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betweun  ene ej oo alternalive lng}:ofk%&) .
Lhere e knewo the probabi by dobibutiord
% O!DSWVQ_RW tnder eocl %L e v .

In PTOC'-KCE_, O csj,t% .]CQC.Q_ de cintor IDY‘Dlol.n/M
wWhere Hils I not 4he case . We, Ove ‘Oj'_'['Q/V\.
VJPofkeaLs vel::re/)e/nto either Some ]zmenf lo@_l,Cef
obent Hwe LO.B'V[O() oy Sone Yeasorable sta&&r\s
Cla«sum-})—\/'\% obeowt . Hewever | Hhere o

Nno 5L\GWPLJ cﬂ.o.-]t-‘»tne_o( alternotive IA'JPOH"%:’J 3
'Lv‘-ofeacf, He alternalive 8 MMPLJ e
méod;:w o Hee aull

@%Cca% , We  Cas e oot Ha dabibutdion
%-H\.e, ?bswv'eol data s knomm, undley Hae
ran UL I/L\jﬁlo-l:b\esf,a . Sonetines b b knoon .i'.,,\l}.,\j !
Omd 8o natinaes @1«‘3 Fw\r‘ff\awj , LLP ‘0 sone
tnknendi~ F'ﬂrrame,{e/y,

Tle goaﬂ ' to decide hetier the observedl
dota ave wrsutent vate Ho rull LJFofLasia)
ler| tohadhar| (B [mdll (€lhienld | be Ye:je.cte&-
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Examples
I

An tavendor hos P-roposeo( a ned yiaacle cure
for the common cold , & the yajm\m-(mj booq'j
hea 10 doelde wohether o License .

The  rnwll lx\:j]:ofkezs:a O tHhat e FwPoseot
cuvel (W ne| better| Hian & Flaae-loo ! L.e_)—{fkof(
the  meoon vuambes & olmé/_\ do recoven {romn

a cold 1 the same for patients administored
either e OQW@ @ o 'Place_bo-

The veafvx.loctovj b’o% ol GMLD Reense Hae
dma 'uji Ha nalk k\j?o‘l’k%‘ia Com be ve.Jﬁcfte,oL .

An s uryance C;»OManj Lot 0 kyow
whetheyr Wt Lhacuass O\L)tfwwf rsks en male
2 fe.male. drvivenr LaAHGn a Sipete SFech{eo(
age  yomge . Tt he dota on the amount
in el onins Poulo[ oul j’—ov coch. donver iy

has  Tasured . TThe | nall [anoneAld o Heal
tHere Wb no ot".)c)cwence.

SPQ&G( cameyas were inboducd o o styefcl
% TOO\OF. ) Ovvxo( e LOO-M-'[' ‘tO oq-ﬂl“_'e:rm i:j'— ‘d."
has yeduced Ha accident sate . The nalk
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“The | wsdall QPTM)QCIA 1© Yo vervior S}

o r"jPO{’k%Lo 't%‘kmﬁ Fyobhuw» daseabied
v He (lest two ]Dcxj% ﬁ«o&s an foU,wai
]_cﬂﬂmh)c_j o {QA{ statulic T Hustiald leank LQ
COM):VLJ('&Oqs ‘rwm (i-e. v o ‘f‘\*-v:*b )Comcttw @3)
GHN{ c@a{a > T = TCx;;’xz,)-“:'xﬂ.)

— watte bLlﬁL\t' abuse & rnotodion , we we T
bott. for the .j.my\cl'&en 2 W value

The choice & test stolistic ghowld be
puck that il Pmbqbwkj 7 NI I g -

Fo , o dennihy fo, windend B [ Lj}:o{’ke,sis
can 1he | eateal sded, e,xPLZcLJ(LZ 2

De clde (jc the fest staticfe aolue
obtarned feor He +test statale Su)f.ficlev&(j
,P,{lu,lﬁ Hat the nul kj):yo%ula Covn| bo
vetained |, o & o wnlikely that it
shewld be -rejeci’eol_ We shall shertly

As cins hew o make i’ffvlsofwﬂgﬂmmf,
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I Wietrative Ex amp les

Theils aPFr—oacJL 4o _B\j?o{kul& *tegtwﬁ has bewn
Loell  develo PedL for o few SPecific Scenamos
ich | occuss _f-fe.cyu%"_’uj A CKPP'J\ZQQ’[A_M
We wilk shwdy two & Yese scenanses

Novmal cvAathe known VOonagn Ce.

