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I. Introduction

The theory and measurement of the investment
performance of managed portfolios has received
a great deal of attention in the financial econom-
ics literature." The topic is important to potential
clients, managers evaluating the effectiveness of
their strategies, and regulators that formulate
policy concerning the operations of the market-
place. The Jensen (1968, 1969) model of risk-
adjusted performance has been the premier
methodology for addressing these issues and
testing the strong form of the efficient markets
hypothesis (that is, whether any market partici-
pant has monopolistic access to any information
relevant for price formation).

The investment management process can be
dichotomized into the activities of stock selec-
tion and market timing. Stock selection is based
on forecasts of company-specific events and
hence the prices of individual securities. Market
timing, however, refers to forecasts of future

*I am grateful to the participants of the Finance Workshops
at the University of Michigan and the University of Utah for
helpful comments and discussions. This paper has also
benefited from comments by an anonymous referee. This re-
search was partially supported by a summer research grant
from the University of Michigan Graduate School of Business
Administration.

I. For examples, see Jensen (1968, 1969, 1972), USSEC
(1971), Fama (1972), Modigliani and Pogue (1975), Grant
(1977), Kon and Jen (1979), Henriksson and Merton (1981),
and Merton (1981).
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This paper proposes an
empirical methodology
for measuring the mar-
ket-timing performance
of an investment man-
ager and provides evi-
dence for a sample of
mutual funds. The re-
sults indicate that at
the individual fund
level there is evidence
of significant superior
timing ability and per-
formance. However,
the multivariate tests
were not inconsistent
with the efficient mar-
kets hypothesis. That
is, fund managers as a
group have no special
information regarding
the formation of expec-
tations on the returns
of the market portfolio.
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realizations of the market portfolio. If an investment manager believes
he can make better than average forecasts of market portfolio returns,
he will adjust his portfolio risk level in anticipation of market move-
ments. If successful, he will earn abnormal returns relative to an appro-
priate benchmark. While there is a considerable amount of empirical
evidence available on stock selectivity performance, the empirical evi-
dence on market timing has concentrated only on the existence of the
timing activity. That is, evidence of nonstationarity of the systematic
risk for a mutual fund is consistent with the timing activity.?

Recently, Merton (1981) has proposed an equilibrium theory of value
for qualitative market forecasts of whether stocks will outperform
bonds or vice versa. The correspondence of returns from these predic-
tions to an option investment strategy is used to derive the equilibrium
management fees. His simulations and examples indicate that a sub-
stantial additional average rate of return can be earned with superior
market-timing ability. Henriksson and Merton (1981) derive a non-
parametric procedure for testing market-timing ability when the fore-
casts are directly observable and a parametric test for the usual case of
having access only to the time series of realized returns on a managed
portfolio.

Fama (1972) has proposed a theoretical measure of market-timing
performance whereby the appropriate forecast is only that of the devia-
tion of the market portfolio from its consensus expected return. The
empirical implementation of this measure requires a proxy for the
target risk level of the fund, a time series of varying consensus ex-
pected returns on the market portfolio and the time series of risk level
decisions by the fund’s management. This is particularly difficult when
the only direct information available is the realized rates of returns on
the mutual fund and the market portfolio.* The purpose of this paper is
to propose an empirical methodology for measuring market-timing per-
formance (as defined by Fama [1972]) and test this methodology on a
sample of mutual funds. Examining these results will also provide evi-
dence concerning market efficiency with respect to the formation of
expectations on the returns of the market portfolio.

Section II of this paper discusses the theoretical measure of market-
timing performance based on the optimal behavior of an investment
manager and the econometric difficulties associated with obtaining an

2. This has been approached by detecting evidence of nonstationarity of the estimated
systematic risk of mutual funds. See Treynor and Mazuy (1966), Jensen (1969), Cam-
panella (1972), and Kon and Jen (1979).

3. It would be useful to have complete portfolio composition data which include all
buy and sell decisions. But this is clearly not the case for the published quarterly data
available to researchers. Significant manipulation occurs between quarterly reports in
actively managed funds. The procedure in this paper estimates the true portfolio risk
level for each rate of return observation regardless of any portfolio manipulation during
the observation interval.
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empirically tractable measure. When the timing activity is ignored,
Jensen (1972) and Kon (1982) have shown that nonneutral timing per-
formance causes a bias in the Jensen (1968) ordinary least squares
estimates of risk and stock selectivity performance. Kon and Jen (1979)
avoid these biases in analyzing selectivity performance by using an
econometric model specification that is consistent with the timing ac-
tivities of an investment manager. The methodology here extends
theirs with an additional discriminant procedure to classify observa-
tions and obtain the time series of risk level decisions required for the
time series of timing performance estimates. The condition required for
the estimate of average timing performance over the measurement in-
terval to be invariant to the choice of target risk level proxy is also
examined.

Section III presents the empirical results on market-timing perfor-
mance for three different models of consensus expected returns on the
market portfolio. This section also contains a multivariate analysis of
selectivity performance, the trade-off between the timing and selectiv-
ity activities, and the implication for the efficient markets hypothesis.
Section IV contains a summary of results and conclusions.

