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MANAGERIAL AND DECISION ECONOMICS, VOL. 13, 305-314 (1992) 

Portfolio Management Using a 

Factor-analytic Stock Selection 

Strategy 
S. G. Badrinath 

College of Business, Northeastern University, Boston, MA, USA 

and 
Omesh Kini 

Penn State University, PA, USA 

This study takes an integrated look at six widely documented price-related CAPM anomaly 
variables. Using maximum likelihood factor analysis, we extract factors common to these 
variables. We find that portfolios formed according to the first extracted factor alone exhibit 
abnormal performance. Further, the performance of firms ranked on the basis of extracted 
factor scores for this factor is superior to that of firms selected on the basis of any one of the six 
variables. Our results have implications for (1) isolating missing factors in the CAPM 
specification and (2) designing dynamic portfolio strategies aimed at jointly exploiting more 
than one anomaly. 

INTRODUCTION 

The development of the Efficient Market Hypo- 
thesis (EMH) in the late 1960s fundamentally al- 
tered the nature of investment decision making. If, 
according to the EMH, public information was 
already reflected in security prices, then active 
investing via careful security selection and corre- 
sponding portfolio revision could not be expected 
to systematically outperform naive buy-and-hold 
strategies. Passive vehicles such as index funds 
began to attract investor capital. Comparative per- 
formance measures such as the Forbes' Dartboard 
fund further reinforced the notion of efficient 
markets. 

From the late 1970s and through the 1980s, 
several regular patterns in security returns were 
empirically documented, the most notable being the 
firm size effect.' The evidence that risk-adjusted 
abnormal returns could be earned on portfolios of 
small firms raised the spectre of market inefficiency. 
Defenders of the faith argued that improper risk 
assessment and portfolio formation rules were 
likely to account for this 'abnormal performance' in 
security returns and that the EMH would be valid- 
ated if models were specified properly.2 This debate 

regarding market inefficiency or model mis-speci- 
fication continues to this day. 

Nevertheless, the promise of extraordinary re- 
turns from detecting and exploiting stock return 
anomalies continued to entice investors and in 
quick succession portfolios formed according to the 
Price/Earnings ratio, Price, the Price/Book ratio, 
the Price/Sales ratio and the Tobin's q ratio were 
all documented as exhibiting abnormal perform- 
ance.3'4 Widespread interest in the area also 
resulted in the uncovering of several 'calendar' 
anomalies such as the January effect, the weekend 
effect and the time-of-the-day effect.5' 6 Institutional 
equity managers began to incorporate these find- 
ings into their portfolio strategies.7 

This paper uses maximum likelihood factor ana- 
lysis to jointly investigate the abnormal per- 
formance of portfolios formed according to several 
widely documented anomaly variables.8 Typical 
factor analyses attempt to reproduce the correla- 
tions among variables in terms of a minimal num- 
ber of common factors. In such applications, the 
decision on the number of significant factors is 
critical and conventional statistical tests often over- 
estimate this number. Our focus is not on finding all 
factors common to these variables but only those 
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factors that contribute towards abnormal per- 
formance. Accordingly, first one common factor is 
extracted, portfolios formed according to factor 
scores and checked for abnormal performance. If 
such abnormal performance is detected, then two 
factors are extracted and the process continues. 

The variables studied are (1) Firm Size, (2) 
Earnings/Price Ratio, (3) Price, (4) Tobin's q, (5) 
Price/Book, and (6) Price/Sales. While this list is by 
no means exhaustive, our purpose is to demonstrate 
that such a joint treatment is indeed advantageous. 
Favorite variables can be easily included in this 
factor-analytic framework. Our results indicate that 
when portfolios are formed on the basis of factor 
scores for the first extracted common factor, abnor- 
mal performance is about 40% more than the 
largest observed for any one of the six chosen 
variables. For the second extracted common factor 
no abnormal performance is evident. 

Our results have two implications. First, they 
suggest the existence of one price-related risk factor 
that may be missing from existing CAPM specifica- 
tions. Second, if the CAPM is viewed as adequately 
capturing pricing behavior, then a factor-analytic 
approach offers the potential of extraordinary re- 
turns to portfolio managers from exploiting several 
anomalies simultaneously. 

METHODOLOGY 

Research attempting to isolate anomalies has typ- 
ically followed one of two paths. The first is a 
portfolio approach (pioneered by Basu, 1979) where 
firms are ranked on the basis of one variable and 
grouped into portfolios. Abnormal performance is 
measured within the context of the single-factor 
CAPM using the following equation: 

RP- Rft=ac+f3(Rmt-Rft)+et t=1, . . ., 180 
(1) 

where 

Rpt= return on portfolio p, 
Rmt= return on a market portfolio, 
Rft = return on a T-bill with one month to matur- 

ity. 

