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Mining Fool’s Gold

Prologue What fools these mortals be.
--A Midsummers Night’s Dream

As readers of the popular business press, we are repeatedly confronted with stories of
successful investing strategies. Every now and then, one of these strategies cultivates a following
of disciples, generates a best-selling business book, and propagates a life of its own. One such
investment strategy is the Motley Fool’s “Foolish Four,” introduced in The Motley Fool Investment
Guide in 1996, its associated America OnLine forum, and The Motley Fool Internet homepage which
went on-line in August of 1994. In the book, authors David and Tom Gardner report that from 1973
through 1993 the Foolish Four portfolio had an average annual return of 25.5 percent compared to
only 11.2 percent for the 30 stocks (Dow 30) in the Dow Jones Industrial Average (DJIA). Beating
the Dow 30 by an average of more than 14 percent a year over two decades is a phenomenal feat.
This amazing accomplishment, combined with the Gardner brothers’ acerbic and amusing writing,
propelled the book to the top of the New York Times bestseller list with similar ascensions for the
Internet site and associated products such as the syndicated newspaper column.

In the Gardners’ writings, the use of the name “Fools” (capital F) derives from Shakespeare’s
Fools or court jesters who often were the only members of the royal court who dared to confound
conventional wisdom with plain and simple truth. Using this Foolish tradition of wisdom wrapped
in a veneer of wit and whimsy, the Gardners give much-needed financial advice and expose many
of the self-serving practices of the Wall Street Wise. With apologies to Shakespeare, we pay tribute
to the Gardners’ style with the highest form of flattery, and attempt to write with Shakespearean wit

within the requisite five acts.



In this paper, we address the issue of data mining and question whether the Gardners have
discovered investment’s golden chalice or just mined fool’s gold. We are not particularly interested
in the Gardners’ Foolish Four for its own merits. Rather, we are interested in using this popular
investment strategy as a vehicle for two purposes: first, to remind readers about the pitfalls of data
mining; and second, to ready remedies designed to help avoid these pitfalls.

Data mining is the practice of finding forecasting models by searching through data bases for
correlations, patterns, or trading rules. After searching over enough variables or rules-- say, one
hundred--a researcher will find, just by chance, about five that are statistically significant at the 95
percent confidence level. Data mining becomes particularly problematic when the final pattern is
proclaimed significant without providing the number of unsuccessful mining attempts. Discussions
of data mining are not new; nevertheless, we believe that the recent explosion of data availability and
the low cost of computing power make our investigation a valuable and timely reminder.'

In Act I we document the apparent Foolish Four success in order to use it for illustrative
purposes when discussing data mining. In Act I we discuss the potential pitfalls of data mining
when deciding between reality and coincidence. In Act III we prescribe four antidotes to these data
mining pitfalls. In Act IV we discuss the consequences of investor learning, and we conclude in Act

V.

! Data mining studies include: Jensen and Bennington (1970), Black (1986, 1993), Merton
(1987), lyengar and Greenhouse (1988), Lo and MacKinlay (1990), Mayer (1997), Leinweber
(1998), Kramer and Runde (1998), and Sullivan, Timmermann, and White (1998a and 1998b), and
Dimson and Marsh (1998).



Act 1. The Foolish Four What’s in a name? That which we call a rose by any
other word would smell as sweet.
--Romeo and Juliet
Scene 1: A Foolish Genealogy
The Foolish Four is an investment strategy touted by David and Tom Gardner in their best-
selling book, The Motley Fool Investment Guide: How the Fools Beat Wall Street’s Wise Men and
How You Can Too, (hereafter The Motley Fool) and on their popular website, www.fool.com. Our
interest in this strategy is pedagogical: we need a case study to discuss data mining pitfalls and
antidotes. The best way for us to explain the Foolish Four is to track its historical development or

genealogy, starting with the Foolish Four’s great-grandfather, the Dow Dividend approach.

Great-grandfather, Dow Dividend: The Dow Dividend approach (also known as the

Dogs of the Dow) sorts the DJIA stocks by their dividend yields at the beginning of
each year and then buys an equally-weighted portfolio of the ten highest-yielding
stocks. This strategy was popularized by Michael O’Higgins’ book with John
Downs, Beating The Dow, first published in 1991.?

Grandfather, Dow Five: The Dow Five strategy calls for an additional sort of the ten

Dow Dividend stocks by price and, each year, buying an equally-weighted portfolio
of the five lowest-priced stocks within the ten high-yielding set. This strategy is also
introduced in Beating the Dow and the move to five stocks is discussed in Knowles

and Petty’s The Dividend Investor, first published in 1992.

2John Slatter, then an analyst for Prescott, Ball & Turben, also proposed the dividend strategy
and documented its performance sometime in the late 1980's (see John Dorfman’s August 11, 1988
Wall Street Journal article).



Father, Dow Four: The Dow Four refines the Dow Five by dropping out the lowest-

priced stock in the Dow Five, a tweak to the Dow Five mentioned by O’Higgins but
institutionalized by the Gardners in The Motley Fool.

Son, the Foolish Four: The Foolish Four not only eliminates the lowest-priced stock,

but also doubles up on the second-to-the-lowest stock. This unequal weighting
strategy was institutionalized by the Gardners based on O’Higgins’ discussion of the

second-to-the-lowest-priced stock called the “Penultimate Profit Prospect.”

Thus, the Foolish Four follower would, at the beginning of January each year, fashion a four-stock
portfolio from the five lowest-priced of the ten highest-yielding Dow stocks. The four-stock
portfolio excludes the very lowest priced stock, then calls for a 40 percent weight on the second-to-
the-lowest priced stock and 20 percent weights on the remaining three stocks. In The Motley Fool,
the Gardners report that for two decades, from 1973 to 1993, the Foolish Four returned an annual
average return of 25 percent and that it “should grant its fans the same 25 percent annualized returns
going forward that it has served up in the past” (page 104). We have only minor quibbles with the
historical part of this claim (25 percent returns), but due to the data mining involved, we take

exception to the latter part (the same 25 percent annualized returns going forward).

