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This study examines the empirical relationship belwesh the return and the total jmarkel value of
MNYSE common stocks, 1 is found that amaller l'nrnu have had higher risk' adjusted returns; on
average, than larger firms. This ‘size effect” has bten in existence for at least i'nil;r years and is

+ evidence that/the copital assst pricing model is misspecified. The size effect is not lineay in the
markel valye; the main effect occurs for very small firms while there is lintle difference in refurn
hetween a\-eragc sized uh.d]hrgc firms. 1L is not khown whether size per ar is ::Fns:bh: for|the

effect or whether size is jusl a proxy for one or more true unknown factors correlated with size,
VR Y I

L

1. Introduction ; S

The single-period ¢apital asset pricing ‘'model (hendeforth CAPM) plns-
tulates u simple lincar relalionship between the expected return and 1hc
market risk of a scturity. While the results of direct tests have b:cn
inconclusive, recent dvidence suggests the existence of additional factors
which are relevant fm' assel pricing. l"_.ilmnh:rgcr and’ Ramaswamy [I??Q!
show a significant pn\':uv: relationship ‘between dividend yield and return of
common stocks for the 1936-1977 p:rlud Basu (1977) finds that pncc—
earnings ratios and risk adjusted returns are related. He chooses to interpret
his findings as cvldcuﬂe of market ineMeieney but as Ball {1978) points out,

markel efficiency tests are often joint tests of the cfMlicient market hypothesis
and a particular equilibrium relationship. Thus, some of the anomalies l]'ml
have been attributed 1o a lack ol market efliciency might well be the r:m]l "of
a misspecification of the pricing model. |

This study contributes another piece to the emerging puzzle. It examines
the relationship between the total market valte of the common stock al‘ a
firm and its return. The results show that, in the -1936-1975 period, the
common stock of small firms had, on average, higher risk-adjusted returns

*This study is based on pant of my d‘i“:l‘[:liﬂi!i n:uﬂ was éompleted while | was at ‘the
Umiversity of Chicago. 1 am’ grateful 1o my commiuttes, Myron Scholes (chairman), John Gould,
Roger Ihbotson, Jonathan [agersoll, and especially Eugene Fama and and Merton Miller, for

their advice and comments || wish to acknowledge the valuable comments of Hill Schv.-eninn
carlier drafts of this paper. | . |
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: than|the common stock of large firms. This restlt will‘henceforth be referred - ‘I :
¢ © to.as the ‘size effect’. Since the results of the 'study afe not based on a' [+

cular theoretical, equilibrium mud:l it is not possible to determine
lusively whcthcr markr:l wluc per se matters or wh:th:r it is ::ml}r a.

sented ‘in this study are discussed in secfi nnlz Since there is a éonsider-
Jmnunl of cnni’uﬂton about lhclr r:!nlwl: meril, more lhan onc techmquc

resu Is Lﬁnstllut: su_t!{m 5 : ; i

' \llmhodnluglﬁ ; : _ :
H |
- The empirical tests are based on a. generalized assel Fl‘lEll'I-g, model which i
allows the expected return of a common stock to be a funclmn of risk fi and :
an ddditional factor ¢, the market value of the equity.! A :|mplc linear - _
rdlatjonship of the form _ ; - |

EtR)=3q+78+ 7.0 (¢ — rj’;;.].-'.‘.r’m]- | 'II” l

is assumed, where

F.'!{R,-ﬁ = expected return on security i, :
| # v4 | =expected return on a zero-beta pnrlfu]m . ' |
! | =expected market risk premium,

s |=market value of security i, ' X :

th,, |=average market value, and _
. | =constant measuring the contribution of ¢; to the expected return nfa |
securnly. # ’

¥

II' ihen: % no r:lmtmnxhnp between ¢, and the expected return, ie., =0, (1)
redudes to the Black (1972) version of the CAPM.
: 5!:'[[.‘1'.' expectations are not observable, the parameters in (1) must be |
| cr.iimrh.d from historical data. Several methods are available for  this
" purpése. They all involve the use of pooled.cross-sectional and time series
ILLreT.-ln:w to estimate yq. 7y, and y,. They differ primarily in (a) the
assumption concerning the residual variance of the stock returns (homosced-
astic r:r heteroscedastic in the eross-sectional), and (b) the treatment of the

"I whe empirical tests, ¢ and @ are defined as the market proportion of secerity i and
-n-rmpf: market proportion, respectively, The two specilicanions are, of course, equivalent.
° 1

; ¢ |
Li
[
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Errors- m-|ur1ablcv. pr{:blvm introduced by|the use of estimated belas in {l]
All methods use a-consirained optimization procedure, described in. Fama
(1976, ch. 9), to generale minimum variance (m.v.) portfolios with mean
feturns’ y,, i=0,...,2 is imposes certain constraints on the portfolio
weights, sin_r:c l'mm_[l‘.ll I |

|
r

* E(R,)=y =10 w)+ 7 L wh, [ :
- J i d : ,

(E w,b, —.f....gw,) f;""ua,.'] =02 (2)

