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Bhardwaj and Brooks (1993) estimates of a varving risk market mode! indicate
that betas of market value-ranked stock portfolios are larger in bull market
months for small market value portfolios and smaller for large market value
portfolios. This paper investigates the statistical robustness of these and other
Bhardwaj and Brooks findings by examining multicollinearity, autocorrelation,
and heteroskedasticity diagnostics for the constant and varving risk models.
Regressions and diagnostics for two equal subperiods of the Bhardwaj and
Brooks regressions are also generated as a further robustness check. Evidence
is provided that there is a significant difference in heteroskedasticity between bull
and bear markets for the varying risk market model. Also, a GARCH (1, 1) model
is proposed, after estimation. to account for the time-varying heteroskedasticity
identified. Based on the diagnostics conducted, the varying risk market model is
statistically robust.

Introduction

The Sharpe-Lintner-Black capital asset pricing model (CAPM) proposes that
security returns are a positive linear function of their market betas and that these betas
are sufficient to describe the cross-section of expected security returns. Several studies
support the basic premise of the CAPM, but recent examinations such as those by Fama
and French (1992) cast doubt on the central prediction of the CAPM that stock returns
are positively and linearly related to market betas. Instead, they find that firm size and
book-to-market value of equity explain security returns with more significance when
substituted for market beta. Conrad and Kaul (1988) and Ferson and Harvey (1991)
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show that a substantial portion of the variance in realized returns is inversely related to
firm size and that variations in expected returns change systematically over time.

Because the factors considered in these studies displace market betas in explaining
the cross-section of expected security retumns, several recent studies have reexamined
the relevance of the CAPM in explaining security returns by investigating whether risk
premiums and thus security returns vary based on economic cycles. Fabozzi and Francis
(1977) find neither risk nor abnormal returns are significantly affected by bull and bear
markets. Fabozzi and Francis (1979) find, however, that intercept and beta coefficients
both tend to experience statistically significant shifts during periods of economic con-
traction and expansion. Fama and French (1989) also observe a business cycle pattern
in expected returns on common stocks and bonds.

Bhardwaj and Brooks (1993) provide evidence that betas vary between bull and
bear markets with significantly larger betas in bull market months for small market
value portfolios but with significantly smaller betas for large market value portfolios
in bull markets. Small market value portfolio return variance is found to be higher in
bull markets with small market value return variance in recessions being the major
reason for the greater volatility of market returns (CRSP equally weighted index) in
recessions. Bhardwaj and Brooks also document a correlation between economic cycles
and bull/bear markets with bull markets coinciding with recessions. Thus, their results
support a varying risk market model over a constant risk model.

The purpose of this study is to review the statistical robustness of Bhardwaj and
Brooks’ findings, mcluding examining their results over two equal subperiods, and to
extend their model by incorporating GARCH modeling to account for the presence of
time-varying heteroskedasticity. Multicollinearity and autocorrelation diagnostics indi-
cate the Bhardwaj and Brooks varying risk model is robust to these tests. White’s test
and the modified Breusch-Pagan test, however, indicate the presence of heteroskedas-
ticity in both the constant and varying risk models. Also, heteroskedasticity is found to
vary significantly between bull and bear markets with the bull market residuals signifi-
cantly larger. Time-varying heteroskedasticity is indicated by Engle LaGrange
multiplier tests and by the AR(1)-GARCH (1, 1) model estimated and then adapted to
account for the time-varying heteroskedasticity. The Bhardwaj and Brooks varying risk
model estimates are found to be, however, robust to time-varying heteroskedasticity and
robust when subperiods of data are tested.

Data and Methodology

Twenty portfolios, ranked by total market value of equity, of NYSE (and AMEX,
after 1962) stocks are assembled for each of the years between 1926 and 1990. MV |
is the smallest market value portfolio while MV 20 is the largest market value portfolio.
The CRSP equatly weighted retumn index with dividends included (EWI) proxies for the
market portfolio. The median value of EW1 for the time period of this study is 1.3835
percent. Monthly index returns above (below) the median are classified as bull (bear).
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This provides equal subsets of 390 observations each for bull and bear markets between
1926 and 1990. The returns used are drawn from the CRSP monthly master file for
1926 to 1990. These include NYSE security returns over the entire period and AMEX
returns since 1963. NASDAQ returns are not available for most of the period
investigated, and, thus, NASDAQ firms are not included. Extremely small firms are not
included in the portfolios. Ibbotson monthly holding period returns on T-bills proxy for
the risk-free rate. The portfolios are assembled as follows:

1. All common equity (stock) securities with 12 monthly returns available for a
given calendar year are retained initially. Securities with missing monthly returns or
that are delisted or initially listed during a given year are not included. Securities tor
firms that are merged or acquired within the year also are not included.

