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Probability and Coincidence

I is no great wonder if, in the long pmccsﬁ of time, while
formne takes her course hither and chither, numerous coinci- -
dences shauld spontanecusly ooour, .- —Plotarch

“You're 8 Capﬁmrm too. That's 50 cxcitng.”

A man who travels 2 let was concerned about the pessibility
af 2 bomb on board his plane. He determined the probabilicy of
this, found it to be Jow but not low enough for him, se now he
always travels with a bomb in bis suircase. He reasons that the
pmbabﬂity of owo bombs I:r:mg an buard would be infiniresimal,

Some Birthday ws. d'Par.rfm&fr Birthday

Sigmund Freud once remarked that there was no such thing
a5 a coincidence. Carl Jung walked sbout the mysteries of syn-
chronicicy. People in general pracele ceascicssly abour ironjes
here and ironies there. Whether we call them coincidences, syn-
chronicities, ot ironies, however, thesc ocourrences are much
more common than most people realize,

Some reprcsentative examples: “Oh, my brother-in-law
went to school there, too, and my friend’s son cuts the principal’s

25
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bm%ldays are independenr, the prabability of rwo people no:
having March 19 as 2 birhday is 364365 x 364/365, Thus, the
probability of N people not having March 19 as 2 hirthday is
(3644365}, which, when N = 253, is approxinately %, Hence,
the compiementary probability that at lesst one of these 253
people was born on March 19 is also Y2, or 50 percene,

The moral, again, is that some unlikely event is likely to
oceur, whereas it’s much less likely thar 2 partcular one wilil.
l\‘damn Gardner, the mathematics writer, illustrates the distine-
tion between general and specific vecurrences by means of 2
spianer _wil;h the twenty-six letters of the alphaber on it. If the
SpLOner 1s spun onc hundred times and the letters recorded, the
probabiliry that the word cAT or wanM will Appear is very small
but the probability of some word’s appeanng is high, Since f
brought up the topic of astzology, Gardner's examples of the first
letters of the names of the months and the planets are particularly
appropriate. The months—]FMﬁMI]ASUND—givc 125 JARON;
the plancts—MVEMISUNP—spell sux, Significane? No.

T{m paradoxical conclusion is that it would be very unlikely
for unlikely events not to secur, If you dor'c specify a predicred
event precisely, there arc an indeterminace pumber of ways for
an-event of that general kind m micc place. .

Medical quackery and telovision evangelism will be dis.
cus_scd in thﬂ next chapter, but it should be mentioned here thag
th*.'r.-.11r predictions are usually sufficicnely vague so that the prob-
al.nhqt of some event of the predicted kind occurring is very
high: ir's the particular predicdons thar seldom come me, That
some nationally famous politician wili undergo a scx-change op-
mu?n, 2% 4 ncwspaper astrologes-psychic recently predicred, is
considerably more likely than chat New Yorit’s Mavar Koch “:ilI
That‘ SOme viewer will be relieved of his Eastric pains just as :;
tf:]cv;.smn evangelist calls out the symproms is considerably more
hke_.ly than that a partieular vicwer will be, Likewise, insurance
policies with broad coverage which compensates for :;n}* mighar
a.m apt to be cheaper in the long run than insuranee for a arp
Geuizr disease or a particular trip. P
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Chance Encounters

Two strangers from opposite sides of the United Starcs sit
next to each other on 2 business wip to Mitwavkee and discover
thar the wife of one of them was in the tonnis camyp run by an

"acguaintance of the othee's. This sort of coincidence s surpns-

ingly common. If we assume cach of the approximarely 200
million aduits in the United Staves knows abour 1,500 people,
and that these 1,500 people are rcasonably spread out around
the country, then the probability is abour one in a hundred that
they will have an acquzintance i cominon, and more than

" ninhety-ninc in a hundred that they will be Hinked by a chain of
© two intermediates,

- We can be almost cermin, then, given these assumptons,
that two people chesen at random will be linked, as were the
strangers on the business toip, by = chain of at most two inter-

" mediates. Whether they'lt run down the 1,500 or so people they

each know (as well as the acquaintances of each of these 1,500}
during their conversation and thus become aware of dhe two
intermediates inking them is another, more dublous mactsr.

These assumpiions can be relaxed somewhat. Maybe the
average adult Knows. fewer than 1,500 ocher adults, of, more
Iikely, most of the people he or she daes know live close by and
are not spread abour the counery. Event in thess cases, howewver,
the probability of rwo randomly selected people being linked by
twa intermediztes 18 unexpectedly high.