+7

__
|

where' the w; are the portfolio - pmpnrhmln of each asset j, j=1,...N. An
examination of {2) shows tha! 4o 15 the mean return of a standard m,v.
purll'nﬁn (},w;=1) with z¢ro beta andl ¢, =% wep, =g, [to make the
second ‘and third tgrms of{the right-hand 1:{1:, of {2) vanish]. Similarly, ¥, "is
the mean return on &t zerp-investment m.v, portlolie witlt beta of one and
i, =0, and §, is the mean riturn on a ma. zero-investment, zero-beta portfolio
with ¢, =d,,. A$ shown by Fama (1976, ch. 9), this constrained optimization

" | -
can be pcrl'nrmtd by runnipg o cross-sectional regression of the form

Ry=%o + :ul”-rIa rll“:l’u ’ﬁm“#'qr]"'* =1 N, .. (3
on a period-by- pq:rlml basis, U'i.ll'lg csum.ucd betas ff, and allowing for either:
homoscedastic or heteroscedastic error terms. Invoking the usual stationarity!
arguments the final estimates of the g.-imm:t\ are calculated us the averages nf
the Testimates.

One basic approach invalves grouping individual securities into purlfnllm
on the basis of market value and sccunt‘i} beta, reestimating the relevanl
parameters (beta, residual variance) of the portfolios in a subsequent period,
and finally performing eit%r an Drdinar}r least squares (OLS) regreqsiun
[Fama and. 'P-’Llcllclh {(1973)] which assumes homoscedastic errors, or
generalized lehst squares EG1L‘§‘| regression [Black and Scholes (1974)] whlch
allows for heteroscedastic trrﬂrs on the |portfolios in each time period.?
Grouping reduces the errofs-in-variables problem, but is not very eficient
beciuse it does not m.lkc|u=.c of all information. The errots-in-variables
prohlem should not be a I'.ntar as |Dng as the portfolios ccnt.nn a reasonable
number of securities.”

Litzenberger .md Ru.mmw.lm:.r II‘JT'-]}A have suggested an- alternative

i cross-section and use the

method which avoids: group

*Black “and Scholes (1974) do
method was designed 1o do so.

. ‘Bta;l:. Jensen and Scholes (1972,

L1
-

=
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ing. They allow for heteroscedastic errors in the

ertimates ol'l'th'r: standard errors of the security

not take a.ccnuni_ of heteroscedasticity, even though Ih'.‘ir
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. betas as estimates of the mcasur+ncnt crrﬁ:s As Theil {19?1 p. 610) ]‘lns ' '.',,__.J,_.
fa% | . pointq} out, this' method 'leads fo ‘unbiased maximum likelihood estithators Uhads et 1
2% ) for the gammas as long a% the error in the standard ‘error of 'Ex:t? is small ' ; - f

and | the standard assumptions of the simple errors-in-variables' model are
met Thus, it is very important that the diagonal model 'is the correct
specification of the return=gr:ntr1tmg process, since the residual variance
assumes a critical position in this procedure. The LJtzcnbcrgcr-Ramaswamy
mctitud is superior from a theoretical' viewpoint; however, |::11:hm1n‘:«|r}r work e
has shown that it leads to serious prnhljmﬁ whcn :lrsplmd 1o lhl: mudcl of

_ ; this Limh' and is not pursued any further.d |
0 .I Il‘l\ll‘.ld ol cﬁl::'rmllng equaltion (H wlih data for all securiti s, it lis also
. possible to. construct arbitrage portfolios ¢ontaining stocks of wjr}r large and
very|: -\n'm]'l firms, by combining long positions in small firms with short
'pu‘ss ions in large firms. A simple {ime series regression is run to determine -
the difference 'in ml.-adjmlcd rLI rns between small am:i large firms, This
ypp oach, long familiar in 1he ellicient murkets and option pricing literature,
has | the advantage that no assumptiofs about the exact functional re- |-
latiqnships between market value and txp-ﬂ:l:d return need to'be made, ﬂm:l e
it will therefore be used in this studly. - ¥ TRl 1 !

|
- |
The sample includes all common 'i'lﬂt..kl quoted on the | NYSE for at least l gl
t'\:llwn,.ln between 1926 und 1975, Monthly price and r:turn data and the !

number of shares outstanding af the end of each month dre available i in the
monthly returns rt]I: of the Center for Research in Sfa:ﬁ:ur:lyI Prices (CRSP) of |
the Unmr-ﬂw of! Chicago. Three different! market indices are used; thisisin 7~ ‘

