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Financial Ratios as Predictors of Firms'
Industry Branch *

Financial ratios are commonly used for intra-industry comparisons. In finan-
cial statement analysis a firm's performance and financial status are frequently
evaluated in relation to other firms in the same branch of industry, or in relation
to industry averages.1 This common practice obviously has economic repercus-
sions. Empirical evidence by Lev (1969) and Frecka & Lee (1983)2 indicates that
firms tend to adopt policies which direct their financial ratios towards industry
means. This behavior would increase the efficiency of an economy only if the in-
dustry averages were optimal as targets, which hardly is guaranteed.

Salmi & Dahlstedt & Luoma & Laakkonen (1986) (SDLL (1986) from here
on) showed that intra-industry comparisons of firms is ill-advised for several of
the industries. This results from the finding that many industry branches are not
homogenous in terms of financial ratios. The finding was based on five financial
ratios from a sample of forty-two publicly traded Finnish industrial firms cover-
ing the period from 1974 to 1984.

* Kiitämme Paulon Säätiötä saamastamme tuesta.
1 Besides comparing a firm's financial ratios to corresponding industry averages it is quite com-

mon to evaluate a ratio relative to the distribution of the ratio within the industry. The underlying
idea in this practice is trying to assess whether a (negative Dr positive) deviation from the industry
mean is significant or not. This has given rise to numerous papers on the distributional properties
of accounting ratios. See e.g. Deakin (1976), Bougen & Drury (1980), Lee (1985), Buijink & Jegers
(1986). AIso see Barnes (1982), Horrigan (1983), and Barnes (1983).

2 AIso see Brown & Bali (1967), and Foster (1986) for discussion on industry and economy com-
ponents of financial ratios.



The weakness of the congruence between industry c1assification and firm
characteristics raises two objectives for our study. First, we question the validity
of official industry c1assifications. Second, the risk of making biased financial
performance evaluations is at issue. The basic problem of the current paper is
whether or not the central financial ratios have levels which are chracteristic of
different industry branches. This problem can be restated as whether it is possible
to predict a firm's industry branch from its central financial ratios. lf predicting
industry branch on the basis of a firm's financial ratios is possible, the next ques-
tion is whether any single financial ratio predicts (explains) industry branches to
a significant degree~

From SDLL (1986) it is to be expected that the ability of financial ratios to
predict industry branches will in most cases be weak, with some exceptions.

Basical1y, the problem concerns the relationship between the dependent varia-
ble (industry branch) and the explanatory variables (financial ratios). There are
several potential approaches for studying such relationships. One possibility would
be to analyze the correlations between the dependent and explanatory variables
using dummy-variable techniques. The second potential approach would be to re-
gress the financial ratios to the industry branch. In these approaches, however,
the categorical nature of the dependent variable becomes problematic. Industry
branch is not even an ordered set as are failure/ non-failure in bankruptcy re-
search or bond-ratings in bond-rating studies.3

The third potential approach is discriminant analysis. Because of the nature
of the dependent variable this method is preferable. Compared to the correlation
and regression approaches using discriminant analysis means foregoing the stan-
dard statistical measures for evaluating the significance of the relationship.4 This
choice will thus mean that we have to develop a procedure for evaluating the de-
gree of discrimination. We are searching for a minimum set of financial ratios
(predictors) which provide a better discrimination of industry branches than a ran-
dom choice.

Our problem is multi-dimensional, because the explanatory variables involve
three dimensions. These dimensions are the financial ratios, the firms, and the
years. Usual1y, such dimensionality is reduced (e.g. in studies on factoring finan-
cial ratios5) by resigning to cross-sections6 or averaging. In order to avoid the en-

3 See Foster (1986), Ch. 14 and 15, and Watts & Zimmerman (1986), Ch. 5 for further references.
4 The implications of this fact are not always fully appreciated when using discriminant analy-

sis e.g. in bankruptcy prediction.
5 See e.g. Pinches & Mingo & Caruthers (1973), Pinches & Eubank & Mingo & Caruthers (1975),

Laurent (1979), Chen & Shimerda (1981), Cowen & Hoffer (1982), Gombola & Ketz (1983), Yli-Olli
& Virtanen (1985).



suing lass af informatian we da nat take this avenue. Instead, we paal the abser-
vatians aver the years and the firms. Ii must be nated, hawever, that this proce-
dure leads ta biased estimates, if the discriminatian is nat stable aver the years.
Therefare, it is necessary ta test whether the discriminatian is stable (which, in-
deed, is the case).

