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I. INTRODUCTION

Recent papers [h], [7] have highlighted the central Tmportance to many problems
in finance of correctly specifying the stochastic process underlying observed returns
on financial assets. Such problems include the testing of the capital asset pricing
model, the evaluation of investment performance, and the selection of portfolios of
risky assets. This current paper presents some new empirical results which besides
being interesting in their own right, may prove useful in formulating specific
return generating functions for common stocks.

The paper first shows that the price per share of a stock appears to be related
to future returns even if risk as often measured is held constant. Price seems to be acting
in part as an indicator of changes in the levels of risk for individual securities. In
addition, there is some weak evidence that price may be a surrogate for transaction
costs in the thirties.

At least one reason why price may indicate a change in future beta is that
institutional factors may produce a positive correlation between price and previous
rates of return. Theoretical considerations lead to the hypothesis that low previous
returns might often be associated with changes in future betas, and the subsequent
empirical work supports this hypothesis. This finding should allow the development of
more accurate ways to assess future betas.

A more traditional way to organize this paper would have been to begin with a
theoretical development of the hypotheses that historical rates of return may sometimes
foreshadow changes in future betas and that stocks with higher transaction costs should
vield a somewhat higher gross expected return. The empirical analyses supporting the
validity of these hypotheses would then follow. These hypotheses however were
developed in an attempt to explain some peculiar phenomena observed in some of our
previous research. To enable the reader to determine which datawere instrumental in
formutating the hypotheses and which data were analyzed afterwards the empirical and
theoretical analyses are presented for the most part in the chronological order in

which they were done.



Finally, the paper shows that for equivalent risks the returns of stocks on the
American Stock Exchange can differ by substantial amounts, either negative or positive,
from the returns on the New York: an half a percent differential per month for a year
or more at a time does not appear exceptional. This paper however does not examine

the economic rationale for such differentials.

Il1. THE PRELIMINARIES

Since the articles by Clendenin in 1951 (5] and then by Heins and Allison in
1966 [10], it has generally been accepted that the price of a share of a security --
if it bore any relationship to future returns -- was only acting as a surrogate for
cyclical risk.

Under the assumption that price measures risk and using data for common stocks
and warrants listed on the American Stock Exchange, we constructed monthly indices for
different levels of price beginning in July 1962.] The indices displayed the
expected characteristics that lower price indices were more volatile than the higher

price indices.

To assess how adequately price measured beta, the correlation coefficient between
price and historically estimated beta2 was calculated for American-)listed stocks for
each of the years from 1964 through 1968. These correiations were unexpectedly
close to zero ranging from -0.08 in 1964 to 0.15 in 1968, and only the 1968 correlation
was significant at the five percent ]evel.3

To explore further the relationship among price, beta, and subsequent returns,
each stock was classified into one of 24 portfolios according to its 1968 year-end
price and its historically estimated beta. Table 1 gives various statistics for these
portfolios as well as a similar tabulation for the NYSE. A visual examination suggests
that price at the end of 1968 is positively related to realized returns in 1969 and appears
to explain more of the variability in these returns than beta. Similar analyses for 1967
and 1968 again pointed to a strong relationship between price and future returns although the
direction was reversed. In 1966, neither price nor beta appeared to explain much of the re-

turns. In 1965, beta was more important on the New York, while price was more important
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on the American. Nonetheless, price on both exchanges in this year was negatively related
to realized returns. Since price, at least on the surface, often appeared to explain
relatively more of the variability of future returns, one could argue that price is in
some sense a better predictor of future returns than the historically estimated beta.
These results of an heuristic and admittedly non-rigorous analysis coupled with the
avalilability of more extensive data bases and more highly developed econometric tools

than were available to earlier researchers suggested that it might be worthwhile to
re-examine the role played by price in the generation of returns on common stocks.

Price might add to the information contained in the historically estimated beta
about future returns in one or both of two ways: First, if past estimated betas are
measured with error and if prices are correlated with the underlying betas, price should
augment the capability of past estimated betas to explain future returns.

