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Abstract

In estimating the performance of mutual funds ordinary least

squares regression has been so far the most common statistical tool.

In this paper an attempt is made to illustrate the application of a

more sophisticated analysis, in particular, sensitivity anlaysis and

robust regression. The paper includes results for a sample of 10 funds

during the period 1945-1964.
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Introduction

The purpose of this paper is to challenge Jensen's results in his

article "The Performance of Mutual Funds in the Period 1945-1964", using

more sophisticated modern statistical techniques . These results

concluded, from the analysis of 115 funds in the period 1945-1964, that

portfolio managers had not superior forecasting capabilities. Out of

the 115 funds investigated in the cited paper, 76 funds showed inferior

forecasting capabilities.

Our work consists of analyzing a random sample of 10 such funds using

sensitivity analysis and robust regression techniques implemented in

the TROLL system.

This paper is composed of 7 sections:

Section 1: Derivation of Equilibrium Conditions in the Capital Asset

Market.

Section 2: Jensen's Empirical Version of the CAPM

Section 3: The Database

Section 4: Sensitivity Analysis

Section 5: Residuals Analysis and Robust Regression

Section 6: Conclusions and possible Extensions

Section 7: Attachment A
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1. Equilibrium conditions in the capital asset market

The theoretical results of the capital asset pricing models were

derived independently by Sharpe [5], Lintner [ 3], Mossin [4], and

Treynor [6]. A short derivation of these results based on Mossin [ 4]

is presented below. The purpose of all the above models is to provide

a theory of equilibrium of exchange in a market for risky

assets and study the properties of this equilibrium.

Mossin assumes that the individual, as in a competitive market is

a "price-taker" and has a preference ordering among possible portfolios.

The solution of the problem at the individual level implicitly deter-

mines its demand for risky assets as a function of prices. The inter-

action of these individuals' demand schedules, under certain assumptions

on the individual and market behavior, determines the prices of assets

that equalize supply and demand for all assets.

All the cited models are based on the assumptions that:

a) all investors are risk averse and are single period expected

utility of terminal wealth maximizers;

b) all investors have homogeneous expectations regarding investment

opportunities. In Mossin this implies all individuals have identical

probability distributions of the yields of the different assets;

c) all investors are able to rank portfolios solely on the basis of

expected yields and variances. Borch [ 1] proved that if no assump-

tion is made about the probability distributions of yield, then indivi-

duals must have quadratic utility functions for yield. This implies rather

unnatural assumptions about the market participants behavior toward risk;

d) there exists a riskless asset and all individuals are able to borrow

or lend at the same riskless rate;
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e) all transaction costs and taxes are zero;

f) all assets are infinitely divisible. Letting:

n = number of assets

p. = price per unit of asset j, j=l,...,n-l

p s q = numeraire
^n ^

li. = expected yield per unit of asset j, j=l,...,n-l (y = 1 for

the riskless asset)

y^ = expected yield on individual i's portfolio

a, .
= covariance of yields of units of assets i and k., k=l,...,n-l

(a , = o, =0 for all k)
nk kn

y„ = variance of yield on individual i's portfolio

U (y''") = individual i utility for yield

f (Yi jY^) E[U (y )] derived utility for expected yield and variance

J gc 1 i 3f

^

for individual i with f = r > and f = r <

x. = before-exchange holdings of asset j in physical units by

individual i, j=l,...,n-l, i=l,...,m

X = before-exchange holdings of the riskless asset by individual i

Decision variables:

X, = af ter'-exchange holdings of individual i of risky asset j ,

in physical units j=l,...,n-l, i=l,...,m

X = after-exchange holdings by individual i of riskless asset n

in physical units, i=l,...,m

Under the above assumptions investor i solves:

max f (yj^,y2)

s.t.

. n-1 . .

(1) Yi = l^ yjx. + x^
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n-1 n-1

(2) y\ = I I a xjxj
j=l a=l -'°' J ^

n-1 . n-1 _
(3) Z p.x. + X = E p^x. + X

Constraint (3) acts like a budget constraint equalizing before exchange

and after exchange wealth. Under assumption (a) this is a concave

problem over a convex set and the Kuhn-Tucker necessary and suffi-

cient conditions for optimality become

, i .i 2 E a. x^

(4) -| = -^ = -^

""'• 1-1 i -i
(5) I p,(x'--xb + qK-x"-) =

j=l J J J '^ n

Solving (4) and (5) for the x. 's would determine individual i's demand

for the n assets for this set of prices. In market equilibrium we

must have equality between supply and demand for all assets.

° i "" -i _ -
(6) Ex. = E X. = X. 1=1,. ...n

i=l ^ i=l J ^

However, the (mn+n) equations (4), (5), and (6) provide one redundant

equation. Therefore we are left with (mn-Ki-l) equations and the unknowns

are (mn)x.'s and the (n-1) relative prices p./q. Counting equations

and unknowns is the classical approach to determine where an equilibrium

might exist.

Letting r. denote the rate of return on a unit of risky asset j we

have

= .^-(7) E[r ] = (-^- 1) j=.,...,n-l
^ J

(8) r^ = ^ - 1
n q
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where 3. is a measure of volatility (systematic risk) of the asset j
J n-1

defined as B = cov(r . ,r-.)/Yw where r„ = Z W.r. is the return on the
j J M M M

j^j^ J J

market portfolio (a weighted average) and Yw is the variance of the

market return.

