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1. Introduction
Payment default is a form of business failure. It can 
be defined as the inability of the firm to pay its fi-
nancial obligations when they come due (Beaver, 
1966 and Altman, 1968). In this situation, the firm
suffers from lack of financial resources and is un-
able to get such resources in time, to pay the mature 
obligations. For obvious reasons, failure prediction 
is traditionally based on financial statement vari-
ables (for a review see Zavgren, 1983, Jones, 1987, 
and Laitinen & Kankaanpää, 1999). However, it has 
been shown that non-financial variables may bring
additional information over financial ratios (Keasey
& Watson, 1987, Wilson, Summers & Hope, 2000, 
and Back, 2005) in payment default prediction. The 
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statistical methods of failure prediction differ from 
each other in the functional form, which they apply 
to these variables. However, many methods make 
use of a version of linear functions in estimation. 
For example, the linear discriminant analysis and 
the linear regression analysis apply a linear func-
tion to the original variables. The logistic regres-
sion analysis applies a logistic function to the linear 
logit of the variables. In addition, the proportional 
hazard survival analysis applies an exponential 
function to the linear log-relative hazard, and the 
neural network analysis may apply complicated 
non-linear functions to the linear combinations of 
original or standardized input variables (see Laitin-
en & Kankaanpää, 1999). The linear function only 
includes the main effects of the variables. Thus, the 
application of this function may result in an inef-
fective prediction model. It omits the relationships 
between the variables and may lead to a miss-un-
derstanding of the cause-and-effect relationships in 
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default analysis. It is the main objective of this study 
to show how both the main effects and the two-way 
effects of the variables can be together utilized in 
default prediction. 

The difference between the main effects (linear) 
analysis and a two-way effects analysis can be dem-
onstrated by the following example. Let us assume 
that the task is to predict a binary status variable Z. Z 
equals unity when the firm is a non-default firm and
is zero when the firm is a default firm. If the model
includes two independent variables and has a linear 
form, the resulting equation without any error term 
can be presented as follows

 Z b b X b X= + +0 1 1 2 2  (1)

where b0, b1, and b2 are the regression coefficients
and X1 and X2 the independent variables, say the 
return on investment (profitability) and the loga-
rithmic net sales of the firm (size). If b1 and b2 are 
statistically significant and positive, the model (1)
implies that the profitability (X1) and the size (X2) 
have both a separate and positive (main) effect on 
the likelihood of non-default.      

When including the main and two-way effects in 
the model, the resulting model may however have 
the following statistically significant effects

 Z b b X b X X= + +0 1 1 3 1 2  (2)

where the cross-product of the independent varia-
bles (X1 X2) describes the two-way effect. The equa-
tion (2) can be transformed to   

 Z b X b b X= + +( )0 1 1 3 2  (3)

which shows that the size has only a significant two-
way effect on the dependent variable. Thus, in real-
ity the size does not directly affect the likelihood of 
non-default but it acts as a contingency (moderator) 
variable that transforms (moderates) the relation be-
tween the return on investment and the likelihood to 
default (see Luft & Shields, 2003). If b1 and b3 are 
positive, it shows that the profitability has a positive
main effect on the non-default likelihood and that 
the total effect is the larger, the larger is the size. 
Hence, it is only the profitability, that directly affects
the non-default likelihood but the effect is depend-

ent on the size. The interpretation of the model (3) is 
thus that in large firms profitability is more important
than in small firms in avoiding payment defaults.

The situation described above can be realized, 
when the independent variables correlate with each 
other, which contradicts with the assumptions of the 
linear model. When using financial variables to ex-
plain and to predict payment default, the independ-
ent variables are usually correlated. This is because 
of the default process deteriorates both the income 
statement and the balance sheet items which makes 
several financial variables (ratios) to change in the
parallel way. Thus, the inclusion of two-way effects 
may improve the fit of the model and to result in
such estimates which allow interpreting the default 
process properly. However, because the independ-
ent variables are correlated with other, it may not 
remarkably change the (rank) order of firms with
respect to the default likelihood. Thus, it may not 
significantly improve the classification accuracy.
In addition, it will be shown in this study that the 
distributions of the covariates largely determine 
the degree of improvement in the goodness of fit.
The degree of improvement may be remarkable if 
the two-way effect of a positively skewed variable 
and a negatively skewed variable is introduced in 
the model. Financial variables include both types 
of variable but non-financial variables are typically
positively skewed. In addition, the distributions of 
non-financial variables have often a high kurtosis
which diminishes the degree of improvement. How-
ever, non-financial variables may include signifi-
cant additional information over financial variables,
since they measure different dimensions and are not 
remarkably correlated with them. The hypotheses of 
the study will be based on these arguments.

The present paper is organized as follows. The 
introductory section presents the framework of the 
study. The second section presents a simulation ex-
periment to show the potential of two-way effects. 
This experiment is based on 100 simulated obser-
vations. The general linear model (GLM) is used 
to estimate the main effects and two-way effects 
models. Then, hypotheses on the two-way effects 
are extracted from the experiments. The third sec-
tion includes a justification for the choice of the
independent variables to predict payment defaults. 
Six financial variables and eight non-financial vari-
ables are selected for the empirical analysis. In ad-
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dition, this section presents the empirical data and 
the method of the study. The estimation data is re-
stricted to 1500 default firms and 1500 non-default
firms. The classification results of the main effects
and two-way effects models will be validated in a 
large sample of 592 default firms and 61572 non-
default firms.  The GLM will be used to estimate the
prediction models. The fourth section presents the 
results. First, the results for the financial variables
are presented. The differences in the interpretation 
between the main effects and two-way effects mod-
els are discussed in detail. The purpose is to show 
how two-way effects can be used to interpret how 
different financial variables affect the default proc-
ess of the firm. Secondly, the estimation results for
the non-financial variables are reported. Thirdly, the
results for the combined models of the financial and
non-financial variables are discussed. Finally, the
last section concludes the study.

2. Simulation experiments on the two-way 
effects

2.1. Framework for simulation
The potential of two-way effects is difficult to an-
alyse without a numerical analysis. Therefore, a 
simple deterministic simulation experiment is per-
formed. It is clear that the relationship of the covari-
ates to the default likelihood and to each other affect 
the results. In default prediction, the covariates are 
correlated with the status variable and generally also 
with each other. Financial variables are usually cor-
related more that financial and non-financial vari-
ables. Thus, the two-way effects may not reflect any
pure moderator-variable interaction but merely an 
independent-variable interaction (Loft & Shields, 
2003: 174). The distributions of the independent 
variables may be quite different. Thus, the simula-
tion will include several experiments (cases) for dif-
ferent types of distributions of correlated variables. 
The experiments are based on 100 simulated obser-
vations. There are 50 observations for default firms
(Z=0) and 50 observations for non-default firms
(Z=1). These observations are presented in the rank 
order so that observations i=1,...,50 are default firms
and i=51,...,100 are non-default firms. The default is
predicted by two correlated variables described re-
spectively by the first-order and second-order Pas-
cal distribution as a function of i. These variables 

are constructed by the following functions

 pj i pi( ) =  (4a)

 qj i i qi( ) ( )= +1  (4b)

where p and q are the parameters of the functions 
and j refers to the values of p and q used in experi-
ments j. In all, nine experiments will be carried out 
(j=1,...,9).

The functions (4a) and (4b) are used to give nu-
merical values for the two covariates. The first-or-
der Pascal (geometric) distribution (4a) is monoton-
ic and decreasing in p (p < 1). Thus, it is negatively 
correlated with Z. For each k > 50 and i < 50, pj(k) 
< pj(i). In addition, it is always skewed right and the 
skewness has positive values. However, the degree 
of skewness depends on p. In addition, p determines 
the degree of kurtosis. The lower p, the higher is 
the skewness and the kurtosis. The second-order 
distribution (4b) is decreasing in q when q < 0.50. 
However, it has a peak when q > 0.50. The peak is 
reached for the observation k that fulfils the condi-
tion q/(1-q) > k > (2q-1)/(1-q). For values q < 0.50, 
the distribution has the same statistical properties as 
the first-order distribution. However, for q close to 
1, the skewness of the distribution is negative and 
the kurtosis is quite low. When selecting q, it is pos-
sible also to make the skewness close to zero and the 
kurtosis negative. For the numerical experiments, 
p is assumed to have three different values, 0.750, 
0.925, and 0.985. When p = 0.750, the skewness and 
the kurtosis of the distribution are high. When p = 
0.985, these statistics are close to zero. In the same 
way, q is assumed to have values 0.450 (no peak), 
0.950 (peak for i = 20), and 0.985 (peak for i = 66). 
For q = 0.450, the distribution has a high skewness 
and a high kurtosis. When q = 0.985, the variable is 
negatively skewed with a low kurtosis. When com-
bining all the values of p and q, the number of cases 
will be nine.

2.2. Simulation results and hypotheses
The hypothetical data of nine cases with 100 ob-
servations for one dependent variable (Z) and two 
covariates (qj and pj, j=1,2,...,9) were constructed 
based on the selected values of p and q. The data 
were analyzed by the SPSS. Because the target is to 
analyze the main and two-way effects in payment 
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default prediction, the univariate general linear 
model (GLM) is applied. The GLM is a flexible sta-
tistical model that incorporates normally distributed 
dependent variables and categorical or continuous 
independent variables. The univariate GLM can be 
used in this analysis, because there is a single de-
pendent variable (payment default), but two inde-
pendent variables (covariates). The univariate GLM 
is used to compare differences between group means 
and estimating the effect of covariates on a single 
dependent variable. The statistical significance of
the main effects and the two-way effects is tested 
by the t statistic. The goodness of fit is measured by
the coefficient of multiple correlation (R2). The clas-
sification accuracy of the estimated GL models is
analyzed by the linear discriminant analysis (LDA). 
The classification results are also cross-validated by
the Lachenbruch method.

Appendix 1 shows the estimation results for the 
nine cases. Table 1 presents a summary of the re-
sults. The three first cases (cases 1, 2, and 3) are cal-
culated for q = 0.450 which leads to a distribution 
of qj with a skewness and a high kurtosis. When the 
second variable (pj) is also characterized by a high 
skewness and a high kurtosis, the resulting main ef-
fects and two-effects models have a poor goodness 
of fit and also a low classification accuracy (case
1). However, when p = 0.985, the skewness and the 
kurtosis are close to zero, the goodness of fit and the
classification accuracy are excellent. The two-way

effect is statistically significant but does not remark-
ably affect the goodness of fit and the accuracy. The
only remarkable effect on the accuracy is resulting, 
when p = 0.925 (a moderate skewness and a moder-
ate kurtosis). The next three cases (4, 5, and 6) are 
presented for q = 0.950, which leads to a distribution 
with a zero skewness and a negative kurtosis (a flat
distribution). For this value of q, the goodness of fit
and the classification accuracy are excellent for any
value of p. However, the quality of results increases 
in p. Generally, the two-way effects only make a mi-
nor improvement on the results. However, when p = 
0.925, the improvement in classification accuracy is
remarkable, when the two-way effect is included in 
the model. In that case, the resulting classification
accuracy is 100%. The last three cases (7, 8, and 
9) are based on q = 0.985 resulting in a negatively 
skewed distribution with a low kurtosis. When p = 
0.750 (a high skewness and a high kurtosis) or p = 
0.985 (skewness and kurtosis close to zero), the sig-
nificance of two-way effect is not remarkable. How-
ever, when p = 0.925 (a moderate skewness and a 
moderate kurtosis), the two-way effect is extremely 
significant on the goodness of fit (case 8). In addi-
tion, it improves the classification accuracy.

Thus, it seems that the two-way effect may sig-
nificantly improve the fit of the model, when one
covariate is slightly negatively skewed and the lat-
ter covariate is slightly positively skewed, and both 
covariates have a moderate kurtosis. In this case, 

TABLE 1. Summary of the simulation experiments on the two-way effects.

Covariate q Covariate p 2-way 
effect qp R2 Classification

accuracy

Case Skewness Kurtosis Skewness Kurtosis Significance Main 2-way Main 2-way

1. Case 1: q =0.450 & p=0.750 6.17 40.70 4.81 25.01 0.0852 0.310 0.331 0.650 0.650

2. Case 2: q =0.450 & p=0.925 6.17 40.70 2.17 4.12 0.0035 0.636 0.667 0.780 0.800

3. Case 3: q =0.450 & p=0.985 6.17 40.70 0.52 -0.89 0.0005 0.970 0.974 0.950 0.950

4. Case 4: q =0.950 & p=0.750 0.19 -1.44 4.81 25.01 0.0000 0.962 0.977 0.980 0.980

5. Case 5: q =0.950 & p=0.925 0.19 -1.44 2.17 4.12 0.0000 0.958 0.974 0.970 1.000

6. Case 6: q =0.950 & p=0.985 0.19 -1.44 0.52 -0.89 0.0000 0.981 0.997 0.980 0.990

7. Case 7: q =0.985 & p=0.750 -1.53 1.28 4.81 25.01 0.0210 0.661 0.679 0.830 0.850

8. Case 8: q =0.985 & p=0.925 -1.53 1.28  2.17 4.12 0.0000 0.636 0.893 0.820 0.860

9. Case 9: q =0.985 & p=0.985 -1.53 1.28 0.52 -0.89 0.0000 0.999 1.000 0.980 0.980

Legend: Main = model based on the main effects

2-way = model based on the main effects and the 2-way effect
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the effect also improves the classification accuracy
but not as significantly as the fit. These effects are
diminishing, when the skewness of the distribution 
of the former covariate is approaching zero. These 
results are valid when the covariates are correlated 
which usually holds in default prediction. 

The skewness of financial variables can be ei-
ther negative, zero, or positive (Karels & Prakash, 
1987, McLeay, 1986, McLeay & Omar, 2000). 
The skewness largely depends on the existence of 
bounds. For example, quick ratio and current ratio 
have a lower bound (zero), and are usually positive-
ly skewed. This also holds for a size measure such 
as the number of employees or net sales. However, 
in statistical analysis the size measure is presented 
usually in a logarithmic form, which diminishes the 
skewness and may even make it negative. In addi-
tion, such financial ratios as profit margin, tradi-
tional cash flow to net sales ratio, and book equity
ratio have an upper bound (100) which may make 
the distribution negatively skewed. Such a ratio as 
the return on investment has neither a lower bound 
nor an upper bound, and can have skewness close to 
zero. The kurtosis of financial variables is typically
moderate, because they do not usually have general 
target values other than maximization. However, 
for example current ratio has a general target value 
(norm) of 2. Thus, the firms may strive towards the
norm both upwards and downwards which may lead 
to a high kurtosis around the norm. Finally, usually 
financial variables are correlated. Thus, it is hypoth-
esized that two-way effects have a significant effect
(1) on the goodness of fit, when financial covariates
are used. However, the effect (2) on the classifica-
tion accuracy is not significant (H1).

There may different kinds of non-financial cov-
ariates (see Keasey & Watson, 1987, Laitinen, 1999 
and Back, 2005). In general, the covariates may refer 
to the characteristics of the firm, the environment of
the firm, or a special type of behaviour. The variables
that measure the characteristics or the environment 
may have a distribution with a low skewness and a 
low kurtosis, when there are no bounds for the vari-
able. If there are bounds, the distributions of non-
financial covariates are often skewed positively due
to a lower bound. For example, the age of the firm
and the industry propensity of default have a lower 
bound resulting in a positive skewness. However, a 
logarithmic transformation (if applicable) may elim-

inate the skewness. The behavioural covariates tend 
to be the most significant non-financial predictors
of default (Laitinen, 1999 and Back, 2005). These 
variables have a special distribution of their own. 
These variables refer to a special type of behaviour 
that is only observed in a very few (usually risky) 
firms. For example, board member resignations and
observed payment delays are examples of such cov-
ariates. These kinds of variables have a lower bound 
leading to a positively skewed distribution. In addi-
tion, the positive observations are concentrated in a 
small group of firms, which makes the distribution
to have a high kurtosis. Thus, it seems that non-fi-
nancial variables are usually skewed positively and 
may have a high kurtosis. Therefore, it is hypoth-
esized that two-way effects do not have a significant
effect (1) on the goodness of fit and (2) on the clas-
sification accuracy, when non-financial covariates
are used (H2). 

Financial and non-financial variables may be
slightly correlated. However, they measure differ-
ent dimensions of the firm. Financial measures are
drawn from the financial process of the firm (fi-
nancial statements) while non-financial measures
typically refer to the phenomena observed in the 
operational process. Financial statements contain 
lagged and incomplete information of the phenom-
ena in the operational process. Thus, it is expected 
that non-financial covariates include significant ad-
ditional information when predicting a payment de-
fault. This means that non-financial covariates may
improve the goodness of fit and the classification
accuracy of financial models. Because non-financial
variables typically are skewed positively, they may 
have significant two-way effects with negatively
skewed financial variables. However, the most sig-
nificant non-financial (behavioural) variables have
a high kurtosis, which may diminish the two-way 
effects on the goodness of fit and on the classifica-
tion accuracy. Thus, it is expected that non-financial
covariates include significant additional informa-
tion over financial covariates that improves (1) the
goodness of fit and (2) the prediction accuracy (H3). 
In addition, it is hypothesized that two-way effects 
have a significant effect (1) on the goodness of fit,
when both financial and non-financial covariates
are used. The effect (2) on the classification accu-
racy is however not significant (H4). 
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3. Empirical data and methods
3.1. Empirical sample of the study

The data available for the study include financial
statement and background information from 2092 
default (failed) and 63072 non-default (non-failed) 
firms. The empirical data have been obtained in an
disguised form from Finska (Suomen Asiakastieto 
Oy) for research purposes (see http: www.asiakasti-
eto.fi). From these data, a sample of 1500 default
and 1500 non-default firms were randomly selected
for estimation (estimation data). In addition, the rest 
of the data was used in validation of the classifica-
tion results (test data). Estimation data is construct-
ed to include two equal groups because the aim is to 
give equal weights to default and non-default firms.
These data include a majority of Finnish firms which
publish annual financial statements according to the
Accounting Law. Thus, it forms a statistically repre-
sentative sample of this particular population. 

The population does not however correspond to 
the size distribution of all Finnish firms, because
very small (micro) firms are missing. These small
firms have not to present their financial statements
publicly. However, the average size of the firm is
very small. In the estimation sample, the average 
default firm employs 11.6 persons, while the non-de-
fault firms on an average employ 26.0 persons. The
average age for the default and non-default firms is
10.4 and 14.7 years, respectively. The estimation 
sample includes 28.3% trade, 23.4% service, 15.5% 
manufacturing, and 13.2% constructing firms. The
data include financial statements from the firms for
the accounting year 2003. The background informa-
tion is gathered 13.12.2003. The financial statement
data and audit reports have been published until the 
end of April 2004 and deal with the situation at the 
end of 2003. The payment default to be predicted 
has emerged after the end of 2003 but before 30th 
April 2005.

3.2. The variables of the study
Dependent variable

Empirical studies use very different definitions to
explain failure. These definitions include negative
net worth, non-payment of creditors, bond defaults, 
inability to pay debts, over-drawn bank accounts, 
bankruptcy, reorganization, and liquidation (see 
Karels & Prakash, 1987, Table 1). In this study, the 
target phenomenon is payment default that can in 

general terms be defined as the inability of the firm
to pay its financial obligations when they come due.
In Finland, the most common types of payment de-
fault are private-judicial draft protest published or 
unpublished, unaccounted tax withholdings and 
value-added tax installments published by the tax 
authorities, insolvency or other impediment stated 
in connection of execution proceedings, and judg-
ment by default on demand for payments. In fact, 
more than 40% of the payment defaults in Finland 
are private-judicial draft protests. These types of de-
fault are not as serious as bankruptcy or liquidation. 
In fact, a firm can continue operations even though
it gets such a payment default. However, bankrupt-
cy as a payment default usually refers to a discon-
tinuation of operations. Thus, payment default firms
are very heterogeneous with respect to symptoms 
for financial distress although a binary dependent
variable (default or non-default) is employed. In 
this study, a binary variable (Z) is used to measure 
default so that 0 refers to a default firm and 1 to
a non-default firm. This variable is called here the
likelihood of non-default. 

Financial variables
The choice of independent variables should be re-
lated to the purpose of predicting payment default 
of different kind based on symptoms of such finan-
cial distress. For example, Beaver (1966), Altman 
(1968), Scott (1981), Jones (1987), Karels & Pra-
kash (1987), Laitinen & Kankaanpää (1999) discuss 
which financial dimensions should be selected into
the analysis on theoretical and empirical grounds 
when predicting financial distress. Leverage, prof-
itability, liquidity, cash flow, size, and growth are
supported by theory and empirical evidence (Scott, 
1981, Jones, 1987, and Laitinen, 1991). Thus, six 
independent financial variables are chosen on the
basis of these dimensions. In this study, size is 
measured by logarithmic net sales and growth con-
sistently by rate of change in net sales. Profitability
is measured by return on investment ratio. Quick ra-
tio is used to assess traditional liquidity. Traditional 
cash flow to net sales ratio refers to the cash flow di-
mension. In this dimension, traditional cash flow is
preferred to the operating one (see Laitinen, 1994). 
Finally, leverage (capital structure) is measured by 
the equity ratio based on book value of assets. It is 
expected that the equity ratio will have the most im-
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portant direct (main) effect on the default prediction 
model based on the financial variables (see Laitinen,
2005). In addition, it can be expected that the size 
and the growth do not have significant main effects
but will have important two-way effects. These var-
iables mainly act as contingency factors affecting 
the profitability and the finance which may be direct
reasons for default.

Non-financial variables
The choice of non-financial dimensions is not as
straightforward. Keasey & Watson (1987) how-
ever discuss these dimensions. They pay attention 
to such dimensions as managerial structure, inad-
equacy of accounting information system and audit 
lags, submission lags, audit qualifications, changes
in auditors, and gearing. In their analysis, number 
of directors and submission lags were important 
predictors of distress. Laitinen (1999) used sev-
eral non-financial variables to explain risk assess-
ments made by financial analysts. He showed that
prior payment history and characteristics of direc-
tors are most significant dimensions. Back (2005)
classify non-financial dimensions in his study into
the following classes: characteristics of manage-
ment, prior payment behavior, group membership, 
and age. His analysis showed that the dimension of 
prior payment behavior is the most important di-
mension in explaining financial distress. In addition
to the dimensions above, industry and age of firm
have proven to be significant dimensions in dis-
tress prediction (see El Hennawy & Morris, 1983 
and Shumway, 2001). Thus, prior studies present a 
large number of non-financial variables which may
be useful in default prediction.