For each portfolio, a measures the abnormal 
return. The abnormal performance of portfolios 
formed according to any variable refers to the 
difference between the abnormal returns on extreme 
portfolios formed according to that variable. Signi- 

ficant abnormal performance is revealed by a 
Hotelling's F-statistic that tests for the significance 
of the vector of abnormal portfolio returns.9 

For each year in the period 1967-82, values for 
the six variables (Firm Size, Price, E/P ratio, 
Tobin's q, Price/Book, and Price/Sales) were com- 
puted from the Compustat Industrial tapes.'0 To 
control for any survivorship biases, firms from the 
COMPUSTAT research tapes are also included. 
For inclusion in the sample, firms had to have fiscal 
years ending in December and data available for at 
least one year in the period 1967-82. A total of 1820 
firms met these criteria. For each year, these firms 
were then ranked on the basis of each variable and 
grouped into one of five equal-sized portfolios. 
Portfolio sizes ranged between 200 and 250 firms in 
each year of the sample period. To avoid any 'look- 
ahead' biases, portfolios were formed in April of 
each year using information from December of the 
previous year. Two different portfolio formation 
strategies were utilized. In the first, each firm was 
assigned an equal weight in the portfolio, while in 
the second, a buy-and-hold strategy was simu- 
lated. 1 

Monthly returns were then calculated for each 
portfolio using the CRSP monthly NYSE/AMEX 
tapes. The monthly return on Treasury bills with 1 
month to maturity (provided by Ibbotson Associ- 
ates) was used as a proxy for the risk-free rate. 
Portfolio performance was measured relative to 
systematic risk using both the single factor and 
Black's two-factor CAPM.12 Two proxies for the 
market index were used the CRSP equal- 
weighted as well as the value-weighted NYSE/ 
AMEX index.'3 Only results using the CRSP 
value-weighted index are reported in this paper. 
Performance comparisons are also made after 
adjusting for total risk by using the inverse of 
the coefficient of variation. For each portfolio, the 
inverse of the coefficient of variation measures the 
return per unit of total risk. Differences in this 
measure between the portfolio and the relevant 
market index then serve as an indicator of portfolio 
performance.'4 

DOCUMENTED PRICE-RELATED 
ANOMALIES 

Table 1 presents summary results for our sample of 
firms. In each panel, firms are ranked in ascending 
order of the relevant variable and distributed into 
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Table 1. Performance Evaluation of Portfolio Formed According to Different Variables 
Portfolio performance' Mediansb 

Portfolio Portfolio Abnormal Firm Earnings/ Tobin's Price/ Price/ 
returns Beta returns size Price Price q Book Sales 

Panel A: Portfolios formed according to Firm Size 
1 1.381 1.069 0.782c 8 6.75 0.11 0.84 0.77 0.26 
2 1.026 1.104 0.425c 29 13.60 0.10 0.94 0.99 0.38 
3 1.019 1.089 0.419c 80 19.80 0.10 0.95 1.09 0.54 
4 0.812 1.011 0.214 234 26.80 0.09 1.02 1.27 0.76 
5 0.608 0.939 0.012 909 37.50 0.08 1.09 1.47 0.90 
Hotelling's F= 1.79 

Panel B: Portfolios formed according to Price 
1 1.449 1.164 0.847c 10 5.40 0.10 0.85 0.77 0.27 
2 1.073 1.078 0.475c 34 12.60 0.11 0.89 0.91 0.38 
3 0.892 0.977 0.295 87 19.10 0.10 0.94 1.05 0.55 
4 0.772 0.989 0.174 205 27.80 0.10 1.02 1.26 0.70 
5 0.620 0.981 0.023 606 44.00 0.08 1.25 1.75 1.00 
Hotelling's F=0.98 

Panel C: Portfolios formed according to E/P ratio 
1 0.685 1.171 0.083 128 24.80 0.04 1.58 2.35 1.29 
2 0.790 1.069 0.191 165 24.00 0.09 1.13 1.48 0.77 
3 0.831 0.999 0.233 134 22.00 0.12 0.96 1.11 0.56 
4 1.145 0.965 0.548c 92 19.40 0.15 0.88 0.95 0.43 
5 1.344 0.986 0.747c 41 15.00 0.19 0.81 0.75 0.27 
Hotelling's F=4.02d 

Panel D: Portfolios formed according to Tobin's q 
1 1.397 1.077 0.790c 62 16.00 0.12 0.62 0.64 0.33 
2 1.312 1.100 0.704c 63 16.30 0.12 0.81 0.79 0.33 
3 0.882 1.098 0.275 102 19.35 0.11 0.91 1.04 0.49 
4 0.869 1.200 0.259 113 33.80 0.10 1.12 1.44 0.63 
5 0.722 1.253 0.109 206 31.40 0.06 1.96 2.86 1.48 
Hotelling's F=4.59d 

