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a
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fuuumsanasasd aa (Logistic Regression Model) ilosnegnivinaidn lagdnwns

HANUAIYBY DR b AD AR Wald, Score, Likelihood Ratio, Hosmer and Lemeshow (HL) uag

. as =2 v o % a a d'ol A 1 & =
Deviance 35msanmlsmsiassinuuumsannesasd aa Adudsmuiiaudu 0 uaz 1 wall
duhd sz 4 dudludmlsdeiiien 2 § uazdulsvy (Dummy Variable) 2 & hmsinaes
mWrNa 4 awmsal Aefidieg g 10, 30, 50 waz 100 udag awmsalms) 1,000 U
MIANTAMININUNTON DAudazAIz)SoufouAuMsunuasuUY Chi-square Ingfiansan
RWZUs naINYeIMsuenuaahiu. suflussnan 1agninedesiumsia " uligeniunse

UL 5 wydAgundn (H,) myuassiuile 1Ayvesmsna sy (o) Ae 0.01, 0.05 waz 0.10

adA

=S ! d‘ o/ 1 A a = ¥ . 4‘
HAMIANHINUI LHBINIDYNNIUIN 10 ﬂﬂﬂ‘ﬂllﬂ']i!.!.i]ﬂLLiNslﬂaﬂ']i!.!.i]ﬂLLi]\ill'U‘]J Chi-square 811N K9

Do

17; o = 0.01 Ao 8@ Likelihood Ratio 1 o= 0.05 @8 @@ Deviance uazﬁ o= 0.10 Ao aa
Score iiloshegniioma 30, 50 uas 100 a9 HL fmsuanuaslndmsuanusauuy Chi-square
wndl aftseduils ey 0.01, 0.05 wag 0.10 edwlshanlumnills & wydld  aa
Likelihood Ratio @ Deviance @@ Score way aa HL AmM3Iuanuauuy Chi-square 24U
o dyvesmma suszwdsulunniidvualy
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The Distribution of Wald, Score, Likelihood Ratio,
Hosmer and Lemeshow (HL), and Deviance for

a Small Sample Logistic Regression Model

Krisada Lekdee and Lily Ingsrisawang”

ABSTRACT

The objective of this research involved the investigation of the distribution of the
statistics that were used to examine whether or not the logistic regression model fit the data
when the sample size was small. These statistics were Wald, Score, Likelihood Ratio, Hosmer
and Lemeshow (HL), and Deviance. The simulation study was employed. The data were
simulated for the logistic regression models with 2 dummy and 2 continuous variables with
samples sizes of 10, 30, 50 and 100. For each sample size 1,000 simulation runs were made.
The distributions of those statistics (upper tails only) were compared with the Chi-square
distributions. The upper tail of the distribution was an important segment since it was used for
hypothesis testing. The levels of significance (o) were set at 0.01, 0.05 and 0.10. The study
found that, for the sample size of 10, at o= 0.01, the distribution of Likelihood Ratio was closest
to the Chi-square distribution; at oo = 0.05, it was the distribution of Deviance; and at oo = 0.10,
it was the distribution of Score. For the sample sizes of 30, 50 and 100, the distribution of
HL was closest to the Chi-square distribution at the significance levels of 0.01, 0.05 and
0.10. However, if the Score, Deviance, Likelithood Ratio, and HL were used and assumed to
have the Chi-square distributions, the levels of significance would change from the ones that

were set at the beginning.

Keywords: Logistic Regression Model, Wald, Score, Likelihood Ratio, Hosmer and Lemeshow
(HL), Deviance

Department of Statistics, Faculty of Science, Kasetsart University

*Corresponding author, e-mail: fscilli@ku.ac.th



M3 1Mo af uem T 26 aui 1 (2553) 19

NI

a a . . . [ A A o =6 o
mMsonnovasd @ (Logistic Regression) 1Humsanaeeiiidinuunldn avanu