Scene II: The Historical Data
In Table 1 we report annual returns and summary statistics for returns on an equally-weighted
portfolio of all the stocks in the DJIA, the Dow 30, and all four generations of the royal family (the

Dow Dividend, the Dow Five, the Dow Four, and the Foolish Four) as well a new member of the



family, the Fractured Four, that we discusse in the next Act. Returns on the DJIA index are not
included in the table because the index ignores dividends. The firms included in the DJIA at the
beginning of each year are based on the May 28, 1996 Wall Street Journal special report “100 Years
of the DJIA.” Dividends, prices, and returns are from the University of Chicago’s Center for
Research in Security Prices (CRSP) tapes.

We form portfolios using the closing price on the first business day of the year and hold the
portfolios until the close of the first business day of the following year.” When calculating returns,
we immediately reinvest cash dividends in the stock that paid them. The CRSP returns that we use
also include nonstandard distributions such as warrants and dividends paid in shares of another
company. These distributions are also sold immediately and reinvested in the Dow stock that paid
them. In rare cases where a DJIA stock ceases to trade before the end of the year due to a merger
or acquisition, we invest the proceeds for the stock in the CRSP total market portfolio until the
following year. The major differences between our CRSP-based returns and the returns based on
the Wall Street Journal data found in The Motley Fool and Beating the Dow are summarized in
Appendix A. However, we note that our conclusions are not materially affected by the source of raw
data. Our motivation for using the CRSP data rather than printed data sources is to allow for out-of-
sample tests without having to gather prices and dividends by hand.

The dividend yields used to form portfolios each year are based on the beginning-of-year

* The original Dow Dividend strategy, as described by O’Higgins, formed portfolios at the
close of the last business day of the previous year (see page 187 of Beating the Dow). In Knowles
and Petty’s perturbation of the strategy, portfolios are formed at the close of the second business day
of the year (see page 108 of The Dividend Investor). We form our portfolios on the first business
day of the year in order to be consistent with the Foolish Four strategy (see page 84 of The Motley
Fool).



price (i.e., closing price on the first business day of the year) and the annualized value of the last
ordinary quarterly dividend. Thus, we choose stocks with the highest trailing dividend yields. In
Table 1, we report results for 24 years of data, 1973 to 1996. The 1973 starting period matches the
starting period used by the Gardners. To us, the 1973 start date seems, at best, whimsical and, at
worst, the work of data mining. Hence, in Act IV we also perform an out-of-sample test with a
separate 24-year period, 1949 to 1972. The 1996 ending period is based on the availability of CRSP
data at the time of our research (June 1998).

Table 1 reports that the Dow 30 portfolio had an average annual return (arithmetic mean of
the 24 annual returns) of 15.80 percent and a standard deviation of 17.29 percent (see the first
column of Table 1). The Foolish-Four portfolio had both a higher mean and standard deviation,
28.03 and 26.97 percent, respectively (see the fifth column).* The Foolish Four strategy has been
spectacular; 28 percent per year on average with no heavy picking!” The Dow Dividend, Dow Five,
and Dow Four strategies’ mean returns increased monotonically from the Dow 30 to the Foolish-
Four, just as if each successive portfolio was a better investment strategy than the preceding

portfolio. Of course, this monotonic improvement in historical mean returns could also be the result

* The difference between the Foolish Four’s 28.03 percent return and the Dow 30's 15.80
percent return is statistically significant at the 99 percent level (t-statistic of 3.05 with a sample size
of 24). That is, were it not for the data mining, we could be 99 percent confident that the Foolish
Four premium did not arise by chance.

> We account for the discrepancy between our Foolish Four’s historical return in Table 1 of
28 percent and the 25 percent reported in the Gardners’ book in two ways: first, we include 1994,
1995, and 1996, and the latter two were very good for most portfolios, and second, we reinvest all
distributions immediately whereas, for reporting purposes, the Gardners let cash dividends sit idle
until they are reinvested at the beginning of the next calender year.
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of successive rounds of data mining.® Are the Gardners gallant geniuses guiding us toward genuine
gems, or are they merely mundane miners manipulating us toward mediocre mendacity-- that is the

question. (We call this word mining).

Act II. The Golden Chalice vs. Fool’s Gold Wisely and slow; they stumble that run fast.
-- Romeo and Juliet

As researchers, we are unable to fully analyze the significance of a strategy that worked in
the past without knowing how many strategies were explored unsuccessfully. This inability includes
unsuccessful strategies tried by the Gardners themselves (which we call intra-generational mining)
and unsuccessful strategies tried by prior investment advisors such as Michael O’Higgins or Knowles
and Petty (which we call inter-generational mining)’. The inability to assess the significance of a
trading rule found after extensive collective searching has been dubbed the “file drawer problem”
by Iyengar and Greenhouse (1988) and “data mining” by Merton (1987), Black (1986, 1993), and
Lo and MacKinlay (1990).® Essentially, the true statistical significance of successful investment

strategies can be assessed only after quantifying the number of unreported or unpublished failures

%In The Motley Fool, the Foolish Four strategy is described as a simple way for investors
to beat the Dow. Subsequently, on the website, the Foolish Four has been labeled a “model”
strategy, not a “real dollar” strategy. Nevertheless, many of the “real dollar” strategies are simply
derivatives of the Foolish Four. Whether a “model” or “real dollar” portfolio, for our purposes, the
Foolish Four is an excellent vehicle to discuss data mining.

’Other researchers, including Lo and MacKinlay (1990) and Sullivan, Timmermann, and
White (1998a and 1998b), call inter-generational mining “data snooping,” and show how successive
uses of the same data set by interdependent researchers leads to inappropriate conclusions.

