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I. Introduction

The number of empirical studies using daily
stock returns is rapidly increasing.! Researchers
generally assume that the distribution of stock
returns is identical for all days of the week—a
convenient statistical assumption but not a nec-
essary condition of market equilibrium. Never-
theless, there are reasons to suspect that the dis-
tribution of returns may vary according to the
day of the week; the most obvious is the impact
of weekends on Monday’s return. Since Mon-
day’s return is calculated over three instead of
one calender day, the mean and variance may
well be higher on Monday compared with any
other daily return (perhaps three times as large).

Previous research has examined the daily dis-
tribution of stock returns for a Monday effect.
While Fama (1965) does not compare daily mean
returns, he does report that Monday’s variance is
about 20% greater than other daily returns. With

* During the last year we have had many conversations
with our colleagues throughout the professions. We are par-
ticularly thankful to the participants at sessions of the West-
ern and American Finance Associations where preliminary
versions of this paper were presented. Special thanks are due
to Gene Fama, Gailen Hite, Jon Ingersoll, Robert Jarrow,
Merton Miller, Clifford Smith and Rex Thompson. The ex-
pert research assistance of Frank Rabinovitch and Young-
Sup Yun is gratefully acknowledged.

1. The list of papers using daily stock returns is too long to
name. Recent examples include Charest (1978), Dodd (1980),
Banz (1981), and Reinganum (1981).
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A traditional distribu-
tional assumption re-
garding the returns on a
financial asset specifies
that the expected re-
turns are identical for all
days of the week. Con-
trary to this plausible
assumption, this paper
discovers that the ex-
pected returns on com-
mon stocks and treasury
bills are not constant
across days of the week.
The most notable evi-
dence is for Monday’s
returns where the mean
is unusually low or even
negative. Several ex-
planations of the results
are investigated, but
none proves satisfac-
tory. Aside from docu-
menting significant day
of the week effects, the
implications of the re-
sults for tests of market
efficiency are examined.
While market-adjusted
returns continue to ex-
hibit day of the week
effects, these effects are
no longer concentrated
on Monday.
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a different methodology Godfrey, Granger, and Morgenstern (1964)
reach a similar conclusion. More recently Cross (1973) and French
(1980)2 uncover evidence of negative average returns for Monday using
the Standard and Poor’s 500 (hereafter, S & P 500).

This paper further examines asset returns for day of the week ef-
fects. In addition to confirming conclusions of previous studies, we
also find that the negative return for Monday is remarkably uniform
across individual stocks and that treasury bills earn a below-average
return on Monday. Several explanations are investigated; none prove
satisfactory. Our results, supporting day of the week effects in equilib-
rium returns, suggest the need for further investigation of the determi-
nants of equilibrium over time. In the closing sections of the paper, the
impact of the day of the week effects on tests of market efficiency is
examined. It is interesting to note that market-adjusted returns exhibit
day of the week effects, but the effects are not concentrated on a
particular day of the week. Because of this the power of market
efficiency tests should be improved by accounting for day effects in raw
and market-adjusted returns.

II. Empirical Results

The initial tests are conducted with the S & P 500 and the value- and
equal-weighted portfolios constructed by the Center for Research in
Security Prices (hereafter, CRSP). Such indexes only provide a rather
general picture of asset returns, but if weekends have the same qualita-
tive impact on all assets, the effect should be detectable. In addition,
these tests allow confirmation of the results given by Cross (1973) and
French (1980).

Table 1 lists the sample means and variances for each of the indexes
during the period July 2, 1962-December 28, 1978, and for several
shorter periods. While the sample mean returns on Monday are gener-
ally negative, the sample variances do not exhibit a strong Monday
effect. To test for day of the week effects, consider the following
model:

Ry = aDy + ayDy + agDy + ayDy + asDy; + Vs 1

where R, is the return of index (or security) i in period f, 7; is a
disturbance, D,; is a dummy variable for Monday (i.e., D,, = 1 if
observation ¢ falls on a Monday and 0 otherwise), D,, is a dummy
variable for Tuesday, etc. The vector of disturbances, 7,, is assumed to
be independently and identically distributed as N(0,3) where 3, is not
assumed to be diagonal. The coefficients of (1) are the mean returns for

2. While writing the first draft of this paper, we learned of a similar paper by French

(1980). French documents similar day of the week effects for the Standard and Poor’s
500.
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Monday through Friday. To confirm the identical distribution assump-
tion requires the equality of the regression coefficients. This hypothesis
is separately checked® for each index, and table 2 reports these test
statistics. Our formal tests confirm the general pattern in table 1. For all
sample periods except the November 29, 1974-December 28, 1978
period, the hypothesis of equality is rejected for each index. These
results are not necessarily explained entirely by Monday; Tuesday
appears to be slightly low, and Wednesday and Friday appear to be
somewhat higher than Tuesday or Thursday. While these other days
may contribute to rejecting the hypothesis of equality, Monday re-
mains the most unusual day of the week.* For the overall sample, the
average annual return on Monday ranges from —33.5% (the S & P 500)
to —26.8% (the equal-weighted index)!

