The Relevance of the Firm’s Leverage as the only Factor in the Estimation of Systematic Risk: An Empirical Analysis using the Unlevered Betas for a group of Firms in a Common Economic Sector 
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Abstract

An extensive body of knowledge has been developed around the theoretical relationship between the assumption that support the theory of the cost of capital and those that support the Portfolio-Capital Asset Pricing Model. The main discussion concerning how these theories are related is focused in the use of beta as a measure of systematic risk for valuation purposes in corporate finance. The theory suggests that systematic risk is solely determined in function of the leverage (debt) used by a particular firm, under this premise various studies in corporate finance (especially those concerning firm’s valuation methods) have suggested the use of proxy methods for the estimation of unlevered (debt-free) beta in order to calculate a more accurate estimate of the cost of capital of non-traded firms in an easy way. In this paper, we make an empirical  test to see the validity of the theoretical assumptions concerning the premise that the unlevered betas of companies that are in the same economic sector, must be equal or at least they must have a similar variance around a grand mean throughout different periods in time. The dataset used for this analysis contains the quarterly financial information and daily closing stock prices of 1008 companies listed in the NYSE from 20 different economic sectors for the period comprehended between the 1st quarter of 1999 to the 4th quarter of 2004.  By using ANOVA as our chosen statistical method, we found that in 15 of the 20 economic sectors under scrutiny, there is not sufficient empirical evidence to let us to confirm the premise about the equality and stability of the unlevered betas of a group of companies in the same economic sector.  Therefore, this finding led us to conclude that by using a proxy method for estimating systematic debt-free risk, practitioners could be using an erroneous approach given the fact that there is not enough evidence that the unlevered betas for a group of firms in the same economic sector are equal.
Theoretical Framework

Since Modigliani-Miller (MM) wrote their seminal paper about the Capital Structure of the Firm, an extensive body of literature has been developed concerning the theoretical and empirical implications of the MM propositions in the field of Corporate Finance. One of the most important contributions in this field was done by Robert S. Hamada,  whose work explored the existing relationship between the MM propositions and the Portfolio-Capital Asset Pricing Model Theory (CAPM) developed by Sharpe and Lintner (1964) which based their work on the foundations of portfolio theory developed by  Markowitz ( 1952).  By doing this, Hamada, paved the road between the two most relevant theories in finance by showing the role and the implications of systematic risk in the fundamental issues concerning the theory of capital structure (Yagill, 1982 pp 441).  To understand the implications of Hamada´s work, first we have to review the theoretical frameworks that support both the CAPM and the MM propositions in the context of the capital Structure of the Firm which we explore in the following manner:

In a perfect market, and using Capital Asset Pricing Model (CAPM), we can represent the expected returns of the firm in economic equilibrium in the following way (Bowman, 1979, pp 618):
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Where E(Rit) is the expected return of the firm i at period t, Rft is the free risk rate of the market at the same period, βit represents the systematic risk of the asset i at period t and E(Rmt) is the expected return on the market portfolio in the period t. The expression [E(Rmt) - Rft]= (Rpt) is equivalent to the market risk premium paid to the investor that holds the market portfolio. This market risk premium is represented by (Rpt) and by substituting the term [E(Rmt) - Rft] in equation  (1) we have:
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 In (2) we can easily define and find proxies for the risk free rate of return (Rft) and the expected return on the market portfolio. The main debate concerning the validity of the previous model is around the estimation and the use of the variable that represents systematic risk (βit) in the context of corporate finance.

Is in this context that if the MM propositions are true, the systematic risk expressed by  (βit) should reflect the amount of leverage (debt) of a particular firm.  This statement is explained by the fact that as the amount of leverage (debt) increases, the risk of the equity holders should increase as well given a higher probability of bankruptcy.  If this is true, the systematic risk (βit) of the firm will be in function of its particular amount of leverage.  Of course this statement arises an important question  which is if the amount of leverage of a particular firm is the only factor to be taken into account in the estimation of systematic risk.

There are theoretical concerns about the use of leverage as the only factor  for estimating systematic risk. Various authors worked around this particular issue, especially Hamada (1972, pp 437) which argued that there are not other theories concerning the use of other variables to be taken into account in the estimation of systematic risk. On the other hand, he also made an empirical study in order to validate the MM propositions in the context of the CAPM and found that there is some statistical evidence to proof  the relevance of leverage as the only factor  for estimating systematic risk. In addition to Hamada’s work, Bowman (1979, pp 622-628) developed a general demonstration about the default risk, dividends policy, earnings variability, growth and size are not relevant for the total risk of the firm. Also he opened the venue that another possible component of the firm systematic risk could be related to the firm’s operational leverage. 