¥ Peter Coy (1997) discusses data mining in a broader context including The Bible Code,
cancer hot spots, and clinical drug trials. Among technical traders, data mining is called
“optimization.” This term refers to the practice of finding the best possible parameter values of a
trading rule over a set historical time period.



gathering dust in the file drawers of stock market analysis, traders, and researchers. Because we do
not know the degree of data mining that led to this one “successful” rule, we cannot directly access
its significance. Black’s (1993) comments on the disappearance of the “size anomaly” seem an
appropriate caution:

What this sounds like is that people searched over thousands of rules until they found
one that worked in the past. Then they reported it, as if past performance were
indicative of future performance. As we might expect, in real-life out-of-sample
data, the rule didn’t work any more.

The Gardners seem to understand the principle of data mining, at least in its intra-
generational form, and expose the practice using the label “back-testing” instead of “data mining”
in the following account (see page 264 of The Motley Fool) of Stephen Leeb’s Master Key
investment strategy which promised incredible returns:

How was this “Master Key” invented? Back-testing. In other words, using past
results, somebody essayed to develop a formula that succeeded in identifying the
optimal times to buy and sell stocks over the past history of the market. Beginning
with a basic premise for when to buy and when to sell, the resulting formula would
then be tweaked any time it didn’t work. Let’s say the back-tester formulated things
this way: Buy on Mondays, sell on Tuesdays. He would then begin back-testing until
he hit a snag in which it was actually better to buy on Tuesday and then sell on
Monday. Let’s say that first snag came in August 1994. The back-tester would then
tweak the back-tested formula to say, “Buy on Mondays and sell on Tuesdays, except
in August 1994 when you buy on Tuesday and sell on Mondays.” And so on. Once
you go back far enough and invent enough exceptions, you can end up devising a
perfect market-timing formula. Unfortunately, you would have wasted your time;
such a formula has no predictive value or useful application (other than to
unscrupulous advertisement copywriters. )

To the Gardners we say: “Mischief, thou art afoot.” Is switching Mondays for Tuesdays that far
removed from switching from five to four stocks by disdaining the lowest-priced high-yielding stock
while simultaneously doubling-up on a similar stock that only sells for two bits more? Prithee,

shouldn’t we play by one set of rules?



Given the number of creative people working in the industry, the flood of data, and the
explosion of cheap computing power and canned statistical software, we would be surprised if
aleatory historical patterns in stock returns were not regularly “discovered.” Given enough monkeys,
typewriters, and time, eventually a monkey will produce: “Friends, Romans, countrymen, lend me
your ears!” Furthermore, the probability of finding such a line would increase substantially if society
rewarded the finder with power, prestige, and the choice of an endowed chair at a well-known school
of business, a Wall Street bonus big enough to endow such a chair, or the proceeds from a best
selling book.

To illustrate our point, we took a shot at the data mining game ourselves. Vested in our steel-
toed boots and hard hats, we tumbled from our ivory tower and slithered into the shaft. Just as
Michael O’Higgins noticed that the high yielding stocks in the DJIA had high subsequent returns,
and just as Knowles and Petty noticed that the five highest yielding stocks performed particularly
well, and just as Ann Coleman, editor of the Weekly Fool, noticed that the very lowest-priced stock
performed poorly, and just as “Gazing on the numbers a minute more, a Fool further notes that the
second-lowest priced stock . . .provided unbelievable returns over the past two decades” (see page
85 of The Motley Fool), we, too, noticed something. We noticed that all four of the Foolish Four
stocks typically did well in even years but not odd years. Thus, in the spirit of the Fools, we formed
our own new member of the Dow Dividend clan, the crown prince of the family we call the
“Fractured Four.” In our Fractured Four, we proscribe holding the Foolish Four stocks in equal
weights in even years and buying only the second-to-the-lowest stock (Penultimate Profit Prospect)
in odd years. Look hither, O ye Fools, the Fractured Four earned an average return of 34.82 percent

(see Table 1), nearly 35 percent a year with a 24-year track record! Just as the Foolish Four beat its



great-grandfather, the Dow Dividend, by about 8 percent per year, the Fractured Four in turn beat
its father, the Foolish Four, by almost 8 percent per year. And we did it in just one generation (or
so we say). The King (Foolish Four) is dead, long live the King (Fractured Four).

Now, in case you missed the point: don’t try this at home. Our purpose in describing the
Foolish Four and introducing the Fractured Four is not to evaluate a specific strategy or to give
investment advice of our own, but to evaluate the pitfalls of data mining. Our hope is that the
Fractured Four is so obviously the product of inter-generational (and perhaps intra-generational, we
won’t tell) mining that it drives home the point: “successful” investment strategies, even those that

have been “successful” for 24 years, may turn out to be fool’s gold, not a golden chalice.

Act III. Antidotes for Data Mining Something is rotten in the state of Denmark.
—Hamlet
Data mining happens. Pray tell, now what? In the following four scenes we give some

suggestions designed to help investors recognize the signs of, and then test for, mining.

Scene 1. Warning Signs

The most straightforward warning sign of data mining, if acknowledged by the investigator,
is a high number of variables. David Leinweber (1998), in his satiric study, Stupid Data Miner
Tricks, mines the United Nations’ database and finds that butter production in Bangladesh can

predict 75 percent of the variation in the Standard & Poor’s 500 stock index. Searching over all the
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variables in the UN database is a dead giveaway.” The Gardners’ comment, “But 21 percent growth
annually wasn’t enough for Fools in our online forum, who began to pick apart the historical
numbers, aspiring to construct more profitable models” (page 84 of The Motley Fool), should also
raise a red flag. Inter-generational mining may be harder to recognize, but a few words such as
“notes” or “noticed,” that build on each other should raise suspicions. These words indicate that the
new generation of miners is choosing the direction for prospecting after observing the findings of
prior miners who used similar data. Examples of these tell-tale signs of inter-generational mining
include The Motley Fool’s “in his text O’Higgins notes™ and our use of the phrase “we noticed that.”
Taken together with its forefathers, our Fractured Four portfolio has at least searched over dividend
yields, prices, years, number of stocks in the portfolio, and weighting schemes. One wonders what
else was tried? Did researchers look at the S&P 500 before the Dow? Did they unsuccessfully
search over industries, starting dates, P/E multiples, sales levels, number of analysts, length of
dividend history, prior returns, book-to-market ratios, and letters in the alphabet? We don’t know;
and that, dear reader, is the point.