The tests reported in table 2 are convincing but subject to an impor-
tant limitation. The estimated autocorrelations at lag 1 for the S & P 500
and the value-weighted indexes are about .2, and the estimated au-
tocorrelation for the equal-weighted index is on the order of .4. Ac-
cording to Scholes and Williams (1977), these autocorrelations may be
explained by nontrading of securities. Not only does the autocorrela-
tion distort the reported standard errors but the misspecification may
lead to more subtle problems. If small issues tend to trade more
frequently on Friday than other days of the week, the mean of the
observed returns of an index would be high on Friday and low (but not
negative) on Monday—reducing the magnitude and, therefore, the
statistical importance of the observed effects.

To avoid the nontrading problem, as well as to determine the extent
of the Monday phenomenon across securities, tests are also conducted
with individual securities with equation (1) as the underlying statistical
model. For these tests, the firms of the Dow Jones 30 (these securities
are listed in the appendix) are selected, since these securities are
actively traded. The sample means for each day of the week are
summarized in figures 1 and 2 for periods July 3, 1962—December 28,
1978; July 3, 1962—-October 27, 1970; and October 30, 1970-December
28, 1978. Apparently, negative Monday effects are not limited to a few
securities. In fact, for the overall period and the first subperiod, all 30
securities have a negative mean on Monday! Our formal tests® are

3. Instead of checking each index separately, a joint test for all three indexes is
feasible. Such a joint hypothesis was investigated, and the qualitative results presented in
table 2 remain unaffected.

4. The unusual appearance of Monday relative to other weekdays can be formally
confirmed. By altering equation (1) to an intercept with a set of four dummies (arbitrarily
eliminating one of the dummies), the ¢-statistics for the coefficients on the dummies verify
the claim in the text.

5. For individual securities, the test for a day of the week effect relies on a multivariate
hypothesis that a;; = a,; = ag = a4 = as, a linear hypothesis for Zellner’s seemingly
unrelated regression model (Zellner 1962; Theil 1971, chap. 7).



Journal of Business

582

L19° €T €€9° 60’ 089" £90° AepLig

909° nr £09° 950° 9’ 0£0° Aepsinyj,

Ly’ $80° 69L° L90° 08’ 650° Aepsoupam

€8¢° €0 — Ly 100° soL’ 00" — Aepson], (190°7) 8L61 ‘8T 19qudd3Q

068" 80" — 1423 980" — L8 01— Aepuo —-0L61 ‘0€ 199010

§8¢” 60T 08T ozl LLT yol1- AepLg

08y’ L80’ 6¢e” 8¢0° 8¢e” L20° Aepsinyj,

89¢° 181 SLY 1948 ILY’ pel” Aepsoupom

(194 00" — 68¢” 020’ 86¢" 900" Aepsan] (690°7) 0L61 ‘LT 139010

1oL Ielr— 16v° 14 S LY 91— Kepuop -7961 ‘€ Anf

10§° 91T 9S” 901" 6Ly’ ¥80° Kepuig

(449 660" 697" Ly0 €8y 820° Aepsinyy,

€79’ (418 929 sor- 42 960° Aepsaupom

0cs” 10— 81¢” 010’ 16¢° 200° Aepsang, (TET‘Y) 8L6I ‘8T I9quiddn(g

6L’ L01"— 099° LI — 0L9’ el — Aepuop —7961 ‘¢ Anf
ddUBLIBA uBOW oueLIRA uedW oueLre A ueo Joam 9y} Jo Aeq +POLIdg auwiL],
paySrom-renby 4SYD paysrom-anfeA JSAD 00Sd®S

SAXIpPU] YO0)S I Y} JOo Ae@ Aq WINIY 3I3eJuUIAJ ) JO SDUBLIEA pue suedy Idueg 1 A19V.L