In addition to the previous findings, Hamada introduced the framework for calculating a firm’s unlevered beta.  The unlevered beta assumes that the firm has no no-debt risk and it can be found by using the levered beta of the firm in a perfect market context, by using the following formula:
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Where (βL) is the Levered Beta, (BU) is the unlevered (debt-free) beta, (SA) is the market value of  the common stock of the firm without debt, and (SB) is the market value of the same firm with debt. Hamada (1969, pp 18) established the relationship between (SA) and (SB) in the following manner:
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Where (DB) is the Market Value of the firm’s Debt. By substituting (4) in (3) and expressing it in terms of (βL) we have:   
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Then, by using MMs’ proposition II which, we can consider that the government grants a subsidy to the use of debt in the form of tax (t) savings in interests paid, then by taking this effect into account and expressing (SB) in terms of (SA)
:
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Then, we incorporate the new definition of (SA) in terms of equation (5), and we have:
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Based on Hamada and Bowman findings,  one can come to the conclusion that a firm’s systematic risk is only in function of its leverage. Therefore, if this is true, we can expect that a group of firms in the same risk-class (measured by common economic activity) must have the same unlevered betas (βu).

In recent years, a series of studies in the field of corporate finance addressed the issue surrounding the difficulties of estimating the real market value of debt and equity  (Damodaran 2001, Tham et al 2004), to solve this problem these studies suggested that for practical purposes the market values of the debt and equity should be replaced by the stated book value of these components in the firm’s balance sheet.  Therefore, the components in equation (7) should be expressed as follow:  
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Expression (8) has become one of the most widely used formulas for firm valuation in the field of corporate finance.  The principal reason for its use is because it provides an easy way to calculate the value of the firm by either using the Adjusted Present Value (APV) valuation approach proposed by Myers (1974), or the Capital Cash Flows valuation approach proposed by Ruback (2002). In both approaches, the value of the firm can be obtained by using the unlevered cost of capital which can be defined as:
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Where E(Ru) is the expected return of the unlevered firm. In (9) we can see that the only factor that affects expected return for a particular firm depends solely on its unlevered beta.  Therefore, by using the CAPM model we find first the levered beta, once this is done we can use the relationship stated in equation (8) to find the unlevered beta. Finally by obtaining the unlevered beta, we can find the unlevered cost of capital by using equation (9).  This procedure is frequently used for firm valuation purposes  in the field of corporate finance.  It is specially useful in the calculation of the cost of capital of non traded firms which generally requires the use of proxy variables (Velez 2003, pp 15).   In general, the procedure for calculating the cost of capital by using a proxy for leveraged systematic risk can be done in the following manner:
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Where:
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In (11) 
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 is the proxy unlevered beta for a specific economic sector which can be found by using the public information available for traded firms with similar  economic activity as the non-traded firm.  Then, by using the reported book values for the non-traded firm and replacing them in the expression 
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 we can find the proxy levered beta of the non-traded firm, and by using equation (10) its cost of capital in a proxy manner.

The purpose of the Study

The primary purpose of this study is to proof in an empirical way the validity of the hypothesis concerning the role of the firm’s leverage in the estimation of the firm’s systematic risk. Therefore, we will try to find an empirical proof by failing to reject the following null hypothesis: If indeed, leverage is the only factor that has to be taken into account in the estimation of systematic risk, then the unlevered betas of a group companies in the same economic sector, must in average have similar variance around the grand mean.  Therefore, if we reject this null hypothesis by using the ANOVA method then our conclusions should lead us to believe that there are maybe other factors that affect systematic risk, and that further research must be done in order to identify these factors.

The Dataset

The dataset contains the quarterly financial information and daily closing stock prices of 1008 companies listed in the NYSE from 20 different economic sectors
 for the period comprehended between the 1st quarter of 1999 to the 4th quarter of 2004.  Based on these data, the levered betas for each quarter were calculated using the daily closing stock prices recorded for the 90 days contained  in each quarter and the respective closing index value recorded for the S&P 500 in those days.  Once these quarterly levered betas were obtained for each of the companies that comprised the dataset, the unlevered betas were obtained using the Hamada equation and the balance sheet information reported by each company at the end of each quarter, afterwards the resulting series for each company were classified by economic sectors depending on the nature of the company’s industrial activity.    The following table contains the different categories for each economic sector and the number of companies contained in each category:    

Table

[image: image1.wmf](

)

]

)

(

[

ft

mt

it

ft

it

R

R

E

R

R

E

-

+

=

b


In total 19,089 unlevered quarterly betas were obtained for all the companies that comprised the dataset, being the average 18,95 unlevered quarterly betas for each company.  As mentioned before, the resulting series of quarterly unlevered betas for each company were grouped by economic sectors in order to test our hypothesis.

