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ABSTRACT

In this paper, we investigate the value versus trostrategies from the perspective of
stochastic dominance. Using half century US datavaine and growth stocks, we find
strong evidence that value stocks stochasticalhgidate growth stocks in all three-order of
stochastic dominance relations over the full sang@eod as well as during economic
boom (good) periods. However, there is no significatochastic dominance relation
between value and growth stocks during recessiad) (periods, which is inconsistent with

the risk-based predictions but is better explaimgtehavioral models.
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1. Introduction

Both finance professionals and scholars have loggnlfascinated by the evidence that
value-based investment strategies (i.e., buyingkstthat have low prices relative to cash
flows, earnings, or book value of equity, etc.)pmuform the market. A prominent early
example of value strategies is Graham and Dodd4(193ore recently, there has been a
considerable debate about risk-based and behalieypdanations of why value stocks
earn higher average returns than growth stocks.ifstance, Fama and French (1992,
1993) argue that value stocks are fundamentalkyerisand the value premium is simply a
compensation for bearing extra risk. Others, likkBDndt and Thaler (1985) and Haugen
(1995), argue that value premiums arise from migpgi when contrarian investors profit
by shorting stocks that naive investors overreaettd misplaced enthusiasm (i.e., growth
stocks) and by buying stocks that are out-of-faaer, value stocks). To date, the central
question of whether value stocks are fundamentalkyer than growth stocks is still wide
open. In this study we make a first attempt to @ranthis issue through the lens of

stochastic dominance.

Yn financial economics, most standard textbookg.(e-duang and Litzenberger, 1988; Ingersoll, 1987)
devote considerable space to the concept of stichEmminance. Surprisingly however we see few eirgli
applications in recent finance literature. Someepxions include Porter and Gaumnitz (1972), Pdfer3),
Joy and Porter (1974), and Tehrenian (1980) andcemecently Post (2003) and Fong, Wong, and Lean
(2005) among others. We note that the methodolodoist (2003) focuses on portfolio diversificatisgues

by comparing a given portfolio to a set of assktur paper, we only compare two return distribogi and
therefore do not use the linear programming metioBost (2003). Comparisons of income, wealth and
earning distributions using tests for stochastimit@nce are however common in empirical econong@as.,(
Anderson, 1996; Davidson and Duclos, 2000).



In general, an asset or a portfolio is said tolsstically dominate another if an individual
receives greater wealth from it in every ordereadesof nature We study, in this paper,
whether the distribution of returns to an investmigna value portfolio stochastically
dominates an investment in a growth portfolio astfi second, and third orders using
recently developed statistical tests. Since thehststic dominance test is a model free
approach, if value stocks stochastically domingtesvth stocks, then the value premium is
less likely due to omitted risk factors from modefsequilibrium but more likely due to
misvaluation of the capital markets. Furthermofr@alue stocks are fundamentally riskier,
they must underperform growth stocks with some uesgy, especially in some ‘bad’
states of world (Lakonishok, Shleifer, and Vishri@94). We therefore test also the
stochastic dominance relations between value aodtrportfolios under various states

(good and bad) of the world.

There are several distinct advantages in usinghattic dominance to evaluate the
performance between alternate investment stratefiest, it allows us to compare the
entire return distributions of two portfolios inatk of just the mean or median portfolio
returns as used in most conventional studies. $kcois free from the ambiguous issue of
correctly specifying asset pricing models; we dasrefore avoid any misadjustment of risk
when measuring the value premiuifhird, it makes no assumptions about the return
distributions and allows for minimal assumptionsowb investors’ utility functions:
specifically, (i) non-satiation in the case of fimder stochastic dominance (FOSD), (ii)

risk aversion in the case of second-order stoahdSOSD), and (iii) positive skewness

2 Copeland, Weston, and Shastri (2005, pp.59).



preference in the case of third-order stochastimidance (TOSD). Despite obvious
advantages, surprisingly the stochastic dominampgeoach has rarely been applied in

traditional empirical studie$.

Using a stochastic dominance approach, we findngtrevidence that value portfolios
stochastically dominate growth portfolios in allrégb-order of stochastic dominance
relations for both the full sample (1951-2003) ahd sub-sample (1963-1990) periods
regardless of the sorting criteria used in definuadue and growth stocks. Our results
imply that investors would unambiguously prefer alue to a growth portfolioDuring

economic booms (good periods), we find slightly keraevidence that value portfolios
stochastically dominate growth portfolios in alteb orders. However, we do not find any
significant stochastic dominance relation betweatuer and growth portfolios during
recessions (bad periods). This result indicates when times are ‘bad’ and the marginal
utility of wealth is high value stocks do not ungenform growth stocks, which contradicts
the risk-based predictions (Lakonishok, Shleiferd &ishny, 1994). Overall, our results
imply that the widely documented value premium & simply due to the artefact of
misspecified models of equilibrium and/or testistets. The value premium may well

reflect the missing behavioral components from @ahvestors.

The reminder of the paper is organized as folld®extion 2 briefly reviews related prior

research on value versus growth strategies. Se8tescribes the data and methodology

% A notable recent exception is Fong, Wong, and L{&805) who apply this approach in studying momentu

strategies.



used in the stochastic dominance tests. Sectioeskpts and interprets the results. Section

5 concludes the paper.