3. Data

response 1o Roll's (1977) critique of empitical tests of the CAPM Two of the 2

three are pure common stock indices — the CRSP :qual!y and wvalue- ]

we ihltd indices. “The third is TI'IDJJL comprehensive: a value- weighted com- . | ‘ :

bindtion of ‘the CRSP value-weighted index and return data on corporate i

and uw:rnmcm bonds from Ibbotson dnd Singuefield (1977) (henceforth - !
‘matket index’)." The weights of the components of this index are derived
from information on the total market value of corporate and government

- bonds, in vatious issues of the Survey of Current Business (updated annually) - - -
and| from the market value of common stocks in the CRSP monthly index

. - ;
I'lh:. The stock indices, made up of riskier assets, have b-::-th higher returns: T
I the diagonal model [or marketl mv:ulrjb is an Ithmpt*[c specification of the return s
gcndmlmg process, the estimate of the standdard error of betais likely 13 have an upward bias, G
sincg (he residual variance estimate is 1oo large, The errof in the residual variance estimate. £ i
* appears 1o he related 1o the sevond lactor. Therefore, The 'rciullmg gamma estintates are biased.| |
; *No pretense is made that this index is complete; thus, the use of quotation marks. Tt § |gno‘m } 1
| real estate, foreign dssets, etc.; it should be considéred a first step toward b comprehensive mdcx 4
fhh::-unn and Fall (1979). : | A s
; | 3 | 1
I ! | I I i %
| = e s
Lo . ; | ;
| ! R | i j AR TP PRNEFE W AT T Al e T “mﬂm
| 1
| | ' B ' i
i ; I i 1A li‘:
! e | “ | ! r :
» t ' . 1 i
! i B ! s
' . LR S

160186-OPC-POD-63-4



']'nnd higher risk than the bond indices and the ‘market. index’.® A time series °
lof commercial paper returns is used as the risk-free rate.” While not actually
‘constant through time, its variation is very small when compared to, that of

the jother series, and it is not signiﬁ::ant!'y correlated with any of the three
- indices used as market proxies| | ! ; :

4. Empirical results : bt |

4.1." Results for methods based on(grouped iiffﬂ'ﬂ .

|; The portfolio selection procedure used in this study is identical to the one
desdribed at: length in Black and| Scholes (1974), The securities are assigned
1bjone of twenty-five portfolios containing similar numbers of securities, first
th one of five on the basis of |the marl‘gci value of the stock, then the
securities in each of those five arg in turn|assigned to one of five portfolios
on the basis of their beta. Five ygars of data are used for the estimation of
the steurity beta; the next five ye;llrf.‘ data are used [or the recstimation ol the |

pbrifolio betas. $tock price and number of shares outstanding at the end of § -

the five year periods are used for |the caleulation of the market proportions.
The portlolios are updated euerylycﬂr. The cross-sectional regression (3) is
then 'performed in each month an
the gammas could be [am.L have been in the past) interpreted™as the final
estimators. However, having used ¢stimated parameters, it is not %crtuin that
th'q; serics have the theoretical properties, in particular, the hypothesized beta. .
Black and Scholes (1974, p. 17) suggest that the time series of the gammas be
regressed once more on the exgess return of the market index! This
correction involves running the time series regression (for 73}

II " . 0 .* - -

! 'j',,—Rn=:::+ﬂ:[Rm,— Fol b4 - 4)
It has been shows earlier that l_hJ, theoretical fi, is zero. (4) removes the
effects of a non-zero ff, on the ret u‘[:n estimate , and 4, 1s used as the final

estimator for 7, = Ry, Similar correptions are performed for y, and y,. The
| 3

* [
f |

: | . .
#Mean monthly returns and standurd devigtions Tor the 1926-1975 period are:
| | -

| o Mean return Standard deviation
sl L0 - . | Fasis P P
! Sarket index’ E |. QARG DOE .
| JCRSP value-weightod index | DOOKS 0.05K8 )
| / CRSP equally-weighted index || B.0120 00830 -
. 'L Government bond index 0,027 00157
1 +*} Corporate bond index | 00032 00142

N km grateful 1o Myron Schales for making this series available. The mean manthly return
for the 19261975 period is 00026 and the stapdard deviation is D021
g ¥
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stafistic, and finally, the estimated beta of the time series
{4).| Note that the means are corrected for jthe, deviation I'n‘c-m the lhf.'ﬂretlc.ﬂ

