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Here
x -•

It. IIUlrlph tr••• OIurvlly•• y be J ••rln".1 ••• ,m"
•••lylnl upon till'Joint u •• uf two or ••on ••• plln.
(r••••. On. at th•• 'irat u.~. or two-frume e.tl-
lIWIttonwaa the U. S. Cen,u •• Burt'au'. "Sample
Surv.y of Retail Storea" conducted tn 1949 and
dalcribed by Han.en. Hurwitz and Kadow 11. The
theorltical develop •• nt of the deetan and elti-
lIWItion in 1IU1tipie frame Nurvey. waA presentad by
Hartley 2/ in IQ61. Since then, others hava
'tudi.d deliln .lOd utimat Ion problem. auociated
with .ultlple fr•••• urvey •. It. paper by Fuller
and lIurllWlht.r 31 providl'. an "lCCellent referf:nce
for _at of the-theor.ticol work done to date.
MOet of the work altempt. to Improv. the estimator
prel.nted by Hartl.y.

Multiple fralll.~urv.y. aru aubjecL to all opera-
tlonal probl ••• that pla.u •• inal. fr•••• urveys.
However, by their v.ry de.t,n, probl ••• unique to
multlpl. fr•••• urveya al,o occur. Th •• e proble.1
arie. fro. the b •• ic a.eumptionq involv.d in •
Multtpl. tram. HAmple deRlan:

a. Y.v••ry .hlDent of th,' surv!!y population must
be Includ.d In at l•• at one of the fr.mes .

b. It ftlUIIb. pOllllble to deLendne for .very
•• Iect.d ••• ple unit whPth.r or not tt
belon,. Lo any other ••• pl. frame 1 •••• the
ov.rlep !,..tw.en fr•••• IDU.t be d.termtned.

l",e lilttrr a•• urapt10n l•• d. to on. of the _It
crltlc.l ~lp.CIR of a multipl~ fra •• lurvey.
Su.eti.e during Ihe .urvey proc8 •• it i. nec.asary
to det.rmin. for every .ampl.d unit whether it
could have b.e •••• l.cted fro. anoth.r fre ••• aha
b.in" 1.1 •••••• Th ••• vailable tlwory do.s not tell ue
how thi, det.rmlnation i8 to he wade - it only
liv •• u. altl'n"11 Iv••.••t Imatorll to us •• once the
determln.tion IN mMde.

Th. purpol. of this parer III to exa.ine probl •• ,
inVolved ln the overlap determination, and how
they c.n b. conHI,jpr ••d In the eltl •• tion proces •.
More ap.eifically, the prohlomB involve tho.e
.ncounter.d wh." usin& the multiple frame concept.
in .urvey. of rarm operatorH.

.l.h' .'ontllin It.f''Hllall,,n by whll1lh ll) .tut"y·
In ••any sllrv.y dtuAt ton •• alurnaUvl d.u
eoll.ctlon •• thod ••• y be ua.d which l.ad to
the ule of ch.aper •• il .nd telephone data
collaction procedure •. However, thil fra •• i.
u.u41ly incompl.te and will not provide infor-
mation for the entire population of lnt.re.t.

Therefore, the 1.1 •• of multiple frame saaplinl 1.
applicable for this .itu.tion. It allowe one to
maximhe the IIBI! of the cho.per. more effici.nt
liet fr•••• yet when in combin.tion with the coa-
plete .rea fr••• provides efflcient estimetea for
the population of inter~st.

Two terma to be u.ed ar~ now d.fined. The .rea
fraftl8e.mple (the 100 percent frame) must be di-
vid.d into two domains for multiple fr•• e
e.t •.••tionl

a. Nonov,rlap Domaln - Thi. domain conll.tl
of popul.tion unit. or farml found vi. the
area fra •• sample that .re not ln the lilt
f ra •••.

b. Overlap DQ.-in - Thi. domain cont.in,
••• ple unite that are allo in the lilt
fr•••• These farm oper.tlon. in the area
fr••• sample also hed • chance to be se-
lected from the list fr••••

An unbi.sed .Itiastor for the population of ipter-
elt lollingthe area frame i8: al - r ~ .xh

h .nh
where A h the reciprocal of the probebility

.nh
of •• l.ctinl e .ample unit in the ate. fr•• e and
x~ ia the .ample tot. 1 for a particular etratua.
The are. fr••• estimator can al.o be written a.:

N ' I
!: A."h (alxh + a2xh) alX + a2l .
h~
alX i. an eAtimate of the incomplet.n.ls of

the li.t fr•• e or th, nonoverlap domain of the
are. fr•••. Then a2X is the area fr••• estimate
of the popul.tion .1.0 repre.ented by the list
fraae (overlap domain).