By corresponding addition in (11) and the fact that

we obtain the standard format of the asset market line, namely:

(12) E[?j]-r^ = ej(E[?M]-n)

This implies that all "fairly" priced assets should lie along this line.





-7-

2. Jensen's Empirical Version of CAFM

Equation (12) implies that expected return on any asset is equal

to the risk-free rate plus a risk premium given by the product of its

systematic risk and the risk premium on the market poitfolio.

If a security analyst has "predictive capabilities" and therefore

is able to predict future security prices he will be able to earn

higher returns than those implied by (12) and the riskiness (3.) of the

portfolio.

However, Eq. (12) is stated in terms of expected returns which are

unobservable quantities. Jensen [2 ] shows how (12) can be rewritten

in terms of realized returns on any portfolio j and the market portfolio

M. Also important for this study is Jensen's [2] conclusions after test-

ing the single period model in a multiperiod .world if B.'s and generating

functions are constant.

(12') E[r.J = r^, -^e.[E(5^,)-r,^]

Jensen shows that

(13) r.^ = E[r.J+h.TJ+e.^ j=l n-1f., = E[B_] + b.W + e.

where b is a coefficient approximately equal to the measure of risk

6. and if is an unobservable "market factor" which affects the returns

on all securities. The variables if and e. are assumed to be indepen-

dent normally distributed random variables with

E(Tfj.) =

E(e^j.) = j=l n-1

cov(Tf^,e ) = j=l,...,n-l

(0 i ^^ j

cov(i e ) =
] . .
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Also to a close approximation we will have

(1^) ?Mt ^ ^[^Mt^ ^ \

Substituting (14) and (13) in (12') we are able to express (12') in

terms of ex-post returns. Hence (12') reduces to

(^^^ ^jt-^Ft = ^jt^V^^^^jt

which implies that realized risk premiums on any security or portfolio

can be expressed as a linear function of its systematic risk realized

returns on the market portfolio and a random error e.^ such that E[e. 1 = 0,
Jt • jt

If the manager is a superior forecaster he will tend to systemati-

cally choose securities with e > 0. In order to allovj for the possi-

bility that the portfolio selected earns more than the normal risk

premium given its level of risk we simply regress (15) without con-

straining to pass through the origin. Hence we estimate

where E[u.^] = 0.

Therefore we should expect a. > if that portfolio manager has indeed

superior forecasting capabilities and the capital asset pricing model holds.

At the same time we should expect that random selection of buy and hold

should yield a zero intercept (a. = 0). Conversely, if the manager is

doing worse than random selection we should expect a. < 0.

Therefore Jensen [ 2] chose a, to be a measure of performance of

the funds. We should stick to his choice. By using least squares

regression theory an estimate of the dispersion of the intercept a.

is obtained which permits evaluating the statistical significances of
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the estimates 5. which is, under his assumptions t distributed with

n.-2 degress of freedom.

Defi^nj^tion of the variables

The variables used in estimating a. and 3 in (16) are defined more

precisely below:

S = Level of Standard and Poor Composite 500 price index at end

of year t

D = Estimate of dividends received on the market portfolio in

year t measured by annual observations on the four

quarter moving average of the dividends paid by

the companies in the composite 500 index (stated

on the same scale as the level of S & P 500 Index)

.

r„ = log (—T ) = The estimated annual continuously compounded
t-1

rate of return on the market portfolio M for year t.

NA = Per share net asset value of the j fund at end of year t.

ID. = per share "income" dividends paid by the j fund during

year t

.

CG. = per share "capital gains" distributions paid by the j

fund during year t.

NA +ID.^+CG.^
r = log (—•^rr-—' ^) = The annual continuously compounded
jt e NA

^

'

th
rate of return on the j fund during year t,

(adjusted for splits and stock dividends). This

is net of all management fees and brokerage costs.

r = yield to maturity of a one-year government bond at the begin-

ning of year t (obtained from Treasury Bulletin

yield curves)

rp = log (1+r ) = annual continuously compounded risk free

rate of return for year t.
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n = number of observations of the j^ fund (10 < n. < 20)
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3. The Database

The first stage in our analysis was to reproduce the database

that Jensen used in his paper "The Performance of Mutual Funds in the

Years 1945-1964" for the funds of our random sample (see Table 1)

.

We used the same sources that Jensen used as recommended in that paper:

1) "Investment Companies, New York: Arthur Wiesenberg & Co."

(for getting data for the funds)

2) "standard and Poor Corporation, Trade and Securities Statistics:

Security Price Index Record" (for obtaining data

on the market)

3) "Treasury Bulletin" (for the risk free).

We ran least square regression for the ten funds and the results

appear on Table 2. A comparison of these results with Jensen's results

appears in Table 3. This comparison was not complete since Jensen does

not provide in his paper the estimates for 3* However, in another paper,

"Risk, The Pricing of Capital Assets, and the Evaluation of Investment

Portfolios", there-, are estimates for B,but only for the years 1955-1964

and those are the 3 in Table 3.