In the present analysis, the number of non-finan-
cial variables is however restricted to eight. This is 
because the number of two-way effects will rapidly 
increase with the number of variables.  If there are 
n variables, it will be result in (n2-n)/2 two-way ef-
fects. When n = 8, there are in all 8 main effects and 
28 two-way effects. Thus, a set of eight variables 
are used to measure age, industry, characteristics of 
the board (directors), and prior payment behavior. 
The age of the firm is measured by logarithmic age
in months. The industry effect is assessed by in-
dustrial propensity to default. This measure relates 
the number of default firms to all firms in indus-

try. The characteristics of directors are measured 
by four variables: number of members in board, 
number of resigned board members during the last 
half year (%), number of board member personal 
payment defaults, and number of board member 
links to payment default firms. The prior payment
behavior is measured by two different variables. 
First, negative payment behavior is measured by 
the number of payment delays (negative payment 
observations) observed during the last 12 months. 
These delays are not official payment defaults but
refer to an overdraft of allowed payment periods. 
Second, positive payment behavior is measured by 
the cumulative number of signals about taking care 
of the payments in time (positive payment observa-
tions). It is expected that the prior payment behavior 
variables have the most significant main effects (see
Laitinen, 1999 and Back, 2005).

3.3. Statistical methods
The empirical statistical estimations in this study 
are made by the SPSS. In addition, the univariate 
general linear model is applied in the same way as 
in the simulation experiments. The statistical signif-
icance of the main effects and the two-way effects 
is tested by the t statistic. Only the variables with 
a statistically significant coefficient (p = 10%) are 
included in the prediction models. The goodness of 
fit is measured by the coefficient of multiple corre-
lation (R2). It is expected that the coefficient is not
high, since the dependent variable is binary. Linear 
discriminant analysis is again applied to assess the 
classification accuracy of the GL models. The clas-
sification results are validated in the test data.

The first hypothesis assumes that two-way effects 
improve the fit of the financial prediction models
(H1). This hypothesis is tested by comparing the 
coefficients of multiple correlation calculated for
the main effects model and for the model with the 
main effects and the two-way effects. The estimated 
models are used in LDA to classify the estimation 
sample and the validation test sample in default and 
non-default firms to calculate classification accura-
cy. The associated hypothesis in H1, which assumes 
that the two-way effects do not remarkably improve 
the classification accuracy, is tested by comparing
the classification accuracy of the two models. The
second hypothesis on the insignificance of the two-
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way effects in the non-financial prediction model is
tested in the same way (H2). The third hypothesis 
assumes that the non-financial variables bring addi-
tional information into the financial variable model
improving the goodness of fit and the classification
accuracy (H3). The additional information is meas-
ured by the change in the multiple coefficient of
correlation and the improvement in classification
accuracy by the change of the number of correctly 
classified firms, when non-financial covariates are
introduced.

4. Empirical results
4.1. Financial variable models

Estimation results
Table 2 shows descriptive statistics of the six finan-
cial variables. The distribution of the quick ratio 
shows a high skewness and a high kurtosis. This is 
mainly due to that the distribution of the ratio is re-
stricted by zero from the left and has a norm value. 
The size measure (logarithmic net sales) shows a 
negatively skewed distribution with a moderate kur-
tosis. The negative skewness is due to the logarith-
mic transformation. The original size measure (net 
sales) is strongly positively skewed with a very high 
kurtosis. This is due to that the sample includes a 
high proportion of very small firms and only a cou-
ple of very large firms. The deviations from the
normality contradict with the assumptions of the 
GLM. There are 520 missing observations for the 
growth rate. In all, there are only 2432 valid obser-
vations when the missing observations are list wise 
dropped.

Table 3 presents the parameter estimates for the 
GLM only based on the main effects of the six fi-
nancial variables. The results largely correspond to 
the prior expectations. The coefficient of multiple
correlation is only 22.0%. The equity ratio is the 
most significant independent variable with a very
high t value. However, the next significant variables
are the size and the growth (with a negative coef-
ficient). The profitability variable and the cash flow
variable are statistically significant only at the level
of 5%. When the financial main effect model is used
to interpret the payment default factors, the result is 
that the default is mainly affected by the equity ra-
tio, the size, and the growth of the firm. The effect of
the quick ratio is as significant as that of the growth.
The profitability and the cash flow have statistically
only a minor effect. The higher the leverage and the 
size, and the lower the growth rate, the lower is the 
likelihood to default.

Table 4 shows the results for the estimated GLM 
based on both the main effects and the two-way ef-
fects of the financial variables. This table show the
parameter estimates only for the statistically signifi-
cant effects at the level less than 10%.  The coef-
ficient of multiple correlation is 25.0% that exceeds
that of the main effects model. This result supports 
the hypothesis H1. The table gives a different per-
spective of the default factors than the model only 
based on the main effects. The profitability, the li-
quidity (the quick ratio), the cash flow, and the lev-
erage (the equity ratio) seem all to have about an 
equally significant main effect. The estimated coef-
ficients for the profitability and to the leverage are
negative. However, the size and growth have not 

TABLE 2. Descriptive statistics of the six financial variables.

Financial variable Valid observations Mean Standard deviation Skewness Kurtosis

Logarithmic net sales 3000 11.91 3.03 -2.22 7.16

Growth in net sales (%) 2480 13.87 57.05 1.67 3.47

Return on investment ratio (%) 3000 11.87 44.08 0.53  3.25

Quick ratio 2947 2.39 6.12 5.98 39.92

Cash flow to net sales ratio (%) 2853 3.73 26.82 -1.32 6.52

Equity ratio (%) 3000 26.64 44.94 -0.87 1.07

Valid observations (listwise) 2432     
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significant main effects, but they act as important
contingency factors in the two-way effects. In fact, 
statistically the most significant effect in the GLM
is the two-way effect of the size and the leverage. 

Table 5 presents the classification results for the
main effect GL model and for the model with both 
the main and the two-way effects. Panel 1 shows 
that the overall classification accuracy of the main
effects model is in the estimation data is 74.0% that 
is almost same as in the test data (74.7%). Panel 2 
shows that the overall accuracy of the two-way ef-
fects model is in the estimation data almost equal to 
that of the main effects model. For the theoretically 
selected cut-off point, this model however leads to 
fewer classification errors in default firms. In the test
sample, the proportion of non-default firms is very

high which makes the overall accuracy of the two-
way model clearly lower (71.5%). In the estimation 
sample, the Spearman rank correlation coefficient
between the main effects model prediction and the 
two-way effects model prediction is 95.5%, which 
shows that the classifications are quite similar. Fig-
ures 1 and 2 present scatter diagrams for these pre-
dictions, when the logarithmic net sales (size) is 
used as the vertical axis. These figures show that
the two-way effects model gives predictions, which 
avoid large errors better than the competing main 
effects model. In summary, it seems to give a better 
goodness of fit although it does not lead to better
classification accuracy. These results give support
to the first hypothesis (H1).

TABLE 3. Parameter estimates of the main effects of financial variables.

Financial variable Parameter 
estimate Standard error t statistic Significance Statistical 

power

Intercept 0.03932 0.06573 0.59819 0.54977 0.09186
Logarithmic net sales 0.02739 0.00516 5.31189 0.00000 0.99960
Growth in net sales (%) -0.00057 0.00016 -3.48486 0.00050 0.93618
Return on investment ratio (%) 0.00051 0.00026 1.94939 0.05136 0.49552
Quick ratio 0.00627 0.00182 3.43602 0.00060 0.92985
Cash flow to net sales ratio (%) 0.00086 0.00044 1.94680 0.05167 0.49449
Equity ratio (%) 0.00444 0.00024 18.37589 0.00000 1.00000

Coefficient of multiple correlation (R2)
0.2200

Adjusted R2

0.2180

TABLE 4. Parameter estimates of the main and 2-way effects of financial variables.

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 0.35149 0.01090 32.24437 0.00000 1.00000
Return on investment ratio (%) -0.00736 0.00179 -4.11651 0.00004 0.98442
Quick ratio 0.02549 0.00828 3.07846 0.00210 0.86806
Cash flow to net sales ratio (%) 0.00191 0.00046 4.16504 0.00003 0.98622
Equity ratio (%) -0.00601 0.00139 -4.31818 0.00002 0.99078
Logarithmic net sales * Return on investment ratio 0.00061 0.00014 4.38429 0.00001 0.99229
Logarithmic net sales * Quick ratio -0.00163 0.00077 -2.12748 0.03348 0.56621
Logarithmic net sales * Equity ratio 0.00088 0.00012 7.61849 0.00000 1.00000
Growth in net sales * Return on investment ratio -0.00001 0.00000 -4.00880 0.00006 0.97968
Growth in net sales * Cash flow 0.00002 0.00001 4.17635 0.00003 0.98661

Coefficient of multiple correlation (R2)
0.2500

Adjusted R2

0.2480
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Numerical analysis
The sign and height of the parameters are difficult
to interpret because of the different scales of the 
variables and the two-way effects. Therefore, a nu-
merical analysis is needed. Panel 1 in Appendix 2 
shows the percentage fractiles for the financial vari-
ables from 5% to 95%. Panel 2 shows the size of the 
main effects calculated for the different fractiles of 
the six variables. These main effects are calculated 

by multiplying the parameter estimate of the main 
effect in Table 2 with the fractile in question. In 
general, the panel shows that the main effect of the 
size is dominating the prediction for the independ-
ent variable Z (the likelihood of non-default). When 
predicting Z (0 or 1), the main effect of the size is 
over 40%, when the 90% fractile is considered. The 
main effect of the equity ratio (leverage) is compa-
rable with the size effect only for very small (5% 

TABLE 5. Classification accuracy of financial variable models.

PANEL 1. Classification accuracy of the main effects model.

Estimation data: Test data:

Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %

Default firms 839 327 0.720 353 122 0.743

Non-default firms 305 961 0.759 13132 38756 0.747

Overall accuracy 0.740 0.747

PANEL 2. Classification accuracy of the main & 2-way effects model.

Estimation data: Test data:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %

Default firms 879 287 0.754 372 103 0.783

Non-default firms 355 911 0.720 14823 37088 0.714

Overall accuracy 0.736 0.715
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FIGURE 1. Financial main effects model prediction for Z. 
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FIGURE 2. Financial two-way effects model prediction for Z. 
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FIGURE 1. Financial main effects model prediction for Z. FIGURE 2. Financial two-way effects model prediction for Z.
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fractile) and very large ratios (higher than the 90% 
fractile). The main effects of all other variables are 
quite small. However, when the growth rate is very 
high, it may have a considerable negative effect to 
the likelihood of non-default. Thus, the main effect 
GL model implies that payment defaults are largely 
determined by the size of the firm.

Appendix 3 shows numerical experiments for the 
GL model with the main effects and the two-way 
effects. The size is only a contingency variable for 
the quick ratio and for the equity ratio. Thus, the 
effect of the ratio on the likelihood of non-default 
depends on the size. Panel 1 shows the coefficient
of the quick ratio for the fractiles of the size. In ad-
dition, the panel shows the effect of the ratio on the 
likelihood calculated for the median value of the 
quick ratio. The effect is decreasing in the size but 
negligible anywhere. Panel 2 shows the similar fig-
ures for the equity ratio. This panel shows that the 
effect of the equity ratio is quite significant already
for small firms below the 25% fractile. However, it
is very strong for large firms greater than the 90%
fractile. For the large firms, the effect is triple the
effect for the small firms. Thus, it can be concluded
that in order to avoid a payment default, the effect 
of the equity ratio is much more important for large 
firms than for small ones.

Panel 3 of Appendix 3 presents the figures for the
cash flow ratio. The effect of the cash flow on the
likelihood depends on the growth as a contingency 
variable. The effect is negative for negative growth 
rates and positive for positive growth rates. How-
ever, the absolute effect is quite negligible irrespec-
tive of the growth rate. Panel 4 shows the coeffi-
cients and the effects for the profitability ratio. This
ratio has both the growth rate and the size as con-
tingency variables. The effect of the profitability is
increasing in the size but decreasing in the growth. 
For small firms with a low growth rate the effect is
positive but small. However, for small firms with a
higher growth rate the effect is negative. When the 
firm grows faster than the 90% fractile, the effect is
negative also for large firms. However, this combi-
nation of growth and size may exist only seldom in 
business life. In summary, it can be concluded that 
that the effect of the profitability depends on both
the size and the growth. However, the absolute ef-
fect is not strong.

4.2. Non-financial variable models
Table 6 presents descriptive statistics for the eight 
non-financial variables. The distributions of the log-
arithmic age and the industry propensity to default 
have both distribution with a low skewness and a 
low kurtosis. However, for the distributions of other 
six non-financial variables the skewness and the kur-
tosis are positive and exceptionally high which con-
tradicts with the normality assumption. However, 
the characteristics of the distributions are consistent 
with expectations presented in the second section. 
These variables typically refer to an exceptional be-
haviour in terms of board member or prior payment 
characteristics. Thus, these distributions include a 
large number of observations with the lower bound 
value of zero. Typically, the variables are associated 
with a negative sign characteristic to distress firms.
For this rule, the number of positive payment sig-
nals is an exception. This variable has a distribution 
with extremely high skewness and kurtosis. The 
non-financial variables do not include any missing
values. Thus, there are 1500 default and 1500 non-
default firms in the estimation of the GLM.

Table 7 shows the estimation results for the main 
effects of the GLM based on the eight non-financial
variables. The coefficient of multiple correlation is
28.4% that clearly exceeds that for the financial var-
iables model. The parameter estimates are all statis-
tically significant. The number of delays in payment
is the most significant independent variable with a
very high t value. The next statistically important 
variables are the number of members in board, the 
industry propensity to default, and the number of 
board member personal defaults. The t values for 
these three variables are quite close to each other. 
Thus, it seems that the previous payment behaviour 
is the most significant non-financial predictor of
payment defaults, which conforms to the prior stud-
ies (Laitinen, 1999 and Back, 2005). However, also 
the industry of the firm and the characteristics of the
board are important predictors, when only main ef-
fects are used in the model. 

Table 8 presents the estimation results for the 
GLM, when both the main and two-way effects are 
used as independent variables. This table only in-
cludes the parameter estimates that are statistically 
significant at the level of 10%. It is remarkable that
the coefficient of multiple correlation is now less
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than the GLM based on only the main effects. There 
are only three non-financial variables having statis-
tically significant main effects in the present GLM.
Clearly, the most significant effect is the main effect
of the industry propensity to default with an excep-
tionally high t value. This variable is of a special im-
portance, because it is represented in the model also 
by three significant two-way effects. The variables
of the previous payment behaviour also have statis-
tically significant main effects and are represented
by significant two-way effects. However, the results
show that for non-financial variables, the two-way
effects do not add to the goodness of fit in the GLM.
They show that the industry is an important predic-
tor of default, both as a direct variable and as a con-
tingency variable. Thus, the results support the first
part of the second hypothesis (H2).

The classification accuracies of the estimated
non-financial GL models are presented in Table
9. For theoretically chosen cut-off values, the ac-
curacies for the default firms are lower and for the
non-default firms higher than in the financial GLM.
These results may be due to the high skewness and 
to the high kurtosis in the distributions of the non-
financial variables. The overall accuracy of the
models slightly exceeds that for the financial mod-
els. The two-way effects increase the classification
accuracy for the default firms but decrease that for
the non-default firms. Thus, these effects make the
distribution of the prediction more symmetric but 
do not increase the overall classification accuracy.
Thus, the results give support to the second part of 
the second hypothesis (H2).

TABLE 6. Descriptive statistics of the eight non-financial variables.

Non-financial variable Valid observations Mean Standard 
deviation Skewness Kurtosis

Logarithmic age in months 3000 4.72 0.74 -0.03 0.21
Industry propensity to default (%) 3000 5.56 2.56 0.46 0.00
Number of members in board 3000 2.80 1.53 3.69 22.40
Number of resigned board members (%) 3000 0.04 0.19 7.27 67.68
Number of board member personal defaults 3000 0.56 2.16 9.61 160.05
Number of board member links to default firms 3000 0.23 0.90 6.93 62.20
Number of delays in payment 3000 1.25 3.03 4.17 23.79
Number of positive payment signals 3000 4.25 14.50 17.19 414.07
Valid observations (listwise) 3000     

TABLE 7. Parameter estimates of the main effects of non-financial variables.

Non-financial variable Parameter 
estimate Standard error t statistic Significance Statistical 

power

Intercept 0.28875 0.05809 4.97117 0.00000 0.99869
Logarithmic age in months 0.06722 0.01093 6.14783 0.00000 0.99999
Industry propensity to default (%) -0.02874 0.00311 -9.23930 0.00000 1.00000
Number of members in board 0.05064 0.00531 9.54371 0.00000 1.00000
Number of resigned board members (%) -0.09853 0.04144 -2.37802 0.01747 0.66177
Number of board member personal defaults -0.03086 0.00377 -8.18233 0.00000 1.00000
Number of board member links to default firms -0.05255 0.00914 -5.75270 0.00000 0.99992
Number of delays in payment -0.05451 0.00258 -21.11778 0.00000 1.00000
Number of positive payment signals 0.00313 0.00055 5.68833 0.00000 0.99990

Coefficient of multiple correlation (R2)
0.2840

Adjusted R2

0.2820
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TABLE 8. Parameter estimates of the main and 2-way effects of non-financial variables.

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 0.75086 0.02132 35.21622 0.00000 1.00000

Industry propensity to default (%) -0.07781 0.00415 -18.74459 0.00000 1.00000

Number of delays in payment -0.06264 0.00972 -6.44273 0.00000 1.00000

Number of positive payment signals 0.01859 0.00258 7.21675 0.00000 1.00000

Industry propensity to default * Number of members in board 0.01394 0.00116 11.98606 0.00000 1.00000

Industry propensity to default * Number of delays in payment 0.00598 0.00102 5.84127 0.00000 0.99995

Industry propensity to default * Number of positive payment 
signals 0.00068 0.00030 2.27861 0.02276 0.62473

Number of members in board * Number of delays in payment -0.01239 0.00291 -4.25495 0.00002 0.98909

Number of members in board * Number of positive payment 
signals -0.00260 0.00032 -8.25199 0.00000 1.00000

Number of resigned board members * Number of positive 
payment signals -0.01760 0.00298 -5.89549 0.00000 0.99996

Number of board member personal defaults * Number of board 
member links to default firms -0.00338 0.00089 -3.79958 0.00015 0.96700

TABLE 9. Classification accuracy of non-financial variable models.

PANEL 1. Classification accuracy of the main effects model.

Estimation data: Test data:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %

Default firms 1021 479 0.681 409 183 0.691

Non-default firms 225 1275 0.850 9248 52324 0.850

Overall accuracy 0.765 0.848

PANEL 2. Classification accuracy of the main & 2-way effects model.

Estimation data: Test data:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %

Default firms 1080 420 0.720 427 165 0.721

Non-default firms 269 1231 0.821 10734 50838 0.826

Overall accuracy 0.770 0.825
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4.3. Financial and non-financial variable
models

Table 10 presents the estimation results for the GL 
models based on the main effects of both financial
and non-financial variables. The main effects are all
statistically significant at the level of 10%. Statisti-
cally, the most important variables are the number of 
delays in payment and the equity ratio. These vari-
ables were the most significant variables also in the
non-financial and financial GL models, respectively.
The statistical significance of the non-financial vari-
ables exceeds that of the financial variables. The
next significant variables are the number of mem-
bers in board, the industry propensity to default, 
and the number of board member personal defaults. 
The financial ratios except for the equity ratio have
a quite low t values. The coefficient of multiple cor-
relation for the model is 37.8% which remarkably 
exceeds the coefficients of the financial and non-fi-
nancial GL models. Thus, non-financial information
brings significant additional information over finan-
cial variables in the estimation of default likelihood, 
which conforms to the third hypothesis (H3).

The estimation results for the combined two-way 
effects GL model is presented in Table 11. This ta-
ble only includes the main effects and two-way ef-
fects that have a t value higher than 2. The coeffi-
cient of multiple correlation for the model is 40.6% 
exceeding that for the main effects model. Thus, the 
two-way effects improve the goodness of fit but not

remarkably. There are not large differences in the 
significance between the variables in the model.
The highest significance is obtained by the two-way
effect of the logarithmic net sales and the equity 
ratio. However, close to that is also the two-way 
effect of the number of delays in payment and the 
equity ratio. In all, the equity ratio has six statisti-
cally significant two-way effects. The main effects
of the number of board member personal defaults, 
the number of delays in payment, and the number of 
positive payment signals have also a high t value. 
The only financial ratio that has a statistically signif-
icant main effect is the return on investment ratio.

Table 12 shows the classification accuracy for
the main effects model and for the two-way effects 
model. The classification accuracy of the combined
models remarkably exceeds that for the financial
and non-financial models implying that non-finan-
cial variables include such additional information 
over financial variables, which is useful in classifi-
cation. Again, the two-way effects model classifies
the default firms more accurately than the main ef-
fects model. However, it classifies less accurately
the non-default firms so that the overall classifica-
tion accuracies are identical for the models, when 
there the proportions of default and non-default 
firms are equal. Thus, although increasing the good-
ness of fit slightly, the two-way effects have no ad-
ditional value in classification. Figure 3 and Figure
4 show the scatter diagrams for the predicted values 
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FIGURE 3. Combined main effects model prediction for Z. 
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 FIGURE 3. Combined main effects model prediction for Z.
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FIGURE 4. Combined two-way effects model prediction for Z. 
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TABLE 10. Parameter estimates of the main effects of financial and non-financial variables.

Non-financial variable Parameter 
estimate Standard error t statistic Significance Statistical 

power
Intercept 0.20320 0.08743 2.32426 0.02019 0.64185
Logarithmic age in months 0.02774 0.01331 2.08349 0.03731 0.54885
Industry propensity to default (%) -0.01858 0.00324 -5.72965 0.00000 0.99992
Number of members in board 0.03964 0.00553 7.17117 0.00000 1.00000
Number of resigned board members (%) -0.09916 0.04958 -2.00020 0.04559 0.51577
Number of board member personal defaults -0.02297 0.00423 -5.43580 0.00000 0.99974
Number of board member links to default firms -0.04679 0.01137 -4.11699 0.00004 0.98443
Number of delays in payment -0.04926 0.00278 -17.74934 0.00000 1.00000
Number of positive payment signals 0.00245 0.00055 4.42526 0.00001 0.99312
Logarithmic net sales 0.01107 0.00523 2.11832 0.03425 0.56260
Growth in net sales (%) -0.00030 0.00015 -2.03048 0.04242 0.52782
Return on investment ratio (%) 0.00048 0.00024 2.03163 0.04230 0.52828
Quick ratio 0.00463 0.00163 2.83467 0.00463 0.80883
Cash flow to net sales ratio (%) 0.00075 0.00040 1.89691 0.05796 0.47462
Equity ratio (%) 0.00327 0.00022 14.69340 0.00000 1.00000

Coefficient of multiple correlation (R2)
0.3790

Adjusted R2

0.3750

TABLE 11. Parameter estimates of the main and 2-way effects of financial and non-financial variables.