For the actual estimatian the initial set af financial ratias must be chasen ta-
gether with the firms and the time span. Weuse the same data-base as in SDLL
(1986). Thus the initial set af financial ratias will cansist af labor intensiveness,
return an assets, leverage, quick asset ratia, and inventory turnaver in days. The
firms in the sample are the farty-twa industrial publicly traded Finnish firms, and
the time-span is from 1974 ta 1984.

Our selectian af the firms admittedly pases a problem. Many af the Finnish
publicly traded firms are multi-industry firms. The chaice was based upan their
impartance in the Finnish ecanamy, and the ready availability af the data. The
research methadalagy is nat affected by this fact, but it may have bearing an the
results.

2. PREDICTION OF INDUSTRY FROM A COMBINATION OF FINANCIAL
RATlOS

As stated in Intraductian we are basically interested in the extent ta which the
central financial ratias have patterns which are characteristic af and distinct be-
tween different industries. Lagically, if the industries were perfectly distinct in
the financial ratias sense, the financial ratias af a single-industry firm wauld per-
fectly define its industry branch. Cansequently, we will study ta ability af finan-
cial ratias ta predict the industry branch af the firm.

In order ta predict the industry branch af a firm from a set af financial ratias
we specify the fallawing discriminant analysis7 madel:

max Z = ah + bh ,Xi t I + ... + bh jX1, t jh ,,, ,,,

6 Sudarsanam & Taffler (1985) used cross-sections (1973-78) in their study on the homogeneity
of U.K. manufacturing industries.

7 Discriminant analysis is a well-known statistical method in business studies. In particular, it
has successfully been applied in predicting corporate failure. The single-variable approach of Beaver
(1966) and the multivariate model by Altman (1968) are the classics. See Zavgren (1983) for a review
of the state of the art. Also see Taffler (1982) for is quality in the statistical aspects, and Eisenbeis
(1977) for the pitfalls in applying discriminant analysis. For recent studies on corporate failure see
e.g. Peel & Peel & Pope (1986), and Goudie (1987). AIso see Rushinek & Rushinek (1987) for assess-
ing the status of a prospective borrower with discriminant analysis.



where
Z the discriminant Z-score
Xi,t,j the value of financial ratio j for firm i in year t 0=1, ... ,1; t=l, ... ,T;

j = 1, ... ,J)
ah the constant for the discriminant function of industry branch h (h = 1,... ,H)
bh,j the coefficients of the discriminant function of industry branch h

1n model (1) a distinct set of coefficients is estimated for each category (indus-
try branch). 1n applying the model for prediction an observation is classified into
the category yielding the highest Z-score for the observation.8

Empirically, there are ten (H = 10) industry branches in our database. 1n com-
parison, bankruptcy studies involve a dichotomous ordered dependent variable
(failure/nonfailure). Bond-rating studies involve multiple categories (often nine),
but these categories are ordered. (From the poor C to the excellent AAA). 1n the
case of industry branches, the dependent variable is truly categorical.

The five (J = 5) financial ratios from SDLL (1986) are used, as introduced in
the previous chapter. The forty-two (I = 42) publicly traded industrial Finnish firms
and the years from 1974 to 1984 (T = 11) bring about two additional dimensions.
1nstead of averaging or reverting to cross-sections we pool the observations.9
Thus any observation of the explanatory variables can be delineated by

8 Alternatively, the model can be presented as the following c!assification rule. Assign the ob-
servation

to category g if

U,Xo=max UhXo
. h=i, ... ,H

As is well-known in statistics, discriminant analysis is based on the assumptions of normaiity,
and the equality of variances and covariances (and hence the correlations) in the different categories.
Furthermore, it is assumed that the costs of misc!assifications are equal. The C!assification rule fol-
lows from minimizing the total costs. See Hawkins (1982), pp. 3-7 and Srivastava & Carter (1983),
p. 240. An observation is c!assified into the category which results in the smallest Mahalanobis dis-
tance for the observation. Mahalanobis distance also takes into account the correlations between the
variables in addition to their variances. The C!assification rule thus is a minimum distance rule using
the generalized distance concept.

9 By pooling the observations we are able to utilize the maximum amount of information. This
fact outweighs the statistical problems involved in pooling. See Richardson & Davidson (1984), and
thdr references for the statistical problems. In particular, the potential autocorrelation within the finan-
cial ratios, caused by the pooling, tends to inflate the significance levels of statistical tests.



In the pooled set of the observations index t first runs over the years and i then
over the firms. Hence, there are 462 observations in applying model (1).
Appendix A delineates the observations by giving a few statistics as well as

the correlations between the financial ratios.

