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ON INFORMATION BASED DECOMPOSITION MEASURES
IN FINANCIAL STATEMENT ANALYSIS

1 Introduction

This paper deals with the use and interpretation of de-
composition measures based on the concept of entropy in
financial statement analysis. The application is connected
with the interpretation of entropy as a measure of disper-
sion. The correlations between decompesition measures and
gsixteen financial ratios are analyzed. Decomposition mea-
gures spanning over several years are also studied in
sections % and 5. The data utilized is for the period

1970 - 1980 and ineludes fifteen finnish firms.

Entropy can be interpreted as a measure of dispersion wuwhich
due to the general nature of definition, can be used in the
analysis of various variables. Entropy has been used in
economics when studying, for example, the structure of
markets, centralization of industry and when testing diffe-
rent statisticazl hypotheses. In these applications, entropy
is considered primarily as a measure of dispersicn.

The use of entropy originated in physies where changes in

tha states of thermodynamic systems are desceribed with the
help of entropy. A general law describing the direction of
thermal energy flows ( the second law of thermodynamics )

can be defined with entropy.

Entropy alse is an important concept in information theory
where it ecan be used as a tool for matching information
streams with channel capacities. The mathematical expres-
sion of entropy is also based on informatiocn theory.
However, information theory is primarily a theory connected
with statistical probabilities of different combinations of
signals and as such it is not associated with economics.

The thermodynamic and information theoretic interpretations
of entropy have unfortunately been often the reason for
misunderstanding of the relevance of entropy in economics.

2 Definitions and properties of entropy

In statistics entropy is a measure of dispersion for quali-
tative data. For a qualitative variable X, the value of the
variable may be quite arbitrary. The whole information is
in the class frequencies or probabilities. In order to get
a dispersion index for the distribution, only these proba-
hilities can be used (Astola and Virtanen 1981).

Consider the  frequency distribution of a qualitative va-
riable X.
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The entropy of variable X is now defined as

N

(2.1) H=<«k § plegp .
b i
iz1

The coefficient k can be chosen accerding to the base of
the logarithm to be used. In general logarithms with base
2, widely employed in information theory, are used. The
unit of entropy is then called a "bit". When natural loga-
rithms are used, the unit is called a "nit¥.

On the basis of the definitien the following properties can
be noted. '

H is non-negative.
H = 0 cniy if one p = ! ( and all other p = 0 ).
i i )
H depends only on freguencies ( probabilities T
. H reaches maximum value logN when p = p =..= p = 1/N
1 2
H can be decomposed within and between entropies.

Eeg¥ ) Ny —
. .
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Definition {2.1) derives from the mathematical information
theory the following sense. It is assumed that the informa-
tion received from a specific event can be expressed as a
monotonically decreasing functien of the probability of the
event. The negative logarithm function fulfils this requi -
rement.
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Consequently, if the event is teaertain® the information
received eguals zero, while the information of a rare event
would be high. The expected information can thus be defined
according to equaticn (2.1).

Also other measures can be derived from information theory
( Kullback 1966, 5-10 ). Consider there is a prior informa-
tion ~log q@ from an event to be examined. If, however,

1
‘posterior probability p 1is observed, the information recei-

i .
ved from the transformation prior probability ¢ %o p ecan
i i
be expressed by the difference
(2.2) log(1/q. ) - log{1/p } = log (p/7q ) .
i i i i

The expected value of this information is then

N
(2. I{psa) = E:: pllog(p /q ) .
i i i
i=1

This is often called information Inaccuracy. The definition
shows that I(p;q) reaches the minimum value 0 when all p
and g are equal for 211 Ii. I{p;q} can thus be interpreted
as a measure of ®information inaccuracy"”.

I+ can be shown that (2.3) is approximately distributed as
2

the }( _distribution (Kullback 1966, 101-102). Tests can
be applied when studying how much the observed distribution
differs from the expected one (Hauser 1977). The null
hypothesis can be, for example, the homogensity of groups
{Latosaari and Virtanen 1983).

