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Abstract

The article tests for a random walk in European equity style @sdeXfter briefly
introducing the efficient market hypothesis, equity styles in gerard the used
statistical techniquesvériance Ratio Tesand modifiedRescaled Range Tegst is

shown that a random walk in European equity style indexes cannot tiedejgt least
in the period since the mid 70s, for which this research has been cahdbetseak
form efficient market hypothesis seems to hold.

Keywords. Efficient Market Hypothesis; Variance Ratio Test; Restdange Test;
Equity Style Investment.
JEL Classification: G14, G11
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|. Introduction

What if security prices were predictable? Wouldn't that impigit tknowledgeable
investors were able to make substantial above average profits doa#is® But the
guestion of predictability is essentially just part of the grequiestion of efficiency and
of the validity of the efficient market hypothesis (EMH). Althougie £MH, in its
current form, only exists since the late 60s, in some way or anitinas always
around; early references of this topic reach back as far datehéd" century. Still,
most empirical studies were initiated by the work of Fama aadchrin the late 60s,
which put the EMH into a formal framework. In the following years,dafinitive
confirmation or rejection of the hypothesis was found and research @uliet either
only or mostly involved data from the United States. Further, in & @requity style
indices, only T. Daniel Coggin (1998) produced a time series anagsis) with data
taken from the USA stock markets. This is especially intexgsts equity styles try to
use a certain pattern in securities to make extensive retunitd) iivit holds would be a
violation of the EMH For example, as the reader will see laterthe contrarian
approach assumes, that a falling share price makes a sptmikocheaper rather than
riskier and an investor following this approach expects the shaiess tor eventually
turn around and start rising again. Hence, a negative serialatmmein share prices
could be observed, which would be a contradiction of the EMH. In other words; equi
styles prove a good testing ground for the EMH, as for them to worlENtk¢ has to
fail.2

It hence is the aim of this research project to analyze thebpiwgf correlation in
equity style indices’ returns for Europe, in order to provide a moreulgbrinsight into
the issue of security price predictability.

After a short introduction into the EMH and the general topic ok styestment a
thorough literature review will give the reader an overview ofetfmpirical work as it
has been conducted on the topic. With the help o/re&ance Ratio Testas well as the
R/S-Testwhich both will be introduced later, several European Style Invesinuioes

will be examined for a random walk, the latter being a clear consequence of the EMH.

Before moving on to the centerpiece of this discussion, it seems apfdprgive the
reader a quick introduction into the theoretical background of this topic.

1 See section I.1. for a quote on market efficidmgyseorge Gibson from 1889.

2 Saying this, though, the reader should note,driginofits alone are not enough to falsify the ENMHe
superior earnings gained by following an investnstyle have to be risk-adjusted for the EMH to.fail
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I.1. The Efficient Market Hypothesis

The notion that financial markets agedficient is one of the most controversial topics in
economics and many empirical studies, not to mention the ongoing thalodetiates,
come to differing conclusions. But what exactly is the definitionetificiency?
Originally introduced in 1965 by Fama, the Efficient Market HypothdEl&H)
stipulates three different forms of efficiency:

1. weak all necessary historical price and return information is incatpdrin
an asset%current price. In other words, it is impossible to gain an advantage
over other investors by analyzing past price or return data of ka asothis
information has already been utilized; it is impossible to earn superior average
risk-adjusted returnsUnder the assumption of risk neutrality this reduces to
a random walk (Fama 1965); price increases at any given dayg hkelg as
price decreases. The underlying random walk model looks as follows:

P=A+ Pyt (1),
< Ap =A+& (2),

where
p, is the natural logarithm of the stock price at time t,

Ais expected drift (an arbitrary parameter) and

& ~(0,az) is the random disturbance term and its elements are uncorrelated
but dependert.

In other words asset prices are essentially unpredictable on disedbgast
price or return data.

2. semi-strongall necessary publicly available information, not only past price
and return data, is incorporated in the share price. Again, invesersar

3 In general the EMH applies to all kinds of fic&l market assets. In the following, though, swakd
shares are the main focus and will be used exeynfdaall possible assets.

4 Returns in these circumstances always have seée on a risk-adjusted basis, as higher retumbea
the result of more risk borne by the investor. imeo words, the EMH does not suggest it is impdasib
to earn a greater return than any investor, bberahan any investor bearing the same amounskf ri

5 An example for such a process 6.";,0\,{;9t;gt_i ] =0and CO\,{gtz;gtz_i J;t O forall i 20. This represents

a deviation from the usual random walk model, wha$sumeseg, ~ ||D(0,02), or to put it
differently, where the increments of the error teara independently and identically distributdid §.
The IID assumption of the “normal” random walk mbdehighly restrictive and represents a special
case of the model which is used here.
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able to gain an advantage over their peers and price movementsedyehmir
result of so far unknown information or unanticipated events. Thus, superior
risk-adjusted average returns are implausible.

3. strong all necessary, not only publicly available, information is incorgadrat
in current stock prices. In other words, even so called insider informat
does not allow to earn excessive average risk adjusted returne il
many insider trading cases that have been brought to courts and where up
that point profitable, clearly indicate a failure of #teongform EMH. Still
the theoretical reasoning behind this definition goes as followsdensi
information cannot be held secret for long enough and will rather sdarer t
later spill into the financial markets via rumors. If this happéms, once
“insider” information has become publicly available information and the
strongform EMH reduces to theemi-strongorm. If that was the case, again
no abnormal profit would be plausible at all.

It should be noted, though, that the intuition behind these definitions fardpeet®e
EMH; the collective judgment by many knowledgeable investors prodheesnbst
efficient price and incorporates all necessary information. Qr iasput in a book by
George Gibson from 1889:

“[...] shares become publicly known in an open market, the value
which they acquire may be regarded as the judgment of the best

intelligence concerning then$.”

The reasoning goes further: If this was not the case, these kneat#edraders would
use their information advantage to earn excessive returns by bingag and selling
dear. Indeed they would participate in an act of arbitrage. Eventualigpetition
between these traders would grow, as more and more participatisetisn returns on
the above basis until profit margins adjust downwards and prices tetartove
randomly again; thus price movements reduce to a randont walk.

By the late 70s and early 80s the EMH, due to its intuitive streychut also based on
early empirical work seemed to be one of the few “real” sgcst&gies in economics.
Michael Jensen, one of the creators of the EMH from Chicago, evefeadto saying
that ‘there is no other proposition in economics which has more solid empirical

6 George Gibson (1889), p. 11

7 This intuitive arbitrage argument for the EMH istrwithout its opponents, though. If one was to
introduce constraints (e.g. time and/or liquidipnstraints) on these arbitrageurs, it is doubtfuktver
they would be able to remove the inefficiencieshi@ manner described above. The interested reader
should refer to Shleifer (2000) for a more detadétussion of this argument.
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evidence supporting it than the Efficient markets hypothesis” (Jensen 1.99%). But
as usual in economics, as soon as such a strong declaration has been made, the tide tends
to turn.