2. Among the securities above, those with recorded shares outstanding and a stock
price greater than O at the end of the previous calendar year are retained. Securities with
a missing stock price or missing outstanding values or with either value equal to 0 are
discarded.

3. Table | contains the number of securities retained given conditions (1) and (2)
above. Each of the 20 market value ranked portfolios is assigned securities based on the
market value of equity at the end of the previous calendar year. Each portfolio retains
its security composition for one year with securities reassigned to other portfolios as
values change from year to year.

4. Over the period examined (1926-1990) the number of securities retained each
year is divided by 20 to find the minimum number of securities per portfolio. Any
remaining securities not evenly divided by 20 (from 1 to 19) are randomly assigned at
the beginning of the year to the 20 portfolios. For instance, with 801 securities, each
portfolio initially will have 40 securities and there is one security remaining. Assuming
portfolio 2 is randomly drawn from the 20 portfolios, portfolio 2 will have 41 securities
and all other portfolios will have 40 securities. Next, the specific securities are assigned
to the portfolios based on the market value of equity with the first 40 in portfolio 1. the
next 41 in portfolio 2, and 40 securitics in the remaining portfolios 3 through 20.

5. Monthly portfolio returns are generated by an equally weighted average of the
monthly returns on the stocks in a given portfolio.

A summary of the range of portfolio market values and average market values is
provided in Table 2.

Table 2 also provides descriptive information on the return behavior of the 20
market value portfolios between 1926 and 1990. In general, returns and standard
deviations of returns are inversely related to portfolio values. All 20 portfolios exhibit
positive bull and negative bear month returns on average. Small firm stocks exhibit the
greatest return variance and perform more poorly during bear markets. Small firm
stocks also exhibit more variation in returns between bear and bull months than do large
firm stocks. The standard deviation of returns for portfolio MV1 in bull months is 15.83
percent, while it is only 6.89 percent in bear months. The bull and bear market return
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Table 1-Summary of Securities Retained Each Year of the Study

Year Sample Size Year Sample Size Year Sample Size
1926 405 1948 850 1970 2203
1927 382 1949 874 1971 2309
1928 413 1950 811 1972 2417
1929 518 1951 865 1973 2561
1930 55§ 1952 922 1974 2540
1931 558 1953 974 1975 2508
1932 505 1954 978 1976 2110
1633 387 1955 989 1977 2363
1934 450 1956 972 1978 2293
1935 537 1957 993 1979 2258
1936 638 1958 1009 1980 2219
1937 348 1959 1018 1981 2167
1938 609 1960 1032 1982 2152
1939 590 1961 1058 1983 2113
1940 633 1962 1093 1984 2113
1941 684 1963" 1825 1985 2069
1942 739 1964 1878 1986 2053
1943 687 1965 1921 1987 2126
1944 682 1966 1961 1988 2211
1945 653 1967 1999 1989 2277
1946 729 1968 1991 1990 2307
1947 824 1969 2059

*Starting in 1963, AMEX stocks are included in the portfolios

standard deviations for portfolio MV2( are, however, only 6.84 percent and 5.10
percent, respectively. The greater bull month standard deviation of returns is also
consistent, assuming bull months occur more often during recessions, with Schwert
(1989) who finds the stock market more volatile during recessions.

The constant risk market model for each market portfolio is:
(DR, =a, + bR, *e,

The varying risk market model used in this study is:

(2) R1 = aZ + aKDh + bZle + bKleDlt + eZ
or
R, = 25 * (pear ~ 200D * BaRu™ (Boear = Do) Rt + €2,
where:
R, = Returmn on a portfolio in excess of the risk-free rate in month t;
R,, = Return on the market proxy portfolio in excess of the risk-free rate in month
t; and
D, = A dummy variable equal to 1 for bear months and 0 for bull months.