——

;—IO . X;,Xz g == X«,\ Qv e ‘U:Cﬂ t..i-"';«‘\"/"M o
,\N(O}.O‘?‘) dubib Wlien 1618 ks udmnct

Note thal e ave O«é&l.wvinﬁ “Hot e

meam b unhnewn | but e ?fujpofk%b—e
He value zero for -

= i 1 O S - O 173 N ol 0 9 (0 ) Rnerdi

ond we bl mot be tesling R valae |

A natvorall camoloodlate -.Fe'v S ‘feaf cStG’l.,tUSt.(_ r,o
“T‘: _7[: (Xt"- X'L+--‘ B XV\.)

A C‘LL%Q—Lj 'r’&!&f@.(ﬂ & M oY e Cﬁ)n\/%%{ CLOL,L_Q_ L.D

Tla 1t Kt + 35D/ EEF (o7)

Note hat T has an KXN(0,L) distrbutier,
vwnder g A fujjaofk%la-



| |
—fr— — = ———y
— — 1 —
S
) — — —_— —t=
= W —
—— — =
e - —| — —_ —_— g Bt et L
[— 1] I
a o
— e | —— ' — b
—_— ] =N
- e
|
I
—
dIn i I —
|
|
|
—
= —
[




@

Sulpposg WOe ko\wz, obsww&o{ oqrcﬂzfi x“%_,_...,-x

Ol COMFw’re,o[ M 2= 8 =

on iz, ‘
Heow do we decide whethe, o not to
vajﬂci Heoe nul @beke;ala ¢

o

As | T has a N(0,1) dobibulion valwes
o T cdese to 0 ave comslstent waith. Hw
U L:j))fo{‘k@g[é, wlale  valuwes »unc)e L:Cgﬁ-w
thaw 1L o rmuel smaller Hanw —1

cong Lot tie ‘Stmmﬁ evidancye agmmt‘ ik i
T 5u55%t> +the _f_obtewm? APPmac_A .
fox @ Hoeshold T and veject the null
’i«\jpot’ﬁ%‘w K& :JC 'Tl>t~

The Tehotice of T sl deternirne the )Ca[oe_
alapn Fmbab{,u{j .

P (veject Ho [ Ho= thue)

= P(T>T)+ P(T<-7)

= QP(T>T) = 2(1-&C),
whae ¢ b wed to dunote the cdy-
& the stanclard novmal dobib ullie
(md o & wed 1o denote b demsity)
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SCHYLL.FCC.QMC,Q, fevels amcl P—vc‘h[/wﬁs

It | is c,ua‘tOmm/j to choose tha thaesholod T
50 that e fafo-e ol oanm Pmbabi&xﬁj L o mere
Hian @ sFech-ieoﬁ value | o, woldch & calleol
the  sigmgicamen fovel of e teal .
Traditenod cholces & sﬁﬁnlﬁc.wc& Lovel ane
HOT/A | 187 mnd | L V4 | (bt gorr chotee shonld
be. 5»»2&0_0[ % U QFPLI(,oJI.ew mere oo
bﬁ tyadition !

So | how do we chevse T 4o obfeun a tesl

tnath | a D Ve S'lé”wlf«mca Level 2 We womt -
P T > lite thwe) = ed = 0105 it 2t

I+ () =005 e [ @(T)I= OFAFZS

An alternalive aPPmadm s to feave the

decis lon of Whetle, +o Yejf,ci e nulk
f»jpofke,sl’es to the end wser, and gs‘;m})l,u:)
veport the _p-value | nmqj the Pmb&bcai}j
% Obéemui-nfj a  valwe Gjt Ho test stolishic

ot least ah extreme (\/e»:vj levwﬁe_ o very s»wa.u)
o5 that observed . i othe, Werodls |

p-value (T) = 2(1=8(T))
in  Tho exam})(&.
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’R emavks

Note ot Hhere an e {:j)oe, o enor

in thy version S Hha @Po{'k@@; f‘%tcnﬁ
waw’, namelj Hhat of ofeded/l.mﬁ Ho wlen
it b bue. As thue o no well-speccfced
alternative Hy 4, b not me.w\«lnj ‘fJ{A—l +o
5}9@-& &f Hhe 'Pmbqbikb ef --re\,jecﬁcmj H
whan tH 6 thrue

Hence , we 914—5 seek to qun‘tﬂz o bornd
on the f.qlae ol onnn T;yol:q‘bd:b“ Ths beund
colled the c$:f£>'\;)b:c,am<;@_ level .