A related problem is not knowing how many different funds were actually started by an
investment group. Data mining has a clever understudy we call “portfolio prospecting.” Briefly,
amutual fund family could, without fanfare, start several small funds. Three years later one of those
funds will have unusually high returns just by chance, and with all the flags and the trumpets it is

0

hard not to focus on the winner."” Thus, portfolio prospecting--a pernicious game of losers

? In a more advanced “stupid trick,” Leinweber (1998) uses a ninth degree polynomial to
perfectly fit eight years of the S&P 500 index with just one variable, years. He concludes his study
with an appropriate warning, “Don’t fall into the data mine.”

1% See Carhart (1997) for documentation of the survivorship bias in mutual funds.
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concealed and winners revealed--yields another warning sign. In light of the portfolio prospecting
problem, the reports by Gary Karz’s and Mark Hulbert make us suspicious. They report that, early
on, the Gardners started and stopped several funds. One Foolish portfolio called “Running With the
Market” was closed after six months of poor performance. Reportedly, another portfolio started by
the Gardners slightly underperformed the market in 1994, and this portfolio did not make the jump
from their printed newsletter to their book or online service (See Hulbert (1998) and Karz’s

investment site, www.investorhome.com/fools.htm along with the Foolish response at

www.fool.com/pr/htm). Furthermore, the actual make-up of the Foolish Four has recently changed.

Our description of the Foolish Four is from the 1996 book and was the definition when we started
this article. But alas, this description is no longer valid. On 30 December 1997, David Gardner
announced a “policy change” for the Foolish Four model (see

www.fool.com/DDow/1997/DDow971230.htm). A tweak by any other name is still a tweak. In this

“policy change,” out went doubling-up but in came equal weights and a new double ranking system
(by dividend yield and by price) which only rarely excludes the lowest price stock. This new Foolish
Four was formerly called The Unemotional Value or UV4.!! Given our recent discussion of warning
signs, the following explanation for the tweak, given on the Fools’ web site, needs no explanation.
“Why the switch? History shows that the UV4 has actually done better than the old Foolish Four”

(see www.fool.com/DDow/1997/DDow971230.htm).

"The Motley Fool website and databases actually track a host of different strategies, most
with colorful names including The Dow Dozen, Dow Racers, Boring, and Combo, but alas no
Fractured Four. We find this plethora of strategies problematic in light of the potential for data
mining and portfolio prospecting.
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Scene 2. No Story

The lack of any motive for tweaking a rule, besides the fact that it works better historically,
is another data-mining warning sign. A valid trading strategy must have a plausible theory or story
as to why the strategy works. On the one hand, the Foolish Four’s great-grandfather, the Dow
Dividend portfolio, can be justified as an application of value style investing. The story is that some
stocks fall out of favor in the marketplace, perhaps as an over-reaction to bad news, and that these
stocks are available at lower-than-fair prices. A comparison of financial ratios like dividend yield,
P/E, or market-to-book, has the potential to reveal undervalued securities. Of course, one has to
wonder at the simplistic way the value style of investing is applied in the Dow Dividend portfolio
(i.e., only look at the thirty DJIA stocks and always buy exactly ten), but at least a coherent theory
for looking at dividend yield exists.

On the other hand, a simple comparison of raw share prices between different securities is
nonsensical--the only difference between a $20 and a $10 share is a stock split. Even if sorting by
raw share price was grounded in logic, the paradox of choosing between the two lowest-priced stocks
remains. What theory partitions these two very similar stocks, differing by only a few cents in price?
What makes one a perpetual looser, not worthy of purchase, and the other a persistent winner, worthy
of an extra proportion? What is the justification for a 40 percent proportion, besides mining the
historical data? Have we completely missed the grand unifying Goldilocks theory of stock price
(not too low, not to high, but just right)? Beware, dear reader, of a play full of odd coincidences
without a convincing plot. The famous NFL/AFL Superbowl trading rule was mined by sports-
minded traders in the 80's, and it also “worked” for decades, but only after the fact.

In his book, Against the Gods: The Remarkable Story of Risk, Peter Bernstein cautions
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against not only simple, but also complex trading rules void of the necessary story or theory.

Likeness to truth is not the same as truth. Without any theoretical structure to explain

why patterns seem to repeat themselves across time or across systems, these

innovations provide little assurance that today’s signals will trigger tomorrow’s

events. We are left with only the subtle sequences of data that the enormous power

of the computer can reveal (page 334).

Unlike a good story in a play, a good story in a trading strategy is a necessary but not a
sufficient condition for a trading strategy to have value going forward. Once its success is
spotlighted, even a strategy with a suitable story will loose its sting once it is seen. The propensity
for successful strategies to loose predictive power is one manifestation of the dreaded Efficient
Market Hypothesis from financial economics. Economists assert that public information about a
stock, such as the fact it has a high dividend yield, is quickly and accurately incorporated into its
share price as investors buy and sell on that information. In the extreme form of this theory, the
market price is always the best possible estimate (based on publicly available information) of a
stock’s true value. If the market price correctly incorporates all public information, then no stock
is a better investment than any other, and most of us might as well invest in an indexed mutual fund.

