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Figure 71. DISCRETE PROBABILITY : Somelllustrations

Pat 5 d theseCaurse Materals introducedcontinuaus probability and its matremadical development; ve row turnto the
coreponding ideasinvolving discrete probabiities  This introdudory Figure 71 provides bur illustrdionsof relevantmaters,
which are dsodisassé in the \ideo descibed in Fgure 77; the illustraionsinvolve the bllowing nattes.

* Pubic perception of the 1isks (or probabiitied of some ypes d crime, and the sggesidn ha prominent reporting in the
meda of rare but ®nséional incidentsystemaically distarts perception (informal or invduntary persaal measuring).

- Undelying this aticle (EM9423) is the idea balso measting pubic perception by meass d pdls; measting has leen
a majar theme d STAT 220 garting in Part2, and polls ae an important topic in Part 8.

* The le d risk perception in individual investok dedsions.
* ‘Randomzing a card ded by shuffling —i.e,, making it equdly probable that any card is in any postion in he dek.
* Useof the idea bchan@ in a kgalcontext.

EM9422: The Globe and Mail, Decnber 31, 1994, pagesAl and A9

Random violence slkews aime perceotion

BY ALANNA M ITCHE LL
The Globe and Mail

Acts of random volene ae te nain
ream for misperceptions of the anourt of
criminal activity in Canadaand hav dricty
it is deat with, the aithor o a federdly
sponsaedstudy says.

The gudy for the dusice Department con-
duded ty University of Ottava aimindogis
Julian Roberts, @mparedresilts rom sved
yeas worth of opinion pdls with trends in
reported crimes and ietimizaion surveys.
It is the first to bok at wha Canadars ectu-
ally know aaut the aiminal jusice systen
and hov they want kgidators to fix it.

Beau® of pubic presue o politicians
to taugren entencesand p@rle digibility,
crime ha become a ky issie a the ederd
ageda and o mary provincid and nuni-
cipal mes.

Dr. Robers' gudy, Public Knowledge d
Crime and dgice: An Invenbry of Cana-
dian Findings has no been pubicly releasd
but may ke in the rew yea, acoording to
sauraes n the disice Department

Amoryg the fndingsare these
e Althoudh two-thirds of Canadars kelieve
crime ates have risen during the @g five
yeas, uc rates geneadly have remained
stable.

e Mog Canadars believe fomiddesare in-
creagg more quickly than ay other aime
In fact, e mtehasremanedrdatively stdle

for 30 yeas and actudly has kegunfalling,
epecidly snce te ddition of cagtal pun-
ishment In1977 the yea after ddition, it
was 306 pe 100000 peuation. By 1992
the ratewas27 per 10,000.

e Although most Canadirs believe ha
breakng-and-enteing is on he iise this Do
is a nmisperception. 1N 1980 hee were 6.3
sud inddentsreportedto police for every
1,000 rousehtuls. In 1990 he mtewas22.4
pe 1,000 lousehlnls. Arecet survey on-
duded ly Satistics Canadaalso slowedthat
rates of such aimes hd fallen 7pe cent ke-
tween 1988 and 1093.

e The widespeal view that gun ge &
becomng nore comnon in gimes § dso
false Thirty-seven per cent o all robberies
committed in 1978 invdved a fieam, but
by 1990 tis had fllen to B per ceit. The
proportion of homiadesinvaving a gin has
risen dightly, from 32 per cent in 1980 b 34
pe cent n 1992.

e A growing proportion of Canadars (85
per cent n 1992 fed tha sentencesre rot
hash enaugh  When aqiestonadl, rowever
they mnsstenty undeestmated the propor-
tion of @rvicted e¢iminak $nt to pisa.

e Canadirs ae hghly anxious dout what
they percéve to be lax pade rules lut, again
this is kasedon a nispercegption. They tend
to believe tha more than hdl of prismers
getparde and tha more parole han eeris
bang ganted In fad, the tder pamle-

graning ratestand at 64 gr cet, rouchly
whee it has teen for a decac.

e Contray to pubic opinion, the majarity
of those paded conpletetheir terns in the
conmurity withoutconmitting anather aime
Betveen 1978 and 088 nealy three guaters
wetre siccessully paroled Parole was evdked
for 12 per cent becau® they commitednew
crimes

"The gsem s rot the Enient pke pegle
bdieve i to b, Dr. Robers said yesterdga
from Ottawa. "Everything's rot fine, but the
probems ae rot recessaiily wha the pubic
bdievesthem b be"

Severd fadors haveprodiced sich an &-
tengve list of misperceptions, he sa. The
mostinfluential,thoudh, were well-pubicized
ads d random volene tha took place n
1994,

Ore was he dive-by shooing of Nichdas
Battesbyin Ottava in March. Anather was
the hootng of Geagina Leimonis at aloron-
to restarant the extmonth.