583

Day of Week Effects and Asset Returns

‘pouad yoes FuLnp SUONEAIISQO JO IdqUINU = sIsayyuared ul saIn3ig,

L8S”
6LV’
oLS”
8€S”
$69°
6£9°
oL’

979’
yS0°L
139
L
L16

8+0°1
10T
[1¢4
SyT
80¢"
6te’

1342
(414
1€9°
(759

Aepuig
Aepsiny],
Aepsaupam
Aepsan],
Aepuopy
Aepug
Aepsinyl,
Aepsaupom
Aepsan],
Aepuop
AepLig
Aepsiny
Aepsaupom
Aepsan],
Aepuopy
Aepuyg
Aepsiny,
Aepsaupop
Aepsang,
Kepuoly

(I1€0°T) 8L61 ‘8 19quade(Q
~bL61 ‘67 19qQUIAON

(0€0°1) ¥L61 ‘LT 1OQWIAON
=0L61 ‘0g 1990300

(Z€O°T) SL61 ‘LT 13q0120
~9961 ‘ST Isn3ny

(LE0°T) 9961 ‘ZI Isndny
-2961 ‘€ AInf



Journal of Business

584

*1000° St pourodal aneA-J WNUWILIW Y I,

*(2 3o anJeA Iemonted auo I0j) ¥ = P = 0 = Bo = Mo :0f P 4 Bgto + Pgto + Eg¥o 4 Bgto + "g'o = fy—-aioN

1110 8V wor” £9°1 62T LE'T LT 1Y 8L61 ‘67 19quIadd-pL6] ‘67 J9qQUIAON
1000° Sy LETO yI°¢g 490} 80°¢ STOTY PL6T ‘8T JOQWIAON-0L6T ‘0f 1990300
1000° 8¢'8 1000° 118 1000 85°8 620°1Y 0L61 ‘LT 12Q0190-9961 ‘ST Isndny
1000 98°'8 1000 €€°9 1000 1€°9 €01 Y 9961 ‘TI ISN3ny-7961 ‘¢ A[nf
1000° $9'8 100 68'C 100° 6v'C LSO‘TY 8L61 ‘67 12qud3@-0L61 ‘0¢ 1990190
1000 LEST 1000° el 1000 vl ¥90°Ty 0L61 ‘LT 1990190-7961 ‘€ AInf
1000° §0°22 1000 6S°CI 1000° r48A! AR 8L61 ‘6T 12quad2q—7961 ‘€ AInf

*0[BA-d e *O0[BA-d Aq +90[EA-d q wopadig poLag dwly,

Jo sa3182Qq
pajySrem-renbg 4SAD pajysrom-anie A dSAD 0Wsd®S
SIXapU] }20)S :SINRUH Y Y} Jo Leq 1oy s3], 7 A1dVL



Day of Week Effects and Asset Returns 585

yav|
IXX1 |
Ixx1 1
IXx| |
IxxI |
Ixx1 1 / 7
/7 Ixx| | 4 —
FRIDAY 7 Ixxt V7
/ Ixxtz 7 bxlz 7
’ ’ /
’ 18 ’ 2 ’
/. ’
/
/ . ’
THURSDAY 7/ | /
4 | 4
/ | /
/ | ’
/. — |
/ / / 7_./\ 7 Ixxt |
4 4 ’ Ixx1 1 7 IXxl | —
WEDNESDAY 4 4 / Ixx1 1 7 Ixxl | ’ 7_.71
/ / ’ I1xx1 1 / Ixxtz 7 Ixx1/
’ / / Ixxl | / ’
/ ’ / I1xx1 | ’ 17 2 /
/. ’ ’ 1%l | /
’ 7 7 7 Ixx1 1 7
/ ’ / 7 Ixxl | / / /
TUESDAY /. ’ A | / . 7 /
/ 4 A s / I1xX17 / /_./ / 4
’ IXxI | / ’ ’
/ //_ IXxI |1 ’ 22 ’ 6 / 1 / ’
A b (I ZIXX| | /. 7. ’ /. /
/ 7 ixx1 | 7 1xxl | 7 7 7 7 7
’ — 7 IXXL ) 7 Ixxl | / ’ 4 4 ’
MONDAY / /71 /7 Ixxl o/ Ixxl |/ / ’ / /
VA b A ' VA P ’ ’ ’ ’
/ / ’ ’ ’ ’ ’ /
’ 2 / 1" ’ 15 / 2 / / / /
/. ’ /. ’ ’ ’ ’ /
-.21 -4 -.07 0.00 0.07 0.14 0.21

MIDPOINTS OF THE DAILY MEAN RETURNS (IN PERCENT)

