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Figure13.7 SIMPLE LINEAR REGRESSION: Egimating Modd Parameters and Responses

After a egession model has benfittedto a déa st (Figure 13.3 and ts adequacy for the purpasg9 of the nvesiigation
has been confimed (Figure 1.9, we ae in a pstion © estmae modd parameers and nake predctions about repanse
variatevaues. Spedfically, in this Hgure, we ded with interval estimaing df:

* the slgpe of the staght-line modd, denated 3; * the meanof Y when x=x;, derotedzs (x;);
* the Y¥-interceptof the staight-line modd, denated 3,; * the valueof Y when x=x;, denotedy(x;).

1. The Study Population Regression of ¥ on X

Our firg model mnsders the epmse¥ of gudy popuation dementi to be made up of astaight-line dependen@ on the
vaue of explandory variate X for elenenti plus nase [devation from tis §traght-ling dependene] — ®e gudion (137.).

® This ‘'modd’ hasnathing to do with probability — it is just a usful way d ¥ =By +BX +R, - (1373

thinking @aout how the vdue aises for a $udy popuation dementreponse

i=1,2...,N - 137.
® The moise mmponent in (137 in referred b as aresdual and & cerotedR,. __2 137.2
® The popuation size(i.e., its number d element is derotedN — see gudion fegf‘ Bo+BX (1373
(137.2. (%) =By +B% - (1374)
® Y, in the model (1372 could alsobe witten & ‘_f‘i(Xi) as a explicit remnder Ry = ¥.(%) = i (%) v (137.5
of its (straght-ling dependene m X; — e guaion (137.5. — —
wf =A+B(X-X) - (1376)
A study popuation attribute is ¥, the average of ¥ unde the A=Bo+BX (1377
straght-line dgpendenceon X — this ineis eaiion (137.3.
® ¥ is a wrious ppuation attibute — i is an idealzation (or ¥
linearizatiori) of the tend in the aeraye of ¥ for ranges o % T
vaues, illustated ly the ines joining the drclesin the dter B
diagam at te ight. A T T

o If we refer b ¥ as a ‘attibute then B, and B, shaild be T
subattiibutes, kut the prefix subis usudly omitted

@ In the onext of theseCoure Materals, it is undestood ha
the nodel (137.3 would be fited to the stidy popuation re- T
sponge \variate vauesby the méhod d least guaes and his
modd is referred b as heregresson of ¥ on X.

- Stiictly, (137.3 is the study mpuhtion regres#n of ¥ onX and 1
(137.15) ovealeaf m page B40 is themadd regres®n of ¥ onX.

® The ordnate of the wint on the regesion line at X =X; is
denated ¥i(X;) [or ¥:(X;)] — see gudion (1374); if thee is .
no anbiguty, this may be fortenedto Y; [Or ¥ ].

e As shown in equdion (137.9, the (popuation) resdud R; is the P
differen@ between the adual vaue of ¥ and ts madd aveage AR S S S N S S S S
whenX =X;.

® Equation (137.3 can dsobe witten in hiecentredorm (137.6); we do so ér two reasons
- algébraic orverierce n least guaesdetivations due o the fad tha, overthe sampd 2 (x,—X) =0 — see Fgure 13.3;

- thele ae datasds (sudly invdving X vauesfar from the oigin, uch as a@lenda yeas) whee the Y¥-intercept B, is of
little inteest andinsead A of the entedform is the elevant stidy popuation attibute

2. The Modd Regression of ¥ on X

In mostinvesigatirg, thee is acessto aly a samp of gudy popuation dementsand Arswels to Questbn(9 must ke
ba®d o sanple esimaesof the vduesof gudy popuation attibutes; assesisg how dose theseesimates ae lkely to be b
the frue valuesis usudly based an amadd for repettion of ®leding and meauring.

The model for Y is gven in equdion (137.9).

