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Figure3.2. SAMPLE SURVEY DESIGN/EXECUTION: Non-Sample Errorsin Sample Surveys

The following aticle, reprinted (with dight adgptaion) from a CSIRO Division of Mathemdics and Satistics Nevsleter,
No. 32, ine 1977 pp. 1:3, provides an eewiew of the urces and ndure d non-sanple arors in @nple suneys.

BY DENNISTREWIN
Audtralian Bureau of Statigtics
PO. Box 10, Belconnen, A.C.T. 2614

The emphass in taning o sanpling
stdisticiars is o1 sanpling techniques and
methods of meastng anple aror &sci-
atedwith thesetechniques. It is Do ey to
forgetthe aher erors asodatedwith gatis-
tical cdledions (uaudly refered b as ron-
sanple erors) axd ®nentrde 1 s@Anple
eror. It is indficientto have sanple eror
rediced b % when erors from ather Sur
ces on-sanple erors) may anauntto 10%
This aticle gves a byief desciption of the
saurce and naure d theseerrors. For inter
estedealers, a @od eferenceis Zarkovich.

Non-sanple arors an afed both the
acaray @s neaswed by the ka9 and the
predsion (as measted by the vaiancg of
esimaes. I is posible for the Hasto be
negligible, een houghthe erors in the ndi-
vidual dbsevationsare relatiely large. The
frequency distibuton of these indiidual
ermors is mportant. If postive and regatve
ermors ae dstributed &random aaut a 210
mean the edmates of totak and arerayeswill
be whiasal, dthough esimates of reges#on
and orrelaton odficientsmay be baseal.
But the variane of otak and averaeswill
be ncrease by te aldtion of a'reponse
variancé and, if thee is orrelaton ke-
tween the hdvidual erors axd the tue
value by a erm known as he ‘tordated
reponsevariancé A regponsevariancecan
exist e/en thoudh a reponsebias may not
exist However in mary case, pstive a
negatve erors precbminge and tee is a
systandic bias. Zarkovich shavs the dove
effeds abebrdcally.

The following s an &empt at a onep-
tual framework for errors.

A. Errors restting from inadgude pepa-
ationsand méhodology:
- Biasedprocedires
- Biasedtools.
B. Errors ommitedduiing datacdledion:
- Missingdaa;
- Reponseor dbsevationalerrors;
- Inteniewer erors.
C. Processng erors:
- Editing;
- Codng;
- Puwching;
- Tahulating.
This is rot exhaustve or mutudly exclusve
but des gve someframenork for further
disausgon.

Biased Procedures
In dl statisticalsuveys, some mcedires
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ar precribed in order b achieve suney
aims A biase procedire 5 me whose
repeded plication resuts in bissed dda.
Exanples ¢ biasel procedires conddered
bdow are basel <=leding, esimaing,
measting and oeaionalprocedires

The fPllowing is an @anple of a leding
proeedure whose edgn is biesed The
exanple refers to he ug of anple wrvweys
to esimae tte yield of rice padly in India
by aop cuting from a sanple of dots. The
ingrudionsissue for sleding fields were
as bllows:

'‘Againstthe rame @ each sleded \llage
are $owvn three random numbers snalker
than he hghest siney rumbe in the \l-
lage Seled the sirey rumbes orregpon-
ding b gven random nmbers for experi
ments If the leded sirey runber does
nat grow paddy, seled the rext highest @ddy
graving suney runbe in its gace Fields
na preceed ly fields gowing paddy have
a hgher danceof being sdeded and &
theseare likely to be dfferent n matureg a
biaswill restt.