II. Empirical Measures of Timing Performance

Since the market timer’s forecasts are not directly observable, con-
structing tests of market-timing performance requires a specific as-
sumption for the security-return-generating process. Therefore, the
following methodology results in tests of the joint hypothesis of no
market-timing ability (or performance) and the assumed generating
process for asset returns. The separable selectivity and timing perfor-
mance measures and their empirical implementation described below
assume a pattern of equilibrium security returns consistent with the
traditional capital asset pricing model of Sharpe (1964), Lintner (1965),
and Mossin (1966). However, the timing performance measure is also
consistent with the Black (1972) equilibrium model and the multifactor
pricing models of Merton (1973) and Ross (1976) under the assumption
that one of the factors is the market portfolio.

A. The Behavioral Model of Timing Performance

To model the timing activity of fund managers, the rate of return on the
market portfolio can be expressed as

Ry = E(Rp) + Tage,s (1)

where E,(Ryy,) is the consensus expected rate of return on the market
portfolio at time ¢ and 1y, 1S the unanticipated return on the market
portfolio with E(my,,) = 0 for all ¢ and finite variances o7 (). These
parameter values are those perceived by the market participants under
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the null hypothesis. The definitions of bull and bear market outcomes
are my, > 0 and ., < 0, respectively. Whenever the investment man-
ager’'s expectations concerning the market factor are identical to the
consensus of all market participants, a target risk level, Bz, will be
selected. If, however, the manager’s information set at time 1 — 1,¢,_,,
is different from the consensus, then E,(myy|db,— ;) will be nonzero for
some or all observations and 0 < o(man|d,— 1) < o%(may). With this
special information he is expected to adjust portfolio risk B, in anticipa-
tion of market changes to earn abnormal returns.® Fama (1972) derived
the following single-period timing performance measure of an invest-
ment manager relative to a passive strategy:

T = (B — B Tmi (2)

Note that performance will be positive if the sign of B, — By is the
same as Ty, and negative if they are opposite. That is, a manager who
increases portfolio systematic risk above his target level in anticipation
of a bull market, and is correct, will earn an additional return that is
dependent on the magnitudes of the risk level shift and the unantic-
ipated market movement. An appropriate loss in the fund’'s return
results from the same manager’s increase in risk level (bull market
prediction) when the actual outcome is a bear market. The resulting
gain (loss) to a correct (incorrect) bear market forecast is also explicit
in this timing measure. Hence, overall timing performance for the mea-
surement interval is

o= > (B — Br) s )

t=1

B. Econometric Model Specification and Estimation

The primary goal of the econometric methodology is to obtain the time
series of risk level decisions of the manager required to estimate the
timing performance measures in equations (2) and (3). This is accom-
plished by incorporating the Quandt (1972) switching regression model
with the Kon and Jen (1979) identifiability condition and an additional
discriminant procedure.

Given n observations on the mutual fund’s excess returns, y, = R},
and the independent variables, x; = [1 x,] where x, = R}y, the excess
return on the market portfolio, there exists some true permutation of
the rows of y = (y1, ¥2, . . ., ¥,) and X = (x5, X2, . . ., X,)’, so that

4. See Jensen (1972) or Kon and Jen (1979) for the equation of the target B and the
magnitude of the risk level decision associated with bull and bear market forecasts.
These market-timing B values depend on the uncertainty of the manager's forecast,
a7 (mald, - 1), the degree of risk aversion for the fund, and the magnitude of the manager's
bull or bear market forecast, E,(mld, ).
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they may be partitioned according to the risk level decisions of the fund
manager.

Without a priori information on the fund manager’s decision-making
process, it is reasonable to assume a multinomial prior whereby the
fund manager selects risk level B; (or regime i) for generating observa-
tions with probability (or proportion of the n decisions) A, i = 1, 2,
. . ., N. Therefore, each observation is viewed as a drawing from the
mixture distribution (conditional p.d.f. of y, given x; and the parameter
vector 0).

N
fr 0dxi, 0) = > NpOifxi, ) @)

i=1

where y; = (o, Bi, 07) is the vector containing the stock selectivity
performance, risk level, and residual variance parameters, respec-
tively, for regime i; 0 = (y;, ¥2, . - ., ¥ns A1 A2y« .+ ., An_y) is the
parameter vector to be estimated subject to the parameter space () =
0: —0<q;<®, —o<B;<w,0<g;<x,i=1,2...,NO<\<
L,i=1,2,...,N -1} px,v) = p.d.f. ~ N(o; + Bix,;;07),i = 1,
2,...,N; 3% \; = 1; and Identifiability Condition: By > Bn_1 >
-

For a sample of size n, Quandt (1972) proposed maximizing the
likelihood function (joint probability),

n N
€0y, X) = ]_[ [Z Nip(vo|x1, 'Yi)]- (5)

=1 i=|

or equivalently the logarithmic likelihood,

L,®) = > log fi(vxi, ). (6)

t=1

The maximum likelihood estimator, 8,,, is the solution to the normal
equations:;®

L0 _ N L fidx, 0) _

g 0. (7)
99 =  fivlx;, 0) 90

Details of this estimation procedure and hypothesis testing are given in
Kon and Jen (1979).