HaDy agricultural 8urvey. are ba.ed on multiple
frame sample design •. The li.t fr••• consists of

A eimpli.r multiple frame •• ti•• tor 18 one where
P - 0 and Q - 1. Then, no information from the
ar •• overlap domain il utilized. How.ver. In
eith.r c•••• it is neceeaary to divide the arel
frame into tha two domain •.

The remaind.r of the paper will coneider prohle ••
oceurrln, when the following .ample fr.mea are
Uledi

1. An are. fre •• - This I. the compl.te frame or
the 100 percent fr •••. ~v.ry f.rm oper.tor
vi. a I•• pllnl unil (.e~nt of land) ha. a
ch.nce to be .elected fr~ thil fr•••. Thi.
fr••• il u.ueUy the IIOr. expensive to use
for obt.inin. aurvey dat •.

2. A li.t frame - Thill i, uaually defined to be
• ltet of pot.ntial unit. (n•••• of ferm op.r-
atora) for the population of intereat. It •• y

A multiple frame e.timator ia:X - .1X + P a21 + ~I whare
of the overl.p domain ba.ed on
••• ple and the weights P and Q
P+Q-l.

X le an .etimete
tge Uet fr •••
are euch that



between the two frame. by •• tchinl n•••••

Table l--2xamples that occur wh.n det.rmininl the
overlap between two ••• ple fr••••

n••• " or J'CllC'ntl,1lrlll:moperators. While the
IlI•• pHIII unlt IN II nlim., the reporting unit i. all
l.nd operated by th~ pArt leulor nllme. The aua
trllll4l.ollpl,·unit. dr •• ",111 Anllli of land called
•e•••enu. aach .DlIlpleIn'lImentII IIcreened for
rar. oper.tton •. A sampl~ Hegment may ~onlain
portion. of 1-~ forllinK uperallonN. The lIomeS of
th" form operators a.sur IAted wi th sach parcel of
land ur op.ratSnn found lnsid •• the aeg •• nt are
l'btain.d JurSnl thl' .urvey.

Probl_
nUl8ber

Nam.(.) .asociated
with land in

are. frame
.ample aapent

11••• (a) In U.t
fr••• that •• y

r.pre.ent land In
ar •• fr •••••••• nt

If cost. were or no obJoct, ont' could obtsin a map
thAt outlined the land orea 3080clated with every
na_ on tht! I1Mt. if tht. were overlaid onto the
area frame, only land area. not covered by the
lht vould be In the nono"l'rlap domain.

In prArtl~~, it mu.t be aH.ullled that an area of
land CAn h•• repre.entad by a name. Then, in the
IDultll'l,'Cramt! ('ontellt, th•• ovO!rlap of land areas
npro •• nud by both ••ample fum ••R iii Identified by
IDlltchSna n••es a.aociated with th,· land.

Thl. I" proll.bly the 1lI0atdifficult fMtor Involved
In a _"Itlple fUM .urvay. frror~ In thh deter-
1Il10ation 4ra 001 consid~red 10 tho estimation
ph ••• - thu. th••y faU lntu the area of nonHampUog
errora. The ou.~ matching op~ration can be com-
pletad manu.lly or hy • comput.r method of ra:ord
_tchl" ••• dncrlbad by .'("I1..g1oml Suoter 4/.
1Jhlchav~r prore,lure 18 u.ed requlrclI certaiR-
d.d.lon lolie: about what IN a match .nd what is 8
nRl\IUtch. Next, .0" problelllllth.t .re .ncOUllt-
•red. different alt.rnativ •• for defln1nl the dp-
•• tn•• and tho conaid.ratlon of the probl ••• In
the •• tl•• tOT. will be dl.cue.ed.