As we can see in Table 3 we did riot get exactly the same point esti-

mates although they are very close. The magnitude of the standard

deviation of a only strengthens our decision that the differences are

not significant.
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Jensen's
ID Number

168

198

206

218

220

224

236

249

253

1191

Number of
ObservationsName

Composite Fund, Inc. 15

Incorporated Investors 20

Istel Fund, Inc. 11

Massachusetts Life Fund 16

Mutual Investment Fund, Inc. 18

National Securities - Dividend Series 14

The George Putnam Fund of Boston 20

Television Electronics Fund, Inc. 16

United Science Fund 14

Group Securities - Aerospace Science Fund 14

Randomly Selected Open End Mutual Funds

Table 1
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R168-RrT = AiB*(RMr -RFT)

NOB = 15 NOVAR = 2
RANGE = 1950 TO 1964
RSQ = 0.91237 CRGQ - 0.90563 F(1/13) = 135. ','V

SER = 0.0303 SSR --- 1.190E-02 l.iW'.O) := 2.02

COEF ^ALIJE ST ER T-STAT

A -0.00396 0.00982 0.40347
B 0.57524 0.05117 11.63380

2J R193-RFT = A+B*<RMT RFT)

NOB = 20 NOVAR = 2
RANGE = 1945 TO 1964
RSQ = 0.94178 CRSQ-- 0.93855 F(in&'= ''V I

,
SER = 0.0495 SSR = 4.405E-02 i,U(0). 2.1^

^°^^ ^'^LUE ST ER T-SFAT

A -0.06101 0.01361 -4.48214
0.07474 17.06390

K 1*27541

R206-RFT = A+B*(RMT-RFr)

NOB =11 NOVAR = 2

RANGE = 1954 TO 1964
RSQ = 0.90638 CRSQ ^ 0.89598 F<J/9) = 87.13.

SER = 0.0423 SSR = 1.610t:-02 UUU.)) = 2.42

COEF VALUE ST ER T--STAT

A 0.01545 0.01532 1,00820
B 0.71708 0.07682 9.33447

2: R220-RFT = A+B* ( RMT-RFT

)

NOB = 13 NOVAR =2
RANGE = 1947 TO 1964

Spp ^ '^'1-'^'^^ ^^^" = 0.91597 F(l/16) = 186. 30a^ER = 0.0^36 SSR = 1.811E-02 DW(0) - 2.72"

COEF VALUE ST ER T-STAT

^ -0.03370 0.00996 -3.38447
B 0.76129 ^ 0.05578 13.64930

_, ,,.-. Table 2





-14-

R224 -RFT = A + B*<Fv-MI RFT)

NOB =14 NOVAFC = 2

RANGE = 1951 TO 1964
RSQ = 0.75912 CRSQ = Or. 73905 F(l/12) = 37.818
SER = 0.1201 SSR = 0.173 DUCO) = 2.44

COEF VALUE ST ER T-STAT

A -0.05281 ^ 0.03911 -1.35029
B 1.28227 0,20851 6.14965

R236-RFT = A+B* ( RhT-RFT)

NOB = 20 NOVAR = 2
RANGE = 1945 TO 1964
RSQ = 0.83847 CRSQ = 0.88228 F(l/18) -- 143.395
SER = 0.0383 SSR == 2.714E-02 DW(0) = 1.75

COEF VALUE ST ER F-STAT

A -0.00721 0.01068 -0.67472
B 0.70243 0.05866 11.9/480

2: R249-RFT = A+B* ( RHT-RFT

)

NOB = 16 NOVAR = 2
RANGE = 1949 TO 1964
RSO = 0.51341 CRSO = 0.47366 F(l/14) = 14.772
SER = 0.1552 SSR = 0.337 BUkO) = 2.60

COEF VALUE ST ER T-STAT

A -0.00824 0.04959 -0.16609
B 1.00809 0.26229 3.84340

R253-RFT = A+B* ( RMT-RFT

)

NOB = 14 NOVAR ==2
RANGE = 1951 TO 1964
RSQ = 0.89G48 CRSQ = 0.89002 F(l/12) = 106.205
SER = 0.0597 SSR == 4.276E-02 DIJ(O) = 1.88

COEF VALUE ST ER T-STAT

A -0.02516 0.01943 -1.29442
B 1»067S9 0.10362 10.30560

Table 2 (Cont'd.)
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R1191-RFT = A+B*(RMT-RFT)

NOB =14 NOVAR = 2
RANGE == 1951 TO 1964
R5Q = 0.71749 CRSQ = 0.69395
SER = 0.1456 SSR = 0.254

COEF VALUE ST ER

A -0.08209 0.04739
B 1.39501 0.25270

F ( 1 /

1

DW ( )
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i: R218-RFT = A+B*(RMT-RFT)

NOB = 16 NOVAR = 2
RANGE = 1949 TO 196^1

RSQ = 0.36^535 _ CRSQ = _ 0,85573 F(i./1 A) = S9,-f7A
SER = ' 0.0322 ' SSR •= 1,45 lb- 02 DU(O') =-- 2.04

COEF Ji'ALUF ST_ ER J/ S1AT_

.

A ^0^0398 0.0102J3___ :-0. 38734
El'

^

0.51682 ' 0.05449 9'. 48546

Table 2 (Cont'd.)
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Fund

168

198

206

220

224

236

249

253

1191

218
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4. Sensitivity Analysis

Any least squares regression model contains many assumptions like

independence, homoscedasticity, error distribution, etc. There are

some classic methods to check these assumptions, and the model builder

should use them. In addition the output of the model is a consequence

of the input (the data) that is used. Therefore it seems essential

that the model builder should investigate also what changes of the out-

put of the model would be the result of perturbing the data, or in

other words, performing sensitivity analysis.