As implied by the EMH, price changes should follow a random walk ancersdrould
be uncorrelated with past price or return data. Testing for a randtknhence, seems
like a plausible way to test the EMH. Firstly, the propertiea cdindom walk are well
known, which simplifies the test procedures. Secondly, if no random walkbea
identified it would violate thaveakform EMH. But as thesemi-strongas well as the
strong form EMH are based on theeakform, they too would be falsified. Over the
years as statistical techniques developed further several aesraali evidence against
a random walk was found that suggested both positive as well asveegatial
correlation. For example DeBondt and Thaler (1985) identified longtemds, which
in time tend to reverse themselves (negative serial cooe)gtist as Jagadeesh and
Titman (1993) identified positive serial correlation, as price mowesnaver a period of
6 to 12 months seemed to indicate future price changes in the satwodir These
findings opened the way for an alternative view of the financiaketsrr behavioral
finance. It tries to explain the various inefficiencies in finahmarkets through human
psychology rather than pure rationality. Or as John Maynard Kayneslpog before
this field of research had developed:

“[...]day-to-day fluctuations in the profits of existing investments,

which are obviously of an ephemeral and non-significant character,
tend to have an altogether excessive, and even an absurd, influence on
the market.” (Keynes, 1936, pp.153-154).

Through the evidence against a random walk in share prices as fouexhfople by
DeBondt and Thaler (1985) and Jadadeesh and Titman (1993) and behavioraldimance
alternative model developed: mean reversion. It suggests, whiletshoripositive
trends tend to push prices away from an efficient value, thattetiee intrinsic worth

of a share, in the longer-term the price will revert to itedni’ and hence to its innate
appropriate value. Or to put it differently, after several yedrdull mentality in
financial markets, prices would have to drop again, in order to retutreitohistoric
mean. Summers (1986) offers a slowly decaying stationary pricpacmnt as a
theoretical foundationyhich could form in two different ways:

1. financial markets taking long swings away form their innateevalue to
irrational trading, so called noise trading

8 See Summers (1986) and the following literatengew for a further discussion of the slowly deoayi
stationary price component.
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2. ‘time-varying equilibrium expected returns’ within an efficiamd rational
market

Finally, mean reversion especially in the long-run, seems likeotitg plausible
alternative to a random walk. Surely one can easily imagine iadpef positively
correlated stock returns, but over time such a situation would leaxplosie asset
prices, which eventually have to come back to their innate value; revert to their mean:

I.2. Equity styles

Since the 70’s, when the notion of equity styles first appeared, theptdmas grown to
become a major investment tool in toady’s financial markets. Not dalylarge
institutional investors and their clients use equity styles, batratse and more private
and small investors are adopting these investment techniques. It tthige but also to
the fact, that equity styles try to exploit a certain syaterpattern in share prices (the
reader should refer to the contrarian approach, as quickly introducedimrdoriction
or further on in the text for a good example), which makes them the ideal “yardstick” f
EMH testing. Should equity styles work, they would produce superior aeisky
adjusted returns, which is a violation of the semi-strong and the oongeMH. Or,
to put it differently, effective equity styles and the EMH, exgectheweakEMH, are
mutually exclusive.

But what exactly is meant by equity style?

An equity style is a certain investment philosophy shared by a grounvestors and
constitutes specific factors that are supposed to drive a stoek prcher, the style
should be introduced to the market purely on the basis of philosophical deltee
side of investors, rather than theoretical research (Coggin, Fabozzi and Arnott, 1997).

The easiest way to separate the most common existing styles, is by sare siz

1. large capitalizationL@rgeCap: large and highly traded companies, measured
by their market capitalization (outstanding shares multiplied kyepriThis
represents the most common style. Large Cap shares offer isvaskogh
flow of information, which simplifies their analysis. Due to their size, thiey a
covered more frequently by the financial media as well as fiahaoalysts.
Also they are usually subject to tougher reporting regulations theain t
smaller peers. Further, greater coverage and flow of informabiaut @ share
decreases the risk of a single investor to overlook a specific prpbi@ny
other analysts will have already investigated the case and would lpaviede
any problems. It is this reason whargeCapis especially interesting to
inexperienced investors: size implies security.

2. small capitalization (SmallCap¥ymall and relatively poorly traded shares as
measured by their market capitalizatidrhis style has certain advantages
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over itsLargeCapcounterpart, as smaller firms are not so widely researched
and analyzed by big institutional investors and hence offer greatét pr
prospects. Contrary to the EMH, this style is based on the belmate t
SmallCapshares are neglected by most investors. Hence information about
these stocks is not being handled efficiently, which opens the pogsibilit
excess risk-adjusted returns. A portfolio guidedSlyallCapinvestment will

tend to include below average dividends, high risk in comparison to the
overall market, high betas and few institutionally analyzed shares.

3. middle capitalizationMidCap): shares with a market capitalization between
LargeCap and SmallCap® According to ‘The Handbook of Equity Style
Management’ by Coggin, Fabozzi and Arnott (1997) one can point out,
though, that it is debatable whetHdrdCap investment is indeed an equity
style as defined earlier. It was not introduced by market adaptdiit rather
through theory and only then found its way into day-to-day market use.
Nonetheless, sinchlidCap investment is constantly growing in popularity
and one can easily find evidence foMalCap segment in financial markets,
it is the authors believe, that it should be included in this discussiequdily
styles, in order not to give the reader an incomplete overview @xikgng
styles.MidCap managers seek to gain added value from the fact that they are
investing in a separate market segment, and hence try to ekpeldliffering
behavior of this segment in contrast to th&mall and LargeCap
counterparts. Since this ‘style’, though, is relatively new, not mutd cn
be found on it yet. In other words, only time will tell hdtwdCap investing
will evolve and whether it will ever become an equal counterp&irtall and
LargeCap!o

From here one can now make many further distinctions within the abovej@@ m
groupings. The most common of these sub-styles will be introduced iolkning
short sectiong!

|.2.a. Value

In general it can be said th&falue investors see the price of a share as the
important parameter. They look at issues such as low p/e ratigloryigld. In

9 |t should be noted thaflidCap is not just the residual dfargeCapand SmallCap but individually
chosen shares.

10 The lack of data is also the reason WhigCapwill not be analyzed here.

11 |f the reader should be interested in more dadaiiformation concerning this topic he/she shoefdr
to ‘The Handbook of Equity Style Management’ by Giog Fabozzi and Arnott (1997) for a more
complete discussion.

10
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other words they try to invest in stocks, which they deem tdcheap’ in
comparison to other alternatives, because of temporary market ityeotal
cyclical disturbances. A/alue investor hence relies on future price increases,
rather than fundamental changes within the company. They usually aoé iee
first to participate in a specific share’s price rise, bs @ne of the earliest to sell
the share again as the price will get too high for their liking.

From the above introduction to mean reversion it can now be seerValow
investing is the most obvious result from the idea that share pvidés
temporarily deviating from their fundamental value, but eventually netlurn
there. In fact, as the reader will see further on, one can idensihecific form of
Value investment that has to be seen as a direct implementation ohdae
reversion notion: the contrarian approach.

