Lest Linmd 2 T w?aw‘\'\‘&n fov e\m‘nz indeveace 1a Vegresion,
wt idtvoducd Tt prebo mold for VeALIS O

N
At“?"‘”""’@‘/"’“(/:‘ s ) fhw) |-
K;/ b e i) |-
M Fm/aw_(\\e. Gn‘h/) b‘F 'Tk NDJMJ J'\s't .
EA Y{s s wllowed to \/av\( with . \/

2 g~ \34"6"‘"- (Jowe-\'eé Q‘Q) Is f‘:t a "Puwt:('l\&v\ SEe 2 q,ni
'S Q..S'\'\\Mkté/ocfPngL\\MTcA NTL Se-= SSE_

—( l
MO e ok pr
Thn,

D YK =ty A

1) qlﬂ-—-;t\-kﬁ'n---

n

tvut vaean o’ﬁ_t/) I a nven X

f

4—5-“0“*::\ e n a’f_% ﬂa;‘lw‘ﬂl
3) AL s T a0 ave IiTin gl £ 19U,

L) Prods(aeycy) = l”( “;(fr) ¢ Y4 o \o;‘{_ty)=...

- Se Te
Table T
5) rove (below) ¢ S )
&-». @ (legl) ¢ Aow B Vo dom Va\f);t.leg! “l"e’-)(_
I'lr Las a Af\é’]’\f{ \'Ju\._}\-sv\ !. Lilee _[M)U(/ﬁ,:):)

It ,ML; A FYO\Q[_

(4
[

Ve P SN 1\,;)

We can louill o CT for A(ond o) Vo (T 4ov 4,




n=10
n.trial = 64

;_:trfl(el::n)lo-i-z*x Mete WTZ{ /X»v-/as avl T Same xCvoss 7‘?/:},@5,
sigma eps =15 (IV\ Te ketnd af‘ \/Lfb\/LS}'fQ—V\ wi ove Q\_m,\,;l % l,‘,as o MVlCc;;Tm;f{,'
par(mfrow=c(8,8),mar=c(0,0,0,0)) e—v»(y Y d,ocs.)

set.seed(123)
for(trial in 1:n.trial){
y_obs =y true + rnorm(n,0,sigma_eps)
Im.1 = Im(y_obs ~ x)
plot(x, y_obs)
abline(10,2, col=2) DJ ~
abline(Im.1, col=4) ol
H
ol
)

S~

K




-, ——

Expeded Vodna(ov mrtnn) of T2

(7106»/(,”;) I+ €~ I\/(D, 0’61)) TR, /$

L&’S \‘)wiu a (T (o,.\é L.?P 'f.e,f'l') —FmJ ONE ﬂ . ‘(( :o(fﬁ?(('.{- €’

is n—a/ws»o wl'TC\ Pa\lams;

&

( Sn-wpl{w? dast. of ﬁ EAF_ x ~J N[/‘:,U‘; ) T Hem
A 29 she Fis Movenad o N, Pavoung
'E = Ma = i h
Fl=rp = L[ EE= AR A
,'V[ﬁ} = O% = \/O:Sf_ (wol o\ov\vauas) /5 f? LW: OJ’;E — G:/J;\-

Since fr M B, 0%), Trew
<N%: ?%\A/; S ji—.L
“ /%,
\> + :_:&/_"_ ~ t-dist.
e /sis 4w

—mn ) 'g/vm 3—0[‘[’-&\/\'&’7:\' 'Fa.&

~ M(0,1)

V\/(dc“ Ce < t¥%)= et el
\C d/F: W“-2 ('Takvu E)

T po fadtie
- —

H’p . (} = /)"9 -Ep\qs _ ﬁah-/‘a

9—1" ﬂ D Bo Se/j'é:*

pveb = (12). (A0 R,) =
E 1 ov 2- Srdad.
N Qﬂ') \7/('& D 'Eb\ﬂ)

