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This paper tests #the semi-strong form of the Efficient , 

Market Hypothesis (E3fI-i) usingo the daily return series of the 

value-weighte. Standard and Poor 500 Index (SP500 series). I f  

the &500 seri(s is efficient "in its semi-strong form, its 
2 

- series values cannot be forecasted by the use .of any 'publicly 
- 

available series.  hi; means that, at any time t, the SPSOO 

series has fully and instantaneously a&justea to' information 

embedded in "all" series which hre publicly available at that 
C 

time. 

In testing the null hypothesis 05 inability to forecast the 

SP5001series; the'Box-Jenkins Transfer Function (TF) approach isd 
- 

employed. .Specificallg, the publ'icly available . daily return * - 
* 

series of the value-weighted New York and Ahkrican Stock - ,  .. 

Exchange Combined ibdex ( H Y M  series) is used as input series 

f6r the TO in an attempt to forecast.the output SP500 series. In 
D *. - 

addition, tht martingaie property of sthk return is used'as a 
3 

suppleseat to the TF in.&sting the EMH, The acceptance of t h e  

mar~ingale hy&thesis for the SP500 series may indicate that the 

Standarg and Poor 500 Index is efficient. 

Our conclusion is that the semi-strong form efficiency of 

the SP508 series is not -ecte&. The identification of a zero 

order TF with no input lead does not allow the rejection of the 

null hypothesis uf "inability to forecast". The identificatiog 

of a white n2ise  process, with slight evidence of a Thursday 
i i i  



\ 

effect, for the ~ P ~ O O  series leads to €he rejection of the 
----L - 

martingale hyptheqis. Since the rejection of the martingale 
d 

hypothesis may not necessarily imply-market inefficiency,,it 
I 

provid& us with cbnsistint res~lts 
i /- 

conclusion. The semi-strong form 

however, it doqs not necessarily 
I *  

acceptance, I 

4 1 

to support ou,r. previous 

of the EMH is not rejected, 
\ 

.imply its unambiguous 
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results were consisttiit with the hypothesis that the stock 
C 

smrkct is efficient in its sc~i-strofig forat. ~aaia  (1965) testedp 
J 

the veak form of-market efficiency by employing the C-onstant 

S x m t e d  Return Model2 and concluded t h a t  t h e  veak form of EMi 

& ir0a rtasonabfiexription of the world. Jaffc !1974) used the 

two Parameters Capital Asset Pricirfg Model (CAPHI to study the 

returns on insider trading i n  an attempt to test the strong form 
w 

of W. Xc concluded with the rejection of the strong form. - 

I -- 
Because of the employment of- equilibrium models, Fama 

- - - 

(19701 'ctsiatd t h a t j  a test of marker efficiency id a 
/----3 

simultaneous test of raarket equilibrium. Since any anomalous - 
P 

evidence regarding Grket efficiency resulting from the use of 
9 

these mdels"wil1 violate the implicitly assumed equilibrium 

conditions and signal a disequilibrium market as well. Moreover, 
- 

it is also a joint test of the hypothesis that t h e  underlying 
b 

mm3tf tuqsfopcd by the  test is not a v a l i e  description of the - 
process for securities' equi,librium crpected return formation. 
- - . . . - - - - - - - - -y---- -  - 

'The Constant Expected- Return Model assumes that >he expceted 
rtsurn from ho&dinq securi&ies is constant over time. i.e. 
E(RjtJ*t-l)-B(R-) where E(R fit-,) is the expcted rerurn of 
sec r l t g  3 st tZme t given i n 1 ormation at t i - - r - I ,  E(R 1 is the 
expected rcrurn of security j which is aynstant over ill time 
t. I f  the expected return on a security rs constant, then any 
stria1 correlation in past data on returns is an indication of 
aarket failure. The hypothesis that expect+@ returns are 
pmstant can also be written as follows: B I R ~ ~ - R ~ ~ ~ - , ] - O  where 
R -  is the actul taturn of beeuritp j a t  ti4 t, A is the 
a&-d eonstant cxpuctcd rcrurn and rt-,  is the information set 
svailrble at t i r  t - 1 .  I f  this mdel correctly specifics the 
process that generated txpactcd return, it r-uirts that the 
diffemxce betreen actual and axpectcd returns k_ tmcerr+h€& 
with m y  past information in order to achi-eve market efficiency. 
I f  this i 8  not the case, it would be possible to exploit past- 
information to earn econoaic profits. 
'For s dssctiptim of Sharp (1964)-tintnan (19451 version of 
the tvb P.ra-pet*rs Capital hsret Prici-ng W c l ,  see Appndix B 



Hence. when a ~ r t i c u l a r  test fails Jto support the EMH,.' the- 
- 

researcher will face a di l trsma of decidihg whether this reflects 

-. a true vibiation o f b r k e t  efficiency. poor assumptions about 

. - -  
the nature of murket equilibrium and/or misspecification of the 

testing model. 
- - 

/ - 

Grossman' f t976;1978)  shows that i f  information is costly, 

then markets cannot be informationally efficient. In  reality, 

'all" information cannot be costlessly available, it follow 
-.z 

that, at least, the strong form of EMH vill break down assumin 

Grossman's Gier. Wotc thst, it lsay also be true that some public 

information cannot bc wsilsbr; in a costless. fashion. The cost 

o i l  processing and ~lanipulating of public inf ormat ion in t-he 

desired manner may-well be non-trivial. This leads us to suspect 

>- 7' the validity of the semi-strong form of EMH. We, thereby, focus 

on the testing of the semi-strong form. 

This paper proposes a test of the EWH by a transfer , 

function approach ihertafttr, TP).  Wt attempt to forecast the 

\ daily retcnseries ofathe value-weighted Standardand Poor 500 

~ n d e x  (hereaf ter ,SPSOO sgries) by using the publicly available - - 

daily return strits of the value-weighted New York an'd American 

Stock Exchange Coabined Index (hereafter, HYAn series) as input , 

series tq t h e  TP. I f  the SP500 series is efficient in its 
$ 

semi-strong form, its series values cannot be forecasted by the 

This means that, at any time t, the SPSOO series has fully and 

instantaneously adjusted to information embcaed in "all" series 



which - a r c  publicly available st that  time. Since the -- -- TF -- -- isL8 

forecastina+odcl and does not assme equi l ibr ius  i n  . m r k e t s ,  

such a t e k h  a n  independent t e s t  of lparkkt "cf f ici tncy capable 

of rejecting\$ WH unambiguously. AS s r e t u l t ,  ambiguity r i l l '  . 

nbt a r i s e  the T F  f a i l s  to  support the EIM because t h i s  - 
i n d i c a t .  unambiguous - violation of market efficiency.  In 

addition, a univariate ti-  series model is ident i f ied for the 

SP500 se r i e s  :n order t o  t e s t  the martingale h y p o t h e ~ i s ~ o f  stock 

return which is used as s suppleni&targ t e s t  t b  the TF. 

~amuel'son's (1965) arartingale property claims that  i f  the s tock* 
&f 

market is e f f i c i e n t ,  then the ' ra tes  of return on stocks w i l l  

follov a financial martingale --- i .e .  that  the expected ra te  of 

return on s t o c k  conditional on past realized ra t e s  of ,return i s  

alvays eqwl  t o  i ts  unconditional expectation which, i n  turn,  is  

a codstant, Although the c ~ n c l u ~ i o n  that  can be drawn from the 

finanti&l m r t i n g a f t  a b u t  market efficiency is rather weak, i t  

provides u s  w i t h  implications @out the TF resu l t s .  

Like the methodologies employed by previous t e s t s  of' the 

EntT, the TF is not-capable e+accepting a n y  one of the three 

farms of EMH unaolbiguously u n l e s s  the corrtsponding inforlsation 

se t  is exhausted by the t e s t .  A n  explanation of t h i s  phenomenon, 

an interpretat ion of the LeRoy (1973 )  and Ohlson (1977)  pagkrs 

a b u t  the f i y n c i a l  e~brtingalc,  together w i t h  a description of 
'l' 

the - precise relat ionship between the TF and market ,efficiency 

r i l l  be discusicd i n  t he  '~rbblem Stat;mentu section5A review 

of some selected researches dealing w i t h  the weak, the 

semi-strong as well as the strong forms of EHH a re  highlighted 

i 



section is concerned with the particular methods, namely, the 

Box-Jenkins TF' procedures and the Intervention Mode1;used to 

test the semi-strong form 

discussion of the data, 

research rill be +given 

sections. The "Concfusion" 

finding, 

of EHH v i a  the SP500 series. A 
-- 

their analysis and the results of 8ur 

in the "Procedure" and "~esufts" . 

section gives  the implications of our 



Problem statement 

If  traders have diverse information about the returns on 

risky assets, then the competitive equilibrium. prices will 

aggregate their information. Grossman (1976)  consiaers an 

economy with one risky and one risk free asset where consumers 

have constant absolute risk aversion utility functiens. It is 
- 

shown that, in this economy where traders have diverse 

information sources, the equilibrium price produces allocations - 

+ 
as i f  each trader had a l l  the eszurtopp's irtfurmtiun, . i.t., the 

equilibrium price 'will fully reflect all the economy's 

information., This was demonstrated for a market with two types- 

of traders, "informed" and 'uninformed". The "informed" traders 

obtain information about the true underlying probability 

distribution which generates a future price, based on this 

information they take a position in the market. When all 
/ 

*informedw traders take the same action. current merke<prices 
-- 

are affected. The "uninformed" traders who do not collect the 

information know that current prices reflect the information of 
-- - m 

the "informedw traders. By observing the current pric 3 s, they 

can form a belief about a future price. Grossman (1978)  obtains 

similar results when he extends his analysis by .considering an 

economy with many* risky assets where no special assumptian is 

made about trader * utility functions. 

It follows that when information is costly and the price 

systcm still reveals all the information in the Leconomy, each 



trader can-do as well by jusf observing the =.riet prices and 
- -- -- 

information colfectors cannot earn a return on their - %  

information. It, therefore, eliminates all private incentive for 

inforktidn gathering. If no one collects'information, the price 
> s 

system will convey no information and an equilibrium will not 

exist. Grossman and Stiglitz (1976)  argue that only markets with 

noise4 will exist in equilibrium when information is costly. The 

market never ,fully adjusts. Prices newcfully reflect all the 
- 

information possessed by the informed individuals. The price 

system can be maintained only when it is noisy enough so that 

traders who colleck informtion can hide it from other traders. 

Grossman and Stiglitz ( 1976 )  suggests that this capital market 

inefficiency exists in order to provide the revenue required to 

compensate 'the informed for purchasing the information. Thus, it 

is impossible to have an informationally efficient market in an 

economy where infoeslation is costly. Gnly an imperfect - 
information equilibrium would exist. 

Assuming Grossman's (1976;1978) view about, capital market 

efficiency, it follows that, at least, the strong'version of the 

EMH will break down since, in reality, "all* information cannot 
* 

be costlessly available. It may also be true that some subsets 
- - -- - - - 

of public information may not be free in a strict sense. The 

cost of processing and manipulating these subsets% public 

information may be non-trivial. .We, therefore, suspect the 

validity of the semi-strong form of EHH. We are interested to 

Harket where prices are not perfe~t~aggregators of diverse- 
information 



see whether prices do in fact fully reflect_ all publicly _ 

available information and, thereby, conduct a test on the 

semi-strong form. 

Denote by I, I1 and I11 the strong form, semi-strong form 

and weak form of EHH respectively, Let 01, 011 and 0111 be 
- --- -- 

respectively the information set associated with I, I1 and 111. 

Note that BIII c $11 c Wenowoffer the followingcomments 

relating to any single test of I-, or 11, or 111, using - some 

components of information in 81, or 011 or OIII. 

A test using some components of information in 61-811 and 

rejecting 1.does not imply rejection of I I z r  111. 

A test using some components of information in 811-6111 and 

rejecting 11 does not imply rejection of 111, but it does 

imply rejection of I. 

A test using some components of information in 6111 and 

rejecting I11 implies rejection of I and I1 as well. 

If a test, using some components of information in 61-611, 

does not reject I, it does not prevent other tests using 

other qomponents of information in BI-BII from rejecting I. 

Thus, accepting I requires non-rejection of I based upon - all 

components of 81. I t  follows that accepting I implies 

acceptanze of I I  and 111. 

I f  a t e s t ,  usin'g some compunents of information in 811-81~~, 

does not reject 11, it docs not prevent other tests using 

other components of information in CII-BIII from rejecting 

581-811 denotes information contained in BI but not in 611 where 
811 = 81 



- - - - - - - - - 

11. Thus, accepting I1 requites non-rejection of I1 based 
-- - -- - - -- -- 

up& all compo6&nts of BIT. It follows that accepting I1 

implies acceptance of I I I , but it does not imply acceptance 

of I. 

f )  If a test, using some components of! informat'ion in 8111, 
b 

does not reject III-it does not prevent other tests using 

other components of information in 0111 from rejecting 111. 
-. 

Thus, -a&epting 1 I I requires non-re ject ion of 111 based upon 

all components of 6 1 ~ ~ .  Note that accepting 111 does not 

imply acceptance of either I1 or I. 

~ r o m  condition' ( d )  , (e) and ( f  ) , acceptance of the vari,ous 

forms of EMH requires t exhaustion of their associated 

information sets. previous researches can be singled out as 

event-studies (e.g. earnings announcements, informtion contents 

of stock split etc.1 and do nor satisfy conditions [dl through - 
P 

( f ) .  It f.oifows that non-rejection of T, TT or T I T  resulting 

from previous tests do not lead to unambiguous acceptance of I ,  

I1 or 111. Conducting a research methodology that.is capable of 

exhausting 01, 011 or blII in the testing of I, I1 o r  I11 

respectively will be difficult an&-timely, if not impssib?.e. It 

follows that a methodologp that is capble of rejecting i ,  I1 or 

1 1 1  unambiguously would provide unambiguous implication about 

market efficiency.' 

Ball C 1978) eramines the evidence contained in -20 previous 

studies regarding stock price reaction to earnings 

announcemeq$s. He finds t h a t  the post-announcenment risk 
4 



adjusted abnormal returns are systemat icallZ. non-zero in the 
- .  

- - -- -- - 

period fo$lowing earnings announcements -in a fashion a - 

inconsistent with market efficiency. Ball offers several 

explanations concerning these anomalies which include i )  

systemtic experimental error, ii) market imperfections and iii) 

the failure of the two parameter C A W .  - 
- 

0 

1 Syst,ematic experimental error 

Ball (7970)  suggests the following possible sources of 

systematic experimental error. 

a, Failure to collect' the actual date of securities 

earnings announcements in the studies would result in 

including some securities pre-announcement and 

at-announcement excess return. This introduces bias in 
s- 

the direction of the cited anomaly. However, he argues 

that - th ih  bias is substbntia~l~ smaller than the 

anomaly, an& could not be the,source, 

b. If securities' relative risks are not independent of 

earning or dividend yields, then, risk controlling would 

be difficult when earnings or dividend yields vary 

across time or across securitie,~. Ball suggests that it 

is implausible for any systematic bias in estitnating % 

relative risks to cause large under-predictions of - 
securities' average returns to result in a large excess 

t; 

return. - - 

c .  The effect of errors in estimating securities' relative. 

risks, . rdich can arise from sample variation in 

securities returns or from using a mean-varianck 
-- 



- 

1- 1 - 
a 

- -- - - - -- - - 

inefficient market portfolio as a proxy for aggregate 
---- 

wealthE. However, Ball argues that errors in estimating 

ri~ks~cannot explain fhe large post-announcements excess 

- return. 
\ 

2. Market imperfections ' 

- -, 

/ 

One explanation of the anomaly is' that the security 

market is sfow in agjusting to earnings announcements since 

.transactions cost inhibits the market in the process of 

restdPring equilibrium after earnings announcements. However, 
% ?. 

market imperfection does not seem to be in line with the 

anomaly. If the slow market reaction is exblained in terms 

of transactions costs, the post-announcement excess return 

should persist up to, but not beyond,' the level of marginal 

transactions cost. Tke cross-sectiona1.variation. in excess 

return is not consistent with this source of market 

imperfecti6n. 

3. Failure of the two-parameters model 

The observed anomalies of' the 20 studies cited by Ball 

(1978) may be due to the failure of the two parameter CAPM 
I, -- - - 

used in -those tests. The two parameter model, when applied 

to portfolios of common stods, misspecifies the process 

generating securities' expected returns and allows earnings < 
and dividends variables to proxy f o r  the, undeclying 

4 -A 

determinants of equilibrium expected returns. The market 

portfolio proxy used in these experiments may not be 

-'See Roll f 79771 and the assumption embedded in the Cm from 
Appendix B 



mean-variance c f f  icient or they do not represent the true 

composition of the market portfolio.' Ball (1978) considers 

the effect of om-itted variables in a model in which 
-- 
\ 

securities', expected returns- are a function of various 

independent parameters of their return distributions. The 

.earsings variables will have a tendency to proxy for those 

omitted variables (when they are not independent end 

explain the differences in securities' rate of return which 

are not predicted by the misspecif ied model ' used. Ball 

(1978)  argues that the misspecification of the model used in 

previous studies is more consistent with the observed 

anomalies than the other two sources of errors. 

Systematic experimental error and transactions costs can 

explain the sign but not the magnitude of postannouncement 
C -  

excess return. Failure of the two-parameter model is C o n s i s N t  

with both the sign and magnitude of the observed anomalies (i.e. 

earnings acting as a proxy _for omitted variable or other 

&sspecif ication ef fe;ts). Because a perfect model of the 

determination of securities' equilibrium,expected returns is not 

available, we cannot veriky Ball's claims directly. Giving 
1 

alternative explanations of the anomaly rather than rejecting 

the notion of market efficiency displays a commonly held 

allegiance within the finance co&unity to the M. 

Previous tests of the EHH have all,ernployed equilibrium 
h 

models of one form or another (the most widely used-model is the 



- "  

two parameters CAPn) and a model that &scribe h ---of 

securities' equilibrium expected return formation may be I 

2misspecified. It follows that previous tests of F,MtE are actually 

a joint tests of a )  market efficiency, b) market equilibrium c )  
- 

the validity of the model in determining assets' equilibrium 

expected return formation. Any anoma~ous evidence+regarding 

market efficiency resuxting from the use of these models would 

imply market irreff iciencp, market disequilibrium and/or model 
- - 

misspecification. Thus, previous tests -cannut reject the EMH , 

uns&igtlo&ly. kreover, they cannot accept  free of 

ambiguity (due to non-exhaustion of the information set). A 

methodology that is hpable of rejecting the EHH has to be , 
- 

devised. 

We propose a test of -the semi-strong form of the 3MH by a 

transfer function approach.-The TF is a forecasting mode1 and 

does not assume equilibrium &rkets.'If the TF fails to support ' - 
the E)IM, i t  indicates an unambiguous v i o l a t j o n  of market 

efficiency independent of market equilibrium. Mete that, 
/-, 

4 ,' 
4 misspecif ication of the TT cannot be used to explain anomalous 

results regarding market efficiencyz The necessary condition to 

reject2the EMH is one where the TF parameters are highly 

significant. A highly significant TF parameter8 suggests a - 
higher likelihood for a causal relationship to exist between the 

I 

input and the output series. Although the Te -identified may not -- 

be the best one available, a causal relationship implies a 

rejection of ,,.;, as will be seen later. However, i i  such a - ------------------ 
J We refer to the W-parameter of the TF 



test does not contradict the M, we face' the problem of 
- -- --- 

whetheq the market is truly efficien't or 
i -  

test has failed to identify a relevant input serik. . 
whether the 

The TF has the following'general form: 

where Yt is the output seri,es, 

Xnt is the nth publicly avsiable input 

(or causer) series, 

Nt is the noise component which requjres 

an appropriate fitting of the ARIMA Model 

to transform it into.white noise3 

The most commonly encountered TF for socio-economic time 

series are the 0 and-'Ist order TP while higher order TF are rare 

and seldom identifM. For the 0 and lSt  order TF, we write Eqn. 
--\ - -- fl 

where b denotes the no. of period(s1 the input 
- 

series Xt is leading the output serik Yt 

Wb is the 0-order TF parameter. 