As a specific philosophy will not be used in the same manner by swerstor
within one equity style, one can identify three major typegadfiestyles.

[.2.a.i. p/e ratio

Under this approach a low p/e ratio is the deciding factor for arstimeat in a
particular share. Managers that follow this form look for relatil@wv prices in
comparison to normalized, future or current earnings, which usualig isase for
cyclical, unfavoured and defensive operating firms. Or, in other words]dbk
for shares with relatively healthy earnings per share but, duddtever reason,
low prices, which then results in a low p/e ratio as well. Thegiall involved in
this technique is finding a low p/e company that has a healthy earsitogtion,
but is not appreciated’by the market.

[.2.a.ii. yield

Yield managers look at companies with above average dividend yield aod he
he/she behaves very similar to a p/e ratio investor, as only feasure of
earnings differs. Managers of this type are among the most gatigerones in

the Value section, as they make their decision upon the most conservative and
probably most constant factor in financial markets: dividends.

[.2.a.iii. Market-to-book-valuen(tbv)/contrarian approach

Contrarian or Market-to-book-valuen{by) managers invest in shares that are
currently cheap in relation to their tangible book value. Investors hopanéoof

three things, a cyclical turn-around, company specific future eargnogéth, or

simply a rebound, which will rectify the market’'s “wrong” percepti A simple
example of this can be seen quite frequently in financial analysis
recommendations: A drop in a specific share price is often notaseamwarning,

but rather as a buying opportunity. Prices are expected to rebound in the future and

11
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hence the lower current price, as compared to the prior higher@ioee the
decline, allows for a greater profit. In fact an investor followihg approach
tends to do exactly the opposite of the general market, hence @napgroach.
He/she hopes that in time the price will rebound and in that cagddlve been
able to “beat” the market and so earned an excessive return. [Eamly c
represents the style that tries to exploit a possible mean reversion mdst.direc

.2.b. Growth

In contrast to his/her counterpart Malue investing, theGrowth manager is not
interested in the current price of a company’s share, but its feéurengs with a
constant p/e ratio. It follows that if the p/e ratio is to stay cohstad the earnings
are to rise, the price of the share has to rise as well, lleaasitial price of the

share is irrelevant to th@rowth investor. In other words, th@rowth approach

denotes the opposite technique of the earlier descrilsdep/e (price to

earnings) ratio style. Prime examples are the high techssbatiee late 90s. Two
forms of Growthinvestment can be identified:

[.2.b.i. earnings momentum

A manager adopting the earnings momentum approach looks for compaihies wit

above average earnings growth, which fairly often can be volatieelhsThese
firms will come from any industry, as long as the future earngngs/th promises
to be high enough.

[.2.b.ii. consistent earnings growth

As its title implies an investor following this approach does namsch value
above average earnings growth, but rather consistent growth of eariings
denotes a more conservative versiorGobwth style. Consistent earnings growth
portfolios, usually include market leaders in stable industries. fésvycyclicals
are being purchased, due to their volatility in growth. Additionallig @ommon,
that prices well above market multiples are being paid for censigarnings
growth stocks, as it is assumed that the development in earningsitpirform
the negative downside of such high buying prices.

|.2.c. Market-oriented

This styles, as its name indicates, incorporates managers nwitlspecial
characteristic preference and hence their portfolios tend to behimgtthe
broader market during business cycles more closely. It followstlzage variety
of managers fall into this segment, each with their own spesiifategy. Still,
even in this style certain forms have developed over the yearsnigeneral,
represent the existing other equity styles:

12
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|.2.c.i. Value biased orGrowth biased

This form of market-oriented manager has a tendency toward¥ahe or
Growth style, but his/her preference is not strong enough to include theme in t
pure strategy above, as they also tend to include other stylesrimtlestment
approach.

[.2.c.ii. growth at a price

Managers of this form invest in companies with above average gmpwpects

at below market value. In other words they try to form a mixturgadfie and
Growth strategy and hence can be seen in a more central position within tlye equit
styles. With respect to shares and market capitalization #melytb have a less
diversified portfolio than other market-oriented managers.

|.2.c.iii. market normal

Market normal managers represent probably the most conservativeotype
portfolio managers, as they try to arrange their portfolio tonmbke the broad
market without a certain bias towards any particular equite.syhey are the
logical result of the EMH. For them the market truly knows bedtso they don’t
even try to beat their benchmarks, but rather structure their poritfoiin at least
similar way. Still, investors with switching equity styles and persistent
tendency towards a particular strategy, are often included irstbisection, as
well.

13
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Il.Literaturereview

Before going into the literature review, it should be noted that dnveye¢ars several
ways to test the EMH have emerged. Probably the most commotes for a random
walk in the price/return data by means of statistical testsulf a random walk be
falsified, theweakform EMH would be violated and with it the whole EMH, as the two
stronger forms are based upon theakform. But there are at least two other major
approaches, which have developed over the years. The first, as pione&taitldnyin
the early 80s of the last century, is to seek for excess wuglatil stock prices by
comparing the discounted future dividends with current stock prices. Theiflies
that current share prices are the best predictor of all futweouhted dividends.
Further, optimal forecasting demands, that a prediction should be lesteviblan the
variable forecasted. If this was not the case, the prediction woidgisbematically too
low for low forecasts and systematically too high for high fastcdn other words, it
would include systematic errors (Shiller 2003). The EMH would proof ichvlabne is
able to find that current share prices are more volatile tharutite discounted
dividends (Shiller 1981). The second approach, as the EMH is alwaysdd#fioeigh
the lack of superior average risk adjusted returns, is to teshevhgbecific investors
have constantly been able to earn a greater profit than their p@erexample one
could test whether fund managers investing in American Blue ChipeSHaave
consistently been able to beat the performance of the S&P 500 Btiexe If this is the
case, the EMH is in doubt (Malkiel 2003). Further, though, it should be noté¢dn tha
this case transaction costs gain a central role. As a fundeshtamsaction costs for
investors to participate, a fund manager that performs exactiwetisas his/her
benchmark, will produce less profit for the investors than the alieenatarket-
matching portfolio would have done.

This paper uses the first of these approaches and tries totestdndom walk. The
following literature review will hence concentrate on prior works, whioeralong the
same lines as welk The question whether equity returns follow a random walk, hence
not be predictable on the basis of past data, reaches back to thie alfisles of
Kendall (1953) and Fama (1965). These pioneering works on the basis dtiestim
correlation coefficients between stock returns came to the camweltisat no serial
correlation and hence no mean reversion existed. They further follbaaeddcording

to this, financial markets had to b#icientin at least theveakform.

As more sophisticated techniques evolved and the possibility to takeharf more
long-term view of predictability in stock returns appeared, tRandom walk

12| the reader should be interested in the brigflyoduced alternative ways to test the EMH, he/sh
should refer to either Shiller (2003) for a diséossof the excess volatility debate, or to Malkiel
(2003) for a brief overview of the latter approach.