The ideal situation should be that a slight input perturbation

would lead to small output changes.

In this paper we decided to analyze changes in the parameter

estimates (a, 3) when observations for one year are deleted from the

time series. We shall describe first in more detail the sensitivity

analysis approach, and then analyze the results that we obtained with

our model.

The Sensitivity Analysis

The model that we investigate is

where

j ^ i^set of the funds in the model}

T! = max {1945, the year when the fund was created}

TV = min {1964, the year when and if the fund was cancelled}

, ^ .TOTAL ,, TOTAL oTOTAL,
v. . -, .u . uLet 6^. = (oi ,B. ), where total means that the regression

fj J J
1 n

model includes all the year T.,...,T..
2 2

Let 6_. = (a.,3.) be the estimates of a. and 3. when year i is deleted

i e {t' Tj }.
2

-^
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We are interested in the quantity (_6. -6_.) , Vj and Vi.

Let
1 r,

MT' FT'

X =

and let H = X(X^X)"-'-X^.

Then it is not difficult to prove that:

T -1

gTOTAL gi ^
(X X) X^r^

where X, denote the i row of X, r. the residual r..-r„,-X.o. ,—i ' i ji Fi —1 J '

and h is the i diagonal element of H.

We want also to indicate that it is possible to investigate other

perturbation of the data. One can perturb any element of the matrix

X or perturb the assumption of homoscedacticity of the various

observations (by considering a variance of 0^/P and investigate small

changes in P )

.

Because of computer time limitations we concentrated on investigating

the quantity (_6. ,- _ot) which seemed to us the most important. We

used a macro program that was implemented in the troll system in order

to do the actual computations.

The results of the sensitivity analysis appear in Table 4. For

each of the funds in our sample of 10 funds the rows (1 and 2)

represents the two estimators (a, 3) and the column represents the year

deleted. For example, the number -.001589 for fund 168 that appears

in Row 1, Column 2 is the difference between the estimate for least

squares and the estimate where 1951 is deleted. The most interesting

results are the changes of sign of the estimate for a, that occured in
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some cases. For fund 168 - Composite Fund, Inc., we see that if we

delete the year 1957 our estimate for a would become positive (from

-.00369 to .0004136). Also for fund 249 - Television-Electronic Fund,

Inc., the estimate for a becomes positive (from -.00824 to .00542) after

deleting the year 1951, and (to .00198) after deleting the year 1962.

For the rest of the funds there were changes in the magnitudes but a

change of sign did not happen.

According to the results summarized in Table 5 we may notice that

the removal of 1962 observation reveals a major trend towards more

positive intercept term (a ) . More precisely for 8 out of the 10

funds studied performance improved (a - h. > 0) . In case that the

1962 data points are outliers, this would indicate that 80% of the

portfolio managers in the sample did better relative to the estimates

where 1962 is not regarded as an extraordinary year. It is conceivable

that the reduction in performance imposed by 1962 is due to erratic

movements in the capital markets in this year.

It is peculiar to 1962 that elimination of its observations reveals

opposite movements in the magnitudes of the performance estimate Cot) and

the volatility coefficient (6) for all the 10 funds. This suggests

that 80% of the funds studied became less risky once 1962 is deleted.

There is a possibility that portfolio managers made unsuccessful moves

into riskier stocks in 1962. In order to test this hypothesis we should

proceed into analyzing the dynamic composition of the sample portfolios

over a period of time including 1962.

There may be some empirical support for considering classifying

1962 as an outlier. In any case, the peculiarity of this year cannot

be neglected in future studies. Table 5 illustrates these remarks.

Even though looking at movements in the performance coefficient
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(a) of individual funds is insightful to detect particular trends, in

order to be consistent we should look, also at averages. The average

o. is -.0266. Upon deletion of 1962 the average performance measure

a increased to -.02503.

In order to determine the significance of the change a robust

estimate of the standard deviation of a was used as suggested by Breiman

[8];.

a* = /tT * MAD
^ 2

10 '\s. -\sl
MAD = Z

i=l 10

*
Since a = .0313 we are tempted to conclude that the estimate of

the average performance of portfolio managers does not improve signi-

ficantly if 1962 is deleted ( |^ c
" ^ \/'^r is small). The average

^^
"'ls

is still negative confirming Jensen's assertion about the inability of

portfolio managers in the average to pick "winners". Deleting years

1951, 1956, and 1957 was also relevant for some funds.





JBETA 168

,.._^^ Ip0-I96j*

" ROW '" COLUMN :L
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Table A

COLUMN 2 - COLUhi.! CULUriN 4

-0,000403
0.006267

-0.0015!J9
-0. 007:5 ::i6

-0.000393 '-

-0.000369 '"

-0.000724
0.002 72

ROW " COLUiiN COLUi-IN 6 COLUMN 7

-0.0004^4
0.016032

-0,001153
0.017147

COLUMiJ e,

0..00 20 11 -•

-0.005033 "
0.00 1:130
O , .; /

'

''

I
I^OU ^ COLUMN 9 " COLUMN 10 ^ COLUMN 1 L
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1954-1964
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1949-1964

218

ETA - DATE REVISED: 9/10/76
PERI0DICITY(16) DATA FROM 1 1 TO 2 16

JBETA = MAThULT(DVBETAfHMIDIAG)

1
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.A33lrX93ii -^ ...,._ _ .

