variances of those factor patterns
were high, the interpretation of the resclts was difficult. The high correlation
between time and different ratios was one potential reasen for the difficulties. The

use of the first differences of ratiocs removed the trend from the variables.

The factor solution in Tabkle 8, found by using the first differences of the weighted
averages of the ratios, was clear-cut and easy to interprete. The classification was
not, however, equivalent to the a priori classification. We found the following
factors: solvency, profitability, efficiency and dynamic liquidity. An interesting
feature was that the short-term solvency and lang-term solvency did not differ from
each other. In additicn, the variable DI created its own factor for dynamic liquidity
or short-tsrm solvency factor and the variable TIE (the measure of long-term

solvency a priori) measured mare profitability than long-term solveney of the firms.

The clear-cut and easy-to-interprete factor solution in Table 8 proved also very
stable., The solutions for the sub-pericds 1 and 2 (Tables 12 and 13) were quite
similar: the transformation matrix between these solutions (Table 14) was near to
unity matrix with only a slight abnormal transformaticn (Table 15). On the contrary,
the factor solution based on the first differences of the equal-weighted averages
(Table 9) possessed no comparable stability. The instability was mainly caused by the
exceptional behaviour of the equal-weighted averages during the latter sub-period. As
a summary, the choose of aggregation method is of great importance in economy-
wide ratic analysis. The results support strongly the use of valug-weighted indices
instead of equal-weighted indices.
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Finally, we will determine the good financial ratios on the basis of our analysis. When
utilizing the financial ratics, it is valuable to know the theoretical relationships
between the clasees of ratios under censideration. After choasing a small subset of
ratios to be used, it is impertant to know the empirical behavior of these ratios. In
this respect, we have four requirements for the good raties. First, the factor solution
should be clear-cut and easy to interprets. Second, the ratics should have high
loading on one facter and low loadings on all the other factors. Third, the
communality of the variable should be close to one, i,e, the factar solution examined
should in practice explain, as much as passible, the total variation of the ratios in
question. Faurth, the coefficient of coincidence in transformation matrix should be
close to 1, and all elements in residual matrix close to zero; in that case the stability

of the finanelal ratic pattern is high.

The final financial ratio pattern deduced through the analysis, the four factor
solution found by using the first differences of the value-weighted averages of the
ratios, was presented in Table 8. The classification of the ratios differed to soms
extent from the a priori classification. We found the following four factors:

solvency, profitability, efficiency and dynamic liguidity.

The best solvency measures were DE (debt to equity) and GR {quick ratio), the former
being, a prior, the measure of long-term solvency and the latter, a priori, the
measure of short-term solvency. Respectively, the best profitability measure was
ROE (return on equity). ROA (return on assets) and ES (earnings to sales) were also
quite good measures of profitability. The fourth measure TIE (times interest earned;
a priori the measure of leng-term solvency) was, according to the criteria presented
abovs, quite & poor profitability measure, It had a low communality and a very high
abnormal transformation. TAT (total assets turnover) was very clearly the best
efficlency ratio. The second best was [T (inventory turnover) and the worst ART
(accounts receivabie turnover). The fourth factor, dynamic liquidity was not included
in the a priori classification. Only the variable DT (defensive interval) loaded strongly

or: this factor. DI measured very well this characteristic of firms' performance.
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4.5. The profitability and stock prices

Empirical evidence indicates that stock price fluctuations are closely related to
aceounting earnings changes (sse Section 1.2.). In this section, we will demonstrate
the connection between those variables on the aggregate level. The demonstration is
very simple and it is realized using annual data. Therefore, we cannot find any lead or
lag between variables. So it Is also impossible to say anything e.g. about how

effectively investors use financial data.

The connections between the variables are analyzed using simple correlation tech-
nique without any theoretical models of assets valuation. All varizbles are in the
first—diff_erence farm., The time series of the average annual stock price index
{denoted IND) is presented in Appendix 4 (sese Baumol and Blinder 1982: 31). The
scatter diagrams in Appendix % show that we have two kinds of outliers in the data
(we use ROA, both in the value-weighted and in the equal-weighted form, as an
example to point the outliers), First, the years when ths profitability is exceptional.
Such years are the years at the beginning of the period: 1948, 1950 and 1951 {time
before and at the b_eginning of ¥orean war). Therefore, the first four years are
removed from the data. The second group of outliers appears in the years when the
investors' expectations have radicatly changed (the stock prices have strongly gone
down) without any corresponding change in profitability. Such years are 1962 (Cuban
crisis), 1986 (Vietnam stagnation), 1969-70 (1970 racession) and 1973-74 (o1l erisis)
(see Baumol and Blinder 1982: 31). These years are also removed from the

correlation analysis.