Sud enséonalcasedeare a hding impact
and h@ghten the pubics view that dargeris
evaywhere, Dr Roberts said. He dtedps/cho
logicallitergure stowing tha for yeas dter
a mejar plare aash, pe@le wildly overest-
mate the risksof flying.

And beaue the public believescrime to e
a smple phenomenn, thee is remendous
sipport for eay answvers such as larder
sentenceshe sail.

In its hedlline, opening entenceand urth-lad paragiaph, the aticle EM9422 epintedabove usesthe phraserandom
viden@. Look up a dctionay definition of he adinary Engishmeaning d random
e Campae and ontast his adinary meanng with the srse n whichthe word is usedin the aticle.
e Compae and ®ntast tis adinary meaning with the meanig d ‘randomin the phrasesimple randm eleding (which
is somdimes Hortenedto randm gleding and whichwe call the nore erocdive equprobable leding).

What evidenceis preentedin the aticle EM9422 eprintedabovethat the ... well-publicized acts brancom volene ... in
1994 were the nostinfluentialcawseof the msperceptions?
e Explain briefly whether you mnsder that the nferenceof causaty is justfied o the kass of this eidence
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How risk dfectsindividual investors

by Rofesor Donald Wehrurg

UNDERSTANDING RISK

Do peopk perceive risk correcty?
Somdimes, It peqple perceéve situdionsto
be nore risky than shtistical incidere
rates, when the igidions are ait o their
control, unfamiiar, invdve a hgh degee &
meda eposure epecidly of catastrophic
evanty, or invdve tecnologes that they
dont understand For exanple, peple per
cave the chancesf dying in a gare aash
to be geder dter etensve meda mvaage
of a gash

In investmentsetings, ecau® individuals
have dfferent cgabilities to vithstandpos-
shle losss, snalkr investors, fadng the same
maket & insttutional investors, percéve
invesments to b riskier

Do peopk do a ea®nable job
evduating risk?

In mary case ro, be@ue peqle have
systandic biases in the way they assess ad
useprobabiities They often noorredly es-
timate probabilities ha are verylow or very
high. For exanple, peple tend to gnae al-
verse low probability eventssud as fbods
or earhaquekes. They @n abo let har values
and kelefs intefere with their risk evalu-
ation Wishful thinking an kadpele ©
ovaesimae the cancesof a bg paydf.
Peope ae dten ta confidentabout their
predctions gving lttle aedenceto the ps-
shility of extremeouttomes

People tend to &dk balancein ther risk
assegsents They let the '‘bandwegon eféa"
getin the way d prudent isk evaluaion.
When tings ae ging well, peqple &nd to
ovaesimae the chanceof beinglucky.

As menioned dove, the melia an nflu-
encepeqles evaluaion of iisk. For exanple,

that ravedone \ery well or very poaly. If
the reportedanaysis is kasedon dther dort-
termperformanceor is influened ly an e-
traordnary event it may be a par indicaion
of future perormance

TOLERATING RISK

Do peope kow ther own risk
tolerance?

Studesshav tha peqole dten msjudge heir
ownrisk plerance One Ikely reasn is ha
thele ae pesuesin North American clr
ture © *e arsdves & nore willing to take
risksthan we really are.

Can peopk dhangether risk

tolerance kwel®

While mary believe tha an ndividuaks toler
ancefor risk is @ unchamgealte persmalty
trait, reseech ha own that b be wtrue.

Some streotypes have however confirmed
by reseach. For exanple, fisk taking &nds o
dedine with ageand to ncreasevith weath.

Do peopk hawe the sameisk
tolerance fo all aspets d ther lives.

Few pele ae ather mnsstenty risk-averse
or risk-taking. Insteadpe@le take aportiolio
appoad to te isksin ther lives. In ather
words, pegple havean werd aggregatdevel
of tolerdle risk. As te iisks incesse n
oneara @ life g, a nariage brealup),
acepibe risks in other aes deaese
Before mnsdering wha leve of investment
risk is acepibe, it is important for pele
to know wha other liskstheyre facing.