Market folklore would argue that the relationship, if it exists, should be negative.
Second, price may convey additional information about future returns if, for at least one
reason to be discussed in Section IV, future values of beta tend to differ systematically
from past values as a function of price. If this last point were valid, the previous
results would mean that betas for low priced stocks would tend to increase in the future.
Moreover, there may eventually evolve a negative correlation between price and beta.‘!l

In addition, for institutional reasons, price itself might play an independent role
in generating returns. Transaction costs are larger for low priced stocks than for high
priced stocks: Commissions as a percentage of the price of a share traded are generally
larger, and [8] gives some evidence that the bid-ask spread as a percentage of price
is negatively related to price. In an efficient market, these differential transaction
costs should result in higher expected rates of return in all types of markets for
low-priced stocks. Even though percentage costs are a decreasing function of price, the
commission schedules and spreads are such that only for extremely low priced stocks are
these costs substantially greater than for other stocks.5 Thus, unless there are a large
number of extremely low priced stocks in a sample, variability in other factors may

swamp the transaction cost effect.



P11, NEW EVIDENCE ON PRICE EFFECTS

The following analyses use some recently developed analytical techniques6 to
document the statistical relationship of price to realized returns and beta. Due to
data limitations, the anlayses in this section are performed only for NYSE common
stocks.7 The first step is to minimize the deleterious effects of measurement errors by
assigning each stock to a group according to some specified criterion. Subsequently,
one utilizes the group averages of the variables of interest rather than the original
values of those variables. This averaging tends to reduce the measurement errors in the
observed values, but it will not eliminate systematic eFfects.8

Following this proceaure, stocks were assigned to groups or portfolios for every
month from 1932 through 1971 on the basis of the previous month-end price and the
beta coefficient estimated over the previous sixty months, hereafter denoted by 8_1-9
Specifically, stocks were classified into twenty-five portfolios according to the
Cartesian product of the quintile ranges of these two variables in a manner analogous
to Table 1.]0 The average price, beta, and monthly return adjusted for dividends for
each group and for each month will be used in the following analyses.

The use of the same estimated values of a variable both to place securities into
portfolios and to calculate the average values would typically induce a bias into
these averages. The larger values of these estimated averages would tend to overstate
the true values, while the smaller values would tend to understate the true values.
This bias, frequently called an order bias, will occur if the variables are measured with
the usual type of normally and Independently distributed measurement error.

By the way in which the portfolios were formed, the high beta portfolios
intuitively are more likely to contain securities with positive as opposed to negative
measurement errors in beta. The averages of these estimated betas would thus be
expected to overstate the true average. The reverse would apply to low beta portfolios.

There should be virtually no order bias associated with price,



A popular procedure for minimizing order bias involves using one estimate of

beta to form portfolios and another estimate from different data to calculate the
average. Another estimate of the beta, herafter denoted by B-Z’ was calculated

over the sixty months prior to the sixty months from which B_] had been estimated.
Following the procedure outlined above, a new set of portfolios was then constructed

using B_, as the classifier and B_y @s the historical value of beta. This second

set was available from 1936 on.]]

In addition to the estimate of beta provided by B_y» an estimate of the future
value of beta for each portfolio was calculated using the sixty future average monthly
rates of returns from the similarly classified port\Folios.]2 This estimate of beta,
designated B+‘, can be interpreted as an estimate of the ex post beta if the same

quintiles of price and beta have stationary underlying betas. Further, 8 . may more

+1
accurately mirror investors' ex ante expectations if investors base their assessments
on more than a mere extrapolation of past betas.

An obvious way to examine the importance of price, which parallels the spirit
of earlier tests [10], is to regress monthly percentage returns on an estimate of beta
and previous month-end price. Such regressions were calculated separatelyl3 for each
month for each of the two sets of portfolios using the group averages as the variables.
Beta was first measured by B_] and then by By1. Following the format of [71, these
cross-sectional regressions can be summarized by the time series averages of the constant,

the coefficients on beta and on price, and the coefficients of determination.“+ For

instance, for the portfolios selected by B—I and using B_] as the measure of beta, the

average coefficient on price of the monthly regressions from 1932 through 1966 was
-0.0195%. The sample standard deviation of this average was 0.0063% implying a
t-value of -3.1. This last statistic is frequently used to test whether.;he expected
value of the process generating the time series of coefficients différs's{dhificant1y

15

from zero.

16

The corresponding average using 8., was -0.0125% with a t-value of
+]

-1.9



Due to the complexities of interpreting the average coefficients on price
because of possible multicollinearities with beta, the paper will present no detailed
discussion of these regressions. A more satisfactory analysis will be presented below.
Nonetheless, these regressions indicate that price per share is an important variable
at least statistically in explaining future returns. For the overall period, 1932 through
1966, for the portfolios selected by B_q and 1936 through 1966 for the other set, monthly
returns measured in percentages are positively related to either measure of beta and
negatively to price. Only the relationship to price however is on average significantly
different from zero. Breaking the overall periods into three subperiods, the
results are the same for the first two subperiods ending April 1955, except that in
the 1943 through 1955 subperiod, price loses its statistical significance. In the
last subperiod, 1955 through 1966, the t-values are so extremely c¢lose to zero --
particularly for those regressions using B+] to measure beta -- that any interpretation

of the signs of the averages would be dubious at best.