Table 22 shows the correlation coefficients between the average stock market prices
and the ratios loaded on the profitability factor. All variables are in the first-
differsnce form and profitability variables are, in addition, value and equally
weighted indices. The rasults shew that correlation coeffictents differ, with one
exception (value-weighted TIE), at least at the 0.01 level of significance from zero.

The mutual dependence is real, because we have remaved the trend from time series.

Table 23 gives the.correlation coefficients betwsen the change of average stock
market prices and all the four factors obtained {in addition to the orthogonal solution

(Table 8) also the factors of the comparabls non-orthogonal solution {Table 10} are
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considered). The interpretation of those coefficients is easy. The fluctuations af

stock market prices and accounting earnings have been close to each ather (the

The tesults of the non-arthegonal rotation methad showe

ability and sfficiency ratics measure different dimensions of the firms' perfarmance,

those dimensions are net totally independent. Therefore,

between the change of average stock market prices and the efficiency factor (non-

orthogonal modsl) was expected. The low negative correlation in the non-orthogonal

case between the change of stock market prices and the solvency factor (not

statistically significant, however) can be explained in the same way, referring to the

results given in Table 11. The zero correlation of dynamic liquidity shows that the

cerrelation cosfficients differ statistically significantly from zero in both models).

d that although the profit-

the positive correlation

investors have not besn interested in the liquidity of the firms.

Table 22. Correlations between average stock market prices and profitability
ratios {(all variables in the first difference form).
Ratio Ratios as value- Ratios as equaily-
weighted averages weighted averages
TIE 0,39 0.g1%%*
ES g.78*** 0.72%%%
ROA 0.72%** 0.78%
ROE 9.67%* 0.79%**
Table 23. Correlations between changes in average stock market prices and the
four factors of ratios.
Factor Varimax-rotated Quartimin-rotated
factor solution factor solution
Factor 1 (solvency) -0.905 -0.21**
Factar 2 (profitability) g.62%* 0.687
Factor 3 (efficiency) 0.39 0.51
Factor 4 {dynamic liquidity) 3.0¢% 0.18
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5. SUMMARY

The purpose of this study was to develop, on the economy-wide lavel, an empirically-
based classification pattern for 12 commonly used financial ratios. The selected
ratios were according to a priori classification the measures of short-term sclvency,
long-term sulQency, profitability and efficiency of the firms. The firms used for this
study were selected from an annual industrial COMPUSTAT tape containing data for
all December 31 fiscal year US firms for the period 1547-75. The empirical results
were based on both the value- and equal-weighted indices of the selected ratios.
Classification patterns of financial ratios were developed via factor analysis using

indices {varizbles) both in the level and in the first-difference form.

The number of factors - i.e. the number of flnancial ratio classes - extracted was

determined in the first place by a priori knowledge and interpretative aspects.

The empirical analysis showed that the resulting empirically-based classification was
not fully equivalent to the a pricri classification. We found the follawing factors:
solvency, profitability, efficisney and dynamic liquidity, An Interesting feature was
that the short-term and long-term solvency did nat differ from each other. The
ahove mentioned result was obtained using the first diffefences of the value-weighted
averages of the ratios. The use of the first differences of the ratics was necessary
because of the very clear positive or negative trend in the time series. The use af
first-differences in the analysis made it also possible to overcome the open and quite
serigus problem concerning the role of the constant term in financial ratio analysis.
Further, the empirical analysic showed that different aggregation methods led to
different results. The thecretically better value-weighted indices gave mare

accurate empirical results which were also more easy to interprete.

