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Abstract : In the previous article in this series we introduced the basic concepts for statistical analysis. The present
review introduces hypothesis testing for continuous and categorical data for readers of the veterinary science literature.
For the analysis of continuous data, we explained t-test to compare a single mean with a hypothesized value and
the difference between two means from two independent samples or between two means arising from paired samples.
When the data are categorical variables, the x* test for association and homogeneity, Fisher's exact test and Yates'
continuity correction for small samples, and test for trend, in which at least one of the variables is ordinal is described,
together with the worked examples. McNemar test for correlated proportions is also discussed. The topics covered
may provide a basic understanding of different approaches for analyzing clinical data.
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Alell H]@ &t FAHEA] (analysis of variance), @A Hwaks dE SaAe YAN o2 So] wARHow
(confounding variable)2] HIS HAT Aejollr Xga} dLg JHE WY SE hemoglobin =5 43 A7}t

o] zpolE FAs= F]FEA (multiple regression analysis) Table 13} 2t} sixl. BHTOA | 2F2H] s=9] Hd
£ ZA1EA (multiple logistic analysis) 5 TF¥sh 7|HS

AREEF = QIth(12). 3 REEAS 913 IS 22 Table 1. Serum hemoglobin concentration (g/dl) in dogs with
Ba 79 Hms AGW AT o|2EH 29 Hn chronic renal failure
ooz =y E =Yoo FHFH|TE $3F Wilcoxon Data 123 13.1 12.8 10.5 11.2 10.2 10.8 10.9 11.8 10.4
- 13.2 10.6
rank-sum test (Mann-Whitney U test), 22 ©]F F ¥ EO
el = 14.6 12.0 13.1 11.2 10.5 12.6 10.1 124
HFH| S 98 Wilcoxon signed-rank test, AZAAE & " 16
0
'Corresponding author. x £SD=11.72 £ 1.26, SE=0.28, 95% CI =[11.1, 12.3], t-statistic
E-mail : paksi@kangwon.ac.kr =-15.3 (p<0.0001)
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Table 2. Serum calcium concentration (mg/dl) in dogs with
renal failure (RF)

Acute RF (n=45) Chronic RF (n=155)

Mean + SD 11.8+1.7 10214
SE 0.25 0.19
95% CI 11.3, 12.3 9.8, 10.6

SD ;7= 1.54, SE ;5= 0.31, 95% CI of difference = [0.99, 2.21]
t-statistic = 5.16 (p < 0.0001)
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Table 3. Glucose level (mg/dl) measured before and after
treatment

Before After
Data 78 84 88 78 68 102 98 88 82 100 92 78 110 100

98 92 80 70 90 104 106 88 78
106 102 86 92 100 104 88

Mean + SD 88+ 11.78 94 +10.28

X7 £ SD =6+ 5.86, SE,;,= 1.51, 95% Cl = [2.76, 9.24], t-statistic
=3.97 (0.01 <p<0.001)

Table 4. Observed frequency by antimicrobial agents (n=400)

Treatment result

Smear —  Smear —
Agents Smear +  Culture + Culture — Total
A 40 30 130 200
B 10 20 70 100
C 15 40 45 100
Total 65 90 245 400
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Table 5. Expected frequency by antimicrobial agents (n=400)

|9

e

Table 6. IMHA frequency by blood types in dogs (n=43)

Treatment result

Smear —  Smear —
Agents Smear +  Culture + Culture — Total
A 325 45.0 122.5 200
B 16.25 22.5 61.25 100
C 16.25 22.5 61.25 100
Total 65 90 245 400
It 5 /RS T st Aol glrks ATTHel

ol o Z|giEE WSS ou)dith TAble 4014 3HA8A] =
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axg;q] AQ]— I:ULO]:/K-] /u]oﬂ EHE]. 7]1;HL‘_]_‘_ A=65x
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o g Aok el digk A% #ENIEe} ZNIEs]
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(row, 1)& ZH= BhedA] A A3 iR Feof iz}
ZNHNEE 27t 0, EFt 3P A8EARS v 2t
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T E ZF ARAde] gitke ATl Ak AR E
AL AFE7F (r—1) (c— 18] FroAlE B2 ARSIt
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&4 1A A tigt JlolAly AR okt gE
(dlscrete probability)oll &85 EXE ZAAY| Hoe
53] A E(small sample)ol|A= FHo|Al 23
2AMES A& FholAlE FAIo]
AUTH WA 2 x 2 FEFFOA AFE AE
o} A AAL 3 MO T Yates7t AASH
A (continuity correction)H= AME-SHH(Yates 1934). °]
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ARl BAFE AT