Y,PW~/( 1 - b l B )  Xt-b+Nt (P3) 
d 

where W , 6 q  are the lS t  order TF parameters. 

a white noise series at consists of a series of random shocks, 
each distributed normally y d  independently abouta zero mean 
with constant vari y e ,  QB , i.e. ~ ( a ~ )  =Or E(atrat+i)=O for all 
i#O and ~ ( a ~ ) ~ =  w . 

'Ah- .- 



4 

B is the backward shift operator,'* 

L - 
~ q n  . (P2) corrcspoids to a O-order rn "hi& Equation -. (P3) - 

-3 

corresponds to a 1st-order TF. If b>O,, the models postulate that 

the publicly available input series leads the output series by b 
, 

rb t l 
days, which implies that, at time t, information embedded in the 

input series b days earlier has a correlation with the output , 

-- series. This, in turn, wouldfimply that there is a "possible" 

transition periods of b days for the output series to reflect 
8 

publicly available information. As a result, the output series 
4 

wyuld not be considered efficient in its semi-strong form. 

\ . 
 HOW^ the identification of a leading input series alone 

-.cannot serve as a sufficient basis for the rejection of the semi - 9 

.strong form of EMH because most socio-economic time series, 

including the stock prices (or returns) . series, exhibit 

correlativn between series that is due to other exogenous forces 

in the e(onomy rather than a causa; relationship. Hence, a 
F leading series does not necessarily imply a causal relationship, 

whereas, the significance of the TF parameter may indicate t k  

presence of a causal relationship. Therefore, the condition to 

h reject the semi-stro form of EMH is for Wo in Eqn. (P2) not to 

equal zero (with statistical significance) and b21, l i e ,  the 

'OThe backward shift operator allows us to move backward in timi 
by applying it to a time series, sbch that, B4Yt)=Y . This 
expression does not mean "B multiplies Itw, but rat&: means 
that "3 operates on Yt to shift it backward one point in time'.. 
Hence, B"(Y~)= ,, and B*B~(Y~)=Y~-,,~. The backward shift 
oppator obeys a Y~ 1 the laws of exponents that are routinely used 

 polynomial algebra. 
''in this case b is the set of positive integer:{ 1.2, .  . .. . I  



input series Icads the output series by at least 1 day.= -- 
I . However, failure to identify a rt lcvanrlaading input series, 

- - * 9 

when one does exist, will result in W o 4  and/or b-0 for Eqn. 

-------+?I. In such an event, it would still be incorrect to conclude 

. , that the output series is efficient (semi -strong form). 

I n  t h e  case of- 1st order TP (Etqn, P3), the significance of 

the Uo parameter, * %  regardless of whether the input series 

possesset; a lead or not, will be used to reject the semi -stron'g 

form of EMH. Since the 1st order TP indicates that the 

information o-f the input series has an exponentially decaying . 

effect on the output sccies for all future periods, . 
A identification ~f a i s t  order TF with highly significant Uo 

i - -- 

psranrct91; (even though with no lead) suggestsi a higher 

fikclihood for a causal relationship to exist, thus, it can be 

used to reject the semi-strang form of e)lM. To see this point 

c l e a r l y ,  note that 1/(l-blB) is the convergence of an infinite 

series ( I + & ~ B * ~ ~ ~ B ~ + & ~ ~ B ~ + .  . - 1 ,  rewriting Eqn. (P3) using this 
-i 
fact, and with 410 (no lead), we have Sqn. (P4): 

yt-wo( 1 + 6 , ~ + & ~ 2 ~ 2 + .  . . ) x ~ + N ~  ( P O  

Since the  back-shift operator, B, obeys a l l  the laws of 
- 

exponents that are rout-inely used in polynomial algebra, Eqn. 
\I . 

'aUotc t h t ,  significance of the Yo paraleter m y  be a 
sratirctical akrtation,i.e., there is always the chance of 
u k i n g  a Type t error, Thus, the hig9er is the significance 
level of the Yo prrrametcr, the higher would be the likelihood 
for  a caursl relationship to exist. 

for a 1" or&r T?, the  6 prawter must be significant. If 
this is not the bare, Bqn. ( d l  will be reduced to s 0-order TF .' 



It is clear from Eqn.lfP5) that, at time t, previous 

values of the publicly available input series can be used to 

forecast the current value of the output series. Thus, current 
- - 

value of the output series does not refSlect all the information 

embedded in previous values of the publicly available input 

series, when the information set is increasihg through time, 

i;t., It-, c It, which captures the concept of "learning without 

forgettingb. As ,a result, the output series is not considered 

efficient in its semi-strong form. Even though the input series 

does not possess a lead, the identif icatian of a 1 st orde'r TF 

vith significant Wo parameter behaves as if it were a zero order - "4 

TF with input leads. 

In testing the -null hypothesis of inability to forecast the 

output series, with any publicly available input series$ if it 
3% 

is dk-ficient in its semi-strong form, we use Hl and H2 as 

%7+' f of lows: 
- - 

Hi : Parameter Yo and/or time lag b 

of Eqn.  (P2) are/is 

statistically insignificant. 

HZ : Parameter Yo of Eqn.(P3) 
is statistically insignificant., - 

Our goal is to identify at least-one publicly available 

input aeries vith significant Wo parameter that leads the output 

series for at Jeast t day for a 0-order TP, or to identify at 

least one publicly available input series with significant 
\ 



W, parameter (with or without lead) for a lSt order TP. If 
- - -- -- 

buccessful, the semi-strong form of EMH can be rejected 
- 

unambiguously. 

The financial martingale property of stock re'turns is 

used as a supplementary test to the TF. ~amuelson (1965)  derives 

the martingale.property for future prices by ignoring risk 

aversion and the interest factor. His fumhrnental assumption -is 
'. 

that a future price is to be set by competitive bidding at the . 

now expected level of terminal spot price which can be written 

(P6) v ( T , ~ ) = E I X ~ + ~ I I ~ I  

where Y(T,~) is the future price that will prevail T 

.+ periods from time t and quoted at time t. 

X t + ~  is the actual spot price that will 

prevail T periods from time t. 

It is the information set which contains all 

present and previous periods values of spot 

Thus, the sequence of future prices, [Y(T,~), ----------------_- 
Note that the financial martingale property considered here 

shouk3 not be mistaken as the mat6ePlatical martingale. Let*& 
c. denotes a random vari-able at ti= n and In denotes an 

infomation set at time n. The iaathematical martingale states ,- 

+ l l I o ] - ~  alongside with the conditions that ( i )  Fn c 
X, is ~ a s m a b l e  P and f i i i )  LijXn ) i s  h b s  than -, 

Interested readers should refer to 24allisrls 1982). p. 16-21 
- - I 

d 
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P(T-~,t+l),...., Yll.t+T-~), O t +  is said to be a 
-- 

martingale in the sense of having unbiased price changes. Note 

that Eqn.lP7) can be rewritten as: - 

Y(T-I,~+I)-Y~T,~)=AY(T,~) (PB) 

and E [ A Y ( T , ~ ~ ~ - D  (P9) 

From (Eqn. 91, successive periods price difference, i .e., A 

AY(T,tl, art shorn to be uncorrclated. Thip means tha't there is, 

no way of making an expected profit by "extrapolating past 

changes in the futures price. The ,market quotation Y(T,t) 

already contains ell that can be known about the future. This 

- martingale property of zero expected capital gain is then 

expanded into a more general case of a constant mean percentage 

gain per unit time. I f  money has to be tied up in holding the - . 
YfT,t) contract and assuming a positive riskless rate of 

interest, the martingale property of zero expected gain does not . 

stand to a w e  the opportunity cost of foregone safe - .- 

interest. Therefore, Samuelson ( 1965 )  replaces the simpLe axiom 

of zero expected gain by a slightly more general axioms -- the 

axiom of Present-Discounted Expected Value which posits that 

where X is the assumed constant risk free 
4 

discount factor for interest rate). 

I f  the sequence of future price follows Eqn.  ( P l O ) ,  

~amuglson's 4 1965) Theorem of, Men Percentage Price Drift states 

that 

R n  f P W  denotes that expected successive future price 
? 



-a 

change would amount to a positive rate equal to X-1 (X is one 
pp - --- 

plus the assumed constant riskless interest rate) which is just 

enough the foregone safe interest by tying 

money in holding the future contract. Eqn. ( P t l )  - implies that -- 

- - -. * 

the market has already discounted all knowable future 

information so that the present discounted futures price 

sequence is a martingale. 

7 

~lthough Samuelson's (1965)  . paper establishes the 

martingale property for futures pricing rather than for an 

equity asset, a share-k may be regarded as a sequence, 

of future claims due to mature at successive intervals. Thus the . 
mar$ingale pXprrp--applicd to stock prices may be used as a 

measure of capital market efficiency. Since Samuelson derives 

his martingale property by a~suming a constant and exogenously 

given riskless rate of interest,-holding a future contract for 

h 
Y -title an expected return equal to the 

riskless rate of interest, which is a constant. When applying 
r * 

Samuelson'spmartingale property to stock prices, it implies that 

the expected single period holding return of stocks would be a ' " 

constant, if the stock market is efficient. Thereby, in testing 
-. 

the martingale property, we use Eqn. (P12)! 

where Yt is the returns series 

vhose efficiency is to be 

examined, it is the output 

series used in the TF modeJs, 



IMIt=l for Monday end 0 otherwise, 

I~,t=l for Tuesday and otherwise, 
- - 

IwIt=l for Wednesday a 0 otherwise, 

I ~ h , ~ = l  for Thursday and 0 otherwise, 

Iht=l for Friday and 0 otherwise, 

are parameters associated 
k 

with Monday, Tuesday, ..., \ 
& Friday respectively. -- 

Note that, Eqn.(P12) is an Intervention Model ithe intervention 
r 

- models will be discussed in the "~eskarch Statement" section), 

and Yt is a martingale if either oqe of the forlowing two 

conditions .is met: 

a) There is no significant difference amongst the estimated 

values of the Wi'S parameters in Eqc. (P12) and all the Wi's 

parameters are statistically significant, where i=M,T,W Th 
f 

and F, and the resulting residuals of Eqn.  ( ~ 1 2 )  is white 

noise. In this case, the expected value-of the Yt series 

would be constant at W, where W is the estimated values of 

the Wi's parameters when there is no significant difference 

amongst them. The residuals of Eqn. ( ~ 1 2 )  must be white 

noise since when taking expectation on both sides, Eqn. 

(PI21 becomes: 
b 

where It is a series of one's, i.ei, t 

I&=l for Monday through 

Friday, . 



thus, 

W is the estimated value 

for all the- wi* s 

parameters which is the same 

under condition (a). 
- .  

E(Y~)=w+o - 

=W which is a constant. (PI41 

When the residuals of Eqn, (~12) is not white noise, 

E ( Y ~ ~  + constant. 
b) All the estimated parameters of Eqn. I P T Z )  are insignificant 

and the residuals of Eqn. (~12) isZ?white noise. Under this 

condition, 

i,e,, the expected value of Yt is 

Theref ore, 

' follows: 

constant at 0. 

we state the martingale hypothesis, H3, as 

H3:The univariate ARIPU model for the Yt 

series satisfies either condition (a )  

or (b) concerning the martingale . 

property. 

In testing the martingaleuhypothesis of H3, we employ the 

- 
univarite ARIMA time series modefling strategies. Note that 

t 

rejection of the martingale hypothesis does not necessarily L 

imply the rejection of market efficiency. With risk aversion and 

'=The univariate ARIMA Model will be discussed in the Research 
Statement Section x 



a stochastii: rage of i n t e r e s t ,  L e R q  { 197%) s h e w s  &-7 

specific set of assumptions concekning investor utility function 

(risk aversion) and the dividends process, the martingale 
a 

property does not hold, i.e., the expected return of stocks is 

not a constant. Ohlson (1977) shows that the martingale property 

holds when investors have constant relative risk dversion and 

the percentage change in dividends is stationary. Thus, 

rejection of H3 may be due to other factors in the economy (e.g. 

investors' risk attitudes, dividends payout strategies etc.) 
5 7 " b 

rather than wart& inefficiency. Although the concluqion that 

can be drawn from the financial martingale property about market 

efficiency is rather weak, it can provide us with implications 

and consistency about the TF results. 



Literature Review 
- - 

Tests of the weak form of EMH have been conducted by both 

Alexander ft96f;1964) and Fama & Blume (1966) via the filter 

rules, The filter rules state that if price of a security moves 

up at least Y percent, buy and hold the security until its price 

moves down at least Y percent from a subsequent high, at which -. 

time simultaneously sell and go)short. The short position is 
* 

maintaked until price rises at least Y percent above a 
. - 

subsequent low, at which time one covers the short position and 

goes long. Moves less than Y percent, in either directions are 

ignored (a Y percent filter). 

If the capital market is efficient in its weak f Z - #  

(security prices cannot be predicted by the trend embedded in 

its "pastw prices) and if the market sets price so--that expected 
0 

returns are positive (the positive expected return model-is the 

equilibrium model assumed), excess profit cannot be extracted by 

employing the filter rules, since the filter rules implicitly 

claim that upwarbprice movements tend. to persist and to be 

followed by downward movements, which also tend to persist and 

to be,followed by upward movements and so on. This implies that 

current security prices do not full; reflect past inforution 

(past security prices) and thaf their current prices are 

predictable, from their past trend. If the market correctly uses 
I 

past available and if it set prices so that expected 

returns are posi then, the best rule would be to buy and 



4 Alexander (1961;'1964) reports extensive tests of filter 
- - - 

rules uding daiiy data &on price indexes from 1897 to 1959 and 

filters from 1 to 50%. He concludes tkpt the buy and hold 

strategy consistently outperforms the filter rules *hen 

transaction costs are taken into consideration. Further evidence 
P 

is provided by Fama & Blume (l966), who compare the 

prof itability of various filters to a buy and h m t e g y  for 
3 
%+ 

daily .data on the individual stock of the Dow-Jones Industrial 

- Average that run from aboGt the end of 1957 to September 26, 

1962. They conclude that for the most part their evidence is in 
- - - ~  

favor of buy and ho ld ,  and they reject the. hypothesis that there .. . 

is any important information in past prices that the markct 

neglects in setting current prices. 

Fama (1965) has conducted another piece of research 

.concerning the weak form of EMH. He studies the sample 

autocorrelation of daily returns for each of the 30 Dow-Jones 

Industrial series, for time periods that vary slightly from 

stock to stock but usually run from about the end of 1957 to 

September 26,1962. Fama claims that, market efficiency- (weak 
a 

form), in combination with the assumption that equilibrium 

expected returns are constant through time, implies that the 

autocorrelations of the returns on any security are zero for all 

values o f t h e  aljtocorrelation' lags. When the true 

autocorrelation is zero, the sampling distribution of the sample 

autocorrelation with lag r ,  is approximately normal, with 

approximate mean and standard deviation depicted by Eqn. .(R1) 

and Eqn. (R2) respectively. - 



- - 
+ <+ - 

.= Z - 
where ~ ( ~ j ~ , R j , t - r )  ib the sample autocorrelation 

2? d 

of sqcutity j return with lag 7 , -  

. T  is the number of returns data in the sample. 

Faaa calculates the sample autocorrelations of returns, for each . - 

of the thirty stocks i n  the Dow-Jones Industrial, with lags from 
-- 

one to ten days. Eqn. (R1) and (R2) are used to,esti&te the 

t-values for the calculated autocorrelations. Of the 30 -sample 

autocorrelations between successive daily returns, 1 1  have 
- 

t-values that are greater than 2 and 9 of these 1 1  are positive. 

Overall, 22 of the 30 sample autocorrelations between successive 

daily returns are positive. There seems to be positive 

autocorrelation between successive daily returns. Fama argues 

that the 1 1  stocks with t-value greater than 2 may be regarded 

as extreme in the sense-that they are low probability events if 

the true autocorrelations arc zero. The 22 positivc sample 1 
! 

autocorrelations areo regarded as close ineabsolute values to 

zero. Fama concludes that even-though the .true autocorrelation 

may be non-iero, it would be close-enough to zero so that market 
- 

efficie~c? in its weak form is a reasonable description of the 

Fama, Fisher, Jcnsen t Roll (hereafter, F F ~ )  (13691 

-attempt to test the semi-strong form of E13H by employing the 





following and preceding the split month, and - so on. The - average 

residual-for month s, with s measured relative to the . split 
month, is defined as 

- 

where ejs is the sample Market Model residual 

for security j in month s, 

N, is the number of split in month s. ' 

-29~gi30-(60 months surrounding the split month). 

They also examine the cumulative effects of abnormal ..return 

behavior for , the same 60 months"surrounding the split month by 
- 

studying the cumulative average rgsidual according to Eqn. ( ~ 5 ) .  

- 

The average rtsidual Fs is interpreted as the average deviation, 

in month s relative to the split month, of the returns of split . 
stocks from their normal relationships with the market. The 

cumulative average residual Us is interpreted as the cumulative 
t 

deviation from; month - 29 to month s; it shows the cumulative 
effects of the returns of split stocks from their normal 

relationships with the market, FFJR further subdivide the split 

stocks into the "dhidend, increasew and "dividend decreasew 
/ 

-" 

categories. The formkr category includes all split stocks that 

experience a dividend increase after the split, while the latter 
- 

includes split =tacks associated with dividend decrease. The 



increase or aecrease of dividend is justified by comparing to . 

tl/e dividend payments of the New Pork Stock ERharrgc as= *XicC. - 
 heref fore, ri, ri and Ui, Us- are defined as the avdrage and 

cmulat ive average residuais for splits fallowed by "increasedm 
7 

and "decreased" dividends respectiv.ely. FPJR find that the 

average residuals in the 29 months prior to the split a ~ e '  
L 

uniformly positive for all s p g t s  and for both dividend classes. 

They argue that the split itself cannot account for the behavior 

of the residuals 6s far as 2 years in advance of the split date; 

Rather, they suggest that splits tend to occur when firms have 

exper-ienced unusual increases in earning 'during the years 

immediately preceding a -split, which accounts for the positive 

average residuals of splitting shares in months preceding the . 
split. When all splits are examined together, the largest 

average residuals occur in the three or four months immediately 

pr-ceding the split, but after the split, the average residuals 

are randomly distributed about 0. Equivalently, the cumulative 

average residuals rise up to the split Month and experience< no a 

> .  

further systematic movement thereafter. Evidence also suggests 
& 

that during the first year after the split, the cumulative 

average residual changeslby less than 0.001 and that the total 
c * 

change- during the Z 1 / ,  years following the split is less than 

0.01. FFJR suggest that the informational eifects of actual and . 
-- 

anticipated dividend increases may be used to explain the 

behavior of common stock returns in the d d n h ~ i p m e d i s t e l ~  
\ 

surrounding a split. A split is normally expected- to a s m i k t e  \ -  

with increases in future dividends, the evidence that the 



G 
- - -- ---- 30 

/' 
c, 4 

P 

cmdatiwe residual for  bath div idendc la s se s  r i m  
-- 

h s r p l y  in the fa* -nth8 before the split (the .earlieat time , / 

' information a b u t  a splitting stock may reach the'ararket befgre 

the sffoctive date of the split) is consistent with t h e *  

hypothesis that the u r k a t  recognizes, thst splits art u s u a l l j  

associated with higher dividend pspents. However, returns 
/ 

behavior subsequent to tht split would be substantially 

d i f f e r e n t  i n  cases where dividend increases mterialize and 

c$sas vherc it does not. By examining the stocks in 

cusulstive average residuals rise in the feu 

split but then decrease sharply in the few 
# 

s p l i t ,  when the anticipated dividend 

forthcoming. When a year has passed after 
A .  

tbe average 

months before 

month after 

the split, 

cuaulative average rtsidubl f a l l s  b u c k  to about where it' 

f i v e  munths prior to the split, which is probably a b u t  

- ir! 
*- 

the 

and 

the I 

the 

not 

the 

earliest t is# rclisbk information concerning a possible split 
- 

ray reach the rsarttt. When a dividend increase is not 

forthcsaing, the effects of the split are completely wiped away 

and the split stocks return to their normal relationship with 

the aarkat .  For the stocks in the "increase' dividend class, 

tbcre exists no further systeiaatic movements in the  cumulative 

average residuals for the year after the split and the average 
/ - 

residuals are randolafy distributed a_bout_zero. PFJR suggest that 

once t h e  information tffects of associated dividend changes are 
e 

properly considered, a split hss no net effect eff, m n  stock 

returns. Thus, t h e  market a m r c n ~ l y . k k c s  an unbiased forecast 



-- - -- - - 

of - the implication of a split for.future dividends, and these 
-- - - - -- - -- - 

forecasts are fully reflected i~ the,price of the security by 
, 

the end of the split month. The ~esults of FFJR ate consistent 
6 

vith the hypothesis that the stock market is efficient in it6 

semi-strong form, at least, with respect to its ability to 

adjust to the information implicit in asplit. 