Panel E: Portfolios formed according to Price/Book ratio 
1 1.509 1.118 0.908c 29 11.50 0.12 0.73 0.55 0.21 
2 1.117 0.973 0.573c 72 17.10 0.12 0.84 0.80 0.39 
3 0.837 0.975 0.240 118 20.60 0.11 0.93 1.03 0.54 
4 0.766 1.046 0.168 149 24.40 0.09 1.12 1.52 0.73 
5 0.557 1.107 0.044 239 32.50 0.06 1.95 3.06 1.52 
Hotelling's F= 2.99d 

Panel F: Portfolios formed according to Price/Sales 
1 1.353 1.160 0.751c 24 10.90 0.12 0.81 0.65 0.15 
2 1.087 1.099 0.487c 52 16.30 0.12 0.88 0.89 0.30 
3 0.974 1.083 0.374c 100 21.10 0.11 0.97 1.11 0.48 
4 0.743 0.921 0.247 200 25.00 0.10 1.03 1.34 0.82 
5 0.704 0.966 0.107 281 30.00 0.06 1.58 - 2.36 2.12 
Hotelling's F= 1.34 

a-For each panel, both portfolio and abnormal returns are in monthly percentage terms. Abnormal returns relative to 
the CAPM are estimated using 180 monthly portfolio returns. The CRSP value-weighted portfolio is used as a proxy 
for the market and the monthly returns on T-bills with one month to maturity proxy for the risk-free rate. 
b For each portfolio, median values are pooled cross-sectional time-series estimates over the entire sample period 
1967-82. 
c t-statistic is significant at 95%. 
d F-statistic significant at 95%. 
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one pf five portfolios. Portfolio returns, abnormal 
returns and portfolio betas are displayed. Portfolio 
returns tend to increase steadily as we move from 
portfolio one to portfolio five.15 For each variable, 
differences in abnormal returns between extreme 
portfolios for that variable are comparable with 
previously documented results. They range from 
0.644% per month (7.73% per year) for the 
Price/Sales ratio to 0.864% per month (10.37% per 
year) for the Price/Book ratio. 

For each panel, the table also contains median 
values for all six selected variables. These medians 
are first pooled cross-sectionally within each port- 
folio and then over all 15 years of the sample period. 
Median values increase steadily with portfolio rank 
for Firm Size, Price, Price/Book, Tobin's q, and 
Price/Sales, indicating some positive correlation 
between these variables. Median E/P ratios, how- 
ever, are very stable over portfolios formed accord- 
ing to both Firm Size and Price, perhaps suggesting 
a different causal factor. Table 2 displays both 
pooled cross-sectional and time-series correlation 
coefficients, as well as correlations within portfolio 
ranks.'6 From Table 2 (panel A), Firm Size and 
Price per share appear highly correlated with each 
other and to a lesser extent with the other variables. 
Earnings/Price and Tobin's q appear the least re- 
lated to Size and Price and are closer to Price/Book 
and Price/Sales. 

Examining correlations within portfolio ranks 

sheds further light on the complexity of the inter- 
actions between these variables. For instance, in the 
small-firm portfolio (column 1 of Table 2, panel B) 
Firm Size appears closely associated with each of 
the other variables. A marked decline in this rela- 
tionship is evident for the other extreme-size port- 
folio (portfolio 5). Again, while Tobin's q and 
Price/Book appear similar (full-period rank 
correlations of 0.91), their relationship is very differ- 
ent for different portfolio ranks. For the first port- 
folio of firms ranked according to Tobin's q, rank 
correlation with Price/Book drops to 0.15. The E/P 
effect also does not appear confined to small firms. 
Price/Book and the Price/Sales ratios are fairly 
highly correlated with each other. Generally, these 
interactions vary with portfolio rank and display 
substantial differences between extreme portfolio (1 
versus 5) rank correlations for each ranking vari- 
able. Taken as a whole, the correlation coefficients 
provide sufficient motivation to search for common 
features between the six variables. To this end, a 
factor-analysis procedure is described in the next 
section. 

FACTOR ANALYSIS AND RESULTS 

Several methods for factor analyzing data and 
transforming data to factor scores have been de- 
veloped and applied in psychology and economics. 