The intercept a;, and slope b, from equation (1) represent the average abnormal
return and systematic risk, respectively, over the entire period, for the constant risk
market model. The parameter estimates a, and {a, + a;), from equation (2), represent
average abnormal returns in bull and bear markets, respectively, while b, and (b, + b,),
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from equation (2), represent corresponding estimates of systematic risk for the varying
risk market model. If a,,,, is statistically different from a,, (a; statistically significant),
and b,,,, is statistically different from b, (b, statistically significant), then abnormal
returns and systematic risk, respectively, differ between bull and bear markets.' F-tests
also are conducted to test the joint hypotheses, @y~ @y and by, = by, to indicate
whether there is a statistical difference between the constant risk and varying risk
market models.

Regression results using the constant and varying risk models of equations (1) and
(2) are estimated for each of the 20 portfolio time-series over the period 1926-1990 with
the results provided in Table 3. Overall results support prior studies of systematic risk
variability over the business cycle.” According to the constant risk model, the systematic
risks of the smallest and largest value portfolios are 1.59 and .621, respectively.
Allowing market risk to vary between bull and bear markets indicates a higher beta of
1.98 in bull months compared to 1.15 in bear months for the smallest value portfolio,
MV 1. The market risk (or beta) of the largest value portfolio, MV20, however, is higher
in bear months than in bull months with betas of .75 (bear) and .49 (bull). These
preliminary results support the findings of Bhardwaj and Brooks. F-tests indicate a
statistical difference between the constant risk and varying risk models for all 20
portfolios.

Financially distressed firms tend to shed assets and decrease in total market value
of equity and thus would tend to migrate to the small market value portfolios, especially
in time of recession. This would also explain the higher betas for the small market value
portfotios and the larger difference between small market value portfolio betas and
large market value portfolio betas in bull markets, if as Bhardwaj and Brooks indicate,
bull markets tend to occur during recessions when more financially distressed firms
would be encountered.

The abnormal returns in Table 3 are smaller than those estimated by Bhardwaj and
Brooks. The significance of the a,,,-a,,, parameter in the varying risk model regressions
indicates that the abnormal returns are statistically different in bull and bear markets
with the abnormal returns smaller in buli markets for the smaller value portfolios but
farger for the larger value partfolios in bull markets. There is a surprising number of
significant abnormal returns during bull markets.

Model Evaluation
Ordinary least squares (OLS) estimation has distinct advantages. If certain statisti-
cal assumptions are met, termed the clussical linear regression (CLR) model, OLS

t The values of apear and b pegr are found by summing the regression parameter estimates for
33 and 83 (= put * Abear — Apult) a0d by and bz (= byyy + bear — bou), respectively.

2 For instance, Fama and French (1989) indicate and provide evidence that when business
conditions are poor (with lower income levels), expected returns for stocks (and bonds) are
higher so that funds will be moved from consumption to investment.
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estimation is consistent and asymptotically efficient and estimates using OLS are the
best linear unbiased estimators (BLUE). The use of portfolio returns to measure market
risk substantially lowers the probability of measurement error but other violations of
CLR assumptions can have varied and possibly substantial impacts on the validity of
a given model. Thus, tests for violations of the OLS assumptions are conducted on the
constant risk and the varying risk models.

Multicollinearity

One of the principle assumptions of the classical linear regression model is that
there is no perfectly linear relationship between any set of the independent variables in
a regression model; a linear relationship implies multicollinearity. OLS estimation in
the presence of multicollinearity is unbiased, but interpretation of the parameter esti-
mates is difficult and large parameter estimate variances occur. Two tests for
mutlticollinearity are conducted: the calculation of variance inflation factors and con-
dition number analysis.

The diagonal elements of the variance-covariance matrix are the variance inflation
factors (VIFs). A VIF less than 10 is indicated by Belsley, Kuh, and Welsch (1980) to
be a sound indication that no significant multicollinearity exists. Because multicolline-
arity measures collinear relationships between independent variables, the
multicollinearity diagnostic statistics will be the same for all the portfolios (all the time -
series regressions with the same number of observations); VIF is not applicable for the
constant risk model with one independent variable other than the intercept. For the full
period sample varying risk model examined, VIFs are 1.719, 2.647, and 2.054 for the
D,, R,,, and R,,D,, variables, respectively. Thus, VIF statistics indicate a low level of
multicollinearity.