Fighting against the Efficient Market Hypothesis can be foolhardy. The hypothesis is self
healing. Anomalies make it stronger. Each time a combatant illuminates a chink in its armor, this
very find leads to competition among other contestants which eliminates the anomaly. We laugh at
the old joke, but even if the Fools claim that people find 100 dollar bills in the canyons of
Manbhattan, they must concede that the bills would not be on the sidewalk for long. Lee and

Verbrugge (1996) observe that empirical flaws in the theory actually cause the theory to become

more robust. They comment: “Those who do the most to ensure that the efficient market theory
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remains fundamental to our understanding of financial economics are not its intellectual defenders,
but those mounting the most serious empirical assaults against it.”

One does not need to be a market efficiency extremist to dismiss simple trading rules like the
Foolish Four, even if it did have a plausible story. While the stock market may not be perfectly
efficient, competition among the millions of individual and institutional investors in the United
States will eliminate the value of simple trading strategies once they are made public. Ultimately,
the only potential value of a simple trading rule published in a best-selling book is to exploit those
who follow it. In Act V, we will show that exploitation may in fact be happening with respect to the

Foolish Four.

Scene 3. Out-of-Sample Tests

Warning signs and the lack of a reasonable theory lead us to a more concrete antidote to
mining: testing the strategy out-of-sample. Continuing with the Foolish Four illustration, if owning
high-yield low-price (but not too low) stocks is rewarding, shouldn’t this strategy work in the 1950's
and 1960's, as well as in the 1970's and 1980's? Shouldn’t it work in July, as well as January?
Shouldn’t it work in Europe and Asia, as well as in the U.S.? Truth does not change every time we
turn the calender or cross some arbitrary line on a map. Real truth should have legs. With truth’s
robustness in mind, we test the Foolish Four strategy by traveling out-of-sample in two directions.
First, in order to match the Gardners’ sample size, we look at the 24 years, 1949 to 1972, just prior
to the in-sample period. Second, using the in-sample years, 1973 to 1996, we initiate the Foolish
Four strategy on the first business day every July (i.e., midyear) rather than the first business day of

January. If our suspicions based on warning signs and the lack of a convincing story are right, the
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Foolish Four should not beat the Dow 30 by the large premium (12.23 percent per year) found in-
sample.'

In Table 2 we report the 1949 to 1972 results for the Foolish Four and the Dow 30. Over this
out-of-sample period, the Dow 30 portfolio returned 14.11 percent a year on average and the Foolish
Four portfolio returned 14.43 percent. Technically the Foolish Four did beat the Dow 30 out-of-
sample, but 0.32 percent may not be worth writing home about. In Table 2 we also report the results
of initiating the Foolish Four strategy at the close of the first business day in July, and holding it for
a year before rebalancing. Thus, this test is only partially out-of-sample, since we are in-sample with
regards to fiscal years, 1973 to 1996, but out-of-sample with regards to the anniversary day of
ranking, buying, and selling. When labeling the results in Table 2, we designate the 12-month period
ending the first trading day of July 1996, as fiscal year 1996. Using this mid-year approach, the Dow
30 averaged 14.35 percent whereas the Foolish Four averaged 17.30 percent. This 2.95 percent
difference may be worth writing home about; but forsooth, it is a far cry from the 12 percent mined
using January data, and may not be worth writing a book about. Beware the ides of July.

A third potential out-of-sample test is to look at returns since the Foolish Four was
discovered. Unfortunately, with only a few years since the book’s publication, a full statistical test
is powerless. For what it is worth, we can look at 1994 to the middle of 1998 (the time we penned

this tome) as anecdotal evidence. In 1994, the Foolish Four lost money in a year the Dow 30 was

2Suspicious readers may question our choice of the two out-of-sample tests. Did we engage
in “reverse data mining,” searching for out-of-sample tests that exhibited the weakest possible results
for the Foolish Four portfolio? We can only assure readers that we did not. The previous 24 years
was our only choice of a true our-of-sample test without collecting international equity data. July
was chosen as the alternative starting month because it is midyear and thus the month furthest away
from January.
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up. Then in 1995, 1996 and 1997, the Foolish Four beat the Dow 30. So far (as of the end of June
1998), the Foolish Four has not faired well in 1998, up only 4.5 percent whereas the Dow 30 is up

14.2 percent as reported by the Fools (see www.fool.com/DDow/DowReturns.htm for updates.)

In summary, in our longest and completely out-of-sample results, the 1949 to 1972 period,
the Foolish Four and the Dow 30 had almost identical returns. In our quasi-out-of-sample mid-year
test the Foolish Four beat the Dow 30 by about 3 percent a year. And the post-1993 anecdotal
evidence finds that the Foolish Four beat the Dow 30 in three of the last five years. To the Gardners’
credit, the Foolish Four probably beat the majority of actively managed funds. But the Foolish Four
is not a tremendous traveler and is rather timid in new territory. It did not trounce the Dow 30 by
the double digits typical on its home stage. As we discuss next, however, even the 12 percent home

stage premium is tenuous, since judging strategies by their unadjusted nominal returns can be tricky.

Scene 4. Risk, Transaction Costs, and Taxes

Although the analysis in Table 1, and to a much lesser extent Table 2, shows that the Foolish
Four portfolio had higher mean returns than the Dow 30, it also shows that the Foolish Four had
higher risk (as measured by the standard deviation.) In addition, following the Foolish Four strategy
requires many more trades than following the Dow 30 strategy. Finally, by construction, a larger
portion of the Foolish four return comes in the form of dividends, which had a tax disadvantage
during much of the sample period (prior to 1987 and since 1993.) We now adjust the Foolish Four

results for its higher risk, more frequent transactions, and tax disadvantages following the work of
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McQueen, Shields, and Thorley (1997)."

