\MULTIFACTOR RETURN MODEL BASED ON

INTERIM FINANCIAL STATEMENTS/

by

Yee-Ching LilianChan,

Dissertation submitted to the Faculty of the
Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of
DOCTOR CF PHILOSQOPHY
in
Business Administration
with a major in

Accounting

APPROVED:

L L 2.

7 Robert M. Bthﬁ, Chairman

% Floyd A. Beams Dana Jf Jonason

-~ 4y g — [AR BN S 2Dy 2

Frederick M. Richardscn Robert S. Schulman

December 1984

Blacksburg, Virgiaia



MULTIFACTOR RETURN MODEL BASED ON
INTERIM FINANCIAL STATEMENTS
by
Yee-Ching Lilian Chan

(ABSTRACT)

The purpose of this research is to examine the significance of a mar-
ket factor, an industry factor, a company factor and a growth factor in
explaining security returns. A secondary objective is to determine if
interim financial statements--the balance sheet and the income

statement--provide useful information in developing the return model.

Market-related and industry-related systematic risks are constructed
as surrogate measurements for the market and industry factors. The compa-
ny factor is composed of one accounting return measure (profitability) and
five accounting risk measures (accounting beta, operating leverage,
financial leverage, dividend covariability, and cash flow beta). These
variables are included as individual regressors in the return model.
Also, a company index (the first principal component) is constructed and
tested for its significance in the four-factor return model. The compound
growth rate in total assets measures the growth of individual companies.
Quarterly accounting information is used to measure these company and

growth variables, and their significance provides evidence supporting the



usefulness of interim financial statements.

A multiple regression analysis is employed to develop the return mod-
el. In addition to the market factor, an industry factor, components of
the company factor (dividend covariability and profitability), and a
growth factor are found to contribute significantly to estimation of the
return model. The use of a company index in lieu of individual company
variables, however, is not recommended for developing the return model.
Additionally, results indicate that the market model provides the best
surrogate measure of the market factor, and Line of Business information

is recommended for classifying companies into industry groups.

Major limitations of the study are (i) a self-selection bias of com-
panies for the sample; (ii) measurement errors in interim financial state-
ment data due to accounting allocations; (iii) seasonality of quarterly
accounting information; (iv) use of average regression statistics in
determining the best return model; (v) a limited number of regression mod-
els examined; and (vi) multicollinearity. These may limit the generaliza-
bility of the findings beyond the sample data and the interpretation of

relationship between security return and its potential determinants.
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CHAPTER 1I

INTRODUCTION

MOTIVATION

Portfolio managers and security analysts are concerned with identi-
fving profitable investments. Technical analysts believe that by studying
patterns in the sequence of past prices, they will be able to predict the
future price movement of a securityl On the other hand, fundamentalists
rely on financial statement analysis in making investment decisions,
because they believe that accounting information reveals the earning pow-

er and risk attributes of individual companies.

Several empirical studies provide evidence supporting the usefulness
of annual accounting information in assessing risk and return. For exam-
ple, Nerlove [1968] has examined the significance of accounting variables
in explaining the variation of rates of return on common stocks; Beaver,
Kettler and Scholes f1970]. Beaver and Manegold {1975], Eskew [1979] and
many others have investigated the relationship between accounting vari-

ables and systematic risk.

Studies of quarterly accounting information, however, are limited to
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the examination of quarterly earnings and dividends data (e.g., Griffin
[1976]), Foster [1977], Aharony and Swary [1980]). Typically, these stu-
dies focus on the time-series properties of quarterly earnings and divi-
dends, as well as their usefulness in assessing risk. This may be
attributed to the high costs and difficulty in gathering other quarterly
accounting information, especially balance sheet data. Balance sheet
presentation is not mandatory for companies that prepare interim finan-
cial statements. In fact, it was not until recently that quarterly bal-
ance sheet data were required in the 10-Q reports filed with the
Securities and Exchange Commission (SEC). As a conséquence, the signif-
icance of quarterly balance sheet data in assessing risk and return has
never been examined. Thus, the present study is designed to examine the
role of quarterly accounting information, including both interim income

statement and balance sheet information, in security analysis.

The development of the equilibrium model of capital asset pricing
(Sharpe [1964], Lintner[1965a], and Mossin [1966]) has introduced new
ideas into the world of investments. According to the Capital Asset Pric-
ing Model (CAPM), an equilibrium relationship exists between risk and
expected return on a security. In a market equilibrium, a security is
expected to provide a return commensurate with its systematic risk. Since
its introduction, syvstematic risk has been used extensively in evaluating

security performance as well as in making portfolio decisions.
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Despite its usefulness in security analysis, the "true" systematic
risk of any security is unobservable. Thus, a number of techniques have
been developed to provide reliable estimates of systematic risk. The mar-
ket model was the first model used to estimate systematic risk. Because
of the instability of this systematic risk estimate over time, and its
tendency to regress towards a value of one, adjustment techniques have

subsequently been developed (Blume [1971;1975], Vasicek [1973]).