. i :
(] by sl ' r i
' i 1
i " i i

8 ] ! : RO H:lnﬁ.rﬂﬂkrn'audﬂrm slze "kl y : L ,
| | ) e 1

us [to check whclhc’r' the  grouping, pmccdurc is ar’ effective means to
cln‘fnn.ﬂc the errors-in-beta pmblern |
The results are ‘esséntially identical for both OLS aﬂl GLS and I'ﬂr 1l

three indices. Thus; only one set of results, those for the ‘market index’ with-
- GLS, is| presented in table 1. For each of the gnmmas,%hn:c numbers a

rep-:'rrtcd the mean of that time series of returns which is relevant for the test
of the hypothesis of inferest {i.e., whether or not §; and ,-l

the| risk-lree rate and the risk premium, respectively),| the associnted 1-

betdr as discussed above,
The table shows a significantly negative ¢stimate for 3, fnr the overall time

perfod, Thus, shares of firms with large rlmarkr:t values |have had smaller .~
rms. The CAPM -appears to be

retyrns, Of average, than similar small
mnu&.ﬂ.lr jed. The table also shows that y, is different from the risk-free rate.
As hoth rlITId (1976, ch. 9),and Roll (1977) have pointed out, if a'test does
not| use the “true market .portfolio, the Sharpc-Llntn:rI model might | be

I L T o A
d:mmmns of the B i=D,....2 m [4} I'rum thmr thcorcfmﬂl values dlso all w

are -:I" fferent from |

f the gamma from

wmngl} rejected. The estimates for v, arc| of the same magnitude las those

reported by Fama and MacBeth (1973) and others. The choice of a market
index and the econometric 'method does not alfect Ihe results. Thus, at least.
mt’r]m the context of this study, the C‘llml;'l.‘ of & proxy for the market
portfolio’does not seem to aflect the results and a]lnw:nk f::n' heteroscedastic
distiirbances does not lead to significantly more efficient estimators.

Before looking at the results in more detail, some cnmm#ntﬁ on economet-
ric problems are in order. The results in Ljhl: | are based on'the ‘market
!I'Ith:l which is likely to be superior to pure stock indices fmm a theoretical
'HL'ﬂ'pmnl sinee it includes more assets [Rol[ (1977)]. This wpcnortty has its
pnu: The actual betas of the time series of lthe gammas are reported in table
1 in} the columns labeled, i, Recall that the theoretical values of 8, and i

are gero and’one, n:spcctwe!y The s!nndm"d zero-beta portfolio with return
| cbntains high beta stocks in short pﬂ'illlﬂl'l'i and low héta stocks in long

positions, while the oppositg is the case for the zero-ifivestment pordolio with
retufn ¥ The actual betas are all \Ignlrl;.d tly different frém the theoretical
values. This suggests a regression’ cffect, Le., the past beétas DL high beta
sectrities are overestimated and the betas of l6w beta: securities are under-
estitmated.® Past beta is not completely uncorrelated with the error ‘of the

; i b :
curtent beta and the instrumental variable approach to the error-in-variables -

'pmr»tem is not entirely successful.” A1
]
*Ihere is no such effect for {1, because that portfolio has both zero beta and zero invesiment :
el huldmg:. af both high and low beta securities afe, on average, zera,
This result is first documented in Brenner (1976) who examines the ariginal Fama-McBeth
(197 time series of 7, T

L]

L
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§
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nsk premium (7, ) and risk premium stipulated by Sharpe-Lintner model (R, — Bl 7= sw: premium, f,=actual estimated market risk 3 ¥
of 4, [theoretical vialues: Fo=0, 5, =1, §;=0p ull f,, f, are -.|gn|1'1,dn1.1. I..JHEI'I..]"I'I from the theoretical values, if - = t-siatistic,
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he deviations from the, theoretical betas|are largest Tor the ‘market index’,

smaller; for the CRSP value-weighted 'index, and ismallgst for the CRSP i
equally-weighted index. This is die to two factors: first,.even if the true

| coariance structure is stationary, betas with respect ‘ta a value-weighted AHLE | IE
_index change whenever the weights change, since the wcigiuad average of the o Hiw
: belas is constrained 1o be equal to one. Second, the betas and their ‘standard 17

erfors with respect to the ‘market index" arn much Iﬁrg:r!lhan for the stock

'tmE-iccs {a typical stock beta is !:retwcén two|and-threé), which leads to larger
debiations - a kind of ‘leverage’ effect. Thus, the results in-table 1 show |
that the final correction for the deviation of fl, and fi, from their theotetical .
values is of crucial importance for maket proxies with changing weights.