Chartst (7978 a) investigates the behavior of the New York 

Stock Exchange (hereafter, NYSE) stocks around spljt information 

events from the 1947-67 period. These include 606 split 
1 

proposals,.>35 split approvals and 1252 split &a1 izat ions. From 

the CRSP monthly file for the 1947-67 period, Charest samples 
' 

911 NYSE stocksplit ;ealizations involving 8t least b 5:4 ratio - % 

and five years of presplit quotations. The split proposals and 

approvals information follows from the Wall Street Journal 

Dividend News Coluans (where the announcement date of the 
t 

proposal or approval is assumed to be the date of, the Journal. 
7 J 

Charest -assumes 4 n .  (R6) as the return geqerating process that 

describes H Y S ~  stocks in the 1947-67 period. 

4 

where Rjt is the return of stock j in month t, - 

Bjt is the systematic risk or beta for stock j 

.- 
tjt is the disturbance term of security j in 

- 
let is th& r e t u r n  on the midislum variance 
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y f t  is the return premium per unit of beta. 

He estimates the residua4 of stock j in geriod t by Epn. (R7). 

The Fisher's Arithmetic Index is used as a proxy for the ,market 

rates of return, R,t, that is used for direct estimation of 

stock j's beta according to Eqn, fR8). 

where COV(Rjt,Pt) is the sample covariance between the 

return of stock j & the Fisher's Index at time t. 

oz(ht) is the sample variance of the market 

proxy's return (the Fisher's Index). t 

EQn. fR8) is amlied to a series of 61 successive Rjt and 

corresponding ht .in such a &y to obtain, for stock j and month 

' t relative to split event month zero, tuo competing beta 

estimates: B I  jt and Bzjt* MethDd 1 uses past data -- the 
61-month series of stock and market returns ending with month t. 

Method 2 uses symmetrical data, 30 months on each side of month 
* * 

t. h o  corresponding vectors of residuals, eljt and e2jt are 

~btained using EQn. fR7) u i t h ~ t t h o d  t and Method 2 
- 

respectively. Charest labels-Eqn. (R9) as the sample's average 

residual for M n t h  t relative to sonth zero (the split event 



where H is the number of splitting stocks in the sample. 

The average residuals (hereafter, A is used to measure the 
J 

average percent abnorm1 return experienced by the 'sampled 

stocks in any month t relative to the split event. The sample's - 
cumufative averagi residual over m months (sap t+t to t+m) is - 

given by Eqn. (RIO). 

The cumulative average residuals (hereafter, CAR) is used to " 

measure the average percent abnormal returns experienced by the 

sample stocks over a number of months relative to information 

event m o n t h  zero. Charest's results 'for split realizations 

conform to ' those of PPJR in spite of differences in residual 

assesswnt methods an& limited overlapping of test periods. AR 

in the pre-split realization =nth are positive and increasing, 

By month zero, the CAR is about 30% and the largest AR occurs in 

month -2, -3 and -4,, the most likely-months of split proposal 
- .  

pnnouncewnt. The adjustment of stock returns to split 

realization appears to have essentially ended by month zero. . 
Twenty-four months after the split realization, the CAR 

9 

corresponding to method 1 is 30,86%, hardly. 0.5% above the CAR 

for m t k  z t r u .  € h a r e s t  sttgcys*sL&t suck -11 c t a n g e s  i n  GhR - 

appears to be consistent with the.semi-strong form of EHH, In 

order t~ deteiaiat whether the abnormal returns from systtlaetic 
/' 

monthly investments in split stocks over tie 1947-1967 period 
C 



- A-- 

7- 
,would have been statistically different 

- constructs both an equally weighted and 
-- - -- -- 

? c -  - -- 

portfolio consists of s t e k s  c<rresponding 
$ 

from zero, Charest 
- - --- -- a value weightez 

to his five trading 

rules. His trading rules are outlined as follaws: 

A : all stocks whose information event date occurs 

in month t. 

B : all stocks whose information event date occurs 

in month t, t-1, t-2, w 

C : all stocks whose information event date occurs 

in month t, t-I, t-2, t-3, t-4 and t-5. A 

D : all stocks whose information event date occurs 
- 

in month t i  t-1, t-2, .... t-11. 
E :,all stacks whose information event date occurs 

in month t, t-I, t-2, .... t-23. , . 
Charest finds that 4 out of 5 trading rules and 9 out of 10 

- - 

portfolqio tests produce t-values of less than 2. Only rule E 

' yields a significant t-value of 2.15 when method 2 residuals 
a under an equal-weighted portfolio strategy are considered but 

. . 
the significance disappears under a value-weighted strategy, or , 

when method 1 residual are used. The average moiithlp- abnormal 

gain is less than t / 4 %  per month. Charest concludes that his 

results are generally consistent with the semi-strong form of 

EMH in that based on split realization events seems to 
- 

o f f q  no excess returns. In. determining whether 
4. 

significant excess returns are more likely to arise when trading 

I is based on earlieq split information (i.e. split proposal and . 
approval) rather than on split realization, Charest examines the 



AR and CAR of the' 606 split proposal and 435 approval events 
-- 

respectively. For both the approval and proposal samples, .the 

abnormal return - adjustment up to month zero which is in line 

with the results for the split realization sample. However, the 

20 t-values corresponding .to - abnormal excess return based on 

split approvals, with both methods, all 5 trading rules and both 

the equal and value weighted investment strategies, are-all 

within the bound of +2 and are otherwise insignificant. On the 
\b - 

- - 

other hand, the tests based on split proposals indicate some 
C 

degree of apparent market inefficiency. It is especially the 

case with. trhding rule B where splitting stocks are held for 3 

months beyond the proposal month. 1ts t-values exceed 2 for all. 
* 

- - methods and portfolio investment strategies, ranging from 2.25 

to 3.08. Rule E, with a 24-month stock holding period, shows 

conflicting evidence. Its t-values exceed 2 for both the equal 

and value weighted strbtegies with method 2 but fail to show 

significant evidence when method 1 is used. Charest suggests 

that the stock market appears on average not to ha"e fully 

anticipated, by the end of split proposal month the implications 

of split ?nformation for future stock returns. The market does 

not 'ale fur granted that a split proposal will eventually be 

approved while experience indicates it should. The market does 

not seem to have learned from experience, this would imply that 

the market does not 'seew far ahead and does not realize what a 

"proposal" weans for the future. Charest coneludes that there is -- 

no significant excess return for trading systems triggered in 

split approval or realization methods. But investing monthly in 
I 



stocks for 3 months beyond split proposals (Rule B) produces 
- --- -- 

significant excess returnkacross all calculation methods and 

investment strategies. T h h r k e t  acts as if it needs apprbval , 
P 

information, two or three months away, to complete its 

adjustment. In this case, the market would not be semi-stre2 , 

form efficient. 

Watts (1978)  studies the semi-strong form of EMH by 

determining whether significance abnormal returns can be 

observed after public announcements of quarterly earnings when 

valid significance tests are used and the proxy bias is reduced 

using the steps Ball (1978) outlines. Watts suggests that 

idformation in quarterly earnings announcements could be 

measured by the difference between the actual quarterly earnings 

and a measure of quarterly expected earnings. If the market is 

efficient in its semi-strong form, stock prices changes should 

simu1taneous:y reflect the information of public earnings 

announcements. In order to test the efficiency of the market 

ywith respect to quarterly earnings announcements, an estimation 
d 
L J  

of the unexpected earnings and abnormal returns are required. 

Watts estimated the unexpected earnings as the iorecadt errors 

-corresponding to three time-series models which can be used to 
\ 

describe the behavior of quarterly earnings. These three 

time-series models are outlined as followsi L- 

---------a-------- 

refer to Ball ( 1 9 1 8 1 ,  p. 115-116 
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qwrtersnd.those with negative forecast errors. The weiqhts 

applied to 'the securities in eac-trportfolio are calculated to 

make f l  (the systematic risk) of each portfolio equal to 1.  Since 

both portfolios have 'equal risk, Watts suggests that abnormal 
J 

returns can be measured as the difference in return between the 

two portfolios. In order to weight the securities within the 

portfolios, the Market Model is estimated for each firm in the 

sample using the 60 monthly rates of return immediately 

preceding each quarter. The market Pate of return used is an -./- 
arithmetic average of monthly rates of return of firms listed on 

2 
the NYSE. With the estimations of beta for each security using 

the Market Model, each quarter, the securities in the.positive 
- - 

and negative portfolios are further subdivided equally into low 

beta and high beta portfolios. The mean beta for each of the 

resulting 4 portfolios is calculated and the weights X and 1-X 

that applies to the low and high portfolios in order to produce 

portfolios with unity beta are calculated as follows for both 

the positive and negative portfolios: 

The rates~of return on the portfolios are calculated for weeks 

subsequent to the announcement of the firm's earnings to 

determine whether abnormal returns are earned after an earnings 
/=-- announcement. In so doing, Watts defines Rjtw as the rate of 

return on the shares of firm j in week w relative to the 

announcement of earning of firm j for calendar quarter t. The 

rate of return for week w on each of'the 

calculated according to Eqn. ( ~ 1 5 ) :  

4 portfolios are 

I.. 
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the earning announcement 

series of DRtp according 

is calculated as the eean of the time 

While the estimate of the standard error of abnormal returns in 
- 

quarter q relative to the earnings announcement is depicted by 

where S[DRcq) is the estimated standard deviation 

. of the time series DRtq. 

Watts tests the null hypothesis of no abnormal return in quarter 

q relative to the earnings announcement, i.e. bi? = 0, by using 

the t statistic labels by Eqn., ( R l 9 ) .  

The sample employed by Watts consists of 73,firms which meet the 

following criteria: - -- -- 

a) All the firm's quarterly. and annul earnings per share 

number are avaiiablc in Hoodys1 over the period January, 

1950 to December, 1957 and all the firm's quarterly and 

annual earnings per share announcements are available in the 

Wall Street Journal Index (WSJf ) in the period ~ a n u a e ~ ,  1950 

through December 1969. 

b) The firm's shares are fisted-on the NYSE for the period-suly 



2,1962 through September 27,1968. 
-- - - - -- 

The firm's share price relatives are available on the Wells 

Faggo Bank daily file for the period July 2, 1962 through 

July 1 1  , 1969, 

ThefifiVs fisca1,year is constant in period January, 1958 

through Decerdber, 1969. 

of the earnings per share numbers are adjusted for stock 
u- 

splits and stock dividends; Watts uses the earnings for the 75 

quarters from 1 anuary, 1950 through September, 1968 in his 

study. The first 51 qkrters of earnings data are used to 

estimate the Brown-Rozeff, Foster and Watts-Griffin models for 

each of the 73 firms. These estimated models are 

forecast the earnings of the next 3 quarters, 

models is re-estimated using observations 1-54 and earnings are 

forecasted for the following 3 quarters, 5-57. This procedure is. 
- 

- continued until foqecasts are obtained for quzrters 52-75. These 

forecasts and the actual earnings are then used to obtain 2 4 . ,  

earnings forecast errors for each firm under each of the 3 
1 

-- - 

forecast mo.dels. Abnormal returns (DRtw) are calculated for each 

week in -the period from 25 weeks before the earnings 

announcement through 65 weeks after the announcement for all 24 

quarters for all three sets of forecast errors. The abnormal 

returns for quarters relative to the week of the emnin&s 

announcement (-1 and the related t statistics are calculated. 

&r the qllartee of the earnings announcement ( q = O ) ,  it is found 

that the estimated 6, ranges from 0.04 for the Wat$s-Griff in 

model to 0.053 for the Foster Model. 'Watts suggests that i f  the 



quarterly earnings at the beginning of each,quarter during the 
- 

- -- - - -- 

sample period is known, an abnormal return of 4 to 5 percent 

could have been earned over the quarter. The t statistics for 

the estimated DRo a r e  significant at 0.1% level for all 3 

models. Watts also finds evidence suggestin= abnormal returns 

after quarterly earnings announcement. The hypothesis that 

abnormal returns are zero in the first quarter after 

announcement can be rejected at 0.1% level using the Foster 

model and at 5% level using the Brown-Rozeff and Watts-Griffin 

models. The estimated abnormal returns for that quarter are 

0.021, 0.0180 and 0.012 for the Foster, Watts-Gri-ffin and 

Brown-Rozeff model respectively. The hypothesis that abnormal 

returns are zeros in the second quarter is also rejected at the 

5% level for the drown-~ozef f Model but cannot be ;ejected at 

any reasonable level for the other 2 models. After the second 

quarter, the estimated abnormal returns are effectively zero. 
* 

Watts argues that his results could not be due to measurement 

error in estimating ,the securities beta or to change in the 

securities, since the abnormal returns are too large to be 
J 

explained by measurement error. However, he suggests thatbnot . 
b 

everyone could have earned abnormal returns by following the 

strategy implicit in the abnormal returns measure, since the '.- 
transactions costs involved are more than sufficient' to .. 
eliminate those profits. The only individual who could earn 

9 

abnormal returns by using the trading rule are brokers since 

they -=-avoid some of the direct transaction costs. Watts . 
concludes that " while the abnormal returns do not represent -a 



d 
, 

gross inefficiency, they do represent a profit opportunity 
-- 

foregone, an inefficiency" l 7  

- 

~ishkin (1981 b) tests whether information. on .the past, 

listing of short-term i-nterest rates and inflation rates are 
" ,  

used efficiently in the market for long term bonds. The tests 

involved examining wwther the stochastic process that bond 

market participants believe these variables to follow is the 

same as the true stochastic process for the variables. Letting 
J 

(Rt - R*) denote the excess return on long term bonds, Mishkin 

arguks that the excess return could be expressed as a function 
/-0 

5 

oi the unanticipated. change (Xt - xte) in a variable according 
ti 

to Eqn. (R20). 

%, Rt - R ~ *  = 6 + (Xt - Xt )a +. et (R2O) 
L 

- where 6 is the constant liquidity premium, 

a is the coefficient on the unanticipated 

movement of a prespecified variable, 

et is the independent error term, 

* 
-Rt is the short term interest rate at -time 

t-1, i.e. yt-1, which is assumed t~ be a 

rational expectatiowof a 1 period ahead long 

term rate. % 

Rt is the long term interest rate, at time t. 

Assuming that the stochas\tic process-for Xt can be written as: , 

/ 
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December 1976, the bond return and Treasury b i l l  rate data are 
- - -  

used to estimte 4n.. (R2t) and (R23) system in order to 

determine uhethe'r the short term interest rate is used 

efficiently in the long-term bond laarket. Substitute Xt i n  Eqn. 

(R2fj and IR23) by vt (the quarterly T-bill rate), Hishkdn 

S 
estimutes the folloving system of equations: . 

6 
Rt - Rt-1 ' 8 + afft - bo - L birt-i) + ~t (R24) ,r 

i =  1 -a a' 
6 

7t = bo + Z b j f t - i  + ~t ( R 2 5 f  
i= 1 - - .  

v, 

Mishtin finds that the coefficients on the unanticipated 

movement of the bill rate (a) is significantly different from 
3 

+ * tero at the 1% level, thus indicating that movements in the 

short-term interest rate embody relevant. information to the 

pricing of long term bonds. Moreover, the sign of this 
I 

coefficient is negative, indicating that an unanticipated rise 

in the bill rate is acco~lpanied by higher long term rates with a 

resulting lower bond return. The likelihood ratio statistic also 

indicates that there is very little evidence in the bond market 

data supporting irrationality of intertsk rate forecasts. In 

order to test whether information about inflation is used 

'efficiently by the bond market, Mishkin substitutes Xt i'n Eqn. 

( R 2 1 )  and fR.23) by rt, where rt is the  quarterly Consumer P r i c e  l 

I 

Xndcx inflation rate calcaiattd from the c h a n g e  in the log of 

the Index (seasonally adjusted) from' the last month of the 

previous quarter to the lsb't month of the current quarter t. The 

following system of equation is obtained: 



I t  _ is found that the efficient markek model- system, [ ~ q n .  (R26.) 

and L~27)] with data running from 1959-1969, yields the expected - 
result tht an unanticipated rise in irtfhtion-is ass0ciee.d 

with higher long rates and lower bond returns (sign of a 'is 

nctptive) but the a coefficient on unanticipated inflation-is 

not as signif-icant as thi coefficient on unanticipated interest 
v 

rate movements. The likelihood ratio test rejects the 

rationality restrictions at the 1 %  level. Mishkin suggests that 

this rejection is due to the evidence that the sum of the 

~oeffic~ents on the lagged inflation rates fyt-I,....., 
-- -- 

rt-6) in 

the autoregression model of inflation [Eqn. (R27)] is positive 

and greater than one, indicating that a rise in inflation would 

persist.  his- evidence suggests that inf ormation about inf Lat ion 

over the period 1959-1969 was not used efficiently. However, - -  

a Hishkin argues that this is an unusual historical period,-with 

inflation4sksrting at a low level and persistently rising. 'BY 

repeating the analysis using a longer time horizon (from 
- - 

1954-1976), the inefficiency disappears. Mishkin suggests that 

the bond market m y  have had rational inflation forecast when a 

longer tine horizon is taken into account. He concludes that the 

bond market docs exhibit rational forecasting behavior and is 
L 

efficiently exploiting publicly available information. 



frrrrkaf  f1977) cmmincs the e f f i c i e n q  u f t h i ~  foreign 
-.- 

exchange market to see 'whether the; forward market for foreign 

exchange is efficient during the German Hyperinflation. 

