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Abstract 

views expressed in this Working Paper are those of the author(s) and do not necessarily 
represent those of the IMF or IMF policy. Working Papers describe research in progress by the 
author(s) and are published to elicit comments and to further debate. 

This paper measures corporate sector performance (efficiency) and empirically examines the 
role of corporate governance. A stochastic frontier with inefficiency effects is fitted to a 
panel dataset of 31 of the largest nonfinancial companies listed on the Kuala Lumpur Stock 
Exchange for the period 1995 to 1999. Focusing specifically on the impact of the system of 
corporate governance and the level of control on firm-level performance, results show an 
underlying vulnerability in these firms, exacerbated by their reliance on bank-based 
borrowing and a highly concentrated shareholding structure with complex cross holdings. 
Furthermore, debt does not appear to have the control features present in outsider systems of 
corporate governance. 
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1. INTRODUCTION 

Corporate sector vulnerabilities and poor governance have frequently been identified as important 
contributors to the Asian crisis and, in some recent theoretical and empirical work, sometimes 
seen as its main cause. While the debate on the origins of the crisis will no doubt continue, and 
whether poor governance was a main cause or simply a contributory factor, it is clearly important 
to be able to identify the major weaknesses in corporate governance and ensure that sufficient 
reforms are undertaken to develop a robust system of governance that will help the corporate 
sector cope with future financial crisis. 

This paper uses a stochastic frontier model with inefficiency effects on a sample of the largest 
firms on the Kuala Lumpur Stock Exchange (KLSE), to determine the major components of firm 
failure during this period, including the influence of the existing governance structure. There are 
a number of alternative hypotheses relating the corporate sector to the crisis, including: the 
explanation of poor corporate performance in response to external shocks such as falls in 
aggregate demand and increases in interest rates; the view that corporate performance began to 
decline before the onset of the crisis and thus left firms vulnerable; and recent theoretical models 
by Krugman (1999), and Schneider and Tome11 (200 l), that explicitly model the role of corporate 
balance sheets in the crisis. Note, however, that these papers do not explicitly take into account 
the governance structure, nor do they attempt to measure inefficiency. In this paper, we focus on 
corporate governance, in particular on the level of control of large shareholders. 

The paper begins with a brief discussion in Section II of the literature on financial crises that 
includes the role of corporate fundamentals and governance structures. Section III provides an 
overview of the Malaysian corporate sector, and Section IV describes the measurement of 
corporate sector performance, with some comments on the overall economy and a description of 
the data used in this study. The model is laid out in Section V. Section VI describes the 
estimations and hypotheses tests, and also discusses the results (and some implications of the 
system of governance in place in Malaysia). Conclusions are presented in Section VII. 

II. FINANCIAL CRISES AND THE CORPORATE SECTOR 

The main literature on crises has been at the macroeconomic level, focusing on macroeconomic 
fundamentals (first-generation models) or self-fulfilling crises modelled on bank runs (second- 
generation models), and has only recently (in models such as Krugman, 1999 or Schneider and 
Tomell, 2001) explicitly included the corporate sector as a central element. Another branch of 
literature, more directly relevant to this paper, is microeconomic-based, examining either firm 
level data to investigate the role of the corporate sector in the crisis or focusing on the role of 
institutional factors and corporate governance. This section briefly reviews these approaches in 
the context of the Asian crisis (for a fuller review, see Khatri, 2001 and the references therein). 

A. Recent Macroeconomic Approaches 

The Asian crisis seemed to move the consensus toward the second-generation models as more 
representative of more recent crises. However, this view is not unanimous and a number of major 
positions have emerged in the post-crisis literature. One is that of Corsetti and others (1998), who 
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suggest that the apparent soundness of macroeconomic policy was misleading, since implicit 
government guarantees to banks and the corporate sector led to moral hazard lending and the 
build-up of a hidden government deficit. Thus, the apparent soundness of the macroeconomic 
policy was an illusion. Another view, associated with Radelet and Sachs (1998), is that there was 
not a major problem with the policies pursued by crisis countries (and that investments were 
basically sound), but they suffered fi-omJinanciaIfragz%ty, which made them vulnerable to self- 
fulfilling pessimism on the part of international lenders (see Chang and Velasco, 1998). 