2. Review of Prior Research

It is well documented in the literature that vakiecks or stocks with high ratios of book-
to-market (BE/ME), earnings-to-price (E/P), or ca#bw-to-price (CF/P) earrhigher
average returns than growth stocks, i.e., stockh Waw corresponding ratios (e.g.,
Rosenberg, Reid, and Lanstein, 1985; Chan, Hama,Lakonishok, 1991; Fama and
French, 1992, 1993; Lakonishok, Shleifer, and WsH®94). While early studies rely on
US stock market data, growing international evigealso supports the existence of value
premium (e.g., Chan, Hamao, and Lakonishok, 19993;1Capaul, Rowley, and Sharpe,
1993; Fama and French, 1998). There is howeveldenable debate as to the underlying
reasons behind the observed value premium. It ftasexample, been attributed to
survivorship bias (e.g., Kothari, Shanken, and &ld®95), to data snooping biases (e.g.,
Lo and MacKinlay, 1990), to risk-return trade-oétq., Fama and French 1992, 1993), and
to investor sentiment (e.g., DeBondt and Thale85]1®.akonishok, Schleifer, and Vishny,

1994), etc.

Fama and French (1992, 1993) argue that the haherage returns to value stocks reflect
underlying risk factors and the market’s pricingtiodbse risk. Behavioral economists are,
however, not so convinced about this assertioneRetheoretical models (e.g., Gomes,
Kogan and Zhang, 2003; Kogan, 2004; Zhang, 200S)utatte that differences in cyclical

behavior in economic fundamentals should emerg®sacfirms depending on their



respective value-growth status. From an empirieaspective, Petkova and Zhang (2005)
find empirical support for these theoretical modalshat the fundamentals of value firms
respond negativelgnd rapidly to negative aggregate shocks while thego only weakly
for growth firms. They thus argue that value stoakes riskier than growth stocks in ‘bad’
times. However, Lakonishok, Shleifer, and Vishn$94) argue that if value stocks are
fundamentally riskier than growth stocks we shalderve that value stocks underperform
growth stocks in some states of the world partitylan the ‘bad’ states where “the
marginal utility of wealth is high, making valuesks unattractive to risk-averse investors”
(Lakonishok, Shleifer, and Vishny, 1994, pp.156%hey find however the opposite
evidence that value stocks outperform growth staokthe ‘bad’ years, (i.e., economic
recessions or declining stock markets). In shaskdnishok, Shleifer, and Vishny (1994)
find little support that the higher average retueened by value stocks is due to
fundamental risks. To further investigate this &swe turn, in this paper, to an alternative
method to study the relative performance betweduevand growth portfolios based on the

idea of stochastic dominance.

3. Data and M ethodology

3.1. Data

We use monthly stock return data on equally wemjm@ue and growth portfolios based

on three valuation ratios: book-to-market (BE/M&3rnings-to-price (E/P), and cash flow-



to-price (CF/P). The data are obtained from Kenireimch’s websité We briefly describe

this data set below.

The stock portfolios using BE/ME as a criterion #vemed at the end of each June using
NYSE breakpoints. The BE used is the book equityte previous fiscal year end, and the
ME used is the price times shares outstandingeatttd of previous year. The portfolios
include all NYSE, AMEX, and Nasdaq stocks that h#we above data, and the sample
period is from July 1951 to December 2003. The eglortfolios (high BE/ME), used in
our tests, contain firms in the top 30% of BE/MBdahe growth portfolios (low BE/ME)
contain firms in the bottom 30%. The value and dlowareated by sorting stocks on the
basis of earnings-to-price (E/P), and cash floytice (CF/P) are also formed on a similar
basis to the BE/ME portfolios. The earnings usedtfie earnings-to-price ratio sorts are
the earnings before extraordinary items for thevipres fiscal year end. The cash flow in
the cash flow-to-price sorts is defined as thel e@@anings before extraordinary items, plus
equity’s share of depreciation and deferred taKesvéilable) for the previous fiscal year
end. The sample period for both E/P and CF/P dm#aos also from July 1951 to
December 2003. In both cases, i.e., earnings-ted&/P) and cash flow-to-price (CF/P),
the portfolios include all NYSE, AMEX, and Nasdaqcks. The value portfolios contain
firms in the top 30% of each ratio, and the growtitfolios contain firms in the bottom

30%.

* We are grateful to Kenneth French for providing isthdata on his webpage:

http://mba.tuck.dartmouth.edu/pages/faculty/kendrédata_library.html.



Table 1 reports the descriptive statistics of tipeadly weighed value and growth portfolios.
Panel A presents the results for the full samp85(12003). We find that value portfolios
have larger mean monthly returns (ranging from 0tb 0.0167) than growth portfolios
do (ranging from 0.0093 to 0.0105). In Panel B, again find that value portfolios have
larger mean returns (ranging from 0.0164 to 0.0To®pared to growth portfolio (ranging
from 0.0088 to 0.0102) for the sub-sample periaus@ient with Lakonishok, Shleifer, and
Vishny (1994). For both panels, the standard deviatof value portfolios are lower than
those of growth portfolios. Finally, all the valaad growth portfolio returns are positively

correlated with their first lagge@turns, regardless of sample periods and sortitegie.

3.2. Methodol ogy

We begin with a brief description of stochastic dwance relations as applied in our
context and next we describe the statistical tasesd in our empirical work. Decision-
making under uncertainty concerns the choice betwaedom payoffs and is an important
topic in economics and finance. The idea of staoha@®minance offers a general decision
rule provided the utility functions share certanogerties. Specifically, we study whether,
given investor preferences like non-satiation, riakersion, or positive skewness
preference, the cumulative distribution functionasfe random variable (in our case the
returns to investing in a value portfolio) domirgatkat of another (in our case the returns to

investing in a growth portfolio).In other words, we examine whether an investoh wit

® The stochastic dominance approach allows for aergeneral framework than one that uses only themea
and the variance as measures of comparative iiste the mean-variance framework implicitly implibsit

either the utility function is quadratic or thetiilsution of payoffs is normal.



specific preferences prefers a portfolio of valteeks relative to an investment in a growth

portfolio.