14
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Hypothesisbecame challenged and such influential papers as DeBondt and Thaler
(1985), Poterba and Summers (1988) and Fama and French (1988) seemed to show
negative serial correlation in long-term equity return horizons.

Preceding Poterba and Summers’ groundbreaking work from 1988, Summers (1986)
introduced the notion of a slowly decaying stationary price componetadk prices.
He argued that, contrary to the EMH, equity prices take long svewgy from their

fundamental values. On this basis, he arrived at a model for stoek,psicich consists
of a Random walky, , plus a stationary price componeat;

P =%+ 3),
X =X +A +& (4)'
U = QU +1, (5),

where

p, is the natural logarithm of the stock price at time t,

Ais expected drift,
1.is white noise,

¢ close to but less than zero and

& represents white noise as well.

Equation (4) is the same as the prior stated random walk model in equation (1).

The model was characterized by the fact that the stationarnyacent accounts for the
greatest share in price variations. This view later was sujpbyt&ama and French’s
findings in 19883

Poterba and Summers (1988) started off their discussion by finding tHé btdtstical
technigue and came to the conclusion thataaance RatioTest(VR-Test seems the
most appropriate. Nonetheless, they stated that ewéR analysishas relatively low
statistical power and together with their assumption ‘thajthere is little theoretical

basis for strong attachment to the null hypothesis that prices follow a Random
Walk]...]” (Poterba and Summers; 1988, p.3@)ey formed the believe that a standard
confidence interval of 5% is too tightly chosen for this topic and sigdex widening.
Further, they dismissed the usage of more sophisticated econametnues, as they
believed that such methods, due to their highly complex and specifiechzgms,
would loose statistical power.

13 The reader should refer to a later part of thediure review for a short introduction of this rabd

15
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They continued by using monthly real and excess returns for the NM&E York
Stock Exchange) since 1926, the S&P-Cowles Commission stock pricesralitce
1871 as well as stock price data for 17 other equity markets netidémti yields, to
estimate the according variance ratios. This analysis yieltsd with the result of
positive serial correlation in the short horizband negative serial correlation in the
long-term investment horizon, which in fact represents a caseaf regersion. These
findings derived from a rejection of thRandom walk Hypothesisat a 15% level of
confidence. It should be noted though, that Poterba and Summers (1988) did not find
this pattern in every data set. Rather they drew the inferbata generalization can be
made, as the above form of correlation was observed in most datd tseysfurther
suggested that for the US 15-25% of the variations in stock prieesisr to the
stationary price component.

As a final analysis Poterba and Summers (1988) looked into the questietbier the
observed mean reversion is due to noise trading or fundamental reasbres suerest
rate changes or market volatility. They concluded this part by suggesting adisg to

be the important factor for serial correlation.

Fama and French (1988) also based their research on the precedergvweait of
Summers (1986) and its stationary component.

They formed two different types of stock portfolio with equally vaéegl shares from
the NYSES: industry and decile portfolios, whereas the latter are dependeiacs s
market capitalization. Furthermore, monthly portfolio returns wedeulzded and
continuously compounded as well as adjusted by the CPI (US consuméangexgto
express them in real terms. On this basis Fama and French (388&ted regression
slopes with the help of an adjusted OLS m&d#&r 1, 2, 3, 4, 5, 6, 8 and 10-year
returns for the two kinds of portfolios. They found first-order autocdrogldhat took a
U-shape as return horizons increased. Whereas being only slightlyiveetpr the
short-term investment spectrum the autocorrelations reached aumnian 3-5 year
returns and then moved back towards zero negative autocorrelation. They concluded that
these findings are consistent with a slowly decaying stationary compamnkdépict the
influence of the stationary components on stock prices, in their extralues within a
3-5 year investment horizon, to be 60-90%.

14 positive serial correlation in short-term prideanges were also found by Jegadeesh and Titman 1993
and is often justified by momentum or herd behaindimancial markets.

15 New York Stock Exchange

16 The method of bias adjustment is not explainee.ha fact, the bias adjustment in Fama and French
(1988) does not influence their results.
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The fact that the negative correlatiorwieakin the short-horizon returns was seen as
the reason why earlier studies rejected the possibility of mmaersion and negative
serial correlation in stock returns, as they focused on short-term views.

Still, Fama and French’s further studies of sub-periods show thapugh the
mentioned U-form in the negative serial correlation continued ta exthe post war
period, it did so in a much weaker form and the greatest autocmmelsds observed in
the pre-1940s. This leads Kiet al. (1991) to suggest that the found evidence is mainly
due to a pre-WWII phenomenon, which is not applicable to stock returns today.

Finally, Fama and French (1988) pointed out, that due to high standardiertioes
estimates the drawn conclusions can only be of indicative chaeaxtdurther studies
into this field have to be undertaken in order to make precise inferences.

The findings by Poterba and Summers (1988) as well as Fama antl Ex888) had a
deep impact on the EMH, as even theakform EMH seemed to be violated. As a
result many researches either tried to modify the Random walk Hypothesis andihe EM
by noise trading (Black, 1986), time-varying expected returns and niskgi®n (Lo

and MacKinlay, 1988), fads (Lehmann, 1990) and market overshooting (DeBondt and
Thaler, 1985) or simply questioned the validity of the above findings. Titer la
approach was taken by Lo (1991), for example. UsingpdifiedR/S fescaled rangge
Test’, which eliminates short-range dependence, he finds no evideriangfTerm
Memoryin stock prices. The above results may indeed be due to short-temmaryne
rather than long-term dependence. Another example is Richardson and(1288k

who suggest that Poterba and Summers as well as Fama and dénavecto their above
conclusions on the basis of an inapt asymptotic distribution. They put rébrava
distribution that allows the confidence interval for YHe-Testo remain at the 5% level
and accept the random walk hypothesis.

A further set of articles by Richardson and Smith (1991), McQueen (1©B8@)y and
Denning (1993) and Richardson (1993) followed and employed joint tests of the
modifiedR/S-Tests well as &/R analysigé. None of the mentioned discussions were
able to reject the random walk hypothesis.

In 1996 two papers appeared that also used the above joined test of R/&iande
Ratio analysisin their modified versions. They took a more international approach on
the question of long-term dependence in stock returns. Chow, Pan and Sakanag1996)
well as Jacobsen (1996) were unable to reject a random walk, althidweghto be said

17 Lo modified the existingR/S-Test which was first introduced by Hurst (1951) fomdprange
dependence. This method will be explained in mataitin the methodology section further on in the
text.

18 For further explanation of the statistical methoded in these articles see the methodology sectio

17



IWH

that both find evidence in some countries of dependency. This dependency, thaigh, wa
attributed — by using a rescal@dS-Test to short-term dependence, rather than long-
term-memory.

Whereas the question bbng-Term Memoryn equity returns is a much discussed issue,
Coggin (1998) took this topic a step further and analysed it on thedbasisiity style
indexes; as style investment continues to grow in importance iroljmntianagement.