Table 2. Rank Correlation Coefficient 
Panel A: Full period rank correlations' 

Firm Earnings/ Tobin's Price/ 
Variable Size Price Price q Book 

Price 0.74b 
Earning/Price 0.17b _0.36b 

Tobin's q 0.23b 0.45b -0.64b 

Price/Book 0.35 b 0.55b _0.67b 0.91b 

Price/Sales 0.42b 0.53b -0.60b 0.65b 0.76b 

Panel B: Portfolio rank correlationsc 
Variable Firm Size Price Earnings/Price Tobin's q Price/Book Price/Sales 
Portfolio# 1 5 1 5 1 5 1 5 1 5 1 5 

Firm Size 0.54b 0.33b 0.19b -0.29b -0.18b 0.1 lb 0.33b 0.03 0.26b 0.11b 

Price 0.64b 0.38b 0.01 -0.5lb _0.01b 0.37b 0.56 b 0.31b 0.49b 0.39b 

Earning/Price -0.22"b 0.07b _0.33b _0.53b 0.38b _0.74b 0.49b _0.76b _0.54b _0.7 lb 

Tobin's q 0.40b 0.15b 0.42b 0.44b -0.27 -0.54b 0.72b 0.88b 0.37b 0.56b 

Price/Book 0.43b 0.16b 0.46b 0.47b -0.28b -0.66b 0.15b 0.93b 0.61b 0.58b 

Price/Sales 0.34b 0.06b 0.42b 0.40b -0.27b -0.65b -005b 0.70b 0.27b 0.67b 

a Overall rank correlations are pooled cross-sectional time-series estimates over the entire period 1967-82. Each estimate uses 
17010 observations. 
b Coefficient is significant at 95%. 
'For each variable, rank correlations are for extreme portfolios formed according to that variable. In these calculations, only firms 
in a portfolio are pooled cross-sectionally and over time. Each estimate uses between 2500 and 3500 observations. 



PORTFOLIO MANAGEMENT 309 

As early as 1966, King examined factor patterns in 
prices of 63 securities. Factor analysis attempts to 
extract a parsimonous description of observed data. 
Its broad objective is to reproduce correlations 
among p random variables XlX2, ..., Xp in 
terms of m (< p) common factors and to understand 
and explain the structure of the p original variables. 
A general orthogonal maximum likelihood factor 
analysis model is:'7 

X = A Y + Z (1) 

(px 1) (pxm)(mx 1) (px 1) 
where 

(1) X=[X1, X2,... , Xp] is the observable ran- 
dom vector of p variables. X has a multivariate 
normal distribution with E(X) = 0, and Var(X) 
= E; 

(2) Y=[Y1, Y2,..., Ym],m<paremhypothetical 
unobservable random variables assumed to be 
the common factors that linearly generate each 
Xi, Y-N(0, 1.); 

(3) Z=[Z1, Z2,5 *, Zp] are hypothetical un- 
observable random variables specific to each Xi, 
Z N(O, D,) with Do=diagQ(D1, D2 ... , (DP) 
and Cov(Zi, Yj)=O; 

(4) A=(zij) (i=1, 2, . . ., p and j=1, 2, . . .,m) is 
the matrix of coefficient parameters called factor 
loadings; 

(5) A'D4, A is a diagonal matrix.18 

From the above assumptions we have: 

E=AA'+D,, (2) 

The procedure in factor analysis is typically to fix 
the number of factors m and then estimate A and 

Do. It is common to transform the factor loadings 
matrix in order to make it more interpretable in the 
context of the subject matter. Appropriate tests for 
the number of significant factors such as chi- 
squared tests and Akaike's and Schwartz' informa- 
tion criteria are available, but they can overestimate 
the number of relevant factors. 

Once A and D. are estimated, scores can be 
assigned to each of the p common factors Yi. These 
factor scores are realizations of the common factor 
and may aid in interpreting the factor model. A 
regression of the form 

Yo= A'(AA'+ DOt)-Xo (3) 

generates the factor scores as linear combinations of 
the standardized p original variables. 

In our context, the motivation for factor analysis 

is perhaps best illustrated with an example. Suppose 
in some time periods, large firms with high Earn- 
ings/Price ratios are outperforming the market. 
This 'superior' performer will be included in a high 
E/P ratio portfolio, but ignored if a purely size- 
based portfolio strategy is implemented. Extracting 
common features of several anomaly measures sim- 
ultaneously and incorporating these into a portfolio 
strategy is likely to improve overall portfolio per- 
formance. Our results indicate that ranking firms 
on the basis of common factor scores appears to 
serve such a purpose. 

Accordingly, for each of the fifteen years in the 
sample period, maximum likelihood factor analysis 
was carried out on all six variables to extract 
common factors. Scores for each factor for each 
year were also computed using Eqn (3) above. 
Estimating the factor-analysis model each year 
makes this weighting scheme dynamic, varying 
every year depending upon the contribution of the 
variable to that factor. With factor analysis, the 
decision on how many factors are significant 
becomes crucial. Since, in this context, we are 
attempting to isolate abnormal performance, the 
search for significant factors was terminated when 
the factor did not display such behavior. 

Thus, at first, one single factor was extracted and 
firms assigned to portfolios on the basis of the 
magnitude of estimated factor scores. Abnormal 
returns on these factor-score portfolios were signi- 
ficantly different from each other. In the next pass, 
two factors were extracted. As the results below 
indicate, abnormal performance was detected for 
only the first factor and not for the second. No 
further factors were retrieved. 