Sharp’s portfolio performance measure can be used to correct or penalize the Foolish Four
portfolio for its higher degree of risk. With only 4 stocks in the portfolio, and a 40 percent weight
on just one stock, a substantial amount of unsystematic risk remains, resulting in a higher standard
deviation than the better diversified Dow 30 portfolio." Using the 1973 to 1996 Treasury bill annual
mean of 7.18 percent, the Foolish Four’s return can be transformed to a risk-adjusted 20.55 percent
(with a standard deviation of 17.29 percent, similar to the Dow 30 portfolio)."”” This adjustment is
akin to investing about 64 percent of one’s money in the Foolish Four portfolio, with 36 percent in
Treasury bills. Adding this proportion of Treasury bills to the overly risky Foolish Four portfolio
results in an adjusted portfolio with a standard deviation exactly equal to the Dow 30, facilitating
a fair comparison. Without adjustments for risk, the difference in the two portfolio means is 12.23
percent (28.03 - 15.80). However, the Foolish Four risk-adjusted return is only 20.55 percent, and
the difference shrinks to 4.75 percent (20.55 - 15.80). Thus, risk alone explains most of the Foolish

Four in-sample premium over the Dow-30 portfolio. A similar comparison of the Foolish Four to

"> Our adjustments for risk, transaction costs, and taxes are in the spirit of the Gardners’
appropriate and insightful insistence in their Appendix B that the investment industry report returns
after accounting for all transaction costs and then compare these adjusted returns to the market
return.

' In The Motley Fool, the Gardners suggest that after investing in the Foolish Four, some
more sophisticated investors may want to enhance returns by buying select small stocks and shorting
other stocks. These two additional strategies would provide some of the diversification lacking in
the Foolish Four portfolio.

The transformation is: risk adjusted return = (0.2803 - 0.0718)( g;;gz

) +0.0718
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its Great-Grandfather, the Dow Dividend portfolio, shows a small decline in the risk-adjusted mean
return. In other words, there have been no improvements in risk-adjusted performance since the
original Dow Dividend portfolio was discovered. Apparently, the miners were looking for high
returns, not low risk.

We now turn our attention to transaction costs. The stocks in the DJIA have been relatively
stable. The most recent change was March 1997, when Travelers Group, Hewlett-Packard, Johnson
& Johnson, and Wal*Mart replaced Westinghouse, Texaco, Bethlehem Steel, and Woolworth. The
next most recent change was 6 years earlier (May 1991) when Caterpillar, J.P. Morgan, and Walt
Disney Company replaced Navistar International Corporation, Primerica Corporation, and USX
Corporation. In fact, for our sample period, an average of only 0.50 out of 30 firms changed in the
DIJIA each year. Comparatively, the firms in the Foolish Four portfolio were quite volatile. On
average, 2.39 out of the 4 firms changed each year, resulting in a large transfer of wealth from the
Fools to the Wall Street Wise. Remember, low-cost on-line trading is a relatively recent
phenomenon. If we assume a 1.00 percent one-way transaction cost, 1.20 percent of the Foolish
Four’s wealth is lost to transaction costs in a typical year, whereas only 0.03 percent of the Dow 30's

value is lost in dissipative trading.'® After transaction costs are accounted for, the risk-adjusted 4.75

16 The annual transaction costs are calculated as follows:

Foolish Four annual transaction cost = 2 ( %) x1% = 1.20

Dow 30 annual transaction cost = 2 [ %) x1% = 0.03

Both of these estimates are conservative since some rebalancing is required each year in the Dow-30
and Foolish Four portfolios, even when the DJIA composition is stable. In addition, the Foolish four
will require half trades when the doubled-up Penultimate Profit Prospect changes, but remains in the
Foolish Four.
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percent Foolish Four’s premium further decreases to only 3.58 percent (19.35 - 15.77.) In the two
out-of-sample tests, the Foolish Four’s premium is either nearly nil or worse, negative.

Next we consider two Dow 30 tax advantages for an individual with a multiple-year holding
period and assets outside of an IRA. First, capital gains are taxed only when the gain is realized.
Because the Dow 30 results in fewer transactions, it allows for longer tax deferment. Second,
dividends are generally taxed at a higher rate than capital gains; yet, by definition, the Foolish Four
delivers more of its return in the form of dividends. With the exception of the 1987 to 1990 tax
years, capital gains have received favorable tax treatment.

A formal analysis of the Dow 30's two tax advantages (longer deferment and lower tax rates)
would depend on an individual’s marginal tax rate and year-by-year tax law changes, particularly the
capital gains law. Yet, after we adjust for risk and transaction costs, a mere 3.58 percent premium
remains for the Foolish Four strategy. We believe that most of this difference would have been
captured by the IRS.

Like Macbeth’s triad of “thunder, lightening, and rain,” the triple threat of risk, transaction
costs, and taxes can do damage to nominally profitable strategies. Burton Malkiel (1998, page 36)
conclusion is quite conclusive: “Investors should be very wary of any scheme that promises
unusually large returns based on past patterns of stock returns. Relative to a buy-and-hold strategy,

the only beneficiaries are likely to be your broker, the tax collector and book authors.”

ActIV. Fooling the Fools O, sir, to wilful men, the injuries that they themselves
procure must be their schoolmasters.
—King Lear
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Regardless of whether the Foolish Four is a product of coincidence or reality, the golden
chalice or fool’s gold, a caveat regarding investor learning is called for. Market participants are not
fools. Even the starched shirt and suspenders gang on Wall Street have agile intellects and sharp
pencils. If some investors notice that Fools flock to the Foolish Four stocks each January, then these
investors will design a simple rule to fleece them. In a form of front running, an investor could buy,
say, in late December, the stocks most likely to be in the Foolish Four. Then, on the first business
day of January, watch as the Foolish Four followers bid up prices. Of course, if these fleecers
regularly bought in late December to take advantage of the Fools, they too could become the targets
of new front-front runners, who, in turn, would feed the front-front-front runners, and so on. In this
fashion of investor learning, any publicized pattern in returns should be arbitraged away by the
wolves on Wall Street.

