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RESPONSE MODELS IN STAT 231 An Introductory Overview
This SatisticalHighight #71 simmarizes the dur common STAT 231 rponsemodds and ideasas®datedwith them.
A usdul gened idea §: statstical model = stucture + nase;
for us, his bkecomes pecifically: respae = structural conpanent+ residual,
elewlere, he esdud may ke alled the error, a ulseageof ‘error entrely differert from that in STAT 231
We e eponsemodds to quantify, for estimates of repondent puation attibutes, the mcetainty arisingfrom sanple eror
and meauement eror; we do so by gsingthesemodds o descibe tie aitcomeof concepual repettion of he sarpling and
measting processe withoutdaing actual repettion  [The acronym EPS sedbdow denoesequprobable ®leding]
Q‘éggt"' Plan:  Descriptive Causative, Blocked Causative, Unblocked
Modd: Y=pu+R, j=1,2...n, Yi=uit+y+R;, =12 Yi=pi+R;, =12
R UG, o), j=12. 1=12...n;,
independent ﬂ DG(O a) R;JG(, o),
EPS ndqamdent EPS indgpendent EPS
Y=u+R, j=12.
R el
independent EPS
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_ 5 & g, O, G &
Cl for o (2, g) (8 (%, %)
Disorepancy E Ho Ot ,Ellj_,udo Ot (E E) (k= H2)o Oty en,-
Measure g% & /5 9 mtn

NOTES 1 Definitionsof the ymbds eealso SdtisticalHigHight #72) in the nodel for a Qeston with a dsciptive apect ae:

® Y: arandom vaiable whose dstribuion repreents the psdble valuesof the meauedrepomsevariate
for the jth wnit in the sarple of n wits eleded euiprobaldy from the egpondent mpuation of N units
(usudly n<N), if the ®leding and meauing processs were to be epeded wverand aer

e 4. amodd paameer represning the average (¥) of the meauedreponsevariateof the N repondent puation urits.

@ R: arandom vaiale (alled tre residual) whosedistibuion represnts the psible differences, from the stucturd
conmponent o the nodel, of the valie of he meauedregpansevariate for the jth wnit in the sarple of n wits
sdeded @uiprobally from the epaondent ppuation of N units, inderrepeition of he leding and meauing
proesses [Weare wsudly conerred with the edtra-strudura variation dueonly to sanpling and/or measuing]

e 0. the (probabistig standird deviation of the Gaissan modd for the dstributon of the esdud, is a nodel parameer
repesening the (lag standad ceviation (S) of the meaured reponsevariate’¥ of the N repondent ppuation urits;
this dad standad deviation @nd henceo) quantifiesthe variation of ¥ ove the N regpondent puation urits
— as his variation inrcreasesso esS (and hence so eso).

2. e ae arefd to distinguish:
o/ amodd parameer repreening theaverage (¥) of the meauedreponsevariate of the N repondent @puation urits.
e /I: the kastsquaesestimat for z— anumber whosevalue is @rivedfrom an gpropriatese of data;
e [/ the kastsquaesestmabr for ¢ — arandom vaiable whosedistribuion repreeents the pséble values
of the estnate / if the ®leding, measting and esmating processes were to be epeaed verand oer

3. Thee ae dso naeworthy distindionsanong residuals as simmnarized ty the burequaionsbdow.
@ Equaion HL711 is the epansemodd for a Qeeston with a asciptive as-

pect — t invdves tworandom vaiables YandR; and te condant i (whose _ H+R (HL7LY
value we want to déerning. [We may dsowantto deermine the value of ¥ ‘f{ +E """ (HL712)
oin the pobabilistic Gausgan (stb)modd for R ] Y=utlh e (HL713
® In equdion HL712,y andr, are rumbers —values of the orregponding random Y= E+F ----- (HL714)
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NOTES 3. e varialdesY andR, in equaion HL711; r, is theredizedresdud.
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. Underthe nodel overkaf ; pageHL711 for a Qeeston with a dsciptive apect, a

. In the nodel overkaf o pageHL711 for a Qeeston with a @ustive asped ansvered

- Bven haughthe valuey is taken & theknowny, (see below), becau 1 is unknown, so s the vailier,.

® Like egudion HL712, the Eft-hand e of equation HL713 is a umber — the @etd) value y obsrwed for the
repansevariateof the jth wnit seleded for the sanple; m the righthand &le the valie of he esmae i is
knownso he estmakedresdud f; also has aknownvalue

- Itis easy to think mistékenly that he esmated esdud f; is a \alue of he random waale R.
o Like gudion HL711, equdion HL714 hasY on is kft-hand &e; on its righthand &le are the estmabrs /7
andFso he erns in tis egidion ae d random vaialdes
- Beaus =Y -}/and hecovarianceof Y and//=Y is o¥n, #0G(, g/1-1); with least sjuaesesima-
ting and a Gassan modd for Y, Hand// areindepadent Gaussan random vaiales
In expressions br esimates (like 7 andd), data valuesy are taken & rancom vaiable valuesy; it is invesiga-
tors' reponsbility to ensurethat this @asumedecuivalenceof y andy is reasnalle inderthe Hanas eeated.

/’) it;—la’/% +1.

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

. The nodel for a Qeston with a @sciptive apect is w=r+0+R, j=12...,n, [or ¥Y=0+R,
also wsedfor a calbrated measting process usudly R UG, o), Y=uY-1]
with 7 redacing y; for an uncalbraed pocess we wse indgpendent EPS

usng a Hocked Flan, we work with differences within the matdedpars ©r bocks:

It is of inteest to ntepret the pedction inernal (P1) from the egeson modd (the lagt expresian on he Eft
bdow) in terrrs of how its companents ontibute b quantifying the overdl unertanty in predcting Yaev(X):
e t;_,— deteminedby n and by theanfidene leve chosen (the Hgher tre leve, the greater the uncetainty);

e 0 — the wncetainty from esimating o, which quantifies variation atwutthe draight-line structural component
of the nmodel due b tncontrdled, unmeauwedand unknown exgdandory 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 ncetainty);
e 1/n — the wncetainty from esimating the @nted nodel parameer a;

o 1-— the wcetainty from theindvidual whoseregponse(valig is beingpredcted.
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