— N

= \n\’w\e _\/’L ) é.‘(‘: nw—72

b Spys 25 (x:=3) = (01051
VL-FM..C" Sumplt vay,

X~ W,%\

Q

Z = ZZA— ,\/r/(O/{_)
( S/~

'LL= ;'N ~ - -L(s'{‘

qw(uc”‘ Ce < t¥)z Cnkilend

&‘F‘:V\-\ \)

L CL weov/l\ X145 S

W

_ K A
S/

KOI}AZ/‘LQ +
\—H;/u\ﬂfn )

\?—\/Ju:(\, 2) \N(? T ?a),))
e T )
L - Tﬂ\v\LV_T, df- A=




i

P"U\a(eu- “f@j%\/\‘scd]
w=12 Xz avekd conTet 1= chc-\*ﬂb‘t ausTedite -

DA Za(x"oY)L= 183 = Sy
S(-3)" = 00508 =Sy =SsT
£ (x-%) () = 02973 = S«

Question: Te Theve o g"}.’h‘s‘\'\‘cmﬂf-a 9\'2)“1' (Co:‘- (oﬂ 0 0’5)
{eﬂdwnsk\? b Fwten x and 17 Wit gg =/'3\$

DC,I/;_- /J_Jc*‘g°/\§g\ /

&i , 2093 L
E < -5
yv R sw(
= O58_([13%) (183) =014
SE 0% 0357
n-z l%—L

245/ CT 46{/@.- AFSL F 2-28\( ' >
—— db 132 (.133 /=0.032%

)\/\/0_ vy clb/J/o C—P"Q(ru MF(ZL ?°S)L /é ;S \-v\ Lwe_ )
) Yw e i a a7l Fw\n Yoot a veudoon €T will cover B
3) CN’”“""( v RlAion ;lq"o S 5724/5'/7‘(,-/// S;JN'./,’(‘:( ( tivo nol fn CT )

L W
obs = .0528 /4 Y,
b (00— - é@;{

531 ° 5y
pvduc= 2 50( By Pows) =2 pr(£> tots)

=2z pr{t>53H) < D00
P-\/D"Z"‘! -, ?( ) T

. Bviderce Thol™ p30. (St crmclusion Table VL
o above ) dfF= 13-1

J—y\ gumwv\/ W \/\ave 2 v\/nnzj 97L 'be,f'f/*\} "‘/tu,mt/ ﬂ!l/@ Is
a \/¢,(,CH9V\$L»[17 bPreon 2 covdtimnsas vaviah{ss

= (010, 0:2¢)




P

T

MoTe Thd The test of R=D 'S Qﬁ%‘\\/a\le:v + o —E;hag—h'v\a
H: Heeve s lineay \re/Qaj'(iMS\AfY loJQ‘u/.ee.«\ X ovad 5

%,ﬁ' .\_(_) oo \inzoy \vao\“HDV\S\M‘P (< wQ.Q Tﬁvﬁ" \Tevx AV ‘h_s"\‘\'wa )
Then we can 'tesTTLg_ \?OXde“W\ @V\/Jjb"\ C,Dt'f‘!c

T 00

H-o;"e:D
. L+ O

Ha tesT sTtistic | v This ted is a bit weird .

o =0t

L\.o.S o~ ‘t QLY}'f‘/I c"/ljz 0170‘:_ h—"7 .

— n-z Keca v~ = S 2y /\/ SeS,

Ths qu(, \(ou\ toke 1o dJo (N'“({)J camrjf T wa‘;\e
cowd coetf (r), Than Lol , and Tun okt

R/M C\/;'ﬁ—awj— Q,W( ’FI'H_(»}
o TR olbove C){o-w\r&ﬂ_ .

b “P =0 = S s

- = T = OBL{‘LJ_'A
H-L: g_e = O gv—v. 5‘11
—j’_b\os = == . vz 5, 23 &— Seug \/thAQ af
VS Lol L)5T above

A\ﬂ (A
N ofL PW\O(‘ &> ‘ﬁD,”) = Some a¢ above, ~hen Ferh 0 /D’

Jo S0t conclli ) o




D.5)4

N\

ek Pl pim

We keave now doue fn‘FcJer LTS /g(awtl:\ol) ;