Sdeding proceduresmay be well desgn-
ed but 8l biasel beau® the mplemera-
tion is fulty. Zarkovich gives sererd
exanples

Biasedesimating proceduresare of inter
est & long as hey leadto nmore acaurde
esimaes than the orreponding wnhiasel
esimaes. In ather words, nteest n basel
estmates is asedon gounds of dficieng;.
The oneeptof dficieng could be etended
beyond aauracy. In ome caes, the in-
potant fador is the ®rvenence of the
mehods wsed cost of conmputdions etc.
For exanple, ®mputdionsof varianes nay
be edaced ly some @proximate method.
The justfication of heseproaediuresis in-
creasd eed more mrvenence €c. Be-
fore a basel esimaing procedire 5 wsed
the basof the esmaor shaild be ssessed
Even br the omnonly usedratio estmator,
there is he psdbility tha the bas of the
ratio esimaor is of a nagniude ha camat
be dsregaded.

A measting procedure which can eadto
biasel resits is the ug of erial photo-
grgphs b measte aea. This pocedire b
often usedto meaue aea wnder crops,
forest ec. A grid is daced woer the
caunty and a sample d grid points cheen.
An eerial photayrgph s taken d selected
arasand aeaunde crop measted from
the photayrgph. The procedire will be wn-
biasel if the aea photagrgphed B an one
level. On the oherhand it will be basel if
topographic relief is not taken into @oourt.

Opeaational procedirescan ato ke bas
ed. Ore &anple is he ug of primary -
proach kters. Rimary goproac leters ae
gererdly regaded fvouably by inteview-
ers and can hip to estalish rgpport be-
tween an nteviewer and the egpondent
As the bllowing eanple $ows, thee ae
situgions whete a primary goproach leter
can hae dssstiouseffeds. A doctar from
the Lidconbe Hogital wantedto auney he
agel peqole in the dstiict to find aut their
need for geriatic senices We provided
him with a sanrple of dwellings & which he
wasgoing b condiet a fist-phase mtewview
aimedprimarily at disoveing in which dwel-
lings @edpemle ived. Before mndicting
this first-prase inteview, he ®nt ait a pi-
mary goproach leter explaning tha he was
suveying egedpele. In the first fhasehe
obtained lessthan hal the expeded runber
of agedpeqle. He repeded thke qeaaion
without the primary gpproach let ter and
his snple take was tose to expec tations.

Biased Tools

The wse @ biasel tods introduces various
erors in the déa ollected An important
chaacteistic of errors resdting from the
use of biased tools (random nunbers,
quesionnaires, nstuctions, dc) is tha the
erors end to hee a gsemdic chaacter
If a paricular questn on a gestnnaire is
nat properly worded and gves riseto fauty
interpretaion, the egpondents vl give the
same ype of inacaurgde answver and he
resiting bas may assume onsderable
magnitude Exanples d tods tha could be
biasel ae qiestnnaires, sarple frames,
random nunbers and instuctions and in-
teniewer traning.

The questnnaire an ke onsdered as
the nost importent tool in survey work.
Any suney is basedon ®me ype d ques
tionnaire. The siccess ¢ a survey depends
largely upon the qudity of the questbnnaire.

There ae dl sorts of ways h which ques-
tionnaires nay ke basel. Mose and Kalton
hare @nsderable dsaus$on on gquestbnnaire
deggn.

Misinterpretdion @n &ist beaue ques
tionsare rot aufficently ecific. If a repon-
dent & mot @le to wnderstandsometerns
or questdns he rmay rot be willing to ask
for exdandionsand heeby shav wha he
ma consder to be lis ignaance This
pant is demasteted ly the bllowing
American stidy.

1 Do you eall tha as a gpod dtizen yau
voted hg Decenber in the pecid elec
tion for your Stde epreentdive? (33
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2. Haveyou everhead d the Bft-Johnsan-
Pepper Ll on \etera's houshg? (53

3. Haveyou ever head o the Mdwesten
Life Magaine? (25

Nore of thesethings meribned dove ever
existed but the percentage of "Yes answers
are hown in brackes ater the questbn