FiG. 1.—Daily distributions of mean returns for the Dow Jones 30, July 3, 1962—
December 28, 1978.
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MIOPOINTS OF THE MONDAY MEAN RETURNS (IN PERCENT)

FiG. 2.—Distributions of Monday mean returns for the Dow Jones 30, July 3, 1962—
October 22, 1970, and July 30, 1970-December 28, 1978.
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TABLE 3 Test for Day of the Week Effects: Dow Jones 30
Observations

Time Period per Security (N) F-Statistic* P-Valuet

July 3, 1962- 4,128 1.635 .0001
December 29, 1978

July 3, 1962- 2,067 1.708 .0001
October 27, 1970

October 30, 1970- 2,059 1.684 .0001
December 29, 1978

July 3, 1962- 1,037 1.503 .0001
August 12, 1966

August 15, 1966- 1,032 1.559 .0001
October 27, 1970

October 30, 1970~ 1,029 1.347 .0068
November 28, 1974

November 29, 1974- 1,030 1.228 .0459

December 29, 1978

NOTE.—Ry, = oDy, + ayDy + ayDy + ayDye + oDy, + by Hy? oty = oty = gy = oy = oty (for all
values of i).
*The degrees of freedom in all cases = 120 and the number of observations less five times 30.

+The smallest P-value reported is .0001.

reported in table 3 and confirm the findings reached with the previous
tables. The reader should keep in mind our statistical results account
for any contemporaneous correlation in the disturbances, v, of (1).

Adjusting for Heteroscedasticity

The results are puzzling. Imagining why expected returns for stocks
vary according to the weekday is difficult, and we are unaware of any
theory which would predict negative Monday returns. Hence, we want
to ensure that the results cannot be explained by inappropriate statisti-
cal assumptions. The previous estimation of equation (1) implicitly
assumes that the covariance matrix is the same for all days of the week.
While such a statistical assumption is convenient, its validity may be
questioned. As previously indicated, returns on Mondays may have a
higher variance relative to other days, and the results of table 1, as
well as previous work by Godfrey, Granger, and Morgenstern (1964)
and Fama (1965), confirm this conclusion. To avoid heteroscedasticity,
equation (1) is standardized by the estimated standard deviations for
each day of the week. Conditional on these estimates, the covariance
matrix of disturbances in the weighted system equals the correlation
matrix. Although the correlations among disturbances may also change
throughout the week, the constancy of the correlation matrix seems
reasonable a priori, so computational considerations lead to only an
adjustment for changing variance.

The results from estimating the weighted system are shown in table
4. The heteroscedasticity adjustment has no important impact on the
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TABLE 4 Test for Day of the Week Effects with an Adjustment for
Heteroscedasticity: Dow Jones 30
Observations
Time Period per Security (N) F-Statistic* P-Valuet
July 3, 1962- 4,128 1.641 .0001
December 29, 1978
July 3, 1962- 2,070 1.736 .0001
October 30, 1970
November 3, 1970~ 2,058 1.696 .0001

December 29, 1978

NOTE.—Ry/Sy, = ayy (Ds/Sy) + 0ty (Dye/Sy) + 03i(Dye/Sie) + 04 (Dy/Sie) + 0ty(Dye/ Sie) + e/ Suss
Hy: o = ay = ay = ay = ay (for all i), where S;, = estimated SD of security i, assuming that the
variance is not identical for different days of the week (i.e., S has five different values for each
security i).

*The degrees of freedom = 120 and the number of observations less five times 30.

1The smallest P-value reported is .0001.

conclusions. In comparing tables 3 and 4, the F-statistics are virtually
the same for both the weighted and unweighted systems.

Tests for Days of the Week Effects in the Treasury Bill Market

The results for common stocks indicate a strong negative Monday
effect, but how widespread is this phenomeon across other types of
financial assets? If other assets exhibit day of the week effects, institu-
tional peculiarities of stock trading can be ruled out as likely expla-
nations. Treasury bills (hereafter, T-bills) are good assets for such an
investigation. When no formal auction market exists for T-bills, they are
actively traded, and the returns to bills are approximately orthogonal to
those of stocks.® The data available on T-bills consist of bid-ask quotes
for maturities ranging from about 30 to 25 days.” From this series a
constant maturity series is constructed by assuming a locally flat term
structure.® Our return series is calculated as:

Ry = Pz_a,t - Psm,t—1

30,¢—1

?

where R, is the return from holding a 30-day bill from the close of ¢ to
the close of t — 1; P,y is the implied price of a 29-day bill at¢; and P,
is the implied price of a 30-day bill at + — 1.° This return series is

6. See Jaffe and Mandelker (1976), and Famma and Schwert (1977).

7. We are indebted to Truman Clark for providing us with this data.

8. The series is constructed to bias the results against finding a negative Monday
effect. The implied price for a 24-day bill on a Monday is based on a bill with a typical
maturity of 24 days, rather than 31 days which is also available. If a liquidity premium
exists, the implied price from the former will be higher than the implied price from the
latter; the higher price will inflate the return on Monday.