Th.r •• re two factorll contrlbutina to the problem.
'lith domain d.termination or determininl wheth.r •
tarm opor.tton found in the ar •• fr••• i. aleo in
the l1at fUDle .

a. Ona r.lato. to the •• ttar of duplication
in tho Iht, It 10 vary difficult to re-
8OV. dupllc.tlon from. 11.t frame. Sev-
.r.l prnc.duras have be.n d.vi.ed for
u.lna ('omputara to r•.ove the duplication;
howev.r, the problem wIll COntinuo to exi.t.
Th. aurvey procedure. for identifyiQ& .nd
adJuettng .urvey data When duplication
allSat. In the 1iet frallleauat be coneidered
In a aultlple fra •• aurvoy, not only for
the •• timetlon but .1.0 for d~in
datonatRation.

b. So•• l.rger f81~lnl op.r.tlon., .uch a.
partner.hipe or corpor.tlona cont.in lIev-
er.l individual. that IDaY report for the
ontlra op ••ratlon. The •• Individual. can
.pp.ar on the li.t frame either .1n,ularly
or In combination 'lith other ~a. Thl.
po ••• a problem 1n e.tilDAtion for the ll.t
fr•••. It .1.n po.a •• probl •• in d.ter-
mlninl vhath.r 8 livan op.retion 1. ov.r-
l.p wSth the li.t fr.me or not.

Th. followlna t.bia lilu.trat ••• 0" of tho proh-
1••• encount.r.d wh.n identlfylna the ovarlap

BU1, Bob, Joe, and: S••• Jonea
Sam Jones lob Jonea

2 lUll. Bob, Joe. and: S.II Jones
Sam Jones Bob Jon.s

Robert Jones
) J &lieS Smi th

B11l Smith Salth and Brown
H11ton Brown

Problem 1
There are four names aSRoei.red with a parcel of
l.nd In .n area frame sample s.gaent. Two of the
four names .ppoar In the 11.t frame. Doel the
parcel of l.nd In tho area fra•• overlap with l.nd
operated by Sam Jones, or with Bob Jonea, or with
both? Can tho l.nd be reported twlce from the
li.t fr••• 7 Not on11 do we heve the probl~a of
d.t.fIIininl overlap betveen the two framee - there
i. el.o tho po •• ibility of duplication in the liat .
In .n oper.tlonal lurvey, rule. muet be .at&b-
ll.had ao that .uch probl ••• a •• bove ar. haadl.d
cOD.iatently. Thre •• lternate procedure. er. com-
perad bdow.

Proc.dure A

Thi. rule i. ba.ed on the follevlng a.a~ptlon.:

•. E.ch p.rtner viII r.port for the entSre
operation aDd correctly identlfy all of
hi. pertnera if he ia eelected frOID the
Uat.

b. If .ore than one partnar appeara .omewhere
in the ll.t frame, he will be identified.

SiDce we ••• ~ that each partner will report for
the .ntire op.ratlon, the p.rcel of land found In
the .rea fr••• ov.rl.PI tho operatloD r.pr ••ent.d
by the two n•••• on the liet. Howev.r, th.re re-
•• lDS the problaa of duplication within the ll.t.

Different procedure. are available for baDdling
thl. duplic.tion in the estt.atlon. ODe i. pre-
.ented by Ourney .nd Gons.l.s 1/ where the n~b.r
of tt. ••• glv.n operatlon.ia dupllcated t. not
known. Anoth.r method haa been developed by
lao jJ for the c.s. wher. the nu.b.r of ts.e •• n
operatloo ean be .el.cted from the fr••• 1. knovn.

It will be a"\III8d we C.ll d.termln. the nWlbar of
ttas. ev.ry s.lected unit could h.v. been a.-pled.
Thl. ie dona by •• tchinl .ach name ln tho 11.t
_-.pIe with the r••• lninl nam.. Sn tho 11.t fr•••.
Control •• ro al80 bullt Into tho lucyay



The procedure outlined by ~o coin be •• und.d to
the c••• wh.r. the duplicated n•••• in the li.t
fr•••• r. in differ.nt .tr.t •.

qu.'tlg"n~lr. tu ~1~ In thd d~tectlon oc po••ible
duplic.tton. Por example, each reapondent t.
•• ked wheth.r he ia known by any other name or if
any oth.r n••••• re ".ociat~d with hi, operation.