CONTROLLING RISK
Do peopk hawe to acceptrisk & it is?

Not at dl. Contalling uncetan eventsis
an dfedive way d charging ther riskiness
People reduce nvestmentrisk by seeking po-

the kusness pes dten hghlights investments fessional alvice and nangyement; eluating

#14
STAT 220 -W. H. Chery

themsdves diversfying and nonitoring their
investnents

SUMMARY

While risksprovide oth excitement and 8-
ulation, mostpele prefer to avoid unneces-
say or foolhady risks. When &sesisig your
tolerancefor invesment isk, you $auld evat
uae tre overdl levds of risk in dl aspeds
of your life. If you dread have high risks
in area ch as areer heath, or famiy, it
may not be wiseto take an addtionalhigh
financial risks, or vice versa. Renenber
the dd adage "Do you want to e& well or
sleep well?"

Risk is pernadve and wil aways ke with
us The best w @an do § to brese Lme
of the isksaheadand to ontd or mitigate
someof the aitcomes

Dondd A. Wehurg is Asodate Deanand
Professr of Management Seence and Rolicy
Analysis Faaulty d Commece and Bus-
ness Alminigration, Universty of Bitish Co
lumba. Ower the @mg tweny yeas he has
studed, along with his @lleaggueKemeh Mac-
Crimman, the risk behaviaur of many North
Ameicanexecuives. These execuives asva-
ed a1 extensie prtfolio of questimnaires
and prticipatedin interviews ebaut hypahe
tical risky stuations how they handed ratu-
rally-occurring risky stuationsg and ther at-
titudes bwad risk. These tudes, many o
which invdved pesonal invesment deeisions
have rereded important indghts regading
theinvestment behaviaur of snior manages
in particular and d invesbrs mae geneally.
Detailed dscussin of the fhdngs b avalable
in Taking Risks: The Managiement d Uncer
tainty (by K.R. MacCrimman and DA. \eh
rung,The FreePresspaerbad, 1988.

Repintedwith permisgon. Copyright © 1993 by DonaldA. Wetrung. All rights reseved.

The aticle EM9325 eprintedaboveand BVI9422 werkaf ; pager.3on publc percegption of arime nddene levds make
someof the sameand some dierent, points. Conmpare and @ntast the two dicleswith reect o thar disaus$on of risk

hand olumnof the aticle EM9325 eprintedabove
@ Peopte are dten bo onfident abaut thar predctions gving little aedence to he psdhility of extrenme autconres
o Wha things are ging well, peopk ndto overestimae the dance of keirg ludky.

Explain in probabilistic terms wha you wnderstandy the &g sentencesf the hird and the burth paraglaphs in the bft-

The Living Webser Encyclopedc Dictionary of the Engish Larguage (Chicaga, 1974, page829 givesthe adinary meanig

of the rounriskas exposue o the dance of njury or loss a hazad o dargeous hance. Desaibe biefly wha you
undestand to ke the relationship, if any, between the ©naeptsof riskandprobability.
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Figure 71. DISCRETE PROBABILITY : Somelllustrations gortinued 1)

The Gobe and Mail, January 27, 1990 page D4

Seven shuffles are needed to put gamble

IN card de

BY GINA KOLATA
NewYork TimesSewice

enthusads and csud players.

The finding has mpiicationsfor eveyonewho pays ards and every-
one from casno operaors o magcians,who has a ke in knowving

whetter a suffle is mndom.

The mathemdical prodem wasconplicated lecaus of he mmerse
number d posdble ways he cads in a cek can ke ararged any o Ot
52 ould be frg in the dek, any o 51 could be ®ond 50 ould be 1 S
third and ® on. Mutiplied out, the number d possble pernutaionsis

10 with 62 zeos dter .

No me epeded that the $wffling problem
would hare a smple answver said DaveBayer,
a mathemdician and onputer senist at
Cdumbia University who is a ©-auttor o
the recent dscovey. Other poblens in
stdistics, ke analyzing peech pattens b
identify speakers, mght be amendle
similar gproaches, he sdi

The rew restut "ddinitely solves the pob-
leni' said David Aldous, a sitisticianat the
University of Califorria at Bekeley 'All
their calcdationsare right. It's a fisinatirg
resilt!