Table 3 describes the performance evaluation 
results for the case of two factors. For the first 
common factor, portfolio returns decrease steadily 
with portfolio rank, ranging from 1.679% per 
month for the smallest-first-factor portfolio to 
0.47% per month for the portfolio with the largest 
first-factor scores. A Hotelling F-statistic of 2.95 
indicates that the vector of abnormal returns for the 
five portfolios is significantly different from zero. 
The difference in abnormal returns between factor 
portfolio one and five is 1.208% per month (14.4% 
per year). In comparison, the maximum 'arbitrage' 
portfolio return among the six variables in Table 1 
is 0.864% per month (10.3% per year) for portfolios 
formed in ascending order of the Price/Book ratio. 

Thus, portfolios formed on the basis of the first 
factor display larger abnormal returns than any one 
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Table 
3. 

Performance 

Evaluation 
of 

Portfolios 

Formed 

According 
to 

Common 

Factors 

Medians' 

Portfolio 

returnsa 

Value-weighted 

indexb 

Firm 

Price 

Earnings/ 

Tobin's 

Price 

Price/ 

Rp 

SDp 

(1/C 
Vp) 

a, 

bi 

R2 

D, 

Size 

Price 

q 

Book 

Sales 

Panel 
A: 

For 

portfolios 

formed 
in 

ascending 

order 
of 

the 

first 

factor 

1 

1.679 

0.075 

0.224 

1.075d 

1.25 

0.61 

0.097 

15 

8.13 

0.114 

0.801 

0.696 

0.272 

2 

1.240 

0.061 

0.203 

0.639d 

1.14 

0.76 

0.076 

46 

15.25 

0.113 

0.872 

0.875 

0.392 

3 

0.928 

0.058 

0.170 

0.329d 

1.06 

0.82 

0.043 

112 

21.75 

0.108 

0.924 

1.013 

0.550 

4 

0.715 

0.055 

0.130 

0.115 

1.09 

0.86 

0.003 

231 

28.50 

0.095 

1.054 

1.319 

0.720 

5 

0.468 

0.056 

0.083 

-0.133 

1.15 

0.91 

-0.044 

585 

42.00 

0.069 

1.531 

2.234 

1.242 

Hotelling's 

F=2.95e 

Panel 
B: 

For 

portfolios 

formed 
in 

ascending 

order 
of 

the 

second 

factor 

1 

1.017 

0.069 

0.148 

0.415 

1.16 

0.63 

0.021 

44 

15.50 

0.109 

0.805 

0.816 

0.374 

2 

1.028 

0.061 

0.169 

0.427d 

1.13 

0.76 

0.042 

47 

17.00 

0.105 

0.904 

0.934 

0.424 

3 

1.038 

0.057 

0.182 

0.438d 

1.10 

0.82 

0.055 

81 

18.13 

0.104 

0.940 

1.040 

0.511 

4 

1.045 

0.060 

0.175 

0.443d 

1.15 

0.82 

0.048 

149 

22.25 

0.096 

1.044 

1.285 

0.614 

5 

0.902 

0.057 

0.157 

0.301 

1.13 

0.85 

0.030 

468 

32.50 

0.075 

1.397 

2.004 

1.018 

Hotelling's 
F 
= 

1.34 

Panel 
C: 

Market 

portfolio 

data 

VW 

0.598 

0.047 

0.127 

a 

For 

each 

panel, 

this 

subsection 

has 

average 

data 
for 

portfolio 

returns. 

Portfolios 

are 

numbered 
1 

through 
5 
in 

ascending 

order 
of 
the 

relevant 

variable. 

Portfolio 

returns 
Rp 

are 
in 

per 

cent 

per 

month, 

SDp 
is 

the 

standard 

deviation 
of 

portfolio 

return. 

(1/C 
VP) 
is 

the 

inverse 
of 

the 

coefficient 
of 

variation 

for 

the 

portfolio. 

b 

Performance 

results 

based 

on 

the 

CAPM 

for 

each 

portfolio. 

The 

CRSP 

value-weighted 

index 
is 

the 

market 

proxy. 

The 

return 
on 

T-bills 

with 

one 

month 
to 

maturity 

proxies 

for 

the 

risk-free 

rate. 
a, 
is 

the 

abnormal 

return 
for 

portfolio i 
(in 

per 

cent 

per 

month), 
b, 

the 

portfolio 

betas. 
D1 
is 

the 

difference 

in 

the 

inverse 
of 

the 

coefficient 
of 

variation 

between 

the 

portfolio 

and 

the 

market 

index. 