ROU -^ COLUMN 1 " COLUMN 2
-^ COLUMN 3 " CuLUilN 4

1
^ -0.004705 " -0.002679 '- 0.003638 " 0.001282

2
" -0.024531 " -0.003/62 '" -0.013712 " -0,0571/4

ROW ^ COLUMN 5 " COLUMN 6 '^ COLUMN 7 ' COLUMN U

1 " -0.001576 " 0.0014Vy " -0.01732B • O.00O461
2 " -0.023535 "" -0,003473 '^ 0,085916 '^ 0.1,.:.v6!2

ROU " COLUMN 9 " COLUMN 10 "^ COLUMN 11 - COLUMN 12

-0.00059 " -0.003211 '" -0.002962 0.020531
0.000703 '^ 0.012047 -^ -0.01918 " -0,09963;:i

ROW '^ COLUMN 13 " COLUMN 14

1
" 0.001392 " 0.003638 "

2
-^ 0.004534 -^ 0.000508 "

ji'eta" 3 >" Z

ROW " COLUMN 1 " COLUMN 2 -^ COLUMN 3 -^ COLUMN 4

1
" -0.000247 " 0.002765 '^ -0.002924 " -0.001259

2
-^ -0.012939 ^ -0.013106 '^ 0.00731 0.003237

ROW " COLUMN 5 " COLUMN 6 "" COLUMN 7 " COLUMN 8

1

2





JBETA

:;.1949-1964

249

-25-

. Table 4 (Cont'd.)

Fv'GU COLUMN :l CGL.UriN 2 COLUMN 3 COLUMN A

-0,002329
-0.002637

-0.00077.1 -^

-0.014165 "
-0.013662 '

-0.06d003 '•

0.0177^12
0.01<:;3I3

ROU " COLUMN 5 COLUMN

0.003 403
-0.013259

-0.002164
0.05V291

COLUMN 7

-0.001935 '

-0.034224 '"

COi_Ur!iJ

J.;;03^!49
- . (; 9 9 5

ROW :OLUMN

0.00177
-0.008733

COLUMN 10

-0.000356 ''

0.033302 "^

COLUMN 11

0.007245
-0.011564

COLUMN J

0.0018 19
-0 .00 -'25

ROW COLUMN 13 COLUMN 14 COLUMN 15 COLUiiiJ

-0.001171
-0.007513

-0.009438
0,045995

-0.00209
-0.00602.

0.00 1^11
0,000 (25

JBETA
1951-1964
253

ROU COLUMN 1 COLUMN 2 COLUMN 3 UllLUrH-J 4

0.000651
0.003393

-0.004733
-0.006653

0.003061
-0.011 332

-0.00 43
0.02133-

ROU COLUMN 5

-0.001112
-0.016611

COLUMN 6 COLUMN 7

0.006432
•0.015013

0.001766 '"

-0.003/56 "

COLUMN 3

2.73923ob -uL.

.003452

ROU COLUMN 9

0.009234
-0.011

COLUMN 10

0.000361
-0.001356

COLUMN 11

-0.001965
-0.012725

COLUMN 1

-0.003243
0.040003

ROW COLUMN 13

-0.000717
-0.002361

COLUMN 14

-0.003006
-0.00042
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Table A (Cont'd.)
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5a. Residual analysis

Concerning returns of individual securities there seemed to be

considerable evidence that their distribution belongs to a Stable class

of distributions which have finite means but infinite variances

Fama [IQ]) • However, it is currently accepted that returns are normally

distributed but that variances are non-stationary over time.

Least-squares regression will provide maximum-likelihood estimates

of the coefficients if the postulated market model for (13) holds.

However, an analysis of the residuals plotted in Figure 1 shows some

slight evidence that stationarity through time may not hold for all

Sunds. Except for funds 168 and 200, the plots do not indicate a

horizontal "band" of residuals. According to Draper & Smith [9] either

long-term or short-term time effects might be influencing the data.

The fact that the variance might not be constant over time implies that

a weighted least squares analysis should have been used. This seems to

provide enough support for using robust regression techniques, described

below, that iterate to the optimal estimate through weighted least

squares steps.

5b. Robust Regression- Summary

Robust Regression is a new technique designed to outperform ordinary

least squares when the errors in a regression model have non-Gaussian

distributions with longer tails.

Robust regression is intended to meet two conditions of robust or

"resistant" techniques

1) the coefficients should not be unduly influenced by any small

portion of the data.
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residuals

IQ

Jf^

Figure 1

Fimd 206

y time
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Figure 1

Fund 236
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Figure 1

Fund 1198
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Figure 1

Fund 224
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Figure 1

Fund 249
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Figure 1

Fund 218
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Figure 1

Fund 198
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Figure 1

Fund 253
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Figure 1

Fund 168
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Figure 1

Fund 220





-29-

2) minor inaccuracies in the model should cause only minor errors

in the final results.

This technique is performed iteratively by means of reweighted

least squares.

The method starts with an initial set of coefficients. It then

computes the residuals and reweights the data observations, using a

technique similar to a minimization of a criterion function. The

weights thus obtained are used in computing new coefficients which in

turn produce new residuals and a new set of weights.