Financial variable Parameter 
estimate Standard error t statistic Significance Statistical 

power

Intercept 0.40918 0.01196 34.21772 0.00000 1.00000
Number of board member personal defaults -0.03602 0.00433 -8.31821 0.00000 1.00000
Number of delays in payment -0.15968 0.02154 -7.41437 0.00000 1.00000
Number of positive payment signals 0.03587 0.00494 7.26709 0.00000 1.00000
Return on investment ratio (%) 0.00052 0.00021 2.45122 0.01431 0.68804
Industry propensity to default * Equity ratio -0.00029 0.00006 -4.97144 0.00000 0.99869
Number of members in board * Equity ratio 0.00035 0.00009 3.78771 0.00016 0.96609

Number of board member personal defaults * 
Return on investment ratio -0.00038 0.00009 -4.37222 0.00001 0.99204

Number of board member personal defaults * Cash 
flow to net sales ratio 0.00065 0.00030 2.18841 0.02873 0.59003

Number of delays in payment * Logarithmic net 
sales 0.00856 0.00159 5.37793 0.00000 0.99968

Number of delays in payment * Equity ratio -0.00058 0.00006 -9.03908 0.00000 1.00000

Number of positive payment signals * Logarithmic 
net sales -0.00170 0.00026 -6.57755 0.00000 1.00000

Number of positive payment signals * Equity ratio -0.00009 0.00003 -3.25321 0.00116 0.90182
Logarithmic net sales * Equity ratio 0.00044 0.00004 10.84043 0.00000 1.00000
Growth in net sales * Cash flow to net sales ratio 0.00001 0.00000 2.23562 0.02547 0.60827
Cash flow to net sales ratio * Equity ratio 0.00001 0.00000 2.92650 0.00346 0.83282

Coefficient of multiple correlation (R2)
0.4060

Adjusted R2

0.4030
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for the both combined models. The distributions of 
the predictions do not differ remarkably between the 
models. In summary, the empirical evidence sup-
ports the first part and the second part of the fourth
hypothesis (H4).

5. Summary of the study
The purpose of the paper was to assess the impor-
tance of 2-way effects in explaining and predicting 
payment defaults in Finland. First, a numerical sim-
ulation experiment was applied to extract hypoth-
eses on the significance of the main effects and two-
way effects in default prediction. This experiment 
was based on two correlated variables conforming 
to the first-order or second-order Pascal distribution
over a binary-ranked set of 50 default and 50 non-
default hypothetical firms. These distributions were
used to demonstrate different degrees of skewness 
and kurtosis. It was shown that the two-way effect 
may significantly improve the fit of the prediction
model, when one covariate is slightly negatively 
skewed and the latter covariate is slightly positively 

skewed. In addition, covariates should have a mod-
erate kurtosis. In this case, the effect also improves 
the classification accuracy but not as significantly
as the fit. These effects are diminishing, when the
skewness of the distribution of the former covariate 
is approaching zero. 

The significance of the two-way effects thus
largely depends on the distributions of the covari-
ates. Financial and non-financial variables have
different distributions. Thus, it was hypothesized 
that two-way effects have a significant effect on the
goodness of fit, when financial covariates are used.
However, the effect on the classification accuracy
is not expected to be significant (H1). In addition, it 
was hypothesized that two-way effects do not have 
a significant effect  on the goodness of fit and on
the classification accuracy, when non-financial co-
variates are used (H2). It was also hypothesized that 
non-financial covariates include significant addi-
tional information over financial covariates that im-
proves the goodness of fit and the prediction accu-
racy (H3). Finally, it was hypothesized that two-way 
effects have a significant effect on the goodness of

TABLE 12. Classification accuracy of financial and non-financial variable (combined) models.

PANEL 1. Classification accuracy of the main effects model.

Estimation data: Test data:

Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %

Default firms 887 279 0.761 374 101 0.787

Non-default firms 169 1097 0.867 7111 44777 0.863

Overall accuracy 0.816 0.862

PANEL 2. Classification accuracy of the main & 2-way effects model.

Estimation data: Test data:

Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %

Default firms 933 243 0.793 394 82 0.828

Non-default firms 204 1080 0.841 8514 44227 0.839

Overall accuracy 0.818 0.838
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fit, when both financial and non-financial covariates
are used. The effect on the classification accuracy is
however assumed not significant (H4). 

For the financial covariates, the results showed
that the size and growth have not significant main
effects in two-way effects models. However, they 
acted as important contingency factors in the two-
way effects. In fact, statistically the most significant
effect in the model was the two-way effect of the 
size and the leverage. Graphical analysis showed 
that the two-way effects model gives predictions, 
which avoid large errors better than the compet-
ing main effects model. In summary, it seems to 
give a better goodness of fit although it does not
lead to better classification accuracy. These results
give support to the first hypothesis (H1). Numerical 
analysis of the estimated models showed that the in-
terpretation of the main effects model implies that 
payment defaults are largely determined by the size 
of the firm. However, numerical two-way analysis
showed that the size is only a contingency variable 
for the quick ratio and the equity ratio. The domi-
nant effect was based on the interaction between the 
size and the equity ratio. It was shown that in order 
to avoid a payment default, the effect of the equity 
ratio is much more important for large firms than for
small ones.

Non-financial covariates gave different results.
It seems that the previous payment behaviour is 
the most significant non-financial predictor of pay-
ment defaults, which conforms to the prior studies 
(Laitinen, 1999 and Back, 2005). However, also the 
industry of the firm and the characteristics of the
board are important predictors, when only main ef-
fects are applied in the prediction model. However, 
the results showed that for non-financial variables,
the two-way effects do not add to the goodness of 
fit in the prediction model. They show that the in-
dustry is an important predictor of default, both as 
a direct variable and as a contingency variable. The 
two-way effects increase the classification accuracy
for the default firms but decrease that for the non-
default firms. In summary, these effects make the
distribution of the prediction more symmetric but 
do not increase the overall classification accuracy.
Thus, the results give empirical support to the sec-
ond hypothesis (H2).

The performance of the combined prediction mod-
els clearly exceeded that of the financial model and 
of the non-financial model. Non-financial covariates
bring significant additional information over finan-
cial variables in the estimation of default likelihood 
conforming to the third hypothesis (H3). In compari-
son, the goodness of fit in the two-way effects model
slightly outperformed that in the main effects model. 
In the two-way effects model, the equity ratio had 
six statistically significant two-way effects. The
main effects of the number of board member per-
sonal defaults, the number of delays in payment, and 
the number of positive payment signals had also a 
high significance. The only financial ratio that had a 
statistically significant main effect was the return on
investment ratio. The two-way effects model classi-
fied the default firms more accurately than the main
effects model. However, it classified less accurately
the non-default firms so that the overall classifica-
tion accuracies were approximately identical. Thus, 
although increasing the goodness of fit slightly, the
two-way effects had no additional value in classifi-
cation. In summary, the empirical evidence supports 
the fourth hypothesis (H4).

The present study suffers from many limitations 
that should be carefully analysed in the further stud-
ies. First, the simulation experiments were based 
on numerical analysis of the Pascal distributions. It 
would be worth of considering also more general 
distributions. In addition, a symmetric distribution 
such as the normal distribution could lead to dif-
ferent results. It is also possible to draw analytical 
results to get evidence that is more general. Second, 
the set of the covariates analysed in the models was 
limited. Especially, non-financial variables may give
potential for further analyses. There are a number of 
interesting additional non-financial variables such
as audit qualification and submission lags, excluded
from the analysis. In particular, negatively skewed 
non-financial covariates with a moderate kurtosis
may be potential in increasing the performance of 
payment default models, when two-way effects are 
included. 
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Appendices

APPENDIX 1. Simulation results of the two-way effects (N = 50 + 50).

PANEL 1. q = 0.450 and p = 0.750

a) Descriptive statistics

Variable Minimum Maximum Mean Standard 
deviation Skewness Kurtosis

q1 0.00000 390.32258 10.00000 50.03330 6.17218 40.70186
p1 0.00000 250.00000 10.00000 36.63320 4.80986 25.01007

b) Main effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 56.30858 2.59008 21.74010 0.00000 1.00000
q1 0.73110 0.18242 4.00782 0.00012 0.97767
p1 -1.31196 0.24915 -5.26584 0.00000 0.99943

R2 0.3100 Adjusted R2 0.2950

c) Main and two-way effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 56.77391 2.57737 22.02784 0.00000 1.00000
q1 1.62184 0.54298 2.98694 0.00358 0.84061
p1 -1.76066 0.35685 -4.93383 0.00000 0.99827
q1 * p1 -0.00264 0.00152 -1.73945 0.08516 0.40609

R2 0.3310 Adjusted R2 0.3100

d) Classification accuracy of the main effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 15 35 0.30000 14 36 0.28000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.65000 0.64000
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e) Classification accuracy of the main & 2-way effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 15 35 0.30000 14 36 0.28000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.65000 0.64000

PANEL 2. q = 0.450 and p = 0.925

a) Descriptive statistics

Variable Minimum Maximum Mean Standard 
deviation Skewness Kurtosis

q2 0.00000 390.32258 10.00000 50.03330 6.17218 40.70186
p2 0.03336 75.03086 10.00000 17.11314 2.17101 4.12414

b) Main effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 65.34086 2.10697 31.01184 0.00000 1.00000
q2 0.20027 0.04872 4.11047 0.00008 0.98255
p2 -1.68436 0.14245 -11.82438 0.00000 1.00000

R2 0.6360 Adjusted R2 0.6290

c) Main and two-way effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 66.42240 2.05773 32.27948 0.00000 1.00000
q2 2.10979 0.64035 3.29476 0.00138 0.90348
p2 -1.95353 0.16389 -11.91968 0.00000 1.00000
q2 * p2 -0.02569 0.00859 -2.99002 0.00354 0.84135

R2 0.6670 Adjusted R2 0.6570

d) Classification accuracy of the main effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 28 22 0.56000 27 23 0.54000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.78000 0.77000
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e) Classification accuracy of the main & 2-way effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 30 20 0.60000 30 20 0.60000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.80000 0.80000

PANEL 3. q = 0.450 and p = 0.985

a) Descriptive statistics

Variable Minimum Maximum Mean Standard 
deviation Skewness Kurtosis

q3 0.00000 390.32258 10.00000 50.03330 6.17218 40.70186
p3 4.31045 19.24579 10.00000 4.30475 0.52349 -0.89360

b) Main effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 118.62810 1.35108 87.80259 0.00000 1.00000
q3 0.05119 0.01115 4.59272 0.00001 0.99516
p3 -6.86400 0.12955 -52.98303 0.00000 1.00000

R2

0.9700
Adjusted R2

0.9700

c) Main and two-way effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 119.88190 1.31944 90.85848 0.00000 1.00000
q3 2.80282 0.75785 3.69839 0.00036 0.95555
p3 -7.02626 0.13003 -54.03695 0.00000 1.00000
q3 * p3 -0.14391 0.03963 -3.63119 0.00045 0.94894

R2

0.9740
Adjusted R2

0.9730

d) Classification accuracy of the main effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 45 5 0.90000 44 6 0.88000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.95000 0.94000
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e) Classification accuracy of the main & 2-way effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 45 5 0.90000 44 6 0.88000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.95000 0.94000

PANEL 4. q = 0.950 and p = 0.750

a) Descriptive statistics

Variable Minimum Maximum Mean Standard 
deviation Skewness Kurtosis

q4 1.55161 19.58301 10.00000 6.18419 0.19261 -1.44029
p4 0.00000 250.00000 10.00000 36.63320 4.80986 25.01007

b) Main effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 95.20408 1.10555 86.11450 0.00000 1.00000
q4 -4.10802 0.09300 -44.17008 0.00000 1.00000
p4 -0.36239 0.01570 -23.08166 0.00000 1.00000

R2

0.9620
Adjusted R2

0.9610

c) Main and two-way effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 94.55253 0.86096 109.82229 0.00000 1.00000
q4 -3.95353 0.07460 -52.99699 0.00000 1.00000
p4 -0.10451 0.03414 -3.06104 0.00286 0.85776
q4 * p4 -0.03617 0.00447 -8.08436 0.00000 1.00000
R2

0.9770
Adjusted R2

0.9730

d) Classification accuracy of the main effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 48 2 0.96000 48 2 0.96000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.98000 0.98000
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e) Classification accuracy of the main & 2-way effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 48 2 0.96000 48 2 0.96000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.98000 0.98000

PANEL 5. q = 0.950 and p = 0.925

a) Descriptive statistics

Variable Minimum Maximum Mean Standard 
deviation Skewness Kurtosis

q5 1.55161 19.58301 10.00000 6.18419 0.19261 -1.44029
p5 0.03336 75.03086 10.00000 17.11314 2.17101 4.12414

b) Main effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 90.49187 1.14579 78.97779 0.00000 1.00000
q5 -3.16388 0.10603 -29.84076 0.00000 1.00000
p5 -0.83531 0.03831 -21.80147 0.00000 1.00000

R2

0.9580
Adjusted R2

0.9570

c) Main and two-way effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 93.71556 1.01075 92.71884 0.00000 1.00000
q5 -3.70122 0.11091 -33.36992 0.00000 1.00000
p5 -1.33307 0.07310 -18.23507 0.00000 1.00000
q5 * p5 0.05053 0.00674 7.49660 0.00000 1.00000

R2

0.9740
Adjusted R2

0.9730

d) Classification accuracy of the main effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 47 3 0.94000 47 3 0.94000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.97000 0.97000
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e) Classification accuracy of the main & 2-way effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 50 0 1.00000 49 1 0.98000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 1.00000 0.99000

PANEL 6. q = 0.950 and p = 0.985

a) Descriptive statistics

Variable Minimum Maximum Mean Standard 
deviation Skewness Kurtosis

q6 1.55161 19.58301 10.00000 6.18419 0.19261 -1.44029
p6 4.31045 19.24579 10.00000 4.30475 0.52349 -0.89360

b) Main effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 115.05973 1.03363 111.31632 0.00000 1.00000
q6 -1.03835 0.10967 -9.46791 0.00000 1.00000
p6 -5.41762 0.15755 -34.38620 0.00000 1.00000

R2

0.9810
Adjusted R2

0.9810

c) Main and two-way effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 129.31795 0.82715 156.34200 0.00000 1.00000
q6 -3.17765 0.11465 -27.71698 0.00000 1.00000
p6 -7.02315 0.10389 -67.60270 0.00000 1.00000
q6 * p6 0.19136 0.00933 20.50510 0.00000 1.00000
R2

0.9970
Adjusted R2

0.9960

d) Classification accuracy of the main effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 48 2 0.96000 48 2 0.96000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.98000 0.98000
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e) Classification accuracy of the main & 2-way effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 50 0 1.00000 50 0 1.00000
Non-default firms 1 49 0.98000 1 49 0.98000
Overall accuracy 0.99000 0.99000

PANEL 7. q = 0.985 and p = 0.750

a) Descriptive statistics

Variable Minimum Maximum Mean Standard 
deviation Skewness Kurtosis

q7 0.97790 12.26671 10.00000 2.99077 -1.53325 1.28197
p7 0.00000 250.00000 10.00000 36.63320 4.80986 25.01007

b) Main effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept -46.01260 8.84242 -5.20362 0.00000 0.99929
q7 9.45061 0.81866 11.54405 0.00000 1.00000
p7 0.20065 0.06684 3.00218 0.00341 0.84432

R2

0.6610
Adjusted R2

0.6540

c) Main and two-way effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept -67.71243 12.65768 -5.34951 0.00000 0.99957
q7 11.35387 1.13938 9.96498 0.00000 1.00000
p7 0.00205 0.10691 0.01918 0.98473 0.05004

q7 * p7 0.20599 0.08778 2.34678 0.02099 0.64181

R2

0.6790
Adjusted R2

0.6690

d) Classification accuracy of the main effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 33 17 0.66000 32 18 0.64000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.83000 0.82000
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e) Classification accuracy of the main & 2-way effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 35 15 0.70000 35 15 0.70000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.85000 0.85000

PANEL 8. q = 0.985 and p = 0.925

a) Descriptive statistics

Variable Minimum Maximum Mean Standard 
deviation Skewness Kurtosis

q8 0.97790 12.26671 10.00000 2.99077 -1.53325 1.28197
p8 0.03336 75.03086 10.00000 17.11314 2.17101 4.12414

b) Main effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept -68.43780 32.19536 -2.12570 0.03607 0.55754
q8 11.25651 2.74470 4.10119 0.00009 0.98215
p8 0.63727 0.47968 1.32854 0.18712 0.26013

R2

0.6360
Adjusted R2

0.6290

c) Main and two-way effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 400.16628 35.56574 11.25145 0.00000 1.00000
q8 -27.21192 2.94747 -9.23229 0.00000 1.00000
p8 -3.82421 0.39396 -9.70701 0.00000 1.00000
q8 * p8 -0.77783 0.05133 -15.15435 0.00000 1.00000
R2

0.8930
Adjusted R2

0.8890

d) Classification accuracy of the main effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 35 15 0.70000 35 15 0.70000
Non-default firms 3 47 0.94000 3 47 0.94000
Overall accuracy 0.82000 0.82000
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e) Classification accuracy of the main & 2-way effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 36 14 0.72000 36 14 0.72000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.86000 0.86000

PANEL 9. q = 0.985 and p = 0.985

a) Descriptive statistics

Variable Minimum Maximum Mean Standard 
deviation Skewness Kurtosis

q9 0.97790 12.26671 10.00000 2.99077 -1.53325 1.28197
p9 4.31045 19.24579 10.00000 4.30475 0.52349 -0.89360

b) Main effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 182.83330 0.88449 206.71080 0.00000 1.00000
q9 -4.08136 0.05341 -76.42102 0.00000 1.00000
p9 -9.15197 0.03710 -246.65308 0.00000 1.00000

R2

0.9990
Adjusted R2

0.9990

c) Main and two-way effects model

Financial variable Parameter 
estimate

Standard 
error t statistic Significance Statistical 

power

Intercept 207.06146 0.63015 328.58879 0.00000 1.00000
q9 -6.08109 0.05068 -119.99529 0.00000 1.00000
p9 -10.52430 0.03480 -302.38141 0.00000 1.00000
q9 * p9 0.10713 0.00263 40.72956 0.00000 1.00000

R2

1.0000
Adjusted R2

1.0000

d) Classification accuracy of the main effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 50 0 1.00000 50 0 1.00000
Non-default firms 2 48 0.96000 3 47 0.94000
Overall accuracy 0.98000 0.97000
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e) Classification accuracy of the main & 2-way effects model

Estimation data: Lachenbruch crossvalidation:
Predicted: Predicted:

Observed: Default Non-default Correct, % Default Non-default Correct, %
Default firms 48 2 0.96000 47 3 0.94000
Non-default firms 0 50 1.00000 0 50 1.00000
Overall accuracy 0.98000 0.97000

APPENDIX 2. Effect of financial variables on the likelihood of non-default
(main effects model).

PANEL 1. Fractiles of financial variables.

Fractile of variable (%):

Financial variable 5 10 25 50 75 90 95

Logarithmic net sales 9.70 10.50 11.47 12.58 13.60 14.78 15.65

Growth in net sales (%) -55.81 -36.07 -13.20 2.60 25.30 73.74 165.17

Return on investment ratio (%) -55.47 -28.27 -1.88 10.20 29.08 57.14 85.61

Quick ratio 0.10 0.20 0.40 0.90 1.80 4.00 8.13

Cash flow to net sales ratio (%) -29.31 -12.74 0.10 5.00 12.90 24.50 35.14

Equity ratio (%) -71.92 -20.17 6.40 27.70 57.30 81.30 90.47

PANEL 2. Effect of variables on the likelihood of non-default.

Effect of variable:

Fractile of variable (%)

Financial variable 5 10 25 50 75 90 95

Logarithmic net sales 0.2656 0.2877 0.3142 0.3446 0.3726 0.4049 0.4287

Growth in net sales (%) 0.0320 0.0207 0.0076 -0.0015 -0.0145 -0.0422 -0.0946

Return on investment ratio (%) -0.0281 -0.0143 -0.0010 0.0052 0.0147 0.0290 0.0434

Quick ratio 0.0006 0.0013 0.0025 0.0056 0.0113 0.0251 0.0510

Cash flow to net sales ratio (%) -0.0252 -0.0110 0.0001 0.0043 0.0111 0.0211 0.0302

Equity ratio (%) -0.3195 -0.0896 0.0284 0.1230 0.2545 0.3611 0.4019

Likelihood of non-default -0.0353 0.2340 0.3912 0.5206 0.6891 0.8382 0.8999
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APPENDIX 3. Coefficients and median effects of financial variables in main & 2-way effects model.