Thi  version o “the F‘)‘Obh’/w‘— Lo somebines
called slg-m)(—éggmc'e @Lmﬁ , to oq&stcyﬁwisk
i | frRnal gl 1«»; pothests t_@_ALt\___Aﬁ problem 2}
ck%%iv:s behoeen oo weu-sped_fie_cﬁ alterncloses .
The appheation often guides which o the

D0 Versiewa s | used -

The WL-MPQAZQ Fa,afa o this fD]D:»C. hos
a 5@& s cuvyren o 1/-\16’(’06 gl |
controversies n dhae oleve,Lomei- o iy
ffujp\je.ci’. These | ave );5 no means clesed !
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Novmai Lu:li"L Uunknen  variaace

— | p—

SLLPPOSQ. it | (X X5 3 L LKL | onrel a_"o(
O avnsiom. vanmdom vavobles , and that
tunday the rnulk l«jPo{'l«eAIa ) ~H«ej howe.
meaw Zeyo % unkmnerdne  vVariomce. O"Z) LA-;’e.)

HO p ><1)X7_;—-~, xY\_ acg‘ T ‘N(O9€L) g

g =

s unkoneoin

TThe | alteiativel (6 | Hiat Ha (meam

ﬂch non+- Zeno .

Hews sheowdd coe test the null ijo{'k%b_s ¢

We camnot wre the same test sTatisThc og
Yoefefe, becowse 6 © Umhneon , awd +ha
chotce Tz 4 T X, woeld howe o
datibuticn. b &LF%&Q& e the
unknew pavameter 1

Is there soma ey e could  wse Hha
somple vemomee | %\— %} (=X,
wherve X b e smpu_ Meam , tO 3&%

nd o s dependence ?

It horms ent the ovewer U ges
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t oand X7 distibutiens

- —

SLLPFose, Z,,Z, ... ave ud stamdard normal
yandon  vamables | i-e., tatih e NI(0, 1) oldbnbulen

. 2.
Lel W= Z,l-l- Zz_z--f-._. F 2] |

Then | we esctj that W has a X% J&bibulion
it b dtﬁ‘r% 9} af’)"ﬁ.Q.GlOM , dasnote d X:_

In 7liac,t, the X: dotribullen v the Same

Qs the gamme A bab wtion r’(-;‘f—,‘%) | ot
qupef parameten h/cg and  scale PMM&{'W 17/:1 ;
s rcam B —sheror bj com’pwt-vﬁ “tf'uz_iv O
g%e/dtcyﬁ j_mcf&m and sfxxe—of,vﬁj tHat -l:’k:z:j o
the Same .

L?.T._ U and V bQ. 'LVLOLQ,PQMOQM{ yandom ch{ablezs
Wk U~ N(o, 1) 8 V~ X[

Let W = %1—77——[ We & oy thot W has a
‘t*ouo'tw{)uu%\ uu:,{’ifu 12 otia‘veﬂ_é 8), j—TQ,COQ«OW\,
damoted W~ fh

T = distribition | dovks Lkt srovtmnal ;| bl
wth  heovier talls. Lt B bejmrv\.e..’of\-.c, cvermoh | O
Ao | b olool,| [H [ P [N, 1)
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"]'I\e. velevanmce % the t disbibution. 1o Bro-
1'\5[90{’&%14 ‘futlyﬂ Fmb[am w made cleay bfj
the —jl’OLLert_‘;)Lyﬂ theovem |

wrhoye SZ:—%; ZL KL ﬁtowgso\yw})lg_me_am

3) U amOl \/ axe .LA&QFQMOQM-

UL
It _)”_oum T\—om Mo Hoovems Hhat /\}\//@_\)
has ot debibulien . |

As we dowt knew 07, we coanl caleuwlate -
U and V. So how  does thirs ’keLP

NOT'»C.Q. H&OL{— Loe.  c.om C-.Oxl OCI,”Q_. m)
an “H«.e_ 6-4s c.ov_wc,e.l, l,

Thws , the test s‘caﬂ;a‘ilcl

U ol Z X
= JV(n-1) JEIO=KDT

has a  knewn dobibutien | T ~ tyk_.j_
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The t et

We ned O.PPLD Hath | ves w it 10 our L\-OPO%L\P-LSQ
Hi 154 5 X =t owe td—= N(O)G'z'))

wWere| [orH [ [ umk meror |

1? wWe observe OloCtGk Ky, Koo -i 5 Ko,

! =t \— :
e  com COM?VL{'(’_ X = A -(’X.*r—--""'ln),

X e test statrlec
ﬂ"l ' Z"KC
/= \JT J ==

s .’D«Q.flf:rv—e.} valies &) T clese o O &Appevf Hu
v [ L:jpohme{sto , and | vallues ][c:w Mcuj Cor €
evidlen o aganst it Heno far ?