v o ! o A < A v a A g v & a J A a [
wiugsenindsmaniandu 0 vie 1 Audulsd seliduldnsiiadetiesuassiialide
iWeuazildinnn 1 @ MedilumiFomamsunndigu msdanemst” sIavesdihemely
= v Y o o < o v o/ a A oy a A
sguzna 5 drdudiumsinmlsanzii muualddulsanuiian 0 efihoseadn uaz 1 We
R A Aa A' d' A A o/ A o/ a 9/ d' ¥ 4 1 &) A
dhe"eFia " wladedilieriedinlsd selathan wnsalimensalaniningunieans
d. d' LAl a Aa o/ a a S o 4 491
Coandihoaz " e¥ia duuumsannesasd fa NanyazAl
W Y fimswanuasuuuiueiyd (Bernoulli Distribution) anxihaziunagiinmgnisel
7 Wl P(Y = 1) = P anhezihuiaglifamgnsal P(Y=0)=1-P E(Y) =P uag V(Y) =1-P

e log it(P) = log(

1. P) = By + B X, + BXy + .+ BX,

| A o a A o a £
1o X X,,...X, AoAulsd sz uag BosByBos--Pp PO nse 530900y
fuumsanaesasd fa 1 aeanuhazidieanu savsiiamgmsalin Wlade

exp(B, + BX; + BX, +..+ B,X,)
P(Y = 11 X,.X,...X) = ot P&yt Py X,
1+ exp(B, + BX, + BX, +..+ B,X})

mslszinammnniiweiludmuuumsanasvasd e 1$omsUszanauuy Maximum
Likelihood 1$35msamsn (Iterative Methods) uagmaasuves uamsnlaiifuida*u (Nonlinear
Equations) &fivianeds uddidiss ninmanai auazléiumnndeitues Newton-Raphson uas
Fisher’s Scoring [1]
MINTI DUANNIVIING NYBIILUDMIAND0Ya0d aa I Aa minsanidenlsranadn
1 8@ Wald, Score, Likelihood Ratio, Hosmer and Lemeshow (HL) uag Deviance @@
 Xa . . A A o 1A ' = o
WMAUNMIUINUWUVY Asymptotic Chi-square ﬂamamamqmumiwmu aziimswanuaslndams
. 1 a va o/ 1 d' Y = I~ o Y A
WINUNUVY Chi-square [2-5] ualunnifiavinadednnls@nmenivinaian mliiAailym
Nmsls adteduiiensin euaNuvINg NveiuUY §eadlndiAseAuMsIaALAILUY Chi-square
violi fims@nwuferduduuumsanasasd Aa wag AANIEATIN DUANNIVING NYS
fuuuedunieyIe 15U Chen wazaniz [6] Anwdiuuumadiam as wiumaeynulu
I p qud A 4 a3 .
numsanaesasd fa iedegnivinaian Uszgndldisesadudedldin (Internal Solitary
ad = v d'Q/ 1] 1 ﬁ' o S o ] ) VY o/
Wave) 3smsanmlsnmsnaassidiodeing 54 wul ileihmgeidednvinalng llsiu
fednwnadn  dd Likelihood Ratio wag Score lfina qUmane o uydigiuaseiudoUit s
Nemumng wiudeya andud Ay 8@ Wald uag Deviance Mlvina qUaensundinuull
AN N Pulkstenis 4@ Robinson [7] Anw1 ddnlEma suanuming Nvesdiuuums
annewand fa NHmulsd szflufulsdeiies wuh 8@ Deviance AMsuanuaIuAnANNn

o

MIUANUNUUY Chi-square W 3N DA MSUMINA BUANNIMING NYBITIUUUAINAITUN Il
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Tagldndnmsadmeiunums 5 8@ HL udrnaes aumsaluuuane dun iefSouiioud
aan Swdunlwinu 8@ HL wag Kramer [8] @amimisuanuasves a@ HL Iaglémsiiaesdn

{ I

A a Adw a ) oA ) ) ' v Ao '
uuUMIANaYanl fa NNAINLE seilumudsaeliiod 20 MuazaIudsyu 3 M NAIENYING
50,000 wu @@ HL fimsuanuaslndmsuanuauuy Chi-square