PANEL 1. Quick ratio

Logarithmic net sales Quick 
ratio  

Fractile Value Coefficient Median 
effect

 0.00 0.02197 0.01977

5 9.70 0.00896 0.00807

10 10.50 0.00788 0.00709

25 11.47 0.00658 0.00592

50 12.58 0.00509 0.00458

75 13.60 0.00372 0.00335

90 14.78 0.00214 0.00192

95 15.65 0.00097 0.00087

PANEL 2. Equity ratio

Logarithmic net sales Equity 
ratio  

Fractile Value Coefficient Median 
effect

 0.00 -0.00547 -0.15140

5 9.70 0.00276 0.07640

10 10.50 0.00344 0.09537

25 11.47 0.00426 0.11813

50 12.58 0.00521 0.14421

75 13.60 0.00607 0.16821

90 14.78 0.00707 0.19594

95 15.65 0.00781 0.21634

PANEL 3. Cash flow

Growth in net sales Cash flow  

Fractile Value Coefficient Median effect

 0.00 0.00000 0.00000

5 -55.81 -0.00124 -0.00622

10 -36.07 -0.00080 -0.00402

25 -13.20 -0.00029 -0.00147

50 2.60 0.00006 0.00029

75 25.30 0.00056 0.00282

90 73.74 0.00164 0.00821

95 165.17 0.00368 0.01840
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PANEL 4. Return on investment ratio

Coefficient

Fractile and value of growth in net 
sales      

Logarithmic net sales  5 10 25 50 75 90 95

Fractile Value 0.00 -55.81 -36.07 -13.20 2.60 25.30 73.74 165.17

 0.00 -0.00484 -0.00409 -0.00436 -0.00467 -0.00488 -0.00518 -0.00583 -0.00706

5 9.70 -0.00043 0.00032 0.00005 -0.00026 -0.00047 -0.00077 -0.00143 -0.00266

10 10.50 -0.00007 0.00068 0.00042 0.00011 -0.00010 -0.00041 -0.00106 -0.00229

25 11.47 0.00037 0.00112 0.00086 0.00055 0.00034 0.00003 -0.00062 -0.00185

50 12.58 0.00088 0.00163 0.00136 0.00106 0.00084 0.00054 -0.00011 -0.00134

75 13.60 0.00134 0.00209 0.00183 0.00152 0.00131 0.00100 0.00035 -0.00088

90 14.78 0.00188 0.00263 0.00236 0.00206 0.00184 0.00154 0.00089 -0.00034

95 15.65 0.00227 0.00302 0.00276 0.00245 0.00224 0.00193 0.00128 0.00005

Median effect

Fractile and value of growth in net 
sales      

Logarithmic net sales  5 10 25 50 75 90 95

Fractile Value 0.00 -55.81 -36.07 -13.20 2.60 25.30 73.74 165.17

 0.00 -0.04940 -0.04175 -0.04445 -0.04759 -0.04976 -0.05287 -0.05952 -0.07206

5 9.70 -0.00443 0.00323 0.00052 -0.00262 -0.00479 -0.00790 -0.01454 -0.02709

10 10.50 -0.00068 0.00697 0.00426 0.00113 -0.00104 -0.00416 -0.01080 -0.02334

25 11.47 0.00381 0.01146 0.00876 0.00562 0.00345 0.00034 -0.00631 -0.01885

50 12.58 0.00896 0.01661 0.01391 0.01077 0.00860 0.00549 -0.00116 -0.01370

75 13.60 0.01370 0.02135 0.01864 0.01551 0.01334 0.01023 0.00358 -0.00896

90 14.78 0.01917 0.02682 0.02412 0.02098 0.01881 0.01570 0.00905 -0.00349

95 15.65 0.02320 0.03085 0.02815 0.02501 0.02284 0.01973 0.01308 0.00054
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1. Introduction
The Venture Capital (VC) was firstly appeared in
the U.S.A. in the early of 40’s and since then it has 
been expanded worldwide. The VC finances new
companies or start-ups especially those that develop 
new technologies and conquer new markets and 
helps them to grow and become profitable. At the
same time, VC contributes to the development of 
business spirit.  

The profits from the use of VC as financing tool,

I, (2), 2006, 94-106

according to the authors Ganetsou and Fronistas 
(1995), could be categorized in two levels: (1)in the 
economy of a country, and (2)in the firm. In the lev-
el of economy, the two authors report that VC facili-
tates the foundation of new enterprises and simul-
taneously supports the renewal and modernization 
of the already existing companies, contributing to 
the economic growth and the confrontation against 
the unemployment. For example in the U.S.A. the 
4% from the developing companies which were fi-
nanced from VC created the 70% of the new places 
of work. In France, the firms, that are financed by
VC, contributed to an increase of 34% to the work-
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ing places, 42% to the sales, 80% to the exportations 
as well as a duplicating of the investments in the 
period 1981-1991. Concerning the level of the firm,
VC allows the firm to accomplish the necessary in-
vestments of growth and modernization without the 
imminent financial risk due to the loans. At the same
time, VC with its participation to the stock capital 
of the firms adds value, which is expressed with its
support on issues of strategic planning, marketing 
and sales, financial planning and control, technol-
ogy transfer and introduction of modern methods of 
management [Zopounidis (1990)].

The VC finances and intervenes to all the stages
of growth of a firm: creating, start-up, development
and introduction to the stock market. Each stage of 
growth corresponds to special financing. Moreover,
the needs of financing and management support of
the companies and the involving risk for the inves-
tors of VC differ enough depending on the stage of 
growth. 

The comparison of the VC with the traditional 
kinds of financing (e.g. loan) leads to the following
three differences: 1)The VC is invested in relatively 
new firms, for which there are no sufficient histori-
cal data, 2) the investment is provided to small firms
and with direct participation in the stock capital, in 
order that the investor participates in the life of the 
firm; this fact does not happen with the investors of
large firms that entered into the stock market (their
role is inactive), 3) the investment in venture capital 
does not ensure short-term liquidity to the investor 
because the capital is “trapped” in the company for 
a period of 5 to 10 years.

This paper presents, for the first time, the results
of a survey based mainly on questionnaires, that 
were distributed to all the venture capital societies 
that exist in Greece and on interviews of the execu-
tive staff of the above firms. This research refers
to the profile of the VC societies, their investment
policy and their evaluation criteria.

The next section presents the basic characteristics 
of this survey. In the last section the conclusions are 
summarized and the basic results of the research are 
outlined as well as further research directions for 
the development of the VC in Greece are proposed.

2. The survey 
The initial sample of the research, that began on July 
2001, was constituted of 24 VC firms. During the
first year it was reduced to 15, since many of them
interrupted their activities after the financial crisis
of the Greek Stock Market. The questionnaire was 
finally answered by 11 VC firms. The main objec-
tive of the survey was to outline the profile and the
investment policy of the VC firms as well as to de-
termine their investment decision-making process. 
Consequently, the responses have been separated to 
three units: a) Profile of the VC firms, b) Investment
policy and c) Evaluation criteria.

2.1 Profile of the venture capital firms
The legislation of VC was firstly introduced in
Greece with the law of 1775/25-5-88, according to 
which the VC firms are Sociétés Anonymes (S.A.), 
whose main objective is the promotion and the fi-
nancing of high technology and innovative ven-
tures. Due to the inefficiency of this law the next
modification of the law cancels the previous one
and expands the financing to other activities like
agricultural, industry, tourism, commerce etc (law 
N2367/95). 

The growth of the VC afterwards 1999 was re-
lated direct with the dynamic growth of the Greek 
Stock Market. The returns of the VC firms’ invest-
ments were impressive and there were founded a lot 
of venture capital firms (more than 10), the majority
of which was subsidiary of stock exchange compa-
nies. This fact is also confirmed by the present sur-
vey where the majority of the VC firms are young
and they are less than 3 years old (46%). 27% of the 
VC firms are among 10 and 15 years old, whereas
18% and 9% belong to the age among 4 and 9 years 
old and greater than 15 years old respectively (Fig-
ure 1).

Only one VC is administrated by another com-
pany and uses the staff of the financing company (in
the figure it is referred as exterior management).

The others constitute members of the groups 
(27%) or they are subsidiaries of other companies 
(mainly banks) (37%), whereas the rest 27% refer to 
independent companies (Figure 2). It is also worth 
noting that even when few companies are independ-
ent they have no staff and charge their administra-
tion to other economic company. Due to this the 
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majority of VCs has few staff (64% from 0 to 9 per-
sons). Only one VC firm could be characterized as
intermediate firm, since it disposes 69 persons (9%).
Generally, they are very small firms, since 91% in
total does not employ more than 50 persons (Figure 
3).
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The education level of the staff is very high, since 
8% possess a Phd, 46% has a master, 20% a Bach-
elor, 13% belongs to the under graduate level, while 
only 6% is of higher education and 7% of senior 
high school (Figure 4). From these, 48% includes 
stock market analysts, 23% works on secretarial 
support, 14% is top management staff, and only 3% 
includes legal consultants (Figure 5). 
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Table 1. Available and invested funds for the years 1998-2001. Number of submitted and approved deals for the same period 

(in Keuro) 1998 1999 Change 
(%)

2000 Change 
(%)

2001 Change   
(%)

Available amount of
VC 82.708 86.369 4,43 301.583 249,18 491.549 62,99
Invested amount on
VC 23.127 44.289 91,50 133.013 200,33 52.996 -60,16
Percentage of
Invested/Available VC
(%) 6,44% 1,72% 11,28% 8,12%
Number of submitted
deals 167 238 42,51 907 281,09 905 -0,22
Number of approved
deals 18 14 -22,22 47 235,71 37 -21,28
Percentage of
approved /submitted
deals  (%) 10,78% 5,88% 5,18% 4,08%
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2.2 Investment Policy
The investment policy of the Greek VC firms is con-
ditioned by the Greek law 2367/95, as it determines 
the way that a VC firm participates in the firm, the
support that will provide to the management team 
and its liquidation from the investment, that should 
take place among 3 years.

The foundation of the New Economy Fund S.A. 
(TANEO), constituted by the article 28 of the law 
N. 2843/2000, contributes to the growth of VC in 
Greece. The main objective of TANEO is to co-fi-
nance the foundation of venture capital firms, which
invest on innovative preferable start-ups firms in
Greece and to support the capital market, as well 
as the development of entrepreneurship. On April 
of 2002 the declaration of the tax neutrality was 
founded posing a more flexible law frame. The rec-
ognition of TANEO by the European Union was a 
great success for Greece concerning the conditions 
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of governmental reinforcement and since nowadays 
the first Greek fund of funds is activated.

According to the data of Table 1, the available 
and invested VC funds presented extraordinary in-
crease during the period 1998-2001 (494.32% for 
the available and 129.15% for the invested funds). 
This is due to the creation of 5 newly founded VC 
firms afterwards 1999, which substantially start-
ed their activities in 2000. In 2001, the invested 
amounts on VC presented a significant reduction of
60%, although the available capital had a remark-
able increase (63%) because of the lack of interest-
ing deals, as the venture capitalists had notified. 
However, due to the continuous fall of the Greek 
Stock Market the interest of the venture capitalists 
turned to the start-up firms, that include higher risk
and consequently they seem to be less seductive in-
vestments. 

The number of the approved deals was doubled 
during the period 1998-2001, but the percentage 
of the approved deals was decreased although the 
increase of the number of the submitted deals (the 
percentage falls from 10.78% in 1998 to 4.08% in 
2001). This fact shows that the VC firms apply an
extremely selective policy whatever is the evalua-
tion of deals. 

The VC firms derive their investment capitals
mainly from private sources (32%), from corporate 
investors (13%) and from European reinforcements 
(13%), while alternative resources are the increase 
of the share holders’ capital sources (7%), the na-
tional reinforcements (7%), the administration of 
Private Equity Fund (7%), the Reserve Funds (7%) 

and the banks (7% especially those that are subsidi-
aries or members of groups of banks) (Figure 6).
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In the deal originating phase the candidate firms
determine to approach the VC companies (100%). 
Since each VC firm has more than one choices of
approaching the firm planning, the results are pre-
sented in Figure 7. For example the selection “Ini-
tiative of the candidate firm” has been proposed by
the 11 VC firms and for this reason it takes 100%,
while both the selections “Initiative of VC firm”
and “Recommendation of another VC firm” present
82%. It should be mentioned that based on research-
es that took place abroad (USA), the origin of the 
firm derives mainly from the recommendations of
other VC firms.
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TABLE 1. Available and invested funds for the years 1998-2001. Number of submitted and approved deals 
foe the same period.
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Concerning the investments on venture capital these 
are given mainly on industries. Especially the Food 
and Beverages Industry had absorbed the 72% of 
the total investment amount, having conducted the 
50% of the total number of the approved deals. Fig-
ures 8 and 9 show how these investments are dis-
tributed according to the invested amount, as well 
as the number of the investments. 

The geographical distribution of the VC firms
is presented in Figure 10. Athens with percentage 
78.95% accepts the majority of the investment capi-
tal of all the VC firms. Then, follows Thessaloniki
with 8.17%. This result shows that it is preferable to 
invest in developed industrial areas.

Most of the VC firms invest abroad (55%). The
most preferable regions are mainly Eastern Europe 
(27%) and Balkans (27%), while follow Cyprus, 
Western Europe and North Africa with percentages 
23%, 18% and 5% respectively (cf. Figures 11 and 
12).

The VC firms liquidate almost at 24.35% of the
total investments (47 out of 193 investments) (cf. 
Figure 13), preferring mainly (43%) the sale of their 
shares afterwards the introduction of the firm in
the Stock Exchange Market (Public Offer) and less 
(31%) the sale in a strategic investor (Trade Sale). 
More seldom (2%) they prefer the sale in the man-
agement team of the financed firm. Quite high is the
percentage of the failures (Write Off) in these in-
vestments, which reach the 23% of the total invest-
ments (Figure 14).

It is worth mentioning that it is interesting to 
study in depth the venture capital performances but 
this survey needs a long period of operation in a 
country in order to have reliable results. 
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Investment sectors by percentage of amount invested
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2.3 Finance stages
The VC finances a firm in various development
stages. In general the fundamental role of venture 
capital is to finance and help young companies or
start-ups to grow and become profitable. When
starting a new firm, an entrepreneur will in many
cases require money to buy assets or hire staff. In 
a later stage, money will be used to finance the de-
velopment of a product, for the set-up of an organi-
zation and for initial marketing and manufacturing 
activities but it can also be used to bridge the time 
period until a venture goes IPO. Although it does 
not exist precise limits among the stages, the devel-
opment stages of a company can be discrete to the 
following categories [EVCA (2000)], [Zopounidis, 
C. (1999)]:
1. Seed Capital. Funding for research, evaluation 

and development of a concept or business before 
the business actually starts trading. It is the most 
risky kind of investment, where the 70% of the 
investments is abandoned. 

2. Start-Up Financing. Funding for the product 
development and the first market plan of a new
company or even being to the process of estab-
lishment, which have not promoted their prod-
ucts commercially yet. The investment may last 
up to three years and is characterized by high 
risk. 

3. Other Early-Stage Financing. It is given to com-
panies that have not completed the stage of prod-
uct development and there is need for further 
funds to start the commercial production and the 
sales. It should not be produced still profits.

4. Development or Expansion Financing. Funding 

for the growth and the expansion of a firm, which
is trading profitably. The fund may be used to
grow up the production possibility, the develop-
ment of the market or the product and/or to sup-
ply additional labor. The cost is not extremely 
high because of the relatively low risk, while 
it can last much more time or to demand much 
higher funding than it has been programming

5. Mezzanine (Bridge) Financing. It prepares the 
sale of part or all of a company on a stock ex-
change and lasts at most one year.

6. Management Buy-Out/Buy-In Financing. Fi-
nancing to enable the existing management team 
(Management Buy-Out) or a new management 
team (Management Buy-In) to acquire their 
business from the existing owners. These invest-
ments became profitable in relatively short time,
present low risk, while their returns are not so 
important.  

7. Turn Around or Rescue Financing. Buyout of a 
company with damages and financing them with
purpose to become profitable.

8. Replacement Financing. Funding for the pur-
chase of existing shares in a firm from other
shareholders, be they individuals, other VC firms
or the public stock market. 

In Greece, VC firms invest mainly on already
existing firms for their development and expansion
(with percentage 16% for 1998, 80% for 1999, 82% 
for 2000 and 28% for 2001) which include limited 
risk. It is quite remarkable the fact that due to the 
continuous fall of the Greek Stock Exchange the VC 
firms turned to new born firms which in the long run
create higher values. Consequently, while in 2000 the 
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percentages of the invested money on seed-capital, 
start-up finance and early-stage occupied the 0.5%,
3% and 2% of the total investments respectively, in 
2001 the percentages of the invested amount raised 
to 3% , 39% and 19% respectively. It should be 
mentioned that the contribution of TANEO to the 
start-up firms should be taken into consideration,
since TANEO funds the business plan of start-ups 
(Figure 15). About the same behavior was observed 
before the increase of the Stock Exchange in 1998 
where the VC firms were invested to start-up and
early-stage firms the 45% and 38% of the invested
amounts (Figure 16).

The VC firms provide the firms except from fi-
nancial support (100%) other services such as con-
sulting for the strategic and business development 
(91%). Since their participation to the invested firm

includes high risk they pursue to be represented to 
the boarding council according to the percentage of 
the possessed shares (82%). Consequently its main 
purpose is to help the firm to have a successful and
profitable business development contributing to the
expansion of the business relation network (73%), 
and supplying consulting for the Human Resource 
Management (64%), its financial planning (64%)
and its expansion to new markets (64%). Only few 
(9%) change the management team of the supported 
firm. The results are presented in Figure 17 as the
questioned venture capitalist had chosen more than 
one responses. Giving 100% to the financial support
means that all the venture capitalists (11 out of 11) 
selected this answer. 
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Table 2. Time Distribution by percentage of the Venture Capitalist for the prior and post-investment activities 

 PRIOR-INVESTMENT ACTIVITIES POST-INVESTMENT ACTIVITIES 

Firm Origination Screening Phase
Evaluation 

Phase Structuring 

Cooperation 
with the 

management 
team Consulting Liquidation 

VC firm 1 5% 30% 45% 20% 30% 50% 20% 

VC firm 2 9% 25% 33% 33% 37% 26% 37% 

VC firm 3 20% 10% 40% 30% 0% 100% 0% 

VC firm 4 10% 40% 30% 20% 50% 20% 30% 

VC firm 5 20% 40% 30% 10% 70% 20% 10% 

VC firm 6 20% 25% 25% 30% 40% 30% 30% 

VC firm 7 5% 10% 20% 65% 40% 20% 40% 

VC firm 8 20% 20% 30% 30% 0% 0% 0% 

VC firm 9 20% 20% 40% 20% 50% 30% 20% 

VC firm 10 10% 40% 30% 20% 80% 20% 0% 

VC firm 11 5% 15% 30% 50% 50% 30% 20% 

Mean time 14% 28% 35% 33% 45% 35% 21% 

2.4 Evaluation Process in Venture Capital In-
vestment 

The process of VC investment between the deposit 
of a deal and the closing of the investment is gener-
ally sequential. According to the Tyebjee and Bruno 
(1984) four stages precede the investment and three 
stages follow:

A. Prior-investment activities 
• Firm origination: VCs deal with the estimation 

of the elements concerning the firm origination.
• Screening Phase: it is the initial evaluation of the 

firm, the criteria are not so strictly and the most
possible candidate business plans are selected. 

• Evaluation Phase: the evaluation of the prod-
ucts/services with more strictly criteria takes 
place and the most interesting business plans are 
selected for further in- depth review of the com-
pany (due diligence).

• Structuring phase: at this phase it is structured 
the relation with the candidate firm, as well as
the financial and logistic control and the final
negotiation take place and if everybody agrees 
this phase ends with the signing of contracts and 
money transfer.

Β. Post-investment activities
• Cooperation with the management team; after 

the signature of the contract the VC firms be-
come an active partner.

• Consulting activities can refer to a) the strategic 
and the business development of the firm, b) the
human resource management, c) the financial
planning and d) the expansion to new markets. 

• Liquidation from the investment, which if it does 
not end as failure, can be either Public Offer, or 
Trade Sale or sale to the existing management 
team of the firm.

Calculating the mean time that the venture capi-
talists devoted for these activities before and after 
the investment, we could observe the following: 
a) Before the investment the venture capitalists con-

sume most of their time in the evaluation phase 

TABLE 2. Time Distribution by percentage of the Venture Capitelist for the prior and post-investment activities.
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(35%), but also in the preparatory processes 
until the signature of the contracts (structuring) 
(33%), while in the screening phase they dedi-
cate less time (28%) but quite enough as there is 
usually a large number of proposed plans. 

b) After the investment most of their time is dedi-
cated to cooperation with the management team 
(45%) in order to have a successful growth of 
the firm, while important time is dedicated to the
supply of consulting support to different areas 
concerning the survival and the development or 
the firm. The time of liquidation is less (21%),
but half of the Greek VC firms are very new
(they were founded after 1999-2000), so they 
have not started to work on them.

During the screening and the evaluation phase 
the venture capitalists’ estimation is based mainly 
on the business plan (100%). They consider it so 
important that some VC firms present via their web
page a form of a business plan and give instructions 
for its completion. Most of them are monitoring 
also the firm for quite a long time (73%) before they
take any decision, while few venture capitalists fol-
low their intuition. Sources of data are also the col-
laborators of the firm (consultants, lawyers, banks,
accountants, etc.) (27%), the market research (27%) 
or more seldom (9%) the opinion of specialists or 
the fundamental analysis (Figure 18).
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Table 3. Ranking of the Evaluation Criteria in Venture Capitalists Decision Making Investment Process 

CRITERIA
No. of 

Companies % Sum of the choices of ranking for each criteria 
Score
Si

Ranking

that have 
selected it   6 5 4 3 2 1 

1. Skill and experience of the 
management team 8 80 4 1 2 1 0 0 4 2 

2. Personal Motivation 0 0 0 0 0  0 0 0 0 17 
3. Branch characteristics 8 80 2 1 1  0 3 1 2,8 3 
4. Product differentiation 3 30 0 1 1 1 0 0 1,2 8 
5. Growth potential 4 40 0 1 1 1 0 1 1,3 7 
6. Originality/Innovation  4 40 1 3 0  0 0 0 2,1 6 
7. Market size 4 40 0 0 1 2 0 1 1,1 9 
8. Market growth 6 60 1 0 3 1 0 1 2,2 5 
9. Competitive threat 3 30 0 0 1  0 2 0 0,8 13 
10. Cash-out method 3 30 0 0 1  0 0 2 0,6 14 
11. Expected rate of return 9 90 6 1 0 2 0 0 4,7 1 

The final evaluation of the deals has been at-
tempted via the questionnaire to find out the evalu-
ation criteria and methodology. Only one venture 
capitalist answered that he does not use any method, 
while two of them did not give any answer for the 

methodology. The rest 72% of the sample responded 
differently among each other. Each one has its own 
methodological approach. Even the international 
literature and practice does not provide any specific
method, as venture capital differs radically from the 
formal investments in the Stock Market.

More specifically, the modeling of venture
capital investment in firms is a complex problem
because:

• venture capital is invested in relatively new 
firms, for which there are no sufficient historical
data

• value is added to the invested capital by an ac-
tive participation

• long term orientation (5 to 10 years during which 
the investment will provide sizeable returns) an 
then the risks attached to the investment

• most of the VC’s information comes from busi-
ness plan and there is a potential threat that the 
information included in the plan could be inac-
curate.

• lack of remuneration
• lack of real or personal guarantee
• non-capital liquidity

In case of formulation of the evaluation methods 
of VC firms, the reader could study the paper of Zo-
pounidis (1994).

In the present study, based on the international 
bibliography and the interviews of the VC firms
managers, 19 evaluation criteria for the selection of 
candidate deals of the firms were taken into consid-
eration. These criteria describe the management, the 
market, the product, the organizational and techni-
cal characteristics of the financing candidate firm.
In order to examine which of the criteria are more 
important to the evaluation of the deals from the 
Greek VCs, the managers ranked the 19 criteria. 

For this reason they were asked to rank from 6 
to 1 (where 6 is the most significant) the most im-
portant criteria for them from a list of 19 criteria. 
They had also the possibility to propose any crite-
ria that they were not referred to the questionnaires. 
The preferences of the venture capitalists for each 
criterion are described analytically to the following 
Figure 19:
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In order to obtain an overall evaluation of the 
significance of each criterion in the VC evaluation
process, an aggregation of the criteria rankings de-
fined by each participant in the survey is required.
The most simple aggregation form that is suitable in 
this context is to use a weighted average of the rank-
ings defined for each criterion, as follows:

S
j p

ni

ij
j

k

=
×

=
∑

1

where:
− Si is the overall significance of criterion i assigned 

on the basis of the individual criteria rankings 
defined by the participants (venture capitalists)
in the survey.

