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Study question is focused on population,
but the fact is......

Population

= R} (parameter):
n GiEtE(statistic): kR 31 {H (estimate)
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| & (Random Sampling)

1
o H—EWR, A RBE AR R T
RRZE AN

n RfEEmaa T 2 Eam AL

el2bicty siiilEs

(Non-random sampling)

» FREERE AR EREREZ RN

o EEmGTE T EIFIE AR T LA TRE

» EEASEHEE

| bR A

1
o AR gt TP HI B E 2 EE Ay (random)
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Statistical methods
for different purposes

= For describing magnitude/effect size

» For describing efficiency

» Providing statistical evidences for study
hypothesis

= Describing effect sizes while controlling
(adjusting) for confounders




For describing magnitude/effect
size

O EE YA N

» Means, standard deviations,

= Number of subjects, proportions

» Odds ratios (OR), risk ratios (RR)

= Correlation or regression coefficients
= Plots

= Survival curves

Descriptive Statistics
9

For describing efficiency

O HUAR R
= standard error (SE),
= 95% confidence intervals (95% CI)

Descriptive Statistics

10

Confidence Interval (CI)

1
 (EHELER

 EEERAISH - WHE— (B
Bt

s 5%/ (E 10 {538/K#(Confidence Level)
w JREAEEE A BRSO 148 % (R 2 E R + 3%)
= 95%CI
» H95%MHE, R gk E AR

| E S AR A AR -

B LAH(E =) Mean SD  Median 25% 75% 95%Cl

Wpxdg(x) 86 572 8 5 11 (6.24,10.96)
E8(&k) 4124 201 41 25 57.5 (32.94,49.54)
ME(ES - R) 9831 068 982 98 98.8 (98.03,98.59)
Bisp(+) 784 321 7 5 11 (6.51,9.17)
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| RS

|
A SRR AR A AT

FoaEsg  AEr Eoth 95%Cl

MEE 451 37.43% (34.714% , 40.20% )
WENX 242 20.08% (17.92% , 22.44% )
iR 320 26.56% ( 24.14% , 29.12% )
A2E= 192 1593% (13.98% . 18.11% )

Providing statistical evidences for
study hypothesis

7= yes/nofi &

» Hypothesis testing, including
= Chi-square tests, Fisher's exact test, ...
= t-tests, ANOVA,

= Nonparametric tests
= Wilcoxon signed rank test
= Wilcoxon rank sum test/Kruskal-Wallis test

Inferential Statistics
14

Describing effect sizes while controlling
(adjusting) for confounders

I
BT ([E S IE H4E R 2
= Models

= Multiple linear regression (concepts of
adjustment, confounding and interaction)

= Multi-way ANOVA, ANCOVA

= Multiple (multivariable) logistic regression for
categorical outcome

= Cox regression for time-to-event outcome
Descriptive and Inferential Statistics

»

Inferential Statistics

AR EE R I T AR?




| decisions based on Examples of Study hypothesis

= Investigate the outcome (Y) in different
setting of effects (X)
= What are the

. ; = Whether changes in factors (X) will
study objectives? result in different response e )

= What do we want to prove in our studies? = Other study questions....

17
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| ISR . ERERAER

1
= (KOS EH ARG T4

" B LR
» JH4E M (continuous) 58y Js
- JE711%(categorical) 2 > FHERE
. A% A > FPL K&
= Outcome (response, dependent, Y) > *ﬁjﬂju E E

= Design (independent, X)
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o EHZAEHIXEYHY

s REIXHYEEE (design Variables)Z 5y

980
E/%El

YHY %2/ (outcome Variables)

<

SIRRTITA T

= Design Variables
= Predictors
s X
BRI LAV
. %iE%ﬂH%}%%EZSEH
HEAVENR

= Independent

» HEIH

s Outcome
Variables

= Response
s Y

%Eﬁﬁﬁﬁ%ié’ﬁ%%

n ZEEREA HIELL

(AR NE IS
= Dependent

n (I

QOutcome Continuous

(0]

Categorical

Design (X)
Continuous Categorical
Pearson Correlation t-test / ANOVA

coeff.

Linear regression
Spearman Correlation
coeff.

