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ERROR: Bias and Rms Error

Fora random vaialleY and someangant ¢ (and vinele E’denots pobabilistic‘expectaion), we have
HIv-d} = [EM) -c +Y-Ev]} = H[EY) - g+ [y~ B+ 2[EM) - Y- E(v)}
= H[E) - d} + Ey-EV} + 25{[E) - dv-E}
= [E(v- o’ + E{[y-E(V)]} + 2[E(Y) - JE[Y-E(Y)]
ie, E[y-d} = [E(v-J]*+[sd(Y)]’ becauseE[y-E(Y]=0. (HL72)

If we row think of Yas a andom vaale whose dstributon represents the psdble valuesof aregponse variate¥ and ¢ a a
true value the kft-hand @e of equaion (HL7.J is amean squared error andE(Y- @) in the first ermon the iight-hand &le
is abias; we @an heefore inteppret eudion (HL7.J as

mean quaedermpor = bag + ¢andad ceviatort - HL7.2
Taking the gjuae oa so we ae working a the same scle as he vaiaterepreentedbyY, theroot mean squared error is:
rms a@ror =/biag + sandad devatio®e e HL7.3

Thus, the ms eror is one concept thet combines the o model quantties & bias and (probabilisti standard deviation, or it
can ke wlsedas a mdel for the wo mrregponding reatworld entities d inacauracy and impredsion.

Equaion (HL7.3 provides usfu indghts dout basand vaiation in he onext of survey snpling o arswera Questbn
with adescriptive apect); different caes depend @ how broad aur focus B in terns d which true value ¢ epreents

* The narowestfocus & measuring when ¢ & the tue value of he egponsevariate¥; egudion (HL7.3 is then

measting s eror =/measting bas + measung ¢andad ceviatoe 00000000 - HL74
* Formeasting and sanpling, c is he tue value of herespondent popuation attibute ¢ ¥ and hen
measting and sanpling = /measting + @anpling bas + measung and sanpling gandad ceviatior?;,  ----- (HL7.H
rms aror
NOTE: 1 Measung and sarpling =/ measting sandad ceviatior? + sanpling dandad ceviatiort ~ - (HL79)

standad ceviation

* Formeasting and sanpling and non-reponding, ¢ is the tue value of he study papuation attibute d ¥ and hen under
our assimption tha nonregponseis deterministic (not stochast — e Note 3 below and eerkaf o pageHL7.2):

measting and sampling and — / meauing + srpling : ; .
non-reanding s eror v+ nonepanding hia® + measung and sarpling dandad devitiort (HL7

* Formeasting and sanpling and non-reponding and spedfying, c is he tue value of hetarget popuation attibute & ¥
and hen underourassmption ha specifying the stidy popuation dsois determinigtic:

measting and sampling / measung + anpling

and ron+eponding and +nonteponding  +measting and sarpling dandad ceviatiore ~ ----- HL78
studying rms eror +studying hiag

NOTES 2. In printedmaerials ather than heseStdisticalHighights eg, see Wchian p. 15), equdion (HL7.] [or (HL7.2)] is
is isudly disausse only with regect to estimating bias. Althouch we haverdatively little o say daout estmating
biasin theseStaisticalHighlights, i is usdul to recognize te bllowing keealso SatisticalHighlight #21:
® Egtimating bias (@ modd quantity) is the dfferencebeween the mean ban estmaor and the vale of he

corregponding popuation attibute (or nodel parameer — see th chana n Note 5 overkaf o pageHL7.2);
for exanple, inderEPS:
- the random vaalleY represening the samle average V is an unbiasel esimator of the egpondent @pu-
lation averajeY becauseE(Y) =¥ or E(Y) -¥ =0, BUT o
- the sanple ratio r = JX is abiased estmator of the egpondent ppuation ratio R =¥/% becauseE(R) #R
or E(R -R# 0, and ikewise for Sas & esimaor of the epondent ppuation (lag sandad deviationS
(athouch S’is an unbiasel esimaer d S°) [eg, se tle bp and kottom o pageHL77.5 in Sedion 5 ad
Appendk 3 on mgeHL77.9 n SaisticalHighight #77.
® The ms eror d an estimaor is of interest leca@u®, while we pefer anunbiasel esimaor of a pppuation atti-
bute thee ae imeswhen abiased estmaor hasonly small biasand gpredaby smaller standad deviation
than an wailade unbiasel esimaor, we may then pefer the Hasel esimator with amaller rms etror.
e Unlike fealworld) inacauracy, estimaing hias decreasesn magntude with increasing sanple sze — ®e for
exanple, Note 21 garting nea the tottom o pageHL77.9 n StisticalHighlight #77.

REFERENCE: Cochan W G.: Sampling Techniquies Third edtion, ohn Wiley & Sons New York, 1977 ISBN 0-47116240 X.

