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Representative Sampling, ['V: the History of
the Concept in Statistics, 1895-1939

William Kruskal and Frederick Mosteller
Crmipersine af CHirgo, oid Havraed Drlversiy

Summery

We wage ileas ol represenzalee sampling ool hisines o7 s, sared weh K-ase™s | TRY S| ailvneacy oF whal Pe
called Lhe ~cprvsenlafmg Wil and andhag Jost Tl e Weoog ) War 1103 mpdpir Hitme o 1k shos infralactivon of lucid
probabilizie olas eaha [he desigin o siediskial surees 5 B process Sl Gar Fom cemplee @ther baines inclode CU1 ke
carly Mekale bolwcen slaleslivigns adwopding =ampling ardd those Tsislmg on allzmpled Tl coverage. 021 2arly
Auncriven doasyivea of wprescd lbwcicss — geavrally superhlivinl = and Cheir use By Kiser as suporing argumsres,
and L enperitiis A Dipe aed Daleara L9200 and 2l -okes of Bowley, Seyman, and athers.

1 Inirodueipen

Qur dhtee pricr papers on reprecencacive sampling, Keoskal aud Mosteller (160740, 1979,
LB70¢c). deall respecrively with the concepr i aeabcwnnfic writing, in saentific wriking cutside
s1anslick, aisd e e statistical Tnerature . Alhough thoss thres papers included sporadic historical
cricoignts, We ilivs pre-gdl a moers systematic exposiion of the history of cthe adea of
represenlalive zampling. especially within statistics itself

Al the vutsel, we call attention 1o a problem chat we Faced &5 authors and char wan fge as
reader We review both words end idess: it would be pedanne 10 become gver congerned with
particular worde o1 exprescions execpl menfar as chey are interpwined wich ideis. Yed the ideas
vonnecled with words Tike *representative sample’ ave sn basie angd ranpe =0 widelv that a fall
historicel aceound would be tantamovnl 1o wling @ hsury of nearly all siatistics — indeed, of 8
large scgmenl of philosophy of science. T keep owor eiforts within manegeable Jimits, we
cancencrate here on ahe history nf usage within statistics of expressions like 'represeicative
sample’ and ‘representabive method’. We chgress shphtly from time to time. By and large. we creat
the pericd afler LE94 and hefore 194400 ape (ird paper, on cerrent scatistic el usape. deall mainly
with marcrial published afler 1oalk, bun we are noy mgid whowt chranological boundarics.

Ter belp owr reeall of Lse mise Yy of agages o1 “representarive sampling' thal we described
and exemplified in oor carlier papgrs, we provide drewings with caplions. Bost, bur ane all, of
these turned upoan oue eeplaeidion of |he pre. | 940 ctutistical literaiwre.

Crur historicel treaiment beging wich & seminal speech by Kiaer [1R%5 1, a1 the Barue megting of
the Tntgrmuivmal Seatiatival Institube, and we then ose reports of later T80 mecrings oo prowvide
beveh sirngpuze wnd mingraad for chsvussion. We treut connections botwesn Biaer and American
slimsticiang, most notably Larmoll Dy, Wright, The letest [S1 meotng that we discuss as that of
Bome in 1925; ds ducusswns vd to Jerzy MNevman's Tundamencal Foyal Slalisical Soeciely
[ilTeer nl 1454,

Perhaps the aapor therie oF unr ecpesition is the poinfully slew — in refrospest — way 1hat
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precise ideas of probability eriered the theory and praciice of suewveys. b Progress was halung and
deegzed by confusions and nasauderstandoigs. Linle ineracion ocenzped Bepween sooal imd
gcunemic servey lnkers, om the ane hand, and statistical analysis in the natucal sciences, on the
ather. Eacl Pearson might heve lormed & bridps between the two sististical worlds, hot be did
nol, We think that il was the new investigations of the foundations of probahility in 1l 30°
izpether with Mevman™ inflocnee Tollowing bard on Bowley™s. thar brough ws 1o ehe comlern et

I 15 dangerous, 95 well 85 discourepus da owr intcllectual forkears, oo crea aboul g presen
knowledpe, 1nthe frst place, there ace still many pape, and shere i sl wodespeesicl wogrange and
confusion abouwt representacieeness. probability, and the aced Mnr stvisgent stovdards o the
design and analvsic of sorveys, Sccond, dnevitably cur ndlellecival descenckimis, Fifty 10 eighty
yvears ftom pow. will lack back end wonder al our [eilures o oederstard. 1o (hil sense of
humility. @cembark on our historical o posiEo.

2 The beglnnbng

Ta aur knowledge, the firs1 analytxal® use of w term Jike reprosentative sampliog’ ocourred at the
1295 Brene meeting of the Internatwonel Stutistical Instituce and was pohbished {Kiaer
1893~ [858A] a0 the report of that mesting, Anders Micolai Kiace. Dirsowgr of 1hs Morwegian
Central Bureau of Sianstics, thenin his lute Afties. had been Fascinaled by 1he nolion of obtaining
useful macosal inforaation fom secial and cconomic data cthar did nor gover all individuals,
knuacholds, of ciher wmts of the entite pation (o other regiom of imerest), His 1805 paper,
published in 18948, i entitled ‘Obscreations and experiences with representative surveys”
[Chservidiong ¢ experiences concernant des dinambrements Teprésentatifst Kiser was shacply
opmases] by muny ol the Teaders i government svacishes whe Fermed the core of 151 aed wlho
acgued fur Tull encmeration. but Kieer continned o press, both in and owt of the Institule. Tr
whil he cume 1o call mose frequently the 'repeesenianve method', that s, for sampling. Thiriy
years Tuter, by dhe time of the 915 I5] meetrg in Kome and afier Kieer's death, representalive
sampling hud found &n acocpded. honorahle place among stetisticians. Sarapling had hecpme
respectable, if noc vet well wnderseosd.

Of course sampling, in nre senge ot unother, most be as old a5 wankiml. ne grrives at
conclusions about fish, itgen, [lons, wood nemphs, end fire on the hasis of Telatively small
unstructured saniples thpy come to hand in daily life, A1 of us cominne sueh informal inferenoss
mnst of the tune. Yet ki os a1 Far ory frem the sell-conseinug ideas o sampling and of inferences
troty samples ehae lave gricluully and erratically growa ovee the lat 190 hondred years.?

Tm gevlngy, agriculure, and physics, for example, moc simply coanol know the whols
pogrulation, so wimples wre inevitable and ciscatial. Qoc main stream leading 10 modern slatiseics

' W recogrire many dificehis ieobos saclgoien of slieness. Foslo such a jadgneear s o #Hchi of ink=lleoual
hiscery; es Wikam Jafé saud, ', . how Slivw o ik process of grosbg frem generaiee o gecrahon feward Loy,
whesheris hain scoonmics orn LAy crhie Soenee (19651 (p. 2200

Becord, une mun 2k sbos caniqecal o wkal? Tnothe histary al siowsnes. seens nagr edvances have heon
renirkabbe fasl. “ur @xample (L) randannraron -rodesign and 120 1the Mevmar Pearsan e pctahon of cosfidence
inbewyls Thess wore —zlaleely specific advenct<, <o b osure, snd came dirsedy fron: nne or fwe coceplanally
gy mrkls '

Tlord, guancilative <labemencs aboul skwnes nieslaby presabe siatisbeians Lrpund 10 Sty nsiary bocacse of The
stalemenl=’ impoecision. llaw migkr ane presikly beaia spen! of inncracian with coee and meke cuanbialve
cemporisees? O 2ot gl laee green Thoughl i thiase quesiwins, am! =c have same laniazive g8 anschass . bl
Lh=t ara fnrcnher placs, el glhier dinne.

* i e shall zze e, §2arenT 1L W iglt used such an expression sarh=r. mon an Lshgllzwer ard less inAvancoml Wi

*in accenl metbad seloces subsers of 2 ponwlainn b dhe ws al lot= Thal 1. hy aamie kvl of gk ysical
randomizalion tha: 2icss juries 10 hear o dspnee. choases anliligos 2z be billed a6 pesishmene Zarothe eon e Togimanl.
tllecales land wr wlber properey. elc. To race the kand ar rende=nes s e hach e Asseria asd 15 THE T2 taigg), Jrme
v Ficnbere (1971019, 2350 Lchesnsicn and Hakungwits (1571 - 721 ar<] Eh-anberp (152710 Hakanaviick 2 13777 and
il> revivw by Ewbell (1975 provide usefcl macenal. Far padica” el lepislalive u=ss o ks in ancient Cpoose and
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riges froam problems in the vanral sewences and was despened by such major Gguces as Laplace
and COnoss. Thess wathors tepically treat & sampls as it F were randam (Ge., compoged of
identically distriboted independent obseryationsy, and freqeendy make a paramerny sy mplion
(e.g.. narmality). In such a sering, one needs (e caneepe ul represenlitive sumplng less than in
epcial surveys. The concept. bowewer, might well bave arisen n geodogicel or astronomical
campling, but we have not cun geross such B oeiga.

Social and coonomic statistics themselves bave a lempg Mstory of sample studies. in the sense of
partigl coverage of the cebevant populatinn. Thea, In the 1%¥h century, with its growih of naticnal
statistical systems and the conerapoeary bul seporate development of sociolagical siudies, one
coes a0 almast polar reoveanenti. The first pushes for full coverege, {or the complete censog, e
secard cplivates e studies  sometimes called enanopraphy — to permac insieht and hepothesis
formution by imlensive i nvestigaction of & few familics, a stgle city, ous aheriginal iribe. or, as For
Freud, a bundful of extreme neurotizs in one panicular miliew. See Lazarsfeld €196 1, Lecyyver
and Oberschall {1%78]; and Kroskal { LG8k},

Full coversge and che case study ides need oot Tse L conflic. For esample. o case study of a
town might inclode & census of cveryons: feachable, As Hall {19868 said,

Feaders of the carly volunes nf the Sfourne' of the Roral Slaristical Sccien will he sicuck
by ... [chis:] In chedr surveys of L hoosing., education, of heglh, .. inthe LEIFS, il was 1he
gL of the pinoears of thiu lime to sledy and enumerale srery member of e eommunity with
which they weze conpemead — the 1own in Lancashice. the borough ol Basy Loadon, the ceantry
village, wlkatever 1 may have tieen, Thar gim wes frequently Beoughe to raoght by the very
weight vf the 1ask .. Lby| collection of the date . .. [and]| the sguistica) analyveis that the
resulty demanded. In contract, the worker today sweoeld (o shoutd) instinclively reflect on the
possihilny of | sampling, (P, 143

We erike one terminological nede before we tuen 1o the sequence of Kieer's papers, for
terminalogy tends o be vanghkd, wilh various wrilers using the same cxpression in diferent
serses, and wilh Ve same wrilers using diffzrene expressions for ke same idea, An indentional
ievestigihun of fewer then ull units in 2 popolacion. we inaght today well call sampling 1n the Tate
19tk gentury such lerms es “paniial investigation® swd “inchregy metheds' seem 1o have besn
prpulur. For discussion of the latter see Westergaand (1933 {p. 2R3

T sum up. the perind 18%% do 1925 marked a v2amsition for social end gevernmental statistics
from hepvy relience on complebe covcrage to subsiannal additional osc of designed praroal
investigutions. Anders Fiacs and athees promolsd and wsed soch partial iovessigaliva,
Confusion reigned eboor the mesning of representative sampling.

Rt <2 Ylawelty 1477 nden cnbries are uncer “sominen'y Fun By cdociralicn . =ze Fiebiger (19001, we aly
nole Che r2tringe 1o this praclice oy Shehsspeare m P 2 Arksni . A 5, seene 9.