Pesi Diaconis, a natremdicianand shtis-
ticianat Havard University who is the oher
auttor o the dsovey, said the méhods
usel ae dread helgng matlemdiciars
anayze problerrs in éstact mahemadics
that have nathing to do with shuffling or
with any known realworld phenomeno.

Dr. Diaconis, who § dso a megiian, has
invened rumeous cad tricks and ha been

T TAKES SEVEN adinary, imperied shuffles to nx a cedk
of cards homugly, reseaches have found. Fewer ar ot
enaighand nore do rot sgnificanly improve the mking.

The matlkemadical prod, disoveed after gudies d resuts
from daborae @mputer @lcuations and caefu obsevation
of card games, onfirms he ntuition of mary ganblers, bridge
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7 is winning number

In shuffling cards,

Curved Ines sow the alds tha the first
card in a cedk will ocaupy ay ather pos-
tion in he dek dter me b ®ven huffles
After me $uffle, br exanple, te first cad
is verylikely to be me d the first éw ards
in the dek and \ery unlikely to be eenfive
or sx cards kad. After ourshuffles, tis
sill far more likely to be at he kegiming d
the ced than athe end Only after fven
shuffles does the od haveaboutthe same
odds of beingin any gven postion.

25 30
Card postion in deck (35 cads of 52 shown)

L B e e e e
10 15 20 35

carefuly watdhing casno deakrs and caud

cad payers swffle for the pag 20 yeas.

The wsud shuffling produces a @rd order

that 'is far from randonihe said. "Mog peo-
ple swffle @ards tree or éur times Five

times § mnsderedexcessve!

The realzation tha most shuffled dedks
are ot ectudly random atbws ganblers ©
improve ter odds of winning. "Thee ae
pemle who @ to @snos and make noney
on tis, he sid. "l knowv pegle who ae
outthere dbing tha now"

In Las \égascards are shifled fom four
to sven tmes, at the dsaetion of the
cafo owrers, sail Richad Ingram,a Las
Vega eforcanent agent for the Nevala
ganbling contral board.

Dr. Diaconis said he dmog nevea sees a
deakr qwffle ven imes

He sid his reseech abko slowsthat when

deabrs dwffle sved dedks d once they
needto shuffle nore. Wwo decks shaild be

N.Y. TimesNewsSevice

shuffled nne times, he sdi axd $x dedks
shalld be $wuffled P times, which is un-
head o in the cainos

At Trump Haza n Atlanic Gity, N.J, Hack-
jack deakrs duffle @éght dedks twice at the
beginning d each game said Howard Dreit-
ze, who is ®nbor vice-presdent of casno
operdions. "Weve testedtheseshuffles and
fed tha they are randomi,he said, adding
that 'no one haswer conplained

Bridge phyes wsudly shuffle daut four
times, gcept in KMe tarmnments wWee a
conputer radomyy mixes he cads, sai
Edgar Kaphn who s alitor and pibisher
of Bridge Wrld magaire.

Askedwhetter re expeded bidge phyes
to chage her shuffling habts, he egdied,
"Thee will be a éw who will be dfected
and wil doggelly shuffle sven timesto the
irritation of everyone dse'

6] What cefinition a desciption is gven in the aticle EM9015 reprintedabove of wha conditutes shuffling?
® What is heconeqene of yourarswerfor the information mnveyed ty the aticle? Explan briefly.

The ssondparagreph d the aticle EM9015 wses the phrase.... mathematical proof; commentbriefly on the meamg d
the word ‘prod”’ i n this phrase i light of the nformation gven in this £ondparagrgph @nd ésewhee in the aticle).

Using ideason pager. 23 (the first Sde of Figure 75), show how the number D% at he end bthe burth paragiaph of the aticle

EM9QL5 reprintedaboveis dotained

e If you haveacaessto a sitable alcdator, abtain the valie of this mmber of pernmutaionsto 4 ggnificantfigures is
your (correct value dfferent emudh from the valie in he aticle to meanngfully affed the dsaussor? Explain briefly.

- A normal deck o cards cantains bur suits (spacks, heets, danmonds, dubs) each having 13 cards ha are dten taken

as laving face \aluesfrom 1to 11 6r 13). Becau® mary cards games ee more cacenedwith face value han siit, e

plain briefly whether the @namoug numbe of pernmutaionsof 52 cards s the only number relevanto the dsausson.