In testing for stochastic dominance, we comparectimeulative distribution function of the
portfolio returns of our two candidate portfoliogsr feach of three orders of stochastic
dominance. Specifically, we say thatcamulative distribution functior® first-, second-

and third-order stochastically dominates a cumgatiistribution functiorf if:

1,(zG)<I,(zF), 1)
1,(zG)<1,(zF), (2
1,(zG)<1,(zF), 3

wherez is the joint ordered data points of the two saspled where:

1L(ZF)=F(2), 4)
1,(zF) :LZF(t)dt :jozll(t;F)dt, (5)
1,(z;F) = j:j;F(s)dsdt =71, (G Fdt. (6)

11(z,G), 12(z,G), and §(z G) are analogues of Equations (4), (5), and (6) inctmee of the

cumulative distribution functiof.

The economic intuition underlining the above defims of stochastic dominance is as
follows. First-order stochastic dominance, as inu&opn (1) above, implies that the
cumulative density functiof® is everywhere to the right of cumulative densitgdtionF.

In other words, investors pref& to F regardless of their risk preferences as long as th

utility function is monotonically increasing, i.enore wealth is better than less. Under



second-order stochastic dominance, we see fromtiegué?) that the area unddg is
everywhere smaller than that underIn other words, investors who preférto F are
required to be risk-averse, i.e. investors with otonically increasing and concave utility
function. Finally, third-order stochastic dominandefined in Equation (3), corresponds to
a preference for skewness. In this case, investdraiccept small and almost certain loss
in exchange for the remote possibility of huge mefuwe note here that while lower order
stochastic dominance implies higher order stocthakiminance this does not necessarily

imply a converse relation.

Barrett and Donald (2003) have recently proposatissital tests for detecting stochastic
dominance. These tests compare the two candidatelative distribution functions at all
points in the sample and are based on the Kolmegdnairnov (K-S) test commonly used
in the statistics literature to compare samplerithistions’ The null hypothesis, in these
tests, is that cumulative distribution functidd stochastically dominates cumulative
distribution functionF for thejth order (this hypothesis also includes the casersvithe
two distributions are equal everywhere) while theraative is that stochastic dominance
fails at some points. These hypotheses can be coonpactly written as:

Ho:1,(zG) <1, (zF)forallz, (7)

® For example, people who buy lottery tickets or ding insurance exhibit skewness preference. Several
authors have proposed asset pricing models thauatdor skewness preferences. See for exampleeilarv
and Siddique (2000) for reference.

" Anderson (1996) and Davidson and Duclos (2000)p@mthe distribution functions only at a fixed rnen

of arbitrarily chosen points. In general, comparsasing only a small number of arbitrarily chogaints

will have low power if there is a violation of tlequality in the null hypothesis on some subirdétying

between the evaluation points used in the test.



Hi:1,(zG) >1,(z F)for somez. (8)

The Barrett and Donald (2003) test statistic is:

~ _ [INxM AL 2
S =\ S @G @), (©)

where the operatoy &re given by:

e _ 1 - - — 1 o ]—1
|j(z,FN)_N;|j(z;Lx‘)_NZ( 1)|1(X <2)(z-X,) (10)

AL 1Y 134 1 i1

zG,, —MZI (z1,)= MZWI(Y_Z)(Z Y) (11)

The test statistics for stochastic dominance beybedirst-order (e.g. second- and third-
order stochastic dominance) do not have closed-foniting distributions. As a result, p-
values need to be obtained by simulation (e.g.,addEn, 1989). Barrett and Donald (2003)
propose two methods to obtain fisenulated p-values, by simulation and by bootstvae.

provide the details of the two methods in Apperflix

We report the results of the statistical teststoélsastic dominance based on the following
two-step procedure. First, we test whether theevglortfolio stochastically dominates the
corresponding growth portfolio. Second, we repdre test results for the converse
hypothesis, i.e., whether the growth portfolio stastically dominates the value portfolio.
Our statistical test results can be interpretetbbews. If we fail to reject in the first step
that value stochastically dominates growth portfdiut reject instead in the second step

that growth stochastically dominates value portfolve conclude that the value portfolio

10



stochastically dominates the growth portfdlidowever, if we reject or fail to reject the
null in both steps of the test, we conclude thatdhs no stochastic dominance relation

between the two portfolios.

4. Empirical Results

We now turn to the results of our statistical téstsstochastic dominance relations between
value and growth portfolios. We follow Fama andrfete (1992) and Lakonishok, Shleifer,
and Vishny (1994, LSV hereafter) and report onlguitss based on equal-weighted
portfolios® We present, in the following tables, the firse¢and- and third-order stochastic
dominance relations between value and growth ga#fdormed on the basis of book-to-

market (BE/ME), earnings-to-price (E/P), and cdetw4to-price (CF/P) ratios.

4.1. Results for the Full Sample (1951-2003) and LSV Sample (1963-1990) Periods

We first report results for the entire sample pasiovithout accounting for different (good
or bad) states of world. In addition to the fulhrgde (1951-2003), we also test separately
the LSV sample (1963-1990) as a robustness chatle P presents the test results for the
full sample. It clearly shows that value portfolstechastically dominate growth portfolios

in all the first-, second- and third-order regasdl®f the sorting criteria (i.e., BE/ME, E/P,

8 Alternately, if we fail to reject in the seconeptthat the growth stochastically dominates theevglortfolio
but can reject in the first step that the valuelststically dominates the growth portfolio, we dode that
there is a stochastic dominance relation of grawsr the value portfolio.