He based his research on data from the S&P/BARRA as wileaSRSP (Center for
Research in Security Prices) databases, which are availatdeJsinuary 1975 and July
1963, respectively. NYSE (New York Stock Exchange), AMEX (Ameri&ack
Exchange) and OT€data is represented in these indexes and include such well-known
broad market indexes as the S&P 500 as well as a range of equiyrstgbees. Further

he also used self-constructed and specialized arbitrage indexes.

Besides some basic statistical analysis and a correlatitix n@@oggin (1998) uses the
same combination of methods as described abov&/ghance Ratio Tesis suggested
by Lo and MacKinklay (1988) as well as the by Lo (19®bdifiedR/S-Test

He adopted truncation lags from two to 120 months, which allowed him tdasen
investment horizons of up to ten years.

Coggin (1998) was unableto reject a random walk on the basis YRiestfor either
the broad market index or the several equity style indices. FindgerodifiedR/S-Test
delivered no evidence fdwong-Term Memory

He hence concluded that equity styhelexes do not behave differently from broad
market indices, they follow a random walk and hence cannot be prediatedpast
returns.

19 OTC stands for ‘Over the Counter’ and represeatsstandardized securities.
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[11. Methodology

The following sections will give the reader a quick overview oftdahniques and the
data used in this paper, as to point out some notable facts and thegreader a more
fundamental understanding of the procedures used.

[11.1. Statistical techniques

Just like Coggin (1998) and several papers before him trying to eerédgdom walk in
stock market data, this analysis employs the two standard tests:

1. Variance Ratio TeqVR-Test
2. Modified Rescaled Range TéstodifiedR/S-Test

In addition, theclassic R/S-Tegqthe unmodified version by Hurst (1951)) will also be
used. They all are fairly common techniques in the field of randotk testing and
hence will only be described in a brief manner in the following@ecNonetheless, if
the reader should need a more detailed explanation and/or would like atitornon
their statistical properties as well as their robustnesshénesbould refer to Lo and
MacKinlay (1988) as well as Lo (1991), or in a more general caseplell, Lo and
MacKinlay (1997).

I11.1.a. Variance Ratio Test

The Variance RatioTestexploits the fact that under the assumption of a random
walk a security's return variance should be according to its ineastmorizon. In
other words, the variance of quarterly returns should be 4 timesatay the
variance of the monthly return.

Obviously, this situation can easily be exploited in the following manner:

(variancequarterlyreturn) _ 1 4),
4(variancanonthlyreturn)

or to put it in a more general form:

alr, ()] (5),
q HT[rt ]

whereas

g =laglength(investmemhorizon)
o =Vvariance
r.(0) = p, = Py_q (1, is thespeciakasewith g = 1)

Together with a null hypothesis {Hof a random walk the application of t&-
Testis straightforward. If the ratios are '1'g I accepted and will be rejected in
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any other casé. In specific the test follows the methodology introduced by Lo
and MacKinlay (1988). It is heteroskedasticity robust and recttlieproblems as
pointed out by Poterba and Sommers (1988). Also this approach does not rely on
the highly restrictive IID (independent and identically distributectements of

the error term in the random walk model in equation 1) assumption, bxéseat

to dependent but uncorrelated increments for which IID is a spesal @ith n
observations of log price{spl, S pn} and as approaches infinity the variance

ratios (VR(q) ) are calculated as follows:

where
—2 1 ¢ ~\2 1),
Ua:rZ(pk_pk—l_:u) (7)

k=1
_ 1 \2 ’
oo == (py - Py —92) ®)
mi=

with

m=dln-1)-q+11--9}

The first variance estimator. is the standard maximum-likelihood estimator
corrected for its bias as suggested by Lo and Mda¥i(1988). The second

variance estimatoo, is a bias adjusted maximum likelihood estimatografater
return horizonsd). Clearly, iz is the standard maximum-likelihood estimator of

the mean ).

VR(q) is asymptotically normal distributed and the heskedasticity robust test
statistic is

wi@)=""RDZD 2y o) (10)
Jé
with

. g-1 z 11),
b(c) = 42(1—3 5, o

20 Ratios below 1 indicate negative serial correlation, where assrgteater 1 imply positive serial
correlation.
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and

n-1

(n_ )Z(pl - pj—l _[I)z(pj_k - pj_k_l —’[[)2 (12)

= j=k+1

| [nZ_l(p,» - pj_l—ﬂ)ZT

j=1

Additionally, Lo and MacKinlay (1988) conducted arise of Monte Carlo
studies, which resulted in the conclusion thatWheTestas suggested by them
and conducted here, as longcas relatively small in comparison to the sample
size?l, is reliable and more powerful than plausiblerakives.

Further, as Chow and Denning (1993) point out, ®>25&ould hold for the
Variance Ratidl'estto have significant power.

[11.1.b. Modified R/S-Test

Hurst (1951) first developed tHe/S-Tese in its original form in 1951 for the
purpose of hydrological applications. Its objectii® to detect long-range
dependence in time series data. Nonetheless, Whilgy relatively powerful at
this task, Lo (1991) points out that ttlassical R/S-Testill not only detect long-

range, but also short-range dependence, while llmwiag for the distinction

between the two. In other words, its test statigiawpwardly biased towards
accepting the long-range dependence null hypothdsen actually it short-range
dependence that has been detected. He developedifcation, to improve the
test in this sense.

The original R/S statistic@n) takes the following form:

_ _ 13),
Q, Eai{maxjﬁl(n -r.)-min £(; =) -

n 1<ksn 1= 1<ksn 171

where as

N —\2 (14),
On = \/%Z (rj - rn)

which is the usual maximum likelihood standard d&en (o) estimator.

21 This is due to the skewed empirical distribution of\flagiance Ratio Test

22 The R/S stands for range over standard deviation. Morelysua called rescaled range statistic,
though.
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The first part in the brackets of equation 13 ie thaximum (over k) of the
accumulated sums of the first deviations from e mean and will always be
non-negative.

Similarly, the second part in brackets in (13) he iminimum (over k) of the
accumulated sums of the first deviations from tra@e mean and will always be
non-positive. For obvious reasons the whole bracketjuation 13 is called the
range23

For his modification Lo (1991) altered equationak®l introduceds (q), which is
derived as follows:

, q (15)
a,(0) = \/5x + zzwj(qwj

j=1
where

n i)

_2_1 TR R _L:z
w2l -nfio@ea- e

;q<n_24
n

Both the autocovariance estimatar; X and the weight adjustment;(q) in the

new denominator of th&/S-Testwill allow for the cancellation of short-range
dependencé In other words, the new modified version will ordgtect long-
range dependence.