3. Whichelementof the stidy popuation fall in the egpandent and on+egpondent mpuationsdepends on tein-
centives offered for egponse— dfferent ncenives will presumably, in gened, resit in different sas d the stidy
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N(OTE)S 3. popuation dements n the two mpuations. For given incenives for reponse (as spedfied in the potocd for

sdeding dements h aparticular invesigator), datisticaltheay to manae ron+egponseerior can ke basedon:
o adeterministic modd — a gven dement will always male the same dedsion alboutwhether or rot to epond;
e astochastic modd — a gven dement dedsion will invdve wncetainty and © is nodelled pobabilisticaly.
Ou repondent and on+epondent puations are conceptual in the ®ree ha we mly encourter subsets of
them @s he sarple and the mn+epondenty if an dement 5 not induded n the ledion, we geneadly do not
know @nd do it need to know) to which of the two puationsit belong.

4. Equdion (HL7.8) oveleaf ;m pageHL7.1can le though of as an etendon to variation of the kehaiour of

aveages(when asweing a Questbn with a descriptive agect) in equation (HL181) and ts pctorial versian at he
lowerright of pageHL184 in Sedion 5 of $disticalHighlight #18.

5. Mattemdical modds ae dl ideaizations and all & Real World | I magination
produds d the ntdled and the magination; & sown RESPONDENT ;
in the €£hema & the ight, we think of the nodel & a POPUL ATION “Modd ~
link between the sample and he respondent population. reeﬁ'ﬁé Epa-

attributes

To maintah the dsinction ketween the real wdd (epre-

sentedby the d&g) and the nodel, we se dff erent wads

—‘avaage and ‘meaft for their meastesof locaion; unbr-
tunady, we do rot have tis gotion for the o meauesof
variation, whichare both called standad deviatiori In the SAMPLE
ealy stagesof leaning daistics, t is heldul to, a least
mental, add he egpective adedivesdatd and ‘proba-

MODEL

Modd
paameters ae
esimaed fom
sanple data,

Tt P TableHL71
bilistic to dstingush the wo uses b ) \
standad deviation; tis ermindogy is fg;?ﬁf]e‘ A/er@F;eal World | A= Modd
summarized n Tale HL71 & the ight. Variation | (Datg sandad deviation ! (Probablllstlc) standard deviation

AppendiX fpionalreating

The <hama 4 the iight below shavs five goups of dements vhich we distngush for daa-basedinvesigatirg and which

are invdved i the déinitionsof our six eror categries €g., gven on he bwerhaF of pageHL8.1 in SatisticalHighlight #8).
Alsq the nodel is induded i the £hema, as alink baween the samle and the epondent mpuation @s n Note5 ebove).

* Target population: the goup d elements to vhichthe investigabr(g

*

>(.

>(.

NOTE: 6. As indicded n the dagam & the ight, we condder the study

Respondent population: thoseelement®f the stidy popuation tha would provide

wantAnswels to the Nor-repandent ppuation)
Queston(s to goply. Target Repanden
. . LIation Uatlon —————— MODEL
Sudy population: agraup d elementsavail- pop Pop popuation
able to an nvestgaton.

Sampé
the datarequestedunde the ncenives for reponseoffered
in the nvestigaton pud incenives aise pedminanty when

the dements @& peqole, hut missng datamay aso arisewhen dements @e inanmad.

Non-respondent population: thoseelementof the stidy popuation tha would not provide the dia requeséd wnderthe

incentves for regpanseoffered n the nvesigaton — £e 0 Note 6 kelow

Sample: the goup d units leded fom the epondent ppuation actually used in an investgaton — he sarple is asub-

sd of the epondent ppuation @s he \erical inein the £hema dove eMihds s).

popuation © be nace up of he repondent and non-respondent - Sty popuation ~
popuations. The st d units sleded fom the stidy popuation Re$’g‘§’em Nomelj’i)‘t?“dem
is the sHection, and mmprises the sample (from the epondent . popuiaton popuiation
popuatior) and te non-repondents (from the non-repondent  Ns N ¥ Nor ¥or
popuation). The dagam ha two caegoliesof symbds: ¥s Sdedion
— the Ns and rs refer © numbers of dements or units; Sam pd? Nor-
- the ¥s and ys ae averages of a legpansevariateY of the //—C res’m‘i%
elementor wnits. ns N Yor
The relatbnshig anong the numbers of dements o units ae: % )
Study popuation = Repondent ppuation +Non-regpondent mpuation /
s = N Nar S;:"s:;f:ﬁgﬁzizvss,;r;mfiﬁ*:hty
Sdedion = Sampt +Non-reppondents cmtext_of' the respondent popuiation,
Ns = n + Mhr often without recanizing it explicitly.
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