More recently, Krugman (1999) suggested that for the major crises in the Asian countries, neither 
the first- nor the second-generation crisis models have much relevance. By conventional 
measures, the fiscal positions were strong and there were no clear trade-offs between employment 
and exchange rate stability (such as existed in the United Kingdom in 1992). While still 
essentially a macroeconomic approach, Krugman emphasizes other factors omitted from previous 
models-namely, the role of corporate balance sheets in determining firms’ ability to invest and 
the role of capital flows in affecting real exchange rates. Krugman also questions the moral 
hazard argument (central to Corsetti and others, 1998), claiming that there is ample evidence of 
significant investment in the Asian countries prior to the crisis, including indirect foreign 
purchases of equity and real estate, which was clearly not protected by any form of implicit 
guarantee. In sum, the three key elements in Krugman’s model are: (i) contagion; (ii) the transfer 
problem, or the need to effect a huge change in the current account as a counterpart to the reversal 
in capital flows; and (iii) the balance sheet problem. The second and third of these had not 
featured in the crisis literature prior to Krugman.2 

B. Microeconomic and Institutional Approaches 

The microeconomic approach uses firm level data to investigate corporate performance in crisis 
countries. It provides evidence to suggest that the causes of the Asian crisis may lie in firm based 
decisions (see Claessens, Djankov, and Xu, 2000, for a summary of the literature). Four main 
links between firm level decisions and the crisis appear to be significant. The first is that weak 
corporate performance after the crisis related largely to the shocks experienced by the Asian 
countries, including a decline in aggregate demand, the reversal of capital flows, sharp currency 
depreciation, and an increase in interest rates (Furman and Stiglitz, 1998).3 

’ Krugman’s model is potentially characterized by multiple equilibria, where a loss of lender confidence, 
for whatever reason, can lead to a self-fulfilling collapse, although the mechanism differs from that of 
Diamond-Dybvig (1983). Simply, the loss of confidence leads to the transfer problem and, to achieve the 
required current account reversal, the country must experience a large real depreciation and/or output 
decline, either of which adversely affects the balance sheets of domestic firms, thereby validating the 
initial loss of confidence. Thus, expectations change from a high investment equilibrium to a low 
investment equilibrium. In this model, the factors that make such a crisis possible-that is, reinforce the 
feedback loop between investment, real exchange rates and corporate balance sheets-are: (1) high levels 
of gearing, (2) low marginal propensity to import, and (3) large foreign currency debt relative to exports. 

3 There is some evidence of this from survey data. For example, on the basis of a sample of Thai industrial 
firms, Dollar and Hallward-Driemeier (2000) found that sixty percent of firms reported that the substantial 
decline in domestic demand and higher input costs that resulted from the exchange rate depreciation, were 
the primary sources of difficulty. Only one-third of the firms cited access to capital as a major hurdle, 
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Secondly, shocks, whether financial, real, or regulatory, may cause a real or perceived shortage of 
capital for banks and lead to the curtailing of credit for investment or trade to viable firms with 
profitable opportunities, thus impairing firm performance. Increased uncertainty regarding 
whether, and at what price, loans will be available may also result in a shortfall of loanable funds 
(Stiglitz and Weiss, 1981). The balance-sheetproblem (see Bemake and Gertler, 1995) may 
exacerbate the effect of a shock. Where there is asymmetric information and principal-agent 
relationships, the net worth (wealth) of a firm becomes the major determinant of the amount it 
can borrow (as assumed in the Krugman model, 1999) rather than the prospects of the project for 
which the borrowing is undertaken. Thus a decline in the wealth of a firm, perhaps through 
depreciation, which decreases the domestic value of foreign assets, can reduce the credit available 
even for viable new projects. 

A third possibility is that the poor performance of the corporate sectors during and after the Asian 
crisis reflects previous fundamental weaknesses, a view supported by Corsetti and others (1998). 
This would be why firm performance was not adequately monitored by shareholders and 
investors and/or firms were not subject to sufficient competition. Thus, poor performers, or 
riskier firms, were not forced to adjust fully and increase their rates of return to compensate 
investors for higher risk. This also implies that profitability was overstated by firms and the lack 
of transparency, relatively weak accounting practices in the region, and inherently flawed 
corporate governance, may have hidden the extent of the problems and delayed the onset of the 
crisis (see Johnson and others, 1998). A number of studies indicate that ownership structure may 
induce risky behavior. It is well known that the insider system prevails in Asian countries and 
extensive links and cross-holdings of shares, particularly between the corporate sector and banks, 
are likely to have distorted the market allocation of resources, because of conflicts of interest, 
resulting in excessive and non-transparent risk.4 Further, the links between the Government and 
both the corporate and banking sectors has facilitated political intervention in allocation 
decisions.5 

Finally, the efficiency of debt resolution mechanisms can determine, in part, the extent of the 
impact of financial and other shocks. It has long been recognized that the institutional framework 
is important in avoiding and resolving systemic financial crises and that exceptional mechanisms 
(such as IMF programs) may be required during periods of systemic crisis. These institutional 
effects are covered extensively in the literature, and span issues such as the principals of optimal 
resolution strategies to the importance of creditor rights to enforce claims and seize collateral, 
both in the context of domestic and external borrowing (for a review, see La Porta and others, 
1999). In this paper, we also examine some of these links more closely. 

although more cited the cost of capital as a problem. Thus, these shocks played an important but not 
exclusive role in the performance during the crisis, according to the firms surveyed. 