The average coefficients on Price of both sets of portfolios for the overali

periods, though always negative, are smaller in absolute value using B than

+1

using B-I to measure beta. The same behavior is observed for the first subperiods ending
in 1943, while the results are mixed for the second two subperiods. For the portfolios
selected by 8_2, the average coefficients on beta are positive for the overall period

and the first two subperiods ending in 1955 but are greater using B+] than using B_].

Because of the order bias associated with portfolios selected by B_], it is inappropriate

in the case of these portfolios to compare the levels of the average coefficients on

By with those on B—l'
There are numerous ways to explain the changes in the average coefficients in

using B_, rather than B_

. . . 1
] 1 to measure beta. For Instance, if the variance of the erorr 7

in measuring the true beta is smaller with 8+] than with B_], these movements are

consistent with the proposition that price indicates a change in beta which is picked

up by B+]. Rather than dwell on possible explanations, the text now turns to a more

satisfactory analysis.



The next analysis regressed separately for each month and for each type of
portfolio the twenty-five portfolio returns upon one of the estimates of beta. The
residuals from these regressions were in turn regressed upon the corresponding average
price for the portfolio measured as a deviation from the average cross-sectional price.
As pointed out in footnote 16, the order bias should not greatly affect the
explanatory power of the first stage, so that the residuals for the portfolios
selected by B_y should be uneffected. With the exception of a column headed "modified ¢!
to be discussed below, Table 2 summarizes these monthly regressions with the same type

of statistics as those already discussed.

The coefficients in the second stage of these cross-sectional regressions yield

13 At the outset, note that if beta is

to a simple and Intuitive interpretation.
measured with no error and If price has no independent effect, the coefficient

in the second stage would be zero even if price and beta were perfectly negatively
correlated.

Now consider the case in which the underlying betas are stationary but measured
with error, in which price is negatively correlated with beta but not with the error,
and in which price has no independent effect. I[f realized returns were positively
related to the true beta, the coefficient on price would tend to be negative. The
reason is that the measurement error in beta would tend to produce an understatement
of the slope coefficient and an overstatement of the intercept. Thus, the residual
errors for high beta stocks would tend to be positive and for low beta stocks negative
resulting in a negative coefficient on price in the second stage. Likewise, if the
reaiized returns in a cross-section were negatively related to beta, the coefficient
on price would tend to be positive. If on average realized returns are positively
related to beta because of risk aversion, the average coefficient on price would tend to

be negative.
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Similarly, if price indicates that the measured beta tends to be smaller than
the true beta, it can be shown that the coefficient on price in the second stage would
also tend to be negative if realized returns were positively correlated to the true
betas. |f however realized returns were negatively correlated to the true betas, the
coefficient on price would tend to be negative. On average, one would expect a negative
coefficient from this source due to risk aversion. Any independent effect price has
on returns would merely be added to the bias effects associated with price.

The first stage regressions presented in Table 2 are interesting in thelr own
right in that they can be compared to many of the tests of the capital asset pricing model,
e.g., [11, [4], and [7].20 The average coefficients on price in the second stage
are almost always negative and for the period ending in 1943 significantly different
from zero. For the overall period, the average coefficients on price are significantly
different from zero for the portfolios selected by B_] but not by 8_2. Such negative
coefficients mean that on average realized rates of return are negatively related to
price. Such a relationship however is consistent with a transaction cost effect as well

as the possibility that price is acting in some way as a surrogate for the true beta.

If the underlying betas were stationary over time, there is no reason to

believe that the average coefficients on price should differ whether B_, or 8

1 +1
is used to measure the true beta. Both estimates are subject to the same grouping
techniques to minimize measurement error. Yet, with only an occasional exception,

the average coefficient on price is less negative with B . than with B“]. Such a

+1
consistent tendency suggests that beta does change over time.as a function of price.
To distinguish between the transaction cost effect and the effects due to
errors in measuring beta, a modified average price coefficient was calculated by
mul*inlying each of the coefficients in the second stage by the sign of the slope
coefficient in the first stage. An average of such medified coefficients would tend

to be less negative If the transaction cost effect dominated the bias effects and more

negative if the reverse were true. Only in the 1932 through 1943 subperiod using B+1



is there any suggestion in the empirical results that transaction costs may dominate the
bias effects. However, it was during this period and particularly during 1932 through
1934 when the abundance of low price stocks 21 made differential transaction costs more
important.22 For the overall period and the other subperiods, transaction cost effects
appear to be less important than the informational effects of,price in explaining
future returns.