Inconplete atterratives may be gven for
questons requiring a dchotonous arswer
A furthercomman aror is to &k a geerad
quesion when an asweron a spdfic isste
is wanted Alsg dmple larguage $auld al-
ways ke wised The am of questbn word-
ing is to @mmunicaé with repondents a
neafy as posdble in thér own larguae
Tedhnical terms and jagon shauld be
avaded. Ambiguous quesions auld also
be aoided as $&ould loaded or leadng
quesions. An exanple of a adhg queston
is: "To wha life insuancefund do ya be-
long?" The questbn is badhg becau® the
repondent ha the mpresion tha he
shaild be nsurel, and he nay ke reluctant
to sy "noné Leadng ©mdimes akes \ery
conplicated brms and is dfficult to detect
A study was ondictedto deernine regpon-
dentsopinions on whether the United Sates
was spending ©0 rmuch mone/ on foreign
aid. Two different qiestbnnaires vere wsed
— the fist was nace 'interrationalist"and
the dher 'isdationist In the ntenaionalist
contet, 7% d inteviewed persons
arsweed trat te Lhited Sates was
spendng the iight amount on freign ad,
while the orreponding percentage in he
isdationistcontext was D% Questbnsand
arswes dread gven tendedto influene
arswes to he emaning quesns.

The rumbe and ader d questbns can
also favesomeeffed. Experimentalresilts
indicae tha regpondents py nore dtention
to items Isted & the kegiming and d the
end than to hose n the midde (Pane.
Faur ideaswere preentedto regpondents m
a dfferent ader ad the egpandents were
akedto sled one d then. IdeaA wasse-
leded ty 27% when & the t, 7% when
in the mdde, and 23% when athe tottom.
It was a Bnilar story with the aher ideas

Mog factwal questnsto some ®ent in-
volve the egpondent n realling informa-
tion. His degee ¢ success h doing this
acarady is a tkasc ddernminant of the
qudity of his reponse With certan ques
tionssut as &x and marital status, hee is
no sich goblem hut, with a large arge of
suvey questons, ealling information cbes
provide a poblem, the sveity of which
degpends on whd is to be ealled. Two fac-
tors of primary importancein memay are
the lergth of time dnce the eenttook place
and the eenk importance to the epon-
dent Thee is a ecent ABS e&perienceof
the problens of reall. A pilot sudy was
conduded o a snrple of ecddentvictims.

1995-04 20

To test vheher reall problems eisted a
list of acddentvictims ecuiring hospitaliza-
tion was dtainedand hduded n the plot
study. Over50% o repondents sleded in
this way failed to reall the a@ddentwith
a 2-month reall period.

There ae wo types ¢ memay errors.
The first is the "eall los$ of which some
exanples @ gven @doe The emnd
ocarrs when he egpondent eports an
adivity in the eall period when t actudly
took plae aisice tha period. This is
known as tdescopng” and is paricularly
prevaént n expendiure sureys, epecidly
for large and presigeitems.

The frame & the Ist of unts usa in
sanple uneys for the sledion of anples
Sirce tke mmposition of he sarple is
diredly basedon teselists, the fame &
oneof the nostimportant tools in datistical
work. An inecaurae frame will haze me
units fsted nore than ace some units
omited from the Istings and Wi also
contan ome wits which do not aist in the
popuation The diferent déeds in frames
are rot equdly important. As regads the
omissons, t is dea tha units omited have
no danceof being sdeded n the sarple
and ould srioudy affed esimated btak &
the inflation of @nple data is generdly
basedon he d&a d only those uwits lsted
in the fame Duplcations mean ha some
units hae 'two" chancef sledion. Their
effed is the evese of tha of omissons, and
thee ae nears of esimaing the etent o
this overesimation, dthouch the peedsion
of estimaes will sill be dfeded. Non
existentunits do ot caisemud trouble if
sdeded n the samle, dthough they will
affea the pedsion of resiting esimaes.
They @n ke treded gmply as a e return

Instrudions and taining are dso impor-

tant s far & the qudity of datais conerred.

An inteesing dudy was nack in England
of the dfed of traning on nteviewer
peformance Two groups were @mpared
The first group recdved four haurs o
custonary training only. The £oond graup
recéved a further four hours mainly devo-
ted b practice interdews. To assess he
reative dfediveressof the two gsens o
training, dl conpleted quesionnaires vere
rated n terms of @rors. In ternms of goss
eror raes, the smond graup dd sgnffi-
canly beter tran the first gyup with an
avaage eror sore of 2L comparedto 36.