Equation 16 shows the final version of fRkS-Test

23 The intuition behind this test may become clearer when setndriginal context. Hurst developed the
test for river reservoir design. If one was to imagine tileviing: A river at all time is supposed to
have an annual flow of 75. An appropriate reservoir is needatlow for fluctuations. If the annual
flow in years 1 through 6 is 100, 50, 100, 50, 100 5@ the reservoir will have to hold 25, 0, 25, 0, 25
and 0 in the respective years, as a year with a water flow ohd®@ provide for the years with just
50. In other words, the size of the reservoir has to b& @%nake the connection to tR#S-Testthe
size of the reservoir is nothing but the range, or the braclequation 13. Now if the annual water
flow was 100, 100, 100, 50, 50 and 50 the range would toelee 75 in order for a constant flow of 75
to hold. Clearly, the more persistent the water flow isJalger the reservoir needs to be, as the water
surplus, or the lack of water over time accumulates. Hence, the isatitg difference of the maximum
and the minimum of the accumulated deviations from the mean.

24 Grz andy j are also known as the usual sample variance and autocovariance estirmgpectively.
25 For a more detailed derivation of theodified R/S-Testhe reader should refer to Lo (1991), which

explicitly describes the advantages of the modification and esesat Monte Carlo simulations for
justification.
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. 16
Q== maxz (i, -n)-min 3, - ) (49

On| 1<ksn 172 1<k<n =1

The final step in both thelassicas well as thenodifiedR/S-Tests the calculation

of the Teststatistic (\;n(q) orV,(q), for the classic and modified version,

respectively), which will then be used in companiswith the critical values, in
order to test the Null hypothesis djHof no long-range dependence, although
allowing for short-term correlation. The statisgmbtained as follows:

) - (17).
Vi (q) or vn(q)s%

If the values fall in the range of [0.809; 1.862] \Mll be accepted and hence one
is able to observe a random wédk.

[11.1.c. General Information on the two techniques

In this study for both, th€R-Testas well as th&/S-Teststhe chosen investment
horizons (lag lengthg)) are based on practitioner's behavior. The suleseqs
are one, three, six months and one, two, three, fioe, eight and ten years. They
represent the different investment mentalities vbethey are short-term and
speculative or long-term, conservative in naturee @ obvious reasons, though,
in the case of th¥ariance Ratidl'est the one-month return is not calculated.

Additionally, in the case of th8mallCapindex, due to its relatively short time
range, as the reader will see in the next sectiad,the requirement of théR-
Testfor g to be relatively small in comparison o the greatesq for which the
SmallCapVR-Testis calculated is 60, which is equivalent to anestment
horizon of 5 years”

[11.2. The Data

The data selection process was mainly driven byfaetors. Firstly, monthly returns
were preferred, as they represent the highest denfiequency. Daily or higher
frequencies would carry too many short-range distuces. Secondly, due to the

26 Critical values are given for a 5% significance level as showroi(1991). Further, the fact that the
modified R/S-Testeliminates short-range dependence but shows long-range depenesadis, in
much lower test statistics than in the case of the classical we@iee could actually say that the
original R/S-Teshas a certain bias towards assuming long-range dependence.

27 Based on results by Lo and MacKinlay (1988) and Pan, Ctafr@in(1997) Coggin (1998) suggests
g < 0.5n, which in case of the here us&dallCapdata meang < 0.5(136)<>q < 68. Rounding this
result to a full year leads tq < 60.
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findings of Chow and Denning (1993) thi&®-Testneeds an observation size of at least
256, which implies a start date of December 1982He data sets, if the most current
observation is March 2004.

The following four different indices, as retrievédm MSCI, were finally found and
manipulated for the above tests. They proved tisé ddeernative, but clearly, due to the
short time range the comparability to earlier rsssiich as Fama and French (1988) will
be limited.

[11.2.a. M SCI-Europe: (31.12.1969-31.03.2004); price index:

The MSCI-Europeindex contains stocks of the 15 European Union begmas
well as Switzerland. Its components are locatetthélargeCapsegment and are
both ValueandGrowth stocks?® This index can be seen as a benchmark, allowing
a broad view of the European equity market, whidntcan be compared with the
more specific styles. In the following this indeXlwe labeled “standard” index.

[11.2.b. MSCI-Value/Growth: (31.12.1974-31.03.2004); priceindex:

The twoValue andGrowth indices are based on tMSCI-Europeindex in their
composition. Prior to 30.05.2003 the distinctiotweenValue and Growth was
made through a price to book value ratio (P/BVj B/BV corresponded tdalue
whereas a high P/BV markedrowth All securities in theMSCI-Europeindex
were evenly split into/alue and Growth After 30.05.2003 not only P/BV, but
further attributes are being used to make the rdistin betweenvalue and
Growth The procedure is much more complex and the restumild refer to the
MSCI-website \www.msci.con) for a more detailed explanation as this would be
beyond the scope of this paper.

[11.2.c. MSCI-SmallCap: (31.12.1992-31.03.2004)3°; price index:

The MSCI-SmallCapindex Europe represents about 40% of the mosidliqu
SmallCapsecurities in the above-mentioned 16 European etgrldccording to

28 Especially in the case of ti@mallCapindex this proved to be highly difficult as the European
Financial Markets have only since the early 80‘'s began to grosidzably.

29 The exact definition according to MSCI is as followshe MSCI Europe Index= is a free float-
adjusted market capitalization index that is desigjto measure developed market equity performance
in Europe. As of December 2003, tSCl Europe Index consisted of the following 16 developed
market country indices: Austria, Belgium, Denmalinland, France, Germany, Greece, Ireland,
Italy, the Netherlands, Norway, Portugal, Spain.e8en, Switzerland and the United Kingdorlie
reader should refer toww.msci.confor the source of this quote.

30 The given time range represents the maximum available in W& R@nomination. As for a local
currency denomination, the time range is 31.12.1996-31.03.20
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their classification MSCISmallCap securities fall in the range of $200m to
$1,500m market capitalization. Unfortunately, as teader can see, the index
does not reach back far enough to fulfill the ctods of theVR-Test which
according to Chow and Denning (1993) requires aptarmize ofn > 256. The
respective sample sizes for the Dollar denominatgedvell as the local currency
denominatedSmallCapindex aren =136 and n=88. This currently represents
the best alternative, as no Europ&mallCapindex seems to exist, that reaches
back far enough in order to fulfill the above reggment. Nonetheless, the author
feels that some indication is better than no infaion at all. Also théR/S-Test
has no requirement for the sample size, so thastatestics should be useful for
conclusions about the behavior of securities irShmallCaprange.