This estimation procedure avoids the OLS biases of risk and selec-
tivity performance by modeling the true nonstationary stochastic pro-
cess. The procedure thus far, however, does not identify each observa-
tion with a specific risk level. Only the probability that it was generated

5. This condition ensures that the mixture in eq. (4) is uniquely determined. See Kon
and Jen (1979) for a discussion and simulation of the importance of this restriction.
6. Kiefer (1978) has verified that these likelihood equations do have a consistent root.
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by each risk level is estimated. Thus, timing performance as defined by
equations (2) and (3) is not yet empirically tractable. However, an
additional discriminant procedure given the estimated parameter vec-
tor, 8, can be used to estimate the true partition of the data by an
appropriate *‘most likely"” classification rule. Given the information in
0, choose the regime (or risk level) that maximizes the posterior proba-
bility density associated with it. That is, classify the tth observation as
having been generated by regime i according to the rule

maximum [X; p(y|x7. ¥:)l. (8)

In theory, if the number of observations is large then the estimates
substituted for true values in equation (8) should be reasonably accu-
rate and the classification techniques should be quite good (see Press
1972, pp. 374-75). This was verified by sampling experiments for the
number of observations used in the empirical section of this paper.
Once classified, a vector B of |§, s is estimated where each element of 8
is one of the B,, = 1,2, N

C. Timing Performance Estimates

Given the information in 8 from the estimation procedure of the previ-
ous subsection and suitable proxies for the fund’s target risk level and
the unanticipated market portfolio returns, the estimates of timing per-
formance (eq. [2]) for observations ¢ = 1, . . . , n and of overall timing
performance (eq. [3]) are empirically tractable. The definition of myy, is
the deviation of R, from its consensus expectation, E,(Rys,). TWo pos-
sible proxies for E/(Ry,) are the sample mean, RM, and the current
riskless rate plus the mean risk premium, Rg, + (Rys — Ry, for the
measurement interval. Given the choice of proxy,

e = Rage — EdRage). ©)

An appropriate proxy for By must be substituted in (2) and (3). The
proxy to be employed in this study for each fund will be the average
risk level of all funds in that stated objectives class. Note, however,
that the proxy for B is invariant with respect to the overall timing
performance estimate if the consensus expected returns for the market
portfolio is, on average, realized during the measurement interval.
That is, if (1/n) (=, ) = 0, then

-:-n=1Z(e»,—ar)wM..—— e fome — Bro D o
=1

=1

1 A A
L3 bt 10
=1
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Both of the proxies for E(R),,) suggested above satisfy this condition.
When the invariance property of the choice of B fails to hold it does
not mean that the timing performance estimates are biased unless there
is a prior reason to believe that the choice of B proxy is biased. This
property only emphasizes the benefit of a very large time series of
observations in a market with rational expectations. Then the in-
variance property follows.

III. Empirical Results
A. Data

The sample consists of 37 mutual funds, each with 198 months of total
rate of return data (based on net asset values including all distributions)
from January 1960 to June 1976. The range of objectives include four
funds defined as maximum capital gains, 10 as growth, 11 as growth/
income, 9 as balanced, and three with income objectives. The proxies
for the riskless rate and market portfolio are the 30-day Treasury bill
rate and the monthly rate of return on the CRSP value-weighted market
index (adjusted for dividends), respectively.

B. Model Specification Tests

In order to empirically define the number of distinct risk levels selected
during the performance measurement interval by each fund manager,
the maximum likelihood estimation procedure described in Section II.
subsection B was employed for the alternative hypotheses of two and
then three regression models having generated the data.” Table 1 lists
each fund, its stated objectives and the likelihood ratio tests of model
specification. The statistic in column 4, —2 log [¢ (8ly, X, N = 1)/¢
(8ly, X, N = 2)] is a test of the standard linear model (single regime)
null hypothesis versus the alternative two-regime model. The statistic
has an asymptotic x* distribution with 4 degrees of freedom. Out of the
37 funds, 35 rejected the null hypothesis at the .05 level of significance
(exceeded 9.49). However, 10 of these funds rejected the null hy-
pothesis of two regimes against the three-regime alternative (col. 6)
where the test statistic —2 log [¢ 8]y, X, N = 2)/¢ (]y, X, N = 3)]
also has an asymptotic x* distribution with 4 degrees of freedom. The
statistic in column 5, —2 log [€ (8]y, X, N = 1)/¢ (8ly, X, N = 3)], has
an asymptotic x* distribution with 8 degrees of freedom. It is used to
test the null hypothesis of the standard linear model against the three-
regime alternative. Of the two cases where the single-regime model
could not be rejected by the two-regime alternative, both were rejected

7. Equation (6) was maximized by the modified quadratic hill-climbing algorithm de-
scribed in Goldfeld and Quandt (1972).
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by the three-regime alternative at the .05 level of significance (ex-
ceeded 15.51). Therefore, the sample is assumed to consist of 12
mutual funds where rates of return are generated by three regression
equations and 25 mutual funds having returns generated by the two-
regime model.

C. Parameter Estimates

Tables 2 and 3 contain the parameter estimates and their differences
between regimes for the funds classified as two-regime and three-
regime models, respectively. A test for the existence of timing activi-
ties is whether the risk level (beta) decisions between regimes are
significantly different. Of the 25 two-regime funds, 15 had #-values that
reject the equality of beta at the .05 level of significance and 12 at the
.01 level. All of the 12 three-regime funds had at least one pair of beta
estimates that were significantly different at the .01 level. Hence, the
sample exhibits a considerable amount of market-timing activities.® In
many cases, the portfolio decisions that changed portfolio risk also
significantly affected selectivity performance (differences in &’s) and
portfolio diversification (differences in 67s).