Missing Data

In dl surweys thee is ikely to be ®me
missng data |If data from part of the
sanple is missng, the poblem aises as ©
what ®ndusons @an ke made. Thee is
plenty of evidenceto show tha, in mary
suveys, he ron+epanding wits ae dffer
ent fom the egponding wits, hut the bas
can stl be snallif the ronteponserae is
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low. Missng datamay exist beau® d:

1. Non-contects

2. Refusak;

3. Other rasnssud as arguaye dfficul-
ties, a ecat and srious illness n
the famiy, ec.

In ABS Suneys, 1is the major problem,
paticularly for surveys of the mpuation
Theseprodems can ke mnimized if wide
publicity is gven to the airwey; if thee is a
legd obligaton © mopeate and if thee is
acequae ontd on enumerdion with sit-
abe follow-up procedires With a well-de-
signa aunwey it is usudly posdle to leep
non-reponse dovn o a easnale level
and to edtnate oudly wha biasng dfeds
it might have on te eslts. Tednques
exist which range from adjustmentsat the
daa ollection stage b posthoc adjustments
to esimaes kecaug of hase in missng
daa. Hawkins givesa good dsaus$on of
techniquesfor deaing with missng data

Response Errors

The regpondent § dso an mportant
saurce of arors in cata Mary have been
disasse eove with quesionnaires & it is
often the nteration of the egpondent and
the questbnnaire that provides the gor
When the egpondent shrs © answer
quesions induded n the sirney pogram,
an etremdy conplicated madchinagy of psy-
chdogical proessesoften darts working
Thus, eenif they know acaurge redies
the cuestbns they may ceviate from the
truth for variousreasms and peent an -
acarde rpose Repondent erors may
be d seved types Memay erors and
tdescopng ae dsaissd éove Other
types of erors ae murding df, presige
errors, and ondtionirg.

A study mnduwctedin the UBA is a gpod
exanple of rourding arors. FamMmers were
akedto report for area havestedas vell as
bushdls havesed. The figureson tushels
harvestedwere dvided by aes and the
following resuts obtained.

"In 55% of cases for catsand /% d case
for soybears, the gaient was eactly an in-
teger 29% d oatsreports gaveyields of 40,
50 a 60 hushelt/aade 28% d soy bean e-
ports showvedyidds of 20, 25 or 30 bushel/-
aae Itis a ieagnalte inferencethat, in these
casesprodudion was dotainedby multiply-
ing acreaye ty esimated yeld per acré

Inacarae cataare dten the esut of the
repondens desie to impress (presige er
rors). Mary exanples ae knowvn. Women
do not ke to dsdose ther age and dten
dedare hemslves yairger Some ppmle
raise their gradeof ocaupdion — nedcal
assstants lrome medical pctitionas, c.
Expenditure a1 dcohd and tdaco is wn-
derstéed.

Conditionirg can ke a poblem n longitu-
(continued)
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Figure3.2. SAMPLE SURVEY DESIGN/EXECUTION: Non-Sample Errors.....

dinal and pné surweys. ondtionirg re-
fers to hose targesin the egpondens
reaction to aurveys in gened and to vaious
quesions in the sirey pogramin paric-
ular tha resut from previous eposureto
requests br the same o dmilar matefal.
Conditioning may be the eplanaion or a
phenomeno fourd in labour force aireys
in the Lhited Sates, Canada ando a Esse
exent in Australb. In dl courtries, he
same epondents e keptin the sarple for
a rumbe of surveys eight in the Uhited
Stdes and Austrab), and the memployment
rate is sgnificanty higher in the first sirey
than n the bllowing surveys. ndtionirg
is a lkely explenaion &, afer the first sur-
vey repondents cafiprepa€’ the aswes
they will give D interviewers.