A•• in, we wi.h to •• ti•• te the population tot.l
(X) for the li.t fr••• from a ••• pl•. Th. popu-
l.tion v.lu. cen be obtained by .u•• lnl over the
populetion a. follow.:

bMh
bX • L I ~.

h t b hi
nu.ber oC tt•• s • hXhl untt can be .elected from
the It.t fr•••. It Ie ae.umed the bAhi fector
c.n be d.t.ratned corrrrtly fro. thl ••• pl•• Th.
dupllc.ted op.r.tlon 1. includ.d in the t.bula-
tion. every tille it 18 .elC',·ted.

Thi. I. et.ply a rule for a.sianlnS • portion of
tha duplicated operatton to each stratum froa
which it could have been e.lected. Tha portion
ie detenained by the veightins factor which i. the
n..aber 0' ttma. it could have been ••leeted in a
liven .tratum divided by the total number of tl•••
it could have been .alacted froa the ll.t.

NThe e.tlaator a h N Y for the caae
~i R~:~

where the li.t duplication occurs in different
etrata can be ehown to be unbiaaed by vrittna

N
r bh Ny'~ t A:h b7hi. Then E (~) • X bec.uae
h i bnh bXhi
the '•• ple 1•• el.cted independ.ntly within .tr.ta
and .ach duplicated operation 1. alV1D the value

b •

a.

c.

Tha total number of partn.r. a.aociated
with tha parcel of land in the araa fr•••
•..,le unit are Id.ntified. Th. nuaber la
d•• ilnatad by aAhl •
The nuaber of partner •••• ociated wtth the
•re. fr•••••• ple unit and that are al.o
on the li.t frame i. deterained. Thi.
nuaber i. ~hi a. d.f1nad for Procedure A.
A vellhtiDI factor i. deterained for
a•• ilnins • portion of the oparation to
tha li.t fr•• e and a portion to the .r.a
fr•••. The fector to ba appli.d to the
.na fr••• 11 1 - ~ • 1-.1. .

aAhl 4
The factor appli.d to the dUPlic.ted ll.t fr•••
•..,1. unit. i. then l/.Ahi •
The multiple fr••• e.timator t .n becomee

i . J:a~ ~ ( 1 _ b"h~) aXhi + rbth ~ .&.
h 1 a~ aAhi h I bDh ."hi

Note that if bAni/.Ani • 1 or if bAnt • 0 for

Thi. rule relies on the sa••••• umptlon. used in
Rule A, i.e., e.ch individual p.rtD.r will r.port
for the entire operation and will corr.ctly iden-
tify all hi. partnera. Operational procedure.
differ how.ver and are illustrated:

evary .ample unit the multiple frla« .sti •• tor i.X • ,Ii + bX which Ie the r••ult occurr!n. vhen
the + Q veisht •• re 0 + I, reapectlv.ly.

Ihl no matter how many time. it i. aalected.
Ah1
The multiple fra•• e.timato! 1. then obtained by
addinl the li.t •• timator bl to the ar•• fr•••
portio!}, 1.e •••
X • alX + P 2X + Q bX' The suce ••a of thia
•• ttaltor depena. on the .bility to correctly
define the domain. In the area fr•••• If the
a••umption that each individual will r.port for
the entire partnerahip doea not hold In pr.ctice,
the eati •• tor beccaa. bl.aed. Thi. occurs b.c.u ••
a2K will be e.tlaating for an oparatlon th.t t.
not r.preaented by the list. It al.o ••• n. that
the ~hi vel,ht •• r. incorrect •
A aecond rule i. used which will mtn1.i.e the
effeeta of an out-of-date liat.

Procadure B

,..
We can ahow thlt X a. delinad above i. unbia.ed by
vr1tinl
X • !; J:h.a C1 - b~t) .xht. athi +

h i.1lJl a i

tb~h bNh h~t bthi
h i bWh ~

The valu. thi i••• defined before for each fr•••.
I (btht) • ~ becau.a a••ple •• re .electad lnda-

b h
pend.ntly within strat •.