Over the past two decades, the CAPM has been used extensively in mar-
ket-based empirical research. Yet the critique by Roll [1977] raises
doubts as to the effectiveness of the CAPM in explaining the empirical
constellation of asset returns. In a subsequent study, Roll and Ross
[1980] advocate the Arbitrage Pricing Theory (APT) as a more appropriate
alternative to the CAPM. This latter theory assumes a linear return gen-
erating process that permits more than one factor in explaining the return
on assets. Because market equilibrium must be consistent with zero arbi-
trage profits, it is proposed that a linear relationship must exist in
every equilibrium between each asset's return and that return's response
amplitudes on the common factors. In their study, Roll and Ross [1980]
were successful in finding three to four return generating factors,

although their constituents are not known.

On the basis of the APT. it appears appropriate to use other factors

besides the market factor suggested by the CAPM in attempting to explain
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the return generating process of assets. The primary objective of the
present study is to investigate other selected factors that may also help
explain security returns. As suggested by the APT, some of these
so-called return generating factors are common to all assets in the
market. Other factors describe the unique characteristics of individual
companies. These latter factors are also examined in the present study to
see if specific company attributes are significant in explaining vari-
ation in security returns. Quarterly accounting information is used to
measure these attributes, and the role of interim financial statement data
in describing the return generating process of securities can be assessed

accordingly.

The proposed multifactor return model, in its generic form, is pre-
sented as follows:
R=M+I+C+G

where R = return on security;

M = market factor;
I = industry factor;
C = company factor;
G = growth factor.
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PURPOSE OF THE STUDY

Basically, the purpose of this study is to determine if there are
factors other than the market factor that contribute significantly to

explaining security returns.

In the literature, there is little objection to accepting the signif-
icance of a market factor in explaining security returns. This relation-
ship is well documented, and the CAPM is the appropriate framework for
describing the theoretical relationship. Briefly, the CAPM describes an
equilibrium in the capital market where a direct linear relationship
exists between security returns and systematic risk. Because of the cru-
cial role plaved by systematic risk in accounting for security returns,
many models have been develqped to estimate systematic risk. Among them
is the commonly used market model (Sharpe [1963]), which assumes a bivari-
ate normal distribution between security return and market return.
Adjustment models (mean reversion model, order bias adjustment model,
Bavesian adjustment model) have received 1less attention in the
literature; nevertheless. empirical evidence (Klemkosky and Martin
[1975], Elgers [1979]) indicates that theyv are superior to the market mod-
el in terms of providing accurate forecasts of systematic risk. A second-
ary purpose of the present study is then to examine which of these
estimation models provides the "best" surrogate measure of the market fac-

tor. The criterion usaed to evaluate these models is how well these esti-
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mates of systematic risk explain and predict security returns.

Other than the market factor, it is difficult to identify other
return generating factors suggested by the APT that are common to all
assets in the capital market. One fairly close estimate is an industry
factor whose effect can be significant with respect to certain segments of
the market. Thus, the impact of an industry factor on security returns is
also.examined in this study. There are, however, some problems associated
with <the study of an industry effect. The most obvious one is how an
industry should be defined. The Bureau of Budget has established a
four-digit code for‘classifying companies as industries. This four-digit
code, called the Standard Industrial Classification (SIC) code, is inade-
quate.in classifying companies into homogeneous groups because it does not
account for companies whose operations are well diversified and subject to
change over time. Consequently, some authors have advocated the use of
clustering techniques (Elton and Gruber [1973], Fertuck [1975]), while
others have proposed the use of the Line of Business (LOB) information
provided in 10-K reports filed with the SEC (Foster [1981]). The signif-
icance of an industry effect on security returns will depend on how pre-
cise an industry is defined. Thus, another purpose of this study is to
assess which of two potential definitions of industry effect best contrib-
utes to explaining the return generating process of securities.

The third factor that may be significant in explaining security
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returns is ''the company" itself. For example, operational efficiency and
effectiveness are crucial to determining how well a company performs.
Strategic planning of the management is also vital to any long-term suc-
cess of a company. Thus, these fundamental characteristics may somehow
reflect the return generating power of a company. Accordingly, the compa-
ny factor is expected to play a significant role in explaining the vari-
ation in security returns. In the literature review section, a number of
company variables have been identified to represent the unique character-
istics of individual companies, and these variables are seiected as compo-

nents of the so-called company factor.