According to the generally acppted theory, qn efficient forward 
," 

market for foreign exchange requires that the forward rate be an 

unbiased predictor of future spot rates. In examining the 
1 

efficiency of the market, Frenkel regresses the logarithm of the 

current spot exchange rate, log St, on the logarithm of the 

one-mnth f orrard crchang; rate prevai 1 ing at t b  previous 

month, log Ft-;. 
u 

log St = a + b + B (R28) 

Frenkel demonstrates that, if the German foreijn exchange market 

is efficient, the constant term' (a) of Eqn. ( ~ 2 8 )  should not 
- 

differ significantly from zero, and that the slope co~fficient 

Ib) should not differ significantly from unity. The error term, 

u, should be serially uncorrelated. Eqn. ( ~ 2 8 )  is estimated over 

the period February 1923 to August 1923 ( 3 1  months), since data 

on the German Hark-Pouna Sterling forward exchange rate are 

available only from February 1921.  Frenkel finds that the 

constant term does not differ significantly from zero at the 95% 

confidence level, however, the slope coefficient is somewhat 

above unity -- 1.09, at the 95% level. The Durbin-Watson ' 

statistic, with a value of 1.89, indicates that the residuals 

are not serially correlated. Prenkel suggests that transactions 

costs may be 'used to explain the evidence that the s 

coefficient is slightly above unity. He further posits that In 

an efficient market F summarizes all the information 



48 

- Rrnrmicrrgsfncrpctcd value of st that is available at time 

- 1  One of the itants of information available at t-1 is the - - - - - -- -- - - -- - -- - 

stock of inforGtion available at t-2, and if the market is 

efficient, that information will be contained in Ft-2. If Ft-1 
1 

summarizes all available information i-uding those contained 

in F t - ~ ,  then, adding Ft-2 as an explanatory variable to , 

equation (R28) will not affect the R2 and will have. a 
- 

cocff icaient ' thut is not significantly different from zero. As a 

according to Bqn, IR29): 9 

log St = a + b logFt,1 + c 1 0 g F ~ , ~  + p (R29) 

The regression results support the E34H. The constant term is not 

significant vith t-value of 1.7, the slope coefficient 

associated with Ft-l, which is slightly above unity (1. 1 1 ,  is 
P 

significant with t-value 'of 13.8. However, the coefficient 
4 

associated with Ft-2 is not significant. The D.W. statistics, 
- - - 

vith a value of 1-91, indicates that the residuals are not 

serialiy ,sorrelatcd. Moreover, the coef f itient of determination 

(R2) remains the . &. Frcnkel suggests that during the 
; 

hyperinflation, expectations may have behaved rationally and 

that one may use data from the foreign exchange market to 

measure expectations. He concludes that even during the 

turbulent periods of the German hyperinflation, t h e  foreign 

exchange market remains remarkably efficient. 

Hansen & Hodrick ( 198O) conduct tests of the efficiency of 

the foreign -exchange market vith flexible exchange which began 



essentially in March 1973, and tor the period of generalized 

floating rates following World War I. They .suggest that the 

results obtained by Frenkel (1977) may not literally be true \ 

since they are able to find seve~ai currencies whose past - 
- 

forecast errors may help to predict current forecast errors. 

. , Letting st = ln(St) add ft,k=ln(Ft;k) where St and Ft,k are the , 

levels of :he spot exchange rate and the k-perio6 forward 

exchange rate determined at time t. Hansen and Hodrick suggest 

that st+k - fi,k is an approximate measure of the rate of return 
to speculation in the foreign exchange market, it follows that 

-their simple efficient markets hypotheses is that : -- 
where ~ ( ~ 1 1 ~ )  signifies the mathematical expectation 

---- conditioned on the information set available at 

time t. 

They indicate that rejection of Eqn. (R30) does not necessarily 

imply the rejection of the efficiency or rationality of the 

foreign exchange market, since risk aversion in equilibrium 

would imply that the forward exchange rate equals the 

conditional expectation of the future spot rate plus a risk 

premium. The data for flexible exchange rates are obtained from 

the Board of Governors of the Federal Reserve System for seven 

currencies: the Canadian dollar, the deutsche mark, the French 

franc, the U.K. pound, the Swiss franc, the Japanese yen and the 

Italian lira. While the floating rates following World War I are 

taken from Einzing ( 1937 )  where weekly observations on the spot - -- 

- exchange rates and the 1-month forward rates are available after , 
- 

,. 



November, 1921. All exchange rates ar.e expressed in U.S. cents 
4 

E(st+):IIt) implies that forecast error (st+k - ft,k) is 

unkorrelated with information available at time t. As a result, 

past forecast errors cannot help to predict current forecast. 

error. Their tests employ a new and asymptotically more powerful 
- - 

technique to estimate various periods' forecast errors to be 

used in testing the null hypothesis. In order to test their 

cla%im that past forecast errors cannot be used to predict 

current forecast error, they regress the forecast error on a 

constant - and two lagged forecast errors, using weekly data and a 

3 - q t h  or 13-week forward rate: - 

They test the joint hypothesis that ail bit and bi2 in Eqn. 

( R 3 1 )  are all zero. Evidence suggests that the joint liypothesis 

is rejected for the deutsche mark-U.S. doHar exchange rate. 

Although the constant term is insignificant, the two lagged 

forecast " errors have significant levels smaller than 0.02. For 

,the Swiss franc and Italian lira, they find individual 

coefficient estimates that have significant levels less than - 
0.1. The other four currencies provide no strong evidence' 

against the null hypothesis. By regressing the forecast error of 

a currency on lagged values of its own fo~ecast error and four 

other currencies' lagged forecast errors, as in Eqn. (R32), 



the null hypothesis that all coefficients in the regression are 

zero is rejected for the Canadian dollar, the deutsche mark, and 

the Swiss franc at all significance levels smaller than 0.06. 

Hansen and Hodrick suggests that the multicountry test appears 

k to be a more powerful test of the efficiency hypothesis because 

they are able to reject the hypothesis for two other countries 

except at very low -significant levels. Their r-esults indicate 

that lagged forecast errors for some eurrencies have explanatory 

power in predicting the current forecast errors and the f o w n  

exchange market may not be efficient. They re-estimate Eqn. 

(R32) for a period running from June 25, 1974 to January 16, 

1979. In tke- . . 
test of all six coefficients, only the 

\ 

Canadian dollar has a marginal significant level below 0.1, and 

it is below 0.01. In the deutsche mark, the U.K. gound and the 

Swiss franc regressions, there are individual coefficients with 

P 
significance levels less than 0.1. This suggest evidence in 

favor of the null hypothesis. When the multicountry test is 
-- 

expanded to include the Japanese yen and the Italian lira, the 
\ 

A 

null hypothesis is rejected for the Canadian dollar except - a t  . 
extremely 'low significance levels. However, the sign.ificance 

level for the duetsche mark has fallen to 0.001 and far the 

-Swiss franc to 0.09. The coefficient for the lagged Japanese yen 

is significantly different from zero in four countries at the 
- 

- 
0.04 level and in the fifth at the 0.08 level. Hansen & Hodrick 

sugpegt that failure of the efficiency hypothesis is also 
I 



manifest in relative high R2 statistic for the Canadian dollar .-. 
-- 

and the deutsche mark. In examining the floating rates which 

occurred after world War I, tests of the efficiency hypothesis 

for three currencies relative to the U.K. pound are conducted 

according to Eqn. (R33) : - 

- The forecast interval is four rather than 13 =as in Eqn. *(~31) .' 
The results indicate that w e  constant term is signwicantly 

'-I./ 

di;fferent from zero at the 0.01 level for the .entire, sample. 

Hansen & Hodrick conclude that the logarithm of the forward 

exchange rate is an underestimate of' the logarithm of the 

subsequently observed spot rate, it is not an optimal predictor 
P 

.of the future rate for sbme currencies. This evidence is 
< - 

inconsistent with the efficiency hypothesis. However, they 

emphaqize that they are testing a joint hypothesis involving . 
efficient use of information along with a particular model of 

market equilibrium and suggest that an alternative model of 

market equilibrium may be consistent with their empirical 

results. 

Lorie & Niederhof fer ( 1968) analyze data on insider l *  

tradings and study their subsequent effects o stock prices 7 
whit-h is essentially a test on the strong form of EMH. Their 

study is based on data published by the Securities and Exchange 

Commission for all listed companies in its Official Summary of 
- 

------------------ 
''according to Lorie and Niederhoffer (19681, insiders are 
officers, directors, and owners of 10% or more of the common 
stock of the cornpnies listed on the New Pork and American Stock 
Exchanges. - 



Stock Transactions. The - summiry is a cmg&e&e r e c o t d - C  
- -- - 

transactions of at, least 100 shares in the stock of their own 

companies by the directors, officers and owners of 10% Qr more 

of the outstanding shares. By analyzing data of insider trades 

from January, 1950 to December, 1960 of a stratified random 

sample of 105 NYSE companies, Lorie & Niederhoffer (hereafter, L 

& N) deduce the statistical properties of insider trading. From 

frequency distribution of the number of net buyers or sellers, L 

& N find that there are three or more net' buyers in 

approximately 5-9% of all months when there are non-option and 

non-gift transactions and there are three or more net sellers 

approximately 4% of the time. These numbers allow them to 

construct control bands that filter out unusual instances of 
-- 

insider trading for further scrutiny. In their,entire sample of 

3973.purchases and 3277 sales, the odds in favour of a purchase 

followed by a purchase is found to be 3 times as great as a 

purchase followed by a sale. Furthermore, the odds in favor of a 

sale after a sale-is twice as great as after a purchase. L & N 
c 

suggest that a. purchase is more likely after a purchase than 

after a sale. One purchase indicates that other purchases are 

likely to follow and that the first purchase tells - more >th;?n 

subsequent ones. A change in direction from selling to buying 

i n d m e s  the new fact that future purchases are to be expected, 

wnereas a sale followed by a sale merely confirms the preceding 

expectations concerning the direction of insider activities. 

Therefore, the change in direction of activity is seem to be 
\ 

important in deducing insidersf expectation concerning their * 
' ? 



-stocks. In order to determine whether insiders possess special 

-. - -- - - - -- -. 
information, i.e., bufbefore the announcement of good news and 

I 

sell before bad news, L & N analyze insider transactions before 
*- 

. large price changew in three ways. ~irst, they analyze the last 
a 

transaction in the six months before a-large change. If the.last 

transaction was a purchase, the chance of a large increase is 71 

out of 100. If the' last transaction sold stock, the chance of a 

large decrease is 53 out of 100. The odds in favor-of a large 

increase is 2.5/1 after a purchase and 1.1/1 after a sale. The 
\ 

second kind of analysi's concerns the number of purchases and 

sales in the 6 months prior to the large price change. The odds 

in favor of a large increase is found to be 2.2 times as great 

when the number of purchases is greater. The third analysis - 

deals with the volume of -purchases and sales in the six months .. 
prior to the large price changes. This evidence is much weaker 

- - 

than the other two kinds of analysis, but again the skill of 

insiders in forecasting large price changes is demonstrated. L & 

N further suggest that if insiders do possess special kinds of 

information, then, the number of different insider purchasers or 

sellers in a month would serve as a measure of the extent of 
1 

interest by insiders irrcq stock. In order to test this claim, 

they study the relationship between intensive insider trading 

and subsequent price movemeht's in stocks. L & N choose 30 stocks 

, at random that satisfy the following criteria: 
, 

1. They are purchased by 3 or more insiders within one morlth, 

2. They are sold by no insiders in a month of intensive 

-------------,,,,, 

 he- large price change is defined as changes of 8% or more. 



purchasing. 

At least 2 

10% 

Calculation of 

purchasers increase their holdings by more.than 

month-end prices from January 1961 to June 1964 

are made for these stoc'ks and for the Dow Jones Industrials on 

all 315 occasions where there are 2 or more insiders buying or 

selling. During this period, intensive buying and selling are. 

not usef-ul predictors of stock performance in the subsequent six 

months. L & N then study a sample of stocks for a period for 

which the exact date of purchase and sales are available. For 
- 
- 

each transaction, the price on the exact day of the transaction 

and the price 6 trading days into the next month are determined. 

2 0  Percentage changes in price are computed over the next 6 

months. These changes are then 

Jones Industrial Average over the 
C 

data based on this procedure 

between insider trading and price 

compared to changes in the Dow 

same periad. L & N find that ' 

indicate a strong relationship- 

'movements. There appears t-o be 

an opportunity for investors to profit from knowledge of insider 

trading. When the number of buyers exceeds the number of sellers 

by at least that the probability is about 0.6 

that the stock the Dow Jones Industrial'during ' 

. * 

the six months after the sixth trading day following the end of 

the trading month, and when sellers exceed buyers by 2 or more, - * 

the probability is about 0.64 thatm the stock would perform worse 

than the Dow Jones Industrials in the following 6 month. L & N 

------------------ 
''The earliest anx investor could 
about insider trading is assumed 
end of the month; 

b; confident of finding out 
to be 6 - tradifig days after the 



argue- that, if intensive insider buying and selling are 
a - -- -- 

- - c7 - 

independent of future price movements, the.probability that such 

relative frequencies would occur by chance is substant i&lly less 

than 1/100,000. Insider transactions are slightly more 

successful when measured from the actual date of the transaction 

khan when measured 

month, L & N further 

stock market rose 

would be expected to 

rising market. It is 

from 6 trading$ days after the end of the 

suggest that during - 1963 and 1964, %he 

substantially and more volatile companies 

perform better than the average during a 

possible that the compkies associated with 

intensive inside trading .in the study are more volatile than - 
other companies. To test this theory, L & N measure the 

volatility of each stock in which there wasintensive trading in 

1963 'or 1964. The measure of bolatility they choose is the beta 

coefficient of the Market Model, using the Fisher Index as a. 
I I 

proxy for the market. The median beta coefficient for all 
3 

ccnpanies on @e stock exchange is approximately 0.95. L & N 
- -- 

argue that :/if the cpmpanics in which insiders made intensive 

transactions are.more volatile than the market, more than half 

of the beta coefficients for these companies should be greater . . 
than 0.95. The results show that during 1963, 41 have beta 

coefficient greater than 0.95 and 43 have coefficient less than 

0 , 9 5 .  L & N conclude that the higher rates of return for those . 
C 

companies with intensive insider trading apparently are not 

attributable to their volat5lity. Proper and prompt analysis of 

data on insider trading can be profitable. When insiders 

accumulate a stock intensively, the stock can be expected to h - 



A ? 

outperform the marht during the next six man- LnsFde~&md---- 

to buy more often then usual before large price ijncreases and to 

sell more than k u a l  before price decreases. These evidences 
I 

indicate .the possibility of speci 1 information possessed by 
- 4 

insiders so that stock prices do not fully reflect a.11 available 

information. I 

I 

- .  

Scholes (1972) - investigates secondary offerings, many of 

which are issued by insiders, to determine whether insiders 

possesses inside information of an adverse nature. Secondary 

distributions are chosen instead o'f primary distributions 

because Scholes suggests that many of the variables that affect 

.the firm's prospect could be held constant, so that, secondary 
d 9 3  

* 

distributions are the3esult of decisions that are independent .. 
of the factors affecting company operation. Daily price data of 

345 secondary distributions for listed NYSE firms from July 1961 
C 

to December 1965 is used by Scholes in conducting the analysis. 
J - 

Monthly data f6r the period,1947-1965, which consists of 1,207 . 

secondary distributions, is used to confirm the analysis of the 

daily data sample. To isolate the movement in-decurity prices ------ -- ------------------ 
21Secondary distributions are initiated not by the company but 
by one or more shareholders to whom the future proceeds from the 
a sale of the secondary distribution will accrue. The 
distqibutions are underwritten on a principal or agency basis by 
an investment banking group that buys the entire block of stock 
from the selling shareholders. The shares are then sold to 
subscribers after normal trading hours at the 'subscripkion ' 
price', set at or near the closing price of- the shares in the 
open ~aarktt on t k  day of the sale. There are two types of 
secondary distributions, registered and unregistered..The 
Securities and Exchange Commission requires that a distribution 
be registered if the shares involved in the sale represent a 
control #relationship to the user. If a distribution is 
registered, there is a waiting period of 20 days, from the day 
of registration, before actual sale can take place 





3 ' The average error .wasures the average estimated percentage 
- - -  - - 

deviation of the returns of'the securities in the sample from 

their normal relationship to the market: Scholes suggests that 

using the average error and its standard error, the significance 

of the effects of secondaries on market prices can be estimated, 

An abfiormal performunce index- (API) is also constructed and is - 

This index traces - out the value' of $1.03 invested in equal 
- - 

amounts in each of the W securities in the sample at time T and 
Q 

held until the en4 of period D, after abstracting from general 
* 

market effects'on returns, In the absence of any abnormal . 
returns, Scholes demonstrates that APID would be approximately 

equal to 1.0. From the abnormal perforavlnce index, the marginal 

rate of return f r m  holding u portfolio from priod D to priod 
I 

D+r calculated as [API~+~/API~]-I, and this can enable the f 
a 

calculatip of -returns on this portfolio for various ho 

periods. .9choles suggests that the methodology described can 

provide a means of estimating the average effect of the sale of 
r' 

large-block distrisutions on security prices. The estimated 

prediction errors are abnormal returns not accounted for by the 

security's norpal relationship to the market as.described by the ; 

Market Model. By taking the average of the prediction error8 for 
- -- 

each day .relative to the distributix d a i ,  the abnormal return ' 

on each day associated with the sale of ,the lafge block 

distributions can be est iaratcd. The sbnbraal performance index 
- 

-- -- 



- - - - - - - - 

/ 
further enables the estimation - - -  of the cumulative abnormal 

I 
- - -  

performance, through time, of a portfolio of seeondarie* 

purchased at the start of the period of interest and held 

through the end of the period 'of interest. By applying the 

.methodology to the daily sample of 345 secondary distributions 

assuming that $1.00 is invested in the portfolio of 

25 days prior to the distribution day, Scholes finds 

that the abnorql prforxtmnce index falls from an initial level 

of 1.0 to a final value of 0.977, 14 days subsequent to the 

- distribution, a decline of 2.2%. The absolute value of the 

average error is greater on each of the ' 6  days including and 

subsequent to day 0 than on any other single day. On the day of 

the secondary the 'average error is found to be eq-1 to -0.5%. 

Scholes demonstrates that the cause of the observed abnormal. 

return cannot be attributed to either the price effect or ,.the 

size of. the distribution. In order to confirm the results 

obtained f rors daily samples, Scholes uses monghly- samples 
\ / 

covering the period 1947-1964 during which there are 1,207 

-distributions. The average prediction error is found to be 

4 -2.15% in the month of the secondary. The value of,the abnormal 

performance index is 1.01 at the end of the month of the 

s&ondary, and at the end of month 1 and month 5. It stands at 

1 -00 at the end of month '18 a•’ ter the secondary. No* inducement - 
in the form of an abnormal return is realized over the 18-month. 

period subsequent to the distribution, Schales concludes that 

the examination of abnoraral 
\ 

basis shows a'permanent average 

return on both9 a daily and month 
- 

2% loss associated with the sale 



- --- - - -  - 

of a secondary distribution. Scholes further suggests that the 
- - - 

, likelihood that + a sale contained adverse information is very 
w 

different among the vendor categories due to the degree of 

contact of their day to day operations with the operqtions of , e  

C 
the firme they sell. Scholes ranks the 5 vendors categories, in 

decreasing order concerning their possession of' possible adverse 

information, as follows: 1 )  corporations, 2 )  investment 

companies, 3 )  banks and insurance companies, 4 )  estates and - 

trusts, 5 )  individuals. 

On the day of the secondary, the vendor is not generally known. 

If the announcement of a secondary distribution conveys 

information to the market, then, on the day of the sales, all 

h the average errors rill be expected to be negative and of about 

the same magnitude. f f the value of the information exceeds the 
C 

expected value of information contained ia secondaries, the 
I .  

- - 

price will fall further to a new equilibrium pice. Scholes 

computes the abnormal performance index and the average 

< predicting errors for each of the 5 vendor categories. It is 

found that the average errors at .day 0 are indeed of 

approximately the same order of-magnitude for all groups. After 

the distribution, the absolut~-magnitude of the abnormal return 

is largest for corporations, followed by mutual .funds, and . 
a 

smallest for banks, estates, and individuals, which iS what he 
-_ 

has expected on the basis of a prior-classification for 

fitefihood of aherse  information, Scholes finds that, from the 

analysis of the category of corporations, the sale of a 

corporate officer does c~ttain information of significant value. - 

f 



- --__ 
They s e l l  when the security has experienced positive abnormal 

returns and is considered to be ovetvalued in the market. He 

concludes that thert'appars to be significant differences by 

vendor and informtion. 