:E‘Ei&‘.af

“stimated  portfoliobetas ‘and parl_l'o]iij market ;prdiportions are (ne- ! J ]
: galively) correlated. It is therefore possible _lllmt the errors in beta induce an
X erfor in the coeflicient of the market pn‘:p:}rti.nn.'ﬁccurd'ng to Levi (1973), | 4'..;
- the probability limit of 7 in the standard errors-in-the-varfables model is : ‘!-;
of e i I
[ s o ) 5 49
| plim ${ =5,/ + (a] -a3)/D)<7,.| . Li
| ) re
with - A | " e
~ i L e
| T e L S | : { ) ' ' P{
. D=loi+ol) aiiel >0, | | ‘ I| e
where ai, a3 are the variances of the true fdctors § and ¢| respectively, of is

— -
"

the variance of the error in beta and a,;'is the covariance of § and ¢. Thus,

: the bus in 7, is unambiguously towirds zero for positive 7,. The probability
i limit of §, =5, is [Levi {1973}] ‘e . . '
. . . 1 ! | - 18
! plim (fy -y, f=(al a5 3, )/D. ' ' \ | "
| . | | A
' ' -1 Tl
We find that the bias in 7, depends on the povariance between f and ¢ and ' oy 1¢
i the sign of ;.. Il &, 7 has the same sign as t]he covariance between [J and @, i s
b : i, @y =0 and if 3200 then plim(f, —7,) <0, ie., plims, <%, If the o
' . gmuping procedure is not successful in remdving the error in beta, then it is e
likely that the reported 7, overstates the true magnitugk af the size effect. If | - 4 |
this was o serious problem in thisstudy, the resulis fothe different market ! e
| i E s a | i iy .
intices should reflect the problem, In paruclular. using the equally-weighted '
stpck index should then lead to the smallest size effect since, as was pointed i
oul earlier, the error in beta problem is appurently less setious for that kind
ol index. In fact, we find that there is little dil’fercnce between the estimates,'™ R I o
'"For the overall time period, 5 with the tqua]]}-w:ilghin{ CRSP indeL is — 000044, with the ‘ Tl e T l'll
villue weighted CRSP imdex - 000044 as well as opposed 1o the =000052 for the ‘market ) L 1
inlex’ reported in table 1. The estimated betas of 7, anll §, which reflect|the degree of the error ' pok R ."I
in| heta problems are 007 and 091, respectively, Tor th equally-weighted L‘Jt.."‘t!" index and 0,13 ST ’|
'.IT! 08T for the value-weighted CRSP index, . ¥ ; :-'.
| L] L1
| - - |
. |
i ‘
| 15 ] | I
. | : 3
' ! \ : ; il
‘ byl ' —| S [ Y ik g A e ..'-..-."..:F:‘.r...l'-}..'_i. FEL T LI
1 i :

-
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; ! 1 | I P |
X Thus, it. does .not alp'pcar that the size :ﬂblc't is just' a proxy for the |
: unobservable true beta even tﬂou;h the market proportion and the beta of
seclifities are negatively correlated. : ) bitaea .
- The correlatioh coefficient Between the mean market values of the twenty-
éfive portfolios dnd, their betas is significantly negative, which might have
| introduced ‘a multicollinearity problem. One of its possible consequences is
.E i coeflicients ‘that jare very sensitive to addition or deletion of data. This effect '
’ 1 ' ~ does not appear| to occur in this case: the results do not change si'gn'iﬁc::'mtly !
|

when five portfolios are dropped from the sample.| Revising the grouping
procedure +— ranking on the basis of beta first, then ranking on the basis of
' . market proportion — also does not lead to substantially different results, 1

T i | T
4.2. A closer look at the results '

4 | An udditinnalli factor relevant for aséel pricing — the mntkt:t value of the
i equity of a firm L has been found. The results are based oh a linear model, th
Linearity was nT'é'sumcd only for convenience and there is no theoretical -
reason (since there is no model) why the relationship should be linear. 11 it is [
nonlinear, the pllrticu]ur form of the ‘relationship might give us a" starting |
!

& point for the discussion of possible causes of the size effect in the next
' section.'An analysis of the residuals of the twenty-five portfolios is the easiest
I way to look at!the linearity - question. For each month 1, the estimated

residual return

| :
! . !?ir=R;l'r_}:I'IJ_-.l'.lllﬁlr_.iﬁ!r[hlr'ir_'f}ml':l.'f‘r}mr:]t i= 1""’25' i :-5]

is calculated for lall portfolios. The mean residuals over the forty-five |year

sample period uré; plotted as a function of the mean market proportion il fig.
* 1. Since the distribution of the markel proportions is| very skewed, a

logarithmic scale is used. The solid line connects the mean residual returns of

cach size group. The numbers identify the individual portfolios within each

group according to beta, '1" being the one with the largest beta; *S* being the
' .one with the smallest beta. ' :