9. The implied price, P*, for a bill with S periods till maturity, based on the actual
price, P, of a bond with T periods till maturity, is P* = F(P/F)™S, where F is the face
value of the pure discount bonds.
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calculated for the period December 28, 1962—December 27, 1968. The
return measures interest for 1 day plus any capital gains or losses due
to changes in the interest rate.

As Fama (1976, chap. 6) has noted, the nominal interest rate resem-
bles a random walk; therefore, our return series is not likely to be
stationary. In fact, all the estimated autocorrelations out to lag 38 are in
the vicinity of .2, (the highest estimate is .249 at lag 9 and the lowest is
.165 at lag 23); thus, a model like equation (1) with a white-noise
disturbance will not be adequate. In order to achieve stationarity, a
differenced version of (1) is considered:

RBt - RBt—l = albDlt + aZBDZt + a3BD3t + a4BD4t + asBDst + V.
(2)

The coefficients of (2) equal the differences in means for each day of
the week. For example, «, ; is Monday’s mean less Friday’s, and a5 is
Thursday’s less Wednesday’s. If the return series is stationary and if
each day of the week has the same mean return, all the coefficients of
(2) are zero. While the differenced series is stationary, the disturbances
of (2) still exhibit heteroscedasticity (related to the day of the week)
and first-order autocorrelation. Weighting the observations by the SD
for a particular weekday achieves a homoscedastic disturbance. Rep-
resenting the process underlying 5, (after adjusting for heteroscedas-
ticity) as a first-order moving average, equation (2) is estimated,!® and
these results along with several tests are reported in table S.

The estimates of (2) reveal a pattern in t-bill returns similar to stock
returns. Monday’s return is on average lower, the Wednesday’s return
on average is higher than other days of the week. The hypothesis that
the mean effects are the same for each day of the week is easily
rejected. Apparently, t-bills, like stocks, have strong day of the week
effects, and the effects for bills and stocks are qualitatively the same.

Settlement Effects

In the tradition of past empirical work, the above analysis has been
framed as if security transactions result in instantaneous payment and
delivery. In fact, most transactions are settled several business days
after the quote or transaction date. The observed quotations then are
not spot prices but forward prices.!! These forward prices equal the

10. After adjusting for heteroscedasticity, the residuals from equation (2) have a
first-order sample autocorrelation of —.485 while the higher autocorrelations are well
within 2 SEs of zero. Such evidence is consistent with a first-order, moving average
process, and fitting such a model to the residuals yields & 5, = a; —.77a,_, where a; is
white noise. For ease of computation, both sides of equation (2) (after adjusting for
heteroscedasticity) are multiplied by (1 — .77B)~!, where B is the backshift operator, and
this infinite order polynomial is truncated after lag 40. Box and Jenkins (1976) discuss this
type of inversion.

11. The forward price is set such that the forward contract has zero value.
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spot prices grossed up by the riskless rate of interest for the length of
the settlement period. Since settlement days are calculated in terms of
business days, any settlement period that is not a multiple of five will
introduce a day of the week effect; currently, the settlement period for
stocks is 5 business days. Before February 10, 1968, however, the
settlement period was 4 business days. Prior to this data, Monday’s
price should be grossed up by 4 days of interest, whereas Tuesday’s
through Friday’s prices should be grossed up by 6. This asymmetry in
settlement periods creates a day of the week effect similar to the one
documented above—a low and, perhaps, negative return on Monday.
Given that the first subperiod shows a stronger Monday effect than the
latter subperiod in table 3, the empirical examination of settlement
seems warranted, even though negative returns on Monday are still
observed after 1968. What about T-bills? In the bill market, delivery
occurs in 1 business day; therefore, Friday’s price includes 2 extra
days of interest. Again, Monday’s return should be low. If daily inter-
est rates are observable, quoted prices could be transformed into true
spot prices. Since daily interest rate data are not easily available, an
alternative technique is used. If the negative effect on Monday is due to
settlement periods, stock returns should be high enough on Tuesday to
compensate for Monday’s falloff. In the bill market, Friday’s return
should compensate for Monday’s. By testing for these effects, the
linkage between the day of the week anomaly and settlement proce-
dures can be examined.