. . o . Y=BotBxtR, - (1378)
® Y is arandm vaiable whosedistibuion reprentsthe possble valuesof .
the measured reponsevariate ¥ for the jth dementin the sarple of n de- ]=12...n, EPS - (137.9)
ments leded euiprobably from the stidy popuation, if the ®leding and Y=a+B(x-X)+R  ----(137.10
measuring [rocesse were to be epeded aerand eer _ -
- Stiictly, only a knownsdeding probability is neeed but ve mnfine our a=PothixX ---{1371)
attertion b the smpler @as o equal sdeding probabilities R LIN(Q, o) ---(13712)

03-05-20 (cortinued wvelesf)

#1339



#1340

University of Waterl@ STAT 221 — WH. Cherry
- The mockel (1_37.8) tekesno acourt of the finite size (N elenent3 of the R LIN(Q, o), ----(137.12)
study popuation — ha is, t assunesN > n. R indgendant for dl j ----(137.13)
- The nodel (137.8) can &0 be witten in ts entedform (137.10).
) . . . Y ON(Bo+B.X;, 0) ----(137.19)
® 3, is a nodel paramder which repreentsthe Y-intereept of the staight-line
modd for the relationstip between % and the eerage of ¥ in the stidy pop- Hy = BotPX ----(137.15)
ulation; i.e., the adinate of this draight linewhenX =0; Hy = a+Bi(X=X) ~---(137.8)
B, is a nodel paraméer which repreentsthe slgpe of the staight-line modd N _
for the relationslip between % and he aeraye of ¥ in the stidy popuation; M%) = Bo* P (137.10)
i.e, the chage i_n he aeraye of ¥ for unt charge in X ove the dementsof =Y = iy (X) ----(137.18)
the gudy popuation; Y = Bot B+ —--(13710)

a is a nodel parameer whch repreentsthe average of ¥ for the dements

of the stidy popuation whose \alue ofX is X, the sampd avaage; it can ke wnveriert to think o a as & ‘intercept — the
ordnate of the pint on the staight-line modd for the relationslip between X and the gerage of ¥ whenx =X.

- The nodel parameers 3, and g, repreentthe gudy popuation attibutes B, andB,.

® We asume anormal probability model (137.12) for the dstributon of the esdud (hee, he random wvaabe R), whose
distibution repregentsthe posdble differences from the §traght-ling strudural component o the nodel, of the meaured
vaue of he eposevariate for the jth dementin the sarple of n dementssdeded euiprobably from the stidy popu-
lation, if the ®leding and meauring rocesse were to be epeded averand wet
- g, the (probabilistic) standrd devation of the rormal model for the dstribution of the iesdud, is a nodel parameer wlich
representsthe daa) standird devation of the meauwedreponsevariateof the dementsof the stidy popuation with vaue
x; for exgandory variate X; this daa) standad deviation @nd hene, o) quantifies the variation of the meauedreponse
variateof the dementsof the stidy popuation with value x for exdandory variate X — as his variation ircresses, ® doeso.
- Theabserce of subsaipt j from o coreponds to an assumpion that the anourt of varation in'Y doesnot charge with
X, somdimes sitedaso is assumedto be corstantaciossthe rarge of X vaues.
- A con®glene of equdions(137.8) and and137.2) is tha Y alsohas a rormal dstribuion with gandad ceviation o
but with meang,+B.x; — e gudion (137.14).

® The sanple sze is n pauaion (137.9)] and he Rs @nd hene, he Ys) ae assumel to be probabilistically independent for
all vaduesof j [eqution (137.13)].

e The eudion of he staght line represented ty the stuctural ompanent o the nodel (137.8) is gven in (137.15).
- Equaion (137.15) can I alled the madd regresson of ¥ on X, but the adjective madd is usudly omitted
- Equation (137.15) can #sobe witten incentredorm (137.16).

e Theordinate of the mint onthe regesim line at X =X is denotedz (x;) — e gudion (137.17); it denotesthe meanof Y
when X =x; and t repre®ntsthe gudy popuation attibute eY;(%;) = ¥