The figure shows clearly that, the linear model is misspecified.!! | The'
residuals ar;*nﬂlllrandomly distributed around zero. The residuals of the’
portfolios containmg the smallest firms are all positive; the remaining ones
are-close to zero. As a consequence, it is impossible to use , as a simple size
premium in the cross-section. The plet also shows, however, that " the
misspecification’ is | not responsible for the significance of 7, since the linear
model underestimates the true size effect present for very small firms. To

illustrate this point, the five portfolios containing the smaller firms are
b ""The nonlinearity cannot be eliminated by defining ¢, as the log of the market proportion.
\ : i 1
| 1)
: 1 : |
b i
i I
b
l X
PR i 1 L. | T T i - b . ¥ 3 i T a—
|
b .
iy i _
b & . | & !
H | 4 H i
i b |
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. . ieletcd from "the sample and the pcaralfwters reestimated. The' results; PRI 14 i i
] i ! H P i i = B & : p i 3 4]
s _ summarized jn table 2, show' that the §, rlemam'c&senhally the same.: The : VRN Bl pi
BV * relatipnship_1s still not linkar: the new ;‘1' still cannot be used as‘a s'iza | B |
v ire? S premium. ' . S TR YR S R
i | A L . | . ! . [Farsh
! ' Fig. 1 suggests that thé main effect rs for very small firms. Further A | =%
| “suppdrt for this conclusion can be obtained from’ a simple test. 'We can ;. - ~° || |
. g2 L gress the returns of the twenty-five portfolios in each result on beta alone . b B
[ #nd examine the residuals. The regression hs misspecified and the residuals e | 2
i _ * tontaih information about the gize effect. |Fig+2 shows the plot of those SR 't g
| :l:sidu'nls.in'thc same format as fg. IL;Thc{smallcst firms have, on average, : Eitig g,
i ! | | " i 1 = I3 - H 3 I
! ety large unexplained mean returns. T ere “is no significant  difference § |
Hetween the residuals of the remaining portfafios. | SR T TR
; T 7 il ) '.
. . i ! |
| | { L 1
d - | 1 | {
L : | | ! I i
| 1 i g T i’ b
| L |
* | i | |
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. ' MARKET PROPORTION .
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: I-'Jg 1. Mean residual returns of portfolios [1936-1975) with equhllyawﬁghmj CRSP index as |1
d iket proxy. The residual is calculated with the three-factor model [eqr (3)]. The. numbers |
I.|..% represemt the meun residual return for the five portfolios within ﬂ-ctl size group (1:
padrifolio wul.fh largest beta, .. 5 portfolio with smajlest beta). + represents the mean of the
. mean residuals of the five portfolios with similar market values!, B
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Fig. 2 Mean residual rerurns ﬂl p-nrtiuha-. {I?‘Hﬁ 1978y with equally- wnghu:d CRSF index s
m.«r‘kel proxy. The residual is L'l1cl.l|"|h:{| with the two-Tuctor model (5, =R, =5, - I,,ﬂ"] The
» -lrmhuls are s defined !'ﬁr hig. 1.
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i

I

43 Arhumgr porifolio re'rurm !

.
A T

| 2 ' : LR
ﬂnc mparlanl l:mplﬂCdI questmn still remains: How 1mpﬂrtam is the size | : ; ; L st
| - effect from a practical point of view? Fig. 12 suggests that the difference in | '

returns between the smallest firms and the remaining ones is, on average, ‘

H
Y
~A T

about 0.4 percent pér month. A more dramatic result can be obtained when
the securities are chosen solely on the basis of their market value. : . S
¥ " As an illustration, consider putting equal dollar, amounts into portfolios LR .
' ; contalmgg the smallest, Iargﬁst and median-sized firms af the beginning of a/ :
year. These portfolios dre /to be equally weighted and contain, say, ten,
twenty or fifty securities. *I‘h{:jﬂI are to be held for five years and are
rebalanced every month. They are levered or unlevered to have the same

beta. We are then interested j n the differences in their returns,

! | ' . { :

! Ru=R =Ry [Ry=R,~R, Ry=R,~R, (6) i
] . | " ’ i

| i E LY [ co !
e o - 1 i . B ]
|. .I : | I : ‘ A 5 ;I i 1
4 i | | Lo

. § ! ¥t ] o - 2
I | - !] k " ; " :p |

] it .!_ " § [ ,rf | ! }‘ E 1
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y | ] I

i F {1 Table 2 ; )