3, Finaneial statement analysis

The statistical interpretation of entropy makes it possible
to analyze structural changes in financial statements. Mea-
sures based on definitions of entropy have been suggested
for use in structural analyses of financial statements
(Theil 1969, Lev 1974, 47-60, Walker ete. 1979) and in
prediction of bankruptcy as well as corporation takeovers
{(Belkaoui 1978). Lev states that with decomposition analy-
sis it is possible to identify whether significant change
in financial constructs have cecured and,morecver, where
most of the change is located. Any structural changes
whether planned or unplanned, are of interest to the finan-
cial analyst. Changes may indicate changes in management
strategy or management's inability to maintain a desired
strueture (Walker etc. 1979, 173-1743.

The definition (2.3) with its properties suits well the
appreach concerned. The measure receives high values when
changes are observed in successive relative proportions.

The decomposition measure can be caleulated for the income
statement (on certain conditions) and for the balance sheet
as a whole or any combination of account halances. In
general, the measure has been employed for the whole balan-
ce sheet (BSDM), for assets (ADM) and liabiiities (LDM).

The categories of the balance sheet are divided in both
assets and liabilities into three classes. ift p is the
1]
relative proportion of the sum of assets when J = 1 and
jiabilities when j = 2, then the six classes sum to unity.

2 3
(3.1) E § p =1 (3.2) E p = 0.5
ij i1
j=1 i=1

i=1

3
(3.2} 5 p‘2 = 0.5 .
1
i=1

{3.2) is the sum of assets and (3.3} the sum of liabilities

Bazlance sheet proportions

assets liabilities
Quick assets D P Short-term debt
11 i2
Inventory P o} Long~term debt
21 22
Long—-term assets p p Net Worth
31 32

Total 0.5 0.5 Total
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The measures are defined with. two palance sheets for diffe-
rent points in time by using Kullback's definition (2.3}.
1f fractions from earlier balance sheet are expressed as

q and fractions from later balance sheet as p then

id i3
3 2
(3.4} BSDM = z [p loglp /9 )
: ij ij i3
i=1 j=1
(3.5) ADM = Yizp log(2p /29 )
i i1 1 11
i=1
3
(3.5) ADM = Ezp log(2p /2q ) .
N V) iz i2
i=1

These definitions are based on the decomposifion property
of entropy. BSDM represents "between" groups and ADM and
LDM "within" groups entropies. It can be stated that B3DM
{s the average of ADM and LDM. The greater the difference
between the relative proportions of the earlier and later
balance sheets the higher the numerical values of the
measures are. The measures indicate only the amount of
change, not the direction. Tt has been found that the
deconposition measures are generally larger for small firms
than for large firms. Further, it has been found that the
LEM is generally larger than £he ADM.

Decomposition measures have peen suggested for use in the
prediction of company bankruptey. Empirical resulits indica-
te that decomposition measures are generally larger for
failed than for non-failed firms. Tt has also been found
that decomposition measures have approximately the same
predictive power as most of the traditional ratios. The
discriminating ability between solvent and bankrupt firms
is, however, not fully convineing.

It has also besen found that decompesition measures are
alosely related to changes in company cash flows. The
results also show that correlation enly occurs between the
absciute values of changes and -decomposition measures
(Ball eta. 1976). Consequently, the measures observed do
not indicate whether the changes have been favourable or
unfavourable to the firm.

Thepe are thus good grounds for questioning the validity
of deccmposition measures when evaluating the firm's finan-
cial econdition. If high measures were interpreted to pre-
dict bankruptey, all structural changes in the balance
sheet would be negative phenomena for the firm. Still
structural changes are also associated with positive deve-
lopments as well, 3o the prediction of bankruptcy by using
decomposition measures cannct, at least in theoretical
terms, be considered approriate.

The, decomposition measures could be used instead for moni-
toring financial statements for a longer period of time at
a general level. If considerable numerical values of measu-
res are observed, the financial atatements can be examined
closer, and the financial development during the pericd
concerned evaluated with more sophisticated measures. To be
able to use decomposition measures 1ln an approriate way in
the general evaluation it should be assumed that there is a
olear correlation between decomposition measures and finan=-
cial ratios. This would mean that when observing conside-
rable values of measures, changes in the ratios describing
Firm's finacial condition could also be expected. This type
of correlation Has been studied between decomposition mea-
sures and the absolute changes in values of usual ratios
(Walker etc. 1979). In this research it was found that the
BSDM and the LDM are highly correlated to the absolute
changes in values of ratios. With regard to the ADM the
correlation was smaller.