® Supmsewe have a sampd of bivariate vaues (x;, y), j=1, 2 ..... n, from V.
which we wish to esimak the regesion o ¥ onX; the dagam at he _
right shows the egeesion of ¥ onX written in @ntedform (137.6) and a v (x;, %) = a+f(x=X)
typicd poirt with coordnate values(x;, y,). : 0 {
- The point on the line at the same \ae of X is [x;, t(X;)] — L€ gua 11y (%;)
tion (137.17);
- as fiowvn in equdion (137.18), the \ericd distanceof the mint from the
line is he (ealized resdual r;

+ r ocaurs i equaion (137.19) as hevalue of the random wdale R of X X
equaions(137.8) and(137.10). J
- The estmatd regres#on of ¥ onX (or the estmaed kast gluaesline) is the ine which minmizes he sum of he
sanple of n squared resduals §?

3. The Estimated Regression of ¥ on X

In an invesiigatbn, a particular sanple is ®led¢ed whch provides the da. y=b+bx+% - (137.20)
® \We ceroteby (x;, ), j=L2 ..... n,the sanple of bivariate data availalde t© y=a+b(x-X)+% - (137.2)

evduat b, andb,, the estimatsof the nodel parameers g, and 3.. azh+bx e (137.22)

- Elsavhee, he esmaes b, andb, may be dcerotedg, andg,. __ 0 '

- The we é roman kters for y and j for the data, compared with tdics for Wy =bpthx - (137.23)
made vaues,reminds us he déa is hered world, the nodel is an ideal- = atb(x-X) = - (137.24)
zdion; it is investgabrs regponshility to ensue thee is a essmable N B
bass for usingred-world quantities & nodel quanities () =b+bx e (137.%)

e Coreponding © equaion (137.19), we have equation (137.20); the chage (%) = a+b(x=X) ----- (137.20)
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Figure13.7. SIMPLE LINEAR REGRESSION: Edimating Mode Parameters

from nodel parameers to her esimaes mears tha the hg termon the light-hand &eis now the estmatkedresdud T;
- the entedform is equaion (137.2).

e The eudion of he staight line called the estimakdregres#on of ¥ on % is writtenas(137.23);
- its centred brmis equaion (137.24).

e The adinate of the mint on the esimated regres®on line & X =x; is denoted, (x;) and is gven by egudion (137.25);
- its centred brmis equation (137.20);
- the notation eminds us ha £, (x;) is the estmat of the nodel quanity 1 (x;) of equdion (137.17);
- [iy(x;) can dsobe ceroted.y(x;) (Or evensy), dependiry on onExt
- Elsewvhele, you may e he mtition Ylor y(x,)] for the value of¥ onthe fittedline when % =x;; you may hen e he

equaion of hie Inewritten &: y=h,+bx (or e’enas y=h,+bx). The disadvantaye of his wsage is ts kk of em-
phass on a egesin equdion & a $atement ebout the average of Y.

NOTES 1 All mahemdical modds ae idedizations and all ae

03-05-20

prodicts of the nteled and the imagination, but we can Real World Imagination
disingush two ®n®s ¢ the wod madd in the bre- STUDY ‘

gong dsasson — of the hree apresions (137, POPULATION oanmaers
(137.3, (137.8) + (137.12) = (137.14), only the lagt involves Cpopiaion”
probability. However dl threeexpresians, together with : MODEL

(1379 and (137.13), comprise the nodel we 1se & the

bass of estmaing in this Figure. fapiner a3
It may ke telgful to think o the nodel as alink be- sanple iz,

tween the sampd and he study ppuktion; a pictoral SAMPLE
repreenttion of tis idea § fiowvn & the ight.

. Assumptions undelying the egmating processe which llow in this Figure @n ke simnarized a:

(1) We havechasen the carectform for the dructural component o the nodel.

(2) A statistically acoeptable process & wsedto Eled the samp and the ¥ and X vduesare meassuedwith a
calbrated measuring g/siem d suitable precsion.