Accounting data are used to measure these company variables (compo-
nents of the company factor). In the present study, quarterly accounting
information is used in lieu of annual accounting information since the
former is available on a more frequent basis. This implies that the time
period being studied can be shortened because interim financial state-
ments provide more data points in computing the company variables than
annual financial statements.. This, in fact, is vital for reducing the
averaging of economic effects in computing these company variables for the
time period being studid. However, seasonality of quarterly accounting
data may result in wider fluctuations in the data points, as compared to
annual accounting data. The related impact on findings of the present
study is not known, and should be kept in mind when interpreting the

results. Nonetherless, fundamentalists are concerned about the use of
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interim financial statement data in evaluating security performance.
Thus, another objective of this study is to provide evidence with respect
to the potential use of quarterly accounting information in explaining the

variation of security returns.

The earning potential of a company by and large determines how profit-
able a compény will be in the long run. Needless to say, companies with
good investment opportunities are expected to provide greater returns to
investors. Thus, the impact of the earning potential, or growth, of a

company on security returns is also examined in the present study.

In summary, the major purpose of this research is to determine if, in
addition to the market factor, an industry factor, a company factor, and a
growth factor contribute significantly to explaining security returns.
Secondary purposes include an evaluation of the adjustment models uséd in
providing systematic risk estimates, an investigation of industry classi-
fication schemes, and an exploration of the potential use of quarterly

accounting information.

JUSTIFICATION FOR THE STUDY

Investors are concerned with security returns. They invest in secu-
rities with the hope of earning a fair return on the investment.

Risk-averse investors would like to identify those securities that gener-
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ate a constant and stable return, regardless of changes in the economy.
Risk-seeking investors, on the other hand, would like to pick those secu-
rities that provide unexpected capital gains from time to time. In order
to satisfy both such ivestor type, financial analysts and theorists have
tried to uncover the return generating process of securities. For
example, technical analysts look at the historical movement of security
returns to predicting future returns, whereas fundamentalists concentrate
on financial statement data when forecasting the.return on a security.
Additionally, theorists have devoted much time and effort to developing
models and theories that best describe the return generating process of
securities. Empirical researchers, in contrast, gather observations from
the capital market in order to investigate the underlying factors that
determine the return on a security. It is clear that extensive efforts
have been devoted to studying variations in security returns, but the sig-

nificant findings have not been presented in an organized fashion.

This study summarizes and combines the various theoretical and empir-
ical works on the issue, with the hope of developing a return model that
can adequately explain the variation in security returns and provide an
accurate prediction of security returns. This research should be able to
identify the significant determinants of security returns and provide a

useful tool to investors in making their investment decisions.

There are two areas of this research that distinguish it from similar
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studies. First, interim financial statement data are used to compute the
company and growth variables. Although, many studies have examined the
impact of quarterly earnings and dividends on return as well as risk,
quarterly balance sheet data have not been examined in such studies. This
is because quarterly balance sheet data were not available until the early
1970's and then it was time-consuming to gather this information from the
financial statements of a company. Quarterly balance sheet data are now
‘available on computer tapes, and data accessability is no longer a

problem.

This study attempts to explore the use of quarterly income statement
and balance sheet data in security analysis. Balance sheet data are used
in the present study because they reflect certain business structures
(e.g., capital structure) of a company, and are believed to be significant
determinants of security returns. In addition, if quarterly accounting
information is found to be useful, the high costs incurred in preparing
interim financial statements can be justified. In addition, it is hoped
that the results of this study will stimulate other research interests in
the use of quarterly accounting information. This would extend the bor-
ders of knowledge in the accounting discipline, certainly a major objec-

tive of the profession.

Second, a new variable, the industrv-related systematic risk of a

company, is developed to examine the impact of an industry factor on secu-
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rity returns. In most studies (e.g., Nerlove [1968]), the impact of the
industry factor has been examined by including an industry dummy variable
when estimating the return model. This typical approach is deficient for
the following reasons. First, if numerous industries are examined, a sub-
stantial number of industry dummy variables would be needed. For example,
when twenty industries are included in the sample for investigation, nine-
teen dummy variables are required in estimating the return model. It
becomes not only difficult but also tedious to interpret the significance
of the numerous dummy variables. Besides, the number of industries exam-
ined has to be limited because of the increased complexity of the return
model. The industry-related systematic risk variable constructed in the
present study has no such deficiency. Basically, it measures the respon-
siveness of a company's return to that of its industry. Thus, the con-
struction of this new variable, industry-related systematic risk, in the
present study should improve the research methods for examining an indus-

try effect.

The present study is not intended to be a direct test of any theore-
tical model. Rather, it attempts to investigate the return generating
process of securities. Hopefully, the results of the study will provide

information useful to investors in making their investment decisions.
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ORGANIZATION OF THE STUDY

The purpose and justification of the present study have already been

discussed. The contents of the following chapters are summarized below.