Linear models
Wilcoxon Rank-Sum test
Kruskal-Wallis test

q izt ERES

Logistic
Categorical analysis

X 2

Fisher’s Exact
Categorical analysis
Logistic analysis
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1
o FEFIFISEET AR IR, A0 PR
43t (Probability Distribution)” Hizg
Fofliiz

| 14522 43T (probability distribution)

|
= (ETRERRERE B H B AR 1, 712
PRI -
= R
w PRI rh ] RESE AR HYTH H S E U X
= YR R0E] 15230 H SEUE S EAER AU -

I [ f& 8 8 (Random Variable) (X)

|
o (TG BRI B
. BB & R

n Al —PEIR R RO —
4r=t47 4 (statistical distribution)

| FERER @

1
n ELIXAFR—(EPEEEE

» X7 & —{E ] E{E (possible value) & A Ha54:
1423 (probability)

w EX1. FE— A R R X
o X — B PR TR T R A R B
s X—>0-1:2




T 2 hE S 2 IR 2R B Y
| 5

| e TS

= AT RV RE R S D S B A 22 ]
HFTA I REE
o BRI S R ST

o RIHER S BO B e 5 T B
=0<Pr(X)<1
» 2 Pr(X) = 1 AT RERIXE

| BB R I

1
m EX2. BRI PR T
= [EREEE(X) Ry W (1 A% Ay AEA

n (MR > JFHE (law of probability) » it
PRI > P A S A4 TRE By

BTSRRI it 2 (1 (%)

kS F agsihl m binn Freguency P ntage ()
P 1 1 4
2 13,31 2 1
4 1%,41,u3 4 ¥
b 14,41.43.34 4 11
4 15,51,24,42,33 3 14
o lé,81,d5,04.38,42 -] 14
g 26,82,33,53 44 5 14
D 34,43,45.54 4 i1
10 46,64,55 3 2
11 36,63 2 a
12 da 1 3
Totzl 38 100
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| BRI A1
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. *EEWEDM Pt BR S 4 BR 2 75 B 1E B AAH[E]
= ELAIIE T AU 4EBRAY P (E B (1o) F590mmHg
= F334HDM PHERA, HVEUTERER T R Xi, Xz, e
= DM Ptufg 4 BRAY P (H B8 oy

o fRERER
o WEETEEIRFE




| &RETRENES

AN

%2 / wo ;3

¥l // == “\\

/ e \“\k

et e IR (%)

n PHECRABEHE TR G, FEHEA
e G AvA S ) =

n [EAEEER(null hypothesis) H,
» SR MRS, ARG

» ¥ 77{EE5R (alternative hypothesis) H,

- BB, LIS

e T e IS (%)

n LR B LM 5SS HE?

o AGHE B IR RS S CE?

o AT R R G e BRI

et EAE R ATERE-PE

o HIR L, SR AR, Al
a7 EREIH E 4SS sm IR

= AR/ NFR0.058F, BIEg IR IHE A
B B I Rysam




| A he i Al R A e (45

= P-{f < 0.05
RGOS

 ERE M IR B AR
n P'{E Z 0.05

= SEATEIHRE RGO FEHY

Design (X)
|
Continuous Categorical
Outcome Continuous | Pearson Correlation t-test / ANOVA
W coeff. Linear models

Linear regression Wilcoxon Rank-Sum test

Spearman Correlation | Kruskal-Wallis test

coeff.

Categorical | Logistic x?

Categorical analysis Fisher’s Exact
Categorical analysis
Logistic analysis

One sample test

[
» EX. EEfE—4H 2058 55 1 KA AR HYSBP 2
Ay Bl ] [F] A i 55 MY SBPAH E]
n SHE AR A B2 B T YRR AG
n TR ERGER
o HO: JLAHACER A B Aok B BRI SBP A (1
g7t 2 B4 AR
o H1: PSS B A B BRI SBP S (1
g1 2 B 4P 0 SR

43

One sample t-test - Example

N Mean SD SE P

FEZE 474 1740348 10814.62 49673  <0.001

o AP ILEA7AEER, SR E AR
17403.487t, Blir& 2= {E -5 520000 tHY BEE
BOAHELRL, AR BRI AG T & = H P
#iE A [F(P{E<0.001)

44
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! How to interpret significance

GrataE

= DUSRET R E 12 p-value ZRKLE
MAEZZEAR/N -
= 5 —{[Elp-value )& — (i M -

46

| 5 —({Ep-valuedt fE — (R

| 5 —({Ep-valuedt fE — (R

P Ve L A ;
cholesterol R R P-value
181.38+7.01 ? <.0001
181.38+7.01 ? <.0001
181.38+7.01 ? 0.0740

47

B eih

cholesterol VR B P-value

181.38+7.01 0 <0001
HE

181385701 | 00> | <0001

181.38+7.01 Hi e 0.0740

195.80+13.22

48
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= BRSO URRE A E
GathistEZ RN E&
et LAY/ A
EHERIARIE

49

s

o EEEHERN - (HREAREIR RS
SHEREE......

o SR TREE ARG HERDN - 3
EERURTEEKX. ...

n ¢ (AR AR 1 /\é/—z,s%@ﬁﬂéiﬁﬂﬁ
HOBEAHZE—T, E}%@‘E‘hgﬁ%r

= True Story : nothing excited !

