QUETELET ON PROBABILITIES

InstructionsPopulaires sur le Calcul desProbabilites par A. Quetelet. Bruxelles.
ChezH. TarlieretM. Hayez,Ruedela Montagne 1828.

IT hasheforeoccurredo usto make someobsenationson the studyof the Theory
of Probabilitiesasa partof education.From this we have beenhitherto deterredby
not finding a book on the subjectsufficiently clearfor the useof very youngpersons;
but the work of M. Quetelet,which haslately fallenin our way, hasshavn us that
the sciencecan be usefully exhibited in a form which needfrighten no onewho is
masterof the commonrulesof arithmetic. The authoris mostadvantageouslknown
to the scientificworld by his statisticalworks, by the ‘ Correspondenc#athématique
et Physiqué of which heis editor, andby anelementarycollectionof the phenomena
of naturalphilosophy called’ Positionsde Physiqué

Previouslyto enteringuponouraccounbf M. Queteletswork, we shallmake some
obsenationsuponthe studyitself, with aview to shov why it is worthy of beingmade
apartof educationIf therebe onesubjectmorethananotherto befoundin thewhole
circle of thesciencesywhoseobjectandreasoningsave beenutterly misunderstoodt
isthetheoryof probabilities. Theconsequendeasbeenthatwhile somehave censured
it asprofane,othershaveridiculedit asa delusionwhile mostareaptto considerit as
uselesandunpractical. Thefirst objectionhasarisenfrom anotionwhich, spiteof the
ignoranceof the subjectwhichit betraysjs entitledto arespectfulanswer Thetheory
of probabilitiesor chancess unfortunatein wantinga namewhich shallat oncepoint
to the subjectdn whichit is corversant.The word probablejn commonlanguagejs
appliedonly to thingsso likely to happenthat the expectationof their occurrenceas
strongenoughto guideour actions;while chanceasopposedo Providence hasbeen
usedin awill known senseby thosefew who have not beenableto collectfrom all
they seearoundthema corviction of the existenceof a Creator It hasthereforebeen
imaginedby some thatthe doctrineof chancess nearakin to presumptionjf notto
atheism® assupposingttheoutsethateventshappenasthephrases, by chance No
notioncanbemoregroundlessOurdaily determinatiorasto ourconductn thevarious
circumstancef life, arecertainlyfoundeduponjudgementsoncerninguture events,
asto which we canpredictnothingabsolutely Thereasornobviously is, ignoranceof
thewhole stateof ary case.Neverthelessexperienceof precedingeventswill incline
ourmindsmoreor lessstronglytowardsthe expectatiorof oneor theotheroccurrence,
accordingaswe have seenthe sameoccur more or lessoften on former occasions.
Thus,thata showver of rainwill follow afall in thebarometeris not by mary degrees
soprobable asthata stonewill fall to the groundwhenits supportis removed. Our
experienceof thelatterresultis souniform, thatwe feel the highestdegreeof certainty
asto ary new experimentwhichis notthe casein theformer. Neverthelesstheformer
is nomoreanaccidenthanthelatter, but only dependingn circumstancewith which
we arenot sowell acquainted.This beingthe case how strongsoever our corviction
may be, thatthe eventaboutto happerhasbeenpre-arrangedby a power with whom

1There are somewho are more strongly led by greatnamesthan by arguments. To suchwe would
mention,thoughwe do not think it of sufficientimportanceto dwell uponeitherside,thatthe fatherof this
theory asheis calledby Laplace wasPASCAL.