1995-04-20
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[® In the kft-hand olumnof the aticle EM9015 reprintedoveleaf o page

7.5 darting in the £ondparagrgph hee ae multiple referencego the

disdplines of matlemdics, @mputer sene and shtistis; eg, mathenatical

proof, daborate canputer calculations mathematical problem mathemétician

and ompuégr giertist, datistician, mathendician and $atistician. What ds-

cipline rdevant to the diacus$on in the aticle is not mentoned?

o Explain briefly why framimg te dsaus$on in theseterrms might mislead a
readerwith limited knovledge of he dedplines of matltemdics, shtistics
and omputer sene.

The aticle EM9203 eprintedat the fight is of inteest h this FHgure 71 beaus

of its mnernwith ‘chancé
The aticle impliesthat, in the Candian bgalsystan, ‘morad culpaility’ is deter
minedby the né&ure d a aime notby its ®neqenes Thus

o the ®ntencdor murder shaild nat depend o whether the victim is, s§ a

philanttrogst who leavesbéehind numeious famly menbes and friends and
whosedondionshave enrichedthe lives of mary pemle, a is smeonewith-
outfamiy or dependents and who Bano pbic profile; OR

e the ®ntenceor aron diauld nat depend @ whether say the huilding des-

troyed 5 an iredacealde heritege srudure with pricdess mnients @ an dan-
donedshdl whose ligh market value is due dg to the bcation of ts ste.

The aticle EM9203 eprintedat the light dsoimplies,in its ourth-paragrgph @n-
trast d chance with foresea@lility, tha the htterrefers to he ndiidual case ad
notto behaiour underrepettion; rowever the giminal @de is ikely conerred
with impared divers becaug datafor behaviour uncer repéition indicae (fore-
seé) that such drivers havea higher prabability of causng ceah or bodly harm
than nondimpaired divers.

A relaed matterof gatistical inerest 8 how © measure driving imparment; for
exanple, ®e tte aticle EM0202: Drawing the ineon dinking and diving.

Subgd to the (imited information in he aticle EM9203 eprintedat the iight,
give a siccinct desciption of the meamig d‘chanckas the wad is wsedin
the aticles fourth @nd fis) paragraphs.

e Campae and ontast this neanng d ‘chancewith that of'odds' in, for in-
stancethe hg sentenceof the @mmentin the dagiam & the yper right
ovaleaf o pager.5 Only after even $uffls dbes he @rd have dout
thesameodds d beirg in any givenpasition.
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EM9203: The Globe and Mail,

January 8, 1992, mage A

Court cuts
drunk-driving
sentences

Canadian Press

VANCOUVER - Tle dfferencebe-
tween a dunk driverwho kills somene
and me who desit is nosty chance
the BC. Caurt of Appeal wled n
redudng jail terns for threeimpaired
drivers who killed or naimed othes.

"The nord culpability of an dfence
is detemined by the sate of mind
which accompanies he dfendes un-
lawful act; Mr. lusice Josah Wood sid
in his written reasnsfor judgament

"The nord culpability of the dfence
of impared diving ... is the same &
that of impared diving caushg eiher
dedh or bodly ham'

"The fad dedh or todly ham does
or does rot restlt ... is nore likely to
be die b chancethan to ag circum-
stanceof foresedility:

The nulings were randeddown unank
maudy by a pané conssting of Chief
Jusice Alan McEademn and disices
Herry Hutcheon, ohn Lanbert, Sam
Toy and didge Wbod.

Jom Grezendg 45, d Victoria had
an dght-yea sentenceediced b four
yeas, David McNeil,27 and dhn Svee
ney, 23, had tteir ssmtence®f 4¥2 yeas
cutto 18 months The ourt upheldthe
eight-yea sentenceof Curtis Lunn, 47.

o What hauld a readerinfer from the aqudifiers d chane of ‘mosly’ (in the tird line of the aticle) and ‘morelikely’ (in

the ssondline of the burth paragaph)? Explain briefly.

To the atent feadle from a elatively shat article, set aut the geps i the reasms he udgementtha the jusicesappea to
have wsedto jusify reduing three ®ntencegbut not a fourth) menioned in the bg paragiaph of the aticle EM9203.

Comment gitically on your arswer

The four ariclesEM9422, EM9325EM9014 and BVMI9203 eprintedin this FAgure 71 ae dso useal in SatisticalHigHhight #40.
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