®We also calculate the results using value-weiglsigiteme. They are however qualitatively similathe
equally weighted cases. For brevity, we report ahly equally weighted results. The value-weightesults

are available upon request.
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and CF/P) used in defining value and growth stobl@e specifically, in all cases we fall
to reject the null that value portfolios stochaatic dominate growth portfolios but reject
strongly (at 1% significance level) the null thabwgth portfolios stochastically dominant
value portfolios. These results provide strong enat that value stocks dominate growth

stocks over the full sample periods.

Table 3 reports the subperiod test results for B¢ sample (1963-1990). We again find
strong evidence that value portfolios stochastjcdtiminate growth portfolios in all three
orders, since we fail to reject the null that vapaetfolios stochastically dominate growth
portfolios but reject (at 5% significance level)ethalternative that growth portfolios
stochastically dominate value portfolios. Thougé $ignificance level for the subperiod is
a bit lower than that for the full sample perio@y(sompared to 1% significance level), still
the results show a strong dominance relation ofievadver growth strategies. Overall,
Tables 2 and 3 demonstrate investors’ strong preter of adopting a value strategy that is

buying value stocks and sell growth stocks overthitee sample period.

A few points may be noted from the results afteroaating for investor preferences. First,
results of the first-order stochastic dominancacai@ that investors who prefer more to
less would have preferred value to growth stoclecoB8d, the second-order stochastic
dominance results imply that risk-averse investoosild have favoured value to growth
stocks. Third, investors who have positive skewipesterence would also have chosen to
buy value and sell growth stocks as indicated kg tthird-order stochastic dominance

relations.

12



In sum, our test results for the full sample (1289D3) and LSV sample (1963-1990)
periods show clear evidence of the existence ofifstggnt value premium. These results
cast serious doubt on the risk-based argumentstlibatalue premium is due simply to
omitted risk factors in existing asset pricing misdélext, we look at the question one step
further by examining the value versus growth sgiat® under different (good and bad)

states of world.

4.2. Results under Different States of World

The risk-based explanation of the value premiumgsesty that value stocks are
fundamentally riskier than growth stocks. If théstrue, value stocks must underperform
growth stocks with some frequency, especially imesdbad’ states of world. We therefore,
in this section, test for the stochastic dominanelations between value and growth
portfolios under various states (good and badhefworld. We use the National Bureau of
Economic Research (NBER) business cycle referemtesdo determine the periods of

boom and recessidf.

10 For the full sample period (1951-2003), there tere boom periods (1951/07-1953/07, 1954/06-1957/08,
1958/05-1960/04, 1961/03-1969/12, 1970/12-19731975/04-1980/01, 1980/08-1981/07, 1982/12-1990/07,
1991/04-2001/03, 2001/12-2003/12) and nine recesgeriods (1953/08-1954/05, 1957/09-1958/04,
1960/05-1961/02, 1970/01-1970/11, 1973/12-19751080/02-1980/07, 1981/08-1982/11, 1990/08-1991/03,
2001/04-2001/11) based on NBER business cycleaméerdates. For LSV sample period (1963-1990)ether
are five boom periods (1963/04-1969/12, 1970/123181, 1975/04-1980/01, 1980/08-1981/07, 1982/12-
1990/04) and four recession periods (1970/01-1970M973/12-1975/03, 1980/02-1980/07, 1981/08-
1982/11).

13



4.2.1. Results for the Boom (Good) Periods

We note, before going into the details, that thectsastic dominance relations between
value and growth portfolios in the boom periodshi€a 4 and 5) are slightly weaker than
that of the corresponding full sample (1951-2008) the LSV sample (1963-1990) periods
reported earlier (Tables 2 and 3). As we obsera¢ tmost of the stochastic dominance
relations (irrespective of their orders) reportediable 2 and 3 are statistically significant
at 1% or 5% significance levels, our test resudtisthe boom periods, especially for the
LSV sample boom periods (Table 5), are however @idpificant at the 5% or 10%
significance level. The boom period results areatiogless consistent with most theoretical
interpretations and empirical findings in that fiskurn dispersions between stocks are
lower in good times (Zhang, 2005). It is thus ndfiallt to understand why investors
(regardless of the orders of stochastic dominaegbkibit only a weak preference between

value and growth stocks in the ‘good’ states ofldior

Table 4 reports the stochastic dominance testteefulthe boom periods of the full sample
(1951-2003). It shows that all value portfolioscstastically dominant growth portfolios
with at least 5% significance level under all thoeders of stochastic dominance relations
regardless the sorting criteria used in defininlg@ar growth stocks. Table 5 presents the
test results for the LSV sample (1963-1990) boonogde and mirrors the findings reported
in Table 4. Though the stochastic dominance relatare a bit weaker comparing to Table
3, all three-order relations are nonetheless sagmt at 10% significance level. Our results
show that value portfolios still dominate growthrgbalios when the time is ‘good’ and
investors’ marginal utility of wealth is low. It denstrates that in economic boom periods

value stocks are more preferable than growth stoefgardless of investors’ preferences,

14



that is, non-satiation for the first-order, riskease for the second-order, or favoring

positive-skewed returns for the third-order.

4.2.2. Results for the Recession (Bad) Periods

Tests for the recession periods lie in the centdh® ongoing debate between risk- and
behavioral-based models. LSV argue that if valueks are indeed riskier than growth
stocks, we should observe that value stocks underpegrowth stocks in the ‘bad’ states
of the world where the marginal utility of wealthhigh and therefore making value stocks
unattractive to risk-averse investors. In theitde&SV find opposite evidence, i.e., value
stocks outperform growth stocks in the ‘bad’ staikgvorld and thus question the risked-
based models in resolving the value premium puzZleen the advantages of stochastic
dominance approach, we set out to reexamine tlsigeidy studying the stochastic

dominance relations between value and growth da#fauring the ‘bad’ states of world.