Condition number analysis allows identification of multicollinearity between two
or more variables. Tests of multicollinearity based on simple correlation analysis cannot
indicate significant multicollinearity between groups of three or more independent
variables. Belsley, Kuh, and Welsch (1980) again indicate a value of 10 or less for the
condition number index as a sound indication of the lack of serious multicollinear
relationships. The results of the condition number analysis also indicate a lack of any
substantial collinear relationships between the independent variables (based, in part, on
the condition numbers which are 1.413, 2.774, and 4.2884 for the D,, R,,, and R, D,,
variables, respectively) for the full period sample.

Autocorrelation

Correlation between error terms is precluded in the CLR framework. Statistical
inferences based on autocorrelated data are undependable due to biased standard errors.
The Durbin-Watson test (DW) is used to test for first-order serial correlation of the error
terms. For the constant risk model, based on one independent variable other than the
intercept, a DW statistic of approximately 2.316 or greater indicates the possibility (at

Copyright © 1999. All rights reserved.



34 Graham and Saporoschenko

a .01 level) of negative serial (auto)correlation, while a DW statistic of approximately
1.684 or less indicates the possibility (at a .01 level) of positive serial (auto)correlation.
The relevant DW statistics for the varying risk model are 2.296 for negative serial
correlation and 1.715 for positive serial correlation. The DW statistics in Table 3
provide no evidence of significant autocorrelation in either the constant or varying risk
model.

Subperiods of the Model

The time series of returns for each portfolio are separated into early period regres-
sions (January 1926 - June 1957; 390 observations) and late period regressions (July
1957 - December 1990; 390 observations) to further test the robustness of the varying
risk model. The median market return for the early period was 1.5365 percent while the
median market return for the late period was 1.2085 percent. Condition number analysis
indicates again no substantial multicollinearity for the two subperiods. Condition
numbers for the early period are 1.393, 2.678, and 4.055 for the D, R, and R, D,,
variables, respectively; for the late period, they are 1.452, 3.009, and 5.650 for the D,
R, and R, D, variables, respectively. The largest VIF for either period model is 4.452.
The DW statistics in Tables 4 and 5 also provide no evidence of significant
autocorrelation.

The pattem of declining beta size as the size of the portfolio increases for the con-
stant risk market model is evident for both the early and late period regressions. The
pattern of significantly larger bull market betas for small market value portfolios and
significantly smaller bull market betas for large market value portfolios is maintained
for both the early and late period samples. The pattern of larger bull market betas
switches to that of smaller bull market betas at the MV6 portfolio for the early and full
data period samples, but at the MV8 portfolio for the late period sample. There is a
distinct pattern of fewer statistically significant differences between the constant risk
and varying risk models for the late period as compared to the full period and early
period regressions.

Time-Varying and Cross-Sectional Heteroskedasticity

The third assumption of CLR is that the error terms in a regression model have a
constant variance, the error terms are normally distributed, and that the error terms are
vncorrelated. If the error variance is not constant, the disturbances are said to be het-
eroskedastic. The parameter estimates are unbiased but the standard errors are biased
(as well as inefficient), and valid statistical inferences such as the difference between
the constant and varying risk model are invalid.

White's test is a general test for heteroskedasticity based on the relationship of a
regression of the squared residuals of the original regression on a constant and all the
unique variables of the cross-product of the independent variables. The p-values for
White’s test shown in Tables 3, 4, and 5 are based on corollary | of White (1980).
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Another similar heteroskedasticity diagnostic is the modified Breusch-Pagan (BP) test.”
The BP test statistics in the tables are based on all the independent variables in the
specific regression including the intercept. Results of both tests in Tables 3, 4, and 5
indicate a significant level of heteroskedasticity in all the regressions.

A more specific diagnostic for cross-sectional heteroskedasticity is also conducted.
The differences in standard deviations between bull and bear markets, especially for
small market value portfolios. indicate the possibility that the error variances may differ
between bull and bear markets. T-tests of the means of the squared residuals of the full
sample regressions are conducted where the means of the bull market squared residuals
are tested against the means of the bear market squared residuals. The results of the t-
tests are indicated in Table 6. For all portfolios except MV the t-tests indicate highly
significant differences in squared residuals between bull and bear markets. The t-tests
indicate substantial cross-sectional heteroskedasticity, based on bull versus bear
markets. The same t-tests for the early and late periods (not shown in a table) are also
highly significant except for MV5 and MV6 (early period) and MV 13 (late period)
portfolios.