[11.2.d MSCI-Value-Growth: (31.12.1974-31.03.2004); price index:

Additionally, a ValueGrowth differential index was constructed based on the
MSCI-Valueand the MSCIsrowthindices. They mimic an investor’s decision to
buy one equity style and simultaneously sellingdtteer one, which represents a
possible investment strategy in equity styles dlmiva a direct comparison of the
two styles. In other words, such an investmenttesgsais a form of arbitrage
between the two styles. A positive reading of théek implies that the style,
which is bought is currently producing higher regjrwhereas a negative reading
of the index represents the opposite. If the twiestare equally profitable the
index will surely on average have a zero readirgn@on combinations of such
differential indexes, or arbitrage indexes as they also called for obvious
reasons, are/alueGrowth or LargeCapSmallCap which represent the most
extreme ends of the spectrum. The here vgaldeGrowth differential index
‘buys’ Valueand ‘sells’Growth

[11.2.e. Further general information about the data

Firstly, it should be noted that all MSCI indexesra tested in both a US-Dollar
as well as a local currency denominated versionh Benominations have their
own virtues, but also their very own downsides,deeasing both versions seems
to be the appropriate solution. If the results amdorm, the broadest coverage
will have been achieved. MSCI also offers the irgein a euro denomination.
Unfortunately, these indexes don’t reach back fawugh. One additional fact
about all indices should be pointed out, thougte &arliest data observed by any
of the above indexes is 31.12.1969, which makegeaisons to earlier studies of
this topic, with a much longer time horizon, (effama and French 1988)
problematic. As said before, it seems that thekstoarkets experienced times in
which the tendency towards mean reversion is greéaga in others. This could
obviously mean that the chosen time scale maimgesents exactly one such time
range, making the comparison to greater time hogzbfficult.
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Figure 1 shows the log prices of the four maindedidenominated in US-Dollar and
standardized to 31.12.1992, which is the startmigtpf theSmallCapndex.

Figure 1
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One can clearly see that in general M®Cl-Europeindex, theValue and theGrowth
indices perform similar, which is not altogetherrpising: between them they
incorporate exactly the same shares. But it seersettheSmallCapsegment that
occasionally behaves different. Whereas up to €88 its performance is relatively
similar to the other indices, it underperforms frimen onwards. Only after the general
market found its bottom in spring of 2003, did ®BemallCapindex return to a rather

market normal developmedt.

31 This is especially interesting as it is the general believeérencesults of many research papers that the
SmallCapsegment, especially in the US, tends to deliver greater ovenafisk adjusted returns

(Keim, 1983 or Fama and French, 1993).
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V. Results

The following Section will show and discuss theufessfor theVariance RatioTestas
well as theR/S-Tesfor the above stated investment horizons.

IV.1. Variance Ratio Test

Table 1 represents the results of Weriance RatioTestfor all 4 indices and the
'Value-Growth differential index with the stated lag lengthsheT upper half
represents the dollar denominated indexes wheretieeilower half the indexes are
denominated in local currencies. All grey shadezhsirshow results, which do not
reject the random walk null hypothesis; the aceagydvariance ratios are not
significantly different from one.

Table 1
Variance Ratio Test ($) months
n 3 6 12 24 36 48 60 96 120
Standard 412 || 1.0426 1.1019 1.2203 1.3516 1.4030 1.3907 1.2688 0.9170 1.0549
0.5177 0.7793 1.1230 1.2407 1.1624 0.9848 0.6122 -0.1530 0.0918
Value 352 || 0.9406 0.9543 1.0847 1.2506 1.2880 1.2846 1.2024 0.6245 0.4460
-0.6773 -0.3276 0.4122 0.8533 0.8040 0.6948 0.4458 -0.6668 -0.8911
Growth 352 || 0.9869 1.0263 1.2455 1.4461 1.5024 1.4030 1.2033 0.7203 0.6999
-0.1455 0.1866 1.2016 15324 1.4067 0.9818 0.4458 -0.4940 -0.4801
Value-Growth 352 | 1.3583 1.6049 1.3709 1.1756 1.0391 0.8849 0.8000 0.6273 0.5619
3.1150 3.1928 1.3072 0.4343 0.0808 -0.2108 -0.3354 -0.5314 -0.5842
Small Cap 136 1.2819 1.3658 1.3442 0.9077 0.9311 1.1122 1.4590
2.0189 1.6397 1.0212 -0.1889 -0.1168 0.1680 0.6276
Variance Ratio Test (local currency) months
n 3 6 12 24 36 48 60 96 120
Standard 412 || 1.1478 1.2182 1.3074 1.4351 1.5063 1.4918 1.4762 1.3248 1.3325
1.5444 1.4794 1.4638 1.4956 1.4468 1.2359 1.0830 0.6005 0.5594
Value 352 || 1.0686 1.0985 1.1188 1.2086 1.2073 1.1310 1.1014 0.5997 0.4015
0.6619 0.6122 0.5241 0.6721 0.5590 0.3118 0.2187 -0.6989 -0.9486
Growth 352 || 1.1312 1.1562 1.2933 14711 1.5840 1.4186 1.2625 0.7751 0.6950
1.2364 0.9834 1.3466 1.5777 1.6126 1.0073 0.5684 -0.3943 -0.4862
Value-Growth 352 | 1.3606 1.6056 1.3711 1.1642 1.0370 0.8786 0.7809 0.6027 0.5247
3.1284 3.1895 1.3035 0.4047 0.0761 -0.2214 -0.3662 -0.5649 -0.6322
88 1.3918 1.5467 1.3961 0.9255 0.9686
Small Cap
2.2393 1.9561 0.9750 -0.1281 -0.0450
upper line shows the variance ratios (VRs <1 = negative serial correlation and VR >1 = positive serial
correlatoin); the lower line depicts the according test statistic; results shaded in grey indicates results in which
the variance ratio is not significantly different from one and hence cannot reject the random walk null
hypothesis; Investment horizions were chosen with the following condition: g < n/2, as was suggested by Lo and
MacKinlay (1988).

As the reader can see, the results are straighafdrwClearly in almost all cases the
random walk null hypothesis cannot be rejected bglear margin, which matches
Coggin’s (1998) results; the EMH cannot be falsifoa the basis of théariance Ratio
Test
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Fortunately, these results hold for both used dematons and thereby the drawn
conclusions are strengthened; they obviously dalapend on currency fluctuations but
seem to be inherent in the data.

Still parts of Table 1 should be seen with a certaution. As noted before, the test
results for theSmallCapindexes violate the preconditions for tH&-Test it needs a
sample sizen) of at least 256 observations, but in the castn@fDollar denominated
indexn is 136 and in the local currency denominatioequals just 88. In other words,
the tests for th&mallCapindex can only be seen as an indication and ijuoction
with other results, such as tRéS-TestNonetheless, it should be pointed out, albeg thi
short coming, the results for tisnallCapindexes are not fundamentally different from
the results for the other indexes, which complyhwite test requirements. This might
indicate, that th&mallCapindex does not follow a mean reverting path, eithe