That the average coefficients differ on the second stage whether a prior or
a future beta is used in the first stage suggests quite strongly that price is in indicator
of changes in beta. To provide a picture of the magnitude of these price-associated
changes in beta, Table 3 presents estimated values of B+] for the portfolios selected
by B_] for every sixtieth month beginning with January 1932. With the exception of 1942
and, to a lesser extent, 1947 and 1952, the estimated values of B+] for any five
portfolios constructed from securities falling in the same quintile of prior estimated
betas, B_], tend to be a function of price in the anticipated direction. Thus, for the
first month in the table, the values of 8+] for the five portfolios from the lowest
quintile of B_] range from 1.04 for the lowest priced stocks to 0.36 for the highest.
Similar results were obtained for the portfolios selected by 8_2, but are not presented

because of space limitations.

IV. PRICE AND HISTORICAL RATES OF RETURN
The previous analyses have shown that price is an important variable, at
least statistically, in explaining returns or future betas. To this point, however,
we have not suggested any justification for this apparent ability of price to explain
returns except for transaction costs which found only a modicum of support in the
thirties. This section proposes an economic hypothesis of why price might help to

explain future returns or betas and finds some empirical support for this hypothesis.,
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After careful consideration, we could think of no persuasive hypothesis of why
price itseif should foreshadow changes in future betas from those estimated in the past.
We therefore asked ourselves whether there was some other variable for which price
might be acting as a surrogate. The market folklore that there is an optimal price range
at which a stock should trade suggested that a stock might become low priced not because
of splits but because of poor historical returns. Indeed, monthly correlations between
annual historical returns on individual securities and subsequent prices are on balance
positive. From January 1932 to December 1966, 420 months in total, 350 months showed
positive correlations. The majority of the negative correlations occurred from 1942
through 1946,

The simplest type of evaluation model for security prices 1s the ratio of
of expected earnings to a risk adjusted discount rate. Consider now a case in which the
future discount rate increases from some previous level. Insofar as beta measures risk,
the value of beta would tend to increase in the future. If the expected earnings were
to increase by the same percentage as the increase in the future discount rate, this
model would indicate that the historical rates of return would be neither higher nor
lower than normal. A merger with no synergistic effects of two properlypriced companies
but of different risks provides an example here. |f expected earnings were to increase
by more than the percentage increase in the discount rate, the adjustment to the new
equilibrium would result in greater than normal rates of return. The same merger as
above but-accompanied by synergisms illustrates this adjustment. If expected
earnings were to drop, remain constant, or as a minimum not increase as much as the
discount rate, historical rates of return would be lower than normal. This situation
would occur if for some reason, investors' assessments of the risk of future earnings
increases with no corresponding change in their assessments of expected earnings.

More generally, if the discount rate changes either up or down, and if expected
earnings change by the same percentage, the historical rates of return would tend to be

what were expected. |f earnings change by a greater percentage, the historical rates
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of return would tend to be larger than expected. If by a lesser percentage, the
historical rates would tend to be smaller than expected. The power of abnormal historical
rates of returns to predict changes in future discount rates and thereby future beta
centers upon the following: When expected earnings and the discount rate change by
different percentages, is it more likely that expected earnings change by a larger or
smaller percentage than the changes in the discount rate? The empirical results in the
last section would suggest that historical rates of return lower than expected would on
average foreshadow increases in future betas. The paper now examines this empirical
question.

The empirical results in Table hconfirm that an extremely simple measure of
historical rates of return, which does not even adjust for normal market movements,
is an indicator of changes in future levels of beta. The format of this table is
identical to Table 2, except that historical rates of return have replaced price.
These historical rates of returns are measured arbitrarily by the percentage changes in