everythingis certainty we arenot therebyfurnishedwith ary rule of conduct,except
thenotion,thatwhathashappenednostoftenbefore,in circumstanceshichappeared
to ussimilar, farfrom proceedingut of ary admissiorof eventshappenindy chance,
is aconsequencef thedirectly oppositebelief; for, if precedingpccurrencebadbeen
purely fortuitous, the arrival of one eventwould furnish no probability whatever for
the repetitionof the sameundersimilar circumstances.The orderand arrangement
of the materialuniverseis usually consideredhe corvincing proof of the existence
of a Creator If so, every investigationwhich shall establisha generaland abiding
law, addssomenew force to this argument,and every methodproceedingout of the
law so establishedmay be madeto strengtherthosehabitsof mind, of which such
a conclusionshouldinducethe cultivation. The theory of probabilitiesdependsfor
muchof its practicalutility, uponobsenationswhich have provedthat events,which
individually appeato follow noplan,arenevertheles$n themassasmuchthesubjects
of ageneratule asary others.If thecourseof humanmortality did notcontinuenearly
thesamefrom yearto year noapplicationof the Theoryof Probabilitiescouldbemade
to theinsuranceof life; andthosevaluableinstitutions which arenow amongthe most
secureof all commerciabpeculationsyould eithernotexist atall, or mustchagesuch
a pricefor the securitythey give aswould renderthempracticallyuseless.The same
might be said of friendly societiesand even of marineandfire insurances.No man
accustomedtb suchconsiderationsanlong doubtthatthe doctrineof chancesinstead
of beingwhatit hasbeenrepresentedo be, is nothing more that the applicationof
commonprudenceo thesecasesjn which it haspleasedhe Creatorto hide from us
thearrangemermnwhichhehasdeterminedOurpowersof perceptiorandcalculation
maybeemployedin aspraisevorthyamanneion suchanobject,asontheconstruction
of abridgeor acanal.lt is by no meanmecessarthataneventshouldbe unknovn to
all, in orderto rendeiit afit subjecfor thecalculationof probabilityby thosewhoarein
ignoranceLettheownerof alottery beatliberty to distribute prizesandblanksamong
his contritutorsat pleasureandthatwith every knowledgeof their circumstanceand
motives; yet so long as the arrangementsvhich he follows, and the reasonswhich
guidehim, cannotbe detectediy obsenation of whathe hasalreadydone,the theory
of probabilitiesshouldbe as much the guide of thosewho would speculatewvithout
fearof ruin, asif thenumberswereto be drawvn indiscriminatelyfrom the wheel, The
word chanceis merelyan expressionof our ignoranceof the chain of eventswhich
have led to arny particularoccurrenceandin sostronga light would this be setby the
studyof theapplicationof thedoctrineof chancesthattheresultswould rathertendto
correctthe notionswhich the uneducatedattachto theword, thanto coupleit with ary
opinionscontraryto the supremeguidanceof anintelligentCreator

We have heardit objectedthatthe habitof calculatingprobabilitiesmayleadto a
passiorfor gambling.Unfortunatelythis propensityis soeasilyacquiredy intercourse
with theworld, thatif, by studyingthe doctrineof chancesthosewhowill gamein ary
casecouldbepreventedrom seriouslyinjuring their circumstancesheadwantagehus
gainedwould perhapsot be overbalancedby an additionto their number The habit
itself is usuallythe consequencef the want of ideasand occupationsvhich results
from a bad education,and springsmore from the desireof excitement,and escape
from ennui,thanfrom ary reflectionuponthe possibleprofit which may accruefrom
success.lt is certainthat the desireof gain soonbecomeghe masterpassionof a



gambler;but we think mostwill agreewith use thatneithertheagenor circumstances
of the majority of thosewho commencethis pursuit,justify usin supposinghatit is
their leadingmotive at thefirst outset. Be this asit may; it is a commonremark,that
in proportionasa gameis oneof skill, the sumsusuallystaled uponit arelessened.
Few ever think of gamblingat chess;evenwhist is not commonlya vehiclefor high
play, while rougeet noir, andgamesof thatclass,seeminventedonly thata few who
understandhis theory may make the unthinkingworld pay dearfor the pleasureof
a moments excitement. This would be seriouslylessenedif a greaterquantity of
knowledge asto therealvalueof the suppose@ddvantagegcouldbedistributedamong
the differentclasse®f society In proportionasary gameof hazardis corvertedinto
one of skill, the strengthof the evil stimuluswill be diminished,andits placewill
be suppliedby a more usefulexcitement,—thabf competitionfor victory only. The
fair playerwould thusbealesseasyprey to thesharperwhosevery occupatiorit is, to
avail himselfof asciencevhichthepublicrejectsto theruin of thosewho areignorant
of it. A cooltemperamen@ndgreatpracticein thetheoryarethe necessaryequisites
of the accomplishedhief, who would get his living by play; andthe samequalities
arenecessaryo opposehim with successAnd beit rememberedhatthe doctrineof
chances—alry arithmeticalsubject—isratherlikely, in commonwith other pursuits
of the samekind, to represghanto createary craving for suchexcitementasthat of
gambling.