11
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|

|

w BEEHERA - HREARBRINMESEAE
GiatEEE e

» HEEAEEEN  EHEGRUREE -

w B (EAEEEEE AT ENY G R SRS iR
e HAMMERY 106 - (BT EEE |

» True Story @ FA F10fZIEEE A | @;ﬁa
JEHE—DKEE - BRI ARG

51

| B R A R

= iE i HE EEREEE ) B
o MRESER (AT EEE)
n HEREAEBERERE |

52
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53

HIRE

A

1
n A A

o E I IIAEA, BRI e fh R
» LE K A (standard deviation)

» A RELERY A 55
4y J& (stratification), fig¥f(match), HES
(regression), etc...

54

| SLBPATAE -

|

n T E R A BRI
s EOABENEGENE G A
w LG o PZE A ST B

o U EER, EER R R B AR Z LR

= etc...

55

n ELAYFREETEENS 2

56




2-samp|e t-test (equal and Unequal Variance)

- EX. E 54 Y SBPR A

= Y: SBP (continuous)

» X: Sex (2 categories)

= 2-sample t-test 5524 SBPFHE{H Y 7% B IE 45
Byt LR

n TR ERGER
» HO: R [EIMEIHYSBP B AH [EHY
n H1CAR A HYSBP I E 2 A [F Y

57

| F test (Levene test)

|
= p-value of F test> 0.05, then use equal

variance 2 sample t-test

= p-value of F test <0.05, then use
unequal variance 2 sample t-test

58

2-sample t-test - Example

! R TR L8
R N Mean SD P value
5B 258 2114039  12557.06 <0.001
by 216 12939.95 5661.085

PHRAY E R T MR AR HFTALET9E(SD)
21140.39(12557.06) ~, ~ 44+ F 216 &, 5 4
T35 (SD) 5 12939.95(5661.08) ~, T itk %
B EF L A(PE<0.001), &ini 74 Pt

PEFTALEL R D
59

| [E1EE:2 samples

|
n SEIIEEAR

o WEEEAERE S T AEETIAY A [E{E S

o BRT T EHEVEIRS N (ERS T A AR LA R A
= Paired t-test

o WR{EAR R A LR

w [F—4HEA, EE R A — I & (22

» BEARHACH R

60
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Paired t-test

|
» EX. PEEIREER 1R SBPE & A (]
= Diff=2&5717SBP-f; %1% SBP
o SEEDIfFEY P EREEF "0
T R
= HO: flRZER 1% SBP{EZAIRIAY
= Hi: IREERTTZSBPEE A FHY

61

o X#l & - X #lE = di= Xy X,
1 Xy X1z d
2 X X 4
| 1 1 ]
! Xit Xz d,
! ! | |
n an XnZ dn

B AL TR e UBE S RIE 2 £ Edi

R T A X e TR D R
B R R

62

Paired t-test - Example

0 A PR

N Mean SD P value

B L - BRFRA 3 12 0.1 0.159545  0.052663

U I - o R 0 o L SCLICE NS T - ST i s =
®(SD) % -0.1(0.16), 1 sz 4 . H % (4R 2 7 40 e,
R AEarEFEL aPE=0.052), Alpd 27

v oan

BE G % 1= (pulsel) £ % 3=t (pulse3) | £ s b

63

ANOVA

I
» A B, C=H#1 SBPEEAH]
= Y: SBP (continuous)
» X: HEE (3 categories)

= ANOVA ABC = #{rSBP 5 {H 17 B2/ B4 st

FE#
n fE R
» HO: =thAYSBP-E35{H B AH[E]
» H1: 2/ D AT SBPEH4{E 2R [EHY

64
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|
= Within group variation
= Within sum of squares

k 0
- Within SS= ZZ(yij -9, )2
i=1 j=1
= Between group variation
= Between sum of squares

= Between SS= Zk: i (yl — )7)2

i=1 j=1

69

So, if means are different
|

= Then, Between SS should be larger then Within SS

= where
Ko

= Within SS= Z;Z;(yij - Vi)z
i=1l j=

= Between SS= Zk:i(y, - 32/)2
i=1 j=1

70

ANOVA table

Source Sum of Squares (SS) df Mean Squares (MS=SS/df) F p-value
Between BSS k-1 BMS=BSS/(k-1) F=BMS/WMS Prob(Fk-1,n-k>F)
Within ES] n-k WMS=WSS/(n-k)