We also measured, using transformation analysis, the long-term stability of the factor
patterns obtained. The resulting factor pattern - based on value-weighted averages
in the first-difference form - dispiayed very clear time series stability. On the other
hand, the results gave evidence of considerable instabhility between factor patterns
when the variables were egual-weichted indices. These results confirmed the great
impartance of aggregation method In the ratio analysis, Based on the classification

and stability analysis we gave some criteria how to choose the good financisl ratios.
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Finally, we made some demonstraticns concerning the potential use of financial

ratios in macro-economic anatysis.
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APPENDIX 1

DEFINITION OF THE SELECTED 12 FINANCIAL RATIOS

Balance sheet

Assets
{1) Cash
(2 Marketable securities
&3 Accounting receivable
(4} Inventories
) Qther current assets
(&) Investmants and other assets
¢). Plant and equipment
{8) Total assets

Liabilities and equity

(%) Accounts payable
(10) Other current liabilities
(11 l.ong-term debt
a2 Deferred tax
{1%) Sharehalders' equity

Income statement

(14) Sales

{15) Qther income

(16 Cast of good sold

an Excise taxes

(18) Marketing, administrative, and general expenses

(19} Interest expence

(20}
(21
(22}
23
(24)
(25)

ACTA WASAENSIA

Other expences
Earnings before tax
Tax

Earnings after tax
Extraordinary items

Earnings after extra items

Statement of changes in financial position

Working capital provided by

{26)
(27)
(28)
{29)
&)
(31)

Net earnings
Depreciation

Deferred tax
Extracrdinary items
Issue of long-term debt

Other sources

Working capital used for

(32)
(33)
(34)
(35)

Additjon to plant and equipment
Cash dividends
Retirement of long-term debt

Other uses

Computation of the ratios

Liquidity ratios

Current ratio:

REAETESCIER(VELE))

CR
(9) + (10)
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Quick ratio:

D@3
SR = ey. am

Defensive interval measure:

DI (1) + (2} + (3N x 365

T AR+ 0N« 08+ A9 + 20 - 27 - (28)

Long-term solvency ratios

__p
{12) + (13}

Long-term debt to equity:

L TDE = (93 + (10 + (11}
(12 + (13)
Tirnes interest sarned:

(14) - {€18) + {17) + (18
(19

TIE =

Profitability ratios

Earnings to sales:

_ 23

ES =
(14)

Return on assets:

(23) + {19}~ .5 x (19)
(8)

ROA =

Return on equity:

ROE = (23
CF a7« (13

ACTA WASAENSIA
Turnover ratios

Total assets turnover:

.G
TAT = @

Inventory turnover:

eIy
€]

Acccounts receivable turnover:

agr - 49

(3
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APPENDIX 2
Long-term debt Times interest earned
Debt to equity (DE) to equity (LTDE) (TIE)
DATA MATRIX: ECONOMY-WIDE INDICES FOR 12 FINANCIAL RATIOS OVER Vear Fqual-  Value- Equal- value Equal Value-
THE PERIOD 1947 - 1975 weighted weighted weighted weighted weighted weighted
index index index index index index
DEE DEW LTDEE  LTDEW TIEE TIEW
i i i Defensive interval (OF
Current ratio {CR} Quick ratio (GIIR) eEensnlfe in e\;:l on 1947 1.56 0.51 0.38 0.28 253 3.9
Year Equal- Yalue- Equal- Yalue qual ue-
weighted welghted weighted weighted weighted  weighted 1948 0.56 0.33 0.36 6.29 25,7 15.1
index index index index index 18?3‘:( 1945 B.49 0.49 0.31 .25 20.8 12.5
W DIE
CRE CRW GRE GR 1950 0.58 0.53 0.41 0.32 27.2 13.2
1947 3.37 2.60 1.78 1.35 1‘39-2 122-2 1951 0.48 0.59 0.49 0.37 23.2 12.4
1948 3.13 2.53 1.73 1.48 ol. . :
2 . . . . . .
1949 3.73 2.76 2.15 1.72 2.0 103.3 195 0.69 0.59 0.47 0.35 18.0 10.8
1950 2.95 2.37 1.77 1.55 120.6 113.7 1953 0.67 D.59 .44 0.34 14.9 9.8
1951 2.64 2,14 1.51 1.34 108.9 104.9 1954 0.61 0.54 0.39 0.30 15.5 10.5
1952 2.88 2.352 1.67 1.38 106.8 102.4 1955 0.85 0.58 0.42 0.33 17.0 12.4
1953 2.98 2.23 1.70 1.39 iUZ-U lzgg 1954 .69 9.54 0.43 0.30 14,6 8.9
1954 3.17 2.36 1.85 1,49 12.4 .
1957 0.67 2,55 2.40 0,29 13, .
1955 2.97 2.29 1.77 1.49 13.7  107.0 1osg o 3.0 8.1
1956 2.97 2.33 1.69 1.41 104.5 93,5 . 0.52 0.40 0.25 1.1 5.7
1957 3.06 2.%4 1.68 1.39 : 98.2 87.9 1959 0.87 0.53 0.40 0.27 11.9 6.3
1958 3.33 2.53 1.89 1.57 108.8 100.0 1960 0.72 0.54 0.43 0.27 9.3 5.8
1959 3.10 2.43 1.77 1.53 106.3 100.4 1861 0.84 0.é2 0,43 0.26 2.1 5.5
1968 3.11 2.39 1.76 1.45 100.4 95,9 1962 0.86 063 0.44 0.26 9.4 5.3
1961 2.82 2,25 1.75 1.49 104.2 100.6 1963 0.8
1962 2.81 2.22 1.76 1.48 103.6 100.1 -85 0.62 0.44 0.27 9.1 5.2
1943 2.84 2.18 1.84 1.48 103.8 101.5 1964 0.88 0.53 0.46 0.27 9.4 4.9
1964 2.73 2.11 1.76 1.41 104.3 97.8 1965 1.09 D.58 0.58 0.32 9.3 4.8
19¢5 2.55 1.91 1.64 1.29 104.8 95.4 1968 1.06 0.73 0.56 0.33 9,5 4.7
1968 2.51 1.85 1.62 1.28 10L.7 91.1
1967 1.08 0.74 0.54 0,32 7. .
1967 2.62 1.87 1.66 1.15 103.8 90.6 8 4.2
1958 2.53 1,73 1.5 1.11 105.5 91.5 1568 1.15 0.80 0.58 0.35 7.2 2.9
1969 2,32 1.61 1.47 1.02 i04.5 89.0 1969 1.19 0.85 2,61 0.39 6.5 3.3
1970 2.50 1.55 1.40 0.95 101.7 86.2 1970 1.25 0.92 0.65 2.41 5.5 2.9
1971 2.51 1.61 1.61 1.02 103.4 7.7 1571 1.18 .93 0.59 0.40 6.1 3.0
1972 2.54 1.61 1.68 1.05 104.3 89.4
. 1972 1.30 0.93 0.567 0.41 . .
1973 2,26 1.57 1.43 1.03 99.8 89.4 7.1 3.1
1974 2.14 1.50 1.73 8.92 92.4 80.0 1973 1.28 0.3> 0.68 .44 6.3 2.9
1975 2.46 1.54 1,51 0.98 95,3 80.4 1974 1.31 1.02 0.70 0.50 5.7 2.6

1575 1.26 0.98 0.65 Q.46 5.2 2.5
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Farnings to sales {£5)  Return on assets (ROA} Return on equity (ROE)
Year Equal- Value- Equal- Value Zaual. Value-
weighted weighted weighted  weighted weighted weighted
index index index index index index
ESE ESW ROAE ROAW ROEE ROEW
1947 0.088 0.082 0.117 0.0% 0.219 0.155
1948 0.091 0.090 0.119 0,105 0.204 3.17%
1949 (.082 0.082 0.098 0.088 0.183 0.146
1950 0.0%94 0.091 9.119 0.106 0.203 0.176
1951 0.073 0.072 0.090 0.085 0.155 0.143
1952 0.064 C.066 0.975 0.075 0.133 0.126
1953 0.964 0.064 0.077 0.077 0.131 0.130
1954 ¢.068 0.07: 0.077 0.078 0.129 0.129
1955 0.073 0.079 0.091 0.053 0.1s0 0.152
1956 0.084 0.079 0.090 0.086 0.148 0,139
1957 0.079 0.075 0.076 0.075 0.130 0.127
1958 0.075 0.069 0.067 0.062 0,110 0.101
1959 0.988 0.076 06.077 0.0869 0.134 0.114
1960 0.06% 1.073 0.065 0.053 0.109 0,105
1961 0.069 0.972 0.057 0.050 0.123 0.102
1962 0.073 0.074 0.062 0.051 0,112 0.108
1963 0.975 0.076 0.063 £.053 0.117 0.113
1964 n.o78 0.080 0.067 0,054 0.129 0.120
1965 0,083 0.082 0.073 0.056 0.148 0.128
1966 0.086 0.080 0.077 0.05& 3.159 0.130
1967 0.079 0.074 0.068 0.051 0,144 0.120
1968 0.083 0.072 0.066 0.052 0.140 0,125
1969 0.0s8 0.067 0.062 0. 048 2.138 0.1zt
1570 G.057 0.059 0.052 0.044 0.120 0.105
1971 0.062 0.061 0.955 0.845 0.118 0.112
1972 0.069 0.063 0.0s60 0.046 0.136 g.119
1973 0.070 G.068 0.066 0.053 0.184 0.140
1974 0.054 0.0659 0.067 0.056 0.140 0.145
1975 0.951 0.052 0,057 0.047 0.135 0.121