− n is the number of participants in the survey (in 
this study n = 11).

− k is the number of levels in the rank-ordering of 
the criteria by the participants in the survey. In 
this study, the venture capitalists were asked to 
evaluate the significance of the criteria in a 6-
point ordinal scale, ranging from 1 (least impor-
tant criterion) up to 6 (most important criterion). 
Therefore, k = 6.

− pij is the number of participants that assigned cri-
terion i a significance equal to j in the aforemen-
tioned 6-point ordinal scale. 

The measure Si of the overall significance of cri-
terion i ranges between 0 and 6. The case Si = 0 indi-
cates that all venture capitalists that participated in 
the survey consider criterion i as totally irrelevant to 
the VC investment decision. On the other hand, the 
case Si = 1 indicates that all venture capitalists that 
participated in the survey consider criterion i as the 

most important one to the VC investment decision.
The results for the overall significance of the cri-

teria and their final aggregate ranking according to
the above index are given to Table 3. According to 
the presented results the criterion that the venture 
capitalists consider most significant during their de-
cision making investment process is «The expected 
rate of return of the investment» (total score=4.7). 
The second significant criterion is «Skills and ex-
perience of the management team» (Total score=4), 
while the criteria «Branch characteristics» and «Ex-
pected risk», «Market growth» and «Originality/In-
novation» are ranked as fourth (total score=2.8), 
fifth (total score=2.2) and sixth (total score=2.1)
respectively etc. 

3. Conclusions and future research
Generally, during the last two years the development 
process of VC is spectacular, since the investments 
to VC have increased rapidly and concerning the 
legislation framework, important evolutions have 
taken place, such as a)the foundation of TANEO, 
a fund that invests VC especially to newly founded 
start-up firms, and b)the voting of a law for the foun-
dation of Mutual Funds of Business Participation, 
for which is valid the principle of tax neutrality.

However, although there is a plethora of capi-
tal offer from the VC and the TANEO, there is not 
sufficient offer of remarkable business plans. Basi-
cally, due to the continuous fall of the Greek Stock 
Market, there was no longer the ability of retirement 
from the Stock Market and the venture capitalists 
were enforced to change their interest to start-ups 
that include higher risk. 

It should be also encouraging the fact that the 
Greek VC firms are more risky than the European
ones and invest high percentages (42%) of their to-
tal capital during the first stages of financing (seed-
capital, start-up, early stage financing). This trend
is due to the fact that the venture capitalists were 
obliged to turn to start-ups firms, whose investments
create in the long run higher additive values and not 
to firms whose their liquidation from the Stock Mar-
ket is unfeasible due to the continuous fall of the 
Greek Stock Market. 

The VC could constitute an important tool for 
the development of the entrepreneurship in Greece, 
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since in combination with the existing institutional 
framework, it is ideal for the support of the Greek 
small or medium firms, that would like to be innova-
tive and competitive towards the European market.

Further research on VC in Greece could be turned 
to the following two directions:
1. The study of the venture capital profitability to

all the stages of financing.

2. The research on a complete and acceptable 
method of the venture capital investment evalua-
tion, that will constitute an effective tool for the 
venture capital’s decision making process in real 
time.

TABLE 3. Ranking of the Evaluation Criteria in Venture Capitalists Decision Making Investment Process.

19

12. Expected risk 7 70 0 4 0 2 1 0 2,8 3 
13. Percentage of equity 

0 0 0 0 0  0 0 0 0 17 
14. Investors provisions 0 0 0 0 0  0 0 0 0 17 
15. Size of investment 2 20 0 2 0  0 0 0 1 10 
16.Liquidity 3 30 0 0 2  0 1 0 1 10 
17. References 1 10 0 1 0  0 0 0 0,5 15 
18. Venture development stage 2 20 0 1 1  0 0 0 0,9 12 
19. Ensurements of the branch 

possibilities from the financed 
firm 1 10 0 0 0  0 0 1 0,1 16 
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Table 3. Ranking of the Evaluation Criteria in Venture Capitalists Decision Making Investment Process 

CRITERIA
No. of 

Companies % Sum of the choices of ranking for each criteria 
Score
Si

Ranking

that have 
selected it   6 5 4 3 2 1 

1. Skill and experience of the 
management team 8 80 4 1 2 1 0 0 4 2 

2. Personal Motivation 0 0 0 0 0  0 0 0 0 17 
3. Branch characteristics 8 80 2 1 1  0 3 1 2,8 3 
4. Product differentiation 3 30 0 1 1 1 0 0 1,2 8 
5. Growth potential 4 40 0 1 1 1 0 1 1,3 7 
6. Originality/Innovation  4 40 1 3 0  0 0 0 2,1 6 
7. Market size 4 40 0 0 1 2 0 1 1,1 9 
8. Market growth 6 60 1 0 3 1 0 1 2,2 5 
9. Competitive threat 3 30 0 0 1  0 2 0 0,8 13 
10. Cash-out method 3 30 0 0 1  0 0 2 0,6 14 
11. Expected rate of return 9 90 6 1 0 2 0 0 4,7 1 
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1. Introduction
There is a clear trend towards a globalisation of ac-
counting standards under the lead of the Internation-
al Accounting Standard Board (IASB)2 whose Inter-
national Financial Reporting Standards (IFRSs)3 are 
increasingly becoming a common set of regulations 
followed by companies in a many of the world’s 
economies. Almost 100 countries worldwide use 
IASB’s accounting rules and still more are expected 
to follow (McGregor, 1999; Cairns, 2000; Davies, 
2000; Nobes, 2000b, 2000c; Herz, 2003; and Gan-

I, (2), 2006, 107-123

non and Ashwal, 2004). IASB regulations have been 
accepted or recommended on many stock markets, 
including Amsterdam, London, Frankfurt, Zurich, 
Hong Kong, and Tokyo and there is a long-standing 
and continuing discussion on whether they should 
be endorsed by the International Organisation of 
Securities Commissions (IOSCO) and individual 
securities commissions such as the US Securities 
and Exchange Commission. The importance of this 
process in the context of the EU is amplified by the
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fact that from 1st January 2005 all companies with 
debt or equity securities admitted to trading on any 
regulated market of any Member State4 have been 
required to apply IFRSs that have been approved 
by the EU to their consolidated financial statements
(Co-ordinating Group on Audit and Accounting Is-
sues, 2003, Chapter 4). 

For any jurisdiction with pre-existing domes-
tic regulations on consolidation the requirement to 
converge on IFRSs involves a change in an impor-
tant part of generally accepted accounting principles 
(GAAP) which is likely to have significant impacts
on regulation and financial reporting practices and
therefore may have major economic consequences 
(Nobes, 2000b; Holgate, 2003; House, 2003; Larson 
and Street, 2004 and Ormrod and Taylor, 2004). In 
the UK group accounts have been prepared for many 
years and regulations have been in place for over 50 
years. Within this evolving framework of GAAP, 
consolidation was practised and then emerged as 
the dominant basis of accounting practice and regu-
lation. Thus, by January 2005 UK GAAP relating 
to group accounts and consolidation was both com-
plex and mature and had evolved over a long period 
but this evolution had by no means been smooth 
and without controversy (Kelly et al., 1990 and 
Nobes, 1993). The convergence with IFRSs is the 
latest phase in this evolution and this paper seeks to 
analyse this process and certain of the issues aris-
ing from it. We focus our analysis on one part of 
GAAP for consolidation namely the concept of con-
trol used for consolidation. We do so because the 
regulatory concept of control is the starting point, 
and a critical issue, for consolidation procedures 
since it determines which entities should be covered 
by the consolidation requirement. A universal fac-
tor determining the scope of consolidation has been 
the ability to control another entity and that factor 
has come to provide a basis for the controlling enti-
ty’s accountability. This issue has been at the centre 
of much of the controversy in the evolution of UK 
GAAP for consolidation (Pimm, 1990) and conver-
gence on IFRSs represents a new phase in the devel-
opment of the regulatory concept of control. At the 
time of writing the IASB is working on the project 

Consolidation (Including Special Purpose Entities) 
whose ultimate objective is to issue a new standard 
which would address consolidation of all controlled 
entities, both subsidiaries and special purpose enti-
ties (SPEs)5. The main focus of IASB deliberations 
is the development of the concept of control that 
would effectively determine the scope of consoli-
dated accounts in a way to minimize opportunities 
for off-balance sheet financing.

The remainder of the paper is organised as fol-
lows. The next section presents an overview of the 
literature on harmonisation of accounting proce-
dures. The following section discusses the data and 
methodology applied in the study. In section three 
we briefly consider the evolution of consolidated
financial reporting in the UK which sets a context
for the following sections. In section four we focus 
on the development of regulations relevant to the 
concept of control and consider the relationships be-
tween domestic regulations, the EU Directive, and 
IFRSs. We then review current developments within 
the IASB in this area and consider future prospects. 
The final section contains our conclusions.

2. Prior Research
A substantial body of research, both professional 
and academic, has been devoted to issues concerning 
convergence with international accounting stand-
ards worldwide and the implications of the global 
harmonisation of accounting regulation. Some stud-
ies examine regulatory activities of the IASB (and 
previously the IASC) as a “global standard setting 
body” looking at the institutional and political im-
plications of its standards increasingly becoming a 
mandatory set of accounting regulations (Zeff, 2002 
and Kwok and Sharp, 2005). Other research studies 
analyse the main differences between IFRSs and do-
mestic standards of relevant countries and consider 

5. A special purpose entity (SPE) is taken to be created to ac-
complish a narrow and well-defined objective (e.g. to effect a
lease, research and development activities or a securitisation of 
financial assets). Such an SPE may take the form of a corpo-
ration, trust, partnership or unincorporated entity. Frequently 
SPEs are created with legal arrangements that impose limits 
on the decision-making powers of their governing bodies. Usu-
ally, the right to change the continuing activities of an SPE is 
reserved to its creator or sponsor (SIC-12, 1999, para 1.2). The 
concept of a SPE is similar to the concept of a quasi-subsidiary 
in UK accounting regulations as noted below.

4. Within the meaning of Article 1 (13) of Council Directive 93/
22/EEC of 10 May 1993 on investment services in the securi-
ties field.
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the potential consequences of the harmonisation of 
accounting regulation in those countries and global-
ly. Several studies have been conducted on the main 
differences between US GAAP and IASB standards 
(Bloomer, 1999; Street and Gray, 1999; Street et 
al., 2000; Pacter, 2002, Leuz, 2003; Tarca, 2004; 
and Ampofo and Sellani, 2005). Similar research 
has also been undertaken in the Australian context 
by, for example, Collet et al. (2001) and Jones and 
Wolinzer (2003). There are also studies devoted to 
compare the analysis of IASB regulations with re-
gard to China (Chen, 1999; Tang, 2000) and Egypt 
(Abd-Elsalam and Weetman, 2003). A considerable 
body of research has addressed the convergence 
process within the EU and other European coun-
tries (Thorell and Whittington, 1994; Hoarau, 1995; 
Canibano and Mora, 2000, Aisbitt and Nobes, 2001; 
Alexander and Archer, 2001; Haller, 2002; Robers et 
al., 2002; Alexander and Schwencke, 2003; Evans, 
2003; Homollee, 2003; Walton, 2003; Larson and 
Street, 2004; and Street and Larson, 2004). Addi-
tionally, other studies have focused on convergence 
issues in the context of transition economies, main-
ly from Eastern Europe (Bailey et al., 1995; Dutia, 
1995; De Bruin, 2000; Daniel et al., 2001; King et 
al., 2001; and Kosmala-MacLullich, 2003). 

Street (2002) has conducted a multinational study 
of the harmonisation process based on two surveys 
of financial reporting practices in 59 and 62 coun-
tries sponsored by the six largest (at that time) ac-
counting firms in the context of international ac-
counting standards 6. These two surveys aimed to 
identify main differences between local reporting 
standards and standards issued by the IASB. Street 
(2002) analysed these surveys in order to assess the 
progress and perceived impediments to convergence 
in the relevant countries7. Zeff (1998) and Choi et 
al., (2002) have summarised and examined differ-
ences in US, UK and IASB GAAPs. 

The vast majority of the studies noted above fo-
cus on convergence issues by conducting general 
comparisons of national accounting practice with 

accounting procedures prescribed by IFRSs. The 
present paper focuses on only one issue, namely the 
regulatory concept of control used for consolidated 
accounts. This narrow focus allows us to perform 
a very detailed comparable analysis of the interna-
tional concept of control in the context of UK prac-
tice. Additionally, the concept of control that deter-
mines the scope of consolidation is a very central 
and important issue in modern financial accounting
where the majority of financial reporting for large
economic entities is conducted through the medium 
of consolidated accounts. 

3. Data and Methodology 
The present study conducts detailed examination of 
the relevant legal and regulatory documents within 
UK, EU and IASB jurisdictions and of summaries 
and minutes of the meetings of technical committees 
of IASB. In case of the UK, the pronouncements rel-
evant to the concept of control are included in Com-
panies Act 1989 which are then applied by Financial 
Reporting Standard 2 Accounting for Subsidiary 
Undertakings (ASB, 1992) and Financial Reporting 
Standard 5 Reporting the Substance of Transactions 
(ASB, 1994). In case of the EU legislation, the rel-
evant pronouncements are mainly included in the 
Seventh Directive on Consolidated Accounts (EEC, 
1984). Finally, the concept of control is addressed 
by IASB regulations in IAS 27 Consolidated and 
Separate Financial Statements (IASB, 2003), IFRS 
3 Business Combinations (IASB 2004), and SIC 12 
Consolidation – Special Purpose Entities (IASB, 
1999). The analysis are also applied to the content 
of the IASB Project Consolidation (Special Pur-
pose Entities) (IASB, 2002) and to the minutes of 
the meetings relevant to the development of the 
project. 

The study reviews these documents using content 
analysis, a method applied widely in the social sci-
ences to examine different kinds of documentary 
accounts. Generally, content analysis is a research 
technique to make inferences from documents; 
these are about the sender(s) of the message con-
tained in the document, the message itself, or the 
audience for the message (Berelson, 1952; Weber, 
1990; Zikmund, 1994; and Bryman, 2001). In con-
text of accounting research, content analysis has 

6. GAAP 2000 and GAAP 2001 are available at www.pwcglobal.
com

7. The similar research but in European context was conducted by 
Larson and Street (2004). Authors used six largest accounting 
firms’ 2002 survey of financial reporting practices in 17 Euro-
pean countries (GAAP Convergence 2002, available at www.
pwcglobal.com).

http://www.pwcglobal.com
http://www.pwcglobal.com
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been primary used to investigate financial infor-
mation communicated through written narratives 
included in corporate annual reports; accounting, 
finance, and tax textbooks; official pronouncements
by accounting bodies; and written records of tax and 
legal cases (e.g. Bowman and Hire, 1975; Bowman, 
1982, 1984; Beattie and Jones, 1992, 1996, 1997; 
Aerts, 1994; Mather et al., 1996; Bryan 1997; Smith 
and Taffer, 1992a, 1992b, 2000; and Faux, 2004). 

4. The Evolution of the Concept of Control in 
Consolidated Financial Reporting in the UK 
Consolidated financial reporting in the UK grew out
of the limitations of individual company account-
ing and sought to provide a representation of an 
economic reality where business activities were no 
longer conducted through the individual enterprise 
but through groups of inter-related businesses and 
globalisation has enhanced this tendency (Moonitz, 
1978; Mumford, 1982; Nobes, 1987, 1993, 2000a; 
Bircher, 1988; Nobes and Parker, 1988; Kelly et 
al., 1990; and Alexander, 1999). In the UK, group 
accounts have been prepared since the 1920s but 
they were not required by law until the Companies 
Act 1948. That Act, however, did not specify any 
detailed rules and a parent company could choose 
between several options in presenting its group ac-
counts. These options were narrowed to the form 
of consolidated accounts by SSAP 14 Group Ac-
counts issued by the Accounting Standard Com-
mittee (ASC) in 1978. Consolidation became the 
only permissible form of group accounts by statute 
rather later through the Companies Act 1989 (s 227) 
which implemented the EU Seventh Directive into 
UK company law. From 1948 to 1989, the recogni-
tion of a parent-subsidiary relationship was mainly 
based on the ownership of equity and required a 
parent either to (a) hold more than half in nominal 
value of the subsidiary’s equity, or (b) be a mem-
ber of it and control the composition of its board of 
directors. These tests for control recognition were 
criticised for not being effective nor based on any 
clear conceptual view of the nature of control as 
criterion (a) did not necessarily imply control if all 
equity did not carry equal voting rights, whereas 
criterion (b) was only one of various means of exer-
cising control. Shaw (1976, p. 71) commented that 
majority ownership should have been merely an 

example or refutable presumption of circumstanc-
es of possible dominance. It was possible for one 
company to be the subsidiary of two parent compa-
nies where one held the majority of equity and the 
other a minority of equity but a majority of votes. 
Additionally, these tests did not consider additional 
arrangements that could have resulted in establish-
ing control (Bircher, 1988; Pimm, 1990; and Taylor, 
1996). As a result, the tests gave scope for off-bal-
ance sheet financing schemes enabling companies
to establish effectively controlled entities outside 
the legal specifications (Peasnell and Yaansah, 
1988; Nobes, 1987; and Pimm, 1990). The situation 
changed with the implementation of the EU Sev-
enth Directive by Part I of the Companies Act 1989. 
The criteria for recognition of a parent-subsidiary 
relationship were amended significantly (Arthur
Andersen, 1983; Brown, 1990; Nobes, 1990, 1993a; 
Wooldridge, 1991; Prentice, 1991, and 1993). The 
new criteria moved away from a concept of control 
based mainly on one assured by a legal rights pro-
prietary criterion (de jure control) to one based on 
actual domination (de facto control). This broader 
definition brought within the scope of consolidation
many entities which were effectively controlled but 
had previously not fulfilled any of the legal tests
(Pimm, 1990, p. 88). As a result of these changes, 
SSAP14 Group Accounts was no longer consistent 
with company law and needed to be thoroughly re-
viewed. The review was undertaken initially by the 
ASC and then by ASB and in 1992 FRS 2 Account-
ing for Subsidiary Undertakings was issued. The is-
sue of the scope of consolidation through controlled 
non-subsidiaries was tackled by overlapping regu-
latory activity. Technical Release 603, Off Balance 
Sheet Financing and Window Dressing, was issued 
by the Institute of Chartered Accountants in Eng-
land and Wales (ICAEW) in 1985. The Technical 
Committee of the ICAEW passed its work to the 
ASC (later superseded by the ASB) and after the re-
lease of three exposure drafts8 and a lengthy period 
of deliberation and controversy, FRS 5 Recording 
the Substance of Transactions was issued in April 
1994. 

8. These were: ED 42, Accounting for Special Purpose Transac-
tions, issued by the ASC in 1988, ED 49, Reflecting the Sub-
stance of Transactions, issued by the ASC in 1990, and finally
FRED 4, Reporting the Substance of Transactions, issued by 
the ASB in 1993.
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5. The Evolution of the Concept of Control 
in Consolidated Financial Reporting in In-
ternational Accounting Standards

During the period of regulatory development in the 
UK which we have just reviewed the IASB had is-
sued IAS 3 Consolidated Financial Statements in 
1976 and this was the first accounting standard on
the subject of consolidated accounts outside the US. 
The concept of control used by IAS 3 to determine 
the scope of consolidation was similar to that used 
in SSAP 14 in being based on the ownership of an-
other entity’s equity or control of the composition of 
its board of directors. IAS 3 was subsequently su-
perseded by IAS 27 Consolidated Financial State-
ments and Accounting for Investments in Subsidiar-
ies (IASC, 1988). More recently the IASB added 
the project Consolidation (Including Special Pur-
pose Entities) to its work agenda in 2002 with the 
aims of re-examining the basis on which an entity 
should consolidate its investments and providing 
more rigorous guidance on the concept of control. 
The project has worked towards the amendment of 
IAS 27 and also the reconsideration of SIC 12 Con-
solidation–Special Purpose Entities.9 A new version 
of IAS 27 (Consolidated and Separate Financial 
Statements) was introduced in 2003 (IASB, 2005). 

With the superseding of IAS 3 the concept of con-
trol moved from one based on a legal rights propri-
etary criterion to de facto control assured by voting 
power or other arrangements. The recognition of the 
parent-subsidiary relationship was also dealt with in 
IAS 22 Business Combinations issued by the IASC 
in 1983 and revised in 1998, which in March 2004 
was superseded by IFRS 3 Business Combinations. 
IFRS 3 (and previously IAS 22) mentions business 
combinations resulting in a parent-subsidiary re-
lationship and lists conditions applicable when an 
acquirer obtains control. The criteria cited by that 
standard are in line with control tests listed in IAS 
27, Consolidated and Separate Financial State-
ments. Additionally, the IASB Standing Interpreta-
tion Committee (SIC) issued in 2002 Interpretation 
33 Consolidation and Equity Method – Potential 

Voting Rights and Allocation of Ownership Interests 
which was relevant to the concept of control as it 
dealt with the treatment of potential voting rights 
for determining a controlling interest in another en-
tity. However, SIC 33 was withdrawn at the end of 
2003. The problem of controlled non-subsidiaries is 
addressed in IASB regulations by SIC 12 Consoli-
dation – Special Purpose Entities. This Interpreta-
tion supplements IAS 27 Consolidated and Sepa-
rate Statements (IASB, 2005) and covers entities 
that have not fulfilled any of the control tests listed
in paragraph 12 of IAS 27 but nevertheless are ef-
fectively controlled according to the definition of
control itself. 

6. Tests for Parent-Subsidiary Relationship 
Recognition: A Comparative Analysis of 
Current UK Domestic Regulations, EU Reg-
ulations and IASB Regulations
In the UK the current criteria for control recogni-
tion for the purpose of consolidated accounts are 
included in section 258 of the Companies Act 1989 
and adapted by FRS 2, Accounting for Subsidiary 
Undertakings (ASB, 1992, paragraph 14). These 
criteria determine which entities fulfil the legal defi-
nition of a subsidiary. IASB regulations, as already 
noted, provide tests for control recognition in IAS 
27, Consolidated and Separate Financial State-
ments (IASB, 2005) and IFRS 3 Business Combina-
tions (IASB, 2004). Table 1 provides a comparison 
of control criteria included in UK domestic and non-
domestic regulations. It should be noted that since 
the tests for control recognition in the UK are de-
termined under legislation introduced to implement 
the EU Seventh Directive, the control recognition 
criteria are consistent with mandatory conditions 
included in the EU provisions.