\/\/Lj Ao W\V\/&(.ﬁkz, rz,gﬂ—ss'lc?«\ (i-!. w»w('h‘rk 2's and /’)’S7 7
Tn going Fom Y= defix Clrlpare) ot fs

o = R B By, <o +f K, (121 povams)

'fk{'w}j je,wa-\'%e_ N S)r\/a\.('7\’\j- r]%\/v\/a\,‘l, ey -
%M\‘L’-UJ) AQ TLD?L kﬂﬂ)cmj B‘ M‘ZV\'I —_— > i’F:W'(kﬂ)

‘f{'i.s L—»”ms evur wiheve ) efa_
\ (Y’l . 1: SSk
) Tre estimafe fF . s g e
2) The df associphed wifl t-tesh oﬂwj’q cn-z — (k4

F\"vull?// elo“'f‘@w»rj TRt TRe issues of Cp“\‘v\laV\T{) n‘n')‘w@c'\‘fsw, ‘
Non- \Cv\.ealf{\“ ey au(!. m/hﬂf-ff'h'-? 6—“ Vd\'ulv\ when -l—elu-g WUA'H'I}’(L V"‘).

gui/ Tre YL Seate >4 m e /7'5 allows fov 1.5 ware fogts

S Ho - ﬂ" Dﬂ"’ Is The L(Tr‘ FVLAf(jb/ u»ruFJJ ?
Z Hl - ﬁ\' \3 /39 ~<

T 6’\7 fng LS 't-Ls'ts lgr,(uvqc +thig ove 18 & sflfﬂ(?l\'&‘@vqui
semevabizadisw st TR A=t at v asimte f (et pryel)s

—

;Ho: fizfio===f, =0 % Ave sy of The /')\/cci/i'c"favs wseFal 7
' v Mlest £ s +0 Cl‘e{]‘ a’ﬁ “odd ud‘([{-}fqh)

P = x4 fie fax, oo B,

f “'Qeﬂ,':OJmMmz_vf\ e

’Px/e,‘l.(dbr\g ove usedal fov “7\/141‘6““9, N



Grod Mews | Tl test fov eacl B vy T Samt as The

‘t:tt;r "Fv¥ [/ SYAD'Q-Q /,3) QJ((:»‘)T-F—N E‘F‘: V\—QLM)j
E"‘D . 5\4»\\\’\034 wit wosl te tgyT ﬂs .

CT % [y \‘ SSE
Aa t* gy N
e

A= - (het) \

™ Technie,lly, in rwbb'?h Ly Lilia Sg

B
P-\/Jw.z \,2) Pr(i’ B +'°\4J) s MOT Sf/\/?,; . TR denowiantor enAg—w.g
N QH':‘I\- (\M,\) \pel'n? a vl qu\\’cA'\cé 'Puwcj\‘% D‘K ’Xis\
TN I B when TR Pvzé\'ciws avy Cam?liﬁdf

uncovve oy d ,Tﬂem s '&\IW\.«ﬂC{ s O _
(h/o"fek :Q\/'rn'ﬂ:w?[’\ W are ’tLg'H’? ET“’__E /Z\‘) Te dF s n - (le+1)

WS—. T o tesT eadl of The R., sepavately, it's alucsst
?um.n:lfu YT sone »F T (*Is will pass Tia '\:cs“\‘, e give 5ww.ﬂ?—\/yo“(l
\-2' MVQ‘Q'Ovmé to ‘-79 WS;‘Fu[J vdlun ;A-F.Lj',ma avi WD+.

Hevt 15 Tae proof, BA T only (Frio

W - T you tesT el of The P: Svfam%lb you il
maleg Wtow’ WAO7 e TerI evvovs Than X% of Ty '(riw-e!
Chs'»'d;f Z/;/S . ﬂ\ '/ZL ,/{5

Tl s - (g [ g=0) (A0l (Ao lfe

€, X2 3
You e comm; T TEL ewvous €, 0Kk ¥, ©OF 23

0 (8 ad e,) R (e, o 0,) OR (€, andey) 0R (0 and @ and &)

Tt an bt Shown TRE Th 1{\/"\3 o weplian ey L Vot T evinv
] f
O’HVOCLOQLS i as ’TZQ Mw\ln\/ a'{' 'ter'fs meveases .