Given @ SﬁgmLfCCOwVLC.Q.. RQ’VQ’Q A € (Ol 1‘) >

PITI>T) = o, where Tt

Swell el TC [l [be f—‘O\-&?\cl M;—Vﬁ tab e, @}_
the cdp & 1 dubibutions (Ve traditional )
& a Cz::mP u«.‘fw.

AL‘t@Vn@—t\l\/LI’j) a‘%ﬁf\ aan V@Pe”’t o P‘VOJM‘L}

| AFOLQ Les |
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One —mded  vs, Ho0- sided tesls

So fox, we hawe LmJoLlc,_LHj beon corsidonng
So-calles  two- ssded {’EA'E/ wWherve He nall
}M:O 3 beawﬂ 'fe.zs't'eof Qjcv-mi' Hee cxlf?'/rn&tﬁve
/U.J:O‘
Oj’—{_’(?//\-, pn QPFLCQQ_KBM | M velevant | altermaloe
wﬂbeﬁ}m-ﬁrm eitay }M>O W}/L<O-
Fer instamce , tin ‘tee exa-m}g[o_ of Lice/rw{rj oL
ned C@mg, Wwe wWant 10 test Haw et Hral
il &l s AA_}A:)C.WW f'rom oL Placebo %Mi_
Hol | altesnotive that -t & betbes | I)c & &
wovse thow a P/ac.ebo, o ob?.f*wwi'e_b Sl\em.!oﬂm'f‘
be Lcensecl !
50 we comndley The Pmbhm_ o4 ‘texskmﬁ

Ho: p=0 vs.  Hy - m>0
TThe aPPmac}x L CL[M%T eﬂqcﬂg ‘H'\L SO

as W howve seam for ta too - sided cane
ondl (we e The Sawma test stotulic .

“Tha GL\.H:Q,,/%@, s %Lj in e Lot sf‘e,’o.
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Normal watial kﬂm&)v\. V A Onna

—— ——

SuFPoso_ we  hove calawlated e Test stotislic
< =i (Z‘L:] X-C)/@_ﬁ | (.IZQ,/ T-ob.se/n/@;ﬁ_f)

obs |
whick  has o N(0, 1) dobribulion wmdler H -
Given @ Slgwl)c/ic_wa fovel ,l O Yt’:j ot Ho L}

’]P(NCO,i) >'T<abs) Sl e Lf

]

LG (RS ot | o S (T (2w

\j‘, e observed Towe W Mﬁodll\/g,) et
ev itdon co aéfouiml' Hil, | po e don't 'rejecf H@.
O.,Llj ﬂa,,rje Po,si_tlve _Eat-.._-; com locd o Vfaﬁc‘ieﬁ HO.

Noymal u_:»_tf/» tondonerdi Vavionmce

Ago;n e mlmlodje_ He test st&téaUC) coboce i
o (HAs | coe v

2 Xl —
—T- & o —| =T Lot X |=
obs N J 22Dt

Ve bk
“;L—ZD(-L.

Level X we V‘ejf’.d Heo ‘LJ'_
’lP(tn_\ 71 Tobs] ) B o] [ 18 ] ITEp

1= Foo (s ) = |y [Fao (Teis | = [P
Whave  F,_, denotes the cdf of the t disbibute,
nth n- | 0&5,@% %— jﬁvﬁaoaﬁm .
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In QPPLCCA"LLW L [Ho wall M\A% toke tho f_grm
byt 5 P ook X(}A,G“:’O /

whee  the value 5Fac;)c,ie,o@ , possibly non-zem

'yom sheuld @v—n}c 9} }A as Yere,o%t\:":T

novmaf = behaweuws C-nfo Fbm_ Lnf%M) 8} ZWT’

Svs‘fwm o Pmcexao_

The g»oal W 10 test whetter sSome &mj& kany

ocmweo{ , Yes l,(_'/t\:_nj 1% a.\amv-mo&' O}DWCRL-% caMoQ

‘Ye,c]ufuf\:y:g some 'Ln’fe,/\/efmtlen o -flm—,/t’wm/ '\':%t:_yﬂ

Remarks

T T, A}?F[«Lc,o:f/;% L we dol t womt o
Cormpare the weom o ore -Fojpwlodxew vt
A {:cw(je,{f . butb compane. Hee | mreama a} s Boys
*b«-'OD'FOPulaCECM, o  doterrine pohetlor
they ore e%a_ﬂ_ We dow’l shedy  Heia
Prblom o thin - corose .

The | aim S He course w to g{zve yon Some
)co\ywll;ani’rj Lot Commﬁonb twed  methods
-l Dots of %@Auvﬁ IR WS, oA SRR A
Hem | o Fyowo&_ a comf)yaLmMLvQ jfncwleoﬂje base
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