Testing the hypothesis

In order to test the null hypothesis  that  the capital structure of a particular company is the only  factor to be taken into account in the calculation of the company’s cost of equity, an ANOVA analysis was conducted for a group of companies in a specific economic sector.  The reason why ANOVA was chosen as the statistical method for this study was that is the most commonly used method for determining the existence of differences among several population means.  If indeed, the capital structure of a company is the only relevant factor in relation to the company’s cost of equity, then the unlevered betas for that company and other companies in the same economic sector must be equal in terms of variance.    Therefore, if this postulate is true, the ANOVA results for an economic sector must led us to fail to reject the null hypothesis and we have to accept that there is some evidence that the means of the unlevered betas for a group of companies in a common economic sector are equal.  On the other hand, if we reject the null hypothesis then there is evidence that the means of the unlevered betas for a group of companies in a common economic sector are different. If this is the case, then the conclusion would be that there is some evidence that the capital structure of a company is not the only factor to be taken into account in the calculation of the company’s cost of equity. In order to conduct our hypothesis testing regarding equal means in relation to the unlevered betas we use the F-distribution which is the most commonly used test statistic in ANOVA if our computed F-value is greater than the critical F-value at the 95% significance level then the null hypothesis is rejected and we have to accept that there is some evidence that the means of the unlevered betas under observation are different, the ANOVA results for each economic sector tested in this study are as follow:

1) ANOVA table results for the unlevered betas for each of the companies in the food and beverage economic sector at the 95% confidence level.
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Food and beverage
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40

Finance and Insurance
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Investment
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3
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Oil and gas
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9
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17
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1008


Ho: All the means of the unlevered betas for each company grouped in the food and beverage economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the food and beverage economic sector are equal. 

ANOVA test statistic:  We fail to reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the food and beverage economic sector are equal and that maybe there is some evidence  that the capital structure of a company in the food and beverage economic sector is the only relevant factor in the calculation of the company’s cost of capital.

2) ANOVA table results for the unlevered betas for each of the companies in the retailing economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the retailing economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the retailing economic sector are equal. 

ANOVA test statistic:  We fail to reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the retailing economic sector are equal and that maybe there is some evidence  that the capital structure of a company in the retailing economic sector is the only relevant factor in the calculation of the company’s cost of capital.

3) ANOVA table results for the unlevered betas for each of the companies in the construction economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the construction economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the construction economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the construction economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the construction economic sector is not the only relevant factor in the calculation of the company’s cost of capital. 

4) ANOVA table results for the unlevered betas for each of the companies in the electronics economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the electronics economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the electronics economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the electronics economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the electronics economic sector is not the only relevant factor in the calculation of the company’s cost of capital. 

5) ANOVA table results for the unlevered betas for each of the companies in the energy economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the energy economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the energy economic sector are equal. 

ANOVA test statistic:  We fail to reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the energy economic sector are equal and that maybe there is some evidence  that the capital structure of a company in the energy economic sector is the only relevant factor in the calculation of the company’s cost of capital.

6) ANOVA table results for the unlevered betas for each of the companies in the finance and insurance economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the finance and insurance economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the finance and insurance economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the finance and insurance economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the finance and insurance economic sector is not the only relevant factor in the calculation of the company’s cost of capital.

7) ANOVA table results for the unlevered betas for each of the companies in the investments economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the investments economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the investments economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the investments economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the investments economic sector is not the only relevant factor in the calculation of the company’s cost of capital.

8) ANOVA table results for the unlevered betas for each of the companies in the industrial machinery economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the industrial machinery economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the industrial machinery economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the industrial machinery economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the industrial machinery economic sector is not the only relevant factor in the calculation of the company’s cost of capital.

9) ANOVA table results for the unlevered betas for each of the companies in the minerals economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the minerals economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the minerals economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the minerals economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the minerals economic sector is not the only relevant factor in the calculation of the company’s cost of capital.

10) ANOVA table results for the unlevered betas for each of the companies in the mining economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the mining economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the mining economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the mining economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the mining economic sector is not the only relevant factor in the calculation of the company’s cost of capital.
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2,76075E-17
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ANOVA table results for the unlevered betas for each of the companies in the others economic sector at the 95% confidence level.

Ho: All the means of the unlevered betas for each company grouped in the others economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the others economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the others economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the others economic sector is not the only relevant factor in the calculation of the company’s cost of capital.
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F-Critical value

Between groups
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ANOVA table results for the unlevered betas for each of the companies in the paper mills economic sector at the 95% confidence level.

Ho: All the means of the unlevered betas for each company grouped in the paper mills economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the paper mills economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the paper mills economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the paper mills economic sector is not the only relevant factor in the calculation of the company’s cost of capital.
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F

Probability

F-Critical value

Between groups
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0,004610134
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Inside groups
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ANOVA table results for the unlevered betas for each of the companies in the oil and gas economic sector at the 95% confidence level.