(3) The esimating processes ae condtional onthe doserned X vaues,which hare no measuement ator.

(4 YDUN(Bo+Bx;, 0) [equation (137.14) = (137.8) +(137.12) on te fadng page B.4Q.

(5) The paraméer g, the (probabilistic) standird devation of the rormal model, is the samefor all vauesof X.
(6) The random vaialdesY areprababilisically independentfor all j.

Assumytion (3) remoresfrom the vluesof X two ourcesof error: sanpling and meauing; as a oneqene,

X can [e reded & corstanf not a random vaalle, in derivaionsof distributons of esimators. This greatly
simplifies the matkemdics invdved.

- The assumption of ro messurement aror in the X vdues trandates, n practice, into a egremat tha
measurement aror in the Xs sauld be nuch smder than ha in the ¥s.

. Qur wise ¢ Ronan letters (x;, y) j=1,2..... n,for the sanple datadendes resticting atertion b just the dea

values The deivaionswhich follow in this Fgure broaden this initial view b indude the mehad of ®leding
the wnits which omprise the sanrple and which yeld the d&a. We theeefore dstinguishy, [a data vaue of
andy: [a value of he rancdbm vaiable Yin the nodel (137.8) [and (137.10). It is the &k of invesigaton de-
sign (proper leding, proper measuing, etc) to provide a essmeble bads for beingalde o use he ys @& ys.

- Theitalic stbscipt j in equaions (137.8), (1379), (13710, (137.12), (13713, (137.14), (137.17), 137.1) and
(13719 is a eminderthat probability (e g., equiproballe) seleding is e tass for the madd and hene, br
our estmaing proesses

- As in aher cevdopments d stdtistical theay in theseCoure Materals €xcep in Part 8 of STAT 220 ;n
Sampt Surveys), we nodel the uncetainty due b sampd and measurementeror; our madd-basedap-
proad is fourdedon corcepual repdition of the pocesse of leding the sample and meauing repose
variatevdues. In Pat 8, the ®-called design-basedappoach to inteva esimating of sudy popuation atti-
butes has he avantge of ircluding the rde d the finite sizeof the stidy popuation, but the disadvantae t
is then too dfficult methemdically for us to essess brmally the uncetainty due b measurementeror.

. The @nted form (137.10) of the nodel (137.8) has me disadvantae_elating to te ntepretaion of a. In

(1376), A is the aeraye ¥, when X =X, but a repreentsthe averaye ¥, whenX=X. Thus,a doesnotrepre-
sant A and its nteipretdion involves he X-vduesin the particular sanple.

(cortinued araled)

..... (continued 1)
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4. Assessng Modd Error

Proper se d regresion models requires cheding the nodelling assumptions numbered(1), (4), (5) and (6) in Note 2
ovaleaf an page B4l theseche&s usidly invdve looking & appropriatesatterdiagams nvdving the esmated esduds,
and sich dagrams ae typically produced ly software usedto cdculate regesion models. A summary of the bur types @
diagrams and whd to lodk for in tham, is as bllows:

(1) Structural component: The drudural mmpaonent o the nodel may havethe wrong mathemadical form of relationslip.

Foringance we nay haveusal a staight-line rdationslip between X and the eerage of ¥ when te tue relationstip is
nonlinea — the tue relationslip might be teter nodelled as a pralolaor as a abic polynomial, for example.

Assessment:  Plot the esinaed esduds agang their X vaues;
if the stuctural ompaonent has the carrectform, there siould be no ptiem in the seterdiagam;
a patttern indicaes a wong form for the drudural cmmponent and i is diten psdble to nfer ax gopro-
priateform from the ype of patten.

(4) Digribution of theresduals Thenormal modd (137.12) for the dstribuion of the esduds may rot be reasmable.