Tables 6 and 7 report the stochastic dominancerésstts under the ‘bad’ states of world
for both the full and LSV sample periods. We firftere are no significant stochastic
dominance relations between value portfolios amivgr portfolios under all three orders
for the recession periods. More specifically, incalses we fail to reject both the null that
value portfolios stochastically dominate growthtfmios and the alternative that growth
portfolios stochastically dominate value portfolickherefore, no stochastic dominance

relations have been identified between value aond/r portfolios in the ‘bad’ periods.

In order to conduct a robustness check for aboseltee we also examine the stochastic

dominance relations during the ‘bad’ states of dakéfined by the real GDP growth rate.

15



In line with LSV, we use quarterly GDP growth datad classify the data (1951-2003) into
four states of the world. Two of the states areviloest 10 quarters with the lowest GDP
growth and the best 10 quarters with the highesP @powth. The rest of the data are
evenly classifies into the 95 next worst and then8%t best quarters. For the worst quarters
of GDP growth, we again find no significant stodimdominance relations between value

and growth portfolios for all three orders of stastic dominance tests.

Our evidence together for the ‘bad’ periods failstpport the risk-based expectation that
value stocks are less preferred to growth stocKsad' states of world since no significant
stochastic dominance relations between value amdtlyrportfolios have been found under
two independent tests with different definitiontbe ‘bad’ states of world. Therefore the

risk-based explanations to the value premium puadejuestionable.

5. Conclusions

In this paper, we study the value versus growtlategjies under the perspective of
stochastic dominance. Specifically, we test forclséstic dominance relations between
return distributions of investments in value verguswth portfolios. A distinct advantage
of this approach is that it does not require the oflsany specific asset pricing model to
correct for risk and it makes minimal assumptiobsu the return distributions and/or
investor risk preferences. Furthermore, it compates entire return distributions of

portfolios rather than only the mean or medianrretias normally used.

M For space purpose, we do not report the GDP é=siits here. However, the results are availablen upo

request.
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Using half century US data on value and growthlstpwe find strong evidence that value
stocks stochastically dominate growth stocks intlatee-order of stochastic dominance
relations over both the full sample period (195020and the subsample period (1963-
1990). The same results also hold true for thesteSteconomic boom (good) periods.
However, we do not find any significant stochasliieninance relations between value and
growth stocks in recession (bad) periods which risomsistent with the risk-based
predictions that value stocks underperform growtitks when the time is ‘bad’ and the
marginal utility of wealth is high. Overall, oursts indicate that the widely documented
value premium is not due simply to the artefactmo$specified models of equilibrium

and/or test statisticsThe behavioral-based explanation to the value premis more

closely supported by the data.
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Appendix A

Based on Barrett and Donald (2003), there are ésbdtatistics using simulation method.

The first test statistic using simulation (KS1)fatain the exact p-values is:

SF =supll,(zB o Fy)), (1A)

whereB’ - F,, is an independent Brownian Bridge process. By tieggU } ", as sequence
of i.i.d. standard normal random variables thatiadependent of the samples, we can then

give the process B'oF, , evaluated at each value ofz as

B (zF) =<2 (X, 52~ Fy (),

The second test statistic using simulation (KS2) is
§jF'G:SLZJp(\/JjIj(z;B*oéM)—\/;Ij(z;B*olfN)), (2A)

Whereﬁ:N/(N+M). We can again define a corresponding Brownian dgrigrocess for

cumulative distribution functio®. Let {V}Y denotes a sequence of i.i.d. standard normal

random variables that are independent of the sayie can then give the procerséM ,

~ M ~
evaluated at each valuenfasB’ (zG,,) :ﬁZ(l(Yi <2)-G,, (2)V, .
i=1

In both cases, the probability that a test statissing random variables exceeds that using
the empirical sample is computed. The approximat@lpes and the decision rules for

rejecting the null hypotheses are:
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1.r

R A
“RejectHo if pF D%Zl(§.F >S)<a’, (3A)
r=1

R ~
“RejectHo if p*e D%Zl(éff >§)<a’, (4A)
r=1

where R is the number of replications used in the simafgtianda is the specified

significance level.

The other method to obtain exact p-values used dryeB and Donald (2003) tests is the
bootstrap. An advantage of the bootstrap relatvéhé simulation method is that we now
do not necessarily need to characterize the digtoib. We follow Barrett and Donald
(2003) and use three different bootstrap methobs.fiFst test statistic using the bootstrap
(KSB1) is:

S5 = Nsugll, (2 ) -1, (zFy), 5A)

wherel (z If,j) is the analogue of Equation (10) for a random garop sizeN drawn

from X ={X,,....X\}. The second test statistic using the bootstraB&($s:

= [INxM Ax A
Sj'ftf = WSEKI j (Z;GM)_Ij(Z; FN )) ’ (6A)

wherelj(z;é;,,) Is the analogue of Equation (11) for a random sarop sizeM drawn
from the combined sampl&={X,,....X.,Y.,....Yy, ,}and Ij(z;lf,;) is the analogue of

Equation (10) for a random sample of sike drawn from the combined sample

Z={X,....X\,Y,....Y,, } . Finally, the third test statistic using the bowatp (KSB3) is:

arc _ |[NxM LAy LA _ By B
S8 = (1 su(, (263) -1, (26 ) -0, BF) -1 @R, (A
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wherelj(z;é;,,) Is the analogue of Equation (11) for a random sarop sizeM drawn

from the sampleY ={Y,,...¥,,} , andl,(z If;) analogue of Equation (10) for a random

sample of sizeN drawn from the sampl ={X,,...,X,;}. In this casethe two draws are

independent.