A more cmpidcal approach to coincidental meetings was -
taken by psychologise Stanley Milgrim, who pave cach member
of a randomly selccted group of people a docutment and a (dif-
ferent) “tarpet individual” to wham the document was te be
ceansmitted. The directions were thac each person was to send
the docoment to the person he knew who was most likely o
know the earget individual, and that he was to dirsct that person
to da the same, untl the target individual was reached. Milghm
found that the number of intermediare links ranged from two to
ten, with five heing the mest common aumber. This saudy is
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A Stock-Marker Scam

Stock-rmarket adviscrs are everywhere, and youn can probably
find one to say almost anything you might want to hear. They're
usnally assertive, sound quire authoritative, and spezk a sumlgc
language of pues, calls, Ginnie Maes, and. zero-coupons, In my
humble expericncs, most don't really know what they're talking
about, but presumably some do. I

: 'Ii‘ from s?nic stock-market adviser vou received in the mail
for six weeks in a row correct predictions on a certain stock index
-and were asked o pay for the seventh such predicdon, would
you! Asspmc vou really are interested in making an investment
of some =art, and assume further chat the question is being posed
£0 Ym'a t.:rcfum the stock crash of October 19, 1987, If you would
be willing to pay for the seventh prediction (or even if you
wouldn’t), consider the following con game.
Some wonld-be adviser puts a logo on some fancy stationery
?,nd sends out 32,000 lerrers to potental investors in a stock
index. The letters I of his company™s elaborate computer
madel, his-ﬁns_.ncial"expm:is: and inside contacts. In 16,000 of
these lerters he predicts the index will rise, and in the other
16,000 he predicts a decline. No matter whether the index rises
or i‘aI}s, a follow-up leter is sent, but only o the 16,000 people
: wh_ﬂ :f'lit:iail‘}T received a comect “prediction.” To 8,000 of them
ansgis predicred for the next weeck: to the other 8,00, 2 de.ciine,
Whatever h:%ppr:ns now, 5,000 peoples will have received I:W'[.l
correct predictions. Again, t these 8,000 people only, ietters
are sent concerming the index’s performance the fulfowing
weck: 4,ﬂgﬂﬂ'§§diﬂing a nse; 4,000, a decline. Whatever the
GULCome, 4, le have i i
e, peop ‘ now .rccr:wcd three straight correct
‘Tl:u's Is iterated a few more rimes, until 500 people have
reccived six straight correet *predicdons.” These 50 people are
now reminded of this and wld that in arder o conunse o receive
this vainable information for the seventh week they must cach
contribute $500. If they all pay, that's $250,000 for our adviser.
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If this is done knowingly and with-intent 0 defraud, this is an
filcgal con game. Yet it's considered acceptabie if iC's donc un-
knowingty by carnest but ignosant publishers of stock newslet-
rers, or by pracridoners- of quack medicine, or by television
cvangelists, There's always enough random success 1o jusufy
aimast anything to someane Who wants 1o belicve,

There is ancther quite difforent problem exemplified by
these stock-market forecases and fanciful explanations of success.
Since rhey'te quite varied in format and often incomparable and
very numercus, peopic can’t act on all of them. The péople who
try their luck and don't fare well will genenally be quiet about
their experiences. But there'll alwayz be some peopie who will
do exremely well, and they will joudly swear to the efficacy of
whatever system they've used. Other people will soon follow
suit, and a fad will be bom and thrive for a while despite its
baselessness. ' -

There is 2 sttong general tendency to filter out the bad and
the failed and to focus on the good and the successful. Casinos

" encourage this tendency by making sure that every quanct that's

won it a stor machine causes lights to blink and makes its own

 lirtle tinkle in the metal tay, Seeing all the lights and hearng

41 the tinkles, it's not hard to get the impression that everyone's
winning. Lasses or failures are silent. The same applies to well-
publicized stock-market killings vs. velacvely invisibie stock-
rmarket ruinations, and to the faith healer who takes credit for
any accidental improvement but will deny responsibiliry. if, for
cxample, he ministers © 2 blind man who then becomes lame.

This filtering phenomencn is very widespread and manifests
jtself in many ways. Along almost a0y dimension’ one cares to
choote, the average value of a large collection of measurements
is about the same 25 the average value of a small colicerion,
whereas the extreme value of a Jarge collection is considerably
more exereme than that of a srall collection. For example, the
average watcr level of 2 given river over a twenty-five-year period
will be approximarely the samc a8 the average water level over
a one-year peried, but the worst food gver a twenty-five-year
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period is apt o be considerably higher than that over 3 one-year
period. The average scientist in iny Belgium will be comparable
ta the average sciendst in the Unired States, even thaugh the
best scientist in the United States will in general be bettor than

Belgium’s best {we ignare obvious complicading factors and def-
initional problems).