Assessment:  Constuct ahisiogram of the esmaed esduds and lodk for the characteistic normal hgpe; OR
constuct anormal quartile dot of the estmated esduds and lodk for a pughly graight line on the got
— departues from a stight line may indicae tre normal model is not reessmnéble.
[Constucting a histogam is nore draight forward but an adequde hstogam requiressibgantially more
daa 6y, 50 or more dosenvationg than a gantile dot]

(5) Congant standard deviation: The estmating process @&sumes ha o, the (probabilistic) standard deviation of te ror
md model, does not chage with increasing % vdues— thee is no slbsaiptj on oin eqidion (137.12).
One form of this nodel aror is tha the vaiation in ¥ increases & X increases;
less omnon is he vaiation in ¥ decreasingasX increases or nareassingand hen deaeasingasX increases.
Assessment:  Plot the esinated esduds agang their X vaues; if the asumption of ondant o is reassmable, hee
shauld be no dviouschamge in he width o the band bpoints acrossthe dagram;
the three nsencesmentoned dove d this nodel eror would be e as:
e anincressingwidth of the band bpoints acrossthe dagram;
e adecressingwidth of the band bpoints acrossthe dagram;
e a band & points héa firstincreases and then decreases in width ecrossthe dagram.

(6) Independence: The nodel assumes theesduds R (and hene, heYs) ae probabilistically independent

Assessment:  Plot the esinated esduds in thetimeorder in which the d&a were cllected
the indgoendenceassumption is @cepted f thee is no @tten in the saterdiagram;
evidenceof lack of independenceis when adjacent points endto form clustes, indicding the estaed
resduds of adjacent points ae more ilar in value han epeded winderindegpendence

NOTES 5. We se ha assesisg model aror invdves gaphica preenationsof the ediaed esduds; the shtisticalsdt-
ware tha produces thesepresataionsis likely to refer b ‘resduds rather tran esimaiedresduds.

- As with ary intepretdion of apatern (or its absence in a sater diagram, we nust ke areful not to ower-
interpret a dagram, paricularly if the number d points is sndl (s, 20 or fewer).

6. The samesatterdiagam is usedin cheds (1) and(5) alove wha diffars is the hav the mtten (.e., the ype
of departue from the desed randomsatted) is intepretedin terrrs of which assumption is rot me.

5. Egtimating By, the Sope Parameter in the Modd N B N B
The expressions pauaion (13.319) for the esimake b of b = El(yJ‘Y)(Xi -X) _Zlyj(xj—x)

the parameer g, ar gven at he ight as gudion (137.27) - i(x__y)z = J%(x—i)z """ (137.27)
exep thej stbscipts ae row italic; the orregponding est- S S
mator is the random udale B, (of which b, is avalug in _
equaion (137.28) — the dfferen@ betvean the two guaions B = ,Z(Y Y)(—X) zl\ll(xi_x) ..... (137.28)
is thet the £oond contans he random vaiable Yingdead d v Z(X, X)? B Z(Xj —X)’

j=1 j=1

its value y. We row find siccessvely the mean the standhrd
devation and the he distibution of B,, garting from te seondform of equdion (137.28). We remether tha, underassump-
tion (3) overleaf only Y in the numeratorof this expresion is a endom vaalle; we dsoreall z(x X)=0 and the otaion:
SS = z(xJ XX A f|nal pant is tha ois estimakedby the sindad deviation ~ Ao

of the mints daut the esimated egesian o ¥onX; i.e, o= jéri /n-2=JMSE - (137.29)

(-%),  2067%)_ 3(4~%)
Al ):"1313 E(Y) = Fgg—(6o+Bx)

Mean: E@B) = E(%
26X Y (cortinued)
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Figure137. SIMPLE LINEAR REGRESSION: Egimating Modd Parameters..... (continued 2)

- s%é(xi‘f) +5'%é(xj-7)><1 0+ <= ﬂ - Z(X; )x-X)=p. (137.9)

. A (TN ) S S o 137
Sd: s.d(Bl)—s.d(%(xj_x)z)—/ o5 lsd) —/%a—a\/%. (137.3)