Interviewer Errors

The nmostusualmehod d collecting data
in popuation surveys is by prsmal inter
viewing. The uge of inteviewers wsudly
increaes the epaonserate over what would
be padble with mal questnnaires, t
they gill may be a psdble urce d error.
This can hapen n sved ways.

1 A number d studies hge $own that
the persmal chaacteistics of inteview-
ers @an nfluene the aswes dtained
eithrer beaue of the mpresin she
mack on epondents o the way ha
shehadaskedquestons.

2. Sved studies hae urd tha inter
viewers opinions ae rdated b the -
spones hey have obtaned. A sanple
of Christian repondents were lected

with the am of obtaining ter opinion
on te nfluene of Ews in he hs-
ness world. In the mrt of the sarple
whele Christianenumeratos were wsed
56% of repondents delared that &ws
hadtoo much influene in the husness
world. In the m@rt of the samle inter
viewed ty Jewish enumeratos, the same
arswer was obtaned from only 22%
of repandents

3. It has keen fourd tha inteviewer
effeds aise nd so much from inter
viewers' characteistics and ideology as
from ther expectdions of the egpon-
dent views and kehaiour This may
happen n ®ved ways. Questons ey
in the nterview give the nteviewer an
impressiin of the epondent She nay
interpret agvers laterin the nterview
in the Ight of theseexpectdions.

4. Carelessess h recordng is ancther
paential saurce of eror.

5. Cheding does ot ®am to be a mjar
probdem Completefalsification of entire
gquesionnaires €ens b be are. This
probem is reduced f a reguar reiner
view program & enployed.

Processng Errors

I will nat say mwch éaout processng a-
rors. It is eay to «e tow arors @n acaur
in codng, punchirg end fabudating As
theseerrors will tend to ke g/semdic, it is
important to hae me brm of qudity
control (eg, eccepaincesanpling) to ersue
that such erors ae wndercaontrol.

Editing of surwey <hedlles s intendedo
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(continued 1)

deted and, as fr @& posible, diminae
eriors in @npleted quesionnaires Even
thouch editing is desgned b improve the
qudity of data it can povide asairce o
ermor in its ovn right. Ore of the gedest
probems a anpling gatisticianhasto face
in sanple estmating is tha of an autlying
obsevation paricularly when the bseva-
tion omntibutes a gnificantamourt to the
sanple esimae or tle sanple aror The
usualtechnique is b dedde whetter or rot
suh a @anple dosevation is ealy repre-
santdive d the mrent ppuaton The
usualproeedure B tha if it is dedded tha
the dbsevation is epeentdive no adjust
ment 5 madce, hut aherwise t is deleted
from the sarple. Such a pocedire B
biase, axd can aly be psified on the
grauncs tha the mean quae eror is
rediced. But wholesaleundetaking d this
type d delefon can kadto serious biase
and his has leen showvn o be he cae n
se/erd surveys run by the ABS.
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The word error or errorsis usedat 45 phces i the extof the aticle reprintedin this Fgure 32, in the bllowing oniexs:

® ... anpling techniquesand m¢hods of meastng sanple error ...
e Itis o ey to forget he ohererrors.....

[Cdumn ]

[Cdumn i

° ... (isualy referred b as mn-sanpling errors) and oneentrae a sanple error. [Cdumn 4

o ltis indficientto have aanple error recuced 6 1% whenerrors from ather surces fon-sanpling errors.....

... he surce and ndure d theseerrors  [Cdumn

e Non-sanpling errors can afed boththe acaurecy ....6 [Cdumn ]
® ... aenthough theerrorsin the ndividual cosevationsare relatiely large. [Cdumn ]
e The frequency distiibution of theseindividual errorsis important. [Cdumn i
e If postive and regatie errors are dstributed arandom aout a 20 mean ..... [Cdumni
° ... f thee is orrelatbn between the ndividual errors and thetue valug ..... [Cdumn ]
® ... in mary cass, pdtive a negatie errors precominge ..... [Cdumn ]

e The following is an #emptat a onepud framevork for errors  [Cdumn
@ Errors resilting from inadgude prepaaionsand méhodology: [Cdumn
@ Errors conmittedduring datacdledion: [Cdumn ]