D. Timing Performance

In order to implement the timing performance estimates in equations
(2) and (3) we require (a) the time series of beta estimates for each
fund, (b) a proxy for the target beta of the fund, and (c) a proxy for the
consensus expected return on the market portfolio at each observation
to calculate the time series of unanticipated market returns.

The time series of beta estimates are obtained by the most likely
classification rule in equation (8). The proxy used for the target beta of
each fund is the average risk level of all funds in its stated objectives
class. Finally, three alternatives for a model of consensus expected
market portfolio returns at the beginning of each month are used: (1)
the sample mean of the market portfolio, Ry, over the measurement
interval (January 1960-June 1976); (2) the current riskless rate plus the
sample mean excess market returns, Ry, + (Ry — Rp), over the mea-
surement interval; and (3) R, + (Ry — Rjy) where the estimate of the

8. Although beta nonstationarity can arise from a passive portfolio due to ex post
market movements and/or nonstationarity of the underlying securities, it is still attrib-
uted to the timing activity of the fund manager. The reason is that as a decision variable,
if a fund manager is not forecasting market movements, he should rebalance portfolio
composition to achieve the target risk level when acting in the best interests of sharehold-
ers. Hence, not fully rebalancing can be a least-cost method of implementng an active
timing decision. Furthermore, any transactions cost bounds on rebalancing would not
result in the magnitude or statistical significance of the risk level differences found in
tables 2 and 3.
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excess rate of return on the market portfolio, (R, — Ry), is .7666% per
month (9.2% annual rate over the 1926-76 period reported by Ibbotson
and Sinquefield [1977], p. 19).” Alternative 3 is a model including infor-
mation prior to as well as during the measurement interval for the
purpose of forming expectations. Alternative 3 is particularly impor-
tant here since the sample mean excess market returns over the mea-
surement interval of .2746% per month was considerably less than the
Sl-year mean of .7666%. Hence, alternatives 1 and 2 may be downward
biased estimates of consensus expected return on the market portfolio
if realizations on this portfolio during the measurement interval were
on average less than the consensus expected. If alternative 3 is the
most appropriate model for the formation of consensus expected re-
turns, then the measurement interval provides an exceptional opportu-
nity for those managers who are particularly good at forecasting bear
markets to exhibit superior timing performance.

Since the empirical results for alternatives 1 and 2 are essentially the
same, only the results for alternatives 2 and 3 are reported here.!
Assuming that consensus expectations on the market portfolio returns
are time varying and equal to the current riskless rate plus the ex post
sample mean excess market return over the measurement interval, the
time series of timing performance estimates (eq. [2]) were calculated
for each fund. Table 4 reports the estimate of overall, or average,
timing performance (eq. [3]) for each fund. Of the 37 mutual funds, 14
had overall timing performance estimates that were positive but none
had a r-statistic indicating that performance was significantly greater
than zero at a reasonable probability level (i.e., < .10). Hence, at the
individual fund level it seems that there is no evidence of significant
superior timing performance.

However, when substituting the estimates of 8, and m,,, in equation
(2) the distribution of 7, may not be normal as required for the validity
of the z-statistic. For the 198 timing performance observations on each
fund a studentized range statistic greater than 7.03 when sampling from
a normal distribution is expected to occur only once in 200 replications
(David, Hartley, and Pearson 1954, p. 491), .005 probability level."!
Therefore, the evidence in table 4 indicates that the normality assump-

9. The models in alternatives 2 and 3 are the state of the art for estimating the expected
rate of return on the market portfolio. We would have also used the estimator proposed
by Merton (1980), but its use requires a specification for the true variance changing
process for the market portfolio that is currently not known. Although investigating this
specification is beyond the scope of this paper, it should be noted that it is an important
area for future empirical research.

10. See Kon (1982) for the empirical evidence given the constant consensus expecta-
tions on the market portfolio alternative 1.