Dign.. Beau® B, is a Inear mmbinatbn of n irdependentnormal 1
random vaiallesY, B, alsohas a rormal dstribution; hence B,LIN(3y, g, ﬁ) """ (137.2)
Standadizing in equdion (137.32) andestmaing o by 8—.; VMSE, we dtain ABl B Tt,, - (137.39)
ecudion (137.33); this is heteststatstic for tests d significan@ aaut .. olss
A 100(1- a)% oonfidene intewa for B, is then gven by equaion (137.34). b+ oth-.0 s& ----- (137.34)
NOTE: 7. UnderH: 8,=0, thevalue of the b, _JBss _ bSSy _ JMSM. 0 137.%)
left-hand &le of (137.33) becomes oNss. & o o

thus, tie F-ratio in the ANOVA tale and (137.33) provide equivakenttests ¢ H: 5,=0. This is ke@u® F -, is
t3-.,, providedbah left and right tail areas of thet distibuion are induded hene, he vduesin the first olumm
of the ody of the \ersion of Talde 1219t printedon the aerkaf sde (page 0.00 of Figure D12 (the gandad
normal tale) are he squaresof those d the elevantt distibution as gven, for insence in Figure 216.

6. Estimating g (X;), the Mean of Y in the Modd

We cerotethe estmabr (a andom vaialle) of £, () by i (%) () =B,+By; - (137.%)
as gven in equdion (137.30) or, in centredorm, equaion (137.37). . _
Hy(%) =A+B(X—X) - (137.37)

Beaueg the edmae d ais a=y, its esmaoris A=Y
alsq becaue b,= Y- bX, the orreponding esimator is B, =Y - BX.

We row find siccessvely the mean the standird devation and he distibution of 7 (x;), sarting from ejudion (137.36).
Mean:  E[fiy(x)] = E[B,+Bx] = E[Y-BX+Bx;] = E[Y] ~XE[B] +XE[B)]

= Lot BX = BX+LX = Bo+ B =) e 137.3)
Sd:  s.d[f(x)] = s.dlB,+Bx] = s.d[Y-BX+Bx] = s.d[Y+ (x,—X)B]
2 X —X)* X —X)?
= JIs.d(Y))? + (% —X)’[s.d(B,) JU + (=X U = \/r11+( Jssx) =g ( Jssx) +%_ ----- (137.29)
Disn.. Beau® [ (x) is a inear mmbinaton of he —
independent normal random vaiales B, and (%) OINL g (%), al( IS ) +%]. ----- (13740
B, it alsohas a rormal dstribution; hence S
Standadizing in equaion (13740 and estmaing o by (%)) = ey (X)) Ot e (137.4)
& = VMSE, we dotain the test sitistic (1374]) for tests d AfG-XY 1
significan@ abaut £ (x;). A—ss *n
A 100(1- a)% oonfidene intewa for u(x;) is then gven n ) X —X
by equaion (137.42). o (%) £ alh- 5! JSS) 5 T (13742)

NOTE: 8. For rendom vaiadlesdenated ty Engishleters, we ae acaustomedo the onvertion of an uppe case eter for a
random vaialle, alower case eter r its vdues. Formodd paamees, which we deroteby Greeleters, n the
case & uy(X;), we se a alternative convention to distnguish

(X)) — the nodel parameer representirg a sudy popuation attibute
[hee, hemeanof Y whenX =x;, repre®ntirg ¥, (%;) = eg¥;]-

(%) —the estmat of the model parameter, anumter whosevaue is cerivedfrom an gpropriatese of data
[andwhich is nodelled as avalue of the random wvdalle iz, (x;));

iy (X;) — theestmabr of the model parameer;
[a randbm vai able whosedistibution repreentsthe possble valuesof the estnate iy (x;)
unde repettion of he ®leding, measuring axd esimating processes};

Forthe slopg the orregpanding yymbds ae 3, b, andB,.
(cortinued araled)
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7. Egimating B, the ¥-Intercept of the Modd
The intercet 3, is the pecial casep, (0) of 14 (X;) When X is zeo; the elevant test sitisticand onfidene inteva are hee-
fore equdions(137.4) and(137.42) with x =0, dthoudh wewould usethe rotetion g, for 1,(0), b, for z,(0) and B, for i(0).