Chapter II presents a review of the relevant literature. It is
divided into two major sections. The first section is a discussion of two
models of capital market equilibrium, the Capital Asset Pricing Model and
the Arbitrage Pricing Theory. The implications of these equilibrium mod-
els to the present study are also discussed. The second section is a
description of the four factors--a market factor, an industry factor, a
company factor and a growth factor--that are hypothesized to be signif-
icant determinants of security returns. The components of the compaﬁy
factor are also identified in this section. Theoretical and ewmpirical
evidence on these proposed return generating factors are included. This
discussion serves as the_groundwork for the hypothesis developed in Chap-

ter TII.

In Chapter III, the hypothesis of the study is stated. The basic
hypothesis is that there exists a multifactor return model that best
explains the variation in security veturns. An operational definition of
the instrumental variables used in constructing the return model is then
presented. Finally, the data selection process and statistical methods

used in the study are described.
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The findings and results of this research are presented in Chapter
IV. Since the analyses performed are quite extensive, the results are
reported in a systematic fashion. First, the findings are categorized
into four major sections depending on which classification scheme is used
for grouping companies into industries. Second, within each classifica-
tion scheme, statistics for each alternative estimate of market-related
systematic risk are presented. Third, for each alternative estimate of
market-related systematic risk, regression statistics of the estimated
regression models are reported and evaluated. This hierarchical approach
is used in order to facilitate the determination of the "best" return mod-
el. The final section summarizes the results of the previous analyses to
enable the reader to recognize the significance of the findings and their

influence on security analysis.

The last chapter presents the conclusions of this research project.
Limitations with respect to the research methodology as well as the sta-
tistical methodology are discussed. Finally, a word about this project's

implications for future resarch are given.
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CHAPTER II

LITERATURE REVIEW

The literature review is divided into two main sections. The first
section presents two methods of describing equilibrium in the capital mar-
kets--the Capital Asset Pricing Model (CAPM) and the Arbitrage Pricing
Theory (APT), which provide the groundwork for developing the multifactor
return model. The second section presents factors that are potential
determinants of security returns. These return generating factors
include a market factor, an industry factor, a company factor, and a

growth factor.

Prior to a review of the relevant literature, it is enlightening to
clarify certain terminology that is used in this paper. Systematic risk

employed by the CAPM for each company is the market-related systematic

risk, which represents the responsiveness of a security's return to that
of the market. This risk definition is differentiated from the

industry-related systematic risk, which measures the responsiveness of a

security's return to that of its industry.
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MODELS OF EQUILIBRIUM IN THE CAPITAL MARKET

An analysis of general equilibrium conditions in the capital markets
allows determination of '"the relevant measure of risk for any asset and
the relationship between expected return and risk for any asset.'! The
analysis also enables assessment of the prices and returns of risky secu-
rities when markets are in equilibrium. This information is especially
useful in deciding which securities should be included when forming the

most desirable portfolio.

The first general equilibrium model, the Capital Asset Pricing Model
(Sharpe [1964], Lintner [1965a], and Mossin [1966]) is based on the
assumption that the expeéted return of any asset is linearly related to
its market-related systematic risk when markets ars in equilibrium. Since
its developmeht, the Capital Asset Pricing Model has been used extensively
in market-based empirical research. Recently, however, doubts have aris-
en concerning the model's effectiveness in explaining the empirical con-
stellation of asset returns. A new approach, the Arbitrage Pricing
Theory, was proposed in Ross [1976] and Roll and Ross [1980] as a more
appropriate alternative to the Capital Asset Pricing Model. The basic

premise of the Arbitrage Pricing Theory is that there are several factors

! Elton, Edwin J. , and Martin J. Gruber. Modern Portfolio Theory and
Investment Analysis, John Wiley & Sons, New York, 1981, p. 274.
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that are significant in explaining asset returns, assuming that the return

generating process is linear.

These two approaches to general equilibrium theory have different
perspectives on the return generating process of securities. The funda-
mentals of these two models, as well as their implications to the research

thesis, are presented in the following sections.

Capital Asset Pricing Model (CAPM)

ASSUMPTIONS

The Capital Asset Pricing Model (CAPM) was developed under the fol-

lowing stringent set of assumptions:?

1. the capital markets are perfectly competitive;
2. there are no transaction costs;

3. there is no personal income tax;

4. assets are infinitely divisible;

5. all assets are marketable;

6. there are unlimited short sales;

7. there are unlimited borrowing and lending at the risk free rate of
interest;

2 Ibid. pp. 275-276.
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8. investors seek to maximize their expected utility which is a function
of the expected values and standard deviations of the returns on their
portfolios; and

9. investors have homogeneous expectations with respect to the mean and
variance of asset returns over a single period.

Some of the assumptions appear to be objectionable because they do not
represent a realistic view of the capital markets. The usefulness of a
model, however, may not always be determined by how realistic its assump-
tions are, but rather it may sometimes be determined by how well it pre-
dicts the phenomenon it purports to describe. Therfore, the CAPM should
be evaluated not on the basis of its assumptions, but by examining the
relationship between the predictions of the model and the observed real
world phenomena. Empirical studies on the appropriateness of the CAPM in
describing asset returns are numerous, and some of the more important

findings are discussed in later sections.