The user specifies a weighting function in the eRobust macro

implemented in the TROLL system used in this work. If we let the

data vector Y_ stand for the dependent variable (in the current study

Y = (r -tp^)) and the data matrix X for the dependent variables (in

this application, column 1 is filled with I's and column 2 is

(r ..-r^ )) the fitting of the linear model is accomplished by searching
mt ft

for a and B which minimize

.\ ^c(
^ ^ s

^ )

1=1

or equivalently

L p ( )
c s

i=l ^

where s is a scale estimate and p (•) is the loss function.

The "robust" macro implemented in TROlL permits specifying three

different families of loss functions. Of these only the Huber criterion

was used and will be briefly illustrated here. For details see [7 ].

The Huber loss function was chosen because it is the only convex

criterion available and therefore convergence to a global minimum is

guaranteed.
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p'(*) =
i'c^-^')

= max(-c,min(c,x))

The sensitivity and stability of the fit, coefficient estimates and

residaals may be examined by varying c^ and plotting the results.

In order to start the process it is necessary to specify an

initial guess for the coefficient estimates. The system default choice

is to use the coefficient estimates derived from the well known and

widely used least absolute residuals (LAR) criterion function

(p(t) = |t|, or p' = \pjx)).

The LAR method exists also as macro that may be invoked by the

user in the TROLL system. It performs linear regression using a linear

programming algorithm for minimizing the sum of absolute residuals.

The LAR criterion was thoroughly used in this study as a means of

challenging the robustness of the Jensen's capital asset pricing model

results and at the same time saving computer time when compared to

complete robust regression

A complete robust regression run using Ruber loss function was

obtained for fund 218. This fund was chosen because its least square a

value is nearer the borderline. The results are shown in Table 6

for various values of the constant £. We may notice that a is positive

at c = (LAR) but becomes negative at c = 1 and thereafter. A Huber

trace for 3 is shown in Table 7, which indicates stability of the coefficient

3 at the various values of _c. The Huber Trace feature available in

the TROLL system, unfortunately does not plot the intercept term.

Robust runs are lengthy and expensive and the results for fund 218

suggested that we should proceed with the other 9 funds using only

the LAR code which is also the first step in the robust run.





-31-

C = SS.-^ = .01515U SM = .35773U
^ = 1 '.iSo'.l = .000036 WSA;^ = .02C55

'j;)3 = IC rjOVA.^ = 2 STEP = k 3CALE = 1

RS<1 = .P5032!+ .nsa = .09G233 r>r.'< = .032101 'JGF.''. = .001500
S.'J = -.0215:+G LiI3'>EA:! = .03Gr,72 3U V.,' = 2.1250!+ ?.\\^^r.?. =

Fd/li;) = 33.5105 •..T(l/lf+) = 3702.02

COEFS

3ETA COEF CTD ERl. T OTAT

0.00701+7 0.002313 0.001007 2.10^05
0.051+305 0.t+7i+C7 0.007311 r:0.7roi

iiEAr! P":io;?

\ 1. 0.

3 0.11735S 0.

C = 1 SS:^ = .0i:+75 OA"^ = .353350
i^ = .5 \iC^Sl. = .00C0!+S '.ISAX = .203300

lOO = IG rnVA'^ = 2 STEP = k oCALE = 1'

JSQ = .SC3070 ..'!^Sa = .02513U HE^ = .032^+50 WSER = .022273
5^ = -.057335 L!ir,;*EAM = .056672 SUM'/ = 13.7266 lirCE =

(l/l4) = S3.2!+S6 •,/F(l/li+) = 173.126
•-AXEin = 11+. 1551 .'iriEir = .860061 CO:n# = 16. £+583

;:OEFS

BETA COEF STO E^v^ T STAT

-0.001+698 -0.00151+2 0.005021 0.260305
0.91+3327 0.526872 0.01+0663 12.957

flEAN P'.wn^

1. 0.

0.117358 0.

Table 6 - Robust RegresBion Results for Fund 218
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C = 30 SSr? = .01U5O5 3A7 = ,353379
R = .025 WSSii = .01£*505 '..'SA? = .35^370

COEFS

RETA CHEF P7in;?

A -0.01213 -0.0 03931 0.
3 0.930242 0.51G825 3.

C = 9 SSR = .01ii505 ZM. = .359S79
;^ = .1 '.;SSr{ = .014505 '/sap. = .359a71

C = U SSR = .014505 SA-? = .359379
:i ' .2 ;;sr,.^ = .014505 \!sm. = .359379

C = 2.33333 SSR = .014602 SAR = .35C3G8
R » .3 USSR = .012024 Wf.A ^ = .341831

C = 1.5 SSR = .014714 .9AR = .35349G
R = .4 ;;SSR = .00038 l/SAR = .31751

Table 6 (Cont'd.)
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HUBCR Tnf¥X. OF COEFFICIENTS 1 TO 1

.> 3.?

o oae 049 e.ee 98e lee

Table 7 - Ruber Trace for Fund 218





-34-

6. Least Absolute Residuals Regression Results^

The results of the LAR regression are shovm on Table 8. Results

are also summarized in Table 9 , where they are compared to the least

square regression results. The most important results are the change

of sign of the a for the two funds 206 and 218. For the fund 206 -

"Istel Fund Inc", ci changed from . 01545(the LS) to -.00198 (LAR). For

the fund 218 - "Massachusetts Life Fund" we have a corresponding change

of a from -.00398 to .007047. For the fund 249 - "Television-Electronics

Funds, Inc.", we have significant change both in a and in 3. They

changed correspondingly from -.00824 and 1.00809 to -.013519 and

.860861. For the rest of the funds we have also changes in the magnitude

of a and B although the sign of a has not changed. Standard deviation

for estimates of a are included in the table for the purpose of evaluating

the significance of the distance between the two estimates. In all

cases the LAR estimates are within one standard deviation of the LS

estimates. We avoidecf using t statistics because under LAR we don't

have the necessary normality assumptions.