NOTES 9. If the d#a invdve anly X vauesfar from zr0, an inferene @aout S, shaild be teded with @uton; in such
cases, an feren@ daut a in the centredmodd (137.10) may be nore relevant, but recall Note 4 on age B.41

10. If we are interestedh the mrameer o in the @ntedmodd (137.10), we @n pocead & we do br S, exceft we
sd % =Xand us the rotaion a for 14,(X), a for z,(X) and A for i, (X).

Beaue the kast sjuaesesimate d o is a=Yy; the average of the ys, we ae renindedthat e sandad devia-
tion of A is of the brm ofyn, whee ois esimated ty yMSE h this cniext

8. Egtimating y(x;), the Value of Y in the Modél
Two pantsto remenbe are hat:
e the paint esimae d y(x) [anindvidual valug is the sameas ha of 1, (x;) [a mear;

e the interval esimae d y(x) is wide than ha of 1 (x) — intuitively, individuals vary mae than aergesso, for a gven
daa =t, thee is nore uncetainty in esimating an ndividual value han a megnmore formally, as well as faving © esi-
méte 1y (x), thee is headditional saurce d uncetainty due b sleding the ndividual from the stidy popuation.

The agumentleading © the expressian for apredction intenal for y(x;) is like that in Figure 22.22.

We have from equdions(137.14) and(137.17): Y(x) ON[s (%), 0, - (13743
and guaion (13740 is: Ay(6) ON[ 14 (x), @ }( n] ————— (13744
stbtracting, we cbtain: Y(x) - fiv(x) ON[0, & /(XJ X 1 | — (13745
so ha, when ois esimaedby & = VMSE, A & X7

a100(1- a)% predction interval for y(x;) (%) % oth-20 ]SS += +1 ----- (13740

is gven by egudion (137.46).

NOTES 11. It is of inteest to ntepret equdion (137.46) in terms of how its conporentscontributeto cuantifying the Ikely
size d sampd andmeasurementerior in esimating y(x;) — cur referen@ point is the centredmodd (137.10).

e ,ti_,— deteminedby n and by theanfidene leve (the higher tre leve, the greater the ator is likely to be);

® 7 — the omponent from haing © esimae o, which quantifies variation aoundthe draight-line modd due b
unknown or tnoontolled eplandory varates;

® SS — the omponent from haing © estimae the nodel parameer g3;;

® (x;—X)’ —the ompanent from haw far x is from X (the furtherit is, he greater the aror is likely to be);
o 1/n — the @mponent from haing b estimae the centedmodd parameer a;

o 1 —the omponent aisingfrom heindvidual whoseregpaonse(vdue) we ae esimating (or ‘predcting’).

12. In the epresian in Fuae krackds nderthe guae oa in equdion (137.46), the pecbminant ermis the hst
1, so the width o a Pl for [an ndividuall y(x;) is largdy unaffeded ty the sarple sze n by contast, the Q4 for
[the mean £4,(x;) in equaion (13742) oveleaf o page B.43 getsnarower as n ncreases (for a gven st d datg.

Sudy
population .......ccccceeeeeiieecieeienne Modd.......cccoveviieeiiieeen, ) Reference
attribute Idea Symbol  Egimator Egimate Interval Egimate Equation Text3
B, slpe B 5, or B, B, orb, b, + i, 0 SS‘ (137.30) p.672
9 S
U B, meandY s Zorg, Boorb, byt ati-20 s& +4 (13742) p.672
M
M wf(X) [ meanoy o aorA aora a+ gtﬁ—za\/% (13742) 25t
" ¥ ) *-x) .
R wf06) (08T ) i) or ME) Ao ormix) o) % i8S 4 E 3242 poem
Y

O VO y) V) AK)OrmK) ) * i za/(xlss’:) +141 (13749 p.6®
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