As summarised in Table 1 compulsory criteria 
AUK, AEU, AIASB, BUK, BEU and BIASB all refer to situ-
ations where one entity alone controls the majority 
of the voting rights in another by means of simply 
possessing it or having an explicit, legally binding 
agreement with other shareholders or members. In 
the case of controlling the majority of the voting 
power through such an agreement, the parent com-
pany must be, at the same time, a member of the 
potential subsidiary. Compulsory criteria CUK, CEU, 

9. This project is discussed in more detail in a later section of the 
paper.
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TABLE 1. Legal and regulatory tests for parent-subsidiary relationship recognition

UK regulations (Companies Act 1989, 
FRS 2) EU regulations (7th Directive) IASB standards

(IAS 27, IFRS 3)

Compulsory criteria:

AUK : Majority of the voting rights AEU: Majority of the voting rights AIASB: Majority of the voting rights

BUK: Controlling alone, pursuant to an 
agreement with other shareholders or 
members, a majority of the voting rights.

BEU: Controlling alone, pursuant to an 
agreement with other shareholders or 
members, a majority of the voting rights

BIASB: Controlling alone, pursuant to an 
agreement with other shareholders or members, 
a majority of the voting rights

CUK: Having the right to appoint or 
remove members of the board of directors 
entitled to majority of the voting rights at 
board meetings

CEU: Having the right to appoint or remove 
members of the board of directors entitled 
to majority of the voting rights at board 
meetings.

CIASB: Having the right to appoint or remove 
majority of the members of the board of 
directors or having right to cast the majority of 
votes at board meetings.

DUK: Having the right to exercise a 
dominant influence by

 virtue of provisions in a 
subsidiary’s memorandum or 
articles or,

 virtue of a control contract

DEU: Having the right to exercise a dominant 
influence by

 virtue of provisions in a 
subsidiary’s memorandum or 
articles or,

 virtue of a control contract10

DIASB: Having the right to govern the financial
and operating polices by

 a statute or,
 an agreement

E: Being an ultimate parent for all subsidiaries

Optional criteria

Fuk: Having a ‘participating interest’ in a 
subsidiary and

 actually exercising a dominant 
influence or,

 managing itself and a 
subsidiary on unified basis

FEU: Having a ‘participating interest’ in a 
subsidiary and

 actually exercising a dominant 
influence or,

 managing itself and a subsidiary 
on unified basis

GEU: Having appointed the majority of the 
members of the governing bodies who have 
held office during the preceding financial
year, solely as the result of a parent’s voting 
rights (dispersed ownership)11

HEU: Management on a unified basis pursuant
to a contract or provision in the articles or 
memorandum (horizontal group)

IEU: The same personnel are a majority of the 
boards of both companies (horizontal group)

                  

10. A Member State may additionally require the parent company 
to be a member of the subsidiary undertaking. If the control 
contracts or clauses mentioned in this test are in conflict with
a Member State’s laws this criterion does not have to be ap-
plied.

11. A Member State may require a participating interest.
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and CIASB refer to membership with a right to ap-
point directors with a majority of the voting rights 
at board meetings. The three versions of criteria A, 
B and C are consistent across the three regulatory 
structures of the UK, EU and IASB. The fourth 
compulsory control recognition criterion (D in ta-
ble 1) is based on the right to exercise a dominant 
influence by constitution or contract. Although this
criterion is present in each of the three regulatory 
structures a definition of “a right to exercise the
dominant influence” is provided neither by EU nor
IASB regulations.

The interpretation of this criterion is accordingly 
left to each country implementing this test for con-
trol recognition. UK statutory and regulatory pro-
visions define the “right to exercise the dominant
influence” as “a right to give directions with respect
to the operating and financial policies of another
undertaking with which its directors are obliged to 
comply whether or not they are for [its] benefit…”
(Companies Act 1989, Schedule 10A 4(1); FRS 2, 
ASB, 1992, para 7(a)). IASB regulations addition-
ally accompany this test by a membership require-
ment which is included in EU provisions as an op-
tion. It should be mentioned that a control test based 
on contractual dominance may have little impact in 
those countries where it is in conflict with the fi-
duciary duties of directors of a potential subsidiary. 
Statutory provisions in the UK subject directors to 
fiduciary duties and therefore this test has been as-
sumed to have a limited impact on the UK account-
ing practice12 (Pennington, 1990; Nobes, 1993a; 
Davis et al., 1994; and Taylor, 1996). 

Compulsory criterion E, being an ultimate par-
ent for all subsidiaries, is common under the three 
regulatory structures and recognises control through 
a vertical chain of subsidiaries so that sub-subsidi-
aries would be treated as subsidiaries of an ultimate 
parent (Companies Act 1989, s 258 (5); and ASB, 
1992, paragraph 14 (f)).

Criterion F relates to the situation of having a 
participating interest and actual exercise of domi-
nant influence or unified management. This is an
optional criterion under EU provisions and was 
implemented voluntarily by UK legislation. This 
test is not addressed in the IASB regulations. A 
“participating interest” here means an interest held 
on a long term basis for the purpose of securing a 
contribution to a potential subsidiary’s activities by 
the exercise of control or influence arising from or
related to that interest. A holding of 20% of equity is 
presumed to be a participating interest unless rebut-
ted (EU Fourth Directive, 1978, paragraph 17). It is 
important to note that smaller holdings could also 
constitute a participating interest. Nobes (1993a, p. 
234) points out that the reason for requiring such an 
interest to be present is to prevent a strong commer-
cial relationship (such as that of a supplier, customer 
or lender) alone leading to consolidation. In the case 
of the participating interest the right to exercise a 
dominant influence is not sufficient and the actual
exercise of dominant influence is required. Again,
the concepts of “dominant influence” and “managed
on a unified basis” are not defined in EU provisions
and have been left for Member States to determine. 
In the UK the expression “managed on a unified ba-
sis” is interpreted by FRS 2 to mean that: 

“ … the whole of the operations of the undertak-
ings are integrated and they are managed as a sin-
gle unit. Unified management does not arise solely
because one undertaking manages another. The 
operations…[must be] integrated.”, ASB, 1992, 
paragraph 74) 

The EU Seventh Directive contains additional 
optional provisions which have not been incorpo-
rated into the UK regulations and which also are not 
mentioned in the IASB standards. One of these pro-
visions, GEU in table 1, identifies a parent-subsidi-
ary relationship where the parent undertaking has 
appointed board members with a majority of votes, 
solely as a result of its own voting rights (Council 
of the EC, 1983, Article 1aa). This option caters for 
cases where shareholdings may be widely dispersed 
and where a minority holding could exercise de fac-
to control. Such control would be achieved without 
an explicit, legally binding agreement and would 
rely on cooperation with other shareholders, either 
by their passive allegiance (transferring proxies) or 

12. Davis et al. (1992) and Edwards (1999) suggested that this 
provision would probably only be relevant where the parent 
has a German subsidiary undertaking or is in a country where 
German style legal provisions are in force. Germany has been 
the only EU Member State where this type of “control con-
tract” (Beherrschungsvertrag) has existed, under which one 
undertaking gives all responsibility for management to another 
undertaking which may direct the former’s affairs in its own 
interest. 
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their disinterest in decision-making (for example 
in the case of small investors). In practice these ar-
rangements are fluid and lack long-term certainty
and this has been a reason suggested for this crite-
rion not having been implemented into either UK 
regulations or IASB provisions (Nobes, 1993; Dav-
ies et al., 1994; and Taylor, 1996). The Directive 
mentions two further ways in which groups can be 
established (Council of the EC, 1983, Article 12). It 
is recognised that undertakings can be managed on 
a unified basis under a contract or clauses in their
corporate statutes (criterion HEU in table 1) or have 
interlocking directorships (criterion IEU in table 1). 
These two criteria provide for consolidation in the 
case of so-called horizontal groups with no link of 
share ownership (Arthur Andersen, 1983; McKin-
non, 1984; and Pennington, 1990). These conditions 
are based heavily on the German practice of con-
solidating subsidiaries subject to central and unified
management and have been criticised as being too 
subjective (Nobes, 1990, 1993a). 

The issue of the inclusion of controlled non-
subsidiaries in consolidated financial statements
through direct reference to definition of control is
addressed within UK domestically originating regu-
lations in FRS 5 Reporting the Substance of Trans-
actions (ASB, 1994), and in SIC 12 Consolidation 
– Special Purpose Entities (IASB, 1999) within 
IASB regulations. Both regulations agree that an 
entity should be consolidated when the substance 
of the relationship between another enterprise and 
the entity indicates that it is controlled by that en-
terprise” (ASB 1994, FRS 5, paragraph 100 and 
IASB 1999, SIC-12, paragraph 8). FRS 5 and SIC 
12 provide indicators of when de facto control ex-
ists which are based mainly on the ability to obtain 
the majority of benefits and the exposure to risks
inherent in these benefits (ASB 1994, paragraph 32,
and IASB 1999, paragraph 10). The ability to direct 
the financial and operating policies of another entity
is the most common way to guarantee the benefits’
flow from its activities. However, in many cases, ar-
rangements may be made for allocating the benefits
such that the active exercise of control is not nec-
essary (ASB 1994, paragraph 98, and IASB 1999, 
paragraph 9). For example, the party who will gain 
the benefits might be irreversibly specified in ad-
vance as being different to the one systematically 

directing the policies of the quasi-subsidiary (ie, in 
so-called auto-pilot vehicles). The phenomenon that 
directing the policies of another entity is not neces-
sary to establish effective control is a common rea-
son why the existence of control has not been cap-
tured by legal criteria. FRS 5 includes application 
notes which give guidance on the accounting treat-
ment of complex transactions where the location of 
control is difficult to determine. They seek to assist
in judgements on whether a party to a transaction 
is controlled by another enterprise and thus should 
be consolidated. The standard mentions five types
of complex transactions in this regard: (a) consign-
ment stock transactions; (b) sale and repurchase 
agreements; (c) factoring of debts; (d) securitisation 
of assets; and (e) loan transfers.

The forgoing discussion highlights differences in 
the coverage and detail of the UK and IASB regu-
lations governing the concept of control used for 
consolidated accounts. Generally IASB regulations 
(how they are at the moment) embrace the least 
number of circumstances under which recognition 
of control can occur and do not cover any of the op-
tional criteria provided by EU regulations. All of its 
control tests require existence of the shareholding 
in order to justify the recognition of control. Similar 
differences can be expected in other EU Member 
States. The presence of such differences in this regu-
latory space13 presents obvious problems for GAAP 
and regulatory enforcement in jurisdictions where 
IFRSs apply and where domestic and other regula-
tions co-exist. The significance of such differences
will depend in part on how the IASB regulations 
develop and it is to this that we now turn. 

7. The Further Development of IASB Regu-
lations
In an earlier section of the paper we referred to the 
IASB’s project Consolidation (Including Special 
Purpose Entities) and we shall now consider this 
project in more detail. This section of the paper 
provides an overview of the IASB’s deliberations 
to date on the Consolidation project with regard to 
changes in the regulatory interpretation of the con-
cept of control. A main focus of the project has been 

13. Using the term “regulatory space” in the sense of Young 
(1994).
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to develop a comprehensive definition of control
that could be used as the basis for consolidation by 
all entities. The Board initially intended that the out-
put from the project would be a single IFRS on con-
solidation of all controlled entities, both subsidiar-
ies and controlled non-subsidiaries (labelled within 
IASB regulations as Special Purpose Entities).

At the time of writing there have been nine meet-
ings of the Board since July 2002 when the project 
was initiated. Table 2 gives the dates of these meet-
ings and briefly summarises topics discussed at
them.

At the first meeting in July 2002 the Board made
a tentative decision that control should be the deci-
sive factor for consolidation of all entities including 
SPEs. Additionally, the Board agreed that an enti-
ty’s control of another entity should be used as a 
“shortcut” or “surrogate” to identify the underlying 

assets controlled by the first entity. It was suggested
that only an entity able to determine how assets are 
employed and how related future benefits are de-
ployed, so as to benefit that entity, controls those
assets. 

At the subsequent meeting, in October 2002, the 
Board tentatively agreed that criteria for consolidat-
ing SPEs should be consistent with the criteria for 
consolidating subsidiaries. Additionally, the Board 
made the following initial decisions:
• in the absence of an ability to determine the pol-

icy of an SPE, control would need to be assessed 
by other means;

• the holder of those interests in an SPE exposed to 
the majority of variability of expected outcomes 
is most like that of a majority ordinary share-
holder in a non-SPE; it was tentatively agreed 
that such holders should consolidate an SPE.

At the September 2003 meeting, the concept of 
control to be used to determine the scope of con-
solidation was discussed in more detail. The follow 
up to these discussions was conducted at the meet-
ing in March 2004 (refer to Table 2). Deliberations 

TABLE 2. Summaries of topics discussed to date by the IASB on the Consolidation Project.

Board meeting Topic

July 2002 Initial discussion of control as basis for consolidation of all entities including consideration of principles 
for consolidation of SPEs; principal objectives of consolidation

October 2002 Discussion of basis for consolidation of SPEs

June 2003 Project plan discussed

September 2003 Detailed discussion of the concept of control as basis for consolidation for entities generally, without 
considering SPEs in particular; consideration of three criteria of control: Power, Benefit and Link
Criterion

December 2003 Initial discussion of whether the concept of control discussed at the September 2003 meeting can be 
applied to a particular subset of SPEs14

February 2004 Discussion of the relevance of potential voting rights to the current assessment of Power Criterion; 
discussion of how the holdings of an entity’s de facto agents should be treated in assessing whether an 
entity meets the Power Criterion

March 2004 Further discussion of the circumstances when an entity satisfies the control criteria

May 2004 Initial discussion of distinction between fiduciaries and controllers, and discussion of the assessment of
control criteria in the funds management industry

November 2004 Project plan revised

Source: IASB, Projects in Progress (www.iasb.org/current)

14. This subset of SPEs refers to a narrow range of entities, being 
those whose policies are so extensively predetermined that the 
remaining policies cannot be described as those entities’ strate-
gic operating and financing policies.

http://www.iasb.org/current
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at these two meetings addressed control of entities 
generally, without considering SPEs in particular. 
The Board tentatively agreed that the control of an 
entity is “the ability to direct the strategic financ-
ing and operating policies of an entity so as to ac-
cess benefits flowing from the entity and increase,
maintain or protect the amount of those benefits”
(IASB, Consolidation Project Summary, paragraph 
8) Therefore, the concept of control should require 
satisfaction of three criteria: Power, Benefit and
Link Criteria. 

With regard to the Power Criterion, it was agreed 
that a controller must have a non-shared (or unilat-
eral) ability to direct strategic operating and financ-
ing policy of another entity. It was also tentatively 
agreed that a controller may gain this ability directly 
or indirectly through agents that will vote or act at 
the controller’s direction. Additionally, it was also 
established that a controller would satisfy the Power 
Criterion when it has the ability to control, even if 
it elects not to exercise that power or has delegated 
(but not transferred) its power to another party, or 
even if it has a history of not utilising, or has no 
intension of utilising, its ability. The Board has also 
tentatively agreed that economic dependence (such 
as that of a supplier, customer or lender) would not 
normally, of itself, satisfy the Power Criterion. How-
ever, assessing control in such circumstances can be 
difficult. The Board therefore intends to consider
this issue further. The use of the word “normally” 
and the stated intension of further consideration of 
the issue leave the possibility, under certain circum-
stances, of embracing economic dependence by the 
concept of control promoted by IASB regulations. 
This is in contrast to UK domestic regulations and 
EU regulations which explicitly state that economic 
dependence cannot, under any circumstances, lead 
to control. 

The Benefit Criterion, is based on the ability to
access benefits and it was agreed that such an ability 
is sufficient to satisfy this criterion even if benefits
have been not received. The Board emphasised that 
the types of benefits not be restricted to those flow-
ing from a residual ownership interest or those in 
the nature of a residual or ownership benefit. For
example, benefits may include:
• establishing policies that result in the controller 

realising revenue enhancements or cost savings;

• sourcing scarce products;
• gaining access to proprietary knowledge;
• combining functions to achieve economies of 

scale
It was also decided that benefits need not flow

from the controlled entity directly, but may arise in 
combination with other assets. For example, a con-
troller may benefit from a wholly owned subsidiary
with an unutilised next-generation patent by exclud-
ing competitors’ access to the patent and protecting 
the controller’s market share.

The Link Criterion is based on the ability to use 
power so as to increase, protect and maintain ben-
efits flowing from another entity. This criterion is a 
connecting element between the two criteria already 
discussed and is intended primarily to assist in dis-
tinguishing fiduciaries from controllers. A fiduci-
ary with broad delegated power may have apparent 
power to determine policy and an ability to benefit
through the receipt of fees. However, a fiduciary can
be distinguished from a controller as it has a duty 
to use its power to benefit its principal rather than
itself. 

It was emphasised by the Board that the existence 
of control through fulfilling these three criteria is a
judgmental assessment based on the circumstances 
of each case. The Board agreed that irrespective of 
the form of control, if the control criteria are sat-
isfied consolidation should be required. In other
words, effective control (being the ability in prac-
tice to control in the absence of legal control) is a 
sufficient basis for consolidation. This includes con-
trol by an entity holding less than a majority voting 
interest in another entity when the balance of vot-
ing interest is widely dispersed. Non-consolidation 
should not be permitted merely because dispersed 
investors could coalesce in future. An important dif-
ference between legal and effective control in this 
case is that a minority holder can lose the ability 
to exert dominance as a result of circumstances be-
yond his control. For example, the typical number 
of shareholders who actually vote at a meeting may 
increase due to poor performance of the investee or 
as a result of a change in the identity of sharehold-
ers; a new shareholder may acquire a controlling 
stake in the company and outvote the minority; or a 
proxy fight could be initiated, effectively organising
the votes of dispersed shareholders against the mi-
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nority shareholder such that the policies proposed 
by him are no longer implemented. This contrasts 
with legal control, which is permanent as long as 
ownership of shares is retained or a legally binding 
agreement with other shareholders or members ex-
ists (see criteria A and B in Table 1). These delibera-
tions cater for an option included in the EU control 
criteria (but not covered either by UK domestic reg-
ulations or existing IASB tests) which refers to the 
situation of a dispersed ownership (see criterion G 
in Table 1). It was also agreed that current control, 
even if of uncertain duration, is sufficient to justify
consolidation. The Board has tentatively concluded 
that the fact that control of an entity might be tem-
porary does not of itself change the assets control-
led by an entity. During the time that control is held 
and until such time as control ceases, the controlled 
assets are part of the economic entity and should be 
recognised as such. Furthermore, it was emphasised 
that a controller need not have a minimum level of 
ownership. We may also note the Board’s view that 
a minority shareholder that has been able to domi-
nate strategic policy determination can satisfy con-
trol criteria if the balance of holdings is dispersed 
or disorganised, but not if the balance of holdings 
is held by a passive majority shareholder. Finally, 
the Board also confirmed that control might arise
through contract. 

At the meeting in December 2003 the Board 
considered whether the concept of control agreed 
in September 2003 could be applied to a particular 
narrow subset of SPEs with policies so extensively 
predetermined that the remaining policies cannot be 
described as that entity’s “strategic and operating 
policies”. In effect these are entities whose policies 
are determined to a degree that precludes any action 
that would alter that entity’s performance. The Board 
believed this subset might require separate consid-
eration in the Consolidation Project. However, the 
control concept agreed at the September 2003 meet-
ing should be applicable to all other entities includ-
ing those SPEs outside the subset discussed. The 
Board agreed that for the subset of SPEs discussed, 
the party responsible for predetermining the SPEs 
strategic operating and financing policies satisfies
the Power Criterion and is likely to be that SPE’s 
controller. The Board noted that identifying the par-
ty ultimately responsible for policy determination 
would be a question of substance. The indicators, 

such as the risk exposure and whether the SPE’s ac-
tivities further the party’s business purposes, might 
assist in identifying the party ultimately responsible 
for an SPE’s predetermined policies. Participants in 
an entity in the subset of SPEs discussed who obtain 
their interests after the SPE’s policies have been de-
termined, although able to control their particular 
interests in the SPEs, are unable to determine how 
that SPE’s assets are employed or how the future 
benefits on those assets are deployed. Therefore,
such participants may be unable to control that 
SPE’s assets. Additionally, while parties exposed to 
an entity’s residual risks usually require control of 
that entity to protect their risk position causing risk 
and risks to be correlated, investors exposed to fluc-
tuations in an SPE’s performance do not have the 
same motivation to control an SPE if they choose 
to rely on its predetermined strategic operating and 
financial policy. The above suggested that partici-
pants in such SPEs that have not predetermined the 
SPE’s strategic operating and financing policy, and
that have no capacity to change such policies, should 
only recognise their interests in the SPE rather than 
consolidating the SPE.

The Board meeting held in February 2004 con-
sidered the role of potential voting rights and rights 
held by an entity’s agents (termed “strawmen”) 
when assessing the satisfaction of the Power Crite-
rion. The Board tentatively agreed that a holder of 
potential voting rights (such as unexercised but cur-
rently exercisable15 holdings of options or convert-
ible securities) should be relevant to the assessment 
of current control16. For example, if Entity A has a 
100% ownership interest in Entity B, but Entity C 
holds currently exercisable options over all of the 
equity instruments in B, then C rather than A would, 
in the absence of other factors, satisfy the Power 
Criterion in relation to B. However, if the holder of 
potential voting rights would not have the ability to 
dominate policy determination following exercise 
of these rights than he does not satisfy Power Crite-
rion even if that exercise would result in currently 

15. That is, the right to exercise or convert is not contingent on the 
passage of time or the occurrence of a future event. 

16. This decision is consistent with the IASB Standing Interpre-
tation Committee Interpretation 33 Consolidation and Equity 
Method – Potential Voting Rights and Allocation of Ownership 
Interests (IASB, 2002). However, the Interpretation has been 
recently withdrawn. 
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controlling entity having no assurance of sustaining 
the controlling influence. In other words, the Board
agreed that although that currently controlling en-
tity may not be assured of a continued ability to 
dominate policy determination, it has a present abil-
ity to dominate policy determination and the third 
party with potential voting rights would be unable 
to dominate, so that entity should satisfy the Power 
Criterion. However, the situation would not be so if 
the third party with potential voting rights could, fol-
lowing the exercise of these rights, dominate policy 
determination. The Board has also tentatively con-
cluded that whether or not exercise of potential vot-
ing rights is economically favourable to the holder 
of those rights is not relevant to the assessment of 
whether the Power Criterion is satisfied. The wide
inclusion of potential voting rights in determination 
of controlling interest promotes broader concept of 
control in comparison to UK regulations . It should 
be noted that in case of the UK statutory provisions 
and accounting standards potential voting rights are 
taken into consideration only with reference to the 
participating interest. 