.M.~
For the ar.a fr••• I (athl) •• Mh. Since the
domain det.raination 1••• d•• fter the e•• pl. I.
a.l.ct.d, the domain size •• r. not known.

18 the totalHere, Ab ht

lao', procedure w•• d.v.loped for the caee where
there i. no 'tr.tiflcation in the frame. Hts
.att.Ator for the 11.t frame would b.:

bi ., .b!!. ~ where bN .nd bn are the tot.l
b" b 1

nu.b.r of n••••• nd nw.ber or •• luct.d n••••
r••p.ctlv.ly fro. the lilt fra••• bAi i, the
tot.l nuab.r of ti•••• glv.n unit (f.ra op.r-
• tion) c.n b. ,.l.ct.d from the fr•••• In thia
••..,1. ~i • 2. Thi. e.tl •• tor i. unbia.ed
b.e.u •• VI c.n write:

N

bX • ,. ~ ~. tl where
t{ • 0 if the ith oa.e 1e not .~l.cted

• 1 If the lth n••• ie ,.l.ct.d, .nd
I (ti) • bn/bN. Th.n E(bit) ., ~:~ .
fhi. beco-.e unhi ••ed if det. for the duplicated
n••• 1. Included In the tabulation .v.ry time it
i••• l.cted. If the v.lue bXl/~l i. u.ed every
t{., the duplicat.d unit i. ,.l.ct.d, the ~xpected
v.lu. reduc •• tOI

"I bAI ~. bX wh.r. H ia the numb.r of unique
b I

unit. in the fr•••..



Nh A aNht ••X••,
Th.n !(X) • 'I (l - !....!!!.) aXhi +!:l: ..••....•••

Ii aAhi h aAhi
When a~in, over unit. in the list (~hi unique
unH')"" AM"ull> • a) (l - ~) .Xhi + beh JCAl bXhi • X

h /l"hi h a"hi
blc.u., the w.i.ht •• um to on. acro •• the two
fr••••• Tha two proeedure. pr ••ented .bove pro-
vid. unbi •• ed •• riutou. The ••tatbtic.l effi-
cioney at the •• liutorM will be explored later.
Th••• in diff.renc. in the rulee i8 in the co.-
pl.xtly of th.ir lIppllcallon, Althou,h all of the
proeedur •• r••ult in unblllsed uti_ton, the
i.port.nt point 11 th.t they may differ in the
bi•• re.ultin. from tha breakdown of the
a.au.ptione.

The followtna rule nlhs upon a dtfferent aat of
'8.~tton. for detinin. the ovartap b.tween the
.r•• and llet tra•••.

Wa .ra still raferrin. to Problem 1 a. illu.tr.t.d
in Tab I., 1. The a.'Ulllptlone hllfl!'.r.:

•. An individual nama or the nua. of a .ingle
paraon on the li.t rapre ••nta a unique
land operation only lIs.oeiatad with that
n•••. Hore .pe~lfically, the name S••
Jon •• c.n only r.pre ••nt l.nd operated
eolay hy Sa. Jon ••. It cannot repr ••ent
land oper.t.d jointly by hi••• lf .nd other •.

b. 1f tl\4'Individual nallledo •• not h.v ••
unique op.ratlon it 11 con.ldered to be
out or bll.l•••.

Wlll" .pplyln, the •• '''IIlIPtion. to Probl •• I, we
obt.in th" foll11wln, nsultB:

•. Th- p.rcel of l.nd in the .re. frame ••• ple
op.r.ted hy the four people •• ntioned doe.
not overlap vlth a list fr••• untt. Th.
oporatlon would b. overl.p only If • li.t
unit con ••ht.d of the four naae •.

b. Th.r. 1. no duplic.tion in the li.t fr•••
slnc ••• ch na•• will only report for l.nd
unlqu. to it•• lf, ThuX' tb••• tl•• tor
,lor. not raly on the b hi factor.