The easiest way to test for the impact of different settlement proce-
dures is to write (1) and (2) in a mean-adjusted form, that is, allow the
intercept term to represent one day of the week:

Ry = a*q + a*; Dy + a*y Dy + a*yDy + 0¥ D5 + V5 (3)
and

Rpt — Rpiy = a*op + a* 3Dy + a*ypDy+ a* gDy + a*55D5 + V.

©)

Arbitrarily, a dummy variable for Wednesday is excluded. The
coefficients of this model are the means for each day of the week
deviated from Wednesday. To study settlement effects, the equality
between the coefficients for Monday and Tuesday for all stocks is
tested, and for bills the equality between Monday’s and Friday’s
coefficients is examined.'? These results are shown in table 6, and as
expected given the post-1968 results, differing settlement periods do
not explain the earlier results.

12. Asintable 5, equation (4) is estimated with an adjustment for heteroscedasticity as
well as autocorrelated disturbances.
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TABLE 6 Test for Settlement Effects

Time Period Degrees of Freedom F-Statistic P-Value*
A. Dow Jones 30

July 3, 1962- 30;42,210 1.939 .0001

February 9, 1968

B. Treasury Billst

December 27, 1962- 1;1,449 40.73 .0001
December 28, 1968

December 27, 1962— 1;701 18.63 .0001
December 28, 1965

December 29, 1965—- 1,743 33.96 .0001

December 28, 1968

NoTe.—Part A: Ry, = oy + oDy, + a%Dy + 04Dy + oD, + Vyy Hy: oy + oy = 0 (for all
i). Part B: Ry, — Rpy =aldy + aDy + afsDy + algDy + afyDsy + b Hy: oty + afy = 0.

*The smallest P-value reported is .0001.

tAdjusted for heteroscedasticity and autocorrelation.

Observed versus True Prices

The preceding empirical work assumes that the prices of securities are
observed without measurement error. Of course, this assumption is not
literally true. Perhaps the most obvious violation occurs when securi-
ties trade infrequently, and quoted prices are out of date. With no a
priori reason, these errors may introduce systematic biases across
different weekdays. Given the nature of the results, the possible biases
are high prices on Friday and/or low prices on Monday. Previous tests
for settlement asymmetries in the stock market have implicitly tested
for low Monday prices without success. Further, table 1 and figure 1
generally indicate that Tuesday’s return is slightly below average,
which is inconsistent with a systematically low price on Monday.
Friday’s return, on the other hand, does reveal a tendency for above-
normal returns, especially for the equally weighted index.

If Monday’s negative results are explained by upwardly biased
prices on Friday, the deviation of Monday’s return from the overall
mean should be exactly offset by Friday’s. This implication is tested by
estimating equation (3) for stocks. Since the coefficients of this equa-
tion are mean-adjusted returns, the hypothesis that Monday’s
coefficient equals zero is tested. These results are shown in table 7, and
the hypothesis is rejected by any reasonable level of significance.

In contrast, previous tests for settlement asymmetries in the t-bill
market have implicitly tested for high Friday prices without success. If
Monday’s below-average return for bills is explained by downwardly
biased prices on Monday, the deviation of Monday’s return from the
overall mean should be exactly offset by Tuesday’s. This implication is
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TABLE 7 Test for Systematic Measurement Error in Observed Prices

A. Dow Jones 30

Observations
Time Period per Security (N) F-Statistic* P-Valuet
July 3, 1962 4,128 1.96 .0012
December 29, 1978
July 3, 1962- 2,067 2.27 .0001
October 27, 1970
October 30, 1970- 2,059 2.00 .0009

December 30, 1978

B. Treasury Billst

Number of
Time Period Observations F-Statistic§ P-Value
December 27, 1962- 1,449 59.57 .0001
December 28, 1968
December 29, 1962- 701 22.02 .0001
December 28, 1965
December 29, 1965- 743 42.07 .0001

December 28, 1968

Note.—Part A: R, = a + aliD,, + a}Dy + afiD, + Dy, + oy Hy: o + o = 0 (for alli). Part
B: Ry — Ry = afy + afyDy + afyDy + afyDy + afyDy + vps Hyt afy + afp =

*The degree of freedom in the case of Dow Jones 30 = 30 and the total number of observations less
five times 30.