' Good Naws\; EBofer TR teaT >F o df ot l|+7 l

(VN

72
wuwhffo/ c\'F

~ F-distribHFion wiTh dF:T\IF, V\-(Iﬂ»*l))

Wm.  F= RY)—
(R (n— (i)

-

* denomindlor df

i ?-\/..Ae: PJ( F }ﬁ)\’ ijT MAL A L—M/h( ArAVh - dave
\-H-. Atlost -
%&v\, o F-—\/rva«@ L oL , We Can n)'l_j—-@-‘-.p (/Z-"/ez_:"':/w_ =0>
inLovov oF H (oA leasT 1 Bois MT-ZWQ)L

Tois Fotest ollows you To do OVE TesT to fid s if g
z-ﬂ TTe Y\m&‘cﬁws cr e usz%& ?\N’?Vt &(‘Cﬁwa ~1 TMs s \/wY
wSe Tul W W s \ovar , becuwre iT T s Yo £ oy of TG
Pﬂié/l‘(jbls avl Whye a[- T.e. \Ttb“s \(0\)\ |'F There S &

“Meé\g m Ve kaTS‘Ta.c[L,” To \x?;n V\'/‘Cl

@ o u 66& S S‘("DV\\'-F&'Caj'VLS‘*IT (\\L- ?-—\/c-[U\L <ot ) dowm The
'tst;'(‘ vwnrhuo u‘h’\fh) Tﬂ.p‘ sz S evidonnce TLJ?’ j(mfr owng er

T Y\/Qi\“cjo/) is useful. (B Can do se,Pa/a‘fL -{:q‘fs
n 2o of Tl ﬁ's to see whick P\/uh‘cjws ave u»m(u( ,
(See oyt ?az—t) .
Py E TCe F-teT cowmes Yaclk as nan- S‘\?‘)A\P'FI‘CM-R
Then TRt 16 we evidemmae RS cuaf ot Tl F\/ull‘d‘ws ave Wekal,
@; ou dow't Nave t= tesT euch ?W/A't‘tjbﬂ 5*«]74\/» L(z"
TVois il ol oa l~/ Savt time, bd more \‘mfvawH»[) it will
Save du fvom Tre dwuow >+ mala.l'w} mJ;HFh T»”ul e VvDv$
(Iﬂ. du,\mﬂ'w?, Savnl \NLA,\‘J'D/ af %Se‘f'u(, u/lAQV\ [n‘Fexd\, l",‘ 'S V\a_*) .




[Recadl T

= “\,M\“-m'.was kchq 7 qou \‘uj’ A&A,\'WB tewms 1o a

“’5“‘” o woddl. S Y&C\"F\‘Ca (L‘(J 9\/e|/‘h"H'iA) M”L/\S.

— 0\/!/751"/‘/:‘7 /s ash a black cnd whiTe 'Wr‘n?— T heypras

?V“i‘*“uﬂ“"‘d in ‘L"Z‘/“'sz as yor add wore tovms |
evin o WM))(JL%,O\/)?a»{" tevm Cam lead 1o a\/e‘/vzf‘/‘/'fu?.

wiudt lwnum:‘tb F((@ad ifs p-vedee )7

movt Tums —> lnt?‘m/ R — hiyher F— lowew poidne.
Fe. T vou \uyY 'TCM;M,L} szL Tve,l\‘{\"ws fo o a o dof
(W,DVLS‘SISW ov sThrwise ), T F-teT ot wmodd u:h'[\'T7
AN Find B lewsT 4 wselal prediclor, vagordless of
wku‘H\w Y4 MT'TZL PVeéA‘LTV\/S are %&M‘u/ VLR-C—JL

60/ \/Gt& /V\ULST )D{ m*}&f#ﬂl abej mlolr,? ‘tm/ms 'to YLZVQ!;f&v\

O Ay V*\-oda\(
L d"’f’"w P T Fovmule for F does complile Winss a /1 ’