1. The studentized range statistic is the difference between the maximum and
minimum observations in the sample divided by the sample standard deviation.
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TABLE 4 Market-timing Performance
E(Rs) = Rp, + [Ryy — Rp] January 1960-June 1976
ID Overall 1- Student Sign Signed Rank
Number Timing Statistic Range Statistic Statistic
4 0256 3976 11.3359 9239 7048
30 0249 5332 11.4527 4975 6131
34 —-.0010 — .0365 8.5997 .6396 0192
5 —.0083 —1.4799 8.5079 - .9239 —1.5793
13 0027 1035 6.6284 — .6396 — .3029
18 —.0098 - 2118 7.1915 2132 0508
22 .0069 A217 10.4909 1.6345 1.2826
2 0049 0895 10.1280 - 4975 - .5066
23 —.0010 - .0279 9.9886 - 35583 — .4069
26 .0088 4130 9.6893 - .6396 — 4075
32 —.1009 —1.4737 7.3701 —1.9188 —1.7775
36 -.0524 - 7267 12.9681 1.0660 .8900
1 L0188 7929 11.4159 1.2081 .8404
3 —.0108 - 4153 8.2017 — .6396 — .5017
7 0015 0529 7.2868 1.0660 5636
10 0370 1.0294 10.2291 - .6396 2168
14 —.0556 - 9269 10.0729 —2.2031 —1.7224
16 .0015 0300 9.1981 2132 3697
19 —.0478 - 1.4864 6.5012 — 1.0660 —1.2238
21 —.0598 —1.0130 7.3547 0711 — 6460
25 -.0027 - .3246 8.9785 - 9239 - .6936
27 .0094 1501 14.7966 9239 .6825
29 —.0492 — .9408 7.9793 —2.3452 —1.5242
9 —.0542 - .6022 12.6208 — 0711 3803
11 =.0771 — .8866 16.6114 —2.3452 —1.9664
12 —.0180 — 4297 10.8976 — .6396 — 3313
15 -.0016 — .0240 9.4329 817 7036
17 0468 7454 11.5405 6396 7494
20 -.0036 - .0750 8.0601 2132 0359
24 0056 2177 6.4792 4975 .5846
33 -.0202 - .2992 8.2753 0711 — .3431
31 —.0026 - 0252 10.1770 1.3503 1.5025
37 —.0606 —1.1535 7.9804 —-1.7767 —1.4387
6 —.0435 - .3249 6.3700 2132 — .3803
8 .0403 5781 9.8024 1.2081 1.5174
28 —.0411 — .5547 14.4682 0711 - .3264
35 —.1244 - .9365 6.6749 - 7817 - .8107
Multivariate Tests
F Sign Signed Rank
6477 1.7052 38.8675

tion is rejected for each of 32 funds at the .005 level and individually all
reject it at the .05 level. Hence, better inferences may be available with
nonparametric methods. In particular, the sign and Wilcoxon signed

rank test for location.

These nonparametric tests also allow us to separate the manager’s
ability to correctly predict unanticipated market movements and shift
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the fund’s risk level accordingly (timing ability) from the combined
effects of the size of the market turn and the magnitude of the risk level
shifts (timing performance). This distinction is made in the ordinary
sign test and the signed rank test, respectively.'> The sign test, how-
ever, should be interpreted primarily as a check that significant posi-
tive overall timing performance was not a result of one or two excep-
tionally large market movements. For this model, however, there was
no significant positive overall timing performance reported. Of the 37
funds, 20 did have positive sign test statistics of which two were
significant at the .10 probability level and none were significant at the
.05 level. Therefore, even the distribution free sign test could not de-
tect very much significant superior forecasting ability at the individual
fund level. Of the 20 funds with positive sign timing ability, four had
negative performance when considering the magnitude effects in the
signed rank test. Although 18 funds had positive performance in the
signed rank test, only three funds had significant performance at the .10
probability level and no individual fund could reject a zero location
value at the .05 significance level. The implication for funds with nega-
tive timing performance, and in particular the many with significant
negative timing performance, is that the allocation of effort and ex-
pense of timing activities should be reevaluated.

Any cross-sectional inferences such as for the efficient markets hy-
pothesis requires accounting for the interdependence among the fund
decisions and market movements. That is, if fund managers as a group
have no special information regarding consensus unanticipated market
movements, the vector of overall (average) timing performance of all
37 funds in the sample should not be significantly different from a
vector of zeros. The multivariate analogue to a univariate t-statistic is
the Hotelling 7° statistic.

Under the null hypothesis, F = (N — P)T?/P(N — 1) has an F
distribution with degrees of freedom P and N — P. For this sample of
funds the F-statistic is .6477 with P = 37and N — P = 198 — 37 = 161
degrees of freedom. This is not inconsistent with the null hypothesis.

12. The large sample univariate sign test statisticis Z = (S — 0.5 — 0.5 2)/0.5Vn. S is
either S, or §_ where § . is the number of plus signs observed and § _ is the number of
minus signs observed. The total number of observations is n. and the second term in the
numerator ( —0.5) is the continuity correction. The mean is 0.52 and the standard devia-
tion is 0.5Vn. In the tables of the text the Z value associated with the largerof § . or §_
is reported. If §_ > §,, the Z statistic has a minus sign in front. For the sam-
ple sizes in this study the sampling distribution of Z is the standard normal. The large
sample univariate Wilcoxon signed rank statistic is Z = {T — .5 — [n(n + 1)/A4)}/
Vain + 1)2n + 1)24. T is either T, or T_ where T, is the sum of positive ranks and
T_ is the sum of negative ranks. .5 in the numerator is the continuity correction. n
(n + 1)/4 is the mean and the denominator is the standard deviation. The Z-value for
the larger of T or T_ is reported in the text where minus signs in front of the Z-statistic
are used to indicate that 7_ > T, . The sampling distribution of the Wilcoxon signed
rank Z-statistic is also well approximated by the standard normal.
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TABLE 5 Market-timing Performance
E'(RM,) = RF! 5 [RM o RF]! 1926-1976