Denoting a(h) and b(h,j) (where h=I, ... ,H) in model (1) reflects the fact that
a separate set of coefficients is estimated for each industry branch.1O In other
words ten discriminant functions are estimated, and used for prediction. An ob-
servation is c1assified (discriminated) into the industry branch yielding the highest
Z-score for the observation.
The estimated discriminant functions for the five-variable model are given in

Appendix B. It also inc1udes the results used in discriminating with a single varia-
ble at a time, which is taken up in a later chapter.
The discriminant functions were estimated and used to predict the industry

branch in the case of each of the 462 observations. The percentages of the correct
predictions are given below. The temporal stability of these results was found to
be high.ll

TOL 31:
TOL 32:
TOL 34:
TOL 35:
TOL 36:
TOL 38:
TOL 61:
TOL 62:
TOL 71:
TOL 83:
Overall:

17/ 44
18/ 55
59/132

6/ 22
16/ 22
22/ 77
58/ 66
13/ 22
10/ 11
3/ 11

222/462

38.6 OJo
32.7 OJo
44.7 OJa
27.3 OJa
72.7 OJa

28.6 %
87.9 %
59.1 %
90.9 %
27.3 %
48.1 %

The industry c1assification used in the above is the Standard Industry Classifi-
cation. The c1assification is called the TOL c1assification in Finland. 12 Appendix
C gives the key to the TOL codes.

10 This procedure gives better prediction than estimating a single set of discriminant coefficients.
II The stability of the results was tested by dividing the observations into two subsamples made

up by the odd and the even years, and estimating the results from these subsamples. No differences
were found, and thus the stability of the estimates is established. Furthermore, the outiiers occurring
in the sample do not affect the results. This was established by comparing the estimates to estimates
from a sample with the outliers omitted.

12 See Central Statistical Office af Finland (1984). The TOL industry c1assificatian is being
renewed from the beginning af 1988; see Central Statistical Office af Finland (1987).



The five financial ratios discriminated the industry branch correctly in 222 cases
out of the 462. This means that 48.1 per cent were predicted correctly.

As was to be expected from SDLL (1986) the prediction was significantly bet-
ter for observations from relatively more homogeneous industry branches. For
example, the wholesale trade firms (TOL 61) are classified into the correct indus-
try branch on the basis of the five financial ratios in 87.9 per cent of cases. On
the other hand in the case of manufacture of fabricated metal products, machin-
ery and equipment (TOL 38) only 28.6 per cent of the observations are correctly
predicted by the relevant discriminant function. This is in keeping with our earli-
er results in SDLL (I986).13 Comparison between TOL 61 firms is clearly better
warranted than comparisons between TOL 38 firms, where the danger of mis-
leading intra-industry comparisons is very high. (This reasoning can, naturally,
be extended to the other industry branches as well.)

On the basis of the above we put forward that the percentages of the
correct predictions serve as a relative index of the safety of intra-industry
financial statement analysis comparisons between firms (or comparisons to
industry averages). As an example, the estimates of the index where low
for TOL 38 and high for TOL 31, while the overall index was 48.1 per cent.

Intuitively the results seem to indicate that as a combination the (five) finan-
cial ratios do indeed have some predictive ability. Two questions remain, however.

First, the strength of the discrimination is at issue. Unfortunately, discriminant
analysis does not include such statistics as the coefficient of determination (R2)
of regression analysis. Therefore, a benchmark must be developed in order to have
some idea of the level of the discrimination. This question is taken up in the cur-
rent chapter.

Second, intra-industry comparisons in financial statement analysis are (usual-
ly) based on one financial ratio at a time, not on combinations of financial ratios.
Hence, the question arises whether, and to what extent, the individual financial
ratios predict the industry branches. This question is taken up in the next chapter.

Consider the question of the statistical significance of the results. It is obvious
that a discriminant function has predictive power if it discriminates better between
the different categories (industry branches in our case) than does a random choice.
Therefore, we have to establish in how many cases the industry branch would be
correct if chosen randomly, and then compare the 222 cases out of 462 to this
figure.

13 This marked variation of homogeneity of industry braches is in line with the results of Sudar-
sanam & Taffler (1982, pp. 13 and 18) on U .K. data.



The different industry branches have a different number of firms (and thus
a different number of observations) in them. The best comparable random choice
should consequently be based on the proportional frequencies for the industry
branches. Thus we apply a proportional chance criterion.

Denote
Mh = the number of observations X (as defined by (2» in industry branch h
H the number of industry branches
K the total number of observations (i.e. 1x T)
C the total number of correctly classified observations applying the propor-

tional chance criterion

Starting from the relative frequencies of the observations in an industry branch
the following reasoning can be applied to give the expected number of observa-
tions correctly classified by a stratified rand om choice.