. .eakachau The decein'd 1ench,
Ard hy che kwrard af che <perind-ds
Lal diz 1= sparzed

Argivnl randomization wax, of cowse. L wkal Bo o pnnalica and far games Licde of che sugen) Tiernlure Lhal we
liawe soen gives sef conseius discusson of the rale af rargkodicatim Lo produce Bn eqcehlc rysylt pr 2
repressnlalive sample inoane er arelber sense, Mes e we FoopdSn the ancient lieeracurs oy analyas alzampiag for
senpurical Ay W may, of course, have mnissed ar (Lided W rg.gnize relevane snciane marenals

A wi: Tinvr said_ we forbear discussinn nfl Ehe uge OF sanigiling per s prachoe thal ven hardly have had & sharp
hegzinning. Yec Sphag 417431 The idea ul sampling and locing 1he <aiaple <iand for Lie antirety arises wedsls, and we
cite here, o way af o wipl;, cmly 2 glitkoricz sebecion vf Earze warks abyyg sampling sumneceed wich ankd. % Sugkr
(1975} descrifes che il of the Py, an English 1est of conoge gaimg kagk perhaps s Far as (ks Iwellch cancary.
Rickard 139041 hae o discernmp diszunico ol sompling gald mees: wehigan efereee 1o che siatisheal lilermore, he
has many wise remmarks Ghant sampling frum e highly heleregenenuos. Seew pepolation under civcrmseances ol daira
ard [requent sharp pracciz: hemwegn burer and seller, Dewey (19137 snalpL mays af sprptog gald bolban,

This content downloaded from 155.41.215.212 on Thu, 31 Oct 2019 21:09:17 UTC
All use subject to https://about.jstor.org/terms



174
1 Klaer and ike Internetlonal Sstlnibeat Instiioe*

In betwesen [ull coverage and the case siudy came the proposal for self-conscious sampling, the
represcniasivs sample, ooder the inicial Teadership of aer, Wha seemns oew i FRYS © el T
concerm abowl the relaticnship betwecn sample sod peopulacion, & concern that a first has almaos
nothing ko do with probabiity.

The newly named represchcative method e scatking crocism Erom scane of the ull gowrd
adherents of full eoverage. Perhaps the mosl vocal was Gaorg von Mayr, who said. for exampls.
it e dise uszion afier Kinere {1893-98% that. in our ranslatwon and pacephrese,

.- Tregard a5 cmose dangerows the peant of vizw found io his [Kiaers” work. T undersiand chae
represeonative sacmples con have sume velue, bat it ic B value restricted o terrain already
dluminated by full cuverage. One cunnot Teplace by calculation the real olservation of Facts. A
sample prosides siatistics for the units actoally cbesrved, bot ool roe s1eestics for the amce
(A T1E

Tt i5 epeciully shngerows W0 propose represcoteties sempling in the midst of an assembily of
sliisticians. Perhaps for legiclative or admimistraiive goals sarmplng may hive uses — ut ane

* W cnnw of saveral briefar Lraalmenis af the 131 mestings 27 which che 'yiprecsentalivee melhod” was d seussed. Twg,
Zehn {1934+ (n. G4-65] and Mimcen LU0 BHL ar historics ol he |56 aler 50 and 15 veacs rasmechively of gsivily.
The third % o deeper diseuszon by ek (145530 5eng 419510 gives 4 lengthy Lreolmern of the nipzer 6 from n
viewpaine racher ddfzrern (ron cors. Kencgacs (19630 prosides s fresn presenlatian mich apeglal apention 1o
represernan e Aaempling osagienn Europe, b includes 4p 32-3) b leanslation ines Englisn ol a h-galy juteresticy. 1894
leicar Fram Kiaarsa 1 Hénisy.

Liren Kenewaes whd Siephen M. Stighr poinl vl ic correspondence tha che appesaice 16 Fine's deas aboul
samp:llig, g cpprasation led b ven Mayr and ccher Ao macisocians, may wa1aee: ooy basod on their view aof che
Mot il ligdory ol wocial slatisbics. Hogh scondards of ahjezivioe and camploigicss igd m been lorg, escohlisked.
A} wing Rynwiglol wilh Full censeses: e shils co sampling mighs Codasiandgbly heve boen ciewed as recragressinn,
Kenesety nho suggpeats that the official sladiskcions moy have wewed saniphing as o chroed 4o their “wudgers ond
laeaueralic celabishments We hope b gthers wll w0 And &xcoptciwry teidener sbou: these placsible
cnsiiures,

Eigpha (1945} hes o baxc ardcie on che Siskory of semploig, wed Chapie 7 of Dalesius's 1947 boak enncans
valuable histuricsl material. 'W'e oo e wich appresanen <he 1975 paper by Hanse end B edaw.

Early wurk m Ruxiia on 1he therry and praceic: of saipde umeeys is relevenl ard we noce 1w papers By & abimid
CL%5E, 1962L The [95h paper brefy descobes I3 33770 4 1921 erlicle by A& @Sourew il "shaws thas she idess
pepalarized by Kiwer were used in Russien chermy gl pracice - n Cr sccund half af the niczlzesnh ceniae, e mucl
earlier Lhun when Kiaer swried . T aud |wogusge lmitalicns have kepl us fram ezanuming ae:uatgly *his sarly
Russis work.

We have, heweser, exwmingd Knufmann’s 191 book, which cescribes (p. 62-374) Russian wurk on samplig fr
sneiol wnd sgnoime survers. & remark on p. 227 of Fensen 4 192603 cen 03 m K qufinan's busk: Ienven savs thm
rEpresenidcne investigenone i Bursa ore 'ggals meccauble in Al Kadmann's insirngljvg work” Korrazsay '-:1I.I|§.3|
abn refers 1 K gyt arsl discusses 2arly Russisn sampling.

Acgardirg 1w Kavfinare., Russion idens al resreszncacive sanmphng Jer- el from Kiser's wark, Tnoche W%, 5o chare
HEEOE i B Somcii g of 2 certradiclion hetween Gerey ond Kanfinane, poysialy based on embipuiy of mesning, We
ke 03 grhers will clarils his Aisloncal puazle.

K2y fid i, Wl wa dl the Uriversity nf 5. Pelershineg acennd-sp i lis Rille page. tescribes Dooley's wark. dvak s
el memlivn af vun Dorkwewicz's idens, snd wears vt curly pnd swemetimas negleced :.:.-n[:li||g_-||1|;|,;-|-]. of & om
CFoprwe Srwnaliteratad Tashopros, Tehwpraw in Cermant

Benrisy painks cal thar siotalicol sanes egluigd we epeeacniativinesy playsd oroke in ihe dersaess thal loomicd an
vanriare 1o Lhe Russion rewcalicm. Chaa 2 8 Eenins 1BS? boak, The Derclonwer ol Caaiabiim s Russice. i1 an
gnalvais of the Zemsyvn motavics Tor the Hogsian cygniresde (The Z2msbecs were norad gavenimen] c=uly | Lenin has
b mamjor paincs thers chal wre relecant raooin copoivon, Firsl, ke sekes e Zemnsovn seenisnicinny Dr nak Tor dookis
HL Bwrages oy rather than a1 che verwhilins wswase puglysis = says Leain s5aws (he firmacien argl Hidivite afl
tormamey Slaacs in ke Bdarsisc sense. See po 77 for espinpde. Soeend. the Zemesive housebeald Tiudpet Slarisl 'y shooe
Iw rusy o opiviune (7. 1511 beceuse the very cancenn 9 a bedpol * 1z onal easily Jousd ameng e et Sipee Lhe
el u ligCary Of *hi: Buszian rovolulion Lurns 10 2 Ierge exient an the iecalmerd of the wewkhier peasaniz, e satslical
punEs fanged P Latm gy well heve had b significane 2fTe21 an Sevie polia

We Rapipaa 1har the Zeid¢lve slatisisians must have amd responies 1o Lenin crRicieme. bur we dn nen & aaw (hal
Ligruiwre. Lenn cemhiy reple 1o une rebubiol is called 'Wnenreai gritgsm® Menin L9SE, E- =17 iy, cuiginally
nubdiahet 191X

For a demiled deseriprian in Eoglish of the 2 emasteo slacisoea, 22 Kantaanan'y clapor on Buzsie in Koeren $19 18]
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sl never Forget that it cannat replace a complets survey, |t iz necessory Lo adu thae there
among us These davs 8 current in the minds of mathemaicians Lhal woald, in many wiys, have
s salewline rather Man ohserve. We muogt remain Armoend s8v: oo celculations when
ahserypliong cao benalde, (P XCY D

Ringing words! “Pas de calenl 14 o Pobservation peul ére faite.” An excellent bricl stacement
gbowl the vou Myt posatican of the need [or complkeness and how il was overiurned a5 given
by Ancerson (193d) ip. 3980

At this remove we canoel ewsily understangd von Bavr's references wheo bBe talks of
calculatiom and machematics, Kiger himself sayve hardly 8 wocd abost probobility. nue ol
methematics in any Tes] senss He only tekes ratios and uverages in his representative sumples o
holding epprozimetely For the populadon, end he provides what evidence he cun thal the
Bpproech worke.

What exactly did Kizer have in mind by representacive sampling? Ficst, e choupht of social
Aud ecnnomiz surecys in which ooe cowld begin by chocsing districts, towns. pans of cities.
witeels, i, o b followed By syslematic, racher than probahilistic. choice of woits Chooses,
Farmbes, mdividoals) Seeond, he insasted on subslantial saenple sizes at 8l levels of such a
selectxon provess. Thirl, he emphasized the weed Eor spresding oul the samplz o a vaciely of
wiys, primarily geographkaly, but in oiher ways a5 well. For example, i 3 sample bail o
deficiency of cattle farmers, he woukd adid more of thean.

He returmes often to the idea of coverige in various mades. Bor saample he seys that “se shoglad
be carsful naoi only ta visit howses that are everoge from o social podnt of view, bot olso hooses
repraseocing dhe ditfersnt cocial ond sconomic conditions that are Found in 1he community’
P15, p 175

Eiaer theapht of his representuive saciple 3: an approanmace mizhaiore of e populanun. He
repeats Lhul sz Hime wllar e and siresses e mporiasee of curmpariog sample resuls wilh
known cansus resnlts wherever possible: ap=, marial statos, oecupatann, @e. Tle advaneage of
the cample, uf course, 15 that ore can gel G moere deal, decal that wonld be aspraceigally
expensive for a censuss that is. the sample provides snformaling oo many more ciradenstics
than the censue,

A vear or two later, Kiaer (15971 eaprassed himszlf a1 govater lenglh. but in Motwegiun, The
article hes recencly been translated, and for teadsrs whoss major language ic English, the
translacion prresents an execllent. leiswrely picture of Kiser's chaupht.

Cine novelly of Lhis paper is brief mencion (e 3% ay the trenslation’ of possibly deawing e
stmple by Loc He does nod actoally do Ueat. hoaeeeer, e cheases 2ortain ages and eercaie niinal
[eiLers ol surnanies: . | these]| Soernd e be ralaeed oo Uee paersans ftan Senca1gzn w o e sanple
shunll be selecied in & baplaeard and rondiom wie, w00 1la1 3 sample selected an this manner
wo I e el -, Las iT00 had” been selecied thraugh the drawiog of ol moorder 10 avoid, in e
most sitingent manner. any prosedors that woold give preference o persons o ezdwin
occupelions o belonging Lo pariswlar socml sicele’. (It mey torn oot that uss of initial surname
letter does introduce unforiunoie selection bias, Sez [ensen [ [4#26b] (p. 4294 35 for an exemyple
in 3 bManoheim studv: fensen in addicion refers there to Kiser's use of cclecred apes and
canscquent difficuliy beeawse of age reunding.)

Kiaer alzo cwppectc [page 39 in the tranzlardont differential sempling rates in siraca with
subsegquend weighting back for the wnalwsis, The motivation given is obsuure. and of coorsz any
such approach  howewer pruisewetihy  spoils 1he simplest minislore Wea,

Ele poainds wid 1he pror wge ol sumphng [pertin] investipations and gives examples that
insTode Lthe Follawing:

Cieaio Tarvest. *[1t]. .. would simply be smpossible [vo take] . . . coports from sach and cvery
aeficultural holding.” F. 34,1
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Numbers ol ktters manlsl between countmies . . estamaled By, 0 eeent of the walume at
certgin weeks duning the year*, B, 54.)