ID Overall t- Student Sign Signed Rank

Number Timing Statistic Range Statistic Statistic
4 0501 7742 11.2526 - 3553 — .3406
30 —.0002 - .0045 11.4178 - 2132 - 2818
34 —.0403 - 1.5039 8.5837 - .9239 —1.5143
5 —.0073 —1.2891 8.3891 2132 - 7259
13 0450 1.7302 6.6209 9239 1.2913
18 —.0404 - .8655 7.1540 - 2132 - .5778
22 —.0158 - 2754 10,0432 0711 0526
2 0571 1.0500 10.1094 0711 6621
23 0021 0564 9.8366 - .6396 — .4948
26 0336 1.5651 9.6060 1817 1.0795
32 —.1469 —2.1646 7.7961 -1.9188 —-2.5925
36 —.0522 — .6852 12.8976 - .2132 — .3053
1 0282 1.1725 11.2424 - 0711 1034
3 0271 1.0475 8.2204 9239 1.0064
7 —.0062 - .2192 7.2414 1.0660 1802
10 0640 1.7558 10.0992 7817 1.5632
14 —.0828 —1.3569 9.9091 — .6396 — .9798
16 —.0098 - .2015 9.1481 — 4975 - 4341
19 —.0550 —1.7051 6.4708 - 7817 — 1.4560
21 —.0888 - 1.5062 7.1048 - 6396 —1.4090
25 - .0089 —1.0545 8.9205 0711 - 12093
27 —.0300 — 4703 14.6137 - 3553 - 8757
29 -.0171 - 3253 7.9431 —1.4924 —1.0683
9 —.,0056 -~ 0634 12.7514 1.0660 1.5143
11 —-.,0814 - 9120 16.1810 —2.6295 —1.7899
12 0165 .3940 10.9008 7817 1.0095
15 —.0540 - .8235 9.3843 1.0660 4193
17 —-.0224 — .3606 11.6847 - 9239 — .9488

v 20 —.0463 - 9570 8.0311 - 7817 — .9946
24 0068 2611 6.2078 — 2132 3716
33 —.0138 - .2041 8.2527 —-1.3503 —1.2449
31 —.0107 - .1043 10.1417 1.9188 1.9484
37 —.0442 - .8306 7.8759 - .9239 - 9971
6 0884 6553 6.3305 1817 6169
8 —.0083 - .1194 9.8134 1.3503 1.6251
28 —-.0332 - 4507 14.5564 0711 — .7890
35 —.2606 —-1.9559 6.6529 — 7817 —1.6586

Multivariate Tests

F Sign Signed Rank

6721 1.7278 34.9024

That is, an efficient market with respect to the formation of expecta-
tions on the return of the market portfolio.

The Hotelling 7* test requires that the timing performance estimates
be multivariate normally distributed. Because this is contrary to the
studentized range evidence, the nonparametric multivariate sign and
sign rank statistics were calculated. The multivariate sign statistic of
1.7052 and multivariate signed rank statistic of 38.8675 both have
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asymptotic x* distributions with P = 37 degrees of freedom.'> Neither
test, however, could reject the efficient markets null hypothesis.

In table 5 the model of consensus expected market portfolio returns
uses information in the data before as well as during the measurement
interval. For this model of the formation of consensus expectations,
there is considerable evidence of superior market-timing performance
at the individual fund level with both parametric and nonparametric
tests. Recall that the studentized range value indicates a higher sample
standard deviation than would be expected from a normal distribution.
Hence, the parametric r-statistic may be biased downward. In spite of
this potential bias, there were three funds that reject the no-market-
timing-performance null hypothesis at the .10 probability level, and
two of these funds were significantly positive at the .05 level. Their
respective sign tests were all positive, indicating that their significant
positive timing performance was not due to a few outliers. The sign
tests for the entire sample indicated that two funds exhibited signifi-
cantly positive timing ability at the .10 probability level of which one
was significant at the .05 level. The most impressive superior market-
timing performance result was registered by the Wilcoxon signed rank
test. Five funds had tests that rejected the null hypothesis in favor of
the superior performance alternative at the .10 probability level, and
two of these funds had tests that were significant at the .05 level.

Although there is evidence of superior market-timing ability and
performance at the individual fund level, none of the multivariate tests
could reject the efficient markets hypothesis.

In sum, the timing ability and performance measures of mutual fund
managers were sensitive to the model of consensus expectations on the
market portfolio. However, for the most rational model the parametric
and nonparametric tests were able to detect significant positive timing
ability and performance at the individual fund level but not at the level
required for rejection of the efficient markets hypothesis. The power of
these tests to detect significant positive and negative timing ability and
performance at the individual fund level is important for the allocation
of resources to the timing activity versus the selectivity activity or a
low-cost passive investment strategy.