4 These ownership links clearly played a significant role in the Republic of South Korea and Indonesia, 
with Government involvement through direct participation in bank ownership. 

5 Furman and Stiglitz (1998) do point out that even countries with few problems in terms of corporate 
governance and transparency can still experience crises, for example, Sweden. 
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111. THEMALAYSIANCORPORATESECTOR~ 

The Malaysian capital market and underlying corporate sector is large with the total capitalization 
of the Malaysian Stock Exchange (KLSE) of RM 553 billion ($145 billion) or 185 percent of 
GDP in December 1999 (compared to a peak in 1993 of 360 percent of GDP).7 Growth has been 
rapid, with the number of listed companies rising from 285 in 1990 to 757 by the end-2000, or by 
an annual average growth rate of over 10 percent (which is faster than the other crisis countries) 
and market capitalization grew by an average of nearly 30 percent over the same period (while 
Indonesia and the Philippines experienced higher growth rates, both were from a much lower 
base).8 

While the amount of new equity raised was large compared with other countries in the region, 
Malaysia was still very dependent on bank financing. New financial flows to the corporate sector 
in the period prior to the crisis (1995-97) were mainly from the domestic banking system, 
representing nearly 60 percent of net funds (compared to around 15 percent from equity, 
11 percent from domestic debt markets, and 16 percent raised as external debt (World Bank, 
1999). 

Malaysia, like the other crisis countries, is characterized by an insider system of corporate 
governance, with high levels of ownership concentration, cross holdings and significant 
participation of owners in management. A few large corporations own a significant proportion of 
financial assets and productive capacity in Malaysia;’ stock ownership is concentrated in the 
hands of relatively few institutional and corporate investors; and cross-holding of share 
ownership, or pyramiding, increases the actual control of a few individuals/entities well beyond 
their level of ownership in each company. These features of the corporate sector in Malaysia and 
neighboring countries have resulted in some innate vulnerabilities. Firstly, the nature of 
industrial policies of the government has resulted in close ties between government, banks and 
large corporations. Secondly, the cross-holding structures can create incentives for double 
gearing, thus creating a multiplier effect in the sensitivity of corporate wealth to changes in the 
equity market (see Kochhar and others, 1999). Finally, the concentration of shareholding can lead 

6 For a more detailed description of the Malaysian corporate environment, see Khatri (2001) and 
references therein. 

’ The International Finance Corporation’s Emerging Stock Markets Factbook for 1999, ranked Malaysia’s 
market capitalization in December 1998 the twenty-third largest in the world, and fifteenth by the number 
of listed companies. 

’ The growth in market capitalization in Malaysia has been driven mainly by increases in stock prices, but 
also by new equity issues and privatisation. In the pre-crisis period, only the Republic of Korea raised 
more through the equity market in absolute terms than Malaysia. 

9 The International Finance Corporation produces concentration indices derived from the largest ten stocks 
relative to total market capitalization. In December 1998, this was 3 1.5% for Malaysia and 61.5%, 37.9%, 
55.4%, and 45.8% for Indonesia, the Republic of Korea, the Philippines, and Thailand respectively. 
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to poor governance as a small group can exercise control over a firm and pursue the objectives of 
the insiders at the cost of the outsiders, or small shareholders (Claessens, Djankov, Fan, and 
Lang, 1999). 

IV. CORPORATE PERFORMANCE MEASUREMENT 

Accounting data is used to model corporate performance, and financial ratios constructed as 
proxies for production relationships. Several examples of this practice exist in the literature such 
as Jones and others (1998) or Piesse and Townsend (1995). Claessens, Djankov, and Xu (2000) 
and Harvey and Roper (1999) also use data on listed companies for a range of countries to 
provide a comparison of performance in the Asian countries with other emerging markets, and 
major OECD countries (using more conventional measures such as accounting ratios or market 
returns as well as a measure of efficiency similar to that used here). These studies find evidence 
that performance (according to a number of measures) in the Malaysian corporate sector, and in 
the neighboring countries, was already deteriorating prior to the crisis, although dramatically 
worsened with the onset of the crisis. 

This study uses panel data from the balance sheet and income statements provided by the KLSE 
on 40 publicly listed companies for the period 1995-99. Of these, the financial corporates were 
excluded because the debt structure of banks and investment institutions is not comparable to that 
in other sectors. The remaining firms represented the consumer goods, industrial products, 
construction, trade, technology and plantation sectors. 

We measure corporate performance by estimating firm level efficiency using a stochastic 
production frontier model with inefficiency effects (discussed in the next section). Output is 
endogenous and represented by total sales, revenue or turnover. Independent variables include 
labor, capital and debt-related measures. Total assets are used as a proxy for capital. Alternative 
constructions of the capital variable, such as the perpetual inventory method, were not viable due 
to the lack of information on depreciation and real investment. Problems such as these are 
common when using accounting data and the use of the capital stock is quite normal. Labor and 
other inputs are approximated by general expenses, since the income statements did not 
breakdown expenses into labor and other type of expenses. 