SUGGESTED HYPOTHESES FOR EMPIRICAL TESTING

According to the CAPM, an equilibrium relationship exists between
risk and expected return from a security. In market equilibrium, a secu-
rity is expected to provide a return commensurate with its market-related

systematic risk. The model can be written as:

m
E(R,) =R, + 8] [ER) - R

f])

where E(Ri) expected return on security i;

E(Rm) expected return on the market;
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Rf = risk free rate of interest;

B? = market-related systematic risk of security i.

The model itself suggests a number of testable hypotheses. The first is
that higher risk (market-related systematic risk, B?) should be associ-

ated with a higher level of return. The second is that return is linearly
related to market-related systematic risk. The third is that there should
be no added return for nonmarket risk. These hypotheses have been tested
in numerous empirical studies. The results of some are summarized in the

following section.
EMPIRICAL TESTS AND FINDINGS

Most of the early empirical tests of the CAPM involved the use of a
time-series (first pass) regression to estimate the market-related sys-
tematic risk, and a cross-sectional (second pass) regression to test the
hypotheses suggested by the model. The first pass regression is of the

form:

m m
+ + =
Rig Ty ¥ B Ry Fteyt=1,2, » T

where Rit = return on security i in period t;

Rmt return on the market in period t;

]
1

it residual term of linear relationship;
m _ . : : .
a, = intercept of linear relationship;

m . . . : . .
Bi = slope of linear relationship, which is an estimate
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of the market-related systematic risk of security i;

T = number of periods.

The second pass regression is then performed on a sample of securities in

the form specified below:

2

- m .
Ri = a1 + a2 Bi + a3 Sei + si, i=1,2, ..., N

where Ri = mean return on security i;

m_ . . .

Bi = estimate of market-related systematic risk of

security i from first pass regression;

2 _ . . . .

Sei = residual variance from first pass regression;

g, = residual term of linear relationship;

al, a2, a3 = regression coefficients of linear relationship;

N = number of securities in sample.

Theoretically, a, should be equal to R_; a, should be equal to E(Rm)

£ @

- Rf; and a, should be equal to zero. Empirical results (Lintner [1965b],

Douglas [1968]) seem to violate the hypothesized CAPM, since a, is larger

1

than any reasonable estimate of R although statistically signif-

f; a2)

icant, has a value slightly lower than E(Rm) - R,_.; and a, is statistically

£ 3

different from zero. In a classic article, Miller and Scholes [1972] have
shown that the bias in the coefficients is a result of the sampling error
in estimating market-related systematic risk for the second pass

regression. In their study, Miller and Scholes also found that return

distributions are positively skewed. Furthermore, they show that if there
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is skewness, the second pass (cross-sectional) regression will show an
association between residual risk (Sei) and return, even though there is

no such association. Therefore, it is inappropriate to regard the results
of the previous studies (Lintner [1965b], Douglas [1968]) as evidence

against the CAPM.

In order to alleviate these statistical problems, Black, Jensen and
Scholes [1972] employed a portfolio approach to test the CAPM empirically.
Their approach presumes that errors in measuring market-related systeﬁat~
ic risk are random. These errors should cancel out, such that aggregate
error should be very small when estimating market-related systematic risk
for portfolios. Black, Jensen and Scholes find evidence in support of the
two-factor CAPM (or the so-called zero-Beta version of the CAPM), which

has the fcllowing form:

1]

m
E(R) =ER)) + 8] [ER) - ER))],

where E(Ri)

expected return on security i;

E(Rm) expected return on the market;

E(Rz) expected return on the zero-beta portfolio;

BT = market-related systematic risk of security i.
In a later study, Fama and MacBeth [1973] used the portfolio approach

suggested by Black et al., and tested the following cross-sectional model

for each month t:
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where Rit = return on security i in month t;

m . . . .
Bi = market-related systematic risk of security i;

Sei = standard deviation of residual from time-series
regression of security i's return on market return;

L residual term of linear relationship;

th = regression coefficient of linear relationship, and

i=0,1, 2, 3;

N = number of securities in sample.

Fama and MacBeth estimated XOt’ Xlt’ XZt’ X3t’ and U for each month
over the period January 1935 to June 1968. The average value of th (de-
noted by Xj) can be tested to see if it is significantly different from
zero. The results indicate that XO is generally greater than Rf; Xl is
significantly greater than zero, although it is generally less than Rm -
Rf; and both XZ and X3 are not statistically different from zero. This
evidence supports the CAPM, and leads to the conclusion that a positive
relationship exists between expected return and market-related systematic
risk. In addition, no added return exists for nonmarket risk. The aver-

age values of XOt and Xlt again imply that the two-factor model is more

consistent with equilibrium conditions than the one-factor CAPM.