A%

S

ﬂf{
r{igiﬁrlr
_I)P‘L'L
OEO_L‘—&_V_‘,

e F

—W H HU
4 i o

2
. O.—E. |-05
x2=2;:12/?:](’ i z| )
' Ey

XEF7|7F 2 x%, Yates HAH, Fisherd] A&3& 7

Blood type IMHA+ IMHA- Total
DEA 7 2 3 5
Others 29 9 38

Total 31 12 43

* DEA, dog erythrocyte antigen, IMHA, immune-mediated

hemolytic anemia

Aol BEF U3 AIE Hox|WF A Ho|ME Fisher 4
A3} Yates BAHo] ByA AxS xﬂ%—@ﬂ:]- HZ=Aol A
et 3R gl ST EH T W 7 Aol
the 285 48 7o) 2ass on|ght.

22 Mol &} Z{E(Fisher's exact test)
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N 7 sk Feje] 2 x2 B x| Uish FlolAly B
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del 5 Zhe ABA HIEE Hlud Agole 7Rl
E7F 5 o8l Ao AAl el 20%E |Al ‘3%—0]'0? Cih
ZIHRIE7E 1 o]l o] flofo Fivh. vl o] 7Y
Hw7F 2o Aedh AASAE 32 A 2kl Fhe] 3
Ho(inflated) A2 o2 FAF] AFEH= A7t
ZYHBER o] A9 BIEFAAGY] U 2IIsHER| =
A%t Fishere] %2737 (Fisher's exact testyS AMS-THH(6,7).
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AL Alellr Doz Aulzi g8 EdWE (IMHA) 7
Al gk AellA Table 63+ 7EL% AFNE dATL 7
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:LT;]—XJO] H%}-E (4]137]_)\-10] %1—] o].l/]a}k: 74)‘___1 CE
g2 wr Golel AV st gol 3HHe| e )
HE B2eg 1o g 98 BE8EE Table 73 7o)

A7EA 8ol 7Fs3heH9).

Table 7914 Table (i), (i) ¥ (iiyS F+2L 271518&E2
T3 2t

GO ()

F

Table (i) = 0.1063, Table (ii: = 0.0159,
() %)
31\/12
Table (i) (0(1%5 ~ 0.0008
5

F=AA A AZ FoES 0.1063 + 0.0159 + 0.0008 =
0.12300.% ARt o] 7k 5% ool AFIES

7171814 3ttt A FgES U] st 2=
Ao FodES Wed] 2 = UA|T Fishere] 48
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Table 7. Extreme contingency tables for calculation of Fisher's exact test

Table (i) Table (ii) Table (iii)
Blood type IMHA+ IMHA- IMHA+ IMHA- IMHA+ IMHA- Total
DEA 7 2 3 1 4 0 5 5
Others 29 9 30 8 31 7 38
Total 31 12 31 12 31 12 43
FEL HEA] S HolE Flo] ohyr] wEo I i s FholAl HABATFS 1.242013 ol 5%l
S AUAA BEH9l AAs der)h webd B HE8sk CMH 773439} Fdst 275 Helth(p=0.2650). &}
e ) e BEE BYEe G487 2 Eﬂ H I R $8l AT Sole Fack) A8 A
° BE HE2 tsle] AN o] ui st ol tElAE e olF BAR F BASRE 2] 3o

2.3 Cochran-Mantel-Haenszel (CMH) test
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< AT o ARSI oA AR Tl AR
o] A shte] o2F WelA] BlaatARt CMH A
AL oy e aF = 3k 9 (stratification factor)o] U
< W ol2lgh 8IS BATE AJeollA A2 7k HlEel] xfel7t
JEAE AR o FE AR ¢ ATH2.3). T8kas]
2 o]AREAHEA M B-E 22l (blocking factor)Z} f+AFSH &
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o] WX Brigh 740]‘3}5’— sk o] of el st
Z(stratum)e] €t} o] A4 W e} X g&o] ThE F