I 
All 

medians 

are 

pooled 

cross-sectional 

time-series 

medians 

over 

the 

sample 

period. 

dt-statistic 

significant 
at 

95%. 

eF-statistic 

significant 
at 

95%. 
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previously documented variable. Portfolio stand- 
ard deviations are larger for the first portfolio and 
then fairly similar across the other.'9 Further, port- 
folio betas exhibit a pronounced U-shaped pattern 
with higher-than-market betas for low as well as 
high-first-factor portfolios. Coupled with the in- 
creased abnormal performance attributable to the 
first factor, this suggests that factor analysis appears 
to separate the high-risk 'good' firms from the high- 
risk 'bad' ones. 

Results for firms assigned to portfolios on the 
basis of factor scores for the second factor are 
presented in panel B of Table 3. Unlike the first 
factor, portfolio returns are fairly similar across the 
five portfolios. No differential abnormal per- 
formance between extreme portfolios is evident. 
Hotelling's F-statistic is also insignificant, indicat- 
ing that portfolio abnormal returns are not statist- 
ically different from each other. 

To formally test for the number of priced factors, 
we follow a procedure first developed by Brown 
et al. (1983).2o The following equation is estimated 
under this method: 

Rpt-Rft=aO +flpm(Rmt-Rft)+alFlt+a2F2t+ept 

p=1,...,25,t=1,..., 180 

where Rpo Rmt and Rft are as before, F,t and F2t 
represent factors scores for the first and second 
factors, respectively. 

Significant values for the parameter estimates al 
and a2 would reveal that both factors are priced. 
Only al is significant (coefficient of - 0.0034 with an 
associated t-statistic of - 3.499), indicating that 
there is only one price-related factor that is missing 
from the CAPM specification. 

Thus, the abnormal performance attributed to 
the six chosen variables appears to be reflected by a 
single common factor. Since the factor-score estim- 
ates are linear combinations of the six chosen 
variables, it appears that factor analysis provides a 
weighting rule that captures the essential per- 
formance features of these variables. The weighting 
rule is dynamic in the sense that the weights to be 
applied are adjusted in accordance with changes in 
the correlation structure of the six variables over 
time. 

JANUARY SEASONALITY 

This section investigates the issue of January sea- 
sonality. Rozeff and Kinney (1976) and others have 

Table 
4. 

Mean 

Monthly 

Portfolio 

Returns 

with 

and 

without 

Januarya 

Firm 

Size 

Price 

Earnings/Price 

Tobin's 
q 

Price/Book 

Price/Sales 

Factor 
1 

Factor 
2 

Portfolio 

with 

w/o 

with 

w/o 

with 

w/o 

with 

w/o 

with 

w/o 

with 

w/o 

with 

w/o 

with 

w/o 

no. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

1 

1.381 

0.590 

1.449 

0.560 

0.685 

0.367 

1.381 

0.736 

1.509 

0.799 

1.353 

0.636 

1.679 

0.921 

1.017 

0.390 

2 

1.026 

0.499 

1.073 

0.570 

0.790 

0.508 

1.311 

0.750 

1.170 

0.702 

1.087 

0.633 

1.240 

0.768 

1.028 

0.598 

3 

1.019 

0.648 

0.892 

0.555 

0.831 

0.537 

0.881 

0.438 

0.837 

0.510 

0.974 

0.605 

0.928 

0.595 

1.038 

0.674 

4 

0.812 

0.635 

0.772 

0.586 

1.145 

0.799 

0.879 

0.528 

0.455 

0.675 

0.743 

0.523 

0.715 

0.479 

1.045 

0.709 

5 

0.608 

0.558 

0.620 

0.620 

1.344 

0.860 

0.695 

0.503 

0.557 

0.428 

0.704 

0.541 

0.468 

0.357 

0.902 

0.750 

1-5 b 

0.773 

0.032 

0.829 

-0.060 

-0.659 

-0.493 

0.686 

0.233 

0.952 

0.371 

0.649 

0.095 

1.211 

0.564 

0.115 

-0.360 

aMonthly 

percentage 

return 

averages 

(with 

January) 

are 

calculated 

over 

180 

months 
in 

the 

sample 

period. 

b 

The 

difference 
in 

mean 

monthly 

returns 

between 

portfolio 
1 

and 

portfolio 
5. 
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documented that several of the anomalies discussed 
above include a January component. Table 4 pro- 
vides an indication of how January behavior inter- 
acts with our results. Mean monthly returns (with 
and without the month of January) for portfolios 
formed according to each variable as well as each 
factor are reported. For our sample, the Firm Size, 
Price, and Price/Sales effects seem entirely driven 
by January. In non-January months, the differences 
in mean returns between extreme portfolios is 
0.032%, -0.06% and 0.095% per month, respect- 
ively. In contrast, E/P effects, and, to a lesser extent, 
Tobin's q and Price/Book effects are also evident in 
non-January months. Factor 1 portfolios appear to 
capture both these features. Portfolio mean returns 
are decreasing with portfolio rank for both January 
and non-January months, and the non-January 
differential return of 0.564% is the largest! Factor 2 
also picks up some January effects, but this effect is 
eliminated entirely in the other calendar months, 
with low Factor-2 firms actually earning -0.36% 
per month below high Factor-2 firms. 