In summary, empirical evidence supports the hypothesis that there is

a positive, linear relationship between expected return and
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market-related systematic risk. The significance of residual risk, how-

ever, has not yet been determined.
ROLL'S CRITIQUE

Despite these efforts in testing the CAPM, Roll [1977] argues that
the tests so far provide little evidence for or against the CAPM. Roll
proposes that there is only one testable hypothesis associatéd with the
CAPM, namely that "the market portfolio is mean-variance efficient." He
also states that other implications of the model--the best known being the
linearity relationship between expected return and market-related system-
atic risk--are not independently testable. In addition, Roll shows that
the return on any asset is an exact linear function of market-related sys-
tematic risk if the latter is computed using any efficient portfolio.
Conversely, if the portfolio used to compute market-related systematic
risk is not efficient, then no exact linear relationship exists between
return and market-related systematic risk. Furthermore, Roll argues that
the CAPM is not testable unless the exact composition of the market port-
folio is known and uséd in the tests. Thus, the so-called empirical tests
of the CAPM so far have only addressed the question whether the market
proxy chosen is efficient or not. Finally, Roll concludes that (a) no
correct and unambiguous test of the theory has appeared in the literature;
and (b) there is practically no possibility that such a test can be con-

structed in the future.® These critiques raise concerns with respect to
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the appropriateness of the CAPM in describing return behavior of the actu-

al capital markets, despite its theoretical soundness.

Arbitrage Pricing Theory (APT)

DERIVATION OF ARBITRAGE PRICING THEORY

Ross [1976] and Roll and Ross [1980] advocate the Arbitrage Pricing
Theory (APT) as a more appropriate alternative to the CAPM. The theory
assumes a linear return generating process and allows more than one factor
in generating asset returns. In general, if asset returns are assumed to
be generated by k basic factors, then the return generating process can be

described as follows:

,=E,+b,. 6 +b,, 6, + ... +Db, + e,
Ty El il "1 i2 "2 ik 6k €i
where r, = return on asset ij;

Ei = mean return on asset ij;

.th .
Gj = mean value of the j return generating factor
common to all assets in the market;
bij = a coefficient measuring the effect of the jth return

®  Roll, Richard. "A Critique of the Asset Pricing Theory's Tests - Part
I: On Past and Potential Testability of the Theory," Journal of Finan-
cial Economics, March 1977, p. 129.

“  Roll, Richard, and Stephen Ross. "An Empirical Investigation of the
Arbitrage Pricing Theory," Journal of Finance, December 1980, pp.
1076-1079.
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generating factor on the return from asset i;

ei = random noise.

Basically, any market equilibrium must be consistent with no arbi-
trage profits. Consequently, the expected return on an "arbitrage" port-
folio must be zero, since an "arbitrage" portfolio is one that bears no
risk and involves zero net investment. An algebraic consequence of this
statement is that the expected return on any security i must be‘a linear
combination of the bij terms. Therefore, in algebraic terms, there exist
k+1 weights, XO’ Xl, XZ’ ey Xk’ such that

Ei = XO + Xl bil + X bi2 + ... +X b for all i.

2 k “ik’

If there is a riskless asset with return EO’ then bij =0 for all j, and

Eo = 2o
hence the equilibrium return model can be written as

Ei - EO =X, b,., +X b, + + X for all i.

1 7il 2 "i2 e k bik’
By forming a portfolio with unit systematic risk on the jth factor and no
risk on the other factors, where Ej is the mean return on such a
portfolio, Xj (Xj = Ej - EO) can then be interpreted as the excess return
on portfolios with only systematic factor j risk. Each Xj can be deter-
mined in a similar fashion. Thus the equilibrium model, as defined by the
APT, is

= (gl - 2. k_
E, -E,=(E -E)b +E -E)b,+... (E -E)b,.
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The advantage of the APT, as suggested by Roll and Ross, is that the
market portfolio plays no special role in the model. This implies testa-
bility of the theory, as compared to the CAPM. In fact, k
well-diversified portfolios could be constructed to approximate the k

factors that are proposed to be better than any single market index.
EMPIRICAL TESTS AND FINDINGS

Contrary to the CAPM, empirical studies on the APT are limited. Long
before the development of the theory, the possibility of multiple return
generating factors was recognized. King [1966] was among the earliest to
find that an industry effect is significant in explaining stock prices, in
addition to the market effect. Brennan [1971] decomposed the residuals
from a market model regression, and from his findings concludes that "the
true return generating process must be represented by at least a two fac-
tor model rather than by the single factor diagonal model."® Roll and Ross
[1980] used factor analysis to determine the number of factors that should
be included in describing the return generating process of securities.
Three to four factors were found to be significant in affecting the return
generating process. The composition of these factors, however, is

unknown. Cho, Elton and Gruber [1984] extended Roll and Ross's study on

®  Brennan, M. J. '"Capital Asset Pricing and the Structure of Security
Returns," Unpublished manuscript, University of British Columbia, May
1971, p. 30.
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simulated return data. In the latter study, historical beta and Wilshire
beta® were used separately in the zero-beta CAPM to simulate daily return
data of the sample securities. The conclusion for the simulated return
data was that "there were fewer factors identified as generating returns
and fewer factors required to explain equilibrium returns than the numbers

corresponding to actual data."’