So whar? Because people usually focus upon winners and

extremes whether they be in spoms, the ans, or dhe sciences,
there’s alwavs & tendeney to denigrate today's sports figures,
arzisrs, and scientists by comparing them with extraordinary
cases. A related consequence is that intemanonal news is usually
worse than national news, which in wm is usnally worse than
state news, which is worse than local news, which is worse than
the news in your particular neighborhood. Local survivers of
tragedy are invariably quoted on TV as saying someching Jike,
“T can’t understand it. Nothing like that has cver happened
around here before.™

One final manifestation: Before the advenc of radio, TV,
and film, musicians, athietes, ctc., conld develop loval local
audicnces since they were the best that most of these people
would ever see. Now andiences, even in rural areas, ars no longer
as sacisfied with local encertainer: and demand word-class talent.
In this sense, these media have been good for audiences and
bad for pedormers. '

Expected Valuss: From Blsod Testing o Chuch-a-Luck

Coincidences or exoreme values catch the eve, but average
or “expected” valucs are generally more informarive. The ex-
poeted value of 2 quantty is simply the average of i values

weighted acenrding o their probabilinies. For example, if Vi of

" the time a gquanrity equals 2; ¥ of the dme it equals 6, another

15 of the time it equals 15, and the remaining ¥z of the dme ir

cquals 54, then its cxpected value equals 12, This is so sioce
[12 = (2 x ) 4+ (6 X ) + (15 X %) + {34 x 2],

As a simple illustration, consider a home-insurance com-
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pany. Assumc it has gonﬁ reason o believe that,‘un average,
each vear ong out of every 10,000 of irs policics will result :r% a
claim of $200,000; one out of 1,000 policies witl resulc in a claim
of $50,000; onc out of 50 will resuks in a claim of $2,000; and
the remainder will result in a claim of 40. The insurance company
would like to know what its sverage payout is per policy written.
The answer is the expected value, which in this case is ($200,000
s 1/10,0000 + ($50,000 X 1/1,000) + ($2,000 X 1/50) + (50
% 6,789/10,000) = $20 + $50 + 340 = $110. o
The expected payout on a slot machine is_d;tcrmm:d in
like manner. Each payout is muldplicd by the pmbahilit:_a.r of its
ocentring, and these products are then summed up © give the
average or expected payout. For example, if cherries on a.ll thracs
dials result in a payout of $80 and the probability of this is [b&;n}
(assume there are twenty entries on each dial, only one of which
is a cherry), we multiply $80 by {4n)* and then add to ﬂ:ns product
the products of the other payouts {a Joss being considered a
negative payout) and their probabilities. ' _
An illustration which isn't quite so vanilla: Assume & medical
clinic tests blood for a certain disease from which apprc-ximg:e?y
one person in 2 huadred suffers.. People come to th-.:: clinic in
groups of fifty, and the directar wonders whether, instead of
resting them individually, he should pool the ffty _samplcs and
test them all together, i the pooled sample is negative, hc could
pronounce the whole group healthy, and if not, he could then
test each person individually. What is the cxpected number of
rests the directar will have 1 perform if he pools the blood
samples? : : 1
" TThe director will have m perform cither one test. (if the
pooled sample is negative) or fifty-one vests (if it's pusitive). The
probability that any one person it healthy iz e, and so the
probability that all fifty people are healthy is (o). Thuss,
the probability that he'll have perform just one testis [¥%ina)".
On the other hand, the probabilicy that at lcast one person zuffers
from the disease is the complemenrary probabilicy [1 - {‘-‘%m]*}!,
and so the probability of having ro perform fifty-one tests 15
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[1 - {*%0)*"]. Thus, the expected number of tests necessary is

(1 tost ¥ (¥iorP) + (51 wests % [1 - (ioe)™]) = spproximarely.

21 tesis,
If there ars latge numbers of poople having the bleod vese,
the medical divecror would be wise to mke part of each sample,
pool it, and test this pooted semple firse. I neccssary, he could
then test the remainders of each of the fifry samples individually.
On average, this would require only tweney-one tests o test fifty
people. . ' : :
An understanding of expected values is helpful in analyzing

most caging games, as welt as the lesser-known game of chuck-

2-luck which is played ar carnivals in the Midwest and England,
“The spicl that poes wich chuck-a-luck can be very persua-
sive. You pick a number from 1 o 6 and the operator rolls three
dice. If the number you pick comes up on all three dice, the op-
erator pays you $3; if it comes up on two of the three dice, he
pays vou $2; and if it comes vp on just cae of che three dics,
he pays you $L. Only if the number you picked docsn’t come
up at all do you pay him anything—Juse 1. Wich three differenc
dice, vou have three chances to win, and furthermore you'll
sometmes win morc than $1, while that is your maamuom loss,
As loan Rivers might say, “Can we caleojater” (If you'd
rither no¢ caleulsre, skip to the end of this section.) The preb-
ahiliry of your winning is clearly the same no matter what number
you choose, so, to make the calculation specific, assume you
always pick the number 4. Since the dice are independent, yvour
chances that 2 4 will come up on all three dice are ¥% x 36 X
L = Yhe; 50, approximately 1/216th of the time vou'll win $3.
_ Your chances of a 4 coming up only rwice are a littde harder
to caleviate unless you use the binomial prohability distabuation
mentioned in Chaprer 1, which T'll derive again in this conext,
A 4 coming up on two of the three dice can happen in chree
different and mutally exclusive ways: X44, 4X4, or 44X, the ¥
indicating & non-4, The probabiiity of the fisst is 3% % W x 4
= %ue, 3 rosnlt which holds true for the second and thisd ways
as well. Adding, we find that che probability of 2 4 coming up
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on owo of the three dice is¥ts, which is the fraction of the ame

. you'll win $2.