In order to determine the effe=t on the return o'f stock 

between registered and non-registered distribution, Scholes - 

computes the abnormal performance index and average error for 

both groups of distributions by employing his daily sample which 

consists of 73 registered secondary distribution out of a total 

of 345. He finds that the average abnormal return- on the day of 

the-distribution is -0.6% for non-registered and the performance 

index falls from a level of 0.989 on the day of the secondary to 
F 

0.975 10 days subsequent to day 0, a return of -1.4%. For the 

registered secondaries the average error on day 0 is -0.099%, 

and the performance index fa s from a level of 0.992 oh day 0 + 
to 0.988 on day 1 0 d  a return of -0.4%. The average errors are 

the largest on day -20 and -19 which are -0.26% and -0.41% 

respectively. Scholes suggests that this is the announcement 
-- 
c.- 

date of the registered secondary. Prom 20 days to 1 o r  to 

the secondary the perf r ce index drops from a level of 1.005 &P" 
to 0.99, a return of -1.3%. However, for the same period, the 

performan~e index of the nod-registered secondaries falls only 

by -0.4%. Scholes suggests that this provides evidence that-the 

market conveys information efficiently which causes the largest 

drop of the abnormal. performance index at different time 

intervals, relative to day 0, for the registered and 

non-registered secondaries. He rejects the hypothesis that the 



residuals fall becauses of selling-pressure and mncludcsthn,-- 

the drop in residual is due to the market's belief that the 
<=s 

issuer possesses inside information of an 

_Jaf f_e  (1974) sttempts to estimate the profitability of 
- d 

insider trades by examining the performance of a seqrity 
- 

subsequent to specific types of insider trades in that security, 

which he calls insider trading events. Hiso initial sample 

consists of the 200 largest secu?ltTes- on the Chicago Research 
-- 
in Security Prices (CRSP) tape. Insiders' transactions for each 

of the 200 securities are observed in 5 separate montKs during 

the period from 1962 to 1968. While i1:siders may transact 

without special information, Jaffe suggests that their large 

transactions woux3 qore likely be based on inside information. 
r 

Thus a sample of large transactions is constructed by including 

all transactions from the initial sample with values greater 

than $20,000. This subsahple contains 370 trades, representing 

39% of the initial sample of 952. ~inaily, 4 intensive trading 

samples are constructed by including companies with at least 3, 

4, 5, and 6 respectively more purchasers then sellers (or more 

sellers than purchasers) for each month. These samples include 
- 

all intensive trading companies listed on the CRSP tape during 

the month from April to Odtober 1961; from December 1961 to 

~ovember 1962; from January 1964 to h r c h  1965; from May to 

December 1965; and from September 1966 to March 1967.. First of 

a1l;Jaffe uses Eqn. ( ~ 3 8 1 ,  which is consistent with the two 

-parameter CAPM of Sharpe and Lintner, to measure the abnor-1 

pgrformance of a security. 



- 
&t = rate of 'return on the market 

during peribd t ;' 
p r t f  olio 

in - period t, 

L1 L. 

C V ~ ,  = covariance between Rjt h &t, 
.I 

var(&) - Variance of st , 
L1 

yot L Glt = market determined prameters, 
.I 

ejt = the disturbance of the jth security 

st time t. 
A 

A 

The disturbance in Eqn. (~3.8) serves as a measure of the 

abnormal performance of a security. Since it is assumed that 
. . 

insiders possess more special information concerning their own 

security than concerning the market as a whole, Jaffe studies 

the residuals of securities subsequent to insider trading 
, - 

- 

events. He defines Urn as the mean residual over all securities - 
J 

in the sample for month m: 

where Nsnumber of securities in the sample. 

Ujm - estimated r~sidual for security. j in month m 
according to Eqn. ( ~ 3 8 )  
fetonth O in Bqn. fR39) is the event month, - 

month 1 is the followin month, and so or:), 
Hj = 1 i f  the event of the .jtasocurity is a purchase 

or set of purchases, 
= -1 if the event is a sale.- . - 





-- 1 401 , 
8s = ----- - I; =t,t+lDt ( ~ 4 1  - -- - ---- 

n t=51 
- where Dt = 1 when there is at least one security in 

portfolio t, 
= 0 when there is no security, 

n = number of months in which the portfolio has . at least one security. 

Jaffe uses data from January 1935 to June 1968 (month 1 is 

January 1935 and month 402 is June 1968) to estimate yet and y l t  

of Eqn. (~38). In Eqn. (R44), t begins at 51 because 50 months 

of past data are required to estimate a portfolio's residual 
- 

variance [Eqn. (~42)l. Jaffes tests whether sr is significantly 
different from zero by the following t-statistic: 

where s = estimate of the staidard deviation of edch 

standardized portfolio. 

In any month an individual trader is classified as a purchaser - _ 
- if the number of days during the month in whi'ch he buys'stock is 

greater than the number of days in which he sells. If the 

reverse is true, he is classified as a seller. For each company 
- 

in the initial sample, a month is classified as a month of net 

purchasers or'a month of net sellers depending on whether the 

number of purchasers is greater or less than the number of 

sellers. Months. of net purchasers and net sellers are defined by 

Jaffe as insider trading events. Events are excluded if 

conppnies are not listed on the CRSP tape for 50 months before 

an$ -10 months after the event. This restriction assures 

sufficient data to form portfolios and to calculate residual 
. - 



variances. For the initial sample, Jaffe finds that the 
- --- --- 

cumulative average residuals actually fall by approximately 2% 

in the 15 m~nths prior to events. ~ummulative' average residuals . . 

rise approximately one-half of 1% in the 15 months following 

trading. The most rapid rise occurs in the few months after 

trading, suggesting that insiders can forecast residuals in the 

near future better than residuals in the distant future. The 

t-values corresponding to the hypothesis that the expected value . . 
of the standardized residuals equals zero are 1.93, 2.24 and 

1.32 for 1, 2 and 8 month holding periods respectively. Though 

these results suggest that insiders do possess and exploit 

special information, Jaffe further examines the sample of large 

transactions to confirm these results. However, the results ,do 

not suggest that large transactions contain more information 

than small transactions. The resulting t-values are 1.99, 2.09 

and 1.14 for a 1, 2 and 8 month holding period respectively. 

Jaffe then studies the 4 intensive trading samples >and the 

resulting high t-values suggest that insiders trade 

successfully. The t-values are respectively 3.65, 4.73 and 5.23 

for 1 ,  2 and 8 month holding periods corresponding to the event 

when there are at least 3 more buyers (sellers). thsn sellers 
- -- 

(buyers) in a month. Average res?duals are large, rising 0.0507 

in 8 months. The events corresponding t o  at least 4 more b&ers 
"7 

(sellers) than sellers (buyers) have resulting t-values of 3.06, 
P --- - 

3.16 and 4.69 for a 1 ,  2, apd 8 month holding period - 

respectively. - The. cumulative average residuals again rise over 

5% in 8 months, suggesting that insiders possess special 



- 

68 

information. When the event is 5 more buyers (sellers) than 
- - - ~ ~ ~ ~ ~ - ~ L ~  

sellers (buyers), the t-values are respectively 2.97, 2.76 and - 

-3.18 for a 1 ,  2 and 8O month holding period. The cumulative 

average residuals are of similar magnitude than the p r e v q s  
- - 

event ( 4 ) .  When the event is 6 more buyers (sellers) than 

sellers (buyersj, the t-values are 1.4, 0.77 and 1.05 for a 1, 2 

and 8 month holding period respectively. The cumulative. 

residuals and the t-value are small. These findings indicate 

successful trading by insiders but do not suggest that profit to 
7 

insiders is an increasing -- function of the intensity of trading. 

Under the Securities and Exchange Act of 1933-34, insiders musc 
\ 

return all profit from a purchase and subsequent sale ( or vice 

versa) occurring within 6 months' of each other. Therefore, an 

insider must be prepared to retain his new acquisition for at 

lest 6 months in order to profit from his inside information. As 

a result, with consideration given to transactions cost (assume 

to be 2% for a round lot transactions), Jaffe studies the first 

3 intensive trading samples corresponding to an 8-month holding 

period. The results indicate that the t-values for 8-month 

periods are statistically large (3.26, 2.92 ana 1.84 for the 3 

intmsively trading sample respectively .in order of iqcreasing 

intensity). Jaffe suggests that insiders earn approximately 3% 

profit in the 8 months after transaction, indicating that 
C 

transaction costs only diminish profit by 40%. Jaffe concludesc 

that fqsiders do possess special information, after adjustment 

for transactions cost, the intensive trading samples with 
- - 

8-=nth holding periods are still earning statistically large 
- 



returns. This evidence is not consistent- with the_strong f w - f  
- 

EMH . 
Chiras and Manaster (1978) examine the informational 

content of option prices and the efficiency of the options 

exchange market by employing the Black-Scholes-Merton option 

pricing model [Eqn. (R46)] to calculate the implied standard 

deviation (ISD) 2 2  

W = the current option price for a single share , 

of stock, 

X = the current stock pride, 

C = the exercise price of the option, 
t 

. e = the base of natural logarithms, 

t the time remaining until expiration of the. 

option, 

r = the continuous risk-free rate of interest 

for the period t, 

v = the standard deviation of returns 
- 

on the-stock during the period t, 

N(-) = cummulative normal density function of ( - 1 ,  

y -= the continuous dividend yield on the stock. -- - 

& 

Chiras-and Manaster (hereafter, C & M) suggest that dividend on 

"An implied standard deviation equates an observed option price 
-with the price calculated from a particplar option pricing 
formula, 



some stocks my.be substantial ajd can have a significant effect 
- - - - - 

on the valuation of options $whose stocks make such payments 

- during the life of the options. Since the Black-Scholes model 

assumes no such dividend a payment, Eqn. ( R d 6 )  which assumes 

dividend payments to be continuous over time, is used to 

calculate the ISD. During the peniod encompassed by their study, . 
I 

there is an average of 6.3 option prices recorded per stock for 

each observation date. Each of these options had a different 

ISD. C . &  M.suggest that the ISDs must be combined in order to 

produce a single estimate of future standard deviation of 

returns for each stock. The equation used to obtain the% weight 

implied standard deviation (WISD) of the options on one stock 

for each observation date is as follows: 

where N = the number of options recorded on a particular 
> 

d 

stock for the observation date, - 

ISBj = the implied standard deviation of 

option j for the stock, 
-1 

awj ----- ---- = the price elasticity bf option j with 
a v j  Wj respect to its implied - 

standard deviation v .  - 
C & M ,posit that in an efficient market prices will fully 

2 - 

reflect all available inforktion. Thus, estimated variances 

calculated from option prices should reflect not only the 

6 informational content of stock price history but also any other 
B 



variable information. They suspect that the WISD valued would - - 

reflect future . standard deviations more accurately than do the 
/ I  , historic sample standard deviations. As a result, they state . - 

their hypothesis as: "standard deviations inferred from option 

prides have been better predictors of standard deviations of 

future stock returns . than -standard deviat L&s obtained f torn 

historical stock returns." In testing their hypothesis, they run 

the following 3 regression equations: 

where WISDi,t = the weighted implied standard deviation 

of returns for stock i at time t, 

SDHI STi , t = the sample standard deviation of ~eturns - 
for stock i from time t-20 to time t, 

i 

SDFUTi,t = the sample standard deviation of returns 

for stock i from time t to time t+20, 

ah, Bh, a0, Bo, a,, Bch, B,o = regression coefficients. 

The SDHISTs and the WISDs are compared to determine which 4 

predictor is superior during the test period. The combination of 

SDHISTs and WISDs are also compared to eetermine whether each 

predictor provides unique- information or contains only 
- 

information already captured by the others.   heir testing period 
* 

begins two months after the start of the listed option trading 
a 

and lasts for 22 months, i.e. with 23 monthly observations - -  . 
beginning June 1973 and ending April ,1975. Data are recorded 

? A 

for the last trading day of each-month for each option on stocks 



(CBOE) as* of June 29, 

--- - -x - - .  - -  

whose options are traded on the Chicago-Board Options Ex hange 1 

-- - - --- 

1973. All the necessary &it; f or< Eqn. 
'(R46) are taken directly 'from the Wall Street 30 ad the 

, . 
W y ' s  d d b o b k  of Common Stockp. The monthly price ratis& of 

each unatrlging stocks are taken from the CRSP tapes for each of 
- --- 

, the 23 'stocks in the sample. By employing their procedure to 
. 1  

*. thei; saeple, the results' .indicate that historicai standard ' 

, deviations explain approximately 26% of the future standard 

aeviatlons of stock returns and the corresponding R~ for thp! , 

werghted i&liea standara deviations obtained from option prices 

' is 0.32. The increase is 23%. From June 1973 to F e b e r y  1974, 

. evidence indicates t b t  theqe is little difference between the 

, p r c d i c t T v ~ ~ t c r i s t i c s . o f  thc WISD and the SDHIST values. 

Beginning in March 1974 ,  less than a year af tee the starb of . . 
li'sted option trading, the option implied - standard deviations 

- -- --- - 

show a sudden increase in predictive' ability and begin t.o . 

.explain more of the future standard deviation of stock returns. . 
The average in this period increases to 0.39 as 

compared -+_TI 6.- i* the previclus period. The regression using 

SDiiiST does not indicate any trend in predictive ability over 
- 

time. Evidence suggests thaf the predictive abilities of option 
- t  

-; i'mpliad shhdard deviations are continuing to- improve during the - 
4 

entire period under study and that the option market becomes 
+ 

m r t  efficient as t w d e r s  gain more experkrice. The null 

hypothesis t b t  the regression. coefficient equals zero is 
, 

rejected at the  5% level in tach -nth for both Eqn. (R48) and 

&p. lR49)- t-value shows a tendency to increase o J t ~  time- 



When considerirfg Eqn. (R50). C C U find that the ~1 values are 
> - - -4 

substantially higher than corresponding values associated with 
. . 

Bqn. (R49) for only 3 months (July, August and October 1973). 
1 

~ f &r October + 1973, the multiple regression model does not 

produce substa'niially better Rt values t k n  those obtained by 

use of the option implied standard deviations. The t-values for 

the c&ffici&ts of WISD ere at a substantially higher value 
, 

than those of ' SDHIST. After February 1974, the t-values 

associaked with the coef f icicnts of SDHIST~ deter ioratc sharply 

restive to those of WISD, suggesting that the use o t  SDHIST 

value add no information that is not already contained in the 

values of* WISD. The analysisbindicates thatzthe weighted implied 

stan8ard deviation is a better predictor 'for future standard 

deviation of stock returns. C 5 H argue&h&-dthough the 

t-statistic , for the coefficient of historical 'standard 
L 

deviations is significant, any additional information contained 

does not appear to adequately reward the extra effort req&re,dU 

to include them in the analysis. They conclude that the weighted 

implied standard deviations have been substantial2y better. 

.predictors of "future standard deviations than have the 

historicai ones. C & H then develop a trading strate& which 

uses WISDs to test the eff iciencg ofjhe CBOE and the &curacy' 
-- -- 

of the evaluation model. They suggest that i f  the assumptions of 

the option model are correct and the option market is efficient) 

then all options on the same s t o c k  a t  a given time wou%d be 

expected to have ident icsl ISD vdlucs. However, the 1SDs. values 
'T f 

a r t  f w n d  to differ 4dtlg. T h y  explain t* differences in 



- --- - - -- -- 

terms of non-iimultancous data, improper 'model specification 
- -- 

and/or market inefficienck.. To determine whether the CBOE is 

inefficient, their trading strategy examines whether arbitrary 
, . 

L 
- 

profit can be *xploited from the C&OE by creating a risk-free 

portfol.io of hedges which eliminates the effect of stock '~r~ice - 
movements. Hedges are constructed between options on the same 

underlying, stock such that a -  riskless trading process is 

obtahed. Of the 118 hedges 93 are profitable and the 

antici tcd gain is 17.45% r month. The portion of the 

f% antici ttd gain which . is realized is 57%, leaving 43% 

attributable to model error. The gain on the short positions is1 
I 

134% , o f  their anticipated returns and the gain on the long 

positions is -24% of their anticipated return. C & M show that 

- the gains are posifi e for 78.8% of the hedges and for 95% of f 
the-monthly portfolios. They conclude tlpt during the period 

covered by 'their data, Junk 1-973 to April 1975. the prices of 

options on the CBOE provide the opportunity to earn economic 

profits, and therefore, bhe CBOE market is inefficient. . 

Gibbons & #ess (1981) studies the day of the ,week effects 
a 

by conducting tests on the S & PSOO index. the value and equally 
- - 

weighted CRSP type indexes. Their overall' sample periods running " 

from July 2, 1962--Beeembr 28, 1978. To test the day of the 

week effect, ~ibbons & Hess (hereafter, G & ~ ) g s e  the following 



- 
where Rit - the return of index for security) i in periodt, 

Z 

pit - the aisturbance term for index (or security) i in 
pried t, 

D1t = 1 for Monday and 0 otherwise (a dummy variable), 
' *  D2t - 1 for Tuesday and 0 otherwise, 

c - 

- %t' 1 for, Friday and 0 otherwise. - 
p i t  is assumed to be independently and identically distributed ---- 

- -- 

with mean 0 .and constant variance. G & H suggest that the a 

coefficients of Eqn, (R51) a_re the mean returns for Monday- 
- 

through Friday. For all sample periods, except the November 29, 

- 1974 ' t o  December 28, 1978 period, the hypothesis of equality -. . > 

across all the regression coefficient is rejected for each of 

the 3 indexes employed. =The resultg indicate that Monday 
A 

consistently, offers a negative return, while Tuesday's return 

appears to be slightly low. Moreover, the returns on Wednesday 

and ~ r i d a j  appear to be somewhat higher than 'Tuesday- 6r- 
B 

Thursday. For the overall sample, the'average annual return on 

Monday ranges from -33.5% (the S and - ~ 5 0 0 )  to -26.8% (the 

equally weighted index). The estimated eutocorrelgtion at lag 1 

for the S & P500 and the value-weighted indexes are about 0.2 -. . - . .  

and that- for the equally-weighted index is about 0.4. G L H 
- --  - -- 

suggest that these autocorrelations may be explained by 

non-trading of securities. In order to overcome the possible 

problem of nontrading, individual securities are tested with 

q n  . ( R 5 1 )  serving as the underlying statistical model. G 6 H 

select the firms of the Dou Jones 30 for the tests since these 
, 

securities are actively traded. The sample means for each day of 
i 



= - -- - - - 

76 

the week are obtained for periods running from - - - -  July 3, 1962 to 

&cemkr 28, 1928, from July 3, 1962 to October 27, 1970 and 

from October 30, 1970- to December 28,-1978. They find that 

Monday effects are not limited to a few securi'ties, f o r  the 
- 

overall period and the first subperiod, all 30 securities have a 
5 

negative mean on Monday. In order to ensure that these results 

are. not due to inappropriate statistical assumptions concerning 

the underlying model of e n .  R ,  e . ,  the assumption that 

the covariance matrix is the same for all days of. the week, the ' 

data is adjusted for heteroscedasticity. G 6 H find that the 

heteroscedasticity adjustment has no i m p o w t  impact on theh 

previous results. They suggest 'that one possible interpretation . 

of their f indings'may be market inefficiency. Such a conclusion 

assumes that the market attempts to price securities to yield 

the same expected return f ~ r  all days of the week. However, the 

constant expected return model may not be a valid description of 

capital market equilibrium and conclusion based on this model 

may be misleading. Thus, G . & H -conclude that their results 

provide strong evidence of varying equ,ilibrium returnsacross - 

a 
days of the xeek which may be independent of market 

inef f ic'iency. 
, 

I n s u g m r y ,  the weak form of the EMH is generally 
C 

considered to be a reasonable description of capital market 

tf f iciency. Alexander ( 1961 ; 19641, Fama & ~iume('1966) and - 

~ama(1965) have a l l  suggested that securities are priced 

etficiently with respect to the *eak form information set. " 

However, their rtsta-rches stiJl face the problem of 
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study; thus, rejection of the semi-strong form may be dueto 
r 

- -- - - - - - - 
market disequilibrium, misspecif ication of t h e  CAPM and/or 

market incf f iciency. It follows t32i~~harest's study does not 

suggest unamSiguous violat ion of the semF~ttroOng form. * 

, 
Since unambiguous rejection or acceptance of the 

J 

semi-strong form of 'the E& is not provided by previous 

researches, it motivates us to devise rr'methodology that is, * -  

b 

capable of rejecting the EMH unambiguously via the TF. A study 
0 .  

concerning the 'day of the week' effect is also cited in the 
0 

' *  section to justify the inclusion of this effect in our study, 
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accurately, the time' serids 

model for the output SP500 series 
- - - - - - - 

of ',concern' must be continuous. If  

this is not the case, and the output and/or the input series 

exhibit (s) seasonal variations, inaccurate univariate time 
*. 

series model(s) for the input'and/or output series may arise 

' during the initial steps of the TF modelling process. This, in 

turn, may bias the subsequent 'Identification' process and _ r 

result 'in an inappropriate or inadequate TF model.23 Thus, 

-conclusions~ regarding market efficiency based on this 
I L 

inappropriate TF made1 may 5e misleading and incorrect. 