Ho: All the means of the unlevered betas for each company grouped in the oil and gas economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the oil and gas economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the oil and gas economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the oil and gas economic sector is not the only relevant factor in the calculation of the company’s cost of capital.
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ANOVA table results for the unlevered betas for each of the companies in the chemicals economic sector at the 95% confidence level.

Ho: All the means of the unlevered betas for each company grouped in the chemicals economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the chemicals economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the chemicals economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the chemicals economic sector is not the only relevant factor in the calculation of the company’s cost of capital.
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ANOVA table results for the unlevered betas for each of the companies in the steel economic sector at the 95% confidence level.

Ho: All the means of the unlevered betas for each company grouped in the steel economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the steel economic sector are equal. 

ANOVA test statistic:  We fail to reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the steel economic sector are equal and that maybe there is some evidence  that the capital structure of a company in the steel economic sector is the only relevant factor in the calculation of the company’s cost of capital.
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ANOVA table results for the unlevered betas for each of the companies in the software economic sector at the 95% confidence level.

Ho: All the means of the unlevered betas for each company grouped in the software economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the software economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the software economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the software economic sector is not the only relevant factor in the calculation of the company’s cost of capital.

17) ANOVA table results for the unlevered betas for each of the companies in the telecommunications economic sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the telecommunications economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the telecommunications economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the telecommunications economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the telecommunications economic sector is not the only relevant factor in the calculation of the company’s cost of capital.
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ANOVA table results for the unlevered betas for each of the companies in the textiles economic sector at the 95% confidence level.

Ho: All the means of the unlevered betas for each company grouped in the textiles economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the textiles economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the textiles economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the textiles economic sector is not the only relevant factor in the calculation of the company’s cost of capital.

19) ANOVA table results for the unlevered betas for each of the companies in the economic transportation services sector at the 95% confidence level.
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Ho: All the means of the unlevered betas for each company grouped in the transportation services economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the transportation services economic sector are equal. 

ANOVA test statistic:  We fail to reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the transportation services economic sector are equal and that maybe there is some evidence  that the capital structure of a company in the transportation services economic sector is the only relevant factor in the calculation of the company’s cost of capital. 
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ANOVA table results for the unlevered betas for each of the companies in the economic automotive sector at the 95% confidence level.

Ho: All the means of the unlevered betas for each company grouped in the automotive economic sector are equal. 

H1: Not all the means of the unlevered betas for each company grouped in the automotive economic sector are equal. 

ANOVA test statistic:  We reject the null hypothesis and have to accept that there is some evidence that the means of the unlevered betas for the companies in the automotive economic sector are not equal and that maybe there is some evidence  that the capital structure of a company in the automotive economic sector is not the only relevant factor in the calculation of the company’s cost of capital. 

With the exception of the food and beverage, retailing, energy, steel, and service transportation economic sectors, in all the other cases the null hypothesis was rejected
 and that there is some evidence by using unlevered betas that for most of the companies that made part of this study the capital structure is not the only relevant factor in the calculation of the companies’ cost of capital.  For the five economic sectors in which we failed to reject the null hypothesis, further research has to be done regarding the importance of the capital structure as the only relevant factor in the calculation of the companies’ cost of capital and the stability of the companies’ unlevered betas over time. 

Concluding remarks
In 15 of the 20 economic sectors under scrutiny we cannot find empirical evidence to confirm the theoretical assumption about that the unlevered betas for a common economic sector must be equal. This situation could be explained in some way by the following reasons:

1. The firm cannot lend and borrow at the risk free rate of return (Market imperfection).

2. The operational leverage, which we ignored as is the common practice common practices in firm valuation, can be a relevant risk factor and should influence the estimation of a particular firm’s systematic risk.

3. The use of book values, instead of the market value of both debt and equity has larger implications.

4. Other market imperfections, beyond those caused by Taxes, such as the gap between lending and borrowing rates affect the extent of our assumptions.

For practical purposes these findings question the validity of certain valuation methods for non-traded firms. The reason being that maybe by using a proxy for systematic debt-free risk 
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, as is done by using equation (11), practitioners could be using an erroneous approach, since the empirical evidence shows some evidence that  since the unlevered betas for a  group of firms in the same economic sector are not equal, there cost of capital should be different for each firm and therefore restraining their use as proxies for non-traded firms in the same economic sector.  This of course could lead the practitioner to huge mistakes in a non-traded firm valuation process.
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� This expression is developed in Hamada, 1969, pp 20.


� The “others” economic sector is used as a control group to test the validity of using ANOVA as the statistical method for hypothesis testing.  This group is composed by companies in a diverse range of economic activities and therefore the ANOVA results for this group should led us to reject the null hypothesis.  


� The “others” economic sector which acted as a control group led us as expected to reject the null hypothesis.
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