Geological sorveys, ¢ From surveys]. . in scaobered locations, inferences are drawn ... ang 2
protuge is formed of Lhe whole arca.” B2 37}

et he proudly Feels (. 45) thel Jus soeveys o1 Morway were the 0% properly representataes
fnca, 33 Lhat chey (1 were plansed with represenztiveness as e goal, el (2 chesked insofar as
possitle ageist census cosulls. AT the sarme tine, e recnpgnizes imperfections in those surveys
and hopes for impravcrscnl

He likes the twa-barrel analogy: think of @ large barrel aogl o small barrel, both of mixed
comtents. T a puraber of samples from each shew lieic gontents to have practically the same
coarpraniconl, Lthen Further anadysss of smly the small burrel permits inferences abour the large one
e 510

NI, Petersbury, 1857 Kiaer (LEY9a) repenis bis themes at the 1897 T8T Si. Pelershurg mesiilg.
He shatpened his coneepd 2 bt and boought out che rviniatuee Kea more clearly.

By representative inwestigation | underaeand & partial explnrition with ehservotions on a larpe
oumber of scatiered localies, disnibored aver the whole l@rnlory 5o that they form a
miniatuee of that whole. The localioes are aol chasen uthitracily, bat secording oo @ rational
grooping based on census resudis; ancl the resglis should be controlled by comparizon witl
ehese censuses (. T80 1his 15 a4 (ree transhinion.)

Fle aulsee draws & Turther contrist beeween representative sampling and case siuces (e, tvpival
cases. Monographic studies)- 8 case study of & particular Ly pe, or even several such case studies,
do not give & 'tTue miniature of the totaliny® with its "variely from e o case’ (p 141,

Kimer participated in the LE®T Siockboln Conference of Scandinavian ctatisticians: see
Dalemius (T¥3T] ip. 300, The Conference agreed Uiar cepresenivlive survey methods weee uzeful,
ecpecially in socigl stetistics. bul urged thar complete statistacal survevs be preserved as ar as
pocsible. We can sympathize with anathee recucrerendanon that, when B representative swevey is
carTied cul, & complone report should ke macls o hpw the cumple was celepied.

In 1829 Kizer {1899k published L von Mayr's journal g statemend of his postioat. We [And
nolhing ut it thar does nol appewr mohie other publications cxcepd foe Iy [apparentiy) first
citation af Amercan ideuy and siperiences rowards (he wse of representabive sampling. We
return 15 thas podnt in Section 4

Budrpest, 1S Ac the next meeting, in Budepest, Kiger £1909% refutaos 12 his themes, wich
some new empheses, Firsl, Kiser srresses the deed Rar spreading oot the geographical unals aver
the country, He adds (p. 66) that af the uoats are gathered haphazerdly (au hasacd) so Uit avacy
Tall in ene arca and few i ancther, then une has o pariel investigaion bur a0l 2 repressnlalive
cne. Here "aw hasard' dnes ot carry any probabilistic connotation.

Ta check repeesenianiveness withowy g relevant censos for comparisaon, be propnses to “divide
the investigation inla two or 1liney yeparate parts, each itsell a represeadasve sendy. 17 1the putts
give similar results. one canwat deey the validity thus gained” (p. 68) Kiacr doss md neds 1he
circularily 1hat arises becapse we cawwat know that 1he separats parcs are thenselves
representative by his standacds. Monctheless, we see bere an early notion of replication and
subsampling.

Tn the discossivn after Kiser's talk. von Boetkicwics macde o noteworhy contribution. He
pudnls ol 1he vagueness in Biser's regoirement of approsimate ilgreement Belwoeh e sample
wnd the population in order chet the cerm represantayve” be merited. and Bortkicwis: »nggests, in
effisct, o signiticance reed. He savs {p. 723 “Can the ohserved difference he gonsidored as randuns
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[dhue srw gew du hasard, aux casses Tartoites o accidenrelles [* The formulas nesded have been
deduced by Foisson (or analopows cases; they pertal easy calealatan of how iwch difercce
between two rawos or corfficients can be attained by acoidentah civses. I the observed Siff#renie
in Kaicrs case beeween population and sample lies outside thoss imits. then representativenscs
fails, Otherwise it may hold 1 have applied this oppreuch to Kiaec's examples io hic A fgemeimes
Sratistisches Arekic article, and the observed differences jreutly excesd the Timits of acvidental
variation. Thus Kigers great skill [Texiréme prodence o lo gronds sagacitel in szlecting his
samTles does ool reswlc in the expecitude thal one cheoretically requoires. Hence 1 1eject che iorm
“reprreientative method™ for those sxamples.”

The Bomkicwicz gudation is a fascinating one. To begin with, it is the Arsl sericus
icnforducrian of profemlity in the sequence of 151 papers oo the cepeescniglive method: second, it
applaes B simple prodabibty model o a clearly saxprodahilistic sample; and third, i oses a
sigrifleance test as & po—oe o deviee, The last twa questicnehle procedures have been with ws a
lease since Laplace. For a discwssion and for biblesgraphy sce Kruskal [19708a).

Kiier (19030 Cp. TT-T8) replie- 1o some miner nhjections, Bt we have nuwhere fownd his
reply to Morkiewicz's aitack based pn statictical significance, The taa statisticians, we suspeci.
wers on quile diffecent wavalengths, Voo BenXiewsz doss not give encugh information for us o
review his methods. 1t seems likely that the varabiliby he assesses would be essociared with
rendom sempling rether than with sampling of closters or chunks. Thos he might compuie
warianaes much too small Far sampling mechods analopaws vo Kiaee's.

Kiaer also nowes shal he 'prefers a small npumber of careful obsecvations, cateicd oul winh graal
caee, o & large nomber of soperficiel chservacions made supechoally on a laege scale’. (P 780
Thar arpwrmeor is, of coorae. oo coovenlionsd wisdoor o delfemse of sampling 85 opeoss 1 fall
poverage: in P90 the argurient wis fresh.

The Amencan sannegtion Atises again, a5 Kiser quelss with pnds from e Jecer written by
Carrcll T Wright, founder of 1he now called Borsuw of Labor Stetistics We shall return oo this
alter deseribing events wl the 1903 151 mesting in Berkin.

ferlin, {#02Y The report of thar 1?03 meeing containe: 8 recapitulative siptemenc by Kiner
(L90SY with little beyand his eaclier materials. One inoovative remark, howsver, is,

It is true that the reswlts of Lhe repregeniatne rethed ave only spproximiisins. bl that ic the
case for all statistics owen wlheo it as 2 question of drawing vonclusions from complets
observations. The differences herween the rating in 3 representative sempdz and in the

prpulation are scarcely Targer than Whose by ween the tesels from oo Eull census o anocher.
(B 171220

That ic the hirst explicic statemeni we noticed in this sequence of discussions ahout wariabilicy
nwer Line 0fF e popuolation wsell The remark s quantitaswvely dogmadic, and wathoan s«idense,
although sore might have been given. More unportant, the remaeck could Lead e oo Famalir
methodological discossion : do we wasly o teke & popolanann &3 fiked, or as el ansing from an
wnderlving stochastic process?

The distussancs ren theough Famibiar criticisms and Jdefeases of represencines sampling., hot
we zall special attention 1o the coniribution of Leckn March nn g [28= 131 March tkes upsin
eflecd, the probabilistic thetne begon by Borkicwiez rwu years caeler {althongh Mirch dnes not
reler 13 Bartkiewicz).

First. March seys 1hat the tepresentative method has been used for a long dme. Tis mose
illusirions example is the estimation af the French population in the Heh centoey by coansting
pepulanons in scateered districls. computing the ratio of population 1o oumber of hiclhs Toe Linse
dictricts. and chen applving it 1o the whole nation (for which the nomber of bisths s sopqposed
knewnl, Similar tetic approaches hod Besn wzed zarlier. bul with the nomber o houschalds
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(hearths = Tewx) plaving the rode of the number of births above, Moce recently, contnwes March,
Me LE2I-21 salery amudy of French workees had been based on 8 sampding of 3 Gl ol Lhe
ppulatiom. Iis aceuracy was cheched by comparisons wilh older simplings and with
pelmini sitabmee reards.

(Whether Kiner agreed thut these esumples were truly examples of the representative method
is ol clear, Mo objection is recorded in the Fulfedin, Indeed, it would have been difficoll and cwen
graceless for Kiaer 1o fuss or fret, for March was providing both support and — & i laer — a
COMPReTs Teselatian, b

Ae Ao the populaticen estimates, continued March, Laplect himzell compoced the uncertaingy of
the estimate 4" Terreur & craindre™) on the assumpticn that the districts abserved had bsen Joawn
wl ransdom, “The fermulas that this illustrious savant was the first oo give peremin us doub ol (he
methed, providing 1he hypothesis of randammess is weeiffed, To werfyiog Thio hvpolhesis cesides
the main difticuley.” (P L3 Cochran CEPVR) reviews Lapdace™s anal ysis and finds in it 2 misteke
or Twa, though the mistakes de ool seriows by afTect 1he cunclwsions. Other reviews ace by Shevain
CLeTRY (e [5R—-161) by Hevde and Sensta (19771 (p, 23], Chang §1974) and much carlier, by
Pearson {1920) fp. 165-LTd); (1978 (p. 462 465),

March 1325 aw hasard' 10 mean wt random in the modero rechaicsl sense, B l2anL 20 1 soems
ul firs1 in the conteal of ceference 4o Laplace, (Ag we shall a2 in 2 monerl. March really means
probuhility sampling!y Other discussants in chis period sometines wsed “pu hasard' to mean
haphazordly in & perjorative scnse. for example, Biaer van . 125, bl nsupe appeats ecralic, sven
by 1he samMe writer.

Then March zave thal mn one has oolice the need for rendomness if the represcrtac.e
meehod s W bold. Bun e vake a ramdum semple (‘prendre e hesard™) may have differen)
meanings. Foe expmple, it miy mean simple random sampling without ceplacement lrom a finine
population, or il may nican clugter spmpling 1 which the cfesters are chosen as a simple random
sample wichout replacerment. (March describes ol this in terms of black snd whine ballz in baaes)

There are further qopics m o March's expesiion. but he misses the chance 1w zugges
siratification. When the French populotion estimates were made. he contniues, digitions were
hogem 1o be well distribioted C'hisn réparties’) geopraphscally; siemilarly Kiaer tequires that the
penpraphicel wnits be “répartics regulifeoment'. But iptn oo 1l sampling is nod probabilistie
and an analysis based on chet hepodliesis auy Be Mlbe!

Mot anly that, eibier traps may spring. loplace did not suspear ., . (hat ... the oacalice ealip
eraght vary wieh populuion siee. Matlity was probably higher in the sraaller tawns B in Lhe
larges. but ooe wunld be templed 1 choose smaller 10w ns OF s2ondm Yy, coliseynendly., natality
wswld be vwveresumaled and population underestimated. Caleulavons may be esacl, bot the
hypaothesis on which (hey are based need pothold. (7. L21.)