The problem of discontinuity is not concerned with the 

'five-day work-week' of the stock market. Rather, it has to do 

with the public holiday(s), e . ,  we are interested in 
\ 

cdntinuity of 'trading' days rather than 'calender' days. 
< 

Fortunately, the problem of unavailability of data due to public 

holiday(s1 can be overcome by the introduction of an 

. intervention model to bobh series prior to the identification of 

the subsequent TP component. The most commonly encountered 

intervention models are the zero order and first order models - 

which are analogous to Eqn. (P2) and Eqn. ( ~ 3 )  2 4  that describe 

the zero order and first order TF. The only difference is that, 

2 3 ~ o  see this point clearly, consider an output series which 
possesses a 5-day1or weekly) seasona1,cycles. If there is one 
missing observation per week during the model building period, a 
5-day cycle may be identified wrongly as a 4-day cycle during 
the univariate analysis. Thus, the subsequent CCF analysis may 
be biased since the incorrect univariate model would be applied. 
This, in turn, may lead to the identification of an incorrect TF 
component and the subsequent noise component. It fallows that 
the T? identified nay be biased and inappropriate. 
2'Ref-r to .p. 14.  



--- - - - 

in attempting to estimate the series levels for the periods of 

misshg, observations, the input series of the interventionmodel 
8 .  

takes on a vdxk-of % 1  for periods of unavailable data and 0 , 

otherwise. For the zero and first order Intervention Models, we 

write Eqn. (1)' and Eqn. (2) respectively as: 

' Yt = WIt + NOISE ' ( 1 )  

where Yt is the time series to be modelled. 
It is the intervention time series (input series) 

of the intervention model. < .  - 
It=! for periods of missi-ng observations 

=O otherwise. 
- 5 ,  

B = the backward shift operator. 
NOISE is the noise residuals of the Yt series. .. 

The zero-order intervention model posits that the series level 

subsequent to the periods of unavailable data will not be 

distorted while the first-order intervention model assumes that 

the series level subsequent to periods of unavailable data will 

change gradually and'permanently, with the total change in the 

jth subsequent period amounted to ~ , 6 , ~ ,  i.e., the net 

change in each jth subsequent period is Wo6,j. Depending on. the 

series levels subsequent to periods of missing observations, 

Eqn ( 1 )  or ( 2 )  may be used to estimate the missing data. 

In order to build. a more reliable univariate model for -both 

the input and output series in the initial step of the TF - 
9 

modelling process, re isolate the effects k possible 
differences in returns associated with each,day of the reek by a 

zero-order - interwntion model before analyzing the series 



residuals. A zero-order intervention model is justified because 
- - pp 

there is no a priori reason that the returns series  ill' behave 
w - 
abnormally, say, after a Monday, Tuesday, ... , etc. This  same 
univariate model associated with the SP500 series will be used . 

to test the martingale hypothesis that expected returns are + 

constant for Monday through Friday. 

After the effects of unsvailable data and possible returns 

differences havp-Keen properly isolated by an appropriate 
-4 

intervention model, ' we can proceed with the Box-Jenkins 

procedures for the identification of the TF for the output SP500 

series. The Box-Jenkins. procedure for time series mode1 

building, as suggested by Box & Jenkins (19761,  involves seven 
- 

steps whic-h can be outlined as follows: 

Preliminary Univariate Analysis -- Univariate models must be 
i 

built for the output and input series. I f  modeling indicates 

that either series is non-stationary, fhe series must be ' 
- 

> 
differenced +ppropriately to eliminate between-series 

correlations due only to drift or trend. 

Transfer Function 'Identification -- The Integrated 

Autoregressive Moving Average (ARIMA) model for the input+ 

'series is inverted and applied to prewhiten bdth the input 

and output series. The Cross- Correlation Function (cCF)~' 

betwe& the* prewhitened series is used to. identify a 

transfer function model for the relationship between the 
- 

input ,and output series. Pre~hitening~is necessary to ensure 

that the CCF ykained is not contaminated by within-series ---------------- 
/- '' For a dtscr ption of the CCP, see appendix-C. 
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statistica,l~~ adequate TF co $"r ent will ke independent of 
-- 

the noise component. The CCF estimated between the 

prewhitened input series and the model residual can serve as 
s- 

an indication 

components are 

low-order lags 

7. Interpretation 

adequate TF 

interpretation 

of the independency. If the TF and noise 

not independent, there will be spikes at the 
5 

of the CCF. i 
of the Final Adequate -Model -- The final . 

mode1 identified must ha& prabical . *& 

depending on its form. 
I 

Since a univariate time series model must be identified for 
- 

both the input and output series in the initial step (step(1)) 

of the procedure, and the univariate model identified fcr the 

output SP500 seri2s * i l l  also be used to test the martingale 

hypothesis ( H 3 ) ,  we outline the univariate modelling process as 

1. Identification -- T h e m i m a t e d  autocorrelation function 

(ACFIz6 of the time series is used to determine whether the 

series is stationary, if non-stationarity is indicated, 

e.g., by an ACF which fails to die out quickly, it will be 

necessary to difference and/or transform the series 

appropriately prior to identifying a tentativa model. I f  the 

time seiies is itself (or after appropriate differencing) 

stationary, then, the ACF ahd PACF (Partial A u t o c o r r e l a t i o ~ ~  

F~nction)'~ can be used' to identify an ARIMA (p,d,q) model - - p p  

- 
for it. E.g., autoregressive processes are characterized by 

z c  For a description of the CF, see appendix C. 
2 '  For a description of the CP, see appendix C .  k i 



expected to have exactly p non-zero spikes in the first p 

lags ofo its PACP, all successive lags  of the PACF are 

expected to be zero. Moving average processes are 

chracterized b y  spiking ACFs and decaying PACPc, e . g . .  an 

.ARIMA ( O , O , q )  process is expected to h b e  exactly g non-zero 

s p i k e s n  the f i r s t q l a g s o f  its ACP, it11 successive lags . 
- , 

of the ACF are exp&ted to be zero. An A R I W  (p,O,g) process 

is expected to have both decaying ACP and PACF. 

Estimation -- Parameter estimates must & statistically - 
significant and must lie within the bounds of 

stationarity-invertibility, i-e,, between - t  and 1. Any 

parameter wkiose estimated value is not significantly 

different than zero should be dropped from the t e n t a t i v e  .. 

model. I f  the estimated parameters of the tentative model do 

not satisfy the stationarity-invcrtibility conditions, then 

the tentative model must be rejected and a new model must he + 

-- 

identified, i.e,, return to step 1 ,  

Diagnosis -- The model residuals of the-tentative model must 

be white'noise. i )  I t  must be independent at a first and 

second lag, thus, the ACP for t%e modpl residusfs must have 

no statistically significant values (or spikes) at the first 

2 lags. ii) ~ h t  residuals must be distributed as white noise 
m 

as shown by a statistically insignificant Q-statistic2'. I f  ------------------ 
"The Q-statistic is given by the formula: 

k 
Q = N'Z IACP(i)I2. 

i- t 
The Q-statistic is distributed approximately chi-square with 
degree of freedom equal to k-p-q-P-Q, where k = # of lags in the 



, I $be tentative model meets the white -noise requirements. it 
> ..w 

is accepted, if not, a new model must be ibcntif ied, i .e., 

return to step ( . I ) .  
. 3  

The final f,orm of the TF ,model identified for the 5~500- 

series will be used to test against tbe null hypothesis (HI) or 

HI:-Parameter W, and/or time lag b of the'final 0-order TF model 

are/is statistioally insignificant. 

H2: Parameter W, of the - - final 1G order TF madel is - -- 

. statistically insignificant. 

The univariate ARIHA model identified for the SP500 series 

will be used to test against the martingale hypothe%is. (H3): 

H3: The expected value of the SP500 series is a constant. i.e., 

the univariate ARIMA model built for the SP500 series 
b. 

satisfies either condition ( a )  or (b) concerning the 

martingale property. '' 
ii- 

I f  (HI) or (HZ) is rejected, the semi-strong form of EMH is 

rejected while rejection of (H3) would imply the rejection of; 

the martingale property. Note that, non-rejection of (HI) or 

(H2), does not necessarily imply the acceptance of the . 

semi-strong form of EHH, since it is possible that some other 
-- 

input series, besides the N Y M  series,-in the set of publicly 

available information, which have not beenused by the market. 
--------------__C 

"(cont'd) ACP, p & q are respectively the order pf the - * 

autoregressive and moving average process identified, P & Q are 
respectively theaorder of the seasonal autoregressive -and moving 
average prucesa i d e n t i f i e d ,  I 
"Refer to p.21-22 of the 'Problem Staetment' Section. 



reject t h e  null be able 



Procedure 
- 

0 

The first 238 d a 3 y  returns data of the value-weighted 

Sta'ndard & Poor i&k-~ndtr (SP500 series) a n d  that of the' New = 

York & American Stock ~ x c h a n ~ ;  Combined lnderr (NYAM. series) from 

~ a n u a r ~  3, -1 984 to December 2 1 , 1984 are used to build the Tr 

model, while the last 10 observat'ions of each series are . , 

reserved for comparison between ex~~~@*st forecasts generated from 

The time s e r i h  plots for the SP500 and N Y M  /&cries, from 

3anua;y 3 to December 7, 1984, are shown respectively in Fig. l =  

& 1b. From January 3, 1984 to December 7, 1984 (the model 

building pqriod), there are 6 missing observations due to public 
-- - 

holidays, (Feb. 20, April 20, ,my 28, July 4, Sept. 3 & Nov. 

221. If there exists a seasonality component ,for one or both of 

the uniyariate time series and/or *the final'TP model identified, 

these missing observations need to be properly accounted for by , - * 
some estimation, technique. This technique should also be capable 

of isolating the effects- of poesihlt: difference' of returns 
B 

between each,dap of the week by the univariate series before 

proceeding with the identification procedure. The estimation 

technique employed is the Intervention Model. 
\ 

' - 
Wn ( 3 )  and ( 4 )  are the zero-ordern - - intervention models 

used for the estimation of the'6 missing observations for the 
- . - 

WA)3 and SP500 series r e s p e ~ t i v e l p . ~ ~  ------------------ 
OEqn. 1 2 )  is also used to estimate the series level -- 

corresponding with the 6 missing observations. For Eqn. f2f, the 
estimated value of the W parameter and its associated t-value 



SP500t = WIt + NOISE ( 4 )  . - 
\ where It = 1 for period t with missing observation, - 

= 0 otherwise. 
i 

4.q - 
W = ig;timated value for the missing series 

levels. 

' NOISE = unmodelled noise residuals corresponding to 
-*- 

3 the univariate time series indicated. 

1n-crrder to employ Eqn.(3) and Eqn.(4), the 6 missing * 
- 

observations are initially assumed to be zeros. The 

justification of initially assigning zero values for the missing 

observations follows from the inherent assumpti& of the CRSP 

- tape in calculating daily returns. Let Pt-1 be ths 'price (or 
% 

index level) e HYAH series at the end o•’ && .t%, Pt++e 
7 

-- 

the price of t=series at the &d of day t+i;%t+, be the . 
5, 

dividend payment received on day t+l-and let day igbe a public. 
' .L ki . _ t' 3 -  r 4 

-*-, #; ' holiday. The CRSP tape assumes that the return of day t+f4 c' *,+< - 
- T  ,-* 'a. 

equal to (Pt+l + Dt+l - Pt-l)/Pt-l,- however, the actual return - . * + . 
7 . '  

on day t+l is (Pt+l + Dt+l - Pt)/~<, Pt rS not observable (or 
9 

available) and is approximated by Pt-, and Dt is equal to 0 

------------------ 
'O(cont'd) for the NYlVll series are respectively -0.0002 and 0.09 
while those for the SPSOO series are respectively -0.0006 and % 

0.28. The-estimated value of the 6 ,  parameter and its associated 
t-value are respectively 0.1967 and 0.05 for the N Y M  series, 
vhile those for the SP500 series are respectively -0.0159 and 
P@$C1080, Note Lhat, the insignificant of the 4, parameter itsplies 
?%?+at q n .  

&9 
i 2 f  is reduced to a 0-order intervention model which 

juefifies our use of the 0-order models labelled by Eqn. ( 3 )  and 
(81 .  The insignificance of all the estimated parameters, for - 

both the NYAM and SP500 series, .correspondinqto tho use of EQn. . 
( 2 )  imply identical results with the use of Bqn. ('3) and ( 4 1 ,  
i.e., the missing series levels are estimated to be 0 .  



? 

holiday. As a constquence,.the implicit return on day t is equaJ 

to (Pt + Dt - Pt-I)/Pt-I which is $9~81 to 0 since Pt is assumed - 

to be equal to Pt-1 and Dt = 0. Thus, if the W parameter in Eqn. 

' ( 3 )  or. ( 4 )  is significant, it means that the 6 missing 

dbservations are ;tatistically diiferent from 0. ' Evidence 

suggests that the W parameter. corresponding to Eqn. (3)-and ( 4 )  

are not significant. The missing observati-ons are estimated to 
-. 

be -0.006 for the NY-ries rith'associated t2valY'= 0.2, 
- 

while those for t k  fP5W series are estimated to be -0.0003 
$ - .  

with t-value = 0.09. Thus, all the missing observations are 

assumed to be 0. They a&% not excluded from the data iet because 
-- 

of the possibility for a seasonal variation: 

- . In attempting to isolate the 'day) of the week' effect - 

before proceeding- with the. prewhitening and identification 

= process, we examine Q n .  (5) and Eqn. (6) corresponding to the - 
output SPSOO series and the input WYAM series respectively, with 

0. 

missing series levels estimatmed to be zero: 
%* 

SPso& = WHIM, t - + WTIT', + W W , ~  + W ~ h l ~ h , t  + W ~ * ~ , t  + NOISE 
. . I .  

where IM,t = 1 for Monday h 0 otherkise, 
J 

IT, t = t for Tuesday & 0 otherwise, - 
ly , i. = t for ~ednesday* 5 0 otherwise. 

, 
 IT^,^ = 1 for Thursday & 0 otherwise, 



= 1 for Friday & 0 otherw?se, %,t 3 

--A 

h. WT, Yy, W T ~  & ?wF are the parameters to be - * 
4 

estimated which corre&nd to 'the catim&ed s e r s s  ? ;  
. . * - 1 

.levels 'for Monday, Tuesdlayj Wednesday, Thursday -& 

Friday respectively, 
0 

2 -. 
- f z a  

The estimated parameter values and $heir associated t-v4lues for 
'b 

Eqn r (58 and Eqn. ( 6 )  arc show'n rfspectively in ~ a & e  1 and 
A 

Table 2. From Table 1 & 2, -we notice that all the fiy",:'".""parameters 

'are statistjcally insignificant, except f which shows a 
, 

-. sligG evidence of a Thyrsdag effect with t-v&ues equal to 1.78 

--and ' 1  -61 respettively for Eqn. ( 5 )  and (6).   he residuals of 
w n  ( 5 )  are ~ t a t ~ o n a r y  and are not different than white noise 

b - 
as shorn by the ACF 5 PACF in Fig. 2s & 2$, 

significant spike at any lag, The ACF & PACF (Fig. 3a & 

the residuals corresponding to Eqn. (6) indicate that the NYAM 

series, considering the 'day of the week' effect, - -  are 
. - 

* * 

stationary. ~ovever, they are not a white noise process. since 

significant spikes 6hov at lag 1 of both the ACF & PACF. Si.@ce 
* 

i 

the prewhitening process requires the inp~t~series to be write 
A -  . 

.T 

nbise; ve model the non-white residuals of Eqn.,(6) as Eqn. (7). 
- V .  

Note that only the W T ~  parameter is retained in Eqn.(7) because 

of a 'slight' Thurs$ay effect shown by Eqn.(6). The estimated 
- - 

,-I ,. - - 

values for the WTh and 4, parameterg are shown direc t l y  below 
- d 

- 
-'Eqn.(7) with t-values in parentheses. The residuals of Eqn.(7) 

ss indicated by its ACP & PACF. (Pig. 4a & 4b) &e n o t  different ' 



than ibitc noise with Q-stat-39,2. - - Thusf th ~ P 5 0 0  series 

is prewhitened as &n. ( 8 ) :  

  he CCP between the noise compoiren<zgf ~qn.(7) & ~qh.(8) is - 
' u .e I II 

examined in order to identif&a TF model for -the SP5Q0 series. 
4 * 

The CCP, as shown by Fig.4cf has a sigle significant >pike at '7 , 

lag 0. This signifies the appropriateness-of a 0-order TF with - 

x , ,  

no input lead, thus, Eqn. ( 9 )  is run: r~ 

The, residuals of Eqn.(S), as indicated by its ACF & PACF 

(Fig.5a & 5b) a-not white noise with significant spike at lag 

2. Many ,different models have been examined. The best model 

obtained is an AR(I) model, thus,.the residuals of Eqn.(9) is , 
modelled as Eqn.(?O): 

- 

.-'L whepe at'indicates that the residuals are white noise. . 

h 
E 

The 6 ,  parameter associated with Eqn.(lO) is highly 

significant. with t-value of 9.9 and estimated value of -0.0678. 

The residuals of Eqn.f10), as shown by their ACP & PACP (Pig..6a 

e' 

, - 

6 6b1, are not different than white noise with Q-stat=ZO,J. 

However, Fig.6~ shows that the CCF between the wki+e noise 

residuals and the prewhitened input series of Eqn.(lO) shows a 

' significant spike at lag 3 indicating that the residuals of 

1 
- 

.. Eqn.(lOl at time t are dependent upon the input series at time 

t-3. mis implies that the input series at time t-3 may help 
L, - 

forecasting t h e  output series at time t. Thus, Eqn. ( 1 0 )  is not 



. - * . < * 
The residuals of -' Bgn. ( 1  1 ), as sho& by it'. ACF & PACF 

'(Pig. 7ai& 7b), are not different than white noise xith no 

significant spikes at any lag and a Q-$tatistic value of 19.2. 

The CCF (~ig. 7c2 .between the white noise fesiduals of Eqn. (1:) 

and Eqn. - (7) (the'prewhitened input series) indicates that Eqn. 
*$ 

( 1 1 )  'hay be an appropriate TF model for the ~ ~ 5 0 - 0  series due to' 

the absence of any significant spike- at lower order lags. 