Q7] wjEe] F opEe zmw B} Gee Hlws] 9
e Hee E38 AT FudM 28 vlashs
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= ojydt Q% sFsdlth & MF k (k>2> A 59
FAE N, 2F 1604 F B TX,, I

, T 2014 F A X, WS Bl A ¢ opet
x oPﬁ CMH AAEARE tres) o] ARk o] £

i

>

l

Ir

l‘

g2 7 stollA XHr 1S Zt= JholAly 3ol 2
A,
2
2 = [ZF_ \NUM]
CMH Zk_lDEN
X, - X, xn;
NUM. = jl jZ 72 'j1
’ N
X N5 X X +X X N -X.
DEN. = 1 'j2 ( ) ( ,] Jz)
/ Nfzx(Njfl)

A MRA}S R ast=d ALREHE 7= oF
(control)@ A= Mg FEnew)rke] B LL HlwIR=
VPE 4xe] el Wrje As(Table 2 R AR Y
Zate] AYEAZES AASH Table 994 74t}

Z3kag1el Hé%l«] A34E 23 Aol AatdE 14
AT 1233 FOl5E sueld ARk 3841 mr) Ao
BE 5 oRE 7F 9RY A8gd Aot glrke A8S 4
EHp=0.2668). S3}830 BATA] ¢3S Aeelr] 24

rir o

)

sitl. CMH 747},L QAo A T84 Z}H (retrospective
data)s A317] flste] LE ZoR ol WIS thsst
AASA] MEElol At o5 S I JolAl 3
A (Cochran's y* testy> $2] F2o|A] ErQl N}N;-1) &
N} o2t FleR k=12 S el AR AL}
%o)sth;]_ H-sl—_z_o]]}q = lh=v ]_ ZLe. Ado] e 73_[_ |
&8 WAS CMH AAEA ak(XCMHad/) o o3} 7},
RS T w49l Ao ] wEel dikHos A4

£

Table 8. Response frequency by study center

Study center  Group Response reIs\IJ(:)I;se Total (%)

New 22 10 32 (68.8)

1 Control 10 7 17 (58.8)
Sub-total 32 17 49

New 10 14 (71.4)

2 Control 12 7 19 (63.2)
Sub-total 22 11 33

New 14 21 (66.7)

3 Control 9 15 (60.0)
Sub-total 23 13 36

New 20 28 (71.4)

4 Control 8 13 (61.5)
Sub-total 28 13 41

New 66 29 95 (69.5)

Total
Control 39 25 64 (60.9)

Table 9. Summary for CMH test statistic of Table 8

Study center NUM,; DEN,
1 1.102 2.568

2 0.667 1.847

3 0.583 2.076

4 0.878 1.970

Total 3.230 8.461

xéMH = (3 230)%/8.461 = 1.233, Critical region = 3.841 (o. = 0.05,
dr=1), XCMH =1.233
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gfele A7 &
[|[2F_ \NUM|-0.5]?

Xewad = sk_ DEN,
J = J

AR A AT (eFE) 1 AEE] A7t Skl U4A
31A] @drhd ol A5 A& (interaction)o] EAES <]m| gt}
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01

2.4 FMIZd™ (trend test)
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801 B group HRIE Ol St S A

% st W] o] i WES )&l FA(trend) THE
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Table 10. Response summary by drug level

Level (mg) Died Survived Total
5 5 35 40
10 6 29 35
15 10 28 38
20 12 27 39
Total 33 119 152

Table 11. Response by treatment groups (n=195)

Response category

Treatment Non-
group response

Incomplete Complete
recovery  recovery Total

Drug 16 (22.5%) 26 (36.6%) 68 (40.9%) 110
Placebo 24 (35.3%) 29 (38.2%) 32 (26.5%) 85
Total 40 55 100 195
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Table 12. Data summary for alkaline phosphatase (ALP)

Condition 2 (post-treatment)

Condition 1

(pre-treatment) Normal Abnormal Total
Normal 60 14 74
Abnormal 6 6 12
Total 66 20 36
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