. The probability of obtaining exactly one 4 among the thres
dice is likewisc determined by breaking the event into the three
mutually exclusive ways it can happen. The probability of ,q_b_
taining 4XX {s ¥ X % X % = e, which is also the probability
of obtaining X4X and XX4. Adding. we get ¥ for the prob-
ability of exactly one 4 coming up on the three dice, and hc‘n_ce
for the probability of your winning $1. To find the pobabilicy
that no 4s come up when we oll three dice, we find how much
probability is left over. That is, we subtract (¥he + 9216 + 16}
from 1 (or 100%) to got 23%1e. Thus, on the average, 125 out of
216 times vou play chuck-a-heck, you'li losc $1. -

. The cxpected value of your winnings.is thus ($3 X Vae) +
($2 % 1516) + (31 X s} + (—§1 ¥ %) = ${-_—_1'?&16} =

—4$.08; and so, on the average, you wounld lese approximately

eight cents every Gme you played this seemingly atractive game.

Choosing & Spouse |
Therc ate two approaches to love—through the heart and
through the head. Neither one seems. to work very well alone,
but togecher . . . they sdli don't work wo wa?li, Wewertheless,
therc’s- prohably a- better chance of success if both arc used.
Upon thinking of past loves, someone who appmachm-lr?mancc
through the heart is likely to bermoan lost opporrunities and
conclude that ke or she will never again Jove as deeply. Someonc
who takes 2 more hardheaded approach may be intercsted in the
following tesult in probability. : o
The model we'll consider assumes that our -hesoine—call
her Myrtle—has rcason o believe that she'll meet N porential
spouses (spice?) during her “Jating fc.” N could be two for
sore women, two hundred for others: The questiogn Myrde
poses to herself is: When should T accept Mr. X and forgo the
suitors who, would come after him, some of whom may possibly
He “begter” than he? We'll assume she meets men sequentially,
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-can judge the relative suitabilicy for her of those she’s mer, and
once she's rejectod somoome, he's pone forever,

For iliustration, suppose Myrtle has met six men so far and
that she rares them as follows: 3 5 1 6 2 4, That 1s, of the six
men shc's met, she liked the first ene she met third-bese, the
secand ane she liked fifth-best, the third one she hiked best of
all, znd so on. If che seventh man . she meers she prefers o
cveryone except her favorite, her updated ranking would be-
come: 4617352 After cach man, she updares her relative
ranking of her suitors and wonders what rule she should follow
in order to maximize her chances of choosing the best of her
projeceed N suitors, .

The derivarion of the best policy uses the idea of conditional
probability {which we’ll introduce in the next-chapter) and a
lile calovius. The policy itself, though, is quite simpic o de-
" seribe. Call 2 suitor @ heartthrob if he’s better chan all previous

candidates. Myrile should refect approximarely dhc fimst 37 per- -

cent of the ™ candidates she’s likely o meer, and then accopt
the fiest suiter after that (if any) who is a heavthrob,

" Fer instance, suppose Myrle isn'c overly atractve and s
likely to mect only four eligible suitors, and suppose further that

these four men arc equally Likely to come m ker in any of the

twenty-four possible orderngs (34 = 4 X 3 ¥ 2 X 1}

Since 37 percent is between 25 percent and 50 poreent, the
policy is ambignous here, butthe two best stearegies correspond
to the following: {A) Pass up che first candidate {25 percent of
N = 4) and accept the first hearcthrob after-thar. (B)-Fass up
the Sest two candidares (30 percent of N = 4) and accept the
first heartthrob after thar. Stravegy A will result in Myrde's choos-
ing the best suitor in cleven of the twenty-four instances, while
scrategy B will result in success in wen of the twenty-four
InETANCES. : ;

The list of all such sequendal orderings is below, with the
number 1 represcating, as before, the suitor Myrcle would most
prefer, 2 her second choice, etc. Thus, the ordering 3214
indicates thar she meet her third choice fist, her second choice

il ety it Ty L
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second, her first choice she mects chird, and her lasl chﬂir::e
fest. The orderings arc marked with an A-ora B o indicatc in
which instances these strategies resule in her getting her first
choice.

1234 - 1243 © 1324 - 1342 - 1423 - 1432« 2134A)
2143(A) - 2314(A,B) - Z341(A,B) - 2413(A,B) -
“2431(A,B) - 312HA) - 3142(A) - 3214(B) - 3241(B} -
3412(A.B) - 3421 - 4123(4) - 4132(A) - 4213(B) -
4231(B) - 4312(B) - 4321 .

i Mfrﬂc is qoire attractive and can expect 1o have rwenty-
fve suitors, her best SITATeEY would still be w reject the fiest
nine of these suitors (37 percent of 25) and then accept the
first heartthrob. after that This couid ke vériﬁmff by zabu--
lation, as above, but the mbles get unwicldy and i's bege t.ﬂ
accept the general proof. (Needless to 52y, the: Sme .analyms
holds if the person seeking a spouse is 2 Mordmer ard not 3