Table 9 shows that 5 out of the 10 funds studied moved slightly

into poorer performance measure while the other 5 showed slight improved

performance. In the average performance is poorer under this criterion.

However the reduction in the average performance coefficient is again

not significant.

Also the least absolute residuals regression reveals a lower average

systematic risk suggesting that the funds seem to be more conservative

in their investment policies, offering investors portfolios with smaller

systematic risk. The average systematic risk (.905) is in this situation

significantly smaller than under least squares (.932) already lower than

the market portfolio systematic risk (1.).
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Table 8 (Cont'd.)
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7. Conclusions

In estimating the performance of portfolio managers (a) and the

systematic risk (3), a sample of ten randomly open-ended mutual funds was

chosen. The sensitivity analysis indicates that two funds (168 and 249)

were sensitive enough to show superior forecasting capabilities of its

managers under deletion of yearly observations as compared to inferior

performance when the whole set of data is used. However, the years

showing considerable effect to change the sign of the estimate a were not

the same for these funds.

In a particular analysis of each individual fund it was found that

some years provoke major deviations from the estimates based on considering

the complete database. One such year that seems to bias the results is

1962. Deletion of these observations implies major magnitude changes

for all 10 funds. Also 80% of the funds indicate better performance of

its managers forecasting capabilities. For all 10 funds, whenever the

performance estimate improved, the systematic risk decreased and vice-

versa. This suggests further research should be undertaken in the compo-

sition of these funds during this period. In the average portfolio, mana-

gers show better performance but not significantly better, under deletion

of 1962.

An analysis of the residuals for the complete set of observations

in 8 out of 10 funds suggested some time effects in the variances. Robust

regression techniques seem to be appropriate to deal with these circum-

stances.

The robust technique used was Least Absolute Residuals. Two funds

(206 and 218) revealed different signs for the performance of portfolio

managers and compared to least square estimates. In terms of the average

performance, it becomes poorer but again not significantly. The system-
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atic risk decreased significantly in the average indicating more conservative

portfolios than under the least squares assumptions.

Figure 2 summarizes the effects of both techniques. Riskier stocks show

lower performance coefficients under all techniques. Higher B funds seem

to be more sensitive to the introduction of least absolute residuals regression

than lower 6 funds.

Our results about average poor performance of portfolio managers do not

suggest major departures from Jensen's conclusions. Individually, however,

4 out of the 10 funds studied showed opposite performance to what was

estimated by Jensen. (Three funds show better performance, one shows poorer

performance leaving with a net better performance in two funds.) At least at

the individual fund level, this result suggests that one should be careful

when evaluating the strength of results derived uniquely on the basis of

least squares regression. In [2] page 415, Jensen concludes "the evidence

on mutual fund performance discussed above indicates not only that these 115

mutual funds were on average not able to predict security prices, well enough

to outperform a buy-the-market-and hold policy, but also that there is very

little evidence that any individual fund was able to do so significantly

better than that which we expected from mere random choice."

Our results do not seem to improve the significance of the a's. However,

we have to realize that our sample is relatively small; the number of obser-

vations were for each fund in the range of 15 to 20 yearly data, and only one

special loss function was used (LAR) . For comparative purposes it would also

be interesting to have a code for performing sensitivity analysis for robust

regression runs.
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Even though the concentration of this work was in illustrating the

application of new statistical techniques in joint tests of the capital

asset pricing model, and portfolio managerial performance. These powerful

techniques can be very useful also in obtaining more stable estimates of

the systematic risk of the portfolios (6). Both Jensen's results [2] and

our preliminary findings do suggest that the 6's are far more important

determinants of portfolio returns. A much more complete work with an

enlarged sample would provide us with stronger conclusions about the

significance of performance coefficients a's (individuals and average).

While the estimation of the B's were not the primary motivation of this

initial work we suspect that robust techniques and sensitivity analysis

would be also rewarding in refining the estimates of the systematic risk.

The latter seems to be the current trend in research in portfolio performance.
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changes from LS to LAR

changes from LS to LS after
deleting 1962

(168)

(220)

[249)

(253)

-^6

(224)

(1191)

FIGURE 2
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Attachment A

NAV168 - DATE R'Et^rSEn: 9/16/76
ANNUAL HAfA FUim 1949 TO 1964

NAV160 = NA'v'16t:t/2

1949 "





NAyi?8 - DA7E REVISED: 9/16/76
c2 ANNUAL UATA FROM 19 A A TU 1 V64

NAVl'PC = NAiv'193/6

Attachment A (Cont'd.)