March contanues with an appesl do inclode in survey expositions deeail aboul the methed of
sampling o that the resder con understand and criticize the procedure. That appeal is Hmcless,
aakel sl heesbad Ut 100 seldom

Thus we see probabdelic ®Yeas wradvally entzring. not oo chearly (we have ventured to
incerpred Mareh's starcmeil a ba] and pat foo pereugseeely, March® s ampoimun, nol enly for the

_' W ware surpresed rnofiod e el writmgs of Lecien March, wraings pahlished ducing s hmg and prodecove
Lz, snm=whar couceaus. 2ven eegalue, vives aboul ke rolz af” probabilises think wg sl womimakogy in slacisles. A
Mizrel [Tuber says in a cecked. anatic albiypary,

March agned Sy wveading the inkroduction of the idea al prahatshoy. Foe Fing stalisfiva. theary seauld And an
ety Towmlalion in the prinviple of compensatinn thu juanbes b gee of secrapes. Ralurning oo, wod
drselypr g, nleas caproysed by THenaymd arrand T4, Marsh wishal o ke (e slody of stanglicol dis® st
on IRe A achnalisn @ heerages ol szries chesen rondamis o0 en enatmble Hober (19330 5. 2771,

This cupracien & nra fully clecs o ps. ror is March® oun discussmn in arcizks ciled by Fuber, Parl, 2z lasl of
Marzh's zonesm aboon prohahibsy e 2=k From soperacial ose ol zanvsme g pruhabilile madels witsaur
alequare Lhou gl absoul Lhe parhicular rekevan siiopilic sontezl For enample, sz Mareh 181800 2901
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probabilistic fiavar of his dscussron. bat also becaase he forms an his perzon 3 caniman actor al
Bith 1l 1903 Beelin mecting end the 1925 Rome IS mesting  Bepreseniutive sampling
mysterionsly dropped ;d o sight - at least in 15T discussions we have seon — doring those 21
vears [despite an understanding a1 1l 190} smetiog Whar chere would ke @ lurther repost in
19077 1t cowld nol heve been just Wortld War 1, nur gesld o hiee heep Kimer's iwctavily oo
incapacity — he published through 1919, the vear of bis death, What was iU abow I Bells Ppoyue
That created a Tepresentidive hiatus ™ Wi du not know.

Swermary To sum up, Kiaer pressed b idmas al the 181 meetings in Berne, %4, Petersbutg.
Budapes, end Berlin amd in other writings and he used the methel. He had seme oppasition and
some supparl, He sharpened bis descriptions duning Chis periel, Yo Bonkigwicz antregducsd ansd
Applied a sigmilicance es1 [or Tepresentativensss, but since Kiaer had no probabilisie model, che
15t had v be *as i” be had a specific one. March widened the discossion end developed the idea
Al probakalily sampling.®

[l srnkis A 2 irame. alshewgh perfecile anderscendable, thar Masch showold be 2 l2ader in che m-gduehon of
malsaki v modely nr carapling an: ac the s2m s oo s oF CATEN. 2veh sRaEaesnn, alvan he e al soch
ek

Ir Munck 19121 Ararer polgle @ by Huber Uz eringees o probalzDey Lgn socnls Lo b o warning. agains
inkirg prdzailiy mcdgle ron ey ally, Map gdisgusses (g 272225140y profahle crion gy 3 mpasone ofF ke sariabediey
ala wlalrzic, gl g insdrpcts ue Ao 1 I0e gt Char ehis preonsgd uee has o glemepl ol gredice grd omeerdicn.,

Ths wse ol probahle erroc imolies 1kas che kasic zondicians nf che ahzarvaians s anolngues <o chase aacn2d hy
prabaralny meery (or chane: ev=ms, B we knos ko chiose condimreta are ae sanafed, Sanehckys, ke
cveerTiilal REIEC T P frstedin, the prahable gppin. lae vplor Beedaa?t g wgmly wige grows Vhe Basic
sumditeins 1Tibg shiws af probakalily e s d b2imre Iese g=%1 ey essepla] Dine aFanld therelorg ral deal »5th small
sHmE ey whoe o o e oo ofices ol sraemive Beeguss 2hs idgansrg ol Chos fndices is uncerlain

Front cxnnigat of wppeses ™Mul the maon Fany coedilion is that of imoalily Tinp 27 March desyribes in effoal 50 per
venl canfidence incereals (plus or mic as one prebable seec] Bo of eonese witkann arfyeeg al all (he preging ol ke
e vl

P Flareh s wiir gxlendoee divenkagm Al s reser eafints alvang probigbahily ol gpperaresd -m by 1900 [5]
arfick He mahus of Skean Shat pooelsaPoulpng e ol e mglliemg g gl ewalec ] are anparizp? grd useful, Bal Thal o mus:
A wgws heep in mind Rl they goe spprogintaliops_ ullen witly g strang e erent ol eemesnticn abaul them.

Trus Buber's descripboon ol March™s cpulivmpry vaows seees ooy esagyereded. alchesgh it mighl well 22 1ka:
Marvh's vienw wrew mere exbremre Wmarcs the eml of his lile end kel Bebar’s summeary %33 based in parr on
COAYErSINiLNS.

" 'e have osked oursehes oben nhyswcal randamizaron Clms of cordboerd in 2 bax, RIS in Gnooes, g s firs
sef consoeously used ea pick semples far seoveys wich denltied whirs. Thus we exelode aneree 2isneg -1 100 123 altpin
aquiny, we enclud=s cain ond nesde 1kroas on illusoraie or investigaie aenbamloy ke pees, e caclnde Senglalian
snzdies far diserihuoan iheory ke Srudem®™ serly empnzal gk e sannesiee walko e T shslpfatan), aml e
axchide mdependence of nhservoioms iy Zsnmamnn L n e classc wiek b Dapg ace g Cinas.

ez saclusens lenve few pore sxamals=s i faee we have fSoird a0 lelly daconenig] ce Dine caample s
cdeiorrend hy Tavsen 11UTkA]) I"l'l. AT Mormegin sAamphng mo 1211 apd [927 by imonog slipy of cerdbcasd = kal
wallpag] =&l Ao ameapackol Siepkaa [[44E 4 211 gile: 1206 sompdr g by Bowky. oo usad sakled nambars on
prayide G semplc unis = bul *har is nal sizeely physical mrdamizabon. The bes: documenlad aced Lhe cprliess uss of
pliesxcal randumicatiom Tt v sninple surecy that we qece geen telabas booa sedy of zpadeerss. sheue 19100 0n
Lciekarg by BIm (149712 Dakpas (13570 (p 400 sranslates same of 1k discu=sion.

oI TThe addresses o all real sacs coctanhied aueh apachmenls sere faolel, lopeChite will ki Lalal. oeosmall slips
leardan Thede ahips were nueed Fan arn @nd Fab e air oo by tee, wlieeupn Ibg ool were Lransfomreid 1 distric
Al ane far &ach Festgatin, wunld A telel ol w3l sparbmenly was oblamol sl cxcoeding 175 ol the Local
annibay oF sieh Ap-Tenl 3 s hich2xictedin 1405,

The mwand o af che poasedure B dein e B35 Hutun e dedn Jhnd md omp cundd puaadfle dose e siigkles
ra o sGIaR rkar e sepIr Hof Bloged, o oH AP wkale e whuigres reasin, (AN prpdeahiv worer
anarrnwes fare heen docladed HOAe sertey. A5 TOF A L Zin diecieer, IR2 et e 4 1R anle gme wbick can be
colled represencolive, e sinc mamneg of th* word — <orerung wkeh jo ugl walil «he thal Tern of @nple is
1] twlieEr s 3 ek dalyncbe, i Soedel 1B 2 o0 ks pumipeic |y,

M1k snrpaiaeag woous (har early ceamples of phasical randumacation for survers =re soohard ta find. We see corly
LIFE RIS 0 Urn MOds rom fene o0 U, bt ke are geie ly wlwars ippoleticsl : szual sanplings are nearly
Ly Spalemacs when kel are nor porpowice We gy ol ron geesss soch desioes 3y a1 of @ random slating poind
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Eigeer 15 nat well known among statisticians, bal ke has noe been meglected in historical
aczounis, He might be better known o his contribumon head led 160w emisp lormuda, 1e o specific
micthed. <r 10 a book thel delinested the ficld. He was at the front of 2 wave and probably
speeded develnpiicais.

d The American cgnneciipo

Before swinging acroet the Diatus to L5, we present o briel digression abowrl Kiver s two ases ol
Auperican gx perienses and views as g argees 07 representative sampling,

Wilbur and réval statisnicy . The sl appears i Kiaer's TRY9h, where he cites approvingly a
then - recent article by Wilbor {18%6 971 about USA vital statistics. Wilbur is troobled hecauss in
muny parts of the United States binh, deih unsd other vital sivtistics are nol mainteinsd, Thos:
states that do heve registration of vital statislics sre 0ol Teprosentative of the wiwle counces; for
example, the repistredion stales (primsarcily in che noechesscy bhave largee peopuchions of wormen,
et clderly people, tewer Megroes, o,

Wilbur propeses choosing “seall represen vy ateas™ [po 1930, perhaps countics, within dhe
Anoreginitation seates. and ciorrvaing 0wt for those arews Fall registration of vital statistics. These
wonld be “gpical localities’ (po 194 “selected with reference 1o geopraphical, topographical,
climatic, and other conditiung, as to be Faitly representative ... of each State. Density of
rapulution. nationwlity, and prevaling occapations | . . should alsa emder che - . sckection. Deatls
tates bised upon 1he avcurebe repistration in the several Tegictracion districts nof a State would ba
g Tuir representutive of the morielily of the State as g whole. | By populatinn weighting] ... a
reprecentative death rate For ibe Uniced States could then ke eblained 0 (P (98 97 As usuel
in these proposals for parposive sampling, vhe goaks are vigoreasly expressed, bt the means ol
aecomplishing those poals are missing.

In the gnsying published discussion, ooe arguneill agunst 1y suggesoon is that of wodue
federal intervetlio., but mast nf the diccussants wery in Favor. The next article in the joucnal, by
Williaty A, Wog, p. 200230, oy it detanil sbogn how the 1908 Census could be applicd 1o
data fromm the 'eepresenlalive non-regesiranon wreas’ [p. 219} end pives a list of “registration cities
i monecgistration scaces”™ fp. 230% G the 18Y0 Cepcye,

Withur's snggesaion was propased 1o Canpress by Careoll D. Wright, to whose awn writifgs
wi woeom turn, We have o tried Lo leatn what beeame of the represennative dignet e for
Amerizan wital slatictics, One thing i cbear: the idea iz oot searly . well thevghl col us Kiesr's
Tepresentative method. [0 particolar, Wikar proposes fpbhtad disivicls, as igainsl Kieer's central

lar syatemaliv sainpiog o the cerly survey sempling liesrature. anc the idea afl several independent randam siz—ng
pirds seema abeomd. [The firee suggesion we know Ear several such tandom slarling poanla s oy % ees 0] 3 6—171]

Yol ke paucily ol cxample: nay noc e a0 =oarising. for one hardly over Snds physical randomizannn in ey
samples fuday. and thal statcmend holds even f ane ouiends 1ke scape af the soughr otz exampbes, e nzleds ke g zo
ul lakles of rendomly gencraced numbers. cables thar have been widely ovoiloble row for decadec, Even 1hie Linjlad
Semles Dureau of e Census. char exemplary ccganizatiar, noar deceanial @naos et a spslorplic dodpn for
subsameling.

The prpwirgnts Tom syslemacic semphog wday drc presumaaly Mot ol (17 vy sawogs, and <0F bebovior
resrmbiling that af o prebailig sample Whar nighe have s e s=2aments jn ke zaels days of Che cankury? (s
wone “mighe heve bzen’ Tor we hase feund nn expocic denszam.] There wezhd by bren no practical pmoslsm. fer
rembling dovizes were readily available and <he use ol decison by b doe @ vaner ol s2e@l pepaee had had o kony
histary. {32 uur feoinaie 3 ard Frenkerg (157100 Bondom deviees hod nzen naat Gt recnone e lling god mxromancy
Tor miller nia.