® Procesing errors. [Caumn 1

[Cdumn ]

® The wse @ biasel tods introduces variouserrorsin the déa mllected [Cdumn 3

e An important chaacteistic of errorsresilting from the ug of basel tods ..... [Cdumn 3
o ... heerrorstend to hae a gsiemdic chaacter [Cdumn 3
e A furtherconman error is to ask a geerd questdn when an asweron a sgdfic isste is wanted [Cdumn 4
e There ae wo types d memay errors [Cdumn §
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® ... dl completedquestionnaires vere ratedin terms d errors  [Cdumn g

o In ternms of gosserror rates, the sondgraup dd sgnificanly beter tran he first goup with an aerae error scoe d
21 omparedto 36. [Cdumn §

® Response Errors [Cdumn 6

e The rpondent $ dsoan important ource d errorsin data [Cdumn 6

o Repondenterrors may be of ®ved types Memay errors and elesopng are dsausse above Other types d errors
are rourding df, presige errors and @ndtionirg. [Cdumn 6

® A study conductedin the UBA is a gpod exanple of rourding errors  [Cdumn 6

® Inacwrae chtaare dten the estt of the epondens desie to mpres (prestge errors.  [Cdumn 6

@ The wse dinteriewers ..... il may be a psible surce d error  [Cdumn 7

e Cadesnes h recordng is anather potental saurce o error.  [Cdumn §

® Processing Errors [Cdumn §

@ | will nat say muwch aut processng errors  [Cdumn g

@ Itis eag/ to e low errorscan @aur in coding, punchiy and abuating [Cdumn §

o As theseerrors will tend to ke gseemdic, it is important to hae ome brm of qudity contd (eg, acceptaincesam-
pling) to ersue tha such errors are tndercontrol.  [Cdumn §

e Editing of survey shedles .... diminaie errorsin conpletedquestionnaires [Cdumns 8 ad 9

o ... t can povide a surce d error in its ovn right. [Cdumn 9

® ... he dsevation mntibutes a fggnificantanourt to the samle esimate or the sanple error. [Cdumn 9

® Sud a pocedire 5 basel, and can aly be usffied on he gourds ha the meanaguae error is reduced. [Cdumn 9

Ou meaning d error is the differencebaweenwhat is dated [eg, in an Answve] or assumed [eg, in a respne nodel

and heactwal stak of fairs.

- Foreach accaurrenceof the wad error (@ascadogued dove in the aticle, dedde from the oniextif its meanig is the
sameas aurrs; if it isnot, indicae biiefly its meamg

- ldenify, as a ®pade ate@ry, any insanceswvhele error is usedas a gnorym for mistke

The word bias or biasedis usedat 34 places in the extof the aticle reprintedin this Fgure 32, in the bllowing mnexs:
o Non-sanple arors @an afed boththe acauracy @s neaswedby thebias) ..... [Cdumn ]
@ It is posdble for the biasto be redigible, een haughthe arors in the ndividual cosevationsare relatiely large. [Cdumn ]
® ... he edmaes of otab and arergeswill be unbiased dthough estmaes of reges#®on and orrelaton ®dficients
may be biased [Cdumn ]
A repponsevariancecan &ist eventhough a legponsebias may not exist. [Cdumn i
Howevet in mary cass, pdtive a negatie erors precbominae and thee is a gsemdic bias. [Cdumn ]
Biasedproeedures [Cdumn ]
Biasedtools; [Cdumn ]

Biased Procedures [Cdumn ]

A biasedprocecure 5 me whose epeded gpicaion resuts in biaseddaa. [Cdumn 2

anrrpleszdi biasedproceduresconsderedbdow are biasedsdeding, esimating, measting axd qeraionalprocedires

Cdumn

e The following is an @anple of a €leding procedire whose adgn is biased [Cdumn 2