1 < =1 aad’ 1 [ Y v Y g.ll o A aa
28I AMUMIANMIANTUIAUIIYDY AANAANINTNAUNTDONAUNY 5 FIAD DA Wald,
Score, Likelihood Ratio, Hosmer and Lemeshow (HL) uag Deviance MSUSINUUMIANDDEY
a a d' o/ 1 = I = o . [ = 1 YA ) R
aod fa edednlivinalan WisuiisuAumsuanuanuy Chi-square §3laifimnnen §I3ei
ulanazAnuimsuanuagwes aadsnanlefsgivinalan  1WisuimeuAumMILanLIILUY

o

Chi-square Woihnan @ lWlFlumsiden 88 WiuaT1 suaMuIvINg NYIRIUDLNMTAADDY

a a A o 1 = < i
093 AA LNEW]’JE]EJ'NN?JU’]GHGﬂGIﬂVL‘]J

wNsANEN

maTgasaillFmsfassiumsnanosaed fa Adutsau Y fimsunuaauuuiedyd
(Bernoulli Distribution) & P ifumndiwes u asanuhezifufeziiamgmseit wla wasd
fusd sz 4 d Ae X, X, 1udusyu (Dummy Variables) uaz Z,, Z, ihidulssiiasie
fioafimsuanuiauuuin@ lashasshanun 4 awmsal fe Aenadodn 10, 30, 50 uag 100
MyuaszUTe MAgYeIMIma au () As 0.01, 0.05 uag 0.10 usaz awmsallfimaia
mstraewmeufasTammaus 1,000 seu Tsunsudlddnmde Wsunsm SAS vesmadn aa
umAnendoinensen a3 ftuneudail

1. winmwesdudsd sz X, waz X, Wilmsuanussuuuiwesyd lasmmuald X,
fif 1 0g 40% wag X, fidh 1 og 50% ilriduiilsie RAND (‘BERNOULLL, 0.40) ua
RAND (‘BERNOULLLI’, 0.50) snuaau

2. wAnsmweshulsd s Z, nay Z, Whidusdeiiies imaenuaamnnd e
washiufe 0.5 uasanuulstrudiu 0.1 nag 0.5 muddy liFuitldie 0.5+RANNOR
(-1)*0.1 wag 0.5+RANNOR (-1)*0.5 muasiy
14, B,=1. p,= 05, f,= 1 B, = 1
By+ BX, + BX, + B,Z, + B,Z, Tudo
14+ X, +05 X, +Z, +7Z,
P(Y = 1|X1,X2,Zl,Zz) = exp(xbeta)/(1+exp(xbeta)) AN
uUUMIAADDEAD] @A B9 phat aziidogaznin 0 f 1

3. Mvuam B,
4. xbeta

xbeta

5. @uIniA1  phat

6. wanswasulsmu ¥ Wilduiu 0 vie 1 Tasds ey widimsunuasuuy
Uniform (0.1) dhéiae ‘uitldfidnsnnndien phat W ¥ = 1 duae ‘witldfesnimienhdy phat
W v = 0 flaifuiiléfio RANUNI (1)

7. wAnd X, X, Z,, Z, uaz ¥ owdunouit 1- 6 Tisnounhiunnadod
mmvualuudas awmsal Ae 10, 30, 50 wag 100
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8. 1§ PROC LOGISTIC uagz PROC GENMOD isznammwniimesludiuuums
anapYand Aa Uuiindn 8@ Wald, Score, Likelihood Ratio, HL uag Deviance ¥odudias a1un15al
9. ustaz mumsEhhMIE 1,000 50U Fwenlildm dudazinsnu 1,000 @
10. theh Adudazi idAnimadnvazmsunue Gl
10.1 %9 Histogram wag QQ Plot ¥ed dfudasdd 1WsuiNeuAuMsuanug
Wy Chi-square ﬁﬁ Degree of Freedom (DF) AU Tﬂﬂﬁ 8@ Wald, Score, Likelihood Ratio
i DF = 4 @wududsd s2) 8@ HL § DF = 8 uaz @@ Deviance 3 DF whAuNadii
YOIDIUIUA “UARALNIUIN TN DS
10.2 fMevNveIMsuanuas e adudazdf o = 0.01, 0.05 wag 0.10
nnmmenlng (Quantile) 7 0.99, 0.95 uaz 0.90 muddy Wiswifofud 8@ Chi-square
fifl DF whity wasit o 1@erdu “wium 8@ Chi-square Hu enniled$i CINV(i-i/1000,DF),
Wei=1,2, .. 1,000 $wzldm & Chi-square 1,000 M 7 o= 0.001, 0.002, 0.003, ...,0.999
MUAMAY
10.3 the & Chi-square 7% DF = 4 # a= 0.01, 0.05 waz 0.10 Wfisanh
asafusumisaeulndihlsvesmsuanuaves a8 Wald, Score, Likelihood Ratio then @
Chi-square #ii DF = 8 lWfisrsanhasesiushumimoulndiuilsvesmsuanusves a3 HL
uazihen 8@ Chi-square 71l DF uhiumashevessnnum “unafusnoumniimefinsant

