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Figure71. RESPONSE MODELS

This Fgure simmarizes the dur commaon STAT 231 epansemodds and ideasas®datedwith them.
A usdul gened idea §: statstical model = sructure + nase;
for us, his bkecomes pecifically: regponse = structural conponent+ resdual;
elewlere, he esdud may be alled the error, a Lseage oferror differert from tha in STAT 231
We se eponsemodds to quantify, for esimates d study popuation attibutes, the mcetainty arisingfrom sanple eror and
meastement eror; we do so by singthesemodds to descibe the aitcomeof concepual repettion of he sarpling and
measting rocessa withoutdaing actual repeition. [The acronym EPS sedbdow denotesequprabable sleding]
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NOTES 1 Definitionsof the ymbds (seealso Fgure 59 in the nodel for a Qeeston with a dsciptive apect ae:

e Y: arandom vaialle whose dstribuion represents the psdble valuesof the meauedreposevariate¥
for the jth wnit in the sarple of n wits eleded euiprobaldy from the epondent mpuation of N units
(usudly n<N), if the ®leding and meauing processe were to be epeded werand eer

e 1. amodd pamameer represning the aveage (¥) of the meauedreponsevariateof the N repondent ppuation urits.

® R: arandom vaalde (called tre resdual) whosedistibution reprents the psdble differences from the stucturd
conponent d the nodel, of the valie of he meauedreponsevariate for the jth unit in the samle of n wits
sdeded @uiprobally from the epandent ppuation of N units, tnderrepettion of he ®leding and meauing
proesses [Weare wsudly concerred with the edra-strudura variation dueonly to sanpling and/or measung]

e 0. the (probabilstic) standrd deviation of the Gaissan modé for the dstribution of the lesdud, is a nodel parameer
repreening the @laad) standard ceviation (S) of the meauedreponsevariate¥ of the N repondent wpuation urits;
this (daa) standard deviation @nd hence o) quantifiesthe variation of ¥ ove the N repondent ppuation urits
— as his varnation increasesso desS (and hence so deso).

2. \\e e areful to dstinguish:
o L amodd parameer epreening theaveage (¥) of the meauredreponsevariate of the N repondent pulation urits.
e 1. the kastsquaesesimat for 4 — anumler whosevalue is @rivedfrom an gpropriatese of data;
o [/ the kastsquaesestmabr for y— arandom vai able whosedistiibution represents the psdble values
of the edtmate 1 if the ®leding, measting and esiméting processe were to be epeded aerand oer

3. Thee ae dsonaeworthy distindionsanong resduals, as smnarized ty the burequaionsbdow.

® Equdion 7L is the eponsemodd for a Queston with a dbsciptive agpect — Y=u+R - (72
involves tworandbm vaiables YandR and he condant i (whosevaluewe want ' '
to determing. [We may dsowantto ddermine the value of oin the pobabilistic Y=H +ﬁA """ (7.2
Gaussan (sth)modd for R ] y =g+t - (7.3

® In equdion 72,y andr, are rumbers —valuesof the orregponding random vai- Y=+ e (7.9
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. Underthe nodel overkaf ; page 2 for a Qeeston with a aesciptive agect, a

. In the nodel overkeaf ; page 2 for a Qeston with a @uséve asped ansvered
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e allesY andR in equaion 71, r; is theredi zedresdud.
- Bven haughthe valuey is taken & theknowny, (see below), becau® i/ is unknown, so is he valier,.
® Like egqudion 72, the Eft-hand &le of ecuation 73 is a umber — the (latg) value y oberwvedfor the reponse
variateof thejth wnit seleded for tle sanple; o therighthand &le, the valie of he estate /7 is knownso
the estmatedresdud f; also has aknownvalue.
- ltis eagy to think mistkenly that the esmated esdud f; is a \alue of he random waale R.
o Like qudion 71, equdion 74 hasY on is kft-hand &e; on its righthand &le are the estma'ors);andhzso
the terns in tis eqigion ae dl random vaialles
- Beaus =Y -//and hecovarianceof Y andf/=Y is o?/n, FOG(, g/1- 1); with least sjuaesesima-
ting and a Gassan modd for Y, Hand// areindepadent Gaussan random vaiales
In expressions br esimates (like z andd), data valuesy, are taken & rancom vaiable valuesy; it is investiga-
tors' reponsbility to ensurethat this @sunedecuivalenceof y andy is reagnalle inderthe Hanas eeated.

/’) it;—la’}% +1.

predction interval (PI) for the ¥ value of a equiprobaldy -selectedindividual untit is:

. The nocel for a Queston with a dasciptive apect is w=r+d0+R, j=12...n, for Y=0+R,
also sedfor a calbrated measting pocess usudly R UG(, o), Y=uwY-1)
with 7 redacing i; for an uncalbrated pocess we wse indgpendent EPS

usng a bBocked Plan, we work with differenceswithin the matchedpairs (©r docks: Y=Y Y Me=amhe

It is of inteest to intepret he pedction irnterval from the eges®on modd (the lag expesian on he Eft

bdow) in terns of how its mmponents @ntibute b quantifying the oveall uncertanty in predcting Yae.(X):

e t;_,— deteminedby n and by theanfidene leve chosen (the higher tte leve, the greater the uncetainty);

e 0 — the incetainty from esimating o, which quantifies variation atwutthe draight-line structural component
of the model due b unknavn or tnoontoled explandory variates;

® S, — the wncetainty from esimating the nmodel parameer g;;

e (x—X)’—the dfed of how far x is from X (the furtherit is, he greater the uncetainty);

e 1/n — the wncetainty from esimating the @nted nodel parameer a;

o 1-— the wcetainty from theindvidual whoseregpanse(vali@ is beingpredcted.
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