W vprculale thel B very foricne ielbng aod pambling 2sseciocians may have provded rhe harnier. wogsther safh
1he Lindergaricn-Tike characicr of picking slips @al uf hels. spinning paineers. e, Porbcimenes ar Bil mestngs af the
i wines us 2z mep ol cansidorable slCtimporiance aod dignity The science nf semiscizs wos non Sirmly 2srahlickea] |
tnd Aysaszaigpd wilt magic, #ith gamkling. oo with Yun and games_ wauld uoderstandahly be 2vmders 170n e pni
spiealatiom, pnd we bapeathers will be 2% ofther 10 zupporl it ar Lo shew Lhe conjecbans wrang.
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idea of districrs thar provide distribwtions Jike thel of the popaleuon. That ambguaicy, n facd
pervades the entice mswary wnder discoszica and @ noe centeal problem o cdepling with 1the
imiwiees 1es al feprestiiaiencss.

HWorgh! ana Inhor seatistics Mow we turn to Lhe second pare nf 1l Acqesican coeinegtion
RGO Allen, in an enavelepedia buseraphy of AL Bowkey {1978 {p. 381 remirks dhol Eiaer
was preacly suppoeed durang Lhe 901 Rudapsest sneeting hy the report of Carrell 0. Wright on
sabpling caperience i the ULE. Deppriatent of Labor'. Suce enough. on po 70 Kiagr {1907)
quotes bwn paragraphs of a letler co Lim foom Wraglu. 1o pacaphrase, Wright caye

The experionce of the &, Deparlnent of Liabour bics coninually strengthensd my own views
a5 to the value of representacive siatistics. | Mine annyalceponis| .. . arz gll emphatic svidences
of the values of this vecthed . T Taer, oMaces bke [aors] .., mast use (he representative
neenhad; and oo oneoneel of the ipiv: with which they deal represencarive Facts are Juie
sufficientn, al [epsd when we conseler the vast cosi of secucing statemnenns of aggrepales.

i, tuking all 1hings into conskleration, .. the canclusions given in your St Pelersburg
repurt i< yeur more detaiked study in 'Allgemeines siahalisches Arcchay' ave sminently wise
and ecsnd,

How strong 1het supgart was i hard oozl Teoway hicve bad copsiderabls chetorical Toree - &
fresh, sirang wind from the Mew Woeld of Ametica  Bot wnfortunately Wripht. bike Wilkur,
expressed & superficial view of represeniaive sanpling i companison with Xiaee's. Sa Kiaer, in
drawing suppeet from Woght. gianed a testimoniel thet would not have stood up in vigorous
debate. (3o (ar a5 we know. no one reised that point in IST discossions.)

The cvidence that Wrght's understanding wes superfizial comes fenny thpse writings
specificably cued by Wright in the passage paraphraced above. We have ecad anoghe Apegal
Repnres histed by Wright, und we have been awed by the coormous wabalanons and symmaris:s
v such Lopiwes s indesinnl depressions, werking women, wages, and and and machine labor,
Wrght wus clearly v vigorous. efeciive, artculate [abar statizician, bl he disd 0ol wndetstand
Kiaer's iden of representativensss,

Wright eerluinly wsed Lhe cheterizal, dogrnatic apgeoach 1 Tepreseniutiveness, He simply
aceerls represend guveness, bor cxemyple,

A canvess of & porcion of 1the conery, o wiis beheved, would secure dete Fairly represcatalive
ol the whole. snd 5o nesely aceuralg as 1 provede o basis for estimating the figures for The
whole country. Certain dismwgt: were, Ltherefore, selected which were helicved 1o be fairly
represencative nf 1l whole covptry. [1BYE. p. 11

These bwent-1ws eitigy, with the exceplion of San Jasé. in Calikarnia, must by consslered as
Usoraughly represeriative, ~o Far as locality is taken into account. (1899, n. 8.3

Wright's opomistie sel-confdence s elmost boondkss. and ypicaly unaczompanied by
cviclence. For ewample, an v peper ourside the annoal repoel weries, e admls thel errors may
“eracp it a0 ufficial repott.' but ‘such an oocurrence . . s axceedingly rire 1n the history of the
Burcau® 114047 {p. #77% Thas most of Wright's usages of 'represemanve’ come under aur f1st
meening ! peneral, O pajusifed, acclaim For the dets.

Wright does do s liole comparison of macgingls, but only in a fragmentary fashion, For
example, in his Fourth Antraal Repory for TRES [TBRD) {p. B2—61) he cotapares the avetage age
for the women studicd in Boston, 24 wearz and 5 months. with the corresponding awerage, 24
years and % months, for Baston women studied in IB&3 hy 1he BMassachusetts Burean of
Statistics of Lebor. This. he says. offers a suisfaciory pieve of evidence as to the representats
character oof the women inerviewed”,
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He also touches on the Wlea of coveroge, Bgoin in & fragmentory way, Far example. he sivs in
his fitth Annwal Reporn that il

was impossibde | . to coves ioits epcicely the vailenad snd wstry of the United Staces. bor it was
BeceRsary e cower a sulficical oumber of roads represcasg all porls nE e cooniry and all
cenaditinng nf railroad lakor w sneke the investpatinn absolidely represewanive o characier
ChRG b 14

A enncept of represetlaliveness pppears in Wright's wark that wus apparently new- 4 sample
i% naken o lve tepresentulive aF iCinchigles @ sobsiondial lristvon of the popalation, 1o example,

oo the Taces repwesent]l 3A.29 per cemt of 1the vales of progdust, snd must therefors be considersd
as alsoluely tepresentative of 1he comchlions weeompanying the production end supply of
water, gas, and elegiricily hy privide imad municipal establishments. (139, p. G.¢

This conzept by itsdl can hardly stand up to analysiz. A Targe sample, neweclleless, can be
repeesenintive in thek sense of 'gocsd cocugh o & paricdar porpso-2', oy Jesenbed in Sectean 149
of Kruskal and Mesigller {1979e). Thus a sumple mght simply show 1hel some characleristic
thouplt to be absest o rere in a4 population s o et freguent, or, conversely, that a
claraclerigtig Lwoght t b urrsersal 5 in Fad ofien misang.

S Wright's represertatreeness lacked 1wo imporiant features of Kiaer™s: ficel, the methad of
sarmpling was hrdly ever desenbed or explained; and, second, Wrighe provides no sysicmane
compienson OF murgmils with known information. On ¢he adher hand, Wright apparasly
unsterstound Lhe sntuitive idea of an approximats miniacuee oF che posulacion, allthough we Tave
o Eoundd that word used by him.

[t ic cunous thad Kiacr should resi par of ks case opon 4 1estimemal from an Amencen
statistician who did not fully onderstand the messege fenm Marvwy. Ma coul support i< alwuys
welcome even i ic ceses on sheky foundations, and peesumably Wright's extensive use of partial
irvectigations, and bis ekullicni satisfactickr with ehe, encontaged Kiaer.

Wright's career wes a long and lascinating nne;, we resaommend the bicgraphy by Leiby
(19600 From it. for examiple {p. 1150, we leaen that Wngh's weis of representativeness io tz2rms
of large sample size and ample coverapge, as well as his cherarical orotundity. go bhack 1 the
187072 when e was © el of the Massiachusel (s Bureuy of Staticics of Labor, Far example.

We bave aimed w0 meke our invesiigations of soch a degree of comprelensiveness 1, owr
duducticons would bear the impress of true represencative chacacter, and sesn foapdel ypen o
1angible basis. {Wright, 1875 (p. H114

Thdecd, our wicw of the American conneetion 1% maeh bke thid ol Fensen {19260 in &n aricle
which we saon shall tum,

.+ the official stecistics in bath the United Sgaces amd Conedy have made wide use of partial
investigations a5 substitoees for eamplets = latisiics, ot the methods used there . . |canne]
Be termed ‘representative’ imo The larrower sense which thic expression ... oughrt
symbolise . ... This applics W ihe wonterous il investigutions ... mede by the Trited
States Depariment of Lekor and by Canada’™ 1ominmn Boreas of Staticiics, .. (Jensen,
1526k [p. 417.]

We have two Rnal ecrmarks ahout Wright aod his enthusiosm The first is thar Wriglie, Kiaer,
and others often began their sampling prucedures by choosing substantial units such as whole
rities @r tegions. For cxample, ue Wright's 1888 study of working women. he hegan wich
bwency-1we Zities that, with awe excepison. were “tharoughly representative”. Wow it atay well be
that for many of the variable ey siadied Lthe averepe valus of B charactesistic vaiied hicks from
ane subctanlial unit to anothee. A& sionlar pomt my apply o distributions, To the cxtenc this iz
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true, it may heve matiered lidle whar onits (citics, e were sclecred. Thos it cewr be i
parial investigation based on qucl chonks, evew ome poorly desigped, ean b= scvurate; the
wedkness Ties in e diffiewley of gppeaisiag pocurasy.

Ghr seoond paint refers to Woght's enthusiesm, The wnstated issue is how well the
invenligations gusbed policy decisions und helped with the planning and the exccution of
Progrims <7 [egislalion, In LYS0L it is [air to say thar we have no general method of appriiging
Lthe walue of statsticol inlormation for these purposes, governmental or privace. The ke of this
methedology is a shamefal gap thar economists, statistcians, and sfosoration seiglists ought ko
Al &5 a governmental statistician. Wright had oo guidance about the policy value ol his
statistics, accucels of not. apd we are in much Lhe same posidoen oeday .

I Beowesn M3 End 1925

As menticned al the closs of Sscnon 3, the pages of the Suflatie of vhe frternalional Siorismical
Frstirur, for feasons we do not understand, said Jitke abogt represeniative sampling altee e
19003 tisenang wntil the LY25 meeting in Rome.

Petter Jokob Bjerve, now Dircctor of Use Cerneal Borgio of Statistics of Morway, has Dislpe)
us moTe nearly to undersiand how Kiacr was overloaded with growing stalistical responsibilities
ane w hmited staff. Bjecve adds, in a lecler, ehar Kiier's work in sempling wae a Sore man show.
When he retited, there seemed to bBe a0 te 1o carmy on in this held . - snd biode spiecesd for
sampting . . until afler the war .’

The licerature of the perad dues, of couese. show s subsiantial soverenl fowards mare
carefully designed and documentsd sample surveys, togethee with some material  about
probebalistic saripling — hot Litde that was new ar that maght setve 1o clarily the chsouritics we
heve soen, nfseuritees Nt wwaited Meyman™s major 1934 paper for much of their lifting.

Karl Prarson The jeleas glvead y Sesemibed cenamnly continued to be in e aie, ad wee il luserate
thar with 1w quodatkess From Kiol Pearson, The Grst ceaches back 2 linle te 1897 und uces the
coasinly espresson “Fair sampls”, which he explains in 8 foownole gived here in square brackers.

Dreath strikes abl apes, sexcs. and condiions, and the graveyard gives g iolerabby Fair sumple of
the pencral populalion. |A “Tr semple’ will be & randam sample, - i which has not been
specially salected, wd 1o which pathological varistions will ¢ontegquenily be in a veor small
mannricy. | (18457 [p 268 )

Thal gueintlion teletes boch 18 coverape and nom salectivity, Coverage is Use tieme of the
fellcswing groteticn within & quotation:

... the hiemics of all the chaldren adending & certaio achog] . were examined and e seluwil
wat chosen beckuse [snys Miss Drendy’s repore| *10 hes upom its tolls children from the puosoest
parts of the ciyy, snd yet it hes glso an edmixiure of the substantially comfariable amd
thoroughly tespestable working cless ... In abe poorest part of a city of may centuties”
growll 1there gre glso many "ol Familics™ whe continge 10 reside in the Tesoses Leit fiihers gnd
gremcfariiers ved in .., This pives e schoul a widely tepresentiative ehacace=r . . " {EXerton
and Peatson, 1Y) p 5]

b Rortkicwicz  We mentiom alsn a 191 | discusgion by von Boreiewics 11913) whose earlr
corninents we bave already descriled. Bortkiewicz distingueshes betwern privete siatisice and
official stati:tigs; the Rarmer tond b e selective and parcial. the later zensral snd comprahensive,
Amentg the Jangers of private si@astics is that of non roesenativeness,

The zample on which the research i based and the population aF sietest may N be 5o relaed
that one can 1ske the sample &5 representgtive of the population. [Tree traosletion feom
p- 14t
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In prrtkuler, savs Bonkiewwe, e nwmber of cases may be oo small o permuc eliminating
chance effeces by the law of large numbers, and nne shold ose the feeranlas of nsaibematcal
statlistics.