® ... and @ theseare lkely to be dfferent n nature abiaswill resut. [Cdumn 2

® Biasedesimaing procediresare d inteest & long as hey leadto nore acarde etmaes than the orregponding
unbiasedestmaes. [Cdumn 2

@ In other words, nteest h biasedesimates is tasedon gounds of dficieng. [Cdumn 24

Before abiasedestmating procedire s wsed the bias of the estmaor shaild be @sssed [Cdumn 4

Even br the omnony usedratio estimaor, thee is he psdility tha the bias..... 5 of a nagntude ha camat be

disregaded. [Cdumn 34

A measting procedire whichcan kadto biasedresilts is he ug of aerial photayraphs b measwe aes. [Cdumn 24

The procedure will beunbiasedif the aeaphotogrgphed & on me kve.  [Cdumn 2

On the oherhand it will bebiasedif topographic relief is not taken into @court. [Cdumn 2

Opeationalprocedirescan ao ke biased [Cdumn 3

® Biasad Tools [Cdumn 3

® The wse @ biasedtoolsintroduce various erors in the daa ollected [Cdumn 3

® An important chaacteistic of errors resuting from the ug d biasedtools (random nunbers, qiestbnnaires, nstuc-

tions ec) ... [Cdumn 3

(continued)
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Figure3.2. SAMPLE SURVEY DESIGN/EXECUTION: Non-Sample Errors ..... (continued 2)

@ .... and the estting bias may assume onsderable magntude [Cdumn 3

® Exanples d tods tha could be biasedare questbnnaires, sarple frames, random mubers and instuctions and inter
viewer traning. [Cdumn 3

e There ae dl sorts of ways h whichquestonnaires nay ke biased [Cdumn 3

o Tednquesexist which rangefrom adjustmentsat the dda llection staye b posthoc adjustmentso esimaes becaus
of biasesin missng data [Cdumn 4

® Sud a pocedire & biased and can aly be usified on the gourds ha the meanguae aror is rediced. [Cdumn 9

® But wholesaleundetaking d this type of celeon can kadto sriousbiasesand his has leen shawvn to be he cae n
se/erd surveys run by the ABS. [Cdumn 9

Ou meaning d biasis themadd quartity regreserting inaccuracy whichis average eror — its systendic conponent — under

repetition
- Foreach ccaurrenceof the wad bias (@ascaaogued dove in the aticle, dedde from the onextif its meanig is the
sameas ar isud one if it isnot indicae biefly its meanig

The word variane or varianesis usedat 6 paaes h the extof the aticle reprintedin this Fgure 32, in the bllowing mnexs:

e .... and the pedsion (asmeastedby thevaiana) of esimates. [Cdumn ]

® Butthe variane of totak and averageswill be increase by the aldtion of a'regpansevarian@' and, if thee is orrela-
tion ketween the ndividual erors and the tue value by a ermknown as he ‘tordated eponsevaian@' [Cdumn ]

® Areponsevaiane can &ist eventhoudh a eponsebiasmay not edist. [Cdumn ]

e Forexanple, omputaionsof varianesmay be redaced ly some gproximatemethod. [Cdumn 2

The ermvariane usualy ocaurs in probability theory and hee refers to a neaste d the variation of a mndom vaalde

— its mean guae mnusits squaedmean

- [Wereene the elaed tem variability for the madd quartity repeserting imprecisian, whichis the standrd deviation
of a@ror — its hgphazardconponent exhibited as \ariation — under repdition]

- Foreach accaurrenceof vaiane (ascaaogued dove in the aticle, dedde from the @niextif its meamig is this ore
from probability theory; if it isnot, indicae biefly its meamg

- In which if any; of its 6 @waurrencescauld variane be edaced ly standrd deviatior? In those @ses whee it could
be edaced would this tsaye efer b aprababilistic or adata standed deviatior? Explan briefly in each case

The 1977 aticle reprintedin this Hgure 32 is dsouseal in FHgure 85 in the STAT 220 Cairse Materals.
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