SUMMARY AND CONCLUSIONS 

This paper jointly examines the abnormal per- 
formance of portfolios formed according to six 
price-related variables. We first document this be- 
havior over the sample period 1967-82 for each 
variable and study their interactions. An under- 
standing of their correlation patterns leads us dir- 
ectly to using maximum likelihood factor analysis. 
With this procedure we isolate one common factor 
upon which portfolio strategies can be based. Our 
results indicate that the abnormal performance of 
portfolios formed according to any of six popular 
price-related variables documented in the financial 
economics literature can be traced to just one 
common factor. Portfolios formed on the basis of 
this factor then generate abnormal returns in excess 
of that obtainable from portfolio formed on the 
basis of any one variable alone. 

These results are beneficial to understanding the 
extent of mis-specification in the capital asset 
pricing model. The six variables we have chosen 
represent most of the popularly documented price- 
related anomalies. If, as is widely believed, model 
mis-specification and not market inefficiency is the 
cause of several anomalies, such abnormal per- 
formance appears to stem from just one factor. 

The procedure described above also has inter- 
esting implications for portfolio choice. It provides 
an alternative to static decision rules based upon 
assigning constant weights to each selected firm- or 
market-based variables. The weighting scheme im- 
plicit in the computation of factor scores allows 
weights to change as the matrix of pairwise cor- 
relations between the variables changes each year. 
The result is a dynamic heuristic to include stocks in 
a portfolio that changes from year to year, depend- 
ing upon the relationships between the selected 
variables. While the six variables considered in the 
paper are not exhaustive, this approach can easily 
be implemented with a larger (or different) set of 
variables. 

APPENDIX: CALCULATION OF 
TOBIN'S q RATIO 

Tobin's q is defined as the ratio of the firm's market 
value to the replacement cost of its assets. Estima- 
tion procedures for these two components are sim- 
ilar to those described in Linderberg and Ross 
(1981), Smirlock et al. (1984) and McFarland (1987). 

The market value of the firm is the sum of the 
market value of its common stock (CS), preferred 
stock (PS), and debt (D). To estimate CS the price 
per share is multiplied by the number of shares 
outstanding. PS is approximated by dividing pre- 
ferred dividends by the S&P preferred stock yield 
index, D is the sum of current liabilities (CL) and 
long-term debt (LTD). These components are estim- 
ated as: 

(1) CL and other miscellaneous liabilities are evalu- 
ated at book. 

(2) LTD depends on the coupon rate, the current 
market yield, and the years to maturity. We 
assume that every sample firm issues debt with 
20-year maturities and a coupon rate equal to 
Moody's composite average yield on industrial 
bonds for the year of the issue. COMPUSTAT 
provides data on debt maturing in 2, 3, 4, and 5 
years. These amounts were assumed to have 
been issued with 20-year maturities and cou- 
pons assigned as above. The remaining long- 
term debt is assumed to have been issued in 
equal annual amounts over the rest of the 
period. LTD was then calculated by estimating 
the price of each portion at the prevailing yield 
on industrials as reported by Moody's. 



PORTFOLIO MANAGEMENT 313 

Thp replacement cost of the assets is computed as: 

R= TA+(RP-BP)+(RI-BI)-DT 

where TA is total assets, including current assets; 
RP is the replacement cost of plant and equipment; 
BP is its book value; RI is the replacement cost of 
inventories; BI is their book value; and DT is the 
book value of deferred taxes. 

(1) For RP, an acquisition schedule was set up. 
Initially, plant and equipment was valued at 
book. Each year, this value was reduced by 
depreciation at 5% and then adjusted to the new 
price level with the GNP implicit price deflator. 
New additions or sales were calculated as the 
change in gross plant at book value. 

(2) Inventory was valued according to the method 
reported for that firm by COMPUSTAT. For 
LIFO, the beginning inventory was adjusted for 
a full year's inflation and any change in reported 
inventory was adjusted for one-half year's infl- 
ation. For FIFO, book values were used. Aver- 
age cost inventories were adjusted for one-half 
year's inflation. Inventories under the Retail 
Cost method were adjusted by the ratio of the 
Wholesale Price Index to the Consumer Price 
Index. Inventories by other methods were 
valued at book. 

(3) All other assets were assumed to have replace- 
ment cost equal to their book value. 

Tobin's q is then estimated as the ratio of the 
firm's market value to the replacement cost of its 
assets. For each year, we compared the average of 
the q ratios obtained as above with approximately 
the same sample of firms as in Lindenberg and Ross 
(1981). The estimated economy-wide q ratios for 
each year are close to those obtained by Lindenberg 
and Ross (1981) and, like them, follows the same 
trend as Tobin and Brainard (1977) for the common 
period 1966-74. 