The level of indebtedness is very important in this study since the high levels of debt, particularly 
from foreign providers, have been proposed as a major cause of the financial crises in Asia. Three 
variables are included to assess the extent of borrowing and of the impact of interest payments on 
the financial exposure of the companies in this sample. First, the firms’ debt structure is reflected 
in the traditional gearing ratio of long-term debt to shareholders funds, which by implication, 
is a risk variable. Second, interest cover is a measure of the number of times the interest 
payable is covered by profits available for such payments. Both debt holders and shareholders 
hope to see a high interest cover ratio: for the former it is a measure of the protection they have 
during periods of falling profits and the latter wish to maximize their potential dividend. Finally, 
the total debt to assets ratio is a good indicator of the extent of unsecured lenders, since this 
includes all debts, including those to trade creditors that can be a large part of the short-term debt 
levels. 
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To model the inefficiency effects linked to governance, we use two firm level characteristics 
drawn directly from the finance literature, namely the nature of corporate debt and the degree of 
shareholder concentration. Thus, we construct one debt variable and one variable that defines the 
pattern of ownership. To capture the role of debt in ensuring good governance, we use the share 
of total debt that is short-term. Long-term debt can be an important mechanism of control and 
systems of governance that are debt-based have been used (see Jensen, 1983). Firms that do not 
have long-term debt as part of their capital structure are not accountable to providers of capital, 
whether bond holders or banks. Furthermore, much of the short-term debt that consists of 
overdrafts may be an attempt to cover a shortfall in resources rather than part of a long-term 
strategy for capital provision. In either case, the ratio of total debt that is short-term is expected 
to be a contributing factor to the inefficient performance of firms. 

An indicator of shareholder concentration is central to our proposed micro-economic analysis of 
financial crises. In a corporate governance context, the question of how to measure the extent to 
which a company is controlled by individual or groups of shareholders has been the subject of 
much debate. One simple approach, based on a Herfindahl-type methodology, consists of 
computing the simple proportion of total shareholding held by the largest direct 
shareholders, or the sum of the square of the percentage of shares they hold. However, it can 
easily be shown that this methodology has severe limitations when applied to an “insider” model 
characterized, as it is in Asia, by cross-holding and complex pyramidal structures. In fact, even in 
an “outsider” model, the Herfindahl approach has many shortcomings (see Crama and others, 
1999).‘O 

An alternative approach is to build indices of corporate control that provide consistent estimates 
of ownership dispersion, within a game theoretic framework. Here, shareholders are modeled as 
players in a voting game using classical power indices (such as Shapley indices, as discussed in 
Owen, 1982) to measure each shareholders’ relative ability to impose their will through coalitions 
with other shareholders. The Zeno Index, proposed by Crama and others (1999) belongs to that 
family. It is based on the Banzhaf index, where the index of a single shareholder is defined as the 
number of times the shareholder can swing an outcome by changing his or her mind (all others 
unchanged).’ ’ The Zeno Index adds some useful dimensions to the Banzhaf index however, that 
make it more suitable to our analysis. First, the methodology used makes it possible to compute 
the index in large systems (whereas the Banzhaf would require the computation of 2N votes where 

lo First, the expectation in a typical Herfindahl index is that any dilution of shareholding will lead to a 
lesser concentration level, but this is not necessarily the case if two or more of the lower ranked 
shareholders collude, an event not incorporated into the Herfindahl construction. Second, since the 
emphasis is on the larger shareholders only, the potentially disciplinary effect of collusion amongst 
smaller or floating shareholders is ignored. Finally, the Herfindahl indices can only deal with one layer of 
shareowners and so cannot deal with multi-layered structures, even when they are simple, let alone those 
commonly found in Asia. 

” See Banzhaf (1966). For a discussion of the link between the Shapley value and the Banzhaf index, see 
Dubey and Shapley (1979). 
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N is the number of shareholders in the system).12 Secondly, the Zeno also integrates the 
possibility of coalitions by small shareholders (the float) who can therefore influence the outcome 
of the game. 13 

Summary statistics for these data are reported in Table 1, with their correlations. The size of the 
standard deviations in the data show there is ample variance across the sample to enable 
estimation. Some of the correlation coefficients are very high, which is a common problem in 
accounting data. For example, sales are highly correlated with labor and other expenses, which is 
not surprising. The correlation between the two ownership variables, the proxy and the Zeno 
Index is low and often negative. This is supported in the results section, where the latter is found 
to be a more useful metric. 