The substantially larger bull market squared residuals indicate a higher degree of
uncertainty in forecasting during bull markets, which, in turn, indicates a higher degree
of informational asymmetry in bull markets. The residuals in both bull and bear markets
for the four smallest portfolios (MV1-MV4) are, for the most part, larger than the
residuals of the other portfolios. Thus, evidence is provided for higher informational
asymmetries as a contributor to higher market betas for small market value portfolios.
The fact that larger market value portfolios have higher betas in bear markets, however,
is contraindicated, following the same logic, by their larger squared residuals in bull
markets.

A further set of regressions was estimated for the full period data sample with the
error variance modeled following equation (3):

(3 h =0, +xD,
where:
& - (ht)“)e‘;
h, = The conditional variance of the error term of the return-generating process;
w, = An intercept term;
D, = A dummy variable equal to 1 for bear months and 0 for bull months;
¢, = The unconditional variance of the error term of the return-generating
process; and
e, = Aresidual sequence, which is normally and independently distributed with

zero mean and unit variance.

2 The modified Breusch-Pagan test {Greene, 1993) is less sensitive to an assumption of normality
than the original test.

4 g¢ is assumed to follow a white noise process with zero mean, a constant variance, and zero
autocorrelation of the first and second moments.
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Table 6—A Comparison of Bull and Bear Market Squared Residuals from the Full Sample
{1926-1990) Varying Risk Market Model Regressions, Based on T-tests of the Mean of Bull
and Bear Market Squared Residuals

Mean® Std. Dev.? N Prob > [T[

MV Bull 0.6574 26013 390 0.0001
Bear 0.1265 0.2560 390

MV2 Bull 0.2143 0.8401 390 0.0025
Bear 0.0787 0.2694 390

MV3 Bull 0.1382 (.5034 390 0.0010
Bear 0.0518 0.1072 390

MV4 Bull 0.0708 0.1752 390 0.0004
Bear 0.0364 0.0771 390

MVS Bull 0.0497 0.1124 390 0.1276
Bear 0.0353 0.1493 390

MVé6 Bull 0.0391 0.1013 390 0.0435
Bear 0.0273 0.0557 390

MV7 Bull 0.0475 0.1326 390 0.0001
Bear 0.0204 0.0380 390

MVE Buil 0.0414 0.1661 390 0.0077
Bear 0.0180 0.0467 3%0

MV8 Buit 0.0454 0.1335 390 0.0001
Bear 0.0180 0.0444 390

MV1i0 Bull 0.0570 0.3009 390 0.0160
Bear 0.0191 0.0722 390

MV1I Bull 0.0559 0.3306 390 0.0641
Bear 0.0239 0.0832 390

MVi2 Buil 0.0569 0.2114 390 0.0004
Bear 0.0177 0.0446 390

MV13 Butt 0.0467 0.1464 390 0.0017
Bear 0.0221 0.0476 390

MV1i4 Bull 0.0559 0.2265 390 0.0013
Bear 0.0183 0.0365 390

MV1s Buli 0.0660 0.2926 390 0.0069
Bear 0.0248 0.0661 390

MVie Bull 0.0647 0.2219 390 0.0011
Bear 0.0270 0.0473 390

MV17 Buli 0.0769 0.3697 390 0.0129
Bear 0.0294 0.0679 390

MV1g8 Bull 0.0647 0.1688 390 0.0010
Bear 0.0339 0.0721 390

MViIg Bull 0.0687 0.2087 300 0.0015
Bear 0.0329 00716 390

MV20 Bull 0.6846 0.2293 390 0.0020
Bear 0.0458 0.0906 390

*Parameter values are all times 107

PParameter values are all times 102

“p-values are based on the assumption of unequal variances of the means. For all 20 portfolios, the variances
of the means for bull and bear markets are significantly different at a .0001-level
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Because the parameter estimate for D, is always highly significant and negative, sub-
stantial cross-sectional heteroskedasticity based on bull versus bear markets is again
indicated.