Beprescniativeness mey b cxamined by compacing sampke marpinals with ¢hose of 8 kaown
porulation, in the manner of Kiger, boc this method may be misleading, becavse margins chal
apree do not imply joint disericutions dhal agres. Borlkiewicz then creads the rarget populaticen we.
the sampled population, B favorice theme ol his: B sample of worksrs in & given cactory, no maier
how larpe, may not peneraliee to woerkers in other Tacooriss.

He alsc gives a stiking discwssion of non-represenigtiveness arising from selocion effeces n
retropspective obscrvations: an catreme example is that of sterting with & orowp of dines and
cxarnining their parents and prand parents, nzive inespeetation mighc kad 19 e conelysion that
the rrcrnal abilicy nf the peopoleion has sharply declined.

Fredhalin  Dalenius (1957T) calls our attendion ¢ a remorkably advancsd sample sarvey in the
fizld of foresiry (1900- (%11 Sweden wished 4o measure its Morgst teserves in Yarmlaond, and che
planning committee wanted the resalts to be withen 10 per cent of the correst value, The
aonenitiee’'s origingl plan was eriticized and othecs propoced 1thet error control be kassd upon the
probability calenlus, Then the great Swedish mathematicien 1var Fredholm of incepral eguation
Mame wac acked (o7 his judpment on 1the new proposal. Dalenivs's (1B5T) (p 4667 trenslation
of Fredolm’s |9 10 ktter savs,

11 eopnsider Lthat Lhe probabiliey caleolus ean b apphicd o the 2sinaceen of the forest ciepiin
in 1the mpnner sageesied, aud that the lgws s Tor 1he calonlos smentionesy, wiich beve besn
successiully applivd in many other fiekls, can be appli=d to equolly great advantage ta the
problem with which the Commzsion is lised,

(24 1t shoold be poccible. using, the meierial sveilable within g given disrict. 1o draw
conclusions regarding the probae error, to which the servey can be cphjected. and in thie
menner determine whether the sureey pereentape has been cofficicnt of ot 600 the: need.

(A% 11 showld ke peossikde, uzing the proposed prelivsinary sorvey of the Cowtiy of ¥dosland, (o
Aecide wheller a siip sorvey wich the lo percettage prapised can giee resudly sullicenily
Actntéle lor e TILFT=5E ruq_ui'rud..

The flnal 17ce zzlectival was syslenatic withun straig wlnch were siops of Tund and siees of trees.
The ¥érmiland “Sur-.-e:,- 3.|!||.‘|:'ir-&|‘|[|:.- lLax! ir'l!upurl_u.r'l[ SUnNSJUENCES lor sample SUTYEYE ML fn;:-rcslr!,'l
but at: arfluenee deld nod spread 1@ other kads olnvestigulions.

Bawley A L. Bowley dealr infucnoiglly with represcniativencss aad social surv2ys i Ins panneer
wirk val inconne #0d ocher charecterisows, He 1915 book, Toee@hood wnd Pocerie, wih AR,
Huroen-Hurse, discuascs represeciativeness (o ganinple on po 12 of his rooghly one in 20
spstemanc sempde of B porpogively chosen saoiple af Guoe Eoplisb noewns, Bowley™s chupler ¥1
desly with mecurbey and s Ioc the ine a reserkebl: discossion. T ueches o megsnremen|
errur, ambiguity of comcepl, and swnpling errur. Bor spmipliog, it uses the mathematies of smple
randum =impling and propesss estimidsan by intervels arewnd the avsrage of plus and minus
three Limes She probable error of sumphng. This » roughly twe standard ermors, end hencs
prowides Tough 98 per sent cunfidenes intervals. In (act, be glmess - ot not quite — comes on g.
LED 1o the concept of conlidencre nteTvals.

Then - and this is & considecable advanee oo Borckiewicr and athers — Bowley poincs our that

in Macc his syscemetic sampling gives him 8 seefler margin of ecror Lthan his formwla based an
randvaness.,
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o.orwr samples were deliber ately 1aken feom howses dutriboted nearly voaformly chiough 1e
cowns, whereas e Eoeroule &ppahes W osonples caben guoe b rando, ps il che hapses bpad
been Aumibered amd nuembeers draws From 3 beg. Our distribution cannot then contain a goeater
number of extreme cases: 1L must heve & relacion 1o the distribution of e cich © .. end e
decticuie, 20 Far as there are aggrepaied. similar Familics in similar sireccs, (P TRI-1R2)

Bowley savs that the systematic sampling reduces the 'rearpin of ceeor” 5o that g gnizrvals v
rendomness provids 8 wery sace Limit'.

Crnc can hardly faull Bolew for negleeting in 1915 possible dangers fenen sysiermglic polierns
or sutazodrelations in the population. Aler gll, e was well beyond some preseni-doy sampls
KOrvey praciuicners whn merrily 11cae sy siermatic sacnples gs Tanckam sl bogt any coneern,

A muorrentary juctp fhénsd in ime Tlusirates Bowler's sensitivicy 10 soorces of celeclion bias.
John Ehdtom teporisl in 1928 the sucesss of fout sampling investipatsons of the indusinal and
insutancs histories of claimants for unemployment benefits. Durng par of ese aedies,
inferviews were held with some claimants, following a plan oo mterview Lhe Aese persen o appear
in the office with a file number within theee of & prewsously sampled flle. Rowley had =arlier
abjected that this woold creace selection bias, bue Hillon had cthowpla Lhae unlikely. 1o the 1924
paper. Hillen reported ihat che selectsn bias feared by Bowley bagd io (et eccnrred- claimanes
with ellowed elaims were sequiced w appear amd sign 8 regisier several limes 8 week, but
claitnanty witll disalhwed clyuns sigred only omee & week! Flence claimants with allowed alaivss
werd greatly ver- reprasamied.

Chupror: The publicetions of AA, Chuproy (Tchuprow_ Techoprow, nie) are worthy of special
nete, pirticelarly his 1923 Metror two-past paper. Chyprov had en wneswally clear e of
probakilistic s1ructute aml the prowing importance of stochastic dependence among the ohser-
vabens, dependence of the kind thas appears 1y wnpliog withoot replacement From a finice
popalition a5 in a social survey. In particular, Choprov wes led e consider oplimel allocation i
sieatified sampling in 1923, well befure MNeymon's independent and Faromore milgential
publscarion of the resuloin 1934,

Chopeov's work s deseuszed by Koulmann {1913y, capecielly an po 36T, and wre it tag
helpful ehitgary discwsgiung by Lsserlis, (19261 end Georgievski, (L928) Chupres's influence
appears W bives boen limited Peoause of the formalities ead ahsirpctnes of his style, and beeasse
o his gengrophical movements, See alse our foatnore 4.

Korern The American Satistion] Associatons Diemond Tobiles velome edusd by Korten
(1918) sayy very bitle about sampling though it deserban sintistical work in many countsies, i
the chapler on Norwegn ctatisties, Kiacr has Ave linés on sompling {p. 45%), in ihe chepier on
Russian stanstics, A, Kaofmann mentions saiepling (p. 515, 527, 52483, bur gives no detals,
excepl that he regards A, Fjeschechonnw and Crrehmonn as the chicf spansors uf the method, the
Tatter *has successfully attermpoed ins checreneal del=nee™. P, 528.)

Sueemigry,  Thus the major advesces in onderstanding representative sampline during the
pericd 1909 to 1325 may be asmbed o Chuprov and Bowlzy, bur witl the ber comsicerably
mare mfluenial

6 The 1925 Rome I5] meetiog

The 181 1925 Rome meeting {procerdings published in 1926} prolocsd a great flowering of
nadterial on represeniptiveness. We now summarize its most imporan pomnts,
Jergen (192680 and 192660 was Jeader and rapportenr For the discussion. which was Trasned i
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rerms differeot From the older 151 debates, Time and generation hud won the duy Ffor sampling,
and the big questions now were ils proper applicalions and the apalyais of szmple obeeevations.
The wery 4ide of the discussion was “The applhication af che repeesernannye methed,” and Jengen
e the pomt {19266] (p. 59710 these wordls,

When the Intetaational Inetitute of Stetistivs Jiscussed the matier twenty two sears ago ol
was the questeon of the revepnition of the [representalive. m@ihogl i pringple than clamesd
mest ingerest. Mow it s otherwise ... nowedeys thers is hardly one statistician, who in
prirciple wibl vontest the kegitmecy ol the representative method

Bowley was Lhe other specwl leader of the Siscossion. We shall return 1o his 1heroretical
development, but be is strong early on gbout metters o pood statistical practice. In every
aam pling inguiry, he save,

thete must be ... a complele absense of prejudce nnd 3 perfea willingnese o aceepl the

cesults, however vnpalutable. ., exgciness of defimtion ... most be obeyed with 2vzo mare

scrupelousness than in 3 complete myestigation .. 1he universs from which the selection is
made most be debosd with the utmost cigowr ... the rukes o selecrion. deteemined by the

mathematical anelysis, most be followed with pecfect strapiness, dDiscwssiom af Jensen 197266)

{p. 62-61)

Some might feel that Rowley dews not fully fellow his own precepts, bat then =he among os
does? We shall meturn to Bewley. (Tn pddition to Jensen andd Bowley. the Commission «hizh bad
been appointed i 1924 10 sty The tepresentative methed, had 35 members Corrade Gini,
Lucien Mertch, ¥emijo Stuart, end Fronz 2igek.)

The discussion kd el lest to & Formal resolubon (p. GB—69, 2121-213, and 277-280) will
carefully chosen wording to placete the last few holdoois. That resoludon distinguwishes two
principel kinds of representative scampling' random sampling (with gl clernenis of the pogpulacian
cquilly [kely L b cheacn) end purposive samplog of genops of pupelation =lements [much liks
clugrer sasmpling, e apparcwly wily large cluseers, Tull enormernijon of seleciegl clusiers. and
andgment 1 Awking thid selscon

Ths descriptions < rendom sampbng sre genereily incomplets; they requice thar each unit
have equel probability of appearing in the sample, buc they do not speak 10 faind probability. The
idea of looking ai the distributicn of the entire sample point $till lics 0 che Cutwre. Except Nor the
early stan by March, the geocral idea of probakalicy sampling alse seems g5 vel unkorm, slthough
there Is some discussion of sccalifed sampling, aleays wich swatom spnple sices proporionnd 16
slratlum poged lacion Sizes (Lo order 1 mainLpin constant cluioe probability over onits),

Twa papers I densen {1926a god 1926b] provide extensive discussion: 1he [irst is a repact of
the 151 coatimissinn. Here e spells out the porpnsive samphog i<des 4 bit more; the chosen groups
sliould have average velues approaimacel y squal to pepulation rverages Mor 1hoss churscoleristios
ieontral vanables) already kaown Tor the papelition. This #lea. in some ways nateral, in othee
wi s intriosizally vague, o ineinively coonescted with the motivation for covanence analysis, but
it 1% Sl e Bbngeous, Flsewlere Jensen reguires thit the groaps be chosen wo thet the contred
viminkles buve whale distributions ke thaose in the populations — nor just avereges. This tension
zoums unreslved.