Table 2 provides an indication of the trends of the data, showing annual means and dispersion. 
The nominal value of sales increases from 1995 to 1998, but falls in 1999 due to reduced 
consumer demand following the crisis. Labor and other costs follow the same trend; with lower 
expenditure in 1999 reflecting the widespread cost cutting and labor shedding that resulted from 
the crisis. The level of total debt has risen sharply as indicated by the total debt/total assets ratio. 
As is shown in Table 2, although total assets rose, this ratio nevertheless increased by 50% over 
the period. The mean level of the gearing ratio has risen throughout the period. The dispersion is 
also increasing, implying that all firms are increasing their debt levels although it is not clear 
whether this is an indication of prudence in the face of an expected credit shortage and 
subsequent high interest rates on the part of some, or a shift to short term credit that may be 
manipulated more easily. Since gearing is increasing, interest provision falls, as expected. The 
share of short-term to total debt is high throughout, but stays fairly constant. 

V. MEASURING FIRM-LEVEL EFFICIENCY USING STOCHASTIC FRONTIERS WITH 
INEFFICIENCY EFFECTS 

The objective is to derive an economic measure of firm performance - namely efficiency. There 
are two main approaches in the literature to define efficiency as the (relative) distance of a firm 
from some “best practice” frontier: the nonparametric approach which relies on indices or data 
envelopment analysis (DEA); and the parametric approach, which requires econometric 
estimation of the best practice frontier. The former has the advantage of not requiring explicit 
specification of the form of the production relationship, and does not have a stringent minimum 
sample requirement (e.g. can be done for two firms). However, we also would like to model the 
factors that explain inefficiency, which can only be done using the parametric approach. 

l2 Even in a small Stock Exchange with 150 firms and 300 not quoted shareholders (about the size of the 
Brussels Stock Exchange, and not taking into account small shareholders), this would mean the 
computation of nearly 2450 strings of votes (some of them would of course be irrelevant, but the number 
would remain excessively large for practical purposes). 

I3 For a more detailed discussion of these and other issues, see Crama and others (1999) and the references 
therein. 
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The parametric approach has become increasingly commonplace with the development of frontier 
production functions and their availability as options on statistical packages. The approach can be 
deterministic (where all deviations from the frontier are attributed to inefficiency) or stochastic, 
which is a considerable improvement, since it is possible to discriminate between random errors 
and differences in (in)efficiency. This paper uses a stochastic frontier model, of the type 
originally proposed by Aigner, Lovell, and Schmidt ( 1977),14 extended, as in the work of Battese 
and Coelli (1995), to include characteristics of the firm that explain inefficiency. 

Relative efficiency can be measured by applying stochastic frontier techniques to the individual 
annual samples, and to the total sample as a panel, but in many cases efficiency differences are a 
function of inadequate models and data, even when the frontier is stochastic. These two potential 
difficulties are directly addressed here. First, in many cases, model error is likely because the 
functional form fitted is often the highly restrictive Cobb Douglas. Thus, the adequacy of the 
Cobb Douglas should be tested against a flexible functional form, such as the translog. Second, 
data error is inevitable where a model essentially representing economic production relies on 
accounting data, although a number of precedents do exist in the literature, for example in Jones 
and others (1998) and Piesse and Townsend (1995). Apart from measurement error embodied in 
the available variables, failure to adjust for serious differences in quality of capital and labor, the 
omission of important variables and inappropriate aggregation can also affect the analysis. In 
addition, a third problem has been highlighted by Smith (1997) who has shown that inefficiency 
levels, or choice of frontier over the average production function, depend on both the functional 
form and the level of aggregation, even if there are no missing variables. 

For all these reasons, inefficiencies need to be treated with a degree of caution and appropriate tests 
are required to select the correct model as in Battese and Coelli (1995). Their model, in which the 
efficiency differences are simultaneously estimated from the stochastic frontier and explained by 
further variables, incorporates tests that choose between functional forms and between frontier and 
average models. 

The general form of the panel data version of Aigner and others’ (1977) production frontier, with 
inefficiency effects, is stated by Coelli and others (1998) as: 

yit = f(xj,, 7 t, P > + &it where Ei = Vit - Uit 

with Ui, - 1 N(m,, &) 1 and 5, - N(0, 0;) 
(1) 

where f(.) is a suitable functional form, yit is the output of firm i at time t, xj, it is the 
corresponding level of input j and p is a vector of parameters to be estimated. The Vit’s are 
independently and identically distributed random error terms and uncorrelated with the 
regressors. The Uit’s are non-negative random variables associated with the technical 
inefficiency of the firm. l5 In the second part of the model, this inefficiency term, Uit, is made an 

l4 See Fried and others (1993) for a comprehensive survey of methods and applications. 

I5 If the residuals are negatively skewed, the maximum likelihood estimator for the stochastic frontier 
production function model is simply OLS (see Waldman, 1992). In this case, either the model is 
misspecified or the data are not consistent with the functional form. 