IV.2. RIS Test

The reader will remember that in order to rejeet ltng-term memory fthe R/S-Test
statistic has to be within the range of [0.809:62]8 The results for the modifieR/S-
Testin Table 2for most cases indicate a rejectiorhefrnean reverting ¢4 This holds
especially in the case of théalue-Growthdifferential as well as th8mallCapindex
where all test statistics fall into the rejecti@ange. The results for théalue and the
Growth indexes are fairly straightforward as well. Fgg up to 12 or in the dollar
denominated versions up to 24, the mean revertins ldlearly rejected. For larges
they either reject FHas well or fail to do so by only a very small mardgn fact this
margin is so small, that if one was to choose fewdint level of significance (e.g. 1%)
Ho would once more be rejected. Interestingly enoutpe, only index showing
indications of long-range dependence is the stanaialex. For allgs up to 12 months
Ho is rejected. Allgs larger than 12 clearly cannot reject it, though.the other hand,
the results for thelassic R/S-Tesare straightforward. Except fay=1 none of the
results can reject ¢4In contrast to the modified version this seembédalue to short-
range dependence, which the classical test isbletta eliminate and hence treats as
indistinguishable from long-range dependence.
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Table 2
R/S-Test ($) months
n 1 3 6 12 24 36 48 60 96 120
Standard modified 412 || 1.311 1.375 1.517 1.557 2.009 2.270 2.391 2.353 2.381 2.305
classic 412 || 1.333 2.175 2.914 3.819 5.108 6.117 6.682 6.752 7.202 7.146
Value modified 352 || 1.083 1.319 1.544 1.515 1.860 1.970 1.996 1.937 1.847 1.900
classic 352 | 1.078 2.046 2.936 3.700 4.727 5.306 5.579 5.567 5.571 5.823
Growth modified 352 | 1.155 1.347 1.582 1.536 1.828 1.964 1.995 1.970 1.884 1.806

classic 352 | 1.174 2.100 3.028 3.766 4.650 5.293 5.564 5.652 5.683 5.566
Value-Growth |modified 352 || 1.150 1.142 1.191 1.230 1.429 1.605 1.681 1.605 1.450 1.604
classic 352 || 1.256 1.866 2.325 3.037 3.623 4.314 4.644 4.586 4.346 4.941
Small Cap modified 136 || 1.616 1.614 1.633 1.462 1.554 1.573 1.446 1.209 0.935 0.553
classic 136 || 1.759 2.584 3.172 3.519 3.865 4.173 3.989 3.421 2.689 1.574

R/S-Test (local currency) months
n 1 3 6 12 24 36 48 60 96 120
Standard modified 412 || 1.565 1.595 1.715 1.787 2.209 2.361 2.393 2.280 2.088 2.059
classic 412 || 1.646 2.554 3.318 4.401 5.613 6.360 6.682 6.532 6.324 6.369
Value modified 352 || 1.016 1.153 1.350 1.498 1.918 1.911 1.789 1.563 1.515 1.474
classic 352 || 1.053 1.822 2.589 3.671 4.865 5.135 4.992 4.482 4.569 4.510
Growth modified 352 || 1.289 1.374 1.596 1.674 1.934 1.882 1.774 1.596 1.486 1.393
classic 352 | 1.368 2.175 3.075 4.115 4.912 5.066 4.935 4.571 4.479 4.283
Value-Growth |modified 352 || 1.154 1.374 1.350 1.552 1.134 1.766 1.788 1.640 1.456 1.140
classic 352 | 1.262 2.175 2.589 3.636 2.844 4.740 4.981 4.601 4.315 3.516

Small Cap modified 88| 1.418 1.299 1.243 1.241 1.273 1.121 0.928 0.857
classic 88| 1.576 2112 2.422 3.006 3.193 2.976 2.468 2.354

areas shaded in grey indicate  R/S-Test results which reject the long-term memory null hypothesis; critical values at
5% level: [0.809;1.862]. Any values outside this range indicate (long-range) dependence

IV.3. Implications

Essentially, the above tests duplicate Coggin’'sitegrom 1998 for the US financial
markets and hence come as no surprise. In genetial the VR-Testas well as the
modified R/S-Tesindicate a random walk and as such market effogiesf theweak
form in European equity style indexes.

At this point it should be pointed out, though, ttearandom walk is a necessary
condition for theweakform EMH, but cannot be seen as a sufficient domdi To put it
differently, all weakform efficient markets follow a random walk, budtrall random
walks are necessarilyeakform efficient. The reason for this is that somiimation
in past price or return data might due to someored® excluded from usageThis

32 possible reasons for information not being used couldbdradability or high costs. The case of high
costs is straightforward, if it is more expensive to obtheinformation than its profit prospects are,
this information will remain idle and could not be incoged in a share price. Non-tradability of
information would essentially have the same result. A perstaling information and not being able to
use it him/herself would, due to some trade restrictioneXample, not be able to sell the information.
He/She would end up being indifferent to making the infolonapublic or keeping it. As making it
public would involve costs of some kind, it is more likéhan not, that the information will not
become public. In other words, the information would ekist,could not be incorporated in the price.

29



IWH

would result in a random walk, but essentially @uld not be efficient according to the
above definition by Fama (1965). Still as suchtaasion can hardly be identified, the
detection of a random walk is as good as the watifin of theweak form market
efficiency. This holds up to the point where the lERn be falsified.

Finally, it remains unclear whether the above tsswdre purely a temporary
phenomenon or whether they apply universally. éf ihader refers back to the literature
review he/she will remember, that Fama and Freda®Bg) found long-term memory,
which was time varying. The greatest evidence feamreversion was found in the
period prior to WWII. This lead Kinet al. (1991) to conclude, that mean reversion is
purely a pre-WWI phenomenon and is not relevaniremg. But can such a conclusion
also be drawn for the European equity style mapkelsfortunately, the available data
does not allow for such an investigation; it simgbes not reach back far enough. But
interestingly, even such a prolonged market anoraalyhe internet bubble of the late
90s, which if tested by itself should not be aldleg/ield a random walk, is not able to
distort the above result enough, as to rejectmbakform market efficiency. This leads
to the conclusion, that if the above tests were @xcluding the late 90s, the results
would be even stronger in favor of tweakform EMH.

IV.4. Further research areas

As always the above results have to be seen asdaration only, and only additional
research in this field can support the drawn caichs. The following are suggests as
to how this additional research could look like.

A similar study with the same time horizon of diéfat financial markets could be
undertaken, as to find out whether the resultsbeaduplicated for other regions of the
world. A random walk in equity style indexes in etlareas, besides the US and Europe,
would further support the general notion of mardéciency. If this would not be the
case, the question whether the results for the ndiSEarope or the whether rest of the
world behaves like the norm, would arise.

Finally, if at some point in time data with a gegatime horizon can be obtained, a sub-
section analysis, as Fama and French (1988) pestbitnwould seem appropriate. This
might allow to identify a time period in which aeer non-randomness is located (such
as the late 90s for example) or it would verify Hi®ve results for all past periods. In
the former case, it again would be necessary w dut which state, randomness or
mean reversion, represents the exception.
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V. Conclusion

After a brief introduction into the underlying capts of random walk, mean reversion
and equity styles, as well as a comprehensivetiiez review on the topic of random

walk testing and a description of the methodoldgy above discussion arrived at the
following major result.

TheVR-Testas well as thenodifiedR/S-Testndicate a random walk across all sections
of the European equity style markets.

In conclusion, it has to be said that the abovaliesre essentially duplication of the
results by Coggin (1998) which he obtained for thated States. As such they are
hence no surprise and provide further indicatiomstiie validity of theweak form

EMH. Still, due to the relatively short data rangeremains unclear whether these

results are just time specific or a general phemameTo answer this further research is
needed of the form suggested above.
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