E. Selectivity Performance

The ability of an investment manager to select undervalued securities
for their portfolio is generally measured relative to a naive strategy of

13. The general nonparametric multivariate statistic is S, = 1/n (T,,V, 'T%), where T,
=i BCni=12,....T,=[T,...,TH);:Cys= +lor —1ifv,>00r<0,
respectively; V, = [(v,)),j,k=1,...,P and v,y = l/n3"_, E E C;/Cy,. If the
general score E} = | forallt = I,...,nandj=1,...,P, then S, is the multivariate
sign statistic. Alternatively, if £} = r,/(n + 1) where r, is the rank of |r,| among all || t =
| S n, then S, leads to the multivariate generalization of the one-sample Wilcoxon

signed rank statistic. See Puri and Sen (1971), chap. 4.
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a combined investment in the market portfolio and riskless asset with
the identical level of systematic risk. Hence, the Jensen (1968) risk-
adjusted selectivity performance estimate for a fund at time ¢ is

8 = R, — ER}|Rju» B)
(11)

= R.I: = BI R;\r'fh
and overall, or average, selectivity performance is
n
bo =+ 8, (12)

r=1

Table 6 reports that 23 out of the 37 funds had positive overall
selectivity performance. Evidence of superior performance at the indi-
vidual fund level is the five funds that had significantly positive perfor-
mance at the .05 level. In order to determine whether this is more than
by random chance, the interdependence of manager’s decisions (e.g.,
same general management and stocks generally in favor) can be ac-
counted for by the Hotelling 7° test. The associated F-statistic of
2.2290 with 37 and 161 degrees of freedom is significant at the .005
probability level. Hence, fund managers as a group have superior abil-
ity in forecasting individual security prices. This evidence appears to
clearly reject the strong form of the efficient markets hypothesis with
respect to stock selection.

The studentized range tests, however, generally reject the normality
assumption required by the Hotelling 7° test. Both the nonparametric
multivariate sign and signed rank tests also reject the zero location
vector hypothesis at the .005 level. But the reason for rejection is quite
different. The rejection of normality is actually due to the manipulation
of portfolio composition resulting in the mixture of normal generating
model. That is,

80 = l Z 8; — ‘-'11—2 (0'.! i i H;), (13)

N =t =1

where the d,s are not identically distributed. Tables 2 and 3 indicate
that many funds had significantly different residual variances among
regression regimes. This is the cause of the observed “*fat tail™* distri-
bution relative to the normal for §, detected by the studentized range
statistics. Furthermore, the significantly different «,s for a fund implies
that the mean of the time series of 8,s is nonstationary. The resulting
positive skewness (median < mean) is the reason for the many changes
in sign between the individual ¢ and sign statistics in tables 6 and 7. In
the Hotelling 77 test, it is the positive selectivity performance that is
rejecting the null hypothesis, while in the multivariate sign test it is the
negative performance. Therefore, the interpretation of these results
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TABLE 6 Stock Selectivity Performance

ID Overall t- Student Sign Signed Rank

Number Selectivity Statistic Range Statistic Statistic
4 —.0539 - .5492 10.4974 —1.3503 —1.1619
30 1713 1.7471 5.8189 - 2132 8126
34 .0804 5816 6.1729 —1.4924 - .2676
5 .0705 4406 9.4381 - .0711 0762
13 -.0708 - .7016 8.5475 — 4975 —1.0207
18 0431 5517 8.0488 - .9239 - .5041
22 —.0408 - .6575 10.5493 3553 - .6720
2 0920 1.0650 5.8103 2132 3759
23 0047 0623 9.8503 — 9239 .0892
26 -.2198 —1.8437 8.6058 —1.3503 —1.7490
32 0786 1.1540 7.2405 4975 1.0058
36 —.0643 — 8100 8.3774 —2.2031 —2.4265
1 1634 1.5334 7.0488 .6396 5716
3 .2238 1.4435 6.5908 2132 .8974
7 .0487 3087 7.9599 0711 - .1133
10 —.0208 - .1392 12.7086 4975 — .2044
14 —. 1469 —-1.6229 9.8594 —-2.7716 —2.6631
16 1014 1.3285 6.1564 4975 3159
19 2729 1.8999 7.2873 2132 8150
21 —.0031 — .0357 8.9155 - 0711 - 4211
25 —.0318 - .2616 8.9851 - .6396 — .7655
27 —.0828 — .9349 6.9683 —1.6345 —1.4158
29 3535 3.5077 6.3649 2.3452 3.1920
9 2877 2.1119 7.9745 1.4924 1.7787
11 1987 1.5055 7.0202 —2.0609 — .0285
12 1031 .8335 8.2326 - 7817 0161
15 1215 .6996 7.2462 - 0711 — 2372
17 4414 2.0414 7.1400 2132 1.0058
20 —.0438 — .2520 7.3018 - .0711 = 7073
24 —.0593 — .4209 7.2679 —1.0660 - 5314
33 —.1013 - 1.0198 6.1993 —1.6345 —1.1284
31 .1549 1.5417 6.6393 1.6345 1.6065
37 .2682 2.0350 5.8527 .3553 1.4152
6 3347 1.7858 8.8532 7817 9897
8 —.1834 — 7887 9.2054 —2.4873 —1.8468
28 2173 1.2570 6.8501 - .9239 1307
35 0176 0583 7.5812 - 1.7767 —1.2665

Multivariate Tests

F Sign Signed Rank

2

t2

290 73.1267 74.8932

depends on whether the mean or median or a combination of the two
(i.e., including skewness) is the preferred measure of selectivity ability
or performance for this asymmetric nonnormal distribution. Note that
of all the tests presented only the sign test is not sensitive to skewness.
Hence, any studies concerned with average selectivity performance
over the entire measurement interval that rely on individual z-statistics,
the multivariate Hotelling 77 statistic or any nonparametric statistic
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that is sensitive to asymmetry may be drawing inappropriate inferences
due to invalid distributional assumptions.