- ll- 

explicit function of k explanatory variables, zk,$, associated with the nature of governance in 
South-East Asia. The Uit are independently, but not identically, distributed as non-negative 
truncations of the normal distribution of the form: 

Ui, - N 6, + -&,z~,~~,o~ 
k=l 1 (2) 

The method of maximum likelihood is used to estimate the unknown parameters, with the 
stochastic frontier and the inefficiency effects estimated simultaneously. A number of related 
models can be tested for following the estimation. For example, if the coefficient of the 
first z-variable (the constant) has the value one and the coefficients of all other z-variables are 
zero, this represents the model specified in Stevenson (1980). Alternatively, if all elements of the 
6 vector are equal to zero, the technical inefficiency effects are not related to the z-variables and 
the half-normal distribution specified by Aigner and others (1977) results. 

The technical efficiency of an individual firm is defined in terms of the ratio of the observed 
output to the corresponding frontier output, conditional on the levels of inputs used by that firm. 
Thus, the technical efficiency of firm i at time t in the context of the stochastic frontier production 
function can be expressed in terms of the errors as: 

TEif = ’ LexP( - ‘it) I (& - 'it>1 ( 3) 
which is the expectation of the exponentiated technical inefficiencies, conditional on the error, cit. 
Since I.Jit is a non-negative random variable, these technical efficiencies lie between zero and 
unity, where unity indicates that this firm is technically efficient. Coelli and others (1998) show 
that technical efficiency of firm i at time t, TEit = Dt(y:, x;), is the distance function at time t. 

VI. MODELS, ESTIMATION, AND HYPOTHESIS TESTS 

The output variable (y), the inputs (x’s) and factors explaining inefficiency (z’s) were described 
in Sections 3. The functional form of the stochastic frontier was determined by testing the 
adequacy of the Cobb Douglas relative to the less restrictive translog. Thus, the frontier models 
estimated are defined as: 

yif=ao+i PjXjit+ Vit-‘it (4) 
j=l 

and 

j-l j=l h=l 
(5) 

respectively. Thus, the technological change index in equation (5) is based on the coefficients of 
time, time squared and the interaction of time with the four inputs, which is data-dependent. This 
allows fully for the non-linear effects that are to be expected during the crisis. 

In the second part of the model, the inefficiency effects follow from equation (2), provided these 
effects are stochastic and not merely a deterministic function of the relevant explanatory 
variables. Thus, the mean inefficiencies for each firm, mit, are explained by the z variables 
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m, = 6, + ki5k zkil 
k=l 

(6) 

although this function may not be estimable in all cases. 

The maximum-likelihood estimates of the parameters in the Cobb-Douglas and translog 
stochastic frontier production function models defined by (4) and (5), given the specifications for 
the technical inefficiency effects defined in (6), were obtained using FRONTIER 4.1 (Coelli, 
1994). Hypothesis tests based on the generalized Likelihood Ratio (LR) test16 were conducted to 
select the functional form and to determine the presence of inefficiencies. 

The first test reported in Table 3 is the selection of the functional form, where the null hypothesis 
is that the Cobb-Douglas is an adequate representation of the data. The LR test indicates that the 
Cobb Douglas is accepted indicating that the more general form of the translog is not appropriate 
for these data. 

The lower part of Table 3 reports the results of LR tests of the hypothesis that the technical 
efficiency effects are not simply random errors. The key parameter is y = oU2/02, which is 
bounded by zero and one. If y = 0, technical inefficiency is not present; hence, the null hypothesis 
is that y = 0, indicating that the mean response function (OLS) is an adequate representation of 
the data. The closer y is to unity, the more likely it is that the frontier model is appropriate. The 
power of the LR test is increased by testing jointly the null hypothesis that y = 6i = 0, for all i, 
meaning that neither the constant term nor the inefficiency effects are present in the model.17 
Four models were selected and subjected to the test described above. 

The frontier models differ in the choice of debt variable. In model 1, asset cover measures the 
total debt to assets status of the firm. Models 2, 3 and 4 include the traditional gearing ratio that 
reflects the capital structure strategy of the firm. In model 4 a sector dummy was also included. 
With respect to the inefficiency aspects of the models, a measure of the composition of the 
maturity of debt was included by incorporating the share of short-term to total debt and an index 
indicating ownership concentration. 

A. Estimation and Tests 

The results of tests conducted on the four models are reported in Table 3. The functional form of 
the stochastic frontier was determined by testing the adequacy of the log-linear model relative to 

l6 The likelihood-ratio test statistic, A = -2{log[Likelihood (Ho)] - log[Likelihood (HI)]} has 
approximately x2q distribution with q equal to the number of parameters assumed to be zero in the null 
hypothesis. 