Corrected total Total SS=BSS+WSS

ANOVA - Example

THRBAFEEEZ L

WA N Mean SD Pvalue  post-comparison

>

! =2
totalSS = ZZ{yﬁ —):]J

K
i=1 j=1

p-value<0.05,
ZHFLLE

71

BE 363 13742.49 5973.77 <0.001 EBABSFREAR
REAR 27 15861.11 2415.31 EEASSBA

EHEAR 84 33719.94 13424.34

72
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ANOVA - Example

. LR E R A 22, SLUEE363 I BREA, HErE
#2EF9{E(SD) £513742.49(5973.77) 7T, trz NEH
27HER, HrE £ EFIME(SD) £515861.11 (2415.31)
T, EEABA8AGEEAR, HETE = E V- 9(E(SD) Fy
33719.94(13424.34)71; LIANOVA(T4REM0E, 455
SRR E A A 2 (2 R AE I (P<0.001), HAL
BEERERHEE A\ BNFEZERESNREAER
KA -

73

! Post-hoc comparison

When ANOVA significant...

Overall
mean

75

ANOVA# 4 |-
= v1 v2
Group n | mean t sd mea + Sd
n

Groupl 22 vVt Vv vVt Vv

Group2 22 vVt Vv vV o+ Vv

Control 22 AEAY AERY

p-value from ANOVA <0.0001 0.1111
Significant pairs from Group 2 > Group 1
Tukey’s pairwise Group 2 > control
comparison

76
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ANOVAZ f2. 45 o] = :

Design (X)
Group n mean + sd  p-value from  Significant pairs |

ANOVA from Tukey's . .
pairwise Continuous Categorical
comparison
- Outcome Continuous | Pearson Correlation t-test / ANOVA
Groupl 22 + <0.0001 (Z;roup 22> Group } ) coeff. Linear models
Group2 22 EIN roup 2 > contro Linear regression Wilcoxon Rank-Sum test
Control 22 M E Spearman Correlation Kruskal-Wallis test
Sex coeff.
Men 32 t 0.5555
Women | 23 MEIN Categorical | Logistic X2
Categorical analysis Fisher’s Exact
Categorical analysis
Logistic analysis

77

Chi-square test Chi-square test -Example
| |
w EERC R S T2 A A A » CEE IR T TSNS & o AR S (E 4
FIAEAB » TEEAHENIE LA ERE
n IR ETERP LR £ IR AYRA (R BRI LA N R
» Y BAA IR (categorical) . = o
) K & F_ E3 A& 2
n X EEIEMEMRT (categorical)

<l

i

A 10 37 47

B 7 38 45
e 17 75 92




| FrthEERR

R4 ZR T A bFHE
N(%) FEREmRE R
iz <=5K 510K 10RBLE  Pvalue

pes 1(14.29)  3(42.86) 3(42.86) 0.3698

5 8(44.44)  5(Q27.78) 5(27.78)

| FrthEE R

. ZIKEE?% EE25 M ERTR A AEATUAERILE7 L, K
(EBERE<=5KMH1{1(14.29%), EBERES-10KAY I
3(12(42.86%), {EFEREAIO0KLL EAYI3((42.86%); F
18 EResm ARE TR, Hrp8Arm ARIERRE
<=5X(44.44%), £t KE5-10K1Y4L507(27.78%), 1=
BERELOKR Ll EHIFE5((27.78%), &R RERAIAE
izt FEEEEFE(X?=1.9901 > df=2 > P=0.3698), .JttZIK
AZER R (L KRBT AN 2 A S b A R

| BEFIX? test ZIEEHIHE
|

» use this test only if the following two
Conditions are satisfied:

= No more than 20% of the cells should

have expected values< 5.

= No cell should be expected value < 1.

Design (X)
[
Continuous Categorical
Outcome Continuous | Pearson Correlation t-test / ANOVA
(y) coeff. Linear models
Linear regression Wilcoxon Rank-Sum test
Spearman Correlation Kruskal-Wallis test
coeff.
Categorical | Logistic x?
Categorical analysis Fisher’s Exact
Categorical analysis
Logistic analysis

21



MR R E

| (Correlation coefficient)

= AR T {lE R AR S T 2 B AR AR B 2 AR
n JHEAL > Ry (-1~ LY EE

BT k=000
a0 P<0.001
TS 5 = PR E R E AR
- 5 (cm)

FH A (R (5H)

n S Ry K7 AR AH R (%8 (Pearson
correlation coefficient)

= Spearmen correlation coefficient

o AR —(ERENIN( TR, (@R
Ra( )

« IR —ERE R (R, S (EsE e
TR )

133 T e

MR (R E-4E |

=5

SIREBR - MAHE
SR
P234

FHER R ELZ PR

MHBE AR B ZON ] S TR B — E SRR S
M7 EER LR (R (RN

i (£ (outlier) B HHEH R B R K
BRI/ N (<50%) - HEAGERTEE
W IHEERER R - AMURM AR AR

22



Models

Linear regression
and
Logistic regression

Outcome Continuous

)

Categorical

Continuous

Design (X)

Categorical

Pearson Correlation coeff.