In each of the three bootstrap methods describedealive are interested in computing the
probability that the test statistic using randonriatsles exceeds the value of the test
statistic using the empirical sample. The exactalp@s and the decision rules for rejecting

the null hypotheses in the case of KSB1, KSB2,k8B3 respectively are:

. - R —_ ~ ”
“RejectHo if B, Dézl(sfb,r >$)<a’, (8A)
r=1
. - R — oy ”
“RejectHo if 57 Dézl(sfsfr >S)<a’, (9A)
r=1
. . R —_ ~ ”
“RejectHo if 575 D%Z]{Sﬂf;r >§)<a’, (10A)
r=1

where R is the number of replications used in the bogtssanulation, andx is the
specified significance level. To sum up, we use tegh statistics from simulation and three
from bootstrap to obtain the p-values used toftestarious orders of stochastic dominance.
In the case of first-order stochastic dominanaagesian analytic solution is available, we

are not required to use either simulation or boapgting to obtain the exact p-value.
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Table 1. Descriptive Satistics for Monthly Returns of Equally Weighted Value Portfolios and Growth
Portfolios

Value and growth portfolios are created by soritagks listed on NYSE, AMEX and Nasdaq on the bekis
book-to-market (BE/ME), earnings-to-price (E/P) arash flow-to-price (CF/P) ratios. The value pditi®
contain firms in the top 30% of corresponding ratiad the growth portfolios contain firms in thettbm
30%. Panel A presents the descriptive statisticghi® full sample period (1951/07-2003/12). Pangr8sents
the descriptive statistics for the Lakonishok, 8&fle and Vishny (1994, LSV) sample period (1963/04
1990/04). AC1 is the autocorrelation coefficierdsthe f'lag of each series.

M ean S Dev Min M ax Median AC1

Panel A. Full Sample Period (1951/07-2003/12)

Low BE/ME Portfolio 0.0093 0.0625 -0.3097 0.3303 0120 0.176
High BE/ME Portfolio 0.0167 0.0534 -0.2546 0.3536 .01®4 0.222
Low E/P Portfolio 0.0105 0.0576 -0.2950 0.2693 1 0.178
High E/P Portfolio 0.0165 0.0488 -0.2369 0.3250 18® 0.213
Low CF/P Portfolio 0.0103 0.0570 -0.2981 0.2715 109 0.182
High CF/P Portfolio 0.0165 0.0500 -0.2491 0.3239 0186 0.205
Panel B. LSV Sample Period (1963/04-1990/04)

Low BE/ME Portfolio 0.0088 0.0647 -0.3097 0.2527 o4 0.197
High BE/ME Portfolio 0.0169 0.0590 -0.2546 0.3536 .01¥8 0.204
Low E/P Portfolio 0.0102 0.0642 -0.2950 0.2693 6100 0.194
High E/P Portfolio 0.0164 0.0554 -0.2369 0.3250 18@ 0.190
Low CF/P Portfolio 0.0096 0.0637 -0.2981 0.2715 06D 0.194
High CF/P Portfolio 0.0170 0.0564 -0.2491 0.3239 0169 0.181
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Table 2. Stochastic Dominance Tests for Equally Weighted Value and Growth Portfolios for the Full
Sample Period (1951/07-2003/12)

In this table we report the results of the firsecond-, and third-order stochastic dominance festhe full
sample period (1951/07-2003/12). We report reaadtording to the Barrett and Donald (2003) two-s$esp
procedure. We first test whether the cumulativetritigtion function of the value portfolio return
stochastically dominates the cumulative distributad the growth portfolio return. The results ambdlled as
‘Value Portfolio SDs Growth Portfolio’. Second, weport results of tests for the converse hypothekis
whether the cumulative distribution function of tgeowth portfolio return stochastically dominatése t
cumulative distribution function of the value poliib. These results are labelled as ‘Growth Padf@Ds
Value Portfolio’. Three different value/growth céifscation criteria (BE/ME, E/P, and CF/P) are usedhe
tests. For the first-order stochastic dominanctstege calculate analytical solution of the p-valdiem the
asymptotic distribution assxp(-2(S,)?) . For the second- and third-order stochastic donteaests, KS1 and
KS2 indicate the tests based on two simulation otthKSB1, KSB2 and KSB3 represent the tests based
three bootstrap methods. P-values are reportdeeitable.

Value/Growth

S Value Portfolio SDs Growth Portfolio Growth Portfolio SDs Value Portfolio
Definitions

Panel A. First-Order SD Test

BE/ME 0.632 0.006
E/P 0.464 0.002
CF/P 0.666 0.007

KS1 KS2 KSB1l KSB2 KSB3 KS1 KS2 KSB1 KSB2 KSB3

Panel B. Second-Order SD Test
BE/ME 0.813 0.855 0.791 0.815 0.800 0.002 0.004 0.007 050.00.005
E/P 0.811 0.847 0.776 0.806 0.800 0.002 0.003 0.006 050.00.005
CF/P 0.810 0.851 0.774 0.808 0.797 0.003 0.006 0.009 060.00.010

Panel C. Third-Order SD Test
BE/ME 0.760 0.775 0.719 0.721 0.745 0.003 0.004 0.005 040.00.003
E/P 0.758 0.781 0.705 0.728 0.748 0.008 0.003 0.006 050.00.006
CF/P 0.759 0.785 0.708 0.728 0.748 0.013 0.003 0.009 060.00.007
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Table 3. Stochastic Dominance Tests for Equally Weighted Value and Growth Portfolios for the LSV
Sample Period (1963/04-1990/04)