” Since y takes values between 0 and 1, any LR test involving a null hypothesis which includes the 
restriction that y = 0 has been shown to have a mixed x2 distribution, with appropriate critical values 
(Kodde and Palm, 1986). 
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the less simplistic translog, which includes cross products and square terms to allow for 
interactions and non-linearity in the data (Table 3, test 1). In all the models, the log linear model 
was accepted as an adequate representation of these data because multicollinearity (evident in 
Table 1) prevented convergence in the translog form. 

The next test is to determine whether this is indeed a frontier model and not simply a mean 
response function (MRF) or OLS. A weak criterion is a t-test on the estimated parameter, y. The 
closer this is to unity, the more likely it is that the frontier model is appropriate. In all cases y is 
significantly different from zero and, in model 1, y is close to one, as reported in Table 3, test 2a. 
This implies that one or more of the firms in the sample are fully efficient, that is, they form a 
frontier of best practice, while the remainder are found to be some measurable distance from this 
efficiency frontier. The more robust log likelihood ratio test (LR) test found that models 2,3 and 
4 are frontiers while model 1 is a mean response function, as reported in Table 3, test 2b. This 
means that the model reduces to OLS with the ownership concentration proxy as a normal 
explanatory variable. 

Finally, the power of the LR test is increased by testing jointly the null hypothesis that both the 
frontier parameter and all the inefficiency effects are jointly zero, i.e. that the inefficiency effects 
are not present in the model. These results are reported in Table 3, test 3. The result of this test 
confirms that all the governance variables are important in explaining firm performance. 

B. Results and Discussion 

All four models were estimated in order to test the relative effectiveness of alternative debt and 
corporate governance variables in explaining output and inefficiency. The maximum likelihood 
estimators are reported in Table 4. In the frontier, the variables measuring capital and labor 
expenses are common to all models and are positive and significantly different from zero. Since 
the coefficients in a linear model are the output elasticities, the inference is that a 1% increase in 
of total assets will result in an increase in total revenue of more than 0.5%. Similarly, a 1% 
increase in labor expenses increased total revenue by between 0.17% and 0.23%. These are the 
basic capital and labor inputs in the determination of firm productivity. 

We now turn to the remaining variables. In model 1, the effect of debt measured by asset 
coverage for total outstanding loans has an elasticity of only -0.09, although it is negative and 
significant. This debt variable has more effect in model 2, which also has a further debt-related 
inefficiency effect and includes the Zeno ownership concentration index. The negative impact of 
debt, as measured by gearing in models 3 and 4, is higher (again both use the proportion of short- 
term debt and the Zeno Index). It is clear that in these last two models 1% increase in the level of 
gearing reduces total revenue by 0.47% and 0.35%, respectively. In all cases, the interest 
provision term is positive and significant, which is useful as default on interest payments denotes 
major corporate distress. The only significant industry dummy is that on the Consumer Products 
sector, included in model 4, which is probably due to the importance of the impact of the crisis on 
disposable income. This variable simply raises the intercept by an additional constant term, 
stating that compared with the other sectors, consumer products has overall higher levels of 
productivity. Including this variable improves the log likelihood statistic significantly, making 
model 4 the preferred model 
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The governance factors that explain firm level inefficiencies are reported in the lower part of 
Table 4. Since the dependent variable in this section of the model is inefficiency, the positive 
coefficients (ignoring the constant term, which is negative) show that all three variables are 
increasing the level of inefficiency. Note that these cannot be interpreted straightforwardly as 
elasticities, and are more like weights. First, short-term debt, either at the expense of creditors, or 
in the form of rolled-over bank overdrafts, is highly significant in models 2, 3 and 4. Therefore, 
in model 2, the inclusion of the asset coverage variable that already takes account of the short 
term, results in a lower coefficient on the debt variable in the inefficiency model when compared 
with 3 and 4 (where the gearing is a long-term debt measure). These three specifications all show 
strong support for the view that both the extent and the providers of debt play a central role in 
firm performance. One interpretation is that debt can be manipulated between short and long- 
term creditors and there is a heavy reliance on bank funding that results in major differences in 
efficiency for these firms. 

The other governance variable in the inefficiency models reflects concentration of ownership and 
control. Both representations are positive and significant, confirming that the extent of ownership 
concentration is important in explaining firm inefficiency. As noted above, the rather ndive 
measure in model 1 is significant, although this is not found to be a frontier model and thus it can 
be viewed as another factor influencing the production function. In models 2, 3 and 4 both the 
share of short-term debt and the Zeno index are important in explaining inefficiencies. Although 
the weighting on the Zeno index in model 2 is low, it is still preferred as the alternative 
understates true concentration (as discussed above), and notwithstanding that the game theoretic 
index is more appropriate as it takes into account the possibility of collusion. The Zeno index 
works equally well, even when the total debt measure is an explanatory variable in the frontier. 
The high significance and explanatory power of the ownership concentration variables 
provides evidence of a robust and positive relationship between the system of cross- 
shareholding and ownership concentration that exists in Malaysia and the measured 
inefficiency in the corporate sector. ‘* 

