C.L\Ou.p't‘ef 14: Twnlerence for Cd‘eﬂoric«' Data

— In Some s-!uo(ieS, the datn jacH«e_rQJ are
rather than
~ Eaclh individual or e.xFe,rime,nszJ wit 1%
classified it a

- We can summarize such data 197
'pl.”\ol;"\j +he of how many
measurements Lall into each
cxl'e_sory (cell ) .

— LJ‘/\QJ\ +L¢r¢ are “ht)D c_acl-ejom'es/ Su.C_L
data. can often be modeled as a

— When Jhere are wmeore +han two Céd'ejal";fsj
guCL\ a\k‘h\ Can o'p—l'en ‘oe w\oale,,epe as a
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- RQCQ“ +he Con&“*Hons —@r e

eX?e,rlmenj‘:
(!) There are wn iolen‘HCa.l avwl inalqanden‘f‘

—}-r:'a\S) eACL L\av;nj as 115 ou‘]"come one
of k distinet cad-ajories,

(23 TL\Q Pro\ox\o;\f'l"y o*@ o ‘)‘Y‘l‘ﬂL! lﬁe—;ﬂﬂ
N c,ad'eﬂory ¢ 1S P (i=l)2)...)k3

w here

and +he set of p.'s 1s the Same
for each +rial,

(3) Tl’\ﬁ WMH";V\omiac,l VAT Hie set o-p
C,,O\.U’l.‘—s O‘F 'H'\& VIU.MLC/V“

of trials that Ll in eack category.
- No"‘e.

A Test About Multinomial Probabilities

S\LFPOSQ we V\Ouﬁol n=3300 lbklﬂll’lc&ad
oix-sided dice . How wmany “1" results

d o weée X ?e_cj‘ 7

— That ;S) w hat 15 E(Y\,\ ?
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_.Marﬂivm.nyj n, lr\as e
dis+ri buton with Farccme‘l'vs
and

-So E(“l):

— SlMll‘U"l‘7l e,oLc,L\ o-C V\z_) Y\-s)...} V\Q L\OLS
O‘;S-I—r}fow‘"fen}

oL macr‘i'mq,\

So E(Y\L): R

""NODJ) SufFoSQ wé W\;jl«"' not leOLJJ_ +{/|_Q_

dice are ]o«.lomc_eo( (lsu,’l' m¢u7}o¢ we_
l‘\YFo+‘r\€SiZe— Haact +Le_7 are) .

~ To +teet whether a sef of l«yPoH\es}zenl
cod'ejory Fr‘o L:a.Li'f‘Hes F,) F’-)'“) Fk ore
C-arre_e;\') we C.oulol Compare +Ll€
OLSe.rve,A counts ("Hrte. > “+= -H,\er

QXPed'CA Voz_lu.és l'p ~|—L¢_ FroLq\;]l{'HeS
were true ie., look at




- qul Fearson Frofosd usinj -qus
statistic :

Theorem: When n is larqe, X has

(N

Froo-ct (Ue w'.ll Frove, +{’l;5 onl\, n +Le,
k:?, CKSC.->




SiY\CQ, V\l ~J

—The Froo"p —er enera\ K can be SL\ouJV\
Vie. mathematica inducton, but Hiere are

subtle yechniealities related To a‘vwlepena(enc,&
o-@ terms in ‘qu. csummahon,



/)Cz Gooalne,sS-oxo-— Fit TestT

- Let be the
L\yFoﬂesize_o\ cell FPOLKL;];.HeS.

_ ConSider testing
H,
vs Ha:
-T£ H, ie —Fa\se,, we would e_xPec:l'
=] o be - and
the +est statisthic

o be = .

- So weée ré{x(cj' Ho 1\0

-In 3ene,r«_\) the o\ejre,es of freedom
—Ggr +his ’X_” distribution «re Hie numbher
of cells k wminus one A.-C. -Far each
mo\epe,no\u‘l: linear. restricthen omn +he.

cell Probm\oili"l‘ies.



- Por examrlej we have +he restrichon

So mlre,auo\y we. have cle_gref_s

of —Fre_e;alom in this  hasic 3ooolne_s€—o'cf'pi+
Yest.