Diseriminant analysis is also widely used for analyzing
financial statements. The scores used are net separate mea-
surea but linear combinations of measures, such as combina-
tion score Z. Alsc in this case the decomposition measures
apparently correlate with the score used, because they
correlate with the components of the score. If a reliable
diseriminant model 'is in use for the firm menitored, the
use of decomposition measures does not give any further
information because the changes can be observed by using
the combination too.

It sholud be noted, however, that when using combinations
the combinations are estimated from specific data. The
question is whether the firm monitored is in agreement with
the data employed in estimation. Also the stability of
linear combinations may be questionable (Aho 1981, T2-114}).
In these cases, decomposition measures can be calculated

to. support the evaluation, because they are not dependent
on any statistical estimation (Walker ete. 19793 .

It should also be observed that any comparing analysis of
valance sheets cannot be based on the relative propeortions
of balance sheet items alone. The decomposition of balance
sheet may in some cases vary across the firms examined.
However, the. properties of decompositicn measures make it
possibel teo compare the structural changes in differently
constructed balance sheets as well.

As was earlier mentinoned, decomposition measures could,

in principle be defined also for other financial statements
For instance for income statement. The practical limitation
is the possibility of negative proportions which cannot be
handled by the basic definitions. Apparently, the use of
decomposition measures in these cases would become too
complex.
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As expected, the correlations are higher for financial ra-
ties calculated directly from the fractions of balance
sheat. The correlations for ratios based partly on income
flows seem to be lower instead.

It can also be seen from the minimum and maximum values of
in the Eable that the correlations vary considerably across
the firms. However for most ratios and firms the correla-
tions differ significantly from zZero. It sholud also be sta-
ted that the interpretation of the numerical value of the
Spearman rank correlaticn ccaefficient is not easy. Spearman
rank correlation was chosen in this study primarily because
of the skewed distributions of the financial ratios in the
data.

y.2 Decomtposition measures spanning over several years

In this case the decomposition measures were computed by
using intervals of two and three vears. Changes in

the values of ratios were defined respectively and the
Spearman rank cecrrelations were computed. The results in
Tables 3 and 4 do not differ significantly from those
results where the basic definition waa used.

5  Decomposition measures as indiecators of abnormal
periods

In this section illustrative examples concerning the use of
decomposition measures in monitoring financial statements
are presented.

In the figure 2, decompesitbion measures for one particular
cempany are presented graphically as functions of time. The
time spanning is one year.

This graphical representation shows that during the period
of T8 - 79 changes have occured mostly in the liabilities
side of the balance sheet. In Figure 3 respective relative
proportions of balance sheet are preseented graphically. It

is easy to see the large change in short-term debt during the

period.

Considerable changes in the asset side during the periods of
1970 ~ 1971 and 1973 - 1974 are also presented in Figure 2
by peaks in ADM ( asset decomposition measure ). In these
periods also the ratios used in this study varied conside-
rably. Percentage changes varied from 10 per cent &o 300

per cent.

12

In Figure 4 a different spanning was used for another compa-
ny. The measurss were now detecting gradual changes in the
same direction during three years periods. Interesting pe-
riods seem to be 73 - 76 in the liabilities side and 74 - 77
in the asset side., Inspection of Figure 5 confirms the
observatiocn.

& Conclusions

?t iz important to notice again that the method presented
in this paper gives no information about the quality of the
change detected. Once high values of decomposition measures
are observed more advanced measures are needed in order to
evaluate the financial position of the firm.

However, decomposition measures seem to be well suited for
monitoring a large amount of financial statements at gene-
ral level. One possible application is toc use these measures
as ¥e¥s in computer aided search in large databases. Decom-
position measures are not bounded to any specific structure
of balance sheet ( as e.g. in the cne used in this study }
%pg_gherefobe they can be used as general measures of varia-
ility.

The problem is to decide an approriate treshold value far
the measures. In the previous examples an arbitrary value
of 0.10 was used to classify the value as "significant".

T?ese judgements should obviously rely on previous expe-

rience.
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