The annual individual firm level efficiency measures are derived from the stochastic frontier 
model, and represent that part of the error term that is not stochastic. These are reported in Table 
5. Since the maximum efficiency level is obviously unity, or lOO%, the table indicates that the 
average level of efficiency in 1995 is between 75% and 78%, depending on the model 
specification. For the three years prior to the crisis in 1998, this increased. In the year of the 
crisis, the mean efficiency level has fallen, and the dispersion level rises, as some firms, and some 
sectors, are more vulnerable than others. Finally, in 1999 efficiency is shown to be higher in all 
specifications than before the crisis as many firms recovered either by debt rescheduling or by 
shedding labor. This recovery is clearly seen in Figure 1. 

I8 Crama and others (1999) find similar strong explanatory power of the Zeno index in equations 
explaining share price or beta values of listed companies in the UK. Note too that they also show the 
importance of the control held by the second largest shareholder in explaining firm’s performance. 
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Figurel. Mean Efficiency Levels 
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However, the overall level of efficiency does not indicate a fully competitive economy, as the 
overall inefficiency level remains higher than 20%. Further years of data for this sample may 
show this no longer is a frontier model as some of the reforms discussed in Khatri (2001) are 
implemented. 

The current reform of the corporate sector in Malaysia involves debt restructuring, operational 
restructuring, and reform of corporate governance environment (see Khatri, 2001 for a review of 
the notable progress made in these areas following the crisis). From the point of view of these 
results, it is reform in the systems of corporate governance that will improve corporate 
performance and reduce vulnerability. Good rules of corporate governance make a difference in 
helping markets distinguish between fundamentally sound firms and those that are not 
competitive through increasing transparency with respect to firm operations and performance, 
clarifying responsibilities of senior managers, addressing conflicts between the interests of cross- 
shareholders and through the protection of minority shareholders. In general, Malaysian 
authorities are attempting to improve corporate governance through the implementation of a 
series of recommendations in the Report on Corporate Governance compiled by the High Level 
Finance Committee on Corporate Governance (this committee was set up after the crisis to 
review and improve the corporate governance environment). Our sample ends in 1999, and thus 
does not capture the bulk of post-crisis corporate governance reforms, and any associated 
improvements in firm performance. 

Finally, while Malaysia is a competitive economy, there are rigidities and it is one of the few 
middle-income countries without a competition law. One result of this can be seen in the 
efficiency levels reported in Table 5, and the planned competition and consumer law, in line with 
international best practice, will exert market pressure on the corporate sector to reduce costs and 
improve efficiency in the future. 
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VII. CONCLUSIONS 

This paper discussed the links between financial crises and the corporate sector. A stochastic 
frontier model with inefficiency effects has been used to examine the impact of corporate balance 
sheets on the effects of the crisis, within an environment of weak corporate governance 
characterized by a concentrated ownership structure and poor debt management. The results 
indicate that both of these increase the probability that firms will be operating away from the best 
practice frontier, and thus their susceptibility to crisis. The post-crisis corporate governance 
reforms, if effectively implemented, can be expected to improve firm performance. 

As an endnote, we would like to stress the problems associated with a banking system closely 
linked to the corporate sector, as is the case in Malaysia. In an outsider system, debt holders are 
external to the firm and, by issuing debt, managers are bonding their promise to pay out future 
cash flows as they meet their obligation to pay interest before dividends. Hence, in an outsider 
system of control, high levels of gearing are a compensating control mechanism, as suggested by 
Jensen (1983). Indeed, the threat caused by failure to service debt serves as an incentive to 
increase efficiency and productivity. However, in the case of Malaysia and most other countries 
with an insider model of corporate governance, this seems to be an unlikely outcome. Providers 
of fixed income capital in an insider system are banks that, as part of an insider system, also often 
have a direct interest in the firm, or close links (such as family members) to their directors. As a 
consequence, this feature prevents debt from acting as the compensating mechanism. 
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Table 5. Firm-Level Efficiency Levels: Annual Means and Panel 

Mean 

Model 1 Model 2 Model 3 Model 4 

0.76 0.78 0.77 0.75 

0.75 0.79 0.78 0.75 

0.76 0.79 0.79 0.77 

0.74 0.79 0.78 0.76 

0.76 0.80 0.80 0.78 

0.75 0.79 0.78 0.76 

Standard Deviation 

Model 1 Model 2 Model 3 Model 4 

0.10 0.16 0.17 0.18 

0.09 0.16 0.17 0.18 

0.10 0.14 0.16 0.17 

0.13 0.16 0.18 0.18 

0.12 0.14 0.15 0.16 

0.11 0.15 0.16 0.17 
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