i Pnrtl‘nlm estimatofs for y; for all 25 portfolios and for

| ; 20 porifolios (perffolios containing smallest firms de-

g:n:ra]lrnd 1tasl-5.qu&r:s csl:mntlnn

| | -"%11: pr:mmm 7r with

leted) based ‘on CRSP uqun!l]y weighted index with! . -

the differences on the excess returns of the market proxy. The ‘mlercep‘t lerms

g |-‘-— : =3
| Period - +* 28 portfolios 20 portfolios ‘
. 19361975 - 000044 Z 000043
J e ; ~242) C L 1—254) -
| 1 1936- 1955 000037 . T —0.0004] i
| R E - T SR Y g T
! 19561975 —0D00S6 10 —(L000SO ! ;
T =191 L =131 4 |
]
19361945 AL LR | = 000ES | .
; — 280 o =24R) | i
1946 1955 ‘ool | — 000003 F '
. L2 Do W{=DaM 5 | i ; |
| 1986 1985 ELLLE IR — 000017 o
N |: [~ 0K B 1 5. ;
| : 1966 1975« —000ML. | 00008 .
i | S E R [ — LE4) @ ’
. I _ B Pt PR i SOOI, s EPE S Y | .
| " coin patentheses. Ir | |
where (R,. R, and R, are the returns on the pnrtt’nlms containing -the | :
fmallest, mtdlm sized and largest firms aj portfolio formatior time (and R, | 1!
=R, + Ry, Thc procedure invalves (a) the caleulation of lht three differ- |:
Frces i raw rclurm in each month and (b) running time scrlcs regressions of | !: .

f these regressions are then interpreted as: the F,, i=1, J

return obtained from holding the smallest firms long and th

some quirk in the covariance maltrix,
Table 3 shows that the results of the earlier f:stt: are [ully
1hc difference in returns between very small firms and media

ypically considerably larger than R,, t!:u: dlm:rcncc in returns between
median-sized and very large firms. Thel average EKCess return from holding
yery small firms long and very large firms short is, on au:ragt 1.52 p:rcem

""Mo ex post sample bias is introduced, since mmilh.h- rebalancing inclu
turing the five years, Thus, the portfolio size is generally ur:curau: only for

each p:rlud i I

160186-OPC-POD-63-12

short, representing zero net investment in a zero-beta purll’olm 12 Sjmplc
||:q1ml]:, weighted portfolios are used rather than ‘more soph:sucatcd mi- !
"pimum’ variance. portfolios to demonstrate that the size-effect

,3." Thus, the

lilferences cah be interpreted as ‘arbitrage’ n:lurns since, cg, R,, is the | !

e largest firms

is m:-t due to

cun!"rm:d K, |
n-size firms, is

les stocks deltslcd | [ .
the first rm:m:h of | | £y

Iy* { i
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i £ -1
3 = i A e
? _ wirss I f 4
...... : _ A i s
: .  Table 3 - R
T : N"‘-u.,, & Mean mr:anlhl:.I returns on “arbitrage’ portfolios.® . i N PR B
> - ; R,—Ry=d,+B(R.—R;) o s I -
' / 1'1.‘ i," - 'f]‘ ; ‘ X ] . i
. e ; — i ‘L B
ne 10 n=20 =50 n=10 n=20 n=50. n=10 n=2 = A= o | :
) Qverall period : toa _— P = - ;
1931-1975 0.0152 0.0148 00101 0.0130 0.0124 0.0089 0.0021 00024 . 00012 S E
(299) (3.53) (3.07) (2.90) (3.56) (3.64) (106)  T(1.41) (0.85) 1 3
Fire-year subperiods p s i ; -
1931-1935  __ Rosky 0.0597 0.0427 0.0462 00462 00326 00127+ 00134 0.0101 ]
325 281) (2.35) (1.92) (2.55) (2.46) (1.09) - ¢ (1.49) (1.42) e 1
1936- 1940 0.0201 0.0152 0.0089 . 00118 00145 D.0064 00084 0.0037 0.0025-- - - ® - o Mol
2 o (082) (0.97) (0.67) (0.55) (050) (0:65) (1.20) 062 {049 e pa—
i B - Y S VT Ry 11 10 St 1 i k- I "'_"I:Tmﬁ'.r © 00228 00049 00038 0.0041 ol t e
s 229 (246) 217 12.29) 12.54) 1202) “(1.29) {(109) ~ (1.68) s e e
. 1946-1950  —00060 00046, - -00036 —00058 — =0O0059 ——~ 200029 — —00002 —00104— 00007 '5'— B e T 1 el
: =T (=097 A (-09T) {—1.03) (=119 [ —0.83) {—0.07) (-0.50)  (-0.38) ® . e g 9
E 1951-1955  -0.0067  —0.0011 0.0013 -0 0.0026 0.0010 . —00062  —00037 * 0.0003 .E ! SO
: (-0.89).  (=0.21) (0.32) (—0077- ~OTH (0.39) {=1.29) (-0.99) 0.1 T T - 5
- 1956-1960 0.0039 0.0008 0007 007 —0.0027 000IL, . .. ONO3L. . —0o3s:——0o06— & - 1 . )
! (0.67) i0.15) 089 10.14) (=064 — "'{ﬂ'-'l!]_'_' T (0.88) (1.16) 097 L B i
; _1961-1965 0.0131 0.0060 0.0024, 00096 00046 00036 - 00035 00014 —00012 g i 2
B s X (138). - (067) (0.31) i) 0.72) LOTT) 059 — ——{nm—--—-t 0.24) S Bl s
' - 1966-1970 ooz 007 0.0077 00129 0.0110 00071 DO008 00007 . 0.0006 ; _ ¥z
i ot £ {1.64) . (226) - {1.91) (1.93) (2.71) (243) . 023) -+ (022) (0.27) & P
e 2 - 1971-1975  0.0063 00108 ,  0.0098 0.0033 0.0077 0.0083 00030 00031 0.0015 - . e Bl
N ; B il {0.60) II?_"I_I LoLas) (0.39) (1.18) (179} {0.64) (0.72) 0.43) - G &
? - - e — pr——— -l': = - o
& *Equally-weighted pcrtro]m: with n secunnm, ad;usled for differences in markﬂ risk-with respe mspur:t to CRSP valu.cvm;hl.d mdn.. .r-lutmm in i e 1 4
A E: * parentheses. R = 5 N . =
= *Small firms held long, large firms held short, : ; s, % : e
o 5 *Small firms held long, median-size firms held short. - - R R B
eier g s . *Median-size firms held long. large firms held short. i ' v : _ ‘%. Sk .
Iﬁ . - -L L._- - i 4 = e .gf_ e
A i cnsesmn 0 S
1] e " N D— ' ;
s — " i i_h-l.. ;
i N T Eod
- L TN e o - el ¥ :
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'\ per month or 19.8 pcrccnt on an| annluahzect baSLs ThlS strategy, whli:h |
juggests -very large “profit opportudmm‘ leaves the investor with a p-:u:-r'!y [ % 1l
iversified portfolio. A portfolio of small firms has! typically much larger ; b [
! jzsuiunl risk with respect to a vnlue—we:ghled index| than a portolio of very | R
1.