23

value adjusted for capital changes and dividends over the previous twelve months.
If low historical rates of return are associated with increases in beta,
the logic of the previous section suggests that the unmodified average coefficients
in the second stage should be negative using B_]. Moreover, the modified average
coefficients should be even more negative. However, if historical rates of return
act only as an indicator of change in beta, the average or modified coefficient on
historical rates of return should be insignificantly different from zero using B+].
The results in Table 4 are consistent with the interpretation in at least two
important ways. First, the average R2's in the second stage are higher than those for
the second stage using price and this in spite of the fact that there are little
systematic differences among the average Rz's in the first stage regressions in the
two tables.Zh Second, in all but the latest subperiod the modified average coefficients
are negative and significant using B_] to measure beta but, although still negative
using B+], are usualtly smaller in absolute value and insignificantly different from zero.
This would suggest that historical rates are associated with changes in the under-

lying beta in conformity with economic theory.
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The results above imply that the two stage regression techniques can detect
changes in beta. Thus, if the average modified coefficient of price in the second
stage is significant using a future beta, such a variable may well be conveying
information about an effect different from a change in beta. Of the two possible
types of information, a surrogate for the underlying beta or for transaction costs, the
transaction cost effect is somewhat more supportable since (1) there is at least
an economic rationale for such an effect and (2) empirical evidence indicates that
price effect is really only important in the thirties when the existence of many low
priced stocks would suggest it should be.

As with price, the estimated values of B+] provide a picture of the magnitude
of the changes in beta associated with historical returns. These values presented
in Table 5 for the same months as for price, display similar behavior. For any
guintile of previous beta, the range of changes in beta are sometimes larger with
historical returns and sometimes smaller. That the range is not always larger with
historical returns suggests that price may be acting as a surrogate for additional
variables responsible for changes in beta or that the arbitrary measure of historical
rate of return used here does not capture all the information contalned

in the past sequence of returns.

V. EXCHANGE LISTING
It is sometimes alleged that American-listed stocks behave differently from
New York-listed stocks. The portfolios already constructed for the New York coupled

with additional ones for the American provide some insight into this proposition.

The average coefficients of monthly cross-sectional regressions of the portfolio returns
on beta, price and a dummy variable for exchange listing disclosed that from 1965 through
1971, American-listed stocks for the same level of beta and price averaged 0.27 percent
per month more than New York-listed stocks. From 1965 through June 1969, the
differential was on average 0.5] percent per month in favor of the American, while from
February 1970 through 1971, New York-listed stocks outreturned equivalent stocks on

the American by 0.82 percent per month.25
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Table 5

Future Estimated Values of Beta Classified by Historical Rate of Return and Previously Estimated Betas

Average Value of B+] Number of Securities
B | Return Quintite Return Quintile
Date Quintile Low 2 3 4 High Low 2 3 i High
1/32 Low 1.06 0.66 0.53 0.48 0.45 9 18 1h 27 45
2 1.38 0.94 0.82 0.71 0.64 15 27 23 32 30
3 1.46 1.22 .14 0.89 0.78 19 23 26 34 21
4 1.57 1.57 1.25 1.00 0.81 33 33 26 15 14
High 1.72 1.38 .39 1.25 0.99 35 34 27 14 i3
1/37 Low 0.78 0.75 0.59 0.51 0.43 45 37 27 14 8
2 1.07 0.90 0.82 0.72 0.72 254 23 31 31 21
3 1.27 1.05 1.01 0.87 0.79 19 33 31 29 2k
4 1.48 1.32 1.14 1.06 1.0t 22 16 24 32 40
High 1.52 1.50 1.35 .36 t.22 18 23 21 28 41
/42 Low 0.65 0.60 0.60 0.66 0.70 10 33 37 47 20
2 0.78 0.69 0.75 0.78 0.88 17 19 36 35 i
3 1.01 0.88 0.99 0.88 0.99 23 32 29 31 35
4 0.97 1.06 T.14 1.1% 1.12 36 25 23 30 30
High 1.50 1.46 1.68 1.34 1.71 3 33 22 9 28
1747 Low 0.64 0.64 0.55 0.62 0.70 1 13 32 [1] 53
2 0.88 0.82 0.80 0.81 0.94 7 31 35 Ly 39
3 .10 0.98 0.88 1.00 0.99 29 37 38 33 26
4 1.25 1.18 1.1 1,09 1.09 39 4e 3 2] 2k
High 1.62 1.35 1.4 1.42 1.36 73 38 16 16 18
1/52 Low 0.78 0.46 0.57 0.64 0.48 26 53 4g 38 24
2 0.99 0.76 0.83 0.86 0.91 23 43 42 4o 39
3 1.15 c.e8 0.98 1,01 1.0 39 42 27 46 i
4 1.24 1.16 1.04 1.16 1.14 36 30 39 37 51
High 1.545 1.3 1.43 1.43 1.32 66 33 29 25 39
1/57 Low t.12 0.74 0.55 0.57 0.64 21 47 66 4y 18
2 1.21 0.91 0.77 0.77 0.86 41 i) 49 33 33
3 1.15 1.03 0.88 0.84 1.07 41 34 30 4o Y]
4 1.23 1.15 1.05 .00 1.1 Lg 38 30 39 52
High 1.50 1.28 1.23 1.05 1.38 47 33 30 45 k2
1/62 Low 0.77 0.78 0.64 0.60 0.68 24 33 58 50 30
2 0.92 0.78 0.77 0.78 0.87 32 I 4o kg I
3 1.12 0.92 0.86 0.87 0.9 45 37 38 bs 32
4 1,22 1.15 1.09 1.05 1.10 4 52 42 29 38
High 1.47 1.37 1.23 1.33 1.30 52 32 34 32 55
1/67 Low 0.85 0.50 0.55 0.59 0.73 24 42 56 68 27
2 0.95 0.91 0.79 0.79 0.81 32 50 57 51 24
3 1.1% 1.01 0.93 0.90 0.97 Le Lé by 37 L7
4 1.28 1.16 .12 1.09 1.05 48 46 26 47 58
High 1.52 1.40 1.30 1.29 1.3 64 36 30 27 63
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Although only one of these average monthly differential returns appears to be
significantly different from zero, these differentials. are nonetheless of a magnitude
which would be important to an investor. In view of the question of statistical
significance and the rather 1limited period of analysis, there is 1ittle basis for
projecting which exchange is likely to show better returns in the future for the same