. : : . .
W Fui large values of N, the probability that Myrte will find
hes Mr. Right following this 37 percent mule is alsn1aprpmﬂw?,:_ch_.r
37 percent. Then.comes the tard part: living with Mr. Risht.
Variznts of the model exist with more rornanically plausibic
constraints. :

Coincidence and e Law

In 1964 in Los Angeles a blond woman with & ponytail
spatched a purse from anocher woman. The thief fed on foor
but was later spotted cntering a yellow car driven by a black man
with a beard and a mustache. Police investigation cventually
discovered a blond worhan with 2 ponyail who regularly asso-
ciated with 2 bearded and mustachioed blax:k‘rnan who owned
a yclluﬁ car. There wasn't any hard evidenee lfnkjng the couple
i the erime, of any withesses able W idenufy either party. There
was, however, agreement on the above facis.
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The prosecutor argued thae the probability was so fow that
-such a cauple existed that the police investipation must have
tl.'ll'l‘lbd up the actual culprits. He assigned the foliowing prob-
ai:.uhnm to the characterisdcs in question: yellow car—1710: man
w}ﬂ1 a mustache—1/4; woman with a ponytaill—1/10; w;:rm:m
with blfmd hair—1/3; black man with 2 beard—1/ 1G; interracial
. couple m.a f:ar—-lfl,ﬂﬂﬂ. The presecucor furcher argued thar che
Chamcmnmcs_ were independent, so that the ;pmbability chat »
randemly selected couple would have all of them would be
L1 % 14 % 1110 x 175 x 1710 X UL = 112,000,000, 2
mbe: so low the couple must be guiley. The jury eonvicu:zd
Thc case was appealed to the Galifamia-'suprcmc caurt,
nthrcrc it was overturned on the basis of another proba-
bility acgument. The defensc atterney in thar trial argned thar
1/12,000,000 was not the relevant prebability. In a city the size
of Los Angeles, with maybe 2,000,000 coupics, the prabability
was not that smal, be mainrained, that there existed more than
one couple with thar pardcular list of characteristics, given that
there was at least one such couple—the convicted couple. On
the basis of the binomial probability disrribution and the
1/12,000,000 figure, this probabiliy can be determined to be
about 8§ perecnt—small, but certainly allowing for reasonable
doubt. The California supreme courr agreed and overtumed the
earlier guilty verdicr, :
‘ Whawyar the problems of the ane in 12,060,000 figure
ratity by isclf shouldn™t necessatily be evidence of an',r:
: l:h1'n,g. When one is dealta bridge hand of thirteen cards, the prob-
al?_ﬂ.ity of being dealt that particular hand is less than ane in 600
I:-rﬂhm‘m. S:.:i]], it would be absurd for someone o be dealt a hand
examine it carcfully, calculate thar the probability of ge:n:ing,
1t is less than one in 600 billion, and then conclude thatr he
o S
ml;s; E:;}I:ve been d@t that very hand bec_ause It is 50 very
. In some contexts, improbabilities 2re o he expected. Every
bodge hand is quite imprebable. Likewise wich poker hands or
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lotrery tickers, In the case of the California couple, improbability
carties more weighe, buc still, dheir defense atomey’s argument
was the right one, :

Why iz it, incidentally, if all the 3,838,380 ways of choosing,
six numbers out of foiry arc equally likely, that a Iottery ticket
with the numbers 2 13 17 20 29 36 is for most peopls much
prefemable v one with che numbers 1 2 3 4 5 6F This i3, ] think,
& fairly deep queston. o

. The following sports ansmaby has legal implications as weil.
Consider two basebal! players, say, Babe Ruch and Lou Gehrnig.

'During the first half of the scason, Babe Ruth hits for a higher

batting average than Lou Gehrig, And during the seeond half
of the season, Babe Ruth again hars for a higher average than
Lou Gehrig, But for the scason as whole, Lou Gehog has a
higher bating average than Babe Rurh. Could this be the
casc? Of course, the mere fact chat 1 pose the guestion may
causs some misgivings, but at firsst glance such a simadon seems
impossible. ' '

" What can happen i= that Babe Buth could hit .30¢ the first
half of the season and Lon Geheg anly (290, but Ruth could
bat two bundred times oo Gehdg's one hundred dmes. Dunng
the second half of the sezson, Roth could bar .40} and Gehrig
only .39, but Ruth could -cime 0 bat only a hundred dmes w
Gehrig's two hundred times at bat. The result would be a higher
overall batting average for Gehrig than for Ruth: (357 ws, 333,
You can't averzge batting aveages, .