- Furthermore | if +he probabiliHes in
Ho are e.sﬁmk'lfd ‘(:"OM a Sa.mlcle
V‘OCHAQJF ‘waw\ \oe—\‘n_j C.oMFle."‘?—ly SPQ_QI“G‘QO\)
‘H‘\Q—V\ -H«e_ deare,ﬁs o'C 'Freeal om are

- FM‘H«U"MO"Q, l‘p un Known PQNLMQZI‘QJ‘S are.

to be e_s'\'}mad‘e_ol) ‘Hr\e,y must be
G_S‘Hmoc\‘ﬂ_o\ \07 ‘H\e m&"Haoo( O'p

"HOW la,rje, S'r\ou.lA n Joé, ‘ér— +Ll€_
’)CZ test +» be valid €



Rule of Thumb: Eacl Q_)('PQ_C:[—QA count
E(ni> =nNnp; should be

-This is ove,rly onerous : W.S. Cochran
Sl«owe_ol 'H«e. QfProx]ma:HOn Can LQ jo&O(
even if  some elny)

-Tf any QXFec:l‘-e_A counts are tvo gmall
o use the ')(Z test, one remedy s
4o combine certain c«d"eﬁorie_s and do
FHhe dest with a reduced number of
c_e,“S (l‘p +his makes Se,nse_),

Exawple, i'- TL\e. mau\u-pad'urer o-p M+M’5
states Hhat Flcu'n M+M’s) A Skouu
be brown, 14% yellow, 13% red, 24 % blue,
20% eranqe and Ié% qreen. Thn a
v‘our\oloml'-, sc;led‘d lD‘Lj D'F /VI*M’SJ we.
—FinA +he -ﬁ;“owinj color Counts:

Brown Yellow Rtal Blu% Dra.nje_ Green
2 6t 54 ¢ 96 LY




" cmwﬁad‘urer's clau‘mj uswaj
— Test +he m
To(:':. 0.05 .

N=Gl+6+ -t 76+ L4 =
Ex pedepl counts:



ExamFle 2.(«)4'. Consider counts of +he
number of V-2 rockets ’anolz'nj n each
0-@ 576 re.jions on a 24 x2Yy jru'o( map
of London. Do the counts Hllow a
FPoisson distribution with meéan _17

Use x=0.05

# of rockets \0[1(213 4
Count of reﬁ{ons\ZZ“] )2.1\ \‘13 \ 35 3




EXerle Z_(lo\! Same. ald‘l) Lu‘\' SULPPoSe, -H\e
CL\&?A‘HOV\ was Sim’:ly w'rle:HaQr "qu_ o[&""(
‘FD”OW o Poicson o{l'S'h‘iLu’Hon .

- Noew we must




I\JO'."Q.: lA)Q II\OLVQ, bLS*eJ a jogolne_sg,o-(-\_-p"-‘— +’€S+
to tes+t wke:l'l«ex o Fof:ula‘h‘On -PoHowe_a( a_

Fo§s$0n a\iS"l'f‘;loq:Hon,
- We Cowu use <o 3ooo(ness—o‘p— -C\"' -|-€_5+

Simila.rl7 'l'b -\—e.s{— wlae;H«e.r olocl-m Cameé
—Prom - C_ovx'\"inuous al'lS'\'Y‘l'lou'h‘on (llkﬁ a

Y\OFM‘\.‘)} ,-C our ola:l‘& were c,on‘h'nuous.

_ We would have to break tHhe suppert
of +he distri buhen into ca.'l‘&jorfes CLywl
’pfn.ol He Fro\oaLi‘f+7 under Hoe o-P an
o\oserwchbn ‘P“”lrts into €_OLC_L, c_ad‘ejory
(om.nL Hius He e_xFuﬂ‘&ol counts of datq
—Fa“fmj n each ca_'l-e_joryB.

_._T\f\ese e_xPe_c:\*eA counts woulol be
c,owx‘mreot +v the oLSQJ‘VQA Cpc',"-QﬂoY‘y

Counts usinj

~-T{ +he qua.me_'l-ers D-p -I-L\e. olfS'h"l.LH:h‘Bh
were not Sfec.'nc\‘ecl) -H\e7 would be
es-\'imoc.‘\‘d with MLE’s) ond  we wouu

S u\o‘h‘a_ et