LWQ SN Co I\ZHWC ff, > ecaunse —Izl rth Fv'o\)lem o ses

*ﬂravn RLa.f.’woa.c,Lq}\} ‘L) s T a-ﬁ YYE A’l\CT‘WS jCvemSes .
91’1'“, ; Can ,747 affetion to e le- J.Iaru\dnd,g
P:_\Kwi“— . & (”"“"*‘))= RE (h;‘—l)

URY [n=(r)] — 1-R* IR+ \ K
%v\/) Tcoﬂ\m'uﬂ;’ lt m-LsT \QL l&SS Tﬁau (w-l)‘ a‘lT-wwfse F<04
whicd T canneT be. 55, bk <n=\ , a which case T lav;ts‘\”

allomtd vt 3Ll (s -2, and g0 Mol g b omest A=l i
, K n-e 2
8 %5'1‘6«'\'("[ TRen , wi've loack T (nk(w’b I ko I'\’L"

rows |




n-(

‘> TsThe nn4:Juﬁ UkFLJ;i?‘? =wn-|

The regression equation is
durpr = -0.912 + 0.161 formconc + 0.220 catratio + 0.0112 temp + 0.102 time

Predictor Coef StDev T P

Constant -0.9122 0.8755 -1.04 0.307
formconc 0.16073 0.06617 2.43 0.023

catratio 0.21978  0.03406 C;:;? q;q¥;?
temp 0.011226 0.004973 . .
time 0.10197 gg:gggzg 1.74 0.095
S = 0.8365 R-Sq = 69.2% R=5q(adj) = 64.3%

Analysis of Variance

Source DF SS R F P
Regression 4 39.3769/9.8442 14.07 0.000
Error 25 17.4951 0.6998

56.8720
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hw_lect25 1

We have lea hat if p-value < alpha, then there's evidence to reject HO in favor of H1. For the test of model
utility, p-value = pr(F > F_obs). So, for that p-value to be less than alpha, F_obs must be larger than some
critical value.

a) At alpha=0.05, find the critical value of F_obs for a multiple regression problem involving four betas, and 30
cases.

b) Find the critical value of R"2 (above which p-value < alpha). Hint: The F-ratio appearing in the test of model
utility depends on R"2 of the model. So, if you know the critical value of F (as in part a), then you know the
critical value of R"2.

Moral: Like all other tests we have studied, the reject/no-reject decision can be based on the critical value of
some statistic, i.e. without a p-value. For the test of model utility, the decision can be made by comparing F obs
with some critical value (e.g. found in part a), or even by comparing R*2 obs with its critical value (e.g. found
in part b).
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hw_optional

hat adding useless predictors to a regression model will increase R2. Here, let's examine what
ence methods say if the predictors are, in fact, useless. Suppose the true/pop fitis y = 1,(i.e., no x at
all), and so a possible sample from the population could be the following:

set.seed(123)  # Use this line to make sure we all get the same answes.
n=20
y =1+ rmorm(n,0,1)

a) Write code to make data on 10 useless predictors (and no useful predictors) each from unif(-1,+1), fit the
model y = alpha + betal x1 + ... + betal0 x10, perform the test of model utility, and perform t-tests on each of
the 10 coefficients to see if they are zero. Show/turn-in your R code.

b) According to the F-test of model utility, are any of the predictors useful at alpha = 0.1?

c¢) According to the t-tests, are any of the predictors useful at alpha = 0.1? See the solns to make sure you
understand the moral of this exercise.
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hw_optional
Consider a multipie regression problem with k betas on the right-hand side. Suppose all of the k predictors are
ompletel ess. But, of course, we don't know that, so we test each of the betas individually. Our hyp.
testing formalism assures that each test has prob. alpha of finding the predictor useful (when in fact it's useless).
a) what's the prob. of finding j useful predictors out of k predictors? Hint: Here you should recognize a familiar
string of words here!

b) What's the prob. that at least 1 of the k predictors will be found to be useful (when it's not)?

c) Plot that prob vs. k= 1:100, for alpha=0.05, and for alpha=0.01

(Make sure you check the soln, later)