Theie was an intriguing diserimination case in Californiz
scveral yeers ago which had the same formal structure as this
bateng-average puzzhe. Logking at the proportion of women in
graduste school at a large universiry, some women filed a lawsuit
chaiming that they were heing discriminated agginst by the grad-
vate school. When administrators sought to determine which -
departments were mast gwilty, they found that in each depag-
ment a higher percentage of women applicants were admitred
than men applicants. Women, however, applied in dispropor-
tionatcly large numbers to departmens such as English and
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p;gnchﬂlogy that admitred only 3 small percengdes of their a
plicants, whercas men applied in disproportionately large nunI:-
bcrs1m departments such as mathematics and engincering that
admined a much higher percentage of dheir app]fcam:.g The

meR's admissions pattem was analogous to Gehsig's hitting pat-’

{em—coming to ba i
om— whenggem‘ ngt ﬁ?ﬁoz iunng the secund half of the
_ Another counter-innuitve problem i i i i
propordonate pProbabilities mngerm a N:?I‘;’:E ?ﬁ?wd:.
has a woman foend in the Bronx and onc in Brooklyn. He '
equa]Lh{ attached (or perhaps unattached) to each of th:;m : l;
thus is indifferent to whether he catches the northboung sub:fn
o ic Bronx or the southbound subway to Brooklyn, Since hnfz
tra:ns Ul eVery CWenty minutes througheut the da}: he £
) he.]I ler ‘du: subway decide whom he'li visit, and taiatc thegl;lres
Irzin whn.:h comes along. After a while, though, his Bl'q:n:sklmt
wornan friend, who's enamored of him, begins m’oomplain thwz
bijfho“:s up for ﬂfll}' ahout one-fourth of his dares with he:
:; m;lal::]sﬂim;x friend, who's gotting sick of him, begins n::
o L he appears far t.bmc,-f{;urdls of his dates with her,
side fmmr callowness, what is this man's problerm?

. The simple answer follows, sa don't pead on if you want to
think. a bir. The Man’s more freguent tips o the Bromx ar
resul of the way the trains are scheduled. Even though tifea
ea:ch SOME eVery wenty minutes, the schedule may be som .
thing I|I-:e.'che following: Bronx Irain, ?:ﬂﬁ;-BmakIyn Train ?'(};
Bronx ceain, . 7:20: Brooklyn train, 7:25; and 55 on. Thle wap
be‘rwccn the: 1ast Brooklyn train and the next Bronx tnsu:n is fifr -
minutes, theee times as long as the five-minute gap betwee DE“
fast ]%ronx train and the nexr Brogklyn l.:rainﬁ and thus e
for his shnif'ing_up for three-fourths of his daces in thm;];mnts
and only fof onefourth of his Brooklyn dages. o

Cu_unfless similar addities result from QUL convetrianal w
of measuring, Iepotting, and compating peripdie qu::mriv::i%rs
wf.le:l:her t!zcy be the monthly cash flow of a governme o
regular daify fluctuarions in body temperaryre, . worthe
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Fair Coins and Life's Winners and Losers

Imagine Bipping a coin many times in succession and ob-
taining some sequence of heads and wils; say, HHTHTTHH

THTTTHTTHHHTHTTHHTHETTHTHHTTHHTHT
HHBHTHHHTT. If the coin is fair, therc are a number of

‘extremely odd facts about such scquences. For example, if onc

were (0 keep rrack of the proportien of the dme that the number
of heads exceeded the pumber of tails, ong might be surprised
that it is mrely close w half. :

Imagine two playess, Peter and Paul, who flipa coin at the
rate of once a day -and who bet on beads and wils respectively.
Peter is ahead a1 any given time if there've been more heads up
ungl then, while Paul is shead if there've been more tails. Peter
and Paul are each equally likely w be shead at-any given tme,
bt whoever is ahead will probably kave been ahead almost the
whoele time. If there have been ane thousand coin flips, then if
Pater is ahcad at the end, the chances are considerably greaver
that he's been ahead more than %) percent of the time, sav, than

. that ke’s been ahead between 45 percent and 55 percent of the

ame! Likewise, if Paul is ahead at the end, it's considerably
more hikely that be's been ahead more than 96 pement of the
dme than that he's been zhead botween 48 percent and 52
percent of the dme. - . .
Pethaps the reason chis result is so counter-intuitive is that
most people tend w think of deviatons from the mean as being
somehow bound by & rubber band: the greater the deviarion,
the greater the restoring force toward the mean. The so-calied
gambler's fallacy is the mistaken belief thar beeause a coin has

-gome up heads severzal times in 2 row, it's more ikely w come

up tzils on its next flip {similar notors hold for roulette wheels
and dice).

The coin, however, docsn’t know anything 2bout any mean
or rubber band, and if it’s landed heads 519 times and tails 481
umes, the differspee between its heads total and its tails tocal
is just as likely to grow as to shrink. This is true despite the fact
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thar the proportion of beads docs gpproach ¥ 4s the number of
coin flips increases. (The garablers fallacy sheuld he distin-
guished from another phenomenon, regression o the racan,
which is valid. ¥ the coin ix flipped a thousand more thmes, it
is more likely than oot that the number of heads on che gecond
thousand fips would be smaller than 519.}

In terms of racos, coing behave nicely: the rato of heads
to wails gots closer to 1-as the number of flips grows. In terms of
absolure numbers, coins behave badly: the difference berween
the number of heads and the nomber of tails tends to ger bigger
as we condnue t fiip the coin, and the changes in-lead from
head o tail or vice versa tend to become increasingly rare,

If even fair coins -behave so badiv in 4o absolute sense, it's
not surprising that some people come t© be known as “losers™
and others as “winners” though there is no real differcnce be-
tween them other than luck. Unformnately pechaps, people are
more sensidve to sbsalute differences between poopie than they
are o rough equalides between them. If Peter and Pau] have
won, respectively, 519 and 481 wials, Porer will Likely be cermed
-z winner and Paul a2 loser. Winners (and iosers) arc often, Ewould
guess, just people whao get stuck or the rght (or wrong) side of
even. In the case of eoins, it can'take a long, long tme for the
lcad v switch, longer often than the average life,

The surprising number of consecutive runs of heads or tails
of various lengths give risc w fumher counter-intuitve notons.