Tetal asset turnover
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Inventory turnover

69

Accounts receivable

(TAT) am turnover (ART)
Year Equal- Value- Equal- Value Equal Vaiue-
weighted weighted weighted weighted weighted  weighted
index index index index index index
TATE TATW ITE ITW ARTE ARTW
1947 1.55 1.10 8.47 5.60 16.05 9.53
1948 1.57 1.13 8.60 5.70 18.44 9.54
1949 1.44 1.02 8.80 5.46 15.85 8.48
1950 1,53 1.12 19.19 6.45 15,31 3.89
1951 1.54 1.15 9.71 5.26 15.04 8.65
1952 1.48 1.09 9.39 5.73 14.81 8.00
1953 1.51 1.14 5.84 6.08 15.43 8.1%
1954 1.40 1.04 9.55 5.82 14.47 7.65
1955 1.49 1.13 10.68 6.64 14.03 8,10
1956 1.49 1.0% 19.34 5.31 13.47 7.34
1957 1.28 0.94 9.47 6,12 13,78 7.36
1958 1.20 0.84 9.46 5.74 12.62 6.77
1959 1.23 0.87 10.11 6.32 13.05 5.98
1980 1.14 0.64& 9.57 6.17 12.60 £.53
1961 1.19 0.60 10.18 6.10 12.39 6.32
1962 1.26 0.62 11.19 £.38 12,16 6.29
1963 1.24 0.62 11.55 6.51 11.71 6.09
1954 1.22 9.60 12.44 6.67 11.45 6.02
1945 1.22 0.s1 12.98 6.82 10.82 6.05
1966 1.25 0.61 12,06 6.70 10.6% 5.49
1967 1.18 0.60 11.45 6.47 18.33 5.56
1968 1.19 0.80 11.80 6.70 10.03 5.80
1969 1.17 0.59 12,93 6.68 .85 5.60
19790 1.10 9.57 11.58 6.26 8.92 5.34
1971 1.09 0.56 11.10 6.35 8.82 5. 44
1572 1.11 0.55 12.34 6.71 9.22 5.30
1973 1.16 0.58 12,63 7.20 92.52 5.55
1974 1.21 0.64 12.14 7.33 9.58 6.10
1975 1.15 0.8l 11.26 6.71 %.39 5.78
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APPENDIX 3. GRAPHS OF THE TIME SERIES OF THE RATIOS
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ENDIX
APP X 4 APPENDIX 5

THE AVERAGE ANNUAL US STOCK MARKET PRICE NDEX

. SCATTER DIAGRAM FOR THE FIRST DIFFERENCES OF THE STOCK MARKET
PRICE INDEX AND THE PROFITABILITY MEASURE ROA (ROA COMPUTED AS
THE VALUE-WEIGHTED AVERAGE)

Year Index
1947 176
ROAWD
1548 180
1949 176 020 x
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SCATTER DIAGRAM FOR THE FIRST DIFFERENCES OF THE STOCK MARKET
PRICE INDEX AND THE PROFITABILITY MEASURE, ROA (ROA COMPUTED AS
THE EQUAL-WEIGHTED AVERAGE)
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