1The smallest P-value reported is .0001.

tAdjusted for heteroscedasticity and autocorrelation.

§The degrees of freedom in the case of bills = 1 and the number of observations.

tested by estimating equation (4) for bills. Again, these results are
reported in table 7, and the hypothesis is rejected at any reasonable
level of significance. Systematic errors in the data do not provide an
adequate explanation of the Monday phenomenon for either stocks or
bills.

III. Implications for Tests of Market Efficiency

At least two competing conjectures may explain the results. One inter-
pretation of the findings is market inefficiency. Such a conclusion
implicitly assumes that the market attempts to price securities to yield
the same éxpected return for all days of the week. While the assump-
tion of equal expected returns for all weekdays is statistically conve-
nient, it is not a necessary condition of capital market equilibrium.
From a scientific point of view, it is more useful to conclude that the
results are strong evidence that equilibrium returns vary across days of
the week. This interpretation gives meaning to two related questions:
(1) What causes equilibrium to depend on the day of the week? and (2)
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What are the implications of the results for past and future empirical
work? Leaving the former question to future research, the following
sections address the latter.

Tests of Market Efficiency: Mean-adjusted Returns

Much of the empirical research in finance has been directed at testing
the efficiency of capital markets. One general class of tests focuses on
the impact of various types of announcements on the prices of securi-
ties, and efficiency is judged by the speed at which prices adjust. As
noted by Fama (1976), all tests of market efficiency condition on a
model of market equilibrium. One popular methodology assumes that
equilibrium returns are constant and calculates mean-adjusted returns
relative to announcement dates;!? the foundations for such a methodol-
ogy are inconsistent with our results. Tests of market efficiency should
condition on a model of market equilibrium which includes variation in
mean returns according to the day of the week. Operationally this
extended model requires little more than calculating mean-adjusted
returns relative to the day of the week.

Tests of Market Efficiency: Market-adjusted Returns

While only adjusting raw returns from the overall sample mean may be
misleading, market-adjusted returns may avoid the day of the week
effect given the results in table 1 and figure 1. This question is
significant not only for future research, but it also has clear implica-
tions for the interpretation of previous empirical tests. This issues is
investigated by checking for day of the week effects in market-model
residuals. Extending equation (3), the statistical model becomes:

Rit =g t+ BiRmt + 81iD1t + 82iD2t + 841'D4t + SsiDst + M, )

where R, is the return on the CRSP value-weighted index, and a
dummy variable is included for every day of the week except Wednes-
day. Although more sophisticated procedures are available for cal-
culating market-adjusted returns, this regression should capture the
major impact of these adjustments. Table 8 reports tests of day of the
week effects in market-adjusted returns over various subperiods. Fig-
ure 3 charts the average market-model residuals by day of the week for
all firms of the Dow Jones 30. The results of table 8 and figure 3 are
interesting; while the hypothesis of no day effect is still rejected, the
average residuals on Monday are not predominantly negative.
Market-adjusted portfolio returns may avoid systematic biases due to a
weekend effect.

13. Brown and Warner (1980) present simulations for various situations which suggest
this methodology is preferred to more elaborate techniques which adjust for the market
portfolio.



594 Journal of Business
TABLE 8 Test for Day of the Week Effects: Market Adjusted Returns
Observations

Time Period per Security (N) F-Statistic* P-Valuet

July 3, 1962- 4,128 1.331 .0090
December 29, 1978

July 3, 1962- 2,067 1.281 .0208
October 27, 1970

October 30, 1970- 2,059 1.653 .0001
December 29, 1978

July 3, 1962~ 1,037 1.367 .0048
August 12, 1966

August 15, 1966— 1,032 1.341 .0077
October 27, 1970

October 30, 1970- 1,029 1.256 .0304
November 28, 1974

November 29, 1974- 1,030 1.242 .0374

December 29, 1978

a]lN)OTE.—R“ =g + BiRpme + 84Dy + 83Dy + 84Dy + 85D + fayes Hy: 8y = 8y = 84 = 85, = 0 (for
1).
*The degrees of freedom in all cases = 120 and the total number of observations less five times 30.
tThe smallest P-value reported is .0001.