It is aguedby anotherclassof disputantsthatthe theory howevertruein the ab-
stract,cannever beappliedto practice jnasmuchaswe areunacquaintegvith ary say
of determiningthe actualprobability of mostevents,suchknowledgebeingalmostas
muchabove our reachasthe power of predictingthem. This, thoughperfectlytrue,
is irrelevant, sinceit is not assertedhat the whole conductof life canbe determined
by numericalcomputation.The sameargumentmight be applied,moreor less,to all
branchef naturalphilosophy every one of which is corversantwith notionsmore
exactthanthe datato which it is afterwardsto be applied. The advantageof the the-
ory of probabilities lies in helpingthe studentto form a habit of judging correctlyin
caseswvhich arebeyondthe reachof calculation by accustomindnis mind to the con-
siderationof others,in which numericaldataand mathematicalemonstratiortanbe
applied. It is to the understandingas Laplacehaswell expressedt, whatthe sense
of touchis to the sight, a correctorof falseimpressionsanda checkon prematurede-
cisions. Thosewho know the subjectare awarehow aptjudgements to be deceved,
evenin the simplestquestionswhich, from the definite value of their circumstances,
canbereducedo calculation.Any pursuitwhichwould leave the studenwith a strong
impressiorof theweaknessf hispowers,andthefallagy of firstimpressionswould be
avaluableassistanto theteacherandin this respectve appeato all who understand
the subjectwhethertherebe anythingin mathematic®r naturalphilosophyin which
eventhe proficientis morelikely to err, or in which his errorscanbe morecertainly
exposedandwhendetectedstandin a moreridiculouslight, thanthe theoryof which
we speak. We will now examineits main principle, and seewhetherit be ary more
thanthe applicationof commonarithmeticto a notion alreadyexisting in the mind,
thoughin a vagueform. It is, however, perfectly capableof precisedefinition, and
whendefined presentsesultswhich a little reflectionwill readilyinduceusto admit,
in all casesosimple,asto berationallyconsideredsfalling underthe provinceof the



unassistegudgement.

Supposea bagto containfour white andtwo black balls, so placedthat we can
seeno reasornwhy oneshouldbe drawn ratherthananother Whatever probability the
presencef eachwhite ball addsto the chanceof a white ball beingdrawn, the same
will eachblackball give to the othersuppositionwe have thereforesix eventsequally
possible four of which arefavourableto the productionof a white, andtwo of a black
ball. Hencethe probability of drawving a white ball is saidto beto thatof a blackone
asfour to two, or theformeris twice asprobableasthelatter Thefractions4/6 and2/3
aremadeto representheseprobabilities the denominatobeingthe whole numberof
possiblecasesandthe numeratoithat numberout of themwhich is favourableto the
productionof the proposedevent. Similarly, more complicatedquestionsadmitof an
inquiry into the numberof waysin which, undergiven conditions,an eventmay hap-
penor fail, andtheproportionof thesewo is thatof the probabilitiesfor andagainsits
happening.It is only againstthe precedingllustration thatarny objectionsto the the-
ory of probabilitycanbe urged;all the restconsistof processesf puremathematics,
admittingof no question .t is averycommonmistale to supposethatthereis in math-
ematicssomethingwhich givesthefirst ideasof naturalsciencesandcreatesotions
differing entirelyin kind from thosein commonuse.Thisis only truein respecbf the
accurag which mathematiciansanconferonideaswhich, withoutthis sciencewould
have beentoo vagueto furnishsubjectof calculation.But in ary othersenset is not
correct;thus,in the preseninstance gvery onewill allow thatthe chanceof drawing
awhite ball from a bag,which containsa thousandvhite ballsandonly oneblack, is
muchgreaterthanthatof draving the black one;the stepmadeby the mathematician
is simply thatof estimatingtheseprobabilitiesby the fractions1000/1001and1/1001,
againswhich, if it beobjectedhatawrongmeasuref theexpectatiorhasbeentaken,
it is all thatcanbe brought;but it mustcertainlybe allowedthatthe notionis onebe-
lievedandactedupon,moreor lesscorrectly by everyindividualin theworld. We will
now mentionsomecasesn which mankindaresubjectto err, andwherethe liability
to mistale atleastis pointedout, by obsenationof the commonproblemsof chances.