Additionally, during the February meeting it was 
tentatively concluded that the holdings or interests 
of parties effectively acting as agent for another en-
tity should be considered in assessing whether that 
other entity is a controller. For example:
• A minority equity holder has a 40 % voting in-

terest in an entity, but an investment bank with 
which the minority has a close business relation-
ship holds a 12 % voting interest. In addition, the 
minority may have assurance that the voting of 
the investment bank will always be aligned with 
its own, ensuring that the minority holder cannot 
be outvoted.

• An entity has a 45 % voting interest in another 
entity, but officers of the shareholding entity
hold a 10 % voting interest in that other entity 
such that the shareholding entity is assured that, 
collectively, it will be able to dominate decision-
making. 

The Board had tentatively decided that a future 
Exposure Draft should include the rebuttable pre-
sumption that the holdings of the following parties 
should be regarded as available to a potential con-
troller: 
• the potential controller’s related parties as de-

fined in IAS 24, Related Party Transactions;
• an entity that received its interest in the investee 

as a contribution or loan from the potential con-
troller;

• an entity that has an agreement that it cannot sell, 
transfer, or encumber its interest in the investee 
without the prior approval of the potential con-
troller;

• an entity that cannot finance its operations with-
out financial support from the potential control-
ler;

• senior managers of the potential controller, but 
only to the extent that they are highly likely to 
be dominated by the potential controller;

• an entity that has a close business relationship 
with the potential controller (like that between a 
professional service provider and one of its sig-
nificant clients), but only to the extent that the
party is highly likely to be dominated by the po-
tential controller. This is not intended to include 
“standard” business relationships such as those 
between a customer and its suppliers; 

• an entity with the same board of directors as the 
potential controller.

At the May 2004 meeting the Board discussed in 
more detail issues of distinguishing fiduciaries from
controllers. A fiduciary relationship exists when one
party (the fiduciary) is required to work for the ben-
efit of one or more other parties to who it owns fidu-
ciary responsibilities under common law, equitable 
principles, contract, statute or regulation. This task 
of differentiating between fiduciaries and controllers
might be quite complex when a fiduciary is entitled
to a performance-linked fee (e.g. fund managers). 
The Board agreed that such a fee structure does not 
result in the satisfaction of the Power Criterion as a 
party receiving such a fee is able to benefit only as
a consequence of using its power to benefit its prin-
cipal. In particular, a potential controller should be 
regarded as failing the control test when the effect 
of its obligation to another party is that:
• it fulfils the Power Criterion (ie its role enables it

to determine another entity’s strategic financing
and operating policies) but is explicitly required 
by agreement or at law to use that Power for the 
benefit of third parties; and

• its ability to benefit from the assets over which it
has Power (in the sense of the Power Criterion) 
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is restricted in that it is not able to deal with the 
assets as if they were its own, and its entitlement 
to benefits must be agreed between itself and the
third parties in whose interest it must act, with 
those benefits in effect limited to a fee for serv-
ices provided.

According to the Board, in the above circum-
stances the entity would be unable to meet the sec-
ond and third tests of control (Benefit and Link Cri-
teria). 

During its meeting in November 2004 the Board 
considered the state of its deliberations thus far and 
their implications for the planned timetable for the 
publication of a single IFRS on consolidation to 
replace IAS 27 Consolidated and Separate Finan-
cial Statements and SIC-12 Consolidation – Special 
Purpose Entities, which was at that time scheduled 
for issue in the second quarter of 2006. The Board 
considered whether it should publish in the near 
term (meaning at that time mid-2005) an Exposure 
Draft of proposed amendments to IAS 27 before 
embarking on its deliberations on how the princi-
ples developed in the project should apply to SPEs. 
The purpose of such an Exposure Draft would be 
to incorporate into IAS 27, sooner rather than later, 
the considerable material and guidance which the 
Board had so far developed on the concept of con-
trol as it would apply generally. The incorporation 
of this material into standard would have, accord-
ing to the Board, significantly strengthened the
regulation through broadening the concept of con-
trol. However, the recent Exposure Draft Proposed 
Amendments to IAS 27 Consolidated and Separate 
Financial Statements, issued by IASB in June 2005, 
does not include any changes to the interpretation 
of the concept of control. The changes covered by 
the Exposure Draft reflect proposals arising from
the Board’s Business Combinations Project and are 
mainly relevant to accounting for minority interests 
(to be renamed non-controlling interests). Thus, af-
ter a considerable passage of time, the Board has 
decided to continue deliberations on the project and 

produce the complete exposure draft which would 
apply to both subsidiaries and SPEs. 

8. Conclusions
The process of shaping the concept of control to be 
used for consolidated accounts by IFRSs is not yet 
complete and special attention should be given to 
issues emerging on this concept as it will supersede 
statutory and regulatory provisions used in the UK. 

Generally, the concept of control as emerging 
through IASB recent deliberations is more compre-
hensive (in comparison to the UK as well as already 
existing IASB provisions) covering a wider range of 
circumstances that would appropriate the regulatory 
recognition of control. Firstly, the fixed set of con-
trol tests got replaced by three general criteria based 
directly on the discussion of control, namely Power, 
Benefit and Link criterion. This change might be as-
sociated with a fact that the aim of the new regula-
tory developments is to cover consolidation of both 
subsidiaries as well as SPEs. 

The new concept of control covers additionally 
control of uncertain duration under the assumption 
that the fact that control of an entity might be tem-
porary does not of itself change the assets controlled 
by an entity. These deliberations justify recognition 
of control when it occurs due to dispersed owner-
ship or when currently controlling entity may not 
be assured of a continued ability to dominate policy 
determination due to the third party with potential 
voting rights (provided the third party would not 
be able to have controlling stake after exercising 
its holdings). At the same time, the inclusion of po-
tential voting rights while determining controlling 
influence widens the concept of control promoted
by the UK regulations that consider such rights only 
when estimating participating interest. Finally, the 
possibility of consideration of economic dominance 
as one of the circumstance appropriating recogni-
tion of control is also an evidence of broadening of 
the regulatory concept of control.
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1. Introduction
In the corporate finance literature, the empirical re-
search on risk management by using derivatives has 
focused on three questions1. First, a large body of 
empirical derivatives research explores why firms

I, (2), 2006, 124-133

use derivatives to hedge. In other words, the studies 
on this topic examine the incentive to hedge using 
financial derivatives (Tufano(1996), Geczy, Minton
and Schrand(1997), Schrand and Unal(1998) and 
Goldberg, Godwin, Kim and Tritschler(1998)). For 
example, Turano(1996) finds that firms in the gold
mining industry use derivatives to hedge because of 
managerial and owner risk aversion. As well, Gec-
zy, Minton and Schrand(1997) examine currency 
hedging activities for a sample of Fortune 500 firms
and show that firm’s use of currency derivatives is
positively related to growth opportunity.

Second, some studies investigate how firms use fi-
nancial derivatives. Petersen and Thiagarajan(2000) 
show that the risk hedging method depends on the 
ability to adjust operating costs. Barton(2001) 
and Noma(2001,a) find that firms use derivatives
and discretionary accruals as partial substitutes to 
smooth earnings. Also, Adam(2006) analyzes the 
use of options strategies in the North American gold 
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1. According to the classical Modigliani and Miller paradigm, 
risk management does not affect firm value. Further, it is not
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hedge on their own. Some studies suggest that hedging activ-
ity increases firm value. For example, Smith and Stulz(1985)
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that if capital market imperfections make externally obtained 
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generate a rationale for risk management.
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mining industry. He finds that firm with large in-
vestment programs and firms which focus on gold
mining activities use options extensively.

Third, several recent studies examine the net 
consequence of the use of derivatives on firm risk.
Guay(1999) finds that firm risk declines following
the use of derivatives. Hentschel and Kothari(2001) 
investigate whether the use of derivatives is related 
to the overall stock return risk. They find that there
is no association between the volatility of a firm’s
stock prices and the size of its derivatives position. 
Guay and Kothari(2003) report the magnitude of 
risk exposure hedged by financial derivatives for
234 large nonfinancial corporations. They conclude
that the use of corporate derivatives appears to be a 
small component of the overall risk profile of non-
financial firms. For Japanese firms, Noma(2001,b)
and Konishi, Shimizu and Yasuda(2003) investigate 
whether firms systematically reduce or increase their
risk with derivatives. Although numerous attempts 
have been made to study whether the use of deriva-
tives decrease firm risk, it is still controversial.

The primary objectives of this paper are as fol-
lows: (1) to empirically explore how the use of de-
rivatives affects firm risk and (2) to investigate the
relation between the use of derivatives and risk-tak-
ing activities, for a sample of 431 Japanese nonfi-
nancial firms.

Our main results show that the use of derivatives 
increases total risk and firm-specific risk. The re-
sults are noteworthy because most of the sample 
firms use derivatives to hedge. One plausible ex-
planation is coordinated risk management proposed 
by Schrand and Unal(1998). They define “the ap-
proach of simultaneously increasing core-business 
risk and decreasing homogeneous risk to achieve or 
maintain a target total risk level as coordinated risk 
management”. In order to explore whether Japanese 
firms hedge homogeneous risk and take core-busi-
ness risk, this paper examines the relation between 
derivatives and risk-taking activities. The results 
show that firms that introduce stock options use de-
rivatives and invest in R&D to a greater extent than 
firms that do not introduce stock options. These re-
sults suggest that Japanese firms hedge homogene-
ous risk and take core-business risk. For this reason, 
the use of derivatives increases total risk and firm-
specific risk.

The remainder of the paper is organized as fol-
lows. Section 2 presents the sample. Section 3.1 de-
scribes the research methodology used to examine 
the association between derivatives and risk. Sec-
tion 3.2 presents the summary statistics. Section 3.3 
shows that the use of derivatives increases firm risk.
Section 3.4 shows that there is a positive relation 
between derivatives and risk-taking activities, and 
Section 4 concludes this study. 

2. Sample Selection
The empirical tests are conducted using Japanese 
firms listed on the first section of the Tokyo Stock
Exchange. In this paper, we use the consolidated fi-
nancial statements2 for the fiscal year ending March
2000 for two reasons. 

First, before the fiscal year ending March 2000,
Japanese GAAP required firms to disclose informa-
tion about derivatives on the parent-only financial
statements. Since firms use derivatives on a con-
solidated basis, it is inappropriate to use the finan-
cial data of the periods before the fiscal year ending
March 2000 to examine whether the use of deriva-
tives increases or reduces firm risk.

Second, after the fiscal year ending March 2001,
Japanese GAAP does not require firms to disclose
information about derivatives when firms adopt
hedge accounting3. This accounting treatment al-
lows firms to not disclose information about deriva-
tives by adopting hedge accounting. Consequently, 
the information that is relevant for our analysis is 
available for only one year.

 As a basis for the Nikkei sector classification, this
paper covers nine business sectors: fabric, chemical 
engineering, petroleum, iron and steel, nonferrous 
metal and metal manufacture, machinery, electric 
equipment, automobile and auto parts, and preci-
sion apparatus. These sectors include firms that are
representative of all Japanese firms. All financial in-
formation is obtained from the Active Management 

2. Japanese firms report not only parent-only but also consoli-
dated financial statements.

3. In contrast, International Accounting Standards Board and 
Financial Accounting Standards Board require disclosure of 
derivative information whether firms adopt hedge accounting.
See, for example, Statement of Financial Accounting Stand-
ards No.133, Accounting for Derivative Instruments and Hedg-
ing Activities.
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Support System (AMSUS) supplied by Quick Corp. 
In addition, this paper excludes firms whose shares
are not traded for more than 75 days in a year. This 
selection process yields 431 firms.

3. Empirical Analysis
3.1 Methodology

To examine the relation between the use of deriva-
tives and firm risk, this paper runs the following
OLS regression using pooled cross-section data:
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In equation (1), Risk is the measure for the lev-

el of firm risk. Following Konishi, Shimizu and
Yasuda(2003), this paper uses six alternative risk 
measures: total risk, firm-specific risk, systematic
risk, market risk, interest rate risk, and foreign ex-
change rate risk. Total risk is defined as the standard
deviation of a firm’s daily stock returns for each fis-
cal year measured in percentage points. To estimate 
the other risk measures, this paper uses the follow-
ing three-index model as a return-generating proc-
ess:

 R R R R ei t M t I t E t i t, , , , ,= + + + +β β β β0 1 2 3  (2)

In equation (2), Ri,t and RM,t are the daily stock 
returns of the firm’s stock and the market at date
t, respectively. We use TOPIX (Tokyo Stock Ex-
change value-weighted stock price index) as market 
portfolio. Also, RI,t is the daily change in the ten-
year Japanese government bond yield at date t; and 
RE,t is the daily change in the U.S. dollar/yen ex-
change rate at date t. We define firm-specific risk
as the standard deviation of the residual of equation 
(2) for firm year. Systematic risk is measured as the
difference between total risk and firm-specific risk.
The estimated β1 is market risk, the estimated β2 is 
interest rate risk, and the estimated β3 is foreign ex-
change rate risk. 

This paper defines the independent variables of
equation (1) as follows.

Derivative is the aggregate notional value of all 
reported derivatives contracts deflated by the sum
of the book value of liabilities and the market value 

of equity4. Size is the natural logarithm of the mar-
ket value of equity at the beginning of the year for 
which derivative holdings information is collected. 
Leverage is the ratio of the book value of liabilities 
to the market value of equity plus the book value of 
debt, where all variables are measured at the begin-
ning of the year. B/M is the book value of assets 
divided by the market value of equity plus the book 
value of debt, where all variables are measured at 
the beginning of the year.

3.2 Use of Derivatives by the Sample Firms
Of the 431 firms, 273 use derivatives. In other
words, 158 firms do not use derivatives. Among
these 273 firms, only one firm uses derivatives not
only to hedge risk but also to speculate. The remain-
ing 272 firms use derivatives to hedge risk.

Table 1 shows the descriptive statistics of the 
outstanding contract amounts for firms that use
derivatives. The outstanding contract amounts are 
measured in million yen. The sample comprises 273 
firms that use derivatives. Table 1 shows that Japa-
nese firms use mostly currency or interest rate de-
rivatives. Japanese firms’ average notional amount
of currency (interest rate) derivatives is 34,706 
(48,682) in million yen. In contrast, Japanese firms
seldom use equity, bond, commodity, or other de-
rivatives.

Panel A (Panel B) of Table 2 provides the basic fi-
nancial statistics of all firms (derivative users). Panel
B shows that the aggregate notional amount of de-
rivatives held by derivative users averages 10% of 
assets. However, the median notional amount of de-
rivatives is only 2%. Hentschel and Kothari(2001) 
report that the average (mean) notional amount of 
derivatives held by U.S. nonfinancial firms is 12%
(5%) of assets. Consequently, Japanese nonfinan-
cial firms use derivatives to a slightly smaller extent
than U.S. nonfirnancial firms.

4. Triki(2005) discusses four measures proposed in the literature 
for corporate hedging: (1) the dummy variable indicating de-
rivative usage, (2) the gross notional value of derivatives con-
tracts, (3) the net notional value of derivatives, and (4) the delta 
percentage. This paper uses the gross notional value for three 
reasons. First, a dummy variable captures information only 
about the decision to hedge. Second, the net notional value of 
derivatives does not discriminate between different derivatives 
contracts. Third, to calculate the delta requires detailed data 
relating to derivatives activities and financing operation.
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3.3 Relation between Derivatives and Risk
Table 3 provides the empirical results when Deriva-
tive is defined as the aggregate notional amount of
all derivatives. Panel A and Panel B indicate the re-
sults for all firms and derivative users respectively.
The empirical results for the specification wherein
the dependent variable is total risk or firm-specific
risk show that the coefficient of Derivative is statis-
tically significantly positive. The results reveal that
the use of derivatives increases firm risk although
firms use derivatives to hedge. Specifically, these
regression results suggest that Japanese nonfinan-
cial firm that increase its derivative holdings by 1%
of total firm asset would –ceteris paribus– raise the 
total risk and firm-specific risk by approximately
0.16-0.17%. That is to say, if a firm were increase
its derivatives holdings from zero to the sample av-
erage of 10% of assets, one would expect to raise its 
total risk and firm-specific risk by about 1.6-1.7%.

For the specification wherein the dependent vari-
able is total risk or firm-specific risk, the coefficient
of Size is negative and significant, and the coeffi-
cients of Leverage and B/M are positive and statisti-
cally significant.

Further, the empirical results for the specification
wherein the dependent variable is systematic risk 
or market risk show that the coefficient of Deriva-
tive is not statistically significant. With regard to the
control variables, the coefficients are not statisti-
cally significant.

Table 4 presents the regression results for the 
specification wherein the dependent variable is the

sensitivity of stock returns to the daily change in in-
terest rates for firms that use interest rate derivatives.
Column 2 of Table 4 shows the regression results 
when Derivative is defined as the aggregate notional
amount of all derivatives. On the other hand, column 
3 presents the regression results when Derivative is 
defined as the aggregate notional amount of interest
rate derivatives. This table shows that there is no 
evidence that derivatives increase or reduce interest 
rate risk. Also the coefficients of Size, Leverage and
B/M are not statistically significant.

Table 5 presents the regression results for the 
specification wherein the dependent variable is the
sensitivity of stock returns to the foreign exchange 
rate index for firms that use foreign exchange rate
derivatives. Column 2 of Table 5 shows the regres-
sion results when Derivative is defined as the aggre-
gate notional amount of all derivatives. In contrast, 
column 3 indicates the regression results when De-
rivative is defined as the aggregate notional amount
of foreign exchange derivatives. This table shows 
that there is no evidence that derivatives increase or 
reduce foreign exchange rate risk. In addition, the 
coefficients of Size, Leverage and B/M are not sta-
tistically significant.

Given that firm use derivative to hedge, the re-
gression results suggesting that derivatives may in-
crease firm risk are noteworthy. Additionally, risk
management theory depends on incentives to reduce 
firm risk (Smith and Stulz(1985) and Froot, Scharf-
stein and Stein(1993)). Furthermore, according to 
previous researches examining whether derivatives 
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mean median Q1 Q3 standard
deviation

Currency 34,706 321 0 5,819 167,785
Interest Rate 48,682 3,343 180 18,995 291,429
Equity 4 0 0 0 61
Bond 376 0 0 0 6,208
Commodity 490 0 0 0 3,297
Other 51 0 0 0 604

Table 1 

Descriptive Statistics on Derivative Positions for Derivative Users 

                                              (in million yen) 

Table 1 shows the descriptive statistics of the outstanding contract amounts in each derivative category. The 

outstanding contract amounts are measured in million yen. The sample comprises 273 firms that use 

derivatives.  

Table 1 shows the descriptive statistics of the outstanding contract amounts in each 
derivative category. The outstanding contract amounts are measured in million yen.
The sample comprises 273 firms that use derivatives.

TABLE 1. Descriptive Statistics on Derivative Positions for Derivative Users.
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mean median Q1 Q3 standard
deviation

Total risk 3.44 3.40 2.90 3.81 0.75
Firm-specific risk 3.33 3.25 2.79 3.73 0.74
Systematic risk 0.12 0.07 0.04 0.15 0.13
Market risk 0.55 0.48 0.33 0.72 0.33
Interest rate risk –0.46 –0.64 –1.56 0.48 1.87
Foreign exchange risk 0.14 0.13 –0.07 0.32 0.31
Derivative 0.06 0.01 0.00 0.03 0.43
Derivative (Interest rate) 0.04 0.00 0.00 0.00 0.43
Derivative (Currency) 0.02 0.00 0.00 0.02 0.08
Size 5.14 5.05 4.71 5.47 0.58
Leverage 0.57 0.59 0.44 0.72 0.21
B/M 0.38 0.23 0.15 0.41 0.47

mean median Q1 Q3 standard
deviation

Total risk 3.41 3.42 2.92 3.77 0.68
Firm-specific risk 3.30 3.27 2.79 3.69 0.68
Systematic risk 0.11 0.08 0.04 0.14 0.11
Market risk 0.55 0.51 0.35 0.70 0.31
Interest rate risk –0.52 –0.69 –1.54 0.36 1.80
Foreign exchange risk 0.12 0.13 –0.05 0.31 0.29
Derivative 0.10 0.02 0.01 0.05 0.54
Derivative (Interest rate) 0.07 0.00 0.00 0.01 0.53
Derivative (Currency) 0.03 0.01 0.00 0.04 0.09
Size 5.33 5.25 4.88 5.72 0.60
Leverage 0.63 0.63 0.51 0.75 0.18
B/M 0.33 0.21 0.14 0.36 0.40

Table 2 

Descriptive Statistics

Panel A: All Firms (n = 431)  

Panel B: Derivative Users (n = 273) 

Total risk is measured as the standard deviation of a firm’s stock returns for each fiscal year measured in 

percentage point. To estimate, firm-specific risk, systematic risk and market risk, we use the following 

three-index model as return-generating process, i.e., titEtItMti eRRRR ,,3,2,10, ����� ����  . Firm 

specific risk is measured as the standard deviation of the residual of this equation for firm year. 
Systematic risk is measured as the difference between total risk and firm-specific risk. Market risk is 
the estimated �1. Interest rate risk is the estimated �2. Foreign exchange risk is the estimated �3.
Derivative is the aggregate notional value of all reported derivatives contracts deflated by the sum of 
the book value of liabilities and the market value of equity. Derivative (Interest rate) is the aggregate 
notional value of derivatives contracts whose underlying asset is related to interest rate deflated by the 

TABLE 2. Descriptive Statistics.

Total risk is measured as the standard deviation of a firm’s stock returns for each fiscal year
measured in percentage point. To estimate, firm-specific risk, systematic risk and market
risk, we use the following three-index model as return-generating process, i.e.,

R R R R ei t M t I t E t i t, , , , ,= + + + +β β β β0 1 2 3  . 

Firm specific risk is measured as the standard deviation of the residual of this equation for
firm year. Systematic risk is measured as the difference between total risk and firm-specific
risk. Market risk is the estimated β1. Interest rate risk is the estimated β2. Foreign exchange 
risk is the estimated β3. Derivative is the aggregate notional value of all reported deriva-
tives contracts deflated by the sum of the book value of liabilities and the market value of
equity. Derivative (Interest rate) is the aggregate notional value of derivatives contracts 
whose underlying asset is related to interest rate deflated by the sum of the book value of
liabilities and the market value of equity. Derivative (Currency) is the aggregate notional 
value of derivatives contracts whose underlying asset is related to currency deflated by
the sum of the book value of liabilities and the market value of equity. Size is the natural 
logarithm of the market value of equity at the beginning of the year for which derivative 
holdings information is collected. Leverage is the ratio of the book value of liabilities to the 
market value of equity plus the book value of debt, where all variables are measured at the 
beginning of the year. B/M is the book value of assets divided by the market value of equity 
plus the book value of debt, where all variables are measured at the beginning of the year.
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Interest Rate Risk Interest Rate Risk
Variables Coefficient Coefficient
Intercept –0.939 –0.970

(–0.71) (–0.74)
Derivative –0.072 –0.580

(0.91) (–0.37)
Size –0.019 –0.028

(0.93) (–0.12)
Leverage 0.673 0.769

(0.49) (0.76)
B/M 0.093 0.210

(0.85) (0.35)
Adjusted R2 –0.02 –0.02
No. of Obs. 209 209

Table 4 

Derivative use and interest rate risk: cross-section results

This table presents the results for pooled regressions of the use of derivatives on interest rate risk. Column 

2 shows the regression results when Derivative is defined as the aggregate notional amount of all 

derivatives. Column 3 shows the regression results when Derivative is defined as the aggregate 

notional amount of interest rate derivatives. Figures in parentheses denote t-statistics.