1944
1948
1952
1956
1960
1964

95167
33667
69
9

8.41
7.79

5.07333
3.74
5.18
7.01
8.84

3.96t
4.83
7,87
9.69
6.75

3.62833
>j . 36
9,53

1 . 1 .1

/.3V

DIV19S DATE REVISED: 9/16/76
ANNUAL DATA FROM 1945 TO 1964

DIV198 =





.INAV2P6 r DATE REVIStTDL^ 9/l'v/7/,
ANNUAL DATA l-ROM .1V53 TO J.?64

Attachment A (Cont'd. >

NAV20S = He\K)20i-^2

1953_
1957
196.1

21.09
25.76
33.9

28.03_
33.33
33,72

,31.1__
31.92
36.08

30. /I

34. Vc)

DIV20i
- DATE revised: 9/16/76

ANNUAL DATA V\<m 1954 TO 1964

D 1^205 = NEUFT:R(DIV203,1,1954)

1954 '•
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Attachment A (Cont'd.)

iiAV
ANNUAL DATA FROM 194t> )G 1964

1943 "
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NAV22000
ANNUAL DATA

DATE
FROM

Attachment A (Cont'd-)

revised: 9/16/76
1946 TO 1964

194^
1950
1954
1953
1962

7,19
7.61
9.35
9,93
3.3

6.9
8.08
9.33
9.91
9.71

6.47
8.07
9.56
9.3
10.26

/ . 1

9

7.b3
8.09
10./.>

riIV220 - DATE revised: 9/16/76
ANNUAL DATA FROM 1947 TO 1964

1747
1951
1955
1959
1963

0.275
. 22'^

0.27
0.3
0,25

0.2575
0.2065
0.333
0,3
0.25

0.2855
0.2355
0.293
0,3

0,2284
0,26
0.323
0.27

CG220 - DATE REVISED: 9/16/76
ANNUAL DATA FROM 1947 TO 1964

1947
1951
1955
1959
1963

0.
0.423
0.38
0.26
0.26

0.22S5
0.3435
0.377
0.21
0,35

---===-=='
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Attachment A (Cont'd.)

NAV224 - DATE RE'JISED: 9/16/76
ANNUAL DATA FROM 1950 TO 1964

1950
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NAy_23A - DATE Fv'E(JISED : 9/1

:

ANNUAL DATA FR'Un 1944 TO 196!

NAV236 NA'v'236/2

Attachment- A (Cont'd.)

1944
"Y943
V?Jj2
"l956

1964

7.385 8.4;
7.07
9_,56_

12.4 4

14.57
16..03

7.805
_9^01
10.85

7.:

8./
9"

I. U 7V
i3.6^r
14.44

/..i4

1 4 . .•>

.> .1.

myj^236 - _^ DA T E RE 1 8 E Ii : 9 / 1 5 / 7

6

ANNUAL DA I A FROM 1945 TO" "l964"

riI0236 = DIU236/2

_, 0.265_
0.395

—i>c37i.
0.42
0.43

r 3 ;l,

0.375

0.4 2

-. 0_t/}35_

, 3/^

0.4 j

Jt'«5_

CG236 - DATE REOIGED: 9/15/76
_ANNUAL_DA)A rROii 194 5 TO 1964

CG236 C(3236/2

:i23G - DATE JEVISE-^: 9/16/7r
A.'j'KjAL '^M\ F;^^;l 1D1+5 to nci;

R236 = LOn(:'.236)





NAV249 - DATE RE^JISED: 9/15/76
ANNUAL DATA FRGh 1940 10 1964
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Attachment A (Cont'd.)

__.NAyiJ4_?_ = _WAy249/4 ^_.

1948 ^
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Attachment A CCont'd.)





Attachment A (Cont'd.)

JAVll?! - DATE revised: 9/16/76
ANNUAL DATA FROh 1950 TG 1964

1950
1954
1958
1962

3.72
9.
9.43
6.66

4.07
10.28
9.31
6.678

4.09
10.85
8.8
6.96

4 . 2

1

7.54
9.

DIV119i - DATE revised: 9/16/76
ANNUAL DATA FROM J 951 TO 1964

1951
1955
1959
1963

0.19
0.33
0.23
0.065

0.18
0.33
0.14
0.08f

0.22
0.28
0.07

0.27

0.085

:G1191 - DATE REVISED; 9/16/76
ANNUAL DATA FROM 1951 TO 1964

1951
1955
1959
1963

0.
0.39
1.5
0.2

0.03
0.47
0.12
0.28

0.
0.06
0.6

. 1 .1.

,0A
0.

R1191 = L0GUNAV1191+Dl'v'H91iCG1191)/NAV1191(-l ) )

1951
1955
1959
1963

0.135545
0.20067
0.157629
0.041614

0.054972
0.125106
0.02722
0.092474

0.079854
-0.319837
0.094276

0.
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Attachment A (Cont'd.)

DATE revised: <?/()3/76

ANNUAL DATA FROM 1944 TO 1964

7==r=
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R - DATE revised: 9/16/76
ANNUAL DATA F'ROM 1945 TO 1964

1945
1949
1953
1957
196J

2.44
2.42
2.3
3.34
3.39

2.21
2 , o

2.69
3.24
4.03

2.21
2.39
2.63
3.91
J,,S9

2.45
2. /4
2.88
4.3/
4 , 1

5

RFT -

ANNUAL

RFT

DATE
DATA

REI'ISED: 9/16/76
FROM 1945 TO 1964

LOG (HR/ 100)

1945
1949
1953
1957
1961

0.024107
0.023911
0.027615
0.032S54
0.033162

0.021359
0,021761
0.026544
0.031835
0.039939

0.X)21359
0.023613
0.026,446

. 038355
0.033162

0.02<i2u5
0.02/^-!3

0.02Hs'.y:'

0.04/7/1
0.040o6l
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