|
%% 1
Ixx1 1
Ixx |
Ixx1 |
X% 1
S Ixx| | .
/ 7 ARA 7 771 7 7 7
/7 /7 — VA V] N P | 7 XXl 1 /7 . 7 7
FRIDAY 7 / /_.71 7 IXXE LXK IxX] | /7 Ixxl 4 /_.71 / ’
/ 7 IXXl/ S ' A S I I £ P P A o VA /
’ ’ /_71 Ixxi | ’ / /
/ / 2 Ixx| |5 Ixx| | 17 ’ s ’ 1 ’ ’
’ ’ ZiXx| | /1xx| | / ’ ’ ’
/ /7 7 1%l | 7 Ixx1 | /. 7 7 7
/. / 7 Axxi | 7 Ixxl | A ’ . ’ ’
THURSDAY 7 /_/l 7 sobxxl Loz Ixxl L XL/ s /
7 AXX, . Ixxlz 7 Axxlz 72 axxle 70 AXXlZ /
’ /_.71 /. /
/ 1 / IXXI | 10 7771 18 /. 3 ’ 1 / ’
/. 7 ZIXX] | . ZIXXE | /_/_1 ’ /
/ 7 ZAXXE L 771 X | 7 IXx1 | 7 7 /
/ /. 7 IXxl L EXXE | Exxl | 7 IXXI | — . ’
WEDNESDAY  / /o /270 7 bl LBk L bxxE L2 Ixxl L 7 71 v
/ / Ixxtz 7 IXXI7 XXl | Ixxl/ 7 Ixxtz 7 Ixxtz 7 Ixxls 7
/ 7/ / Ixx | 4
/ / 1 / " IXxI |9 /.1 / 1 / 1 /
/. /. VAR ZIxx] | /7 ’
/ 7 777\ 7 Ixx| | 7 Txx| | 7 7 7
/ /. 7 Ixxl 7oIxxl | 7o Ixxl 1 _. ’
TUESDAY  / /o270 2 XU xxl Lz xxl N s s s ’
/ R L P ] I £ D A P A | V4 /
/ 4 4 XX A /
’ ’ 1 / 5 IxxI | 17 /7_71 & ’ 1 / ’
’ ’ SN 1%l I XX/ . /
/ 7 7_.71 7 1xxl 1 7 Ixxl | 7. 7’ 7
/ ’ 7 IXxE | 7 Ixxl | 7 Ixxl | Y /o ’
MONDAY / ’ oIkl Lz Xkl bz Xkl 2 XL s 77
/ / 7/ Ixx1/ 4 IXXI/ / Ixxl/ 4 Ixx1/ / Ixxl/ /
/ ’ / /7 ’ ’
’ ’ / 5 ’ 12 ’ 8 ’ 4 / 1 /
/. . 7 / ’ /. ’ ’
-.15 -.10 -.05 0.00 0.05 0.10 0.15

MIDPOINTS OF THE AVERAGE MARKET MODEL RESIDUALS (IN PERCENT)

F1G. 3.—Daily distributions of average market-model residuals for the Dow Jones 30,
July 2, 1962-December 31, 1978.

IV. Summary and Conclusions

The existence of day of the week effects in asset returns has been
documented. The most obvious manifestation of the daily seasonal is
the strong and persistent negative mean returns on Monday for stocks
and below-average returns for bills on Mondays. Several explanations
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for the results are suggested and examined; unfortunately, none ade-
quately describe the data. An obvious and challenging empirical anom-
aly remains. Finally, the impact of our results on tests of market
efficiency has been considered. Even after adjusting for the market,
stock returns still exhibit day of the week effects, although the qualita-
tive nature of the effect differs from that in raw returns. Future tests of
market efficiency, especially event-type studies, should allow for day
of the week effects in both raw returns and market-adjusted returns.
The aggregation of returns into portfolios, however, may zero out the
day of the week effects in market-adjusted returns.

Appendix
Securities Included in the Dow Jones 30

Allied Chemical Corporation; Aluminum Company of America; American
Brands Inc.; American Can Company; American Telephone & Telegraph
Company; Bethlehem Steel Corporation; Chrysler Corporation; Du Pont E. 1.
De Nemours & Company; Eastman Kodak Company; Esmark Inc.; Exxon
Corporation; General Electric Company; General Foods Corporation; General
Motors Corporation; Goodyear Tire & Rubber Company; Inco Ltd.; Interna-
tional Harvester Company; International Paper Company; Johns Manville
Corporation; Minnesota Mining & Manufacturing Company; Owens Ill. Inc.;
Proctor & Gamble Company; Sears Roebuck & Company; Standard Oil Com-
pany of California; Texaco Inc.; Union Carbide Corporation; United States
Steel Corporation; United Technologies Corporation; Westinghouse Electric
Corporation; F. W. Woolworth Company.
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