rge firms with the same number &f seculntl:s [Banz (1978, ch. 3}] Since the .

largest firms make up more than 25 Perccnl of the total market value of I | !

NYSE stocks, it is not surprising that a' larger part of the varfation of the

g return of a portfolio of those large firms can be explaired by its relation with .
the value-weighted market index. Table 3 also shows that the strategy would il
ol have been  successful in every five' year subperiod. Nevertheless, the _ .
agnitude of the size effect during the -past forty-five years is such that it is w
I'mnrc than just academic interest, o b :

| - i i
i . : '

'Tlu: evidence preqenlcd in this -:tud].f suggestf. that the CAPM is mis-

' \pr:d:ll‘:d On average, small NYSE: firm§ have had significantly larger risk
! adjusted returns than large NYSE i Trmﬁ_r.wer a forty year period. This size

; effect is not linear “in the market proportion (or the log of the market
| proportion) but is most pronounced for the smallest firms in the sample. The.
{ effect is also not very stable through time. An d.rhll'l.-"'“‘r of the ten year

spbperiods show substantial differences 1n||h¢ magnitude of the cocflicient of |

the size fagtor (1able 1), ! : '

There is no theoretical foundation for such an effect. We dn not even

; know whether the fuctor is size itsell or whelher sive w Jmt a prmy for one

of more true but | unknown factors mrrulaled with size. IL is possible, . |

, hpwever. to offer some conjectures and even discuss some factors for which : I
| \]ILFE 15 =.115[1-m:lu! to proay. Recent work by Reinganum (1980) has eliminated,

[ ﬂne obvious candidate: the price- mrmnj; {P/EY ratio.'? He finds that” the -

7

¥ SR

! 5. Conclysions
|

I ' M E-cflect, *as reported by Basu “(1977), disappears’ for both NYSE, |
and AMEX .x.tm:ks when he controls for size but that there is a significant i
T size effect even when he controls for the P/E-ratio, i.e., the P/E-ratio effect is d
| -A||‘=rm:r for the sm: effect and not vice w::rw Stattman (1980), who found a
; nificant negative relationship between tl'u.. ratio of book value and market
| i wvalue of equity and its return, also reports that this relationship is just a
‘ pl‘nxy for the size effect. Naturally, a large number of possible factors remain
tg) be tested.'® But the Reinganum results point out a.potential problem with
some of the existing negative evidence af the efficient . market pmhcsis.
Busu believed 1o have identified a market incfficiency but his ®iE-eflect is

¥
""The ﬂvfragr carrelution coeflicient between F/E-ratio and market value is only 016 for'
rdividual stocks for thirry-eight quarters ending in (1978, But for the portfolios formed on the
bhsis of PiE-ratio, it rises to 032, Recall that Basu (1977) used ten portfolios in his study, oo

ME.x. debt-equity ratios, skewness of Ihc return distribution [Kruus and Litzenberger ! ;
76y A iR
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