F. Overall Investment Performance

An examination of market-timing performance in table 5 and stock
selectivity performance in table 6 reveals that there are six funds with
positive performance in both timing and selectivity and that 22 funds
exhibited a trade-off between the two activities. Although this sample
of funds produced better selectivity (23 positive) than timing (11 posi-
tive) performance, there were five funds with positive timing and nega-
tive selectivity performance. Hence, the sample exhibited a consider-
able amount of activity specialization.

Table 7 provides the bottom line overall investment performance
estimates from engaging in both market-timing and stock selectivity
activities for each fund.' Out of the 37 funds in the sample, 22 had
positive overall investment performance of which five had significant ¢-
statistics at the .05 probability level. Only one fund had significant
negative performance. The signed rank tests, however, had two
significantly positive and three significantly negative. Again there is
evidence of superior performance at the individual fund level. Of the 15
funds with negative overall investment performance, six could have
had positive performance by specializing in one activity and taking a
passive strategy with respect to the negative performance activity. The
remaining funds with negative performance in both activities might
consider a totally passive management strategy and just provide a
diversification service to their clients.

Finally, the multivariate tests on overall investment performance all
reject the zero location vector null hypothesis at the .025 probability
level. This result is primarily that of the selectivity performance contri-
bution whose interpretation was discussed in the previous subsection.

IV. Summary and Conclusions

This paper discusses the optimal behavior and performance measure-
ment of an investment manager simultaneously engaged in market-
timing and stock selectivity activities. The importance of an economet-
ric model specification consistent with the risk level decisions of
investment managers is evident from the resulting biases of ordinary
least squares estimates of risk and selectivity performance when the
timing activity is ignored. The methodology in this paper avoids these

14. The investment performance estimate for time r, [, = #, + 9,, is the sum of the
timing and selectivity performance estimates (eqc}. [2] and [11]). Then the estimate of
overall investment performance is [y = 1/n 3%_, 1.
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TABLE 7 Overall Investment Performance

ID Overall 1- Student Sign Signed Rank
Number  Performance Statistic Range Statistic Statistic
4 —.0037 - .0310 9.2806 - 7817 —~ 7859
30 A711 1.5356 5.3174 .6396 1.1049
34 0400 .2835 6.1960 -1.7767 —~ 4670
5 0632 .3953 9.4808 - 2132 0656
13 - 0259 — .2476 8.3139 0711 - .3406
18 0027 0282 6.4991 - .9239 — .3908
22 —.0566 - .6204 7.9309 0711 - .7073
2 .1491 1.4396 6.3383 — 4975 8441
23 0068 0782 9.2594 - .3553 - ,0954
26 —.1862 —1.5441 8.4236 —-1.3503 —1.5818
32 —.0683 - .7013 6.8040 - 4975 - 8714
36 —.1164 —1.0588 12.1935 —-2.2031 —2.5454
1 1916 1.7120 6.9510 4975 7816
3 2510 1.5921 6.6109 3553 1.1544
7 0425 2641 7.6595 - 4975 - .3654
10 0432 .2803 11.8690 0711 ~ .0155
14 —.2297 —-2.0220 8.0785 —1.6345 —2.4488
16 0915 9591 7.8274 - 1.2081 - 0415
19 2178 1.4647 6.9882 - 3553 4484
21 —.0919 - .8187 7.5916 — .4975 —=1.1990
25 —.0407 - .3338 9.2849 - .6396 - 7531
27 =.1127 —1.0105 8.3142 —1.9188 —2.0834
29 3364 2.6597 5.7927 6396 2.0382
9 2820 1.7205 8.1545 2132 1.1866
11 1173 211 8.9993 - ' T817 — .0248
12 1196 .8904 7.2581 - 7817 - .0124
15 0675 3522 7.6395 3553 2143
17 4190 1.8972 7.4523 4975 .8918
20 —.0902 — .4834 6.9312 - 2132 - .7469
24 —.0525 - .3611 6.5654 - .6396 - .5103
33 -.1151 - .8741 6.6188 —2.0609 =1.2312
31 1442 9488 7.1548 7817 .8398
37 2240 1.4974 6.7113 9239 1.2894
6 4230 1.8002 8.3442 1.4924 1.6313
8 —. 19117 — 7637 8.4242 —2.3452 —-1.3359
28 .1841 9545 7.3424 1.0660 .8609
35 —.2430 - 7175 6.7293 —2.0609 —1.3303

Multivariate Tests

/ Sign Signed Rank

1.6995 52.5097 60.3835

biases and provides an empirically tractable separable measure of
market-timing performance.

The empirical results indicate that individual mutual funds did ex-
hibit significant positive timing ability and/or performance. However,
the multivariate tests were not inconsistent with the efficient markets
null hypothesis. That is, fund managers as a group have no special
information regarding the unanticipated market portfolio returns.
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An analysis of selectivity performance given the timing decisions of
fund managers indicates that false inferences are likely with parametric
and skewness sensitive nonparametric methods. For example, the dis-
tributional assumptions of the Student 7 and Hotelling 7° tests on stock
selectivity performance are violated severely due to the portfolio ma-
nipulation of fund managers.

The implications for investment managers are that most could im-
prove overall investment performance considerably by reallocating re-
sources to their more productive activity.
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