, However, the estimated parameter values od Eqn. (11) together 

, with their corresponding t-values, as, shown in Table 3, 
Z 

indicates that the W T ~  parameter is not statistically 
< 

significant ' while all other parameters &e highly significant 

, with the estimated value of #, (-0.0673) being well within the 

bound of system stability. So, the Thursday effect is ruled out 

and assumed to have no significant effect on the TF model (Eqn. 

( 1 1 ) ) ,  at least, for bivariate -analysis during. the model 

building period. This evirlence,.coupled with the absence of a 

seasonal component in Eqn. ( 1 1 1 ,  suggests the use of the 

original 'rav' data series free of any estimation for 'the 
- - < 

missing observations and possible 'day of the week'.effects. 
J 

Thus, the Box-Jenkins procedure is re-iterated by ignoring the 

missing data and 'the Thursday effect. 

Once again, the 'raw' SP500 series is stationary and is not 
% 

different than whit& noise, as shown by its ACF & PACF in Fig. 

8a & 8b, with a .Q-stat value of 20.0. Eqn. ( 1 2 )  is an 



-- -- - 

appropriate 
, 
is the N p 4  

94 
$ 4  

* . 
- -- - 

representation of the ~ ~ 5 0 0  series while Eqn. (13) 
b - A--- 

series. 

( 1 2 )  
- T 

= at J 

The'ACF & P ~ C P  (Pig. 9a 6 9b) "of the NYAM series ( Q n .  

w L ( 1 3 ) )  indicates tha? it is stationary but non-white ,with 

significant spike at lag t g&*@oth figures. This indicates the ,. 17 " 

possibility of a first ord,"Lc auwegressibe prbccss, thus, we 

L_ - - 
The residuals of Eqn. ( l 4 ) C a s  indicated by its ACF 6 PACF 

I (Fig.1Oa 6 lob), are not different than white - noise with 

Q-stat=14.7. Thus, Eqn.(l2) is prewhitened as ~qn.(15): 

(1-#,~)SP500~ = at (15) 

The CCF between the noise components of Eqn.(l4) & Eqn.(15) is 

examined in order to indentify a TF model for the SPSOO-eries. 

The CCF, as shown by Fig,lOc, has a-single significant spike at 
- 

lag 0. This indicates the appropriateness of a 0-order TF with 

no input lead.   he ref ore, we examine Eqn. ( 1 6 ) .  

SP500t = WoNYAMt + NOISE 
f 

The residuals of Eqn.(16), as shown by its ACE', & PACF 
'- 

(~ig.lla & lib), are not white noise with significant spike-at 

lag 5 and a Q-stat value of 33.2. Attempting to fit a 5-day b- 
seasonal cycle to the residuals of ~ q n .  ( 1 6 )  is not 

successful. Many different models have been examined, the best ------------------ Z 
3 1  The # 5  paraawter corresponding to a 5-day secqonal model is 

. '  not significant with t-value=0.39 and estimated value-0.0032. 

2 ,  
0 

a L 



. one obtaindd is Eqn.(17): 
- * , * 

- - - -- - - -- 

SP500t = W O W %  + at/(l-+,~j (i7) 
I .  

The estimated value of the #, ,parameter is -0.0687 with a 
.- 

Y t-value sf 9.95. The residuals of Eqn.(17). as ,indicated by its. 
C - -- 

ACF & PACF (Fig,12a & 12b), are not different than ~ K i t e  noise 
1 -. 
&th Q-stat=ld.P. However, qhi  c h p i g .  l2c) bet-ween the xhite 

4 
noise residuals and the prewhitened input series of ~qn.(l7) - / 

t 

shows a significant spike at lag 3. EQn.(17) is not adequate and , 

Eqn. (18) .isr examined* O .  

I 
> '  - The 'ACF & PACP b f  the from Eqn. (18)(Fige13a & - -  

13b) show that the residuals are not dif-fcrent than white noise 
- 

with Q-stat = 16.0.. The.absence of a significant spike at lower 

order lag of the CCP (Fig. 13c) between the residuals of Eqn. 

. (18) and the prerhitened input series (Eqn. (14)) signifi& that 

=in (18) may be an appropriate TF model for the SP500 series. 
b ~ d t e  that, the two input components N Y M t  and HYAMt-3 have no 

significant correlation, as indichted by the ACF & PACF of the 
- - 

a NYAH series (Fig. 9a & 9b), which has no significant spike 

at lag 3 .  Thus, no significant dependency.exists between NYAMt 

and NYAMt-3. The c~timated parameter values for Eqn. (181, * 

-- together with their corresponding t-values, are shown in Table 

4 (pa(le 1 0 4 ) .  The t-values for all t h e  estimated parameters. are 

highly significant and the estimated value for ), (-0.0676) lies 
r3  

w l l  within the bound of system stability. Bqn. (18 )  is an 

adequate zero order TF model for the SP500 series, 



ignoring the missing observations. 
-. 

SP500t'W~1~rt + W ~ l ~ , t  + W ~ l ~ f t  + W ~ h l ~ h f t . +  WF'F,~- + NOISE (5) 

- 
The ACF & PACF of the residuals of Eqn.(S) show exactly the 

, 
same pattern as those in Fig.2a.t 2b when missing .observations 

\r\ - 
. are not ignored. Thus, ther residuals o f  ~ ~ n . ( 5 )  are not 

different than ~ h i t e  noise. Its estimated hramcter values and - 
t 

their r e s p k i v e  t-values are shown in. Table 5. Table 5 

indicates that all the estimated parameters, except for W T ~ ,  are 

insignificant. As a result, the 'rM, WTf Ww and WF parameters are 

droped from Eqn.(5). We have Eqn.(l9). 
C 

SP500t = W ~ h l ~ h , t  + at (19) " -- 

The estimated value for the WTh parameter is 0.0020 with 

t-v&lue=1,.77. Note that thjs t-value *is considered to be. 

significant by a one-tail test at the 5% lev;l and c% serve as 

slight,evidenceYBr a Thursday effect. Eqn.(19) is a white noise 
- 

~r&ss idehtified for the SP500 series. 
- .  

L 

L\ 



A zero-order TF model with 0 lead (~qn.18) is 5dentified . 

for the SP500 series. ~ q n .  ( I 8 suggests that information 
L- 

embedded in eA+-j can help forecasting the, current valve of 

SP500 at time t. This indicates a violatFion 02 the .*weak* form. 
* -  % - - 

However, note that, although the NYAMt-3 -is 'past1 information, 
FA 

a 

iet only captures the 'residwl effect' after the 0-order TF has, 
r 

been .properly modelled. Without the 0-order component, the 
4 

NYW-3 may not have any 'significant forecasting value. Note 
- 

that, as mentioned in the '~roblem Statement' section, a * .-_ 
.statisticelly significant parameter may an aberration. 

v Statistical test provides only suppoc&irq evidence for 
9, m 

causality. Although a highly significant para&ter may indicate 

a higher likelihood for a causal relationship, there is always . 
0 

the possibility of making a Type I error. Further justificatipn 
+ 

that 'the hJYAMt-3 component cannot be used tg reject the null 

hypothesis can - be seen from Fig.1'0~. The CCF between the 

prewhitened WlAMand SP500 series shows no significant spike at 

; lag 3 which might *indicate that the component in 
- 

Eqn.(l8) is a statistical aberration. - 
* 

By Eqn. ( 18) ,. the semi.-strong form of the EMH (HI ) cannot be 

rejected. Eqn. (18 )  suggests t h t  majority of the information 

. embedded in the publicly available W P M  series at time t has 
-- 

-- 

k e n  reflected in the 5PS00 series. In attempting to reverse the -- 
causal relationship of Eqn.(l8)-, .i.e., by.using the SP500 seriiL I 

aitd the WIYA)( series as output, the CtZ (Pig.14) between * 

- u 
- 



'- , - 0 * <  

the U t e  n a i F - ~ 5 ~ d  Ciaput) ser ies  m&&--&rtbl- 

i l $ *  

N Y ~  (output) s e q e s  e(Eqn.13) shows significant spi-kcs st lsg - 1  - .-I .- 
and 0. This iG&catps that NYAMt-l has a correla#ion with , .- 

. .a,. 

SP500t, -thus, th'c c<bsality chnnot be reverseiFThe NY& series 

li 
. - 

should be 'used as in&t se es. - . -' 

. * 
b .  The ex-past forecast conducted by using Eqn. ( 18 1 ,  from , 

Dec. 10 to Dec. 27, 1984, is shown in Table 6 while the plot of a 

-the ex-post forecast vs. actual values is shown in Fig. 15cWith 

consideration given', to the 'day of the week' effect, -the ~ ~ 5 0 8 '  
> b % 

~eries is ident'if ied as a whtie 'noise process as indicated bp 

Eqn. (19). G n .  (19) does not satisfy the.conditions.concerning 
7. * - 4: .- 

.the martingale property3', thus, the martiaple hypothesis, H3, 
k 

is -rejected. Note that, Eqn. (19) indicate slight evidence of 

4 the 'day of the week' effect suggesting that; on average, 

- Thursday will provide a higher rate of return. Although this 

particular effect does not have any significant impact on the TF 

model, the effect- exists in the univariate time series. The- 

evidence that both input and output series show a higher return 

on Thursday may, warrant this effect to be, cancelled out for 

bivariate TF analysis. -In any case, the 'day gf the week' effect 

1 appears to exist in both the ' SP500 and NYAM series for the 

period from Jan. 3 to Dec. 7, 1984, although it will not bias 

the TF mgdel when it is ignored. 

As previously mentioned, the rejection of H3 does not 
- - 

necessarily imply-market inerficiency. LeRoy (1973) demonstrates 

------------------ 
32Refer to p.21-22 of the- 'Problem Statement' Sectiqn 

- -. i 



tl/.r i h c  rirtinqalc property need not hold when rtocbastic ti.& 
-i- A- 

- - - - 

* 

f iec interest r.re is account$d f OK. I 4 ar*uing  that investors 

exhibit- constant abaolute risk aversion and earnings on s t a c k  
uZ 

confori to  a first order auto.regtessive process, he shous -. 
argscgcd returns o n  stock v i l l  not conform to the martingale' 

P 

proc@ss even thouph the mrket is efficient. Phus. H3 m y  be 
. - 

ra.jected kcauw the rsrtingle n i r r p c i  f ies the true underlying 

ex-ctcd returns generating process. The rejection may be 
'I 

independent of srsrkct efficiency, 



Conclusion - 
- -* 

I 
t 

The semi-strong form of the EMH is tested by a TF approach 

and supplement with a test of the martingale prs~r'ty.concerning 
2 2  

stock price returns./gSfgre considering our empirical results,' .! 

ngtc that: - - 
I .  Won-rejection of semi-strong form of W H  by the TF 

vith either acceptance or reject ion 

Non-rejection of the semi-strong 

form of E?& by the W approach implies that-the output SP500 

series is. efficient with respect te the input NYAH series. 

However, it docs not prevent the SP500 series from being 

inefficient with respect to other publicly2available input - 
series. Consider the case where the, SP500 series is not 

semi-strong form ti f icient, i .e., other publicly available 

input series besides N Y M  can be used to forecast the SP500 
> 

series. Under '",,g.his scenario, and assuming that the 
.** "- 

-- - 

martingale process is a correct description 6Q,equilibrium 

expected returns, the martingale property would be rejected. 

Next, consider the case where the SP5OO series is truly 

semi-strong form but not strong-form efficient. 

 an-rejection of the semi-strong form by the TF approach 

would result in rejection of the martingale hypothesis 

because the market is not truly efficient. Thirdly, consider 

the case where the qP500 series is strong-form efficient. 

This scenario would imply non-rejection of The semi-strong 

form of W by the TP approach and acceptance of the 

martingale hypothesis based on the assumption that expected 



return fonastion is correctly specified by Samuelson's 
- -  

misttingale, ' However, this scenario map also imply rejection 

of the martingale process if .the process misspecifics 

equilibrium expected returns. 
- - - 

2. Rejection of the semi-strong form of the .- by the TF, - 
apprcrarrh is consistent with rejection of the martingale 

hypothesis, Qnder this scenario, the SP500 scriqb-, is 

definitely inefficient in its semi-strong Eorm, thus,, the 

martingale property would also , rejected even though 

Samuelson's martingale is a correct description of the 
- 

world. 

3. Rejection of the semiL-strong form of EMH by the TF appr0ac.h 

is not consistent --the acceptance of the martingale 

hypothesis; Under this scenario, market efficiency in its 

semi-strong form is-rejected on one hand and -the joint 
- 

hypothesis of mrktt efficiency and a 'correct' martingale 

process'is accepted on the other. Although there exists the 

possibility that a misspecified 'martingale model' couples 

with market inefficiency resulting in a constarit expected 
y. 

return* this possibility. is unlikely. Thus, generally 

speaking, this scenario is considered as inconsistent. 

From Eqn.(l9), p.96, our finding for a Thursday effect ' 

implies that the expected return from holding stock for a single - 

period is not a const'ant. Thus, the martingale hypothesis of 

constant expected return(H3) is rejected. Our finding for a 

Thursday effect, in the absence of a Monday effect, is not in 

conformity with previous research findings. The studies 
- 



conducted by Gibbcn & ~css(1981) and F'rench(l9801 do not suggest 

the existence of 'a Thursday effect. However, they both find a 
...- 

Monday effect, i.c,, Monday cans-istently offers a .lower return 

on average, Thus, our Thursday effect may be a statistical 

aberration. Acceptance of the effect may imply a Type I error, 
6 

particularly, since none of the - other studies have found a 

Thursday effect. This may warrant future research- to iook more 

specifically i t  the 'day of the week' effect before bur 

finding can be justified. Also~ote that, the t-value associated 
/ 

with the WTh paraceter of Eqn. ( 1 9 )  -is only marginally 

significant. Dropping the WTh parameter from Eqn.(l9) will 

r e s u l t  in a white noise series for the SP500 series. Under this 

scenario, H3 is nbt rejected. 

Previous research indicates that small stocks normally show 

a higher risk adjusted average return. Thus, it may be possible 

-that small stocks arc more rtsponsive tb some public information 
/ 

than the larger stocks in- the S&P500 Index, since, speculators 

may moqe mor'e quickly to buy or sell the smaller stocks than the 

less risky stocks in the SLPSOO Index.. I t  follows that it i~ 

pessible for the existence of a transition period befor4 the 

information can be 'transmitted' to the  SP500 series. Thus, 

information affecting the H Y W  seriestincluding small stocks) 

may be used to forecast the SP500 series. As a result, we . 

attempt to use zhe =AH series as input to predict the output 

SP500 series by a TP approach. If & 0-order TP with input. lead 

is identified, it suggests that there is a possible transition 
i .  

period for information e b d d e d  in the publicly svailakle HYAM 



series t~ bt reflected in the SP500 series. Thus, the 
- - 

semi-strong form of the EMH 'is rejected(H1). If a first order TF 

can be idtntifiedfwith or without input lead), it suggests that 

the SP500 series does not reflect fully and instantaneously to 

the information embedded in the publicli . available NYAM 

series..33 Thus, the semi-strong form of the EMH can be 

rcjected(~2). However, note that, the significance of the TF 

parameter(Wo) may be a statistical aberration and there is 
< 

always the possibility of amkin? a Type I error. Thus, a highly 
-, 

significant TF parameter may suggest a higher likelihood for a 

causal relationship. a 

Eqn. (18), p.108, is the- adequate .TF model for the 

assessment of the Standard & Poor 500 Index's daily return. It 

is- a 0-order TF with no input lead and suggests non-rejection of 

the semi-strong form of, the F;HH(Hl). However, from Eqn.(l9), the 

identification of a white noise process, with sli-ght evidence of 

a Thursday effect, for the univariate SP500 series leads to the 
, 

rejection of the martingale hypothesis. Samuelson (19651, when, 

deriving the martingale property, assumes a constant and . 
- 

exogenously given rate of interest which might not be a 

reasonable real world assumption. Thus, the rejection of the 
-- 

martingale hypothesis(~3) may result Lrom the expected r e t w  

generating process being misspecified by the martingale 

property. Therefore, rejection of the martingale hypothesis 
- 

cannot be used solely to reject market efficiency. However, w t e  

that, one might argue that day to day interest rate fluctuations ------------------ 
3 3 ~ c f e r  to Eqn.(PS), p.17, 



- 
approximately constant through time. Under this scgario o t '  a 

. constant daily interest rate, non-conformity to the martingale 

firopertg may imply macket inefficiency. However, withodt 
- 

definite knowledge of whefher the daily' interest rate that 

pre+vails in the market is truly Tonstant through time, rejection 

of the martingale property laay not provide any implication about . - 

r 
- - 

market inefficiency. 

- The results suggest that the semi-strong form o•’ EMH is not 

rejected (HI) via the identification of a zero order TF model. 

However, the martingale hypothesis ( ~ 3 )  is rejected. As 

previously mentioned, non-rejection of the EMH by the TF is 

consisterit with rejection of the martingale hypothegis.. Thus, 

our findings do not provide us with inconsistent results. These 

results indicate that the Standard & Poor 500.Index is efficient - -  

with respect to the New York & American-Stock Exchange Combined 

Index, however, it does not prevent the SP500 series from being . 
inefficient with respect to 'other publicly available input 

series. Thus, don-rejection of the sprni-strong form of the EHH 

does not necessarily imply its acceptance. 

7 



Estimated parameter values and their corresponding t-values of 

UpIp,t + NOISE- - 

PARAMETER 

WM - 
WT * 

ww 

WTh 

WF 

ESTIMATED VALUE 

- -0.0014 

0 .OOO5 

-0,0012 



Estimated parameter values and their corresponding t-values of 
9 + F  

RpIp,t + NOISE 

- - PARAMETER 

WM 

WT 

ESTIMATED VALUE 

-0,0015 

0.6304 

-0.001 1 

0.0016 

f3,0005 



Estimated parameter 

. - 

values 

~ a b i e  3 - 
and their corresponding t-values 

ESTIMATED VALUE 



Table - 4 
Estimated 

- - 

parameter values and their corresponding 

Eqn. f18),  

Eqn. ( 1 8 ) :  SPSOOt 

PARAMETER 

w 0 

w 1 

ESTIMATED VALUE 



i o s  

, 
Estimated parameter values and their corresponding t-values of 

Em (5) -- ignoring missing observations. 
- .  - 

WqIp,t + NOISE 

PARAMETER 

WM 



Table 6 - 
Ex-post forecast v s .  ac t ua l  va lues  of t h e  SP500 s e r i e s  f ?om D e c .  

/ 

10 to Dec. 21, 1984 using Eqn. ( 1 8 ) .  

DATE - 
DEC. 10 0.0035 0.0035 



FROM JAN. 
DAILY RETURN * 

Legend 
A SPSOO DAILY R E N ~  

TIME 



Legend 
A NYAM ONLY RElURi 

TIME 





PIG. ZB : PACP OF TH3 SP500 SERIES WITH ESTIMATION FOR Ml SSING 
OffSERPATLOHS(gQ#. ( 5 )  -- 



FIG,% : ACF QF THE BYM SERIES CONSIDERING TtFE RAY QF THE HEEK 
EFFECT(EQN.{~)) 
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FIG.33 : PACP OF THE NTAM SERIES CONSIDERING THE DAY OF THE WEEK 
E F F ~ C T ~ E Q N , ( ~ ~ )  - f 



FIG.4A : ACF OF THE RESIDUALS OF EQN.(7) 



FIG.43: PACF OF THE RESIDUALS OF E Q N . ( ? )  - 
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. FIG .5A : ACF OF THE RESIDUALS OF EQN . ( 9 ) 

Eqn. (9 ) :  SP500t = W 0 M t  + WThITh,t + NOISE 

* 
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FIG.53: PACF OF THE RESIDUALS OF EQN. ( 9 )  - 

Eqn. ( 9 ) :  SP500t = WoNYAMt + W ~ h I ~ h , t  + NOISE# 

- 

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 *0.2 0.4 0.6 0.8 1.0 
+----+----+----+----+----+----+----+----+----+----+ - 

I .  S .  