Procadure C doel not raly upon the ••• umption th.t
•v.ry plraon ln • partn.rlhlp oper.tion viii r.port
for the entire op.r.tion. Inste.d, it r.li •• on
the as.umption that .n individual n••• c.n only
reporl for individu.l d.ta. A. a ruult, the
•mount of ov.rlap b.tw.en the ll••t .Dd ar•• Ir••••
il d.cr •••• d by Proc.dure C which then .hould In-
cr•••• the .1.8 of the nonoverlap doaain. Thl •
1••• p.cl.ll, true •• the li.t fr••• beco ••• acre
•nd acra out of date - ••• nin, th.t chan, •• in
naaee of op.r.tlon. or chan ••• tn p.rtn.r. viII
r••ult in fever •• teha. b.twe.n the two fr••••.

Tht. involv •• the •••• partner.hip op.r.tion con-
.ider.d .bove. Hovever, lt i. coapllc.ted by the
fact that ODe of the n•••• i. duplicated to tb.

llst. (refer to T.ble 1) Procedurea for h.ndlinl
thl. probl •• follow.

Procedure"

Since ve ••• ume e.ch p.rtn.r ll.ted in the ll.t
fr••• will report for the ~ntir. operation, tb.
l.nd In the .r•• fr••• overl.p. l.nd repr ••ented
by the li.t. Th. f.ctor bAhi • J b.c.u •• ve
a••um. each ~ •• lected wl11 identtfy .11 of hiB
partner •. The important point her. i. that ~hi
equal. the tot.l number of li.t naae. repre.entlna
the operation r.,.rdle •• of the f.ct th.t Baal
n.lllesare duplieate •. We al.o ••• uae the check
proc ••••• u.ed will identify the n••• that .ppear.
mor. than once.

Proceduu 8

As.in we a••ua. every individu.l p.rtn.r will r.-
port for the entire oper.tlon. Th. operation will
b•••• ign.d to the area .nd li.t fraaea al foll0W8:

a. a"hl· 4 b.cau.e th.re .r. 4 aeabers In
tbe partn.r.hlp.

b. b"hi· 2 b.c.use there .re 2 n•••• on the
lIst thet will r.port for the oper.-
tion. Tbe duplieated name h•• the
.ddition.l f.etor ~hi • 2 2

Then tbe f.ctor for the are. fr••e unit i.l(l - ~)
•1and tb. factor for flr.t 11.t n••• 1. 4' The
du~lic.t. n••••• ach will have the f.etor
1 1 14 x 2 •i The Bum of w.t.ht. il 1.0.
Proc.dure C

H.r. w•• a.u.. • sinale per.on n••• c.n only repre-
aent • unlqu. l.nd oper.tlon. Tb.refor., the part-
ner.hip land oper.tion found in the .rea fr•••
a..,l. doe. not overlap the liat fr•••• Thi •• 1.0
••• n. th.t the only duplic.tlon in the li.t frame
i. the n••• liated twice. Then ~hJ • 2 for th.t
n•••• Th. ft8aI(.) on the li.t can only r.port for
oper.tion. uniqu. to thet aaae .nd not the p.rtner-
•hip oper.tion.

The three rule. differ in the coapl.xlty required
to c.rry out the different ••• umption. and whether
the ••aumption •• pply in pr.ctice. A flnal prob-
1•• 1•• howD to further illu.tr.ta difficult i••
laval." la .,pl,lnl the diff.r.nt proeedur •••
Probl_ 3

Thi. involv ••• p.rcel of land In the .rea fr•••
•..,la that 1. jointly oper.t" by thr •• paopl ••
Two of the thr.e poopl •• r. linked to,.th.r •• on.
••.,le ualt In the li.t fr•••. A,.in, w. will
il1u.tr.te how each procedure .would ."ly .

Procedure ~

If v•••• u.. ••eh individu.l will report for the
entire oper.tlon, then ve _at •••••• th. Uat n_
will .lao report for the oper.tion. Then ta the
rl.k bovever, thet the li.t n••• rapreBenta a dlf-
r.,ent o,eratlO1l. With. U.it" 'U".y tiae pe-
rtod, dec1atOlUl _.t be 118d. QUlekly, Therdora. by

1



followlna lh•••• u.ptlon. lt 11 determlned that
the .raa fraa. lAnd op.r.tlon 1, overlapped by
the 111t fr•••. There 1. no duplic.tion in the
lilt fr•••• th.r.forl bAhi • 1. On. could a.
.a.ily a••u•• the llat n••• i. a diff.rent opera-
tion. thul the .na fUlIIIwould not ov.rlap the
lht.