In fact, three factors were found to be
sufficient in explaining the return generating process of the simulated

data.

The tests of the APT reported by Roll and Ross are subject to several
limitations, as suggested by Dhrymes, Friend and Gultekin [1984]. The
major criticisms on the research methodology are that® (i) it is generally
not permissible to carry out tests on whether a given "risk factor is
priced"; this is a result inherent in the structure of standard factor
analytic models, unless one is prepared a priori to specify that in the

"true" structure certain factor loadings are known; (ii) factor analyzing

Historical beta is estimated by regressing daily security returns on
daily value-weighted market returns. Wilshire beta, on the other
hand, is determined by such factors as historical beta, a set of fun-
damental factors, and industry membership.

7  Cho, D. Chinhyung, Edwin J. Elton, and Martin J. Gruber. "On the
Robustness of the Roll and Ross Arbitrage Pricing Theory," Journal of
Financial and Quantitativf Analysis, March 1984, p. 2.

Dhrymes, Phoebus J., Irwin Friend, and N. Bulent Gultekin. "A Crit-
ical Reexamination of the Empirical Evidence on the Arbitrage Pricing
Theory,' Journal of Finance, June 1984, p. 324.
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small groups of securities is not equivalent to factor analyzing a group
of securities sufficiently large for the APT model to hold; and (iii) as
one increases the size of the security groups to which the APT/factor ana-
lytic procedures are applied, the number of 'factors" determined
increases. This implies that factor analysis is not an appropriate tool

for testing the APT.

In another study, Pari [1980] used the portfolio approach to test the
APT, and in geﬁeral, the results, support a four-factor version of the
APT. Another crucial finding of Pari's study is that industry portfolios
can be constructed to describe the return generating process of
securities, although thé economic affiliations among companies within
some industry clusters are not strong. Therefore, despite the limitations
on the use of factor analysis in empirically testing APT, the results
reported by Pari are in support of a multifactor return model. Further-
more, Chen [1983] compares the evidence on the APT and the CAPM, and con-
cludes that the APT performs well in explaining the process generating
security returns. The evidence provided by Chen also indicates that esti-
mated expected returns depend on estimated factor loadings, and variables
such as the variance of a security's return and company size do not con;

tribute additional explanatory power to that of the factor loadings.
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Implications

Regardless of Roll's criticisms, the so-called empirical tests of the
CAPM (Black, Jensen, and Scholes [1972], Fama and MacBeth [1973]) provide
evidence in support of the proposition that a positive, linear relation-
ship exists between expected return and market-related systematic risk.
Other empirical evidence (Brenner [1971], Roll and Ross [1980], Pari
[1980] Cho, Elton and Gruber [1984]), however, indicates that there are at
least three to four factors that are significant in generating security
returns. Furthermore, APT provides a theoretical basis for advocating the
existence of a multifactor return model at market equilibrium. All these
developments lead to greater concern, as well as research interest in

testing the appropriateness of a multifactor return model.

The present study attempts to examine if factors other than
market-related systematic risk play significant roles in explaining secu-
rity returns. It is necessary to make it clear, however, that the intent
of this study is not to test the CAPM or APT directly. Rather, it seeks to
determine what other factors also help explain the return on securities;
such factors do not necessarily represent factors that are common to all
assets in the capital market. That is why factors specific to individual
companies, such as a company factor and a growth factor, are included in
determining the multifactor return model. Quarterly accounting informa-

tion is used in constructing the company factor as well as the growth fac-
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tor. This is based on the belief that quarterly accounting data (which
are more frequently available than annual accounting data) provide better
residual risk measures for individual companies, since more data observa-

tions are available for constructing the variables for a given period.

RETURN GENERATING FACTORS

A éurvey of the literature suggests that four factors can be signif-
icant in describing security returns. They are a market factor, an indus-
try factor, a company factor, and a growth factor. In general, the market
factor affects all assets in the capital market, while the industry factor
affects only specific (industrial) segments of the market. The company
factor, on the other hand, describes the fundamental characteristics of
the individual company, which in itself is unique in nature. Finally, the
growth factor reflects both the influence of general economic conditions
on the individual company and the company's earnings potential in the

future. Each of these factors is described in detail in the following

sections.