If Peter and Paul flip 2 fair coln cvery day to detemmine whe |

pays for lunch, then it's more Likely than not that at some time

within about nine weels Peter will have won five lunches in a

. tow, 35 will have Paunl, And at some peried within about five 1o

six vears it's likely that each will bave won ten lunches in a ow.

Most people don't realize that random events genemily can

seem quite ordered. The following is a compurer printour of a
random sequence of Xs and Os, each with probabilicy Y2,

DXXXDOOXXXNOXXXOXXXX0OOXNYXOXX
OXODO0OX0X00QO00XANXOOO0XXX0OX0OXX
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xxxxxxxaxxxnxoxxxxoxuoxxig
ooxxxxxoaxxoooxxcocooxxoDXH
xxxxxcxxxxocxxxxooxxoxxoXX
xnxoxuoxxxaxxoxxxxoxxoxxxx
xxxxxuxxxxxoomooxooxxxoogx
xxmoxdnxoﬁxxoxxxxooooxuxXX
xoxquoxxoﬁooxxxxxooaoxx

'nxxooxxxxxxoxxmooooacxoxxx

XXDDDXX{)XXXDGQOXUXDXDDXKii
OXUXXXD'XXDOXXDXODXDDXKXD

-+ Note the number of runs and the way there seem t';) st::
clumps and pateeons. If we felt mrrlchIled w aumuntf for ci .
we would have to invent cxplan.‘at‘mns-tha‘t wnuriid o nmcs;sntz
be falsc. Studies have been done, in fact, in which cxpe{;'ts 0
given field have analyzed such f;anium giu::;mcna and co

i & ions™ for the pa .
UP m‘;:ﬂ? fhei:tincﬁ:;a:l;nk of some of the pronouncements

of stock analysis. The daily ups gnd downs of a particular stock,

or of the stock market in general, certain 1 Iy aren't thnplziterz
random a5 the Xs and Os above are. !.:rut 1]t 5 :iaft‘:f ;ous:ightt there
i = element of chance mvolred.
:qu:igs,ial:rsgwwar, from the neat post hoc analyses thmlt fo]‘i:::;
each matket's close. Commentators always hz_we a Ean:l-: iar "
of characters ta which they can point to explailn a0y 12 di i;la_rit ;;
decline. There's always profit-taking of the fedcm:l 1 ;:ﬂ ¢ o
something or ether to account for a bearish tum, and imp oved
corporate eamings or intorest rates o whatever o a-:mx;r:: 2
pullish cne. Almost never does a commentator sajr_‘r.halt e 1-231.;
" ker's activity for the day or even the week was largely a

of tandom flucruations.
The Hor Hgﬂa‘ and the Cluich Hitrer

The clumps, funs, and pattems that random :_f.cqauéencc;
evince can to an cxtent be predicted. Sequences of heads an
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tails of a given lengeh, say twenty flips, geacrally have a cormain
number of consecurive runs of heads, A'sequence of wenty coin
flips whick resnltcd in ten beads followed by ten tails
(HHHHHEHEHHHTTTT PUTT T Thssaid tohave justone run
of heads. A sequence of twenty coin flips which resulted in heads
and tails alternating {HTI-ITHTHTHTHTHTHTHTH'I‘} is
satd o have ren mins of heads, Both these sequences are unlikely
to be randomly pencrated. A sequence of twenty flips with six
uns of heads (say, HHT HHTHTI"HHHT'I'HHTTHT‘} is
more likely to have been genetated at random. .
Criteria like this can be used to determine how likely iz is
that scquences of heads and tails or X5 and Os or hits and misses
are randomly generated. [n fact, psychologists Amos Twversky and
Daniel Kahoeman have analyzed the scquences. of hits and
misses of professional baskerhall plavers whose basket-making
was about 50 pereent and found thar they seemed o be com-
pletely randorm ——thas a “hot hand™ int basketball, one that wold
result in an incrdinate number of long stresks (runs) of consecy-
tive baskets, just didn’t seem o exise, The streaks thar did oeenr
. were most hikely doe to chance. If 2 player attemprs twenty shois
per night, for example, the probabilicy is surprsingly almost 50
percent that he will hir 4t least four straighr baskers somedme
during the game. There's a 20 pereent to 25 pereent probability
that he will achieve @streak of ot least five straight baskets some.-
tme during the game, and approximarely a 19 perceat chance
that he will have a streak of six or nig1e consecutive baskers,
Refinements can be made when the shooting percentage is
other than 50 percent, and similar results seem 1o heid. A plaver
wha scores 65 pereent of his shats, say, scores hig points in the
way a biased coin which lands heads 65 percent of the dme |
“scores” its heads; L.e., each shot is independent of the last
I've always suspected thar novons like a “hot hand™ or a
“elutch hitter” or a “‘ecam that always comes back™ were ex-
aggerations vsed by sportswriters and SPOIECAsters fust to have
something w talk about. There surely is something to thege
tems, but too often they're the result of minds intent on dis-
COVering meaning where there is only pmhabilitg.