The Tu1. In thl. ea•• caua•• confu.ion In practlce
bae.u•• aAhl • ) and bAhi • 1. Th. w.iaht.
(1 - ..\.)and + do .dd to one howev.r. The confudon
occurt becIU~' two of the n•••• are linked together
a. one I..,linl unit.
Procldur. C

the overl.p domain. Th. dOllllindeteralnation va.
done u.ln, ••ch of the thr.e proc.dur•••
A .alllpleof 1.600 na.e. w•••• lect.d frOD the li.t
fra•• and .1.0 included in the IUrv.y. '.rtaer-
.hlp op.rltion •• nd duplication in the 11.t ver.
proc••••d u.iaR e.ch of the thr.e procedur•••
Thi•• llowed u. to co.put. a .ulti,la fr••••• ri-
ut. b••ed Ofte.ch proc.dure.
Survey ••tiaate. baaed on .ach procedure and their
•..,lina error. were then cOlllput.d. The reaulta
appear in the following table.
Table 2--Multipl. Fr••e E.ti.ate. and 5..,linl Er-

ror. r••ultin, frOD thr•• proc.dure. for
d.fiotnl ov.rlap betv••n •••ple fr••••

Th. na•• of the .r•• fra•• op.ratlon i. not on the
It.t. ther.foT' th.r. i. no overlap with the lilt
fr•••• It i. u••uaed the llat fT'" unit viii
only r.port fOT l.nd unique to a SlII1thand Brown . Procedure Hulttple fr••• :5••pllnl erroreitilllat. :
•••••It•

A. v••• t.t.d befor•• .ultlpl. fr••••• tl••tlon
r.quir•• that the ov.rl.p b.tw••n the .a~l. fr••••
be id.ntifi.d. In oth.r vord •• the c~on.ntl
.1X .nd laX ~t b•• ccur.tely d.t.raln.d for the
.ultlpl. fra•••• tl•• tor to be v.lld.

8

c

13.2

13.4

14.1

•5

.5

.6

Thl v.rt.nc. e.ti••tor
VAl X • V.r .1X + ,2VAr.2X + Q2v.rbX + 2'COV,lXa2X
only ••••ur•• the v.riability due to r.nd~
•••• 1tn•• It Ilv•• no ••••ur. of the .ccur.cy of
the ov.rl.p d.t.rain.tion. The in.ccur.cy of thl
oYlrl.p·detaraln.tlon f.ll. in the r••l. of non-
•••• lln•• rror. whlch .r. dlfflcult to ••••ur••
Iinc••• ny of the proble••••• ocl.t.d with ov.rl.p
d.t.raln.tiOft .1.0 .ff.ct proc.dur •• for handlln.
duplication in the li.t, addition.l non.aapltnl
•rror. ~.n occur.
lach proc.dur. u.ad for tha ovarlap dat.rain.tioD
rail•• upon •• et of ••eu.ptlonl. Wh.n.v.r.n
•••u.ptlon f.il., .rror. occur. Tha aoTe c~la.
• ••t of rul•• b.coae•• the aore 11kely It 1. th.t
lneon'l.t.ncia. vtll occur. Thl. i••• p.clally
true if Juda•••nt i. r.quir.d in d.t.ra1ninl if •
.at of ~ r••lly do ••tch and th.t they viii
report •• r.qulr.d by the ",ulllptioa..
The pTo.vdur•• illu.tr.t.d .bove w.r•• ach ue.d In
.n op.ration.l DUltipl. fr•••• urv., d••liftedto
••ti•• t. tot.l h011 and pll' on '.~. Th. purpo••
we. to ••••In. the dlfficultl.a with applyinl ••ch
proc.dur. aad to ••••ur. the diff.ranc •• ia tha
••ti••t••• ad •••plinl .rror. r••ultlft1 fr~ ••ch
proc.dura.
TbI .a.pl. (or the .UTV.y con.t.t.d of .bout 2,200
taralna op.racton. frOD the .r•• fra••• ..,1•.
Th. na••• a••octat.d vith the 2,200 f.flIIin.opera-
tiona vlre aatch.d vlth ~. on a li.t coat.1ninl
.~ 80.000+ pot.ntial fara op.rator•• Ar•• fr•••
aa.e••• tchtnl 111t fr••• 0-... con.tituted