A regression model may also have a conditional error variance that is based on past
residuals. Engle LaGrange multiplier tests (Engle, 1982) are based on regressing the
squared residual of the original regression on lagged squared residuals of the original
regression. The test statistic is the sample size T times the uncentered R? from the
residual squared regression. The test statistic is distributed as a y* variable with m
degrees of freedom, where m is the largest lag length of the lagged squared residuals.
For the full period model, the Engle LaGrange multiplier tests, for all portfolios and for
both the constant and varying risk models, indicate significant long-memory (long-
lagged) time varying heteroskedasticity. Thus, the equation (4) GARCH (1, 1) model
with an AR(1) component is estimated, based on the principle of parsimony, to account
for the time-varying heteroskedasticity, with the results presented in Table 7.5
(4) h=w,+ e’ +h,, and

Vi T & - OV
where the definitions of the variables follow equation (3), except v, , is the ARI term,
g, is the ARCH1 term, and h,, is the GARCH1 term. The inclusion of the AR(1) term
allows for a further check of first order autocorrelation.

Time-varying heteroskedasticity does not appear to compromise the validity of the
statistical tests of significance for the varying risk model. The b, and b, -b, , parameter
estimates are all still highly significant. The ARCH 1 and GARCH1 components are
also always highly significant in the full sample regressions. The AR(1) terms are not
significant for either model except for the MV19 and MV 20 portfolios of the constant
risk model. The GARCH parameter estimate is always large, indicating a long-memory
process with all past residuals influential in determining the current error variance. This
behavior can be due to the clustering of bull market returns around business cycle
troughs and bear market returns around business-cycle peaks as indicate in Table 1 (p.
273) of Bhardwaj and Brooks.

For the early subperiod sample, the LaGrange multiplier tests indicate time-varying
heteroskedasticity for both the constant and varying risk models except for the MV
portfolio (both models) and the MV 17 portfolio (constant risk model). The LaGrange
multiplier tests are less conclusive for the late subperiod. Six of the portfolios exhibit
few significant parameters for both models for the late period while several more of the
portfolios do not exhibit many significant parameters for the varying risk model.

A relevant question is whether the cross-sectional bull/bear market
heteroskedasticity will still be significant when time-varying heteroskedasticity 1s
explicitly modeled. Equation (5) is estimated to test this question.

5 The MV1, MVS, MV10, MV15, and MV20 AR(1)-GARCH (1, 1) regressions are estimated
with a number of starting values to test for global maximization. In all cases, the estimates were
stable to different starting values.
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(5)h, =+ ceg’ + 1ahy T Dy,

where definitions of the variables follow from equations (3) and (4). When time-vary-
ing heteroskedasticity is modeled, the D, parameter (n, ) loses all significance in all
regressions and the parameter estimate is negligible. This result is not surprising, as bull
and bear market returns are clustered together.

Examination of equation (5) estimates for the early and late periods indicates
similar patterns of significant large parameter estimates for the ARCHI and GARCHI
parameters except for the larger portfolios in the late period and insignificant and neg-
ligible estimates for ;.

Summary and Conclusions

The ability of the varying risk market model to capture differences in abnormal
returns and systematic risk between bull and bear markets has been considered in this
study. The model’s statistical robustness has been examined. Examinations of its
robustmess to multicollinearity and autocorrelation produce robust results. Examination
of the varying risk model is also conducted over two equal subperiods. F-tests indicate
significant difference between the constant risk and varying risk models in 20 of 20
cases for the OLS full period regressions, 19 of 20 cases for the early period OLS
regressions (but only 15 of 20 cases for the late period OLS regressions), and 19 cases
for the full period AR(1)-GARCH (1. 1) regressions.

The varying risk model’s robustness to heteroskedasticity is a concern. Several tests
indicate the presence of heteroskedasticity. Modeling the heteroskedastic error terms
using GARCH methodology indicates that the varying risk model is robust to the
heteroskedastic conditions identified.

A truncated sample using recent data, where financially distressed firms are iden-
tified through balance sheet data, should be used to test whether the financially
distressed firms affect the empirical results of the varying risk model. More recent data
would have to be used due to the difficulty in obtaining complete balance sheet data for
the earlier subperiod of this study. Various balance sheet measures such as sales
expenses divided by total assets and research and development expenses divided by
total assets as well as other measures of informational asymmetry may also be used in
cross-sectional regressions using the market value portfolio regressions results to see
if the small market value firms exhibit greater informational asymmetries which affect
their market beta estimates. These tests may be of limited use, however, as one measure
of informational asymmetries, which would confound tests using other measures of
informational asymmetries used, is firm size.
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