T o e e e ——
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A very long hiting streak in baseball is aparﬁcula}'ly arn,azmg )
sort of record, so unfikely as to scem vicenally unachievable an
almostimmune to probabilistic prediction, Several yeats ago Pere
Rose set & National League record by hitting, sa&:!',‘r in frofqr-four
consccutive games. If we assume for the sake of s‘lmpllcm; tha;
he barted .300 (30 percent of the time he got a hit, ?C.t percant
of the time he didn't) and chat he came _m_bat four‘ s per
game, the chances of his not gening a hit in any given game
werc, assuming independence, (.77 = .24, {R:r!mmh::r, inde-
pendence means he got hits in the same way a coln Whlc!'l‘]mdﬁ
heads 3¢ porcent of the dme gets h_mds.} Su the pmhzblh; h_c
would get at lcast one hit in any given gime was 1 - .24 =
.76. Thus, the chances of his perting a hit in any given sequence
of forty-four consecutive games were (76)/% = 0000057, a dny
iliry Indeed. _
Pm{z’?tln:t;mhability that he would hit in A consecutive sting of
exacely focoy-four games at some dme dunng' the 162-game sea-
son is higher—. 000041 {determined hj{ adding up the way: in
which he might hit safely in some siring nf exacty farﬁr— uu;
consecutive games, and ignoring the ncghglh‘ig probsbility o
more than one streak). The probabilicy thac ll‘le d l'u‘t safclsr_:i't :;;
lease forey-four staight games is abour four umes higher st th
we muliply this latter figure by the numble:r of players in fe
Major Leapues (adjusting the figure {.‘Emstmally duwnwar:d or
lower batting averages) and then mulnplw,f‘ h'gr'the approximate
number of years there has been baseball (adjusting fnf the 1.’5.1'{{:‘!1:5
numbers of plavers in differcnic years), we derermine thar it's
actually noc unlikely that some Major Leaguer should at sorme
fime have hit safcly in at lease forry-four consecutive games,
One last remarde I've examined Rose's sn‘mk of f’u;ty-fnur
mames rather than DiMaggio’s scemingly mOore impressive .s:tn:ak
of ffoy-six games beesuse, given the dlffcrcm?cs in their re-
speerive batong averages, Rose’s streak was a slighty mare un-
likely accomplishment {even with Rose’s longer season of 162
game;i;e events such 45 batting sireaks dhar arc the resule of
chance are pot individually predictable, yor the pattern of their

—_—
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occurrence is probabilistically describable. Consider a more pri-
szic kind of event, One thousand mamicd wouples who degire to
have three children each are tracked for ten years, during which
time 800 of them, assume, do manage to praduce three children.
"Fhe probability any given conple has threc gitls is ¥ ® ¥ x
Y2 = 1%, 50 approximately a. hundred of these 80G couples will
have three gids cach. By symmetry, about a hundred of the
couples will have three bovs sach. There are thrce different
scquences in which a family might have two gitls and a boy—
GGB, GBG, or BGG, where the order of the letters indicaras
birth order—and each of the three sequences has the same prob-
abifity of 1%, or (4)*. Thus, the probabilicy of having two girds
and a boy is ¥%, and so approximarcly 300 of the 8 couples wiil
have such a family. By symmety, abour 300 couples will also
have rwe boys and = girl. . . "

Nothing is very surprising about the gbove, but the samc
sart of probabilistic description (utilizing mathematics slighdy
more difficult chan the above binomial distibution} is possible
with very rare events. The number of accidents each vear at a
corain intersection, the number of rainstorms DEr Year in a given
desert, the number of cases of icukemia in a specified councy,
the annuai number of deaths duc w horse locks among cerain
cavalry units of the Prussian Ammy have ali been described quite
accurately by che so-calied Poisson prebabilicy disteibution. Ies
necessary first to know roughly how rare the cvent is. But if you
do know, you can use this informarion along with the Poisson
formula to get a quite aceurate idez of, for example, in what
percentage of years there would be no deaths due to horse kicks,
in what percentage of years there would be one such death, i
what percentage of years two, in what percentage three, dand so
an. Likewise vou conld predice the porcentage of vears in which
there wouild be no desert rainstorms, one such STITIL, DWQ SEOTINS,
three, and so on. . .

In this sense, cven very rare events arc quite predictzble.