Jensen (L¥E6a) clearly describee the non-ackectiveness idea of represeianun, aur menming 1
(e g po 363% che 1¥picalness idea, our meaniong 4 (. 3890 aad the rhzwrigally empdy wsnge oar
meuning | {p. 281%

In his second article (L926b), lensen desevibes the representative method in practics ar
considerakle length and gives a long hiblicerzphy then we bave tecn wnahle s cxpldinre Bully . This
wriwc ke ingludss o relatively explicit discussion of cluster sempling (*Randomn selestion of gronps?,
plthungh 2k execwiion the rundom selection seems instcad pencrally o have bean gystemutic. It
Blsy diseusses purposive selection of lacgs grospings, followed by randooy choice of units withim
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1he gropings. On p. 425425, Jensen worries over the degres of represeniolivensss oF his sampis
af cxamples. 8 concern that we too have fele for owrs.

March [926]1 fcrms & link Between te (00 and the 1928 mestings. He caneeibles & showe
acticle v erodes af sampding, with & Bnee Tae af sampling e,

Al el cid, Bawley (1916 peves a lewgl e developraent 1hil s thie regor thecotetical desgnssun
af the sequence. 1 secapitulates known matcssl abool sampling Gront Bene pepalatisons, bt
hreaks {resh grownd in several ways. il &dmaost reaches the confidenee snceeval jolea {p. 1150, goes
further and almost ceaches the meliple comparizon sea — (e, the idea of 8 conbdence region
& mlalinomial-hike conteat vig 8 ch-square spngug O 161, omd 1hen provides a Bayesian
iceatingnl. Howley aneripls in make pregise the purposies campling idea in terme of correlations
botwsrn contral wotudes omdd the variate of primery ioterest, but he [ails, in our reading. through
lack of clarity in his descriplion of sampling As we shall spon sec. Mevman. 2 fow years later,
alee had a difficult time reading Bowley, and produced hie own mathemarization.”

Thus gl the L%25 mesting the diccussion is nol whether o da seetpding, ot heas 145 Ao je-
Progrzss has appeared in seratified and cven in cluster seenpliog. The idea of purposive sempling
condinues 1o Jive and ic endorsed. alchouwgh il rertaing vague.

T Gini-Gplvani apd the Neyman watershed

The great Neyman article of 1934, 'On the twao different sspects of the represencacive methid
..l requings anention inoany histenical iceatment of the idea of representativencss. M beging wilh
# <xsenplion sl the provlem lfaced by Corrade Gini and Luigi Galvani of the Tralian cenzis, pod
e we b toach briefly on the Gini- Galveni ultimately ailed attempd bo use purposive sampling
lor 8 kind of sharp representetivencss. Meyman himsclf has since veechd the fxcinuting stocy at
Teast once (L952% {p. 1E5=104: ariginal edinan 1438), so we may compress our rensinder. The
feferences aec Chami [ 1XRY Chen ard Cialvion (1524

Critn and Calvan had 1o discard o of the emginal rebarmes of 2n talian census o make enom
Toor thie izxt cne, bl they properly Teln il essential to keep 2 sample of the older material Lo pserini
Tursher srudics. They wanted 4 representative sample in the chen currend sepse (the dace was 1916
or 1927, and w0 they decidedd to tetoin the raw deta for 29 oue of 214 admioed réties umts
{vircomedir T inty which Mtaly was divided, Which 297 By trizl and ercor, 19 ciccomdan ware founsd
sugh Thit 1heit gverage valaes for ceven impoartant charecteristics hiethdate, death ride, siitade,
ety were gl close to dhe cormesponding awerages Eoe 1he entire cupnlry. ¥ed wheo stker
characreristics were looked at, or evin wlen aspects other than averspes (ep., wariabilicy,
accociatkont were loaked 81 foe Lhe pramtiey seven clireelensties, Crini and Galvani foud wids
deviatinne berwest cthe samde ard the conntry o5 3 whols, Gint concludes bis 1920 aticle with o,
shasp criticism of zaoipling a5 wkh, almast a return 19 the older von Maye approach. MNeyran,
o rhe alhet hiend, argaes that we chould distrust purpasive sampling, ool sensible probakaliy
zahapling.

The 1934 Meyman paper 15 chacknblock full of £2 many imporlent ideas and insighis 1hsl we
MUSE restram ourkelves to deal only with represencadvensss, Thus we shall a1 disews Weyman®s
trearnsent of the Bayesian wpproesh. of confidence intervals (apparently Mevenan®s firsl treatment
uf that 1opes in IFnglish). and of the sample sizes thet give optanal stratification, We shall also
resist nmulysis of the discussion by Fisher, apparctily the mild first of 1he increasingly bitier
suquence of arguments between Fisher and Meyrtnan,

TN aes 1 1%4h) sumemarizes the canelusicns o the 1%35 nieing, aed ol sobsspaenl dovelepnenly. with speont
sitzrrian loche use ol analysis of varinnce one relolad ideas in1he deiph and aedlybic Al s wreye The paper ircudes o
residual of Ihe edder comirol vorisble ides, mow caled bulwncing. I remoings vepue 1 oF cimeriun gril; perhaps Tor
thar renson il excied apecinl discussian by MG Keedsll, B, Anscombe, ond MCH Qputrgmilks I g [979 [aler.
Warcex lelly o5 thel 1 think in sample yarvey mork. Cere is nethicg, e be said far aeempeing 6 ger hplanend spnplks 4
=nuch meae salisfaziory procedure is La al=ust 19e resulls by menns nf regressian. This procedure s slnnlae wo whal |
Tiges L=l Scarilivaliva aier sehociag.!
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The Gimi-tFalvani example. wgether with Meyman's eapostion el it, sdveriised 1he weakness
of purposive sampling o thal W beeame widclty wnderstood. The exemple iarped most
slplisticians away from the tdea of purposive sampling in sample sorveys with & lToree that the
inLrangic Fyrziness per s of e gongept never had. The nation of sacoplng of <lomps 15 o
differcnt sindy, e whiech we Lo tuen.

Tht csocond coninbation of Wevmen's paper to our theme is its insistence oL cxas
specificiuiun af' Lthe sarmpling prucsdure. I'or putposive sempling es treated by Bowlcy and Gini,
the prosedures are viagoe and it is nol cleor whethar or how probability encers. As Meyman says
. 3T, 'T ponld wor exacily Mollow the meshed proposed by Professor Bowley'. Io order o
obtam precizwn, Meyman envisagss the universe of districis (e, muoualy exclosive gronps ol
unils, whust unien makes up the populetion of individuats. houscholds, erc.yas divided into strata
s thal within eech stcetum (1) the velue of the concrol varishdeds iz (are} approvimately
constunt, und (21 the pumber of unils is approximately constanse. Thed, wihin each of 1hose
strata, & preacsigned oumber of distreees iz cliosen s tandom. The preascsignment, regard.d 85
fised and decided in edvance. is such &2 10 give sm averspe value for cach comcral vaniahle
approzimately equal 1o the corresponding population avecape,

By this deviee, the problem is seated as siranfied seEmpling with one or mose covariates. With »
lincar regressineg telationship assumed. ane cim then proceed to znalysis; Mevymen gives §
derailed cxample.

IT thi distracts Bee large, oy in the Malian casa, chen most of the straca ccatlain raro dhsincls or
one. This anples  Jarge sumpling s or 8 |erge sampling verisnce of butl, depending on juse
how the estimation s approached. and it points to che cenecal prohlem Tfor Gini wnd Gabvani even
after Nevman's planis ceeated.

To summarize. although MNeyman gave an imnprasave solution 1o dhe problem of the purposive
sampling of clumps, whet was prokably bore wbporamt swes his and Gini and Galvani™s
expocition of the failore of cne methed of purposive samphng in 8 prazrical large prolslem.
Purpaesive sampling 1ol its appeal.

B The 19351939 pesiod

Mopetar, Flsfer Qur orewghly chronelogizal exposition cods just before 19440, B seems
cesgulalile o hake the vul thege. becaose by then the Meyman watershed prper hacd been well
citeulated and absurbed: in addition, World Wer T1 intredoced holh earmigns disruplions end
sTirualy 1o stutistecal thinking

In an impertant sense, Neymen's (19341 paper brnught us e modern thought in many
contexis, including rhess relaied to sorveys whers 1he representatmeness ides arises 50 oflen. We
cite also his 1937 Depariment of Agriculiere lestures, published in 1922 snd later, in
considzrably revised form, in 1951 Thoge lectures derived [rom initiative by W. Edwards
Deming. then head of the siansigal program af the Deparitment of Agricoliure's Cracluple
Scheol . .. and a treless ecdvocate of high sumdards in sam pling,

An far s we know, Fizher chd aon wse the term ‘representative sample”. althoogh 1he more
mporient senses of the e ete nf ¢owrse central in much of Fisher's work. Foe sagmple.
pracection againkt unwanied sclection o sampling is & major motivation for randontizaion in
design (althaueh nal o Fisher the prosipel motivation). [ndeed the selection ide is centralin
Ficher’s explicavon of the measing of probubility, upd we se g warning againm selecliva in the
Following stacement from Fisher (14361

.o+ the student of Oving meesuremens ¢an choose his maceniel 2nd be sare of geting encawh
af it. He is not deperdent ugro: 2itch an aoenlent as thut the cemetery of 8 community, perhaps
nol well cepresentative af te racisl type of its neighbeurs, hes happened ta be cxcavated wich
syl thoroughness, [P 63.]
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The gudetion hirts ac the need for adeguate sample size. ard cn page 0 of the same paper @
rembrk suegests a close linkage borwesn represeciativeness and having a rasdoom 5 acmple.

Marginal comparisant  Empicical probmp of representativensse by comperison of sample
margmal distrabutions with known population margieals was and is Frequently Toond. & 1932
cxamplke by Marporel Hoge wppears in Appendix [ 'Evidence of represemiativeness of sample
populatior studisl,' of her book on work shomiage She comparss her sample with the 1930
Census as o

tey by mpe, total populetion

=ex by age. painful worker population

cex b mardtal status

rex by kind of indusory fog painful workees
cex by nativity, tolal pogralation

sea by nativiey, paindul workers

wards, Tor populalioa 15 and over

Aleheogh socl conmparisias are dearable, they have the intriesic Togical difficulty that even 2
perlest marginal malch between sample and population mpliss only 2 Tidfe sboot jait
rzlationships. Although merginale never mateh perfecily. Kiser weuld be pleaged wiek the wide
use of metching sxemplified by Hopg, including kisaviae arginals. Hogg uses estimated
ctandard deveations and a kind of cignificance resting procedore that we des sl Telly wpdersiand,
Earlier in the book (p 13-1%), Hoop compares randons sacpliog with pulpment sampling. which
che ralls “judiciel selecticn™. and sronely advocaces randedn saoplg.

Ancther author af this peraod, Clyde ¥, Koer, twk o similar approach in 8 1934 amiche.
Represerativeness of & sample of lwwseholds for studying morbidity reles was judged by
warmparisons il the Census fur several charwolenstics, primarily size of howsehald. The sample
hadl 1e few smuller howssholds end too many larger anes, presumably Far Lo teasos: first,
secondary households (e.g, 3 married daughter with ber Tamily in the same hease g ber parenis
were ol recorded; and cecond. Failure o revigit ood-ad-haome lwoseholds nedephbedly acted
sebeciively 1o exclude more small familics than Targe ones. A further grgreration 1ned to fill in
these exclusions. and the resulting househaold size disieibiiion wies eloge 10 Lhal of the Census.

The customary lingering queztkons remain. Kisee remarks tha the siodv *. ., had been
primarily corcerned witl sccoring & sample repre sentative of the areq in tegard to prevalence of
rickness rather than size of hovschodd' |p. 251 But then how flo we know thet improvement o
the Tatter characterisne improves the fgemgr? Doly in general 1e1ms beeawse it must be belpful oo
rerwc bwn sources of selectun or Tias. Might theee be ethers! One can never e certain, and
Kizet dres ot cleseribs his sampling procedure,

Confusegn in the 3005 is lanher exemplitied by the statistical artickes i e Euceclopaedo of
the Nocin! Yeofences. The ercicle on statistical practice. by Robent M. Woodbary, shows [1434)
(p. 3hd} 4 s purg of vupesness and dogmetism about represeatativeness. Cskar K. Aaderson's
irticle nn gtatispial method, although sl with a touch of circoleeiny, is (1934, {p. 365-370) {ar
learer. (dne pam of papers from that period shows the waplien influence of Meymen's [ 1954}
vttty The 1w papers are by Stoufer (1934 angd 1935k it secms clear Troan ionernal cvidenoe
that SeemlTer had read Meyman’s paper betweeh writiig bis own two. See especially p SOB of the
19398 puwprer.