In Figure 1, with data since the strategy was publicized (1994 to 1997), we show evidence
that the popularity of the Foolish Four strategy, together with the Dow Dividend strategy, is in fact
large enough to affect market prices. Cumulative excess returns are plotted over time with day zero
being the first business day in January. The graph provides weak evidence of abnormal buying
starting about five or six days prior to the official proscribed Foolish Four starting day. Then, on the
first day of the new year, prices clearly jump. Consequently, at the end of the first day of trading,
strict followers of the Foolish Four strategy end up buying higher priced stocks and miss out on

several percentage points of potential return. Somebody has been fooling the Fools."”

"Evidence of investor learning has been found in other areas of investing by Nichols and
Brown (1981), Halpern and Turnbull (1985), Mittoo and Thompson (1990), and McQueen and
Thorley (1986). We note that the Motley Fools announce their intended trades and do not participate
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Aninteresting anecdote regarding investor learning is the run up in prices on the Foolish Four
stocks before the opening bell on the first trading day in 1998. For example, Eastman Kodak closed
1997 at $60 9/16, and opened 1998 at $62 1/8 and International Paper closed 1997 at $43 1/8 and
opened 1998 at $45. Anyone following the Foolish Four strategy on the first trading day in 1998
clearly got hurt. Then, on their website, the Gardners reported the lower year-end closing prices as
the basis for beginning the new year when these prices were not available to followers who dutifully
bought on the first business day. Marry, some disciples were disillusioned (see

www.fool.com/ddow/1998/ DDow980105).

V. The Final Act Wisdom cries out in the streets, and no man regards it.
—Henry IV part 1

What have we learned, or has our play been much ado about nothing? First of all, using The
Motley Fool’s Foolish Four model portfolio, we learned something about the pitfalls of data mining.
We learned that by digging through enough data or trading rules, one will find some that work just
by chance. In fact, within a few minutes of looking at the data, we were able to mine a nugget of our
own: the Fractured Four, which had a historical average return of 34.82 percent over 24 years.
Should we start a newsletter, write a book, and set up a website? Au contraire; we will remain
unknown legends in our mine. Our Fractured Four will not work well out-of-sample. It is at least
the product of inter-generational data mining over indexes, dividend yields, prices, years, number
of stocks in the portfolio, and weighting schemes. No one knows what other variables, rules, or

patterns have been mined by prior prospectors. Thus, we have learned that because of ubiquitous

in frontrunning. However, as with any rule based strategy such as the Foolish Four, outsiders could,
and apparently did, anticipate the changes in the portfolio and profit from frontrunning.
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mining activity, all “successful” investment strategies are suspect.

Second, armed with our suspicion, we have learned some ways to avoid data mining’s
tempest. Vigilance for warning signs is a great starting point. The more variables involved, the
more likely the strategy worked just by chance. Also, rules that are built upon the shoulders of prior
successful rules are guilty of inter-generational mining. Next, let reason be your guide. Having a
plausible and reasonable theory of why the strategy worked is far more important than just knowing
that it did work. Having an appreciation of the very competitive nature of investing (Efficient
Market Hypothesis) is essential. Remember, in one sense, the market price represents the collective
wisdom of all investors. Therefore, theories or explanations based on dumb, lazy, or myopic market
participants are not to be trusted. Then, testing successful strategies out-of-sample can be
enlightening. Truth should have legs. A “true” trading rule should be able to travel to other time
periods and other countries. Finally, never be impressed with unadjusted nominal returns. Many
trading rules that yield high nominal returns come at a price. Look for the hidden price tags of higher
risk, higher transaction costs, and higher taxes.

Third, we have learned that all is not well that ends not well. Any popular investment rule
or strategy will fall victim to its own success. As evidence that a multitude of forty-niners will be
descending on a few mines is made public, front-running miners and merchants will maneuver to
profit from the migration and, in the process, marginalize the mine. The owners of data mines often
find apparent anomalies. Even so, after workers dig in virgin territory, and after the owners, brokers,
IRS, and front-runners strip off their share, what part of the mine is left? You guessed it--The Shaft!

We end on a more positive note. Although we have been unkind to the Gardners’ Foolish

Four model strategy, we are not calling for a billion dollar bonfire of best-selling books. We find
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much of the Gardners’ advice to be accurate, timely, and fun. Advice found in their second book,
You Have More Than You Think, (i.e., stop gambling, save more, invest long term in stocks, avoid
high commissions, enjoy life) is sorely needed. We also resonate and join with the Gardners’
drumbeat calling for more financial education in primary and secondary public education. We would

recommend that, as part of their financial education, students be taught the dangers of data mining.
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Appendix A
After implementing the various Dividend Investor strategies using the CRSP data files, we compared
our results to those reported in a historical data set sold on The Motley Fools’ website. The four
major differences between the two sources are:

1) In our returns, all cash dividends are reinvested immediately, whereas, in The Motley Fool’s
returns, cash dividends are held, without interest, until the first business day of the following year.

2) In our returns, all warrants, dividends in the form of other company’s stock, and other non-cash
distributions are sold off and the proceeds are reinvested in the distributing stock. In The Motley
Fool’s returns, these non-cash distributions are held until the first business day of the following year.
For example, in mid-1992 each share of Union Carbide distributed another share of Praxair. Our
returns immediately sell the Praxair share and reinvest the proceeds in Union Carbide, whereas The
Motley Fool’s returns hold Praxair until January 5" 1993.

3) Both our returns and The Motley Fool’s returns calculate dividend yields as four times the most
recent ordinary dividend divided by the first business day’s closing price. However, on several
occasions the CRSP’s classification of “ordinary” differs from The Motley Fools’ classification.