Most of theargumentof which we make daily usein booksor corversationsgon-
sistof assertionsvhich areonly moreor lessprobable andwhoseabsolutecertainty
thereis no methodof establishingTheconclusionsvhicharedrawvn partale of theun-
certaintyof thepremisessomuchwill beallowedby any onewho ever found himself
in thewrong. Butit is notsogenerallyrememberedhattheconclusiorof anargument
may beimprobable gventhoughfollowing logically from premiseseachof which by
itself hasprobabilityin its favour. Theargumentthatif A is B, andB isC,A isC,is
incontestablesoalsois thefollowing: thatif thereis any probabilitythatA is B, and
ary probabilitythatB is C, thereis someprobabilitythatA is C. Butit doesnotfollow
thatif it bemorelikely thannotthatA is B, andalsothatB is C,it is morelikely than
notthatA is C. If therewereanevenchancefor eachof the two first, therewould be
threeto oneagainstthe conclusionandtheremustbe morethantwo to onein favour
of eachof the premisedeforethe conclusioncanbe calledaslikely asnot. In a still
larger collectionof equallyprobableargumentsstill moredoesary feeblenesi the
premisesaffectthelik elihoodof theconclusionsothatno resultwhichdepend®nten
equallyprobableargumentscanbe consideredishaving an evenchancan its favour,
unlesstherebe morethannineto onefor eachof the premises.Suchconclusionsare



indisputablejn casesvhereall the circumstancesvhich renderan event probableor
improbableareknown, asin thecaseof alottery of blackandwhite balls;andtheknow-
ledgethusobtainedmight be beneficialto a disputant;for thoughhe could not apply
numericalcalculationto a questionof politics or morals,he might therebybeinduced
to recollectthatstrongprobability, andnot certainty is all thathecanhopeto arrive at,
andmight learncaution,bothin forming his own opinions,andin condemninghose
of others. Anothercommonerroris, the belief thatthe occurrencewhich, underthe
circumstancess mostlik ely to happenis thereforegprobable If ahalfpenry bethrown
twenty timesinto the air, the mostprobablesuppositioris, thattherewill comeup as
mary headsastails—thatis, this combinationis morelik ely thanarny othercombina-
tion, but not morelikely thanthe arrival of someout of all the othercombinationsl|f,
then,a halfpenry werethrown up twentytimes,andthis wererepeatedrny numberof
timesin successionye might expectbeforehandhattherewould be a preponderance
eitherof headsor tails in eachset,andsoit would generallyprove. The samewould
hold of two playersof equalskill, who shouldplay differentsetsof twentygamesach.
Neverthelessthis resultis misunderstoodby playersin general,andunderthe name
of arun, eitherof goodor badluck, hasmary superstitiousotionsattachedo it. It
is not recollectedthatthe resultof no oneor moregamescanbe consideredsin ary
way likely to influencethosewhich succeedexceptsofar asthey prove superiorskill
in the partywho haswon them. It is, we may obsene, very commonto deducefrom
aneventwhich hashappeneda probability of preciselythe contrarynaturefrom that
warrantecoy commonsense Thusapersonwill say—I have beenrobbedto-day and
donotthink | shallberobbedagain;for it is very unlikely thata manshouldberobbed
twicein oneday. Nothingcanbemoreincorrectthanthisargument:beforetherobbery
happenedcertainlythe probability of beingrobbedtwice in one day wasvery much
lessthanthatof beingrobbedonce;but afterthefirst event,theseconds justaslikely
asthefirst was;or moreso, if the happeningf thefirst eventbeallowedto afford any
presumptionhowever small, againstthe goodmanagementf the personto whomiit
occurred.