asafumM kMU Indnilsveamsuanuagwes ad Deviance

NAaMSANEY

1. Histogram tag QQ Plot
NNITAMIUINUNYDY AAUAAZAINN Histogram wag QQ Plot WUl aanams
uanuRalndMsIINLITULY Chi-square 3nnndh 8AsHBUA 1ile n = 10 Ae 8 Deviance 1as Score
\iio n = 30, 50 wag 100 Ae 4@ HL u asfegtil 1-10
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Score Quantile-Quantile Plot
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gﬂﬁ 8 Histogram 909 @ Score 130 n = 10 gﬂﬁ 4 QQ Plot 89 & Score 1o n = 10
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71t 5 Histogram woq @ HL fle n =30 1l 6 QQ Plot 984 &@ HL ifio n = 30
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51t 7 Histogram ve4 @ HL 1iio n = 50 51t 8 QQ Plot wea @@ HL iflo n = 50
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HL Quantile-Quantile Plot
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51t 9 Histogram ve4 @ HL 1o n = 100 51t 10 QQ Plot wes & HL ifle n = 100

2. Wlssunaua adudasamINuA1 8@ Chi-square 18 DF 1viau
AR Wald, Score, Likelihood Ratio # DF = 4 @wudiuilsd s¢) 8@ HL A
DF = 8 uag 9@ Deviance § DF IMAUMNAAIYDINUIUAT “UAANUINUIUMTHINDS 15eu e

M dAudazdAuMm 8@ Chi-square 18 DF iy 1 = 0.01, 0.05 uag 0.10 4 aslumed 1

MsNN 1 WSeuimsua ddudas@inua1 8@ Chi-square 18 DF 1wAu

n o Chi-square Wald Score Likelihood Chi-square HL  Chi-square Deviance
Ratio

DF=4 DF=4 DF=4 DF=4 DF=8 DF=8 DF=5 DF=5

10 0.01 13.28 2.78 9.49 13.86 20.09 10.73 15.08 12.90

0.05 9.49 2.29 8.30 13.85 15.51 9.73 11.07 11.56

0.10 7.78 2.03 7.73 13.79 13.36 9.16 9.24 10.48

30 o Chi-square Wald Score Likelihood Chi-square HL  Chi-square Deviance
Ratio

DF=4 DF=4 DF=4 DF=4 DF=8 DF=8 DF=25 DF=25

0.01 13.28 8.52 16.34 23.30 20.09 18.60 44.31 40.23

0.05 9.49 7.65 13.22 17.17 15.51 15.11 37.65 38.86

0.10 7.78 7.23 11.79 15.02 13.36  12.90 34.38 38.00
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MmN 1 (510)

n o Chi-square Wald Score Likelihood Chi-square HL  Chi-square Deviance
Ratio

DF=4 DF=4 DF=4 DF=4 DF=8 DF=8 DF=45 DF=45

50 0.01 13.28 1295 21.03  26.79 20.09  20.38 69.96 67.40

0.05 9.49 11.52 16.60 20.24 15.71 14.41 61.66 66.10
0.10 7.78 10.76 14.70 17.62 13.36 12.72 57.51 65.24
100 o« Chi-square Wald Score Likelihood Chi-square HL  Chi-square Deviance
Ratio

DF=4 DF=4 DF=4 DF=4 DF=8 DF=8 DF=95 DF=95

0.01 13.28 21.84 29.98 35.17 20.09 18.79 129.97 134.88
0.05 9.49 19.20 24.62 28.35 15.71 15.07 118.75 132.67
0.10 7.78 17.67 21.97 24.61 13.36 13.26 113.04 130.88