Market Factor

EMPIRICAL SIGNIFICANCE

It is a generally accepted view that some ideal "market portfolio"
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cannot be identified. As a remedy, empirical researchers turn to readily
available proxies of the market portfolio. Regardless of which proxy is
chosen, research findings indicate that the average explanatory power of
the market return with respect to security returns is within a range of 20
to 40 percent (Melicher [1974], Fama [1976], Livingston [1977], Foster
[1978]). This evidence has two implications: first, because of the rela-
tively large degree of explanation, the market factor is a significant
factor in determining security returns; and second, because of the large
proportion of unexplained variation in security returns, the omission of

other return generating factors from the market model can be crucial.

Factor analytic methods, in addition to the market model, have been
used to determine how well the market factor explains security returns.
King [1966] was among the pioneers who used factor analysis to study stock

price behavior. Based on his findings,’

he concluded that the typical
stock has about half its variance explained by an element of price change
that affects the whole market. King's findings were supported by Meyers
[1973]; however, Meyers found that the percentage of variation in stock
prices explained by the market factor tends to decline over time. Living-

ston [1977] criticizes the use of factor analytic methods in extracting

the market factor. He found that factor analysis is sample sensitive, and

King, Benjamin F. '"Market and Industry Factors in Stock Price Behav-
ior," Journal of Business, January 1966, p. 151.
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its solutions seem to put more variance into their market factor and less
into the residuals.!® This results in an upward bias when factor analysis
is used to determine the explanatory power of the market factor on securi-
ty returns. Using the market model as a basis for isolating the market
effect, Livingston found that the market factor explains only 25 percent
of the variance of security returns on the average, rather than 50

percent.

Regardless of the methodology used, these empirical findings lead to
the conclusion that there is a market factor that plays an important role

in explaining variation in security returns.

MARKET-RELATED SYSTEMATIC RISK AND ITS ESTIMATION

Stock prices tend to move together in response to economic,
political, or other events. This observation has led to the development
of the market model (Sharpe [1963]), which is based on the assumption of a
linear relationship between a security's return and the market return, if
their joint distribution is bivariate normal. Since then, the market mod-
el has been used extensively in financial research, especially for esti-

mating the market-related systematic risk of securities.

19 TLivingston, Miles. "Industry Movements of Common Stocks," Journal of

Finance, March 1977, p. 865.
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According to the CAPM, a security's return is dependent on its
market-related systematic risk, which measures its riskiness relative to
that of the market. Empirical findings (Black, Jensen, and Scholes
[1972], Fama and MacBeth [1973]) are consistent with this theoretical
hypothesis. As a matter of fact, a positive linear relationship has been
found to exist between a security's return and its market-related system-

atic risk.

The use of market-related systematic risk in the financial community
is extensive. Security analysts use this risk measure to evaluate securi-
ty performance as well as to identify securities that are potential candi-
dates for inclusion in a portfolio. Its use in reducing uncertainty is so
crucial that several models have been developed to provide future fore-
casts of market-related systematic risk. The most commonly known models
include the market model (Sharpe [1963]), the mean reversion model (Blume
[1971]), the order bias adjustment model (Blume [1975]), and the Bayesian

adjustment model (Vasicek [1973]).

MARKET MODEL: The market model (Sharpe [1963]) is the most commonly
used model for estimating the market-related systematic risk of a company.
The basic assumption of the market model is that the joint distribution
between a security's return and the market return is bivariate normal.
According to the market model, the market-related systematic risk of a

company can be estimated by regressing time-seriés observations of secu-
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rity returns on observations of the market return over the same period.
The regression coefficient for the market return is then an estimate of
the market-related systematic risk. Like any regression coefficients,
this estimate is subject to error. Moreover, the situation is further
complicated by the fact that the market-related systematic risk is not
stationary over time. This is due to the fact that the market-related
systematic risk changes as the fundamental characteristics of the firm
change. As a consequence, adjustment techniques have been developed to
reduce the error associated with measuring the true market-related sys-

tematic risk and the possibility of its shift over time.

The estimate of market-related systematic risk for any stock is part-
ly a function of the true underlying market-related systematic risk and
partly a function of sampling error. If a very high estimate of the mar-
ket-related systematic risk for a security is computed, there is an
increased probability that a positive sampling error exists. In contrast,
if a very low estimate of the market-related systematic risk is computed,
there is an increased chance that a negative sampling error exists. This
scenario is supported by empirical evidence. Blume [1975] found that the
estimate of market-related systematic risk, on the average, tends to con-
verge towards the value of one in successive periods. Some adjustment
techniques, presented below, have attempted to capture this tendency of
market-related systematic risk estimate to regress towards the value of

one.
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MEAN REVERSION MODEL: Blume [1971] advocated a method of correction
for_the tendency of market-related systematic risk estimates to regress
toward the value of one. He asserted that the rate of regression towards
the value of one is stationary over time. If that assumption holds, the
method of correction is to regress the estimated values of market-related.
systematic risk in one period on the values estimated in a previous period
and to use this estimated relationship to modify the assessment of the
future. In his study, Blume found that this adjustment method improves
the a