Proc.dur •• A .nd 8 ,.ve .tailiar r.ault., but then
th.lr ba.ic •••u.ptlon. vera al.o the ••••• pro-
cedur. C diff.red con.id.rably in the r••ult•.
•••••ber that the thue procedures were .11 ap-
pli.d to the ••••••• ,1•• nd that unbla.ed IItl-
••tora VIr. ueed.
The •••plina .rror of the dlff.rence between .ny
two of the ••ttlllate.v•• about .2. Th1•• how.
that Proc.dur. C relulted In •• ilnificantly dlf-
f.rant e.tlaat. fro. that re.ultinl from A .nd B .
Th. larler e.ttlllat.r••ultlnl (rOD Procedure C
r.aulted prlaarlly fr~ an lacr•••• in tbe e.tl-
••t. froa the nODOYerla, d~tD. Theoretically •
an, Increa•• in tbe nonovarhp do••lo .hould b•
off••t by • d.er•••• in the o••rla, do••ln .nd
li.t fr••••• tlaat.; hov••et. thi. did not occur.
Thi. lndicat••• proble. with • ~.y a••u.ption:

Procedure A • BI E••ry individual la • ,art-
n.r.bl, viii r.port for thl
.ntlr. partn.rahip .od will
correctl, ida.tify all other
p.rtur ••

Procedure Cl An lodt.idual .tll oal~ r.-
port for Indlvidu.l op.ra-
tion••

W. can only cOlllplr.tha ,rocedur •• bJ .valu.tlal
thl total .rror lavol.ed. i••••• ..,linl .rror
plue noneaapUq error. Tb. ,rob1. 11 thlt 8U
thr•• procedur•• Involve .~ .ubJ.ctlvity. thl.
iovoh •• thl accurlCY vith which the ra.pondent
can d.flne hi. op.ratlon wheth.r it b. an indlvi-
du.l or • partD.r.hlp uper.tion .nd can b. al-
f.cted conald.rably by tha qu••tSoanalr. d••l,n.



litn.'•• proct>llul'''''A '" 8 rellll110<1 In tho lover
•• tl•••t•••• tht' a••u.ptlon thllt "very indlvidu.l
In pllrtner.hlp report for the entire operation
•• y not be •• t. Procedure. A , 8 elRo Involve
~r. subj.ctivity and complexity becau.e of the
nece •• ity of duterainlng Ahl f.ctors for p.rtners
and for duplicAtion. Procedure C 18 Ie•• complex
and thenfore .houlll be •• sler to J.pl_ent in an
operattonal 'urvey. However, the a ••umption for
Proc.dure C •• y .1.0 be f.illng; that Iii, an
individual •• y upon for lIOn than h1l Individual
operetion. However. thi. i. doubtful.
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Su••••ry

The IIlUltlple (ra••• ethodololY i. II powerful .ur-
vey technique to •• xi.ile the .fficiency of • aur-
vey. However, there are probl ••• a••oclated with
JeteraJning the overlap between the •..,lil\l
(1' ••••• The •• probleas deserve e. -"ch attention
ae doe. the develop~nt of 1101'. efficient e.tiaa-
tors. Perhap. the developaent of new estJaatore
.hould recognize and .ea.ur. error. that can occur
in the oval'lap deterainatlon becau •• procedure.
followed 1n an operational aurvey can affect eati-
~t •• an aaount Ireater th.n what i••• pl.ined by
a..,11na variability.

!I FeUea1, I. P. anI! Sunter, A. 8. (1969), "A
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the Montreal Heetlngs o( the Aaerlcan Statis-
tical A•• oclation, 1972.

~/ Rao, J. N. l., "SOM Non-Re.pon •• Sa.p11nl
Theory When the Fra •• Cont.in. en Unknown
•••••ount of Duplicadon," Journal of the Aaari-
can Statletic.l A.aoctation. Mar~h 196&(81-90)
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