1AM 1 e n = 10l «= 0.01 A# Likelihood Ratio (DF = 4) fialade 5d
Chi-square (DF = 4) i K l o= 0.05 @& Deviance (DF = 5) e1ladar af Chi-square
(DF = 5) A Ko uagn o= 0.10 a# Score (DF = 4) #alnda o Chi-square (DF = 4) 110

fi @ 1flo n = 30, 50 uaz 100 @@ HL (DF = 8) fialnde1 &R Chi-square (DF = 8) wnil o
flsziuile ey 0.01, 0.05 uaz 0.10
lumsna ou uyfigiu H, ihduumsannesasd Aamng uiudoya & uy@ld
dfudazfiimsuanuasuuy Chisquare szduile Wovesmma evazwdswly Fredhaizy
Lﬁ'ﬂ n = 10 @l¥msuanueeeiewes ad@ Deviance WL B Hoﬁ o= 0.05 Lﬁﬂ id Deviance
fisnnnd 11.56 usdh uydli 8@ Deviance fimsuanuasuuy Chi-square 92UF1 5 H, ifio
8% Deviance fiAmnnnt1 11.07 Baasriliszduie 1¥quesmsna suideusn 0.05 T 0.069
fan adlumandl 2 wazidio n = 30 dlFmauenuaniewes ad HL Wi 5 H, 7 o= 0.01
i 83 HL fiewnnah 18.60 usé uy@l¥ 88 HL fmsuenuasuuy Chi-square 9UfL 5
H,dle 8@ HL fisnnnh 20.09 Sasiliseduis dyeesmma sudsunn 0.01 i

0.003
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A1INN 2 32Uty MAYYeINING BUHe NYAW Adudazdiiinsusnuaauuy Chi-square

n o Chi-square Wald

10 0.01
0.05
0.10

30 «o

0.01

0.05

0.10
50 «

0.01

0.05

0.10
100 «

0.01
0.05
0.10

DF=4
0.01
0.05
0.10

Chi-square

DF=4
0.01
0.05
0.10

Chi-square

DF=4
0.01
0.05
0.10

Chi-square

DF=4
0.01
0.05
0.10

DF=4
0.000
0.000
0.000

Wald

DF=4
0.000
0.002
0.038
Wald

DF=4
0.004
0.203
0.412
Wald

DF=4
0.392
0.715
0.827

NAMINN 2 & wydl

Score Likelihood Chi-square HL Chi-square Deviance

DF=4
0.000
0.009
0.095

Score

DF=4
0.047
0.233
0.391

Score

DF=4
0.159
0.400
0.5655

Score

DF=4
0.538
0.763
0.845

Y aa

9 n = 10 N o= 0.05 Sidenly af

Y aa

T AANNAINNTUINUINUDY

Ratio
DF=4
0.280
0.468
0.513

Likelihood Chi-square

Ratio
DF=4
0.150
0.351
0.486

Likelihood Chi-square

Ratio
DF=4
0.245
0.470
0.607

Likelihood Chi-square

Ratio
DF=4
0.591
0.793
0.857

v A

DF=8
0.01
0.05
0.10

DF=8
0.01
0.05
0.10

DF=8
0.01
0.05
0.10

DF=8
0.01
0.05
0.10

DF=8
0.000
0.000
0.003

HL

DF=8
0.003
0.045
0.084
HL

DF=8
0.010
0.030
0.075
HL

DF=8
0.005
0.042
0.095

DF=5 DF=5

0.01 0.000
0.05 0.069
0.10 0.187

Chi-square Deviance

DF=25 DF=25

0.01 0.000
0.05 0.119
0.10 0.382

Chi-square Deviance

DF=45 DF=45

0.01 0.000
0.05 0.321
0.10 0.620

Chi-square Deviance

DF=95 DF=95

0.01 0.137
0.05 0.701
0.10 0.898

Chi-square Tumma 8y uyfgIu
Deviance szdutiy dyvesmana evasasuliiosn o

nazh o= 0.10 dudenld 8 Score szautly AgVeIMING suszwdsulitiesn a udn

o= 0.01 szautis 1dguesmma evazdsullmnnliiegls addladam e n = 30, 50

waz 100 dudenld 8@ HL szdvie "dgveanma evazlasuliiesn anszduile 1Ay
0.01, 0.05 uaz 0.10
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3. Jevazvoamsujs 5 H, mﬁﬂw ammmmummanumu,mJ Chi-square
miovazveamslfl 5 H, fl =001, 0.05 uaz 0.10 ile NyA Y Bdudazin

AM3UNUANIUY Chi-square 1 adlumaad 3

d' 4 a d' afg ¥ aa ! o/ A .
@13190 3 AfevazvesmsUfl 5 H, e uy@W SAudasdilimsunuaanuy Chi-square

n o Wald Score Likelihood HL Deviance
Ratio

(%) (%) (%) (%) (%)