NOTES 

1. See Banz (1981). 
2. In this paper, abnormal performance of portfolios is 

measured using the CAPM as the benchmark. 
3. See Basu (1979, 1983), Rosenberg et al. (1985) and 

Senchak and Martin (1987) for documented evidence 
regarding the P/E ratio, the Price/Book ratio, and the 
Price/Sales ratio, respectively. 

4. Tobin (1969) defined q as the ratio of the market value 
of the firm to the replacement value of its assets. Since 

then, several interpretations of Tobin's q have ap- 
peared in the literature. Solt and Statman (1989) view 
Tobin's q as measuring the capitalized value of 
growth opportunities. They find that stocks of high- 
growth companies (high-q firms) earned inferior re- 
turns from 1966 to 1977 and conclude that 'growth' 
stocks are being confused with 'growth' companies. 

An alternative explanation relates Tobin's q dir- 
ectly to takeover targets. Firms with Tobin's q ratios 
less than unity would appear to be attractive takeover 
candidates, since a firm could technically be pur- 
chased for its market value and sold for its (higher) 
replacement value. Badrinath and Kini (1989a, b) 
report that low Tobin's q firms earn significantly 
larger abnormal returns than high Tobin's q firms. 
This abnormal performance of low Tobin's q firms is 
not confined to potential takeover targets. 

5. See Rozeff and Kinney (1977) and Reinganum (1983) 
for details of the January effect. Harris (1986a, b) 
documents the day-of-the-week and time-of-day 
effects. Fama and French (1988) report negative serial 
correlation in long-horizon returns as further evid- 
ence of return predictability. Poterba and Summers 
(1988) discuss mean reversion in security returns. 

6. Other important anomalies include the neglected 
firm effect (Arbel et al., 1983), and earnings surprise 
(Foster et al., 1984). 

7. A recent survey in Pension and Investment Age (1986) 
indicates that 29% of institutional equity managers 
use the Price/Earnings ratio in designing their invest- 
ment strategies. 

8. Reinganum (1988) also looks for common features 
that characterize superior performers by examining 
past stock market 'winners' for clues that may guide 
future investment strategies. 

9. See Cook and Rozeff (1984) for details. 
10. Firm size was defined as the total market value of 

equity at the end of the year. Price per share was 
measured at the end of the calendar year. Although 
tax-loss-selling price pressure for small firms may bias 
these prices downwards, Jaffe et al. (1989) found little 
differences by choosing prices prior to year end. 
Tobin's q was calculated in the same manner as in 
Badrinath and Kini (1989a, b). The Appendix briefly 
summarizes this procedure. Earnings/Price, Price/ 
Book, and Price/Sales were calculated from the 
COMPUSTAT tapes. 

11. Typical anomaly studies compute portfolio returns as 
equally weighted averages of security returns. This is 
equivalent to rebalancing the portfolio to equal 
weights each period. Roll (1983) argues that simu- 
lating a buy-and-hold strategy rather than an 
equal-weighted one can reduce the magnitude of the 
observed firm-size effect. While we report portfolio 
returns based upon the equal-weighting rule, we also 
reassessed portfolio performance with a simulated 
buy-and-hold strategy for several of our variables. 
The results were qualitatively the same and are not 
reported. 

12. Results obtained with the two-factor model were 
qualitatively the same as the single-factor model and 
are not reported. 
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13. Basu (1979), in the context of the E/P ratio, reports 
differences in abnormal performance estimates be- 
tween the equal-weighted and value-weighted market 
index proxies. Our results confirm his finding. The 
relative performance of the five portfolios is inde- 
pendent of the choice of market index. 

14. This measure is similar in spirit to traditional per- 
formance measures. Basu (1979) uses this measure 
when comparing the performance of inadequately 
diversified portfolios. 

15. The only exception is for the E/P ratio where the 
portfolio returns and abnormal returns decrease with 
portfolio rank. We chose Earnings/Price ratios rather 
than Price/Earnings ratios to be consistent with Basu 
(1979). 

16. All reported rank correlations are calculated using 
Log(Price) and Log(Size). 

17. The requirement that factors are orthogonal is not 
necessary in factor analysis. Extracting non-ortho- 
gonal factors may have appeal in some applications. 

18. In the maximum likelihood (MLE) method, assump- 
tion (5) above removes the problem of the indetermin- 
acy of the loading matrix but only up to a change of 
signs. 

19. Even when performance relative to total risk is 
examined, the return per unit risk decreases mono- 
tonically with portfolio rank. See Table 3 (column 8). 

20. See Brown et al. (1983) for a discussion of this SUR 
methodology, which is also applied and extended by 
Jaffe et al. (1989) in studying the interactions between 
Firm Size, Price, P/E ratio and January. 
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