In the Parisianlottery, it is always usualto stake upona numberwhich hasnot
appearedor somedrawings,undertheideathatits appearance renderednorelikely
by its not having beendrawn for sometime. Many moresucherrorsmight be noticed,
evenin thosesubjectavhich arepeculiarlythe province of thetheoryof chancesand
still morein the speculation®f commonlife. Thesesene to shav the utility of this
scienceand,if we arewarrantedn assuminghatthe correctionof anerroneouhabit
in thinking of onesubject,is likely to exert aninfluenceover our methodof treating
otherswe mayrecommendt asa partof education.

The work of M. Queteletis a small and neatly printed duodecimoof 236 pages,
written in tolerablyeasyFrench,which we hopeis not now sogreatanobstacleto its
being put into the handsof a young person,aswould formerly have beenthe case.
Eachchapteris succeedetby a few questionson its contents.The principlesarelaid
down with greatsimplicity and correctnessand accompaniedy interestingandin-
structiveillustrations. The demonstrationareentirely arithmetical requiringno more
knowledgethanthat of fractions. We alsofind in it several things,which it hasnot
hithertobeenusualto introduceinto popularworks on the subject. Among theseis
the calculationof the moral expectation,espé rancemorale), in whichthe sumstated,



is consideredashaving a valuedependenbn the fortuneof the playetr The principle

employedis the commonone,namely thatthe valuesof the sumto two differentper

sonsareinverselyasthe whole possessionef the two. M. Queteletthenproceeddo

exposethe lottery, asit now standsin France. The constitutionof this lottery differs

materiallyfrom thatformerly establishedn England.Thereareonly ninety numbers,
of whichfive aredravn atonce.No oneof theseis in itself eitherblankor prize;each
candidateor a prize, having previously depositeda certainsumuponthe comingup

of onenumber or of a combinationof given numbers hashis stale multiplied by a

certainnumberof times, if the event, on which he hasplacedhis money, happengo

arrive. In proof of our previous assertionthata public well informedon the theory
of probabilitieswould never toleratethe systemof lotteries,asit standsat presentwe

subjointhe meaningsof the differenthazardswith the sumsthat may be gainedby

eachandalsothosewhich oughtto begained|f the playerwerequiteeven. Thestale

is supposedo be onefranc.

L'extrait simple Herethe playerstalesupona number namedby himself, being
oneof five. If hewins, he oughtto receve 18 francs;but the governmentgivesonly
15.

L'extrait determirg. Herethe playernamesnotonly thenumber but alsowhich of
thefive it is to be. His fair gainis 90 francs,andthe governmentgiveshim no more
than70.

Ambeand Ambedetermiree Herethe playernametwo numbersinsteadof one.
His fair gainin thefirst caseis 400% francs,herecevesonly 270;in the secondt is
8010francs,of which herecevesonly 5100.

TerneandQuaterne Herethreeandfour numbersarenamed.Theplayerswhowin
thesestalesoughtto receive 11,748and511,038francs. The governmentonly gives
5500and75,000francs.

With suchadwantagesijt will not surprisethe readerto be told, that the French
governmentgainsannuallymorethan 160,000poundssterlingby this very equivocal
sourceof revenue being25 percent.onevery sumstaled.