level of beta and price although the differences may well be large.

VI. CONCLUSION

Besides documenting the various roles played by price, by historical rates of
return, and by exchange listing in explaining future rates of return, the results
in this paper suggest that the return generating function may ke considerably more
complex than many investigators have previously assumed. in testing the capital
asset pricing model or in evaluating investment performance, it is necessary to
assume the validity of some return generating function in order to translate the
ex ante magnitudes of an equilibrium model into ex post realizations. For any
ex ante model and ex post realizations, there is almost certainly some generating
function, although possibly devoid of economic meaning, which will link those
realizations with the model. It is therefore imperative that the return generating
function have economic and empirical content. This paper has attempted to make some

modest contribution toward the proper specification of such functions.



19

FOOTNOTES

*Associate Professor of Finance, University of Pennsylvania, and Donaldson, Lufkin,

and Jenrette, lInc., respectively. The authors wish to thank Professors Fisher Black,
Eugene Fama, irwin Friend, Stephen Ross, and Randolph Westerfield for their much
appreciated comments, and the Rodney L. White Center for Financial Research for financial
support.

In constructing indices for different levels of risk, it is desirable to
include new listings immediately. The historically estimated beta coefficient would
permit the inclusion of a stock in an index only after some period of time following
listing. In addition, the data files for the American available to these researchers
were limited and the use of price as a measure of risk would allow the construction
of indices over a longer period. Finally, the changing characteristics of many companies
on the American might make the beta coefficient considerably tess stationary than it
is on the New York.

2These-coefficients were estimated by regressing from 24 to 30 previous monthly
relatives upon the New York Stock Exchange Index adjusted for dividends. Virtually
all stocks listed over the previous two years were included.

3Similar correlations for the NYSE ranged from -0.06 to 0.01, none of which was
significant. The use of betas for individual securities means that no attempt was made
to minimize measurement errors, so that the correlation between the true beta and
price may be substantially different.

Stock dividends, splits, delistings, and new listings may blunt this tendency.

For instance in 1932, the commission on a fifty cent share was six percent,
while on a $100 share the commission was one fifth of one percent. This pattern of
commissions has persisted through the current schedule. Further, Rule 62 of the
New York Stock Exchange prescribes except in special cases that the minimum bid-ask
spread be 12.5 cents on any stock over $1, 6.25 cent on any stock priced between
50 cents and $1, and 3.125 cents on any stock less than 50 cents.

Numerous articles have contributed to the development of these techniques: a
few include [11, (21, [3 1, 41, [71, and [9]. For reasons of space, this article
will generally not attempt to attribute to any author the development of any particular
econometric technique. Fama and MacBeth [71 give a chronology.

7The data files at the Rodney L. White Center for Financial Research currently
containwmonthly relatives adjusted for dividends for each common stock listed on the
NYSE from February 1926 through December 1971. The files contain similar relatives
for common stocks and warrants on the AMEX from July 1962 through December 1971.