Linear regressfon
Spearman Correlation
coeff.

t-test / ANOVA

Linear models

Wilcoxon Rank-Sum test
Kruskal-Wallis test

Logistic regression
Categorical analysis

X 2
Fisher’s Exact

Categorical analysis
Logistic analysis

The purpose of regression

» HERIHY B S IHFUHIREIRAGIN

 HE (AR HAM B B RE, S —HE
THEHRE AN 2

o [EIOCA A B SRR S B E M

Multiple Linear Regression:
I Y (continuous)

Y = atB X B+ BXs ot BX,

= regression coefficients or parameter estimates

Dependent Variable Y
Independent Variables X;, X, , .., X

Parameter estimates: s~ ¥ &_

X, Xy, o

X B I s A Bl

23



Example of Linear regression
|

Table24.Factors related to oral health knowledge of mothers by the multiple regression analysis .

Variable Coefficient 95% Cl P-value  Coefficientt ~ 95% ClI P-value

Nationality
Native
Mainland Chinese  -2.65 (-4.06,-1.24) 0.0003 -1.74 (-3.19 ,-029) 0.0198
Southeastern Asian  -6.39 (-7.49,-5.29) <.0001 -5.35 (-6.55,-4.15) <.0001
Age of mother
<25 years old
25~30yearsold 3.82 (2.31 ,5.33) <.0001
>30yearsold 570 (4.25 ,7.15) <.0001

Coefficient:Simple regression coefficient  Coefficient:Multiple regression coefficient

» Outcome: [ FEHIER 5 #(Continuous variable)

Chi-square VS Logistic regression

= Chi-square [CIFESE & @ BLIEHERT AR

= Logistic regression g & &S /2 A IEEHE
EL/ VBRGSO E

Multiple logistic Regression:
Y binary, nominal or ordinal

|
» logit(y) = a+p,X;+B,X,+...+ B X,

|

= regression coefficients will be used to
compute odds ratios (OR)

» Y55TH & Yes/No, Disease/Non-disease,
Recover/Not-recover, ......

Example of Logistic regression

Alive/Death (Crude) Alive/Death (Adjusted#)

Variable OR 95%CI p-value OR 95%CI pvalue

Age_gp <=dSyrs 191 (138 , 263 ) <0001 176 (119, 261 ) 0005
45-60yrs 158 ( 119 , 210 ) <0001 136 ( 0.96 , 193 ) 0.079
~60yrs 1.0 1,00

# adjusted by Hislological grade, Lymph node, Pathologic Tumor Size

= OQutcome: B &7 EifE 854 (Binary variable)

24



! Introduction of SPSS

What is SPSS?

|
» Statistical Package for the Social Science

= SPSS Inc.
= Excellent in
(S SR
o EFEE R ORI

One of many many spread sheet
based statistical softwares!

Uoronary ariery data sav | EF#E3EF | - 51

D SEE #RE FHD S8O

]

o) |
~——n
100

ih

T

Lo

Lo

Liy

LEA E =0 M
{ T e\ @ BE R

x| One observation key in

e Excel, JMP, SPSS or ...

20| @S one row in the dataset.

99

IBM SPSS19.0

i eatalng anv |[HRET] IHM SPES Sinbdes afn Edednr

A¥EE HNME EHY WHCY WA AN ORGSR S

=0 = T — g 3 e R
=1 1= ) ; ale = ] ﬁ e
— | L F (3] [ —
_ | memmmEm )
LEE man il — e » mail E
1 nniM1sR9 113A7 927 1. BT b 7978
2 020141383 10605 95 |. BaETe0 m 5200
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J 034011909 16820 57 1. "EEE@ } 0029
/13ge .
4 04010138 R P oo \ 7782
] LEAUTS TSN [EERTSEC] 2 LRl
HmirED b
b UEAIT /1488y v 4 5 faar
. : .
7 nrnir1sR9 938 37 3 e TAAT
B teOlies  lgss 3 EeRD b £121
5 matise eIz 3 O ' 7811
.
T oIsEs (052 3 0 CORMEQ b &7 06
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