10 0.01 0.0 0.0 28.0 0.0 0.0
0.05 0.0 0.9 46.8 0.0 6.9

0.10 0.0 9.5 51.3 0.3 18.7

30 0.01 0.0 4.7 15.0 0.3 0.0
0.05 0.2 23.3 35.1 4.5 11.9

0.10 3.8 39.1 48.6 8.4 38.2

50 0.01 0.4 15.9 24.5 1.0 0.0
0.05 20.3 40.0 47.0 3.0 32.1

0.10 41.2 55.5 60.7 7.5 62.0

100 0.01 39.2 53.8 59.1 0.5 13.7
0.05 71.5 76.3 79.3 4.2 70.1

0.10 82.7 84.5 85.7 9.5 89.8

NAMINN 3 & wydld BAyndIiMIuanuIuuY Chi-square Tumng 8y uydAgIy

1o n =109 o = 0.05 dudenld &d Deviance Miosazveamstft s H,wlndfiva o il a
d' k'Y 2 Y aa -4 a Y ! d‘ ld‘
wash o= 0.10 ddenld 8d Score Aipvazveamsufs 5 H, wlndfiua ol @ uddl
a= 001 iesazvesmatfl 5 H, asdnnnm o mn lihazidenld dddilafaun e
n = 30, 50 uaz 100 dudenld dd@ HL eesazvesmsUjt 5 H, aglndiy o nnil afiszdy

g A7y 0.01, 0.05 uag 0.10

" d =
siluazINTUNAMSANE
NAMSANENIMIUINUIYBY DR Wald, Score, Likelihood Ratio, Hosmer and Lemeshow
(HL) uag Deviance N1F 15U 2UANNIMANE NYDIUVUMINANDEADD fa 1lodI0g1al
I~ [ [ o/ a a d'dq.l 1 - [ 1 d' Y

vinaan laglimsiasadinuunisonaesasd fa nidulsdu 2 6 wagdulsdeiiies 2 @ lay
MMINADWNNNA 4 aumsal Av Nevgavng 10, 30, 50 uag 100 ugag MUMIME) 1,000
DA e oA mada Y . 4 4
39U WU Wededwiiving 10 AanAn1suanualndnisuanuaauny Chi-square snail af
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o= 0.05 fi8 Deviance uasii o= 0.10 Ao Score MaANMIATIINMIIBURBUMIIINLIITES
ddudazdNUMILANUAINUY Chi-square s namaImMYsIsMILInusIvhing thesonii
vinam fyliferdesiumsia wliwonsuvieudt s Nyaguvan (H,) findhuwumsanaes
03 Aamng uivdeya nanldfauandunnnguidedwemalvgiiin 88 Deviance uag
Score vziim3uvnuaslndmsuanuvenuy Chisquare siotiededniivinalng [2, 3, 5] &
Fumsnaniwinatmuavesmsuenue uasiledme o= 0.01 bimsldfuuumsanass

a03 AANUAIgNYING 10 Weannlud dddlawmng unaglsinsananuming NvesdInuL

1
=y

Wi o= 0.01 @@ Likelihood Ratio agiignlndan aa Chi-square mﬂﬁ qﬂfdm”m ugiin Numﬁ
&% Likelihood Ratio §imsusnuasuuy Chi-square uwdissduils 1dgyvesmama evazilasu
Tsnndenn 0.01 i 0.28 Selimng witei g
iefoghaiiving 30, 50 waz 100 da HL fimsuanuadlndmsuenusanuy Chi-square
nnfl _aftsedutie ey 0.01, 0.05 waz 0.10 Hosmer and Lemeshow [4] v 1o 8@ HL
MFUATI DUANINIHING NYBITILIUNIaAaRsaed Aa lasuied “unaeeniily 10 agu
whe #u Tasldehamunhagiduiinernsalldifudutndy udrdmnam 83 HL mndnnuads
voamsiRamgmaailundazngu nazdunuaiiimaniwesmadamgmsalluudazagu Taold
nanmsiieInuAUMSANMAY 8A Pearson Chi-square 2@ HL aziimsuanuaslndmsuanuag
Wy Chi-square M3l DF = 8 iflefethefivinalng defivnalnainh 400 udmsinunluadail
wuh 8@ HL fimsuanuaslndmsuanusanuy Chi-square i3 DF = 8 iileshedaiivinaidn
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