The relative frequencies of observations in the industry branches are respectively

If each of the observations is classified into the industry branches randomly
in proportion to the relative frequencies (3), the expected number of correctly clas-
sified observations in each industry branch will be

Mh(4) -Mh=Mh
2/K;h=I, ... ,H

K

In all, the expected number of correctly classified observations from the strati-
fied random choice of industry branch amounts to

H

(5) C = L Mh
2/K

h~l

By our proportional chance criterion (5) 74.4 out of the 462 observations would
be correctly classified if the industry branch were chosen randomly. This is tanta-
mount to 16.1 per cent. As is recalled, the overall discrimination by the combina-
tion of the five financial ratios is 48.1 per cent. Even if there is no mechanical
significance statistics available for the comparison, it is clear that the discrimina-
tion is significant. This is obvious when one considers the fact that the theoretical
range for the discrimination index is from zero to a hundred per cent, and that
the index is linear by nature.

In financial statement analysis the inter-industry comparisons are normally
made one financial ratio at a time. Therefore, we tested the ability of each ratio



to predict which industry branch the observed ratio comes from. The coefficients
of the five resultant discriminant functions (each with a single explanatory varia-
ble) are given in Appendix B. The percentages of the correct predictions by each
of the financial ratios are listed in Appendix D. The financial ratios are presented
in the order defined by a stepwise discriminant analysis.

As is seen in Appendix D the best discriminator was financialleverage. The
firms in the different industry branches thus differed most in terms of their financial
leverage. The overall predictive ability of financialleverage was 27.1 per cent com-
pared with 16.1 per cent of the stratified rand om choice (see previous chapter).
Using financialleverage thus significantly improves on random selection, although
the discrimination index must be considered low. Again, there are very signifi-
cant differences in the results for the different industry branches. For example
TOL 61 (wholesale trade) industry is discriminated very well whereas e.g. TOL
38 (manufacture of fabricated metal products, machinery and equipment) is not
discriminated well.

It is interesting to speculate why a particular financial ratio would differ from
branch to branch. Actually, we expected operating leverage (labor intensiveness)
to be the best discriminator, which was found not to be the case. This expectation
was based on the fact that the official industry classification is founded on the
products produced. Different products involve different production technologies,
which in turn was expected to be reflected in distinct operating leverages. As it
turned out, operating leverage is not significant, since it could not outdo rand om
choice of industry. This result casts further doubt on the premises of the official
industry classification in addition to the reservations voiced in SDLL (1986).

As to financialleverage a potential explanation for its role is found in finance
theory. It is common to assert that firms in different industries belong to differ-
ent risk classes, and can thus bear a different relative amount of debL Although
we do not consider this view propounded by financial theory entirely undisputed,
it could in part explain our results.

Inventory turnover was another variable having a clearly better predictive power
than random choice. In searching for potential reasons this raises the question
whether inventory turnover in days might be better linked to the products produced
than operating leverage.

Profitability was not a distinctive factor. This lends support to the assertion
that the individual features of a firm are more decisive for its success than its branch
of industry.

With the admission that financial ratios are commonly used for intra-industry
comparisons, and that this practice is frequently ill-advised because of the heter-



ogeneity of the industry branches with respect to financial ratios, there arises two
consecutive problems which constituted the objectives of the present study: 1) What
is the magnitude of the risk of biased information from undertaking the said com-
parisons, and 2) what can be inferred about the nature of the criteria which lie
behind the present (official) industry branch classifications. These objectives can
be attained by tackling the problem of our study: How reliably is a firm's indus-
try branch predicted (predefined) by financial ratios.

We used discriminant analysis as our method. The stronger the predictive ability
of a financial ratio to discriminate an industry branch, the more homogeneous
the industry branch with respect to the financial ratia, and the less risk of making
comparisons within an imaginary coherent group. We put forward an index of
the predictive ability as a measure of the risk.

In going through the results for individual financial ratios one finds that the
variation of the predictive index is large. Indeed, there are incidents where com-
parisons seem safe. It appears that, generally, the risk is smaller in trade and service
industries than in manufacturing industries.

As for the official industry branch c1assification it seems that it does not have
a basis ideally suited for evaluation of firms' performance. This is inferred from
the vast variance of the index of predictive ability both for the financial ratios
and the industry branches. The poor performance of labor intensiveness, which
comes closest to the nature of the production function, lends further support to
our assertion. Summing up, it is probably the criteria of industry c1assification
which ought to be reconsidered rather than the soundness of financial ratios.