Sefection Mas  Twa impaortamt papers ir the mid-20%5 Forme e Link becwesn ke bislugical and
experimenial developments v: wlieh B.A. Fisher plaved so conoral a rabe and the survey-orizilal
thinking that we have deseribed ai lenpth, The 1we papers are by Yatea (193435 arul hy
Cochran and Wataen [1936) Banh empurgally eeplore sekection bias inraduced by clwrice uf
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planes Tor measorement by cxpert cve. Represcolativeness iz much in the guthors” minds; a key
ebrly patagraph by Yabes says

The ieal ... in samphing is 1o make the samples as represertative a5 possible, W that
measurements or ohservaions oa it cun be o taken w: virtuelly eguivalent 1o similar
measyremenis on L whole population, ... this idval ... in the mind of the sampler ...,
oaturally influznces tis sekection i he has any freedom of choice. Bost samplers when
selecting 3 represenlulive sample will deliberately reject abnormal macerisl. or i they feel that
the cemple shewald be reprecentative of the sbnormal a5 well as the nermal will ddiberanely
balance up the diflerent categories of aknormalite AP 202.]

e sees in thar short passaps the ideas of 2 population minigtuns, the 1rpical case. and coverage,
our meanings 3, 4, and 5, respectively. Then Yates comes to his cenical theme of selection bas,

Unfortwnarely 1w sampler's ¢luims W be ahle 10 select "a representative sample’ by personal
Judgment are largsly wnfourded, and bis selection s in fact subject to el soris of hinges,
peychalogical amd phesicul (P, 202.)

He ther preaches the good Jdocmines of ohjective sumplmpe methods, rephicenion, wnd
randomizition. Tates poes on to much Marther nstractive advice, including

Ferhaps ... (he most gluoing examples of Bas oe buhan saopling ave provided by posial
engquries ur gueshnnoames. Jance nnby thoge .. L ieleresied o the problemn .. oare Geely o
reply . .. such enguities will be entmwely onrepresentilive wnless very speeml effor s are made o
ensure & goatplefe sen ol answers, (89 2140

We ote in passing thal ¥ane, wnling in the then-new glow of enthusiasm for Fisher's ideas
ahoul design. also conungnts Fevorably sbout Meymen's fundamental 1934 paper and guotes
Friocr L.

Maost of Vates's atticke deale with diree specific agticuliorl gxamples in some dedgil. The frst
enalyzes an experiment an height of wheel shooes (Bod ears] ip which ram<dom sampling wes osed
phes judgment sempding o bring the sample o desiced sirg. The mewsurements were Forunately
lakeled 52 that one could compere the randomly aml judgmentilly chosen plants. Differenecs
were striking. When ibe shantz were lw, the judgmeniully sedected cnes teonded io be too el
when whe shoots were an 2ar, the puglpmeniolly selecied ears tended 10 be 100 near the averape.
avoiding bolly extremes by ent symmemically (g, 208),

The artiel by Cochean and Watson [(1936) describes an espericnent oo schection hias
rencivated by Uie ¥ares slody. Twelvs trained observers — participants W a 1938 agrgwltural
sunference  ware psked to choose judgmentaily samples of wheat shios. All observers chose
samples of average height greater than the troe mean heglt. The amoont of selecenan hias varisd
conciderably over ohservers and over sempdine wiit f0o0s: a0 addilicsn csbservers tended 1o avoid
excepliondly tall and short shoots. A new discovery (aihnugh a Gumiler suple io the study af
the farlure of the personal cquetion amoag asteaonomers, Boeting 419290 was 1bal individual
vhyervers werg nod unsistent throuph the experiment: the Tias was grealer when troe height was
wreater, 51 1hil immediete estimated differences betwscn vazieties would he disioned,

A thied paper in chis line. by Yates (1936-37 containg & nomber af valuphle contribotions,
mcluding, discussion of experimecial saopding by Cochran in whieh observers selected Troam
1.274} stones an a fahle sampkes thar 'represent as nearly g5 possible the size disceibution af the
whole collection™. (P, 5. As might he especied, the abservars 1enced to pack stones on the large
side end o shew unduly smell inora-sample variabilings.

it samping  Tnoowr third paper (Eeuskel and Boscller, 1979} fp. 249 250 and 25E). we
discussed quota sampling, & kind of porposive sampling chac poenpes 1o mimic the population in
particulac respeces. Like all purposive sampling. quotg proscederes sufler from potential hias
lecause simdariy o the popalatn o snene respects by no means implies sieilacicy in others, 1
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additicen, it 1 wmpassibk 10 give sempling errors for estimalors besed on cuata sampling exespl
by the sometimes swkward method of cepliceting the eotire sempling proceduce. On the other
hand, carcful quota sampling is ofien wsed ta good cffect, and i is said by some 0o ke legs costly
ar firsl chan probabilicy sampling. Cleae deseeipliccs of quona samping are gived by Sk (1947}
(B 139-141% by McCarthy (19497 {p. B7—41), and Ty others. Teatmnlogy varies, for eaanmple,
Lok wses che expiression “coatrodled szipling’.

Iroically, while Meyman was successiully amackimg purposive sampling 10 prefessional
slotistical publcatwons, (here Begam W Acensh i publis opinion aad merketing circles of the
Ulnited States an independent growlh of quoca sampling, The basic idee afier all. s so appealing:
ectablich 8 sample thel i an "Americe in micrsocsm™. a8 Roper (L9400 (p. 31A] sawd, o
mikTacusm in terms ol region. sire of pluce, sex. ags, cocupation. economic levzl, mec, and 1hen
gak the members of thal microoesm their views: auecly one wall okdaim & mitianwee nf the weaes ol
everyone, Gallup 1 1948 fp. 22-23 ) pa it thus: 'IF & sample s Becaraely selecied, i represenis g
nzar replica of the entire populetion. [1 s B ministure clectorate wivh the same proporiion of
Tarmers. doctgrs. Jawyers, Catholica, Protestanes, old peaple. poong people, businessmen,
labarers. and so on. as is to be Tound i the eotire popolanna. [Sachl samples ., relect opinioes
of the entare nacion:. with e small margin ol error described earlier ' These quota methods had
subsianial suceesses in glestion Forecasts until 1943, when they Failed badly in che
Dewey - Truman presidentia]l election. Yet quote sampling glome did not ceem to he the key
assigaable caues; there were many canses. Seo Mosizller ef 2!, {19490, In view of the pra-1948
w100esses. i may nat be surprising thed the quota sempliag Tieranee corlais s life reference
o the kind of apalysic provided by Weyman io the mid 30Fs and dissesminaled widely.

Quota sampling in poblic apinion polling and markedzig went an for muny vears, and st
cotmiznes, withowl ovwch inderactinm will e waork of acwudemic or otharwise orgenized statistes.
A descrigizn 35 given an Parjen (19504 {Chapler 1% ses elso Doncan and Shelion {1978
Clapter 2, especaally p. 36, CH vourse there has been eriticism by slatictizians, foe exatiple, ses
Hauger aed Hapsen (19440, bt the issues bave seldom been squarely joined. Ao escellen
balenced review is given by Stephan and MeCerthy {1958) {p. 37-28 and <haplers E, Lk 11,
anmd 13k

Fineel remirky  Although it extends beyond dur time window, we wish Lo cite the piorcering
work o sempling atthe U8, Purcau af the Censos by Morris Ho Haosen and others in the late
3Fs and thereafter. This soperb wark oo Bl e theory wnid practice of Tarpe-ceale. complex
probability samplisg is deseribed 0 311 corrent sampling texchocks; its Dstitusional hsuey s
outlined by Duncan arcl Shelen (19788 (Chapter 21, See alsa Hersen and Madoa (LETH)

We cloge this Instorice] skeich with a description of a 193% paper by George W, Snedagor [t
begns with the staterment, “The history of sampling is the history of stadsues”, pmed i ende with an
arguibienl fur replucement of consuses by cample surveys!t Sacdeenr pives an exéellend review of
the listory that we have described 8l preater Iength, he complaing (po 8530 about the purely
theinical wee of ‘representative sample’. aur meaning 1, and he natoradly discusses Fisher's
wirk. [n particular he savs (hat

[Fisher's] epoch making discovery of the = digtnbuton qegether with the asseciercd . ..
anulysis of variance fuenish a meshed ... For realing men¥ siratitied randem sampliogs.
This tiethewl, quickly adepled in [hiolegyl. . has received wmesger attention by investiparoes
of sncial phenomena. Since the siratified random secpde 65 regugmzed by mathematical
mearsshiciahs &% the emly practical device now available for sceuring a tepresenlalive sample
from human populatioes, the use of analysis of varienee . . . Jshould! increase rapicly inozciol
reccarches. (B 8510

How times chanpe!
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I is vur plegsure Lo avknoeledge the snthosimsliv suppor] s Sevs peased [rees sagny Solkagues araumd e warld
We have bam asiontshed af the frequersy ard prumplrass of responscy, Some Feve sueplied o =ikth relaromue
maol=rials and orel hisiory and guided ws co other scholers - Patler Jakob Bizree, *illiem 3. Cochoen, J2an Convera,
W Tdwends Deméing. Dlis Dudley Deancen, Datid Durand, Laster Fransel. Bartin Frankel, 1. Arthur Grermwamd,
Momis 1lensen, "Wiliam Jalfé. Zolian Keressey, Leslie Kish, Williem G, Madew. Arpalic Momig:ano, Lincoln
Mosey_Jarzy %apmen, Lean Pritcker, Poul I Shextsley, CR0. Shevnin. Susae Shekl. Trenk Yeles, Sacdy 1. Fahel.

Meny have generausy cricicized version: of the manuscript: Eeilk Daker, Minam Geske Crreen, Dovid Haosglin,
Fearicin 1lume, Jeasph B, Kruskol, Marin T, Kruskal. Thomas Louis, Tahn W, Prec, Heers %, Robers, Mam
Ramacawicz, LR, Savage, Cancad Tesuter. Judich Tarar, Ranald Thisted.

‘Wz pwe specinl thanks [or very axlansva suggesiicas, nol all of mbxck we ceald Sendle. by Rabece Darnch. Tare
LI enips, Paved 1. Sl Sgepfen ™, Sgigker.

Foap ealenkivt agld rapid IPanaliees ok Crular, we wire helped v Thewnas Huber aod Tanza Bazan. Chrislics
Walkrpaue kigdly covngibuisd she Frengl surirars The pisterial mncunmis For the meanings of oepresenlabive
sompling were prapared by Mamha Can, Binally (or wark on all aspeetz ol che @lfiarl, we ywe 3 prolizvand debl 1o2ten
Youre

Freparabon A1 iy paper was gides] By Mabongl Sienee Feandabion graoms NSF S0C 12 4512E A 1o 1be
U rhily of Chacago nnd MNEF 500 75-153700 5035 to Harvard Wniversiy. One ol os (WK Seld 1 l=llowshp (com
Ike Julm Simon Gugpznkeim Foundatien durng parl of Ike preparatian al ks paper. wnd than 3 s graiehaly
v kmow s g
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Hovieley, AL, §19260. Meavmament of the poecimion sitemed in samphiog. Fuileris of e Felernntiunal Stariseico’
Tarcrisure, T2, Supplement e L, 1, [&6°-162 1 Precoded b surmarie: in Freach and Englisk

Chang. Wa-izhing (1170 Sampling 1henries wod sampling practice. In Cwen, DA, e the istore af Sranrnes and
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