Theauthorproceedso a classof questionsthereasoningf whichit is impossible
to introduce,from the very complicatednatureof the processesbut the resultsof
which areboth entertaininganduseful. We alludeto thosecasesvherean eventhas
beenobseredto happena certainnumberof times, of the previous chancedor the
happeningpf which we arein total ignorance.To a persorwholly unacquaintedvith
mathematicst would appeadifficult to reducesuchquestiongo calculation andstill
moresoto onewho, thoughacquaintedvith the elementaryartsof thesciencejs not
well versedn theintegral calculus.For example all theelevenplanetavhichhavebeen
yet discorered,move in the samedirectionroundthe sun;whatdegreeof probability
is there,thatif a new planetwerediscovered,the samething would be foundto hold
good?We areheresupposedo know no reasonwhy it shouldbe moreprobablethat
a planetwould move in onedirectionratherthananother Nearly connectedvith the
samespecienf questionds the celebratednethodof leastsquaes for ascertaining
the mostprobablevalue,which canbe obtainedfrom a setof discordantesults. This
methodhasbeenexplainedby M. Quetelet,with perhapsas muchsimplicity asthe
subjectwill admitof, to thoseunacquainteavith mathematicsThis is followedby a
chapteron thelaw of mortality, andits applicationgo annuitiesandinsurancesin the



mostsimplecases .M. Queteletthenproceedgo a subjectwhich may excite a smile,
whenmentionedasoneto whichnumericalnalysisanbeapplied:viz. theprobability
of thetruth of evidence.But it mustberecollectedthatit is onethingto asserthatthe
probabilityof any onewitnesstelling thetruth canbefound andanothetthatthesame
probability, when known, may be safely madethe basisof a judicial decision. The
argumentf M. Queteletaswell asthoseof MM. Laplace,Condorcetlacroix, and
otherswho have treateathis partof the subjectaremathematicateasoningsiponthe
probabilitiesof the truth of evidence,whenthe degreeof credibility of eachwitness
is supposedo be exactly known; and not attemptsto find by experimentwhat the
credibility is in ary particularcase.In geometryit is absurdto expectthatwhich is
calledacircle canbedravn by humanhandsjut notto saythat,thecircle beingdrawn,
ary tangenis atrightanglego theradius.Soin thepresensubjectjt wouldbeuseless
to pretendo assigrthefractionwhich expresseshecredibility of any onewitness.Yet
if we considey that, even if thesecredibilities were actually given in numbers,the
difficulty of forming a judgementwould not be nearlyall removed—thatthe mind s,
ashasbeenalreadynoticed,mostaptto deceveitself in the estimatiorof results even
in casesosimpleasthatof alottery of blackandwhite balls: we shallnotbeinclined
to rejectthatbranchof the subjectwhich teachesishow to useexactdata,whenthey
shallhave beenobtainedpecaus¢hathasnotyetbeendone.In speakingf thecaution
with which thetestimoty of a singlewitnessshouldbereceved,M. Queteletitesthe
following, asof his own knowledge:-

‘Quelquesjours ap’sla bataille de Waterloo, un jounal de paysannona qu’un
personageaugusteayantéte bles€, pris par les ennemiset saue ensuitede leurs
mains jetasesdécorations seslibérateurens’écriant:Mesamis,tous,vousles avez
meérit'ees! Cefait fut repete et a été cité depuisdansplusieursouvragesommeun des
faitshistoriquedes mieuxétablis.Nosdescendansegarderondiendedouterde son
authonticié puisqu’il a &t écrit et répété sousnosyeux. Cependanhoussa/onsvu
I'auteur de ce écrit, innocemmentmagirg, s'effrayer de la confianceavec laquelleil
avait éte réqu etesargumentgjuonpeutendéduirepourla vérité desfaitshistoriques.

In conclusionwe againrecommendoththe subjectandthe bookto the noticeof
thosewhoareengagedhn teachingIf simplerpartsmightfurnishusefulandinteresting
exercisedn arithmetic,andmight relieve the monotory of the commercialquestions
with which our bookson thatsubjectarefilled. It would atthe sametime helpto teach
thatcautionandself-suspiciorwhichis, to saythe least,not the predominantesultof
our method=f education.
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