4) We found that The Motley Fool’s returns have a small number of errors including data entry
errors, non-cash distribution errors, and DJIA membership errors. An example of each type of error
follows:
The CRSP tapes and the Wall Street Journal both report that on Monday, January 3, 1977,
Standard Oil of California’s (now Chevron) closing price was $40 5/8, not the $58 7/8
reported in The Motley Fool’s data set. Incidentally, Standard Oil of Indiana did close at $58
7/8 and Standard Oil of Indiana was listed just below Standard Oil of California in the Wall
Street Journal.

In 1991, USX split into two securities. An existing USX stockholder received one-fifth of
a share of a new class of stock called USX-U.S. Steel Group for each old USX share. USX
shares outstanding were then evenly exchanged for USX-Marathon Group stock. Thus, the
old share was divided into 0.2 shares of USX-U.S. Steel and one full share of USX-
Marathon. The Motley Fool'’s returns are based on a shareholder receiving one full share of
USX-U.S., not the 20 percent of a share actually distributed.

Coca-Cola and Boeing did not join the DJIA until March 12, 1987. However, The Motley
Fool’s data set includes these two companies in the DJIA on January 2, 1987.

The basic conclusions in our paper are not sensitive to the data discrepancies described here. Our

year-by-year returns for each stock are available at msm.byu.edu/emp/grm/grm.htm.
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Historical Returns and Summary Statistics

Table 1

for Various Dow Dividend Portfolios

1973 to 1996

Dow

Year Dow 30 Dividend Dow Five  Dow Four

73 -10.03 4.92 20.97 28.07

74 -15.49 1.46 -3.67 6.28

75 49.46 60.78 73.69 78.33

76 31.53 35.23 41.15 41.72

77 -13.30 -1.90 0.49 -1.24

78 0.92 2.77 3.08 8.88

79 12.96 11.57 8.18 13.49

80 24.17 31.04 46.37 46.10

81 -2.16 6.11 1.03 -3.65

82 22.16 23.46 30.91 44.25

83 34.62 38.87 35.84 33.53

84 -0.46 6.96 10.09 14.12

85 31.33 30.49 40.02 41.75

86 23.95 33.96 24.46 29.04

87 17.89 10.11 12.67 2.65

88 19.14 24.23 21.42 20.83

89 31.10 29.81 12.20 8.18

90 -7.24 -7.82 -14.93 -12.65

91 29.60 35.49 62.58 69.48

92 12.72 11.85 31.08 43.72

93 18.76 25.39 34.04 41.13

94 3.93 3.44 6.89 1.50

95 37.55 39.32 33.08 44.27

96 26.08 29.95 29.83 34.05

Average 15.80 20.31 23.40 26.41

Standard 17.29 16.50 20.69 22.78
Deviation

28

Foolish
Four

31.73
3.73
93.61
44.57
0.28
7.43
8.98
48.47
2.40
54.07
33.74
11.86
38.64
30.24
341
21.51
9.45
-13.15
92.80
40.44
41.24
-6.08
40.09
33.28

28.03

26.97

Fractured
Four

46.39
6.28
154.73
41.72
6.36
8.88
-9.08
46.10
26.59
44.25
34.57
14.12
26.20
29.04
6.46
20.83
14.55
-12.65
186.11
43.72
41.69
1.50
23.38
34.05

34.82

44.50



(Table 1 continued)

Note: The portfolios are formed using the closing prices and trailing dividend yields on the close
of the first business day of each year. The portfolio definitions are:

Dow 30:

Dow Dividend:

Dow Five:

Dow Four:

Foolish Four:

Fractured Four:

an equally-weighted portfolio of all 30 stocks in the Dow Jones Industrial
Average (DJIA)

an equally-weighted portfolio of the ten DJIA stocks with the highest
dividend yield

an equally-weighted portfolio of the five lowest-priced stocks in the Dow
Dividend Portfolio

an equally-weighted portfolio of the four highest-priced Dow Five stocks

a portfolio of the Dow Four stocks with 20 percent weight on the three
highest-priced stocks and 40 percent weight on the lowest-priced stock

the Dow Four in even years and the “penultimate profit prospect” in odd
years
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Out-of Sample Historical Returns and Summary

Table 2

Statistics for the Dow-30 and Foolish Four Portfolios

Year Dow 30

49 22.38

50 28.93

51 21.33

52 13.72

53 2.17

54 55.17

55 24.14

56 9.20

57 -7.79

58 42.45

59 17.51

60 -3.70

61 23.18

62 -7.09

63 21.87

64 19.41

65 17.06

66 -15.42

67 22.09

68 10.36

69 -10.15

70 8.00

71 7.96

72 15.87

Average 14.11

Standard 16.01
Deviation

Foolish
Four

30.05
35.72
30.48
15.88
-14.39
68.76
19.08
10.49
-15.99
52.04
11.53
-5.65
25.07
-13.45
14.18
23.64
28.71
-24.89
37.11
11.00
-14.52
-11.07
14.35
18.14

14.43

22.62

30

Year

Average

Standard
Deviation

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

Dow 30
-4.38
-2.40
23.65
23.08

1.73
-7.94
7.53
10.75
19.58
-14.55
60.68
-2.68
26.71
37.75
32.57
-5.96
18.15
18.74
5.80
18.56
13.48
6.03
29.22
28.34

14.35

16.91

Foolish
Four

2.09
-19.32
21.45
23.26
11.76
-8.66
14.73
13.41
23.55
9.11
53.99
4.23
31.42
39.81
51.13
-15.59
24.49
5.33
7.14
5.35
31.37
-3.30
41.12
47.35

17.30

19.83



Figure 1
Foolish Four Event Study (1994 to 1997)
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This graph plots average cumulative excess returns on the Fool Foolish Four Portfolio for 15 days
before and after the event day. The event day is the first trading day in January of each year. Daily
returns are calculated in excess of the CRSP total market return on that day.
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