Insofar as the measurement errors of individual observations are not perfectly
correlated, these errors will tend to offset each other so that the error in the
average is likely to be of smaller magnitude. More precisely, If successive
observations on the same number x are measured with error €4 if all el's have the

same variance 02, and If the correlation between any pair of errors is ¢, the variance
. -2 2
of an average of n of these measured values will be [0 + (n - Dpa“)/n. Asn

X 2
approaches infinity, the variance of the error will approach po™.
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9The beta coefficients were estimated by regressing sixty previous monthly
returns on the Fisher Combination Link Relatives. To conserve computer time, the
beta coefficients were revised only every six months for the January and July
portfolios. The January values were used for the first half of each year, and the
July values for the second half of each year.

lolf price and beta for individual securities were highly correlated many of

the portfolios might contain no securities. In fact, this did not happen. The
distribution of securities in Table 1, although based upon a slightly different
grouping technique, is typical of other periods. For sixteen months it was possible
to form only 24 portfolios; all the other months had 25 portfolios.

]]For the first month, the available data permitted only fifty-nine months
of data to be used in calculating the beta coefficient used in classifying a security.

2The monthly return immediately following the time of classification is
included in these sixty months. The reader should also note that since the
portfolios are constructed anew each period, it is theoretically possible that none
of the stocks contained in a portfolio at the beginning of a sixty month period will
be in at the end. Further, any survivorship bias is held to a minimum.

]3These regressions as well as all other regressions in this paper were weighted
by giving each squared deviation in the sum of squares to be minimized a weight
proportional to the number of stocks in the portfolio. Such weighting helps to avoid
possible distortionary effects associated with a widely disparate number of stocks in
the different portfolios. In previous work, securities were classified into portfolios
according to only one variable. The number of stocks in each were thus approximately
equal, so that there were no distortionay effects.

ll'The coefficients of determination were calculated using weighted sums as

outlined above.

ISOne should however interpret these t-values with caution since, for one reason,
there is substantial evidence that normal distributions do not describe the distribution
of returns on common stocks as well as other types of distribution such as non-normal
stable process [31, [6].

Because of the order bias associated with the portfolios selected by B-I’ the
magnitude of the average coefficient on B_, would be expected to be misstated.
Nonetheless, the order bias as it is usual]y interpreted should not affect the coefficient
on price nor the significance level of the average coefficient on B_,. The reason
is that if the grouping technique has eliminated extraneous noise in lhe betas leaving
only systematic biases, the value of beta without order bias would be a linear
function of the value with order bias. A mathematical proof of this statement
follows:

Assume that the true betas are distributed by a stationary normal distribution with mean
E(8) and standard deviation o(8) and that the estimated betas, B, are measured
with an independent, normally distributed error, n, the estimated betas will be
distributed by a normal distribution with mean E{(8) and o(g + n). Further,
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assume that Z is distributed as a unit normal variate and let E(:'!IE.i <Z < E_j) =
EiJ(E)be the expectation of 2 conditional on 2 falling between the variates corres-

bonding to the ith and jth fractiles. Then, the expected value of E(élé.i.i B < é-j) =
Eij(é)will be E..(B) = E(g) + Eij(z) o{8 + n). The portfolio approach associates

]
EIJ(B) with EIJ(B) = E(B) + EEJ(Z)G(B). Eliminating Eij(z) from these two expressions

yields .

(s) - S8 e (3,
RO [ S e ®

which established the linear relationship. The reader should note that this proof
does not really require normality, but only that both R and n be distributed by
symmetric stable distributions of the same characteristic exponent.

]7The reader should note that the differences between the estimates B_. and
the underlying betas appropriate to explaining next month's returns are not
measurement errors in the usual sense. It js logically possible for B_] to be
measured without error and not reflect the beta for the next month if the
underlying betas have changed. [If the underlying betas are stationary, there is
no need to distinguish between these two types of errors.

]SSuch an .explanation would be consistent with a model in which 8 is measured

with error . Assuming that the residuals from the regression of R on the true or
estimated beta and price P, are independent, the conclusion in the text follows if
p(R,8) and p(n,P) are positive and p(R,P) and p(BP) are negative.

]9IF R is measured without error, the first stage in deviate form js R =
b8 + ¢ where return R and B are measured from their expected values, and the
second stage is ¢ = cP + y. If B is measured with error n, the first stage
estimated regression was R = b' (g + n) + ¢' and the second stage €' = c'P + p'.