TABLE 4. Derivative use and interest rate risk: cross-section re-
sults.

This table presents the results for pooled regressions of the use of
derivatives on interest rate risk. Column 2 shows the regression re-
sults when Derivative is defined as the aggregate notional amount
of all derivatives. Column 3 shows the regression results when De-
rivative is defined as the aggregate notional amount of interest rate
derivatives. Figures in parentheses denote t-statistics.
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Total Risk Firm-Specific Risk Systematic Risk Market Risk
Variables Coefficient Coefficient Coefficient Coefficient
Intercept 5.109 5.324 –0.214 –0.131

(17.46)*** (18.66)*** (–4.60)*** (–1.04)
Derivative 0.160 0.161 –0.001 0.010

(2.14)** (2.21)** (–0.12) (0.31)
Size –0.510 –0.565 0.055 0.103

(–8.97)*** (–10.18)*** (6.03)*** (4.19)***

Leverage 1.359 1.357 0.001 0.050
(7.29)*** (7.47)*** (0.04) (0.62)

B/M 0.440 0.305 0.135 0.337
(5.36)*** (3.82)*** (10.33)*** (9.55)***

Adjusted R2 0.21 0.24 0.30 0.24
No. of Obs. 431 431 431 431

Total Risk Firm-Specific Risk Systematic Risk Market Risk
Variables Coefficient Coefficient Coefficient Coefficient
Intercept 4.701 4.963 –0.263 –0.296

(13.10)*** (14.09)*** (–4.47)*** (–1.84)
Derivative 0.170 0.166 0.004 0.019

(2.42)** (2.41)** (0.32) (0.61)
Size –0.409 –0.472 0.064 0.128

(–6.34)*** (–7.47)*** (6.04)*** (4.43)***

Leverage 1.193 1.186 0.007 0.099
(4.60)*** (4.66)*** (0.15) (0.85)

B/M 0.382 0.285 0.097 0.295
(3.20)*** (2.43)** (4.97)*** (5.51)***

Adjusted R2 0.18 0.21 0.21 0.18
No. of Obs. 273 273 273 273

Table 3 

Derivatives use and firm risk: cross-section results

Panel A: All Firms (n = 431) 

Panel B: Derivative Users (n = 273) 

This table presents the results for pooled regressions of the use ode derivatives on firm risk. Panel A and 

Panel B show the regression results for all firms and derivative user, respectively. Variable definitions can 

be found in Table 2. Figures in parentheses denote t-statistics. ***:and ** denote Significance at the 1% and 

5% levels, respectively. 

TABLE 3. Derivatives use and firm risk: cross-section results.

This table presents the results for pooled regressions of the use ode derivatives on firm
risk. Panel A and Panel B show the regression results for all firms and derivative user,
respectively. Variable definitions can be found in Table 2. Figures in parentheses denote
t-statistics. ***:and ** denote Significance at the 1% and 5% levels, respectively.
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increase or reduce firm risk, derivatives reduce firm
risk. For example, Guay(1999) finds that firm risk
declines following the use of derivatives.

Coordinated risk management proposed by 
Schrand and Unal(1998) offers one plausible ex-
planation for the results that derivatives increase 
firm risk. Schrand and Unal(1998) provide an ex-
planation for hedging as a means of allocating rath-
er than reducing risk. They classify risk into two 
types based on a firm’s information advantage with
respect to the source of risk. “Firms earn rents or 
economic profit for bearing risk related to activities
in which the firm has a comparative information ad-
vantage (core-business risk). By contrast, firms earn
zero economic rents in efficient markets for bear-
ing financial risks such as unexpected changes in
interest rates, foreign currency exchange rates, or 
commodity prices (homogeneous risk).” (Schrand 
and Unal(1998),p.980) They define “the approach
of simultaneously increasing core-business risk and 
decreasing homogeneous risk to achieve or main-
tain a target total risk level as coordinated risk man-
agement.” (Schrand and Unal(1998),p.980) Further, 
they provide evidence that thrifts increase credit 
risk and decrease interest rate risk.

3.4 Derivatives and Risk-Taking Activities
The form of risk management followed by Japa-
nese non financial firms, which involves hedging
homogeneous risk and taking core-business risk, 
may have resulted in the above-mentioned empiri-
cal results. In other words, the use of derivatives 
by Japanese nonfinancial firms increases firm risk
because Japanese firms take core-business risk. In
fact, the empirical results show that derivatives in-
crease total risk and firm-specific risk. However,
systematic risk, market risk, interest rate risk, and 
foreign exchange rate risk are not increased by the 
use of derivatives.

To explore whether Japanese firms hedge homo-
geneous risk and take core-business risk, this paper 
examines the relation between derivatives and risk-
taking activities. In particular, we investigate the re-
lation among stock options, derivatives, and R&D 
investment. 

Rajgopal and Shevlin(2002) and Rogers(2002) 
investigate whether stock options affect manage-
rial motives on hedging policy. The former observe 
a significant negative association between the ex-
tent of hedging and risk taking by stock options. 
In addition, the latter shows that there is a strong 
negative link between CEO risk-taking incentives 
and the amount of derivative holdings. However, if 
Japanese firms hedge homogeneous risk and take
core-business risk, the association between deriva-
tives and stock options may be positive and that be-
tween stock options and R&D investment may also 
be positive. 

In order to test for coordinated risk management, 
we classify firms into two subsamples based on the
introduction of stock options. Specifically, we de-
fine firms that introduce stock options, if the firm
introduced stock options at the end of the fiscal year
ending March 2000. We then hypothesize that there 
is a positive relation between derivatives and stock 
options and between stock options and R&D invest-
ment. 

In Table 6, we present evidence for coordinated 
risk management. As previously defined, Derivative
is the aggregate notional value of all reported deriva-
tives contracts deflated by the sum of the book value
of liabilities and the market value of equity. RD is 
defined as R&D expenditures divided by the market
value of equity. Table 6 shows that there is a signifi-
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Foreign Exchange Foreign Exchange 
Rate Risk Rate Risk

Variables Coefficient Coefficient
Intercept 0.020 0.012

(0.10) (0.06)
Derivative 0.017 0.023

(0.52) (0.70)
Size 0.018 0.020

(0.51) (0.55)
Leverage –0.054 –0.053

(–0.38) (–0.38)
B/M 0.106 0.106

(1.56) (1.56)
Adjusted R2 0.01 0.01
No. of Obs. 189 189

Table 5 

Derivative use and foreign exchange rate risk: cross-section results

This table presents the results for pooled regressions of the use of derivatives on foreign exchange rate risk. 

Column 2 shows the regression results when Derivative is defined as the aggregate notional amount of 

all derivatives. Column 3 indicates the regression results when Derivative is defined as the aggregate 

notional amount of foreign exchange derivatives. Figures in parentheses denote t-statistics. 

TABLE 5. Derivative use and foreign exchange rate risk: cross-sec-
tion results.

This table presents the results for pooled regressions of the use
of derivatives on foreign exchange rate risk. Column 2 shows the 
regression results when Derivative is defined as the aggregate no-
tional amount of all derivatives. Column 3 indicates the regression 
results when Derivative is defined as the aggregate notional amount
of foreign exchange derivatives. Figures in parentheses denote t-sta-
tistics.
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cant difference between the medians of the two sub-
samples (based on the two-sided Wilcoxon’s sign 
rank sum test for the median). Further, it shows that 
firms that introduce stock options use derivatives
to a greater extent than firms that do not introduce
stock options. The results are not consistent with 
previous researches that show a significant negative
association between derivatives and stock options 
(Rajgopal and Shevlin(2002) and Rogers(2002)).

In addition, this table provides evidence that 
firms adopting stock options invest in R&D to a
greater extent than firms that do not adopt stock
options. This result is consistent with the previous 
literature that shows that stock options are used 
more often by R&D-intensive industries in Japan 
(Nagaoka(2005)). 

These empirical results suggest that if a firm
were introduce stock options, –ceteris paribus– one 
would expect to raise derivatives holdings from 
0.5% to the sample median of 2.5%. Correspond-
ingly, if a firm were introduce stock options, –cete-
ris paribus– one would expect to raise R&D expen-
ditures from 1.1% to the sample median of 2.5% of 
market value of equity. 

These results suggest that Japanese firms hedge
homogeneous risk and take core-business risk. For 
this reason, the use of derivatives increases total 
risk and firm-specific risk.

4. Conclusions
This paper examines whether firms systematically
reduce or increase their risk with derivatives. The 
empirical results show that the use of derivatives in-

creases total risk and firm-specific risk. In contrast,
derivatives do not affect systematic risk, market 
risk, interest rate risk, and foreign exchange rate 
risk. The empirical results suggesting that deriva-
tives may increase firm risk are noteworthy because
firms use derivatives to hedge.

Coordinated risk management proposed by 
Schrand and Unal(1998) provides one explanation 
for the results showing that derivatives increase 
firm risk. Schrand and Unal(1998) define the ap-
proach of simultaneously increasing core-business 
risk and decreasing homogeneous risk to achieve or 
maintain a target total risk level as coordinated risk 
management. 

To explore whether Japanese firms hedge homo-
geneous risk and take core-business risk, this pa-
per examines the relation between derivatives and 
risk-taking activities. In particular, it investigates 
the relation among stock options, derivatives, and 
R&D investment. The results show that firms that
introduce stock options use derivatives and invest 
in R&D to a greater extent than firms that do not
introduce stock options. These results suggest that 
Japanese firms hedge homogeneous risk and take
core-business risk. For this reason, the use of de-
rivatives increases total risk and firm-specific risk.

A further direction of this study will be to exam-
ine whether coordinate risk management increases 
firm value. However Allayannis and Weston(2001)
and Adam and Fernando(2006) investigate the net 
effect of the use of derivatives on firm value, it is
debatable whether coordinate risk management in-
creases firm value. Firms taking core-business risk
might increase cash flows. However taking core-
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Mean Median Mean Median
Derivative 0.078 0.025 0.060 0.005 2.35**

RD 0.020 0.014 0.015 0.011 1.87*

No. of Obs. 72 359

Wilcoxon
Z-statistics

Firms that introduce stock
options

Firms that do not introduce
stock options

Table 6 

Stock Options and Risk Taking

This table shows the mean, median and results of Wilcoxon’s sign rank sum test. We classify firms into 

subsamples based on the introduction of stock options. We define firms that introduce stock options, if 

the firm introduced stock options at the end of the fiscal year ending March 2000. Derivative is the 

aggregate notional value of all reported derivatives contracts deflated by the sum of the book value of 

liabilities and the market value of equity. RD is measured as R&D expenditures divided by the market 

value of equity. 
** and * indicate denote at the 5% and 10% levels, respectively. 

This table shows the mean, median and results of Wilcoxon’s sign rank sum test. We classify firms
into subsamples based on the introduction of stock options. We define firms that introduce stock
options, if the firm introduced stock options at the end of the fiscal year ending March 2000. De-
rivative is the aggregate notional value of all reported derivatives contracts deflated by the sum of
the book value of liabilities and the market value of equity. RD is measured as R&D expenditures 
divided by the market value of equity.
** and * indicate denote at the 5% and 10% levels, respectively.

TABLE 6. Derivative use and foreign exchange rate risk: cross-section results.
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business risk might increase cost of capital at the 
same time, even if firms use derivatives to hedge
homogeneous risk. In consequence it is not clear 
whether coordinate risk management results in an 

increase of firm value. Thus, this study provides fo-
cus for a new and potentially fruitful area of risk 
management research. 



Hedging and Taking Risk: On the Role of Derivatives and Stock Options 133

References
Adam, T., 2006, “Capital Expenditures, Financial Con-

straints, and the Use of Options” Working Paper, M. I. 
T. Sloan School of Management.

Adam, T. R. and C. S. Fernando, 2006, “Hedging, Specu-
lation, and Shareholder Value,” Journal of Financial 
Economics, 81, 283-309.

Allayannis, G. and J. P. Weston, 2001, “Use of Foreign 
Currency Derivatives and Firm Market Value,” Review 
of Financial Studies, 14, 243-276.

Barton, J., 2001, “Does the Use of Financial Derivatives 
Affect Earnings Management Decisions?” The Account-
ing Review, 76 , 1–26.

Froot, K. A., D. S. Scharfstein and J. C. Stein, 1993, “Risk 
Management: Coordinating Corporate Investment and 
Financing Policies,” Journal of Finance, 48, 1629–1658.

Geczy, C. C., B. A. Minton and C. Schrand, 1997, “Why 
Firms Use Currency Derivatives,” Journal of Finance, 
52, 1323–1354.

Goldberg, S. R., J. H. Godwin, M. S. Kim and C. A. 
Tritschler, 1998, “On the Determinants of Corporate 
Usage of Financial Derivatives,” Journal of International 
Financial Management and Accounting, .9, 132–166.

Guay, W. R., 1999, “The Impact of Derivatives on Firm
Risk: An Empirical Examination of New Derivative 
Users,” Journal of Accounting and Economics, 26, 319–
351.

Guay, W. and S. P. Kothari, 2003, “How Much Do Firms 
Hedge with Derivatives?” Journal of Financial Econom-
ics, 70 , 423–461.

Hentschel, L. and S. P. Kothari, 2001, “Are Corporations 
Reducing or Taking Risks with Derivatives?” Journal of 
Financial and Quantitative Analysis, 36, 93–118. 

Konishi, M., J. Shimizu and Y. Yasuda, 2003, “The Re-
lationship between Derivatives Use and Bank Risk: 
Evidence from Japan,” Working Paper Series No.89, 
Graduate School of Commerce and Management, Hi-
totsubashi University.

Nagaoka, S., 2005, “Determinants of the Introduction of 
Stock Options by Japanese Firms: Analysis from the In-
centive and Selection Perspectives,” Journal of Business, 
78, 2289–2315.

Noma, M., 2001, “The Association between Income
Smoothing by Two Methods and Cost of Capital: Rela-
tive Impact of Derivatives and Accounting Policy,” Hi-
totsubashi Review, 125, 527–544 (in Japanese).

Noma, M., 2001, “The Impact of Derivatives Use on Firm
Risk,” Hitotsubashi Review, 126 ,445–460 (in Japanese).

Petersen, M. A. and S. R. Thiagarajan, 2000, “Risk Mea-
surement and Hedging: With and Without Derivatives,” 
Financial Management, 9, 5–30.

Rajgopal, S. and T. Shevlin, 2002, “Empirical Evidence on 
the Relation between Stock Option Compensation and 
Risk Taking,” Journal of Accounting and Economics, 33, 
145–171.

Rogers, D. A., 2002, “Does Executive Portfolio Structure 
Affect Risk Management? CEO Risk-Taking Incentives
and Corporate Derivatives Usage,” Journal of Banking 
and Finance, 26, 271–295.

Schrand, C. and H. Unal, 1998, “Hedging and Coordinat-
ed Risk Management: Evidence from the Thrift Con-
versions,” Journal of Finance, 53, 979–1013.

Smith, C. W. and R. M. Stulz, 1985, “The Determinants
of Firms’ Hedging Policies,” Journal of Financial and 
Quantitative Analysis, 20, 391–405.

Triki, T., 2005, “Research on Corporate Hedging Theories:
A Critical Review of the Evidence to Date,” Working 
Paper, Department of Finance and Canada Research 
Chair in Risk Management.

Tufano, P., 1996, “Who Manages Risk? An Empirical Ex-
amination of Risk Management Practices in the Gold 
Mining Industry,” Journal of Finance, 51, 1097–1137.



134

NOTES FOR CONTRIBUTORS

AIMS AND SCOPE
The Investment Research & Analysis Journal (IRAJ) publishes original and valuable papers in the field of Corporate Finance
and Governance, Financial Econometrics, Portfolio Management, Financial Engineering, Banking, Financial and Strategic Man-
agement, International Accounting, Financial Accounting. Articles will support advances in methodology while demonstrating 
compelling substantive applications. Occasionally research notes and commentaries on topical issues are published as well. In 
addition, special sections of particles may be published on topics on particular interest. The journal also has a book review section. 
The Investment Research & Analysis Journal published two times a year. 

SUBMISSION OF ARTICLES
Authors should submit their article by e-mail in MS Word format to the Editor of IRAJ, Prof. Ioannis Lazaridis (lazarid@uom.gr), 
including an abstract and six keywords suitable for indexing and online search purposes. Submission of a paper to the journal will 
be taken to imply that it presents original, unpublished work not under consideration for publication elsewhere. By submitting a 
manuscript, the authors agree that the copyright has been assigned to the VRS. Also, the Investment Research & Analysis Journal 
is committed to the principle of double-blind review and prompt turnaround on the manuscripts it receives on the basis of the stated 
aims of the Journal. For the large majority of manuscripts the Journal will make an accept-reject decision on the first round provided
that authors will promptly revise accepted manuscripts in order to accommodate reviewer and editor comments of minor scale. An 
editorial revise and resubmit decision is reserved for submissions which are not acceptable in their current version but the indicated 
changes can make the manuscript publishable.

THE MANUSCRIPT   
The articles should be written as follows:
  (1) Papers must be in English.

  (2) Papers for publication (two copies) should be sent to:
Prof. Ioannis Lazaridis
e-mail: lazarid@uom.gr

Submission of a paper will be held to imply that it contains original unpublished work and is not being submitted for publi-
cation elsewhere. The Editor does not accept responsibility for damage or loss of papers submitted. Upon acceptance of an 
article, author(s) will be asked to transfer copyright of the article to the publisher. This transfer will ensure the widest possible 
dissemination of information. 

  (3) Papers will be considered in any form, but authors of papers accepted for publication will be expected to provide a final copy
conforming to the general style of the Journal as outlined in notes 4 through 13 below.

  (4) Manuscripts should be double spaced, with wide margins, and printed on one side of the paper only. All pages should be num-
bered in sequence. Titles and subtitles should be short. References, tables, and captions for the figures should be printed on
separate pages. 

  (5) The first page of the manuscript should contain the following information: (i) the title; (ii) the name(s) and institutional
affiliation(s) of the author(s); (iii) an abstract of not more than 100 words. A footnote on the same sheet should give the name,
address, and telephone and fax numbers of the corresponding author [as well as an e-mail address].

  (6) The first page of the manuscript should also contain at least one classification code according to the Classification System for
Journal Articles as used by the Journal of Economic Literature; in addition, up to five key words should be supplied.
The classification system used in JEL can be found at:
http://www.aeaweb.org/journals/jel_class_system.html.

  (7) Acknowledgements and information on grants received can be given in a first footnote, which should not be included in the
consecutive numbering of footnotes. 

  (8) Footnotes should be kept to a minimum and numbered consecutively throughout the text with superscript Arabic numerals. 

  (9) Displayed formulae should be numbered consecutively throughout the manuscript as (1), (2), etc. against the right-hand mar-
gin of the page. In cases where the derivation of formulae has been abbreviated, it is of great help to the referees if the full 
derivation can be presented on a separate sheet (not to be published). 

mailto:lazarid@uom.gr
mailto:lazarid@uom.gr


Notes for contributors   135

(10) References to publications should be as follows: ‘Smith (1992) reported that...’  or  ‘This problem has been studied previ-
ously (e.g., Smith et al., 1969)’. The author should make sure that there is a strict one-to-one correspondence between 
the names and years in the text and those on the list. The list of references should appear at the end of the main text (after 
any appendices, but before tables and captions for figures). It should be double spaced and listed in alphabetical order by
author’s name. References should appear as follows: 
For monographs
Sen, A., 1970, Collective Choice and Social Welfare, San Francisco: Holden Day.

For contributions to collective works 
Kornai, J., 1991, Stabilization and Economic Transition in Hungary: The Next Two Years, in J. de Melo and A. Sapir (eds.), 
Trade Theory and Economic Reform: North, South and East, Oxford: Basil Blackwell, 307-326.

For periodicals
Magdalinos, M., 1990, “The Classical Principles of Testing Using Instrumental Variables Estimates”, Journal of Econo-
metrics, 44, 241-279. 
Note that journal titles should not be abbreviated. 

(11) Illustrations will be reproduced photographically from originals supplied by the author; they will not be redrawn by the 
publisher. Please provide all illustrations in quadruplicate (one high-contrast original and three photocopies). Care should 
be taken that lettering and symbols are of a comparable size. The illustrations should not be inserted in the text, and should 
be marked on the back with figure number, title of paper, and author’s name. All graphs and diagrams should be referred
to as figures, and should be numbered consecutively in the text in Arabic numerals. Illustration for papers submitted as
electronic manuscripts should be in traditional form. 

(12) Tables should be numbered consecutively in the text in Arabic numerals and printed on separate sheets. 

(13) Accepted papers should be submitted in electronic form, i.e., on disk with accompanying manuscript.  Electronic manu-
scripts have the advantage that there is no need for re-setting of text, thereby avoiding the possibility of introducing errors 
and resulting in reliable and fast delivery of proofs. The preferred storage medium is a 3.5 inch disk in MS-DOS system. 
The preferred format is either WORD or Word Perfect. Make absolutely sure that the file on the disk and the printout are
identical. Use a new and correctly formatted disk and label this with your name; also specify the software and hardware 
used as well as the title of the file to be processed.

(14) Page proofs will be sent to the corresponding author. Proofs should be corrected carefully; the responsibility for detecting 
errors lies with the author. Corrections should be restricted to instances in which the proof is at variance with the manu-
script. There are neither submission fees nor page charges. Twenty reprints of each paper are supplied free of charge to the 
corresponding author.

CALL FOR BOOK REVIEWS
We are soliciting reviews of contemporary books that promise to have a substantial impact on the field of finance, accounting
and financial engineering. Reviews are intended to inform the readership about the prospective value of the book and as such
should summarize the themes of the work and evaluate the work’s contributions to either theory or practice (or both). Before 
undertaking to write a review, please contact the Editor.

Dr. Ioannis T. Lazaridis
Professor
University of Macedonia, Department of Accounting & Finance
N.Egnatia 156, P.O. Box 1591
54006  Thessaloniki, Greece
e-mail:  lazarid@uom.gr
Tel:  +302310 891697, Fax:  +302310 891650