In this table we report the results of the firsecond-, and third-order stochastic dominance festhe LSV
sample period (1963/04-1990/04). We report resadtording to the Barrett and Donald (2003) two-s$esp
procedure. We first test whether the cumulativetritistion function of the value portfolio return
stochastically dominates the cumulative distributad the growth portfolio return. The results ambdlled as
‘Value Portfolio SDs Growth Portfolio’. Second, weport results of tests for the converse hypothesis
whether the cumulative distribution function of theowth portfolio return stochastically dominatése t
cumulative distribution function of the value poliib. These results are labelled as ‘Growth Padf@Ds
Value Portfolio’. Three different value/growth ctification criteria (BE/ME, E/P, and CF/P) are usedhe
tests. For the first-order stochastic dominancestege calculate analytical solution of the p-valfie®m the
asymptotic distribution assxp-2(S )?). For the second- and third-order stochastic dontieaests, KS1 and
KS2 indicate the tests based on two simulation odthKSB1, KSB2 and KSB3 represent the tests based
three bootstrap methods. P-values are reportdukitable.

Value/Growth

D Value Portfolio SDs Growth Portfolio Growth Portfolio SDs Value Portfalio
Definitions

Panel A. First-Order SD Test

BE/ME 0.642 0.035
E/P 0.642 0.029
CF/P 0.776 0.043

KS1 KS2 KSB1l KSB2 KSB3 KS1 KS2 KSB1 KSB2 KSB3

Panel B. Second-Order SD Test
BE/ME 0.795 0.841 0.730 0.794 0.734 0.028 0.039 0.031 430.00.040
E/P 0.795 0.844 0.743 0.800 0.738 0.029 0.046 0.032510.00.053
CF/P 0.797 0.852 0.739 0.793 0.735 0.027 0.037 0.030480.00.042

Panel C. Third-Order SD Test
BE/ME 0.717 0.761 0.649 0.734 0.739 0.041 0.030 0.018 400.00.029
E/P 0.727 0.767 0.662 0.738 0.741 0.075 0.046 0.036 590.00.047
CF/P 0.722 0.773 0.654 0.731 0.738 0.057 0.031 0.019 480.00.042
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Table 4. Stochastic Dominance Tests for Equally Weighted Value and Growth Portfolios for the Full
Sample (1951/07-2003/12) Boom Period

In this table we report the results of the firsecond-, and third-order stochastic dominance festhe full
sample (1951/07-2003/12) boom period. We repottltegccording to the Barrett and Donald (2003)-two
step test procedure. We first test whether the tatme distribution function of the value portfoli@turn
stochastically dominates the cumulative distributad the growth portfolio return. The results ambdlled as
‘Value Portfolio SDs Growth Portfolio’. Second, weport results of tests for the converse hypothesis
whether the cumulative distribution function of thgeowth portfolio return stochastically dominatése t
cumulative distribution function of the value poliib. These results are labelled as ‘Growth Padf@Ds
Value Portfolio’. Three different value/growth cification criteria (BE/ME, E/P, and CF/P) are usedhe
tests. For the first-order stochastic dominancestege calculate analytical solution of the p-valfi®m the
asymptotic distribution assxp-2(S,)?). For the second- and third-order stochastic donieaests, KS1 and
KS2 indicate the tests based on two simulation odthKSB1, KSB2 and KSB3 represent the tests based
three bootstrap methods. P-values are reportdukitable.

Value/Growth

D Value Portfolio SDs Growth Portfolio Growth Portfolio SDs Value Portfalio
Definitions

Panel A. First-Order SD Test

BE/ME 0.730 0.016
E/P 0.511 0.004
CF/P 0.830 0.016

KS1 KS2 KSB1l KSB2 KSB3 KS1 KS2 KSB1 KSB2 KSB3

Panel B. Second-Order SD Test
BE/ME 0.808 0.831 0.744 0.789 0.782 0.005 0.009 0.003 070.00.002
E/P 0.800 0.811 0.714 0.786 0.779 0.005 0.016 0.003 090.00.009
CF/P 0.799 0.820 0.716 0.780 0.782 0.013 0.022 0.010 170.00.020

Panel C. Third-Order SD Test
BE/ME 0.753 0.755 0.654 0.713 0.756 0.007 0.005 0.000 030.00.004
E/P 0.736 0.748 0.629 0.714 0.740 0.030 0.012 0.006 050.00.011
CF/P 0.737 0.756 0.634 0.707 0.746 0.038 0.015 0.010100.00.014
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Table 5. Stochastic Dominance Tests for Equally Weighted Value and Growth Portfolios for the LSV
Sample (1963/04-1990/04) Boom Period

In this table we report the results of the firsecond-, and third-order stochastic dominance festhe LSV
sample (1963/04-1990/04) boom period. We repottltegccording to the Barrett and Donald (2003)-two
step test procedure. We first test whether the tatme distribution function of the value portfoli@turn
stochastically dominates the cumulative distributad the growth portfolio return. The results ambdlled as
‘Value Portfolio SDs Growth Portfolio’. Second, weport results of tests for the converse hypothesis
whether the cumulative distribution function of thgeowth portfolio return stochastically dominatése t
cumulative distribution function of the value poliib. These results are labelled as ‘Growth Padf@8Ds
Value Portfolio’. Three different value/growth cification criteria (BE/ME, E/P, and CF/P) are usedhe
tests. For the first-order stochastic dominancestege calculate analytical solution of the p-valfie®m the
asymptotic distribution assxp-2(S,)?). For the second- and third-order stochastic donieaests, KS1 and
KS2 indicate the tests based on two simulation odthKSB1, KSB2 and KSB3 represent the tests based
three bootstrap methods. P-values are reportdukitable.