~ be assumed that 1 is uncorrelated with 8 and R.
e probability limit of ¢ is
. - plim 2€P _ .. I(R - bR)P _ _
plim ¢ = plim TPZ = plim —pZ —— = bRP bRBbBP

where bij is the slope coefficient in the regression of variable i on variable j.
i f price has no independent effect on returns, plfm ¢ will equal zero. Notice now

that if price is negatively correlated to beta, such a correlation will induce a

correlation between return and price.
The probability limit of the estimate c' after some manipulation takes the

form
-b__b
. (- - _ ! RB nP
plim ¢ (bRP bRBbBP) + bRBbBP 6 -~————-2——> + —5
o+ o) 1 4+ 9 (n)

o2 (g) cz(s)



22

The first term is c; the second is a bias stemming from the correlation between B
and P; and the third is abias stemming from the correlation between changes in
beta and price. If o (n) is non-zero and if b p s negative, the sign of the
second term will be opposite that of bR . The"slope an would be expected to be
positive if past betas for low priced s%ocks are underestimated so that the third
term takes on a sign opposite of bRB'

onhe first stage regressions using B_, to select portfolios imply an

unreasonably large order bias. The ratio of the average coefficients on the
regressions using g_, to the average using B j can be interpreted as an estimate of
the slope coefficienls in the equation for the order bias in footnote 16. For

the overall period, this ratio Iszroughly 0.5 which serves as an estimate,of

o(B) to o(g + n). Thus, o“(B)/[o"(B) + cz(n)] is roughly 0.25, so that o“(n)

must be roughly three times as large as ¢ (8). That the standard error of the
estimate of B for individual securities, u(n), is implied to be roughly 75 percent
larger than the standard deviation of the underlying betas of all securities is
inconsistent with empirical estimates of these numbers. For the data used in

[2], the values of o{(n) were much smaller than ¢(B) -- often only one-eighth as large.

One possible explanation is that there is a true regression tendency or non-
stationarity in the betas, but it would have to be a peculiar one in that
the ratio of the average coefficients for the portfolios selected by g_, are
extremely close to one implying very little non-stationarity on average® Another
explanation is that the portfolio returns are distributed by non-normal stable
processes in conformity with the evidence in [3), [6]. Yet, a characteristic
exponent as small as 1.0 would only equalize the values of o{(n) and o(8), where 'ig"
is inferpreted as a dispersion parameter. In any case, there appears to be
something in these results which cannot be explained solely by the type of order
bias discussed in footnote 16.

2]Pre\‘rious to World War 1l, the NYSE listed many stocks of extremely low
prices. After the War, there were much fewer low priced stocks. Ffor instance,
the average price of stocks in the lowest quintile was 0.55 cents in June 1932,
This average gradually increased to slightly under seven dollars in 1937 and then
decreased to around two dollars before the start of the War. During the War,
the average increased rapidly so that by the end of 1945, it was $12.54.
From 1946 through 1966, this average ranged from $5.33 in July 1949 to $14.43 in
Febtuary 1966.

2Professor Scholes in his comments on this Paper suggested that the empirical
results in the 1932 through 1943 subperiod might be explained alternatively by errors
in estimating betas for low priced stocks. He speculates that the quoted prices for low
priced stocks in the earty thirties might because of lack of trading in these
stocks differ by large amounts from the actual price if there had been a trade.
Granting for the moment the validity of this speculation, it can be demonstrated
that the estimates of beta coefficients for low priced stocks will be biased downwards
providing that the errors in measuring the true returns are negatively correlated to
the market return. Thus, the error n in the estimated beta (g + n) would tend to
be positively correlated with price, but then contrary to the empirical results for
1932 through 1943 the modified coefficient should be more negative than the unmodified
coefficient in the second stage.
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Professor Scholes' alternative explanation for the 1932 through 1943 subperiod
therefore does not seem to explain the empirical results. Space limitations do
not allow us to answer his other criticisms, which we judge to be less tmportant.

23 . '
A more refined way to measure the previous rate of return related to changes
in beta s to use a return which abstracts from normal market movements. If such
an adjustment is made the results in the text should only be improved.

_24An unexplained but potentially important phenomenon is that the average
R2's in the second stage frequently are larger for the B regressions whether

measured by the percentage of variation to be explained ﬁ} the second stage or by
both stages.

25For the period from 1965 through 1971, the portfolios were selected by 8_
using however only thirty months of data on the American and beta was measured
by B_,. The t-value on the average coefficient of the dummy variable was 1.0.
For Eﬁe period from 1965 through June 1969, beta was measured by 8,, and t-value
was 2.0. For the last perliods, the portfolios were selected by 8_2, beta in the
regressions was defined as 8_1, and the t-value was -1.5.

1
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