1 0.03 + IX + 
2 0.12 + IXXX 
3 -0.01 + I +  
4 -0.01 + I +  
5 0.10 + I x x x  
6 0.08 + In+ 
7 -0.02 + XI + 
8 -0.01 + I +  
9 -0.04 + XI + 
10 -0.05 - + X I  + 
1 1  -0.15 X+XXI + . 12 -0.10 +XXI + 

-- 13 0.13 + IXXX 
14 -0.09 +=I + 

-0.12 XXXI + \ E @-0.05 + XI + 
) 17 0.06 + I n +  
' 18 -0.05 + XI + 

/ 19 -0.01 + I +  
20 0.07 + I n +  

-21 -0.03 + XI + 
22 -0.03 + + 
23 0.03 + IX + 
24 -0.03 + XI + 
25 -0.01 + I +  
26 -0.04 + XI + 
27 -0.05 + XI + 
28 -0.05 + XI + 
29 -0.07 +=I + 
30 0.01 + I +  
31 0.07 + I=+- 
32 -0.05 + XI + 
33 -0.05 + XI + 
34 0.04 - + IX + 
35 0.03 + IX + 
36 0.03 + IX + 



I 
+ IXX+ 
+ I X +  - 
+XXI + 
+ XI + 
+ I +  
+ IXX+ 
+ XI + 
+ I +  
+ IX + 
+ XI + 
a x 1  + 
XXXI + 

*' + 1 + 
+XXI +, 

-+ XI + '  
+XXI +< 
+ XI + 
+ XI + 
+ IX + 
+ IX + 
+XXI + -- 

I + I +  
+ IX + 
+ \  I + 
+ I n +  
+ XI + 
+ I +  
+ I +  - + IX + 
+ IX + 
+XXI + 
XXXI + 
+ XI + 
+XXI + 

+ IX + 
+ I +  
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FIG.6C:'CCF BETWEEN THE PREWHITENED INPUT SERIES(EQN 7 )  AND 
WE WHITE MIS RESIDUALS OF EQN.(ICO 
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PfG.7B: PACF OF THE RESIDUALS OF E Q N . ' ( ~  1 )  
I 

- -1 .0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 ' 
+----+----+----+----+----+----+----+----+----+----+ 

I 
1 0.07 + IXX+ 
2 0.02 + IX + 
3 4-0.09 +=I + 
4 ~ 0 . 0 6  + X I  + 
5 -0.03 + XI + 
6 0.07 + IXX+ 
7 -0.06 + XI + 
8 0.00 + I +  

- 9 0.08 + IXX+ 
10 -0..02 + XI + 
1 1  -0.11 XXXI + 
12 - 0 . 1 0  +XXI + 
13 0.04 + IX + 

. 1 4  -0.06 + XI + 
15 -0.11 XXXI + 

16 -0.07 +XXI + + 

' 17 -0.00 + I +  L 

1 8 ' .  -0.10- +=I' + 
19 0.03 + IX + 

20 0.05 + IX + 

2 1  -0.04 + XI + 
22 0.02 + 1q+ 

I 23 0.04 + IX + 

24 -0.02 1 + I +  
25 0.07 + IXX+ 
26 -0.09 +XXI + 
27 0.04 + IX + 
28 -0.04 + XI + 

29 -0.01 + I +  
30 0.03 + IX + 
31 -0.08 +=I + 

32 -0.13 XXXI + 

33 --0.06 + XI + 

34 -0.12 XXXI + 
35 0.02 + IX + 

. 36 -0.04 + XI + 



* 
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FIG.8A: ACP OF THE RESIDUALS OF EQN.(l2) 
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FIG.8B: PACF OF THE RESIDUALS OF EQN.(I~) 
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F1G.W: PACF OF THE RESIDUALS OF EQN.(13) - 
0 - 

-- 

~qn.(l3): NYAMt = NOISE 
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FIG.1OA: ACF OF THE RESIDUALS OF EQN.(14) 
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PIG;IIA: ACF OF W E  ~ S I D U A L S  OF EQN.(16) 

Eqn ( 1 6 ) :  SP500t WoNYAMt + NOISE 
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FIG.11B: PACF OF THE RESIDUALS OF EQN.(~~) 
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Eqn. ( 16 ) :  SP500t = W , N Y q  +.NOISE 
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AHD !ElE WHITE NOISE RESIDUALS OF EQN,(17) 
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PIG. 1 3 :  ACF OF THB &~DUALS OF EQN. ( 1 8 )  
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i FIG.14: CCF BETWEEN THE W T E  NOISE SER~ES(EQN 12) AM) THE OUTPUT 
SERIES(EQN 13) WHEN ATTEMPTING TO USE THE SP500 AS INPUT 

Wn.(l~): S P S O O ~  = at 
Eqn.(l3): NYAMt = NOISE 
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ACTUAL VS EX-POST FORECASTS 

OF SP500 DAILY R m N  
FROM DEC.10 TO DEC.21, 1984 

USING EQN.18 
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Appendix A: The MarketCKodel I 

-- 
e 

5 

The Market Model assumes that individual security returns 

are linearly related to the returns on a market portfolio. The 

model asserts  that I 

5 

where Rit=return for period t on the ith security, 
5 

Rmt=average return on a market portfolio of all 

assets on the exchange or a representative 

sample of all s*ecurities, - 
ai&/3i=model parameters to be estimated by - 

least squares regression. 

fiit=the disturGnce term for period t on the 

ith security, with E(fiit)=O, E(~i~rfij~)=O 

for i f  j and E(fiitlPjt)=~U2 for i ='j% 

/ 

Movements in ' security prices are associated with 

market-wide'information that differentially affects the value of 

securities.. In order to control for the differential effects of 

market wide information on individual security returns, the 

Market Model . presumes that the systematic part of a securiky's 

return can be captured by its normal relationship to the returns 

on the market portfolio. Any returns not acccunted for by a 

security's normal relationship to the market will be impounded 
5 

in the disturbance term, pitr which presumably captures the 

effects of company-specific influences. Thus, in studying a 

security's reaction to various kinds of information, reqparchers 



search for unusual behavior of the disturbance term; pit, which 

is specific to the particular security for the time period under 

study. 

The Market 

two parameters 

Model is usually used in conjunction with the 

asset pricing model. Note that, the Bi parameter 

estimated is the same ugder both the Market Model -- and the two 

Mrameters and pi is estimated to be: 

CI L 

-where COV(Ri t&t ) ~ =  covari'ance between the returns 

on security i and the market portf&o, - 
VAR(Rmt)= variance of the market 

portfolio's- returns,, 

,The Bi parameter estimated by the Warket Model during a 

particular "estimation period" is assumed --'to be constant ' 

throughout a subsequent "testing period". Thus, this estimated 

fli is sometimes used as an estimate for the pi 

parameter of the CAPM during the "testing period" in an attempt 
% 

tc capture the behavior of the disturbance term.* Although the 

Market Model is not an equilibrium model, its simplicity 

facilitates portfolio analysis problems without assuming away 

the exi tence of interrelationships among securities, and there ! 
is considerable evidence that it can capture a large part of 

such interrelationships. 

------------------ 
34See Appendix B 
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Appendix B: The two parameters CAPM 

The CAPM developed independently by Sharpe (19641, Lintner 

- (1965), and Mossin (1966) describes the relative prices of 

securities or how portfolios of securiti'es should be priced. The 

earliest Sharpe-Lintner version is based on very strong 

assumptions: 

Risk-averse investors choose portfolios based on single 

period means and variances of returns. 

There is unlimited lending and borrowing at a riskless rate 

of' 
* 

interest, Rp, and short selling. . 

There are homogeneous expectations. 

Markets are frictionless, competitive, and all assets are 
~- - 

perfectly divisible. 

With these assump \ ions, 'it is shown that expected returns 

assets must follow the relationship described by the Security 

Market Line - (SML) which is labelled as Eqn.(Bl). 
5 

e(Ri )=R~+[E(&)-R~]B~ (B1) 
L1 

where E(~~)=expected returns on the . 
f 

- 
ith asset, 

Rp=the riskless rate of interest, 
5 

E(&)=the expected return on a'market portfolio 

that includes all assets weighted by 

their market values. 



which is referred as the 

' sptcuri; risk of 

security i. 

- ~ 

With Eqn.(br), the  actual- random.returns of security i for - 
period t ,  R i t , c a n  be written in terms of Cqn.(~t). 

for security i in period t ,  N i t  is i . i . d .  

\ with 0 mean, 0 covariance S constant 

var ibncc. 

' The systematic part of a security's rtturn is presumed to 

be captured by its normal ralationship to the returns on the - 
mrket  portfoliu, %+ Any returns not accounted for by a 

security's nor-: relationship fo  the market will be impounded 

in the dirtbrbancc, p i t ,  which presumably capures the effects 
b '  

of company-specific ~influences. Thus, researchers look for 

- unusurrl k h s v i o r  of the #it term of Epn.(BZ) in an attempt to 

study whether the i t h  security is priced efficiently. The basic 
- - 

S K  e q w t i o n  implies 6ht a security will only t ~ r n a n  e x p c t c d  

return that exceeds the r i s k l e s s  rate of in teres t  to  the extent 

th.t t h e  return on the security i s  correlated with the return on 

the racket. I n  an efficient capital market, fluctuations in 

securi ty  returns that art not  correlated with the market can be 



tdc market pays no premium for diuers i f iable  risks. N m  that, 

- the Market Hodel would be identical to the CAPM if a in 

then be identical. 
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Appendix C: The ACF, PACF and CCF 

a) The ACF -- 
The ACF is defined as: 

The A C F ( ~ )  is a measure of correlation between Yt and Yt+kr 

i .e., it is the correlation coefficient estimated between the 

time series (lag-0) and its kth lag (lag-k). By definition, ACF 

u 
(0)=1;  a time series is always perfectly correlated with itself. 

Also, by definition, ACF(~)=ACF(-k); the A C F ( ~ )  is the same 

wheth-e series is lagged forward or backward. Because the 

ACF is- symmetrical aboutlag-0, only the positive half of the 

ACF need to be examined . When each time the series is lagged,- 
one pair of observations is lost form the estimate of ACF(~). 

thus, with N observations, ACF(1) is estimated from N-1 pairs of 
7 

oblervation, . . . . , and A C F ( ~ )  from N-k pairs of observations. As 
the value of k increases, confidence in the estimate of ACF(k) 

diminishes. 

In theory, each time series process has an unique ACF, and 
- - 

i f  two processes have the same ACF,fhey are identical. Consider 

an ARIMA (0,0,0) or white noise process: / 

Yt=at+Bo (C2) 'd 

Eqn. (C2) is expected to have an uniformly zero ACE'. . , This follows 

from the definition of white noise. For all k, COV(at,at+k)=O. 

' ~ n  AR1.M (0,1,0) process written as 1 

(1-B)Yt=at+O0 (C3) . , 

is expected to have an ACF that is positive and dies out slowly 



- 

from lag to lag, i.e., ACF(l)=ACF(2l-.,,-ACF~k~. In general, the -- 

ACF of a nonstationary process is expected to have a relatively 

high positive value for ACF( 1) and successive lags of the ACF 

are expected to die out slowly. 

An ARIMA (0,0,1) process written as 

Yt=(t-BIB)at (C4) 

is expected to have nonzero ACF(I). All other lags of the ACF 

are expected to-be zero. Note that 

COV(Y~ yt+, )=E(Y~ yt+,) ( ~ 5 )  



Using the same procedures, 

thus,  E ~ A C P ( ~ ) I = O / U ~ ~ ( ~ - ~ . , ~ ) = O  

Through the same procedure, 'it can be shown that ACF(3), 

ACFf4), ...., ACF(k) are all expected to be zero. 
An A R I ~  (0,0,2) process written as 

-- 

is expected to have nonzero values f o v ~ (  1 )  and ACP(Z). The 

values of ACF(3) and all successive A C F ( ~ )  are expected to be 

zero. Note that, r 



& A  =er(et-~)/(i+B,2+e22) 
5 

-b 

For the sekond lag of the ACF, 

1 
This gives: . . 

E[ACF(~) ] = - ~ ~ o a ~ / o a ~ ~ ( 1 + 8 ~ ~ + 6 ~ ~ )  

For the third lag of the ACF, 

E(Yt Yt+3)=EE(at-91at-1-82at-2) 

Therefore, E[ACF(~)}=O. Continuing this procedure, it can be - 

shown that an ARIMA (O,O,q) process is expected to have nonzero 

values for A C F ~  I), . . . ., ACF(~) --- whi-le - ACF(q+i) and all . 
successive lags are expected to be zero. 

- -- 

Consider an ARIMA (I,O,O) -process written as 

~qn.(C14) is expected to have an ACF that decays exponentially 
- - 

beginning with l a g  1. Note that, 

For lag 2 of the ACF, 



By the same procedure, E [ A c F ' ( ~ ) ] = ~ ~ ~ ,  ...,E[ACF(~)I=~~~. The 

expected ACF(k) grows smaller and smaller from lag to lag until 

after 3 or 4 lags, ACF(~) is approximately zero. 

- An ARIMA(2,0,0)process written as 

( I - B + B - ~ ~ B ~  )Yt=at .(C17) 

is expected to have an A b  that decays exponentially beginning 

with the first lag. It can be shown that itso expeCted A is 

given by: 

In the general case, an ARIMA (p,O,O) process is expected to 

have. an ACF that decays from lag to lag with the rate of decay 

determined by the values of 6,. 8,,..., Bp. 
7 

I f  the estimated ACF is zero for all lags, it can be 

inferred that the time series is generated by an ARIMA (O,O,O) 

process. If the estimated ACF(1) is large and positive but dies 

out slowly from lag to lag, the process is nonstatinary and the 

seriesamust,be differenced. I f  the estimated ACF(1) is nonzero 

but ACF(2) and all successive lags are zero, the time series is 

generated by an A R I M  (0,0,1)- process. Finally, if the estimzjtted 
-- 

ACE' dies out exponentially from lag to lag, the time series 

probably is generated-by an ARIMA (1,0,0) process. 



b) The PACF -- 
PACF(~) is a measure of correlation between time series 

observations k units apart after the correlation at- intermediate 

lags has been controlled or "partialed outw . PACF(~) is 
- - 

estimated from a solution of the Yule-Walker equation system, if 

is shown that the s o l ~ g i v e s  the following identities: 

and so forth; 

An ARIMA (1 ,0 ,0)  process whose ACF is expected to be 

A C F ( ~ ) = ~ , ~  is expected to have a nonzero P A W (  1 )  while PACF(~) 

and all successive lags are expected to be zero: 

Successive lags' of PACFOE) are also expected to be zero. 



An ARIMA (2,0,0) process whose ACP is expected 

is expected to have nonzero values of PACF(I) and PACF(~) while 

PACF(~) and all successive lags are expected to be zero. Thus. 

PACFW -0 A 

e 

Successive lags are all expected to be zero. In  general, an 

ARIMA (p.O.0) process is expected to have nonzero values for 

PACF(1), ...., PACF(p) while pACF(p+l) and all successive - lags 

are expected to be zero. 

* 
An ARIMA (0,0,1) process whose ACF is expected to be: 

r' 

has a decaying PACF, e . ,  a PACF(k) are expected to be 

nonzero: 



Successive lags of the expected PACF grows smaller and smaller 

in absolute value. In general, the PACF of an ARIMA (O,b,q) 
%% 

process* is expected" to decay at a rate determined by the values 

~utoregressive process are characterized by decaying ACFs 
* 

and specifying PACFs. An ARIMA (p,O,O) process is expected to 

have exactly p nonzero spikes in the first p lags of its PACF. 

All successive lags of the PACF are expected to be zero. Moving 

average processes are charactkized by spiking ACFs and decaying 

PACFs. An ARIMA (Op,O,q) process is expec'ted to have exactly q 

nonzero spikes in the first q lags of its ACF. All successive 

lags of the ACF are expected to be zero. An ARIMA (p,O,q) 

process is expected to have both decaying ACF and PACF. 

c )  C.C.F. 

The CCF is used to identify between-series correlation, the 

patterns of between-series correlation are then used to identify 

a transfer function relationship between two time series. Note 

that, two nonstationary time series will always be correlated 



due to common patterns of drift or trend.. To eliminate 

between-series correlations due only to drift or trend, the time 

series must - ~ be made stationary by appropriate differenings prior 

to estimation of the CCF. 

- - 
By convention, - Xt is referred to as the input series, or 

causer, and Zt is referred to as the output series, or effector. 

Given two stationaryfime series, Xt & Zt, the CCF for lags kk 

is given by the formulae: 

Eqn.(C22) and ( ~ 2 3 )  give the Pearson product-moment correlation 

coefficient between two time series separated by f k 

obser~ationsT-When k=O, Eqn.(C22) and (C23) are identical. When 

k+O, Eqn.(C22) gives the positive half of the CCF by lagging the 

Zt series forward in time, and ~qn.(~23) gives the negative half 

of the CCF by lagging the Xt series forward in time. Note that, 
- - 

the CCP need not be symmetrical about lag 0, thus, in general, 

CCF(+k)#CCF(-k). As a convention, it is /assumed that any 

estimate of CCF (+k) smaller in absolute value than 2 standard 



error is 0. 

The CCF measures not only the strength but also the 

direction. When "xi cause Zt+bU, evidence of the relationship is 
3 

found at CCF. (+b), in the positive half of the CCF. When the 

reverse is true, evidence of the relationship is found at CCF 

(-b) in the negative half of the CCF. 

Consider the 0-order, relationship: 
. -- 

Zt=WoXt-b+Nt (C24) 

Eqn.(C24) is expected to have a nonzero value of CCF (+b), all - 

other lags of the CCF are expected to be zero. Defining CCF (+kh * .  

as Eqn. (C25). D 

Note that, - 

c~v((x~-~z~)'E[ ( X , - ~ ) ( W ~ X ~ - ~ + N ~ ) ]  (C26) . 

= E I ( W ~ X ~ - ~ X ~ - ~ + X ~ - ~ N ~ ~ ]  

Now, assuming that Xt is a white noise process, 3 5  
- 

-- - 
-- - 

COV((Xt,kZt)=Woot2 whenever b=k 
=O otherwise (C27 

35the input series, XtI must be-white noise so that the CCF 
estimate is not contaminated by within series correlations, or 
autocorrelation. When the causor series is not white noise, the 
CCF will reflect-th between-series and within-series 
dependencies. 



Thus, the expected CCF is: 

= Wou,/o, whenever b=k 
= 0 otherwise (C28) - 

Consider the lSt  orde-r r_ transfer function relationship of 

Eqn.(C29). 

- . The CCF for a fSt order transfer function is expected to be zero 

until CCF (b) . Successive positive lags, CCF(b+l), CCF'(~+~), 

...., CCF(b+n), decay exponentially to zero. Since when b>k, 

COV(Xt-k~t 1'0. When b=k, COV(Xt-bZt )=WooX2. When k=b+l , 

COV(Xt-b-lZt)'Wobl~& In general, when k=b+n, 

C O V ( X ~ - ~ - ~ Z ~ ) = W ~ ~ ~ ~ U ~ ~ ~  T ~ U S ,  

CCF(k) = 0 for k<b 

CCFtk-k-= wooX/o, for k=b 

CCF( k) = W 6 *oX/oZ for k=b+n - .- -- - -- 
O 'I 

'._ 
---1.. - -----, - A , 

L 
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