Value/Growth

D Value Portfolio SDs Growth Portfolio Growth Portfolio SDs Value Portfalio
Definitions

Panel A. First-Order SD Test

BE/ME 0.746 0.058
E/P 0.593 0.071
CF/P 0.837 0.086

KS1 KS2 KSB1l KSB2 KSB3 KS1 KS2 KSB1 KSB2 KSB3

Panel B. Second-Order SD Test
BE/ME 0.772 0.819 0.699 0.792 0.763 0.062 0.069 0.054 790.00.071
E/P 0.776 0.814 0.701 0.791 0.760 0.064 0.074 0.052 860.00.073
CF/P 0.774 0.821 0.704 0.792 0.758 0.061 0.071 0.049 840.00.069

Panel C. Third-Order SD Test
BE/ME 0.706 0.738 0.598 0.731 0.720 0.095 0.049 0.039 620.00.056
E/P 0.706 0.734 0.601 0.732 0.726 0.124 0.071 0.061 930.00.071
CF/P 0.710 0.736 0.605 0.729 0.718 0.104 0.053 0.047 700.00.055
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Table 6. Stochastic Dominance Tests for Equally Weighted Value and Growth Portfolios for the Full
Sample (1951/07-2003/12) Recession Period

In this table we report the results of the firsecond-, and third-order stochastic dominance festhe full
sample (1951/07-2003/12) recession period. We tagsults according to the Barrett and Donald (3003
two-step test procedure. We first test whetherctiraulative distribution function of the value polib return
stochastically dominates the cumulative distributad the growth portfolio return. The results ambdlled as
‘Value Portfolio SDs Growth Portfolio’. Second, weport results of tests for the converse hypothesis
whether the cumulative distribution function of theowth portfolio return stochastically dominatése t
cumulative distribution function of the value poliib. These results are labelled as ‘Growth Padf@Ds
Value Portfolio’. Three different value/growth ctification criteria (BE/ME, E/P, and CF/P) are usedhe
tests. For the first-order stochastic dominancestege calculate analytical solution of the p-valdfie®m the
asymptotic distribution assxp(-2(S,)?). For the second- and third-order stochastic donieaests, KS1 and
KS2 indicate the tests based on two simulation odthKSB1, KSB2 and KSB3 represent the tests based
three bootstrap methods. P-values are reportdukitable.

Value/Growth

D Value Portfolio SDs Growth Portfolio Growth Portfolio SDs Value Portfalio
Definitions

Panel A. First-Order SD Test

BE/ME 0.679 0.272
E/P 0.764 0.272
CF/P 0.590 0.213

KS1 KS2 KSB1l KSB2 KSB3 KS1 KS2 KSB1 KSB2 KSB3

Panel B. Second-Order SD Test
BE/ME 0.794 0.827 0.727 0.776 0.765 0.266 0.264 0.239 560.20.276
E/P 0.798 0.811 0.718 0.763 0.765 0.194 0.213 0.192 170.20.233
CF/P 0.791 0.810 0.716 0.768 0.766 0.192 0.213 0.189 090.20.226

Panel C. Third-Order SD Test
BE/ME 0.756 0.765 0.671 0.712 0.747 0.270 0.238 0.213 440.20.241
E/P 0.742 0.755 0.661 0.701 0.731 0.198 0.173 0.147 660.10.175
CF/P 0.734 0.745 0.663 0.701 0.727 0.206 0.181 0.154 700.10.173
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Table 7. Stochastic Dominance Tests for Equally Weighted Value and Growth Portfolios for the LSV
Sample (1963/04-1990/04) Recession Period

In this table we report the results of the firsecond-, and third-order stochastic dominance festhe LSV
sample (1963/04-1990/04) recession period. We tagsults according to the Barrett and Donald (3003
two-step test procedure. We first test whetherctiraulative distribution function of the value polib return
stochastically dominates the cumulative distributid the growth portfolio return. The results &keelled as
‘Value Portfolio SDs Growth Portfolio’. Second, weport results of tests for the converse hypothesis
whether the cumulative distribution function of thgeowth portfolio return stochastically dominatése t
cumulative distribution function of the value poliib. These results are labelled as ‘Growth Padf@Ds
Value Portfolio’. Three different value/growth ctifscation criteria (BE/ME, E/P, and CF/P) are usedhe
tests. For the first-order stochastic dominancestege calculate analytical solution of the p-valfi®m the
asymptotic distribution assxp-2(S )?). For the second- and third-order stochastic dontieaests, KS1 and
KS2 indicate the tests based on two simulation odthKSB1, KSB2 and KSB3 represent the tests based
three bootstrap methods. P-values are reportdukitable.

Value/Growth

D Value Portfolio SDs Growth Portfolio Growth Portfolio SDs Value Portfalio
Definitions

Panel A. First-Order SD Test

BE/ME 0.721 0.130
E/P 0.832 0.368
CF/P 0.721 0.271

KS1 KS2 KSB1l KSB2 KSB3 KS1 KS2 KSB1 KSB2 KSB3

Panel B. Second-Order SD Test
BE/ME 0.778 0.804 0.710 0.773 0.761 0.189 0.193 0.192 260.20.212
E/P 0.782 0.791 0.710 0.759 0.749 0.179 0.190 0.181 340.20.210
CF/P 0.772 0.795 0.707 0.761 0.749 0.180 0.191 0.190 350.20.208

Panel C. Third-Order SD Test
BE/ME 0.737 0.746 0.642 0.707 0.726 0.186 0.157 0.145880.10.153
E/P 0.735 0.727 0.642 0.708 0.711 0.198 0.162 0.137 970.10.164
CF/P 0.722 0.736 0.641 0.705 0.721 0.190 0.153 0.131940.10.162
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