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i %E??E I} Objectives

= Qutlines
= B A4S General concept (slide 1~20)
= FLEGHRET  Basic statistics (slide 21~47)

= SPSS (= Procedure (optional) (slide 47~77)
= Understanding Statistical Term
s Selecting a Statistical Test
= SPSS
- 1SS (may skip)
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Five Steps to Practice Statistics

1. Formulate a queStion (Literature review, Experience, Hypothesis)
al Important ISsue, well design, well conducted (Data collection & record)

2. Data ;i #i: HrfEEYZHH[E] (Numerical or Categorical Data)
3. Dependent variable (Outcome variable, Y) y=a+bx,+cx,
= Independent variable (explanatory, x)

4. Selecting a statistic test (Type of data, null hypothesis Hy)
= Parametric or Nonparametric test (3 # #cs" £ * 34 17)
Nonparametric A B ¥ A HF o H A, outlier, % 5 59T
m "“ﬁ,{t'[ﬂ” One, Two, = 3 samples ¢+ #& mean, %, difference)
« H%: Paired (dependentig ) or Unpaired (independent)
« @EIH Variance equal or unequal (B = # assumption)
«  HIEEYSP=fEE: One tailed or Two tailed p value

5. Interpretation and Discussion (rationale)



1. E]J'T:P%zﬂfj 73 JH: ﬁﬂﬂﬁ?@ﬁ@ﬁ ¥R

| @T‘E—i (Variable) Elfjﬁﬁd- (ARG T [ﬁ' mean, variance, %, median, rank)
= £/5 - B (Nominal variable, or scale): {4 - * 7
A TR 5
s CRHL f"ElFi #@2F1 (Ordinal variable): F*{AE ~ fyf 5%
feoT A S RIS o RIS B AT (T #715% B)
= IHH - BRTNUE (Interval scale): - CIEVE  ( Hit)
SUEEAGER, TRRIAS (R S TR R
S F‘;E’*‘RU@ (Ratio scale): 7R E =ity PRE
SUERAFR, PR R P
;‘éEFIHU#’J (Categorlcal data): Nominal, Ordinal variable
BrEE] (Numerical data): v\l 2 » skE ik 2
= EEPE] (Discrete variable) - (7 v > e N B
= g2 (Continuous variable) : (F[J%7 T8 Eyfg,lj * FRE

» A@CE (Variable) LyBJa|iviEyst (s 15 Jﬁ:;; ] ~ SR )
o Bl EdESY A BP 140/80 mmHg 53 B £h: i iy UEx (Binary categorical data)




2. Variable: W&l -~ g

(FeBh s y = X pUerR| JERL B BT EIR SHIED

Multiple Regression Analysis

y = oHBX HBX, .. AHBX

Y © SBP (§¢1f) or :’"E’tﬁgjﬁﬁ—ﬁfj’ (H) X . Age Sex Race BH BW CH TG FC(score)

Dependent variable #~&g Independent variables fiiggi
Response variable =&y Explanatory variables iy
Outcome variable &g Covariates (in ANCOVA) gy
Predicted Predictor variables

(v: [JE g g o aemp shplwn) Factor =T (in ANOVA)~ One way
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By S fEp eSS = §
o R D ERIFE TR BT T s FP
Data collection, organization, interpretation, inference (to population)
‘_l-‘ < \= t _ﬁa
- BT R
Tﬁf:[ff??ﬁ?r [ #57%E ) (Descriptive statistics) : £ FliHSh B iHySh ﬁll%gj
?'%F—Fu LIRS (A ] (Inferential statistics)
pl”ﬁ?ggﬁhml A5 (sample), % ~Jﬁ%ﬁa(populatlon) [ﬁ”ﬁ##ﬂm (inference)
Tﬁﬁ ufg__" (B PV B (p value, 95% Cl)

Statlstlcal significance or clinical significance? ~ rationale
iﬂ\ SR P FT‘“ (association or causality?) ~ Hill’s rule
X AN
= o) SRS
= JEHIE] (categorical data) F> B¢TEE| (numerical data)
Nominal 3, ordinal “~H>, interval =¥, ratio = scale (" pugEijs:)

A1 (Variable) Heisdip JH,EE P (fEdE Y ﬁ l’ﬁ:y} i~ FeLERE ()
BT B A ey 5| 2 BP140/80 mmHg 7 i £ 1 Hf ordy ™ VEs (Binary categorical)
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SRSt Descriptive statistics
Mean = SD (range), median (range, or interquartile range)

= B[S (Central tendency)
= Mean = i5gp- TR x (xba=Tx/n  (z=Tx/N)
= Median i g - P y@ﬁ MEEE (7 @Jﬁ il - Jfg[;[ TES3 ) )
= Mode SR~ T 'jl;@ EEED

« BERYHSE (Dispersion 3 §tt#, Variation g {)

= Range (Min-Max) =%, Interquartile range Q, (Hijisififi- outlier)
= Mean deviation T ISESL (T HfEATIE pUasi ST L T S
= Sum of square: X (xi-x)>? X: X bar (54T 159)

= Variance o2= S (x-x)?/N = £x2- (Zx)2/ N= Ix2- Ny?2
BERr  s2 = Y (x-x)2/n-1 = Ix2- (¥X)2/n-1 = ¥ x2- nx2
« SD e o (EEE ) or s (B4 ) =/ Variance
« CV 72El 8 coefficient of variation (%) = sb/mean = s/x
SPSS Ji i FtEE PR (MHI R Q)
n REES B F1ai P o% ~ Bt g A - TRl (ERIERRR)




3. MFFHHEpVEE

Selecting a Statistical Test

e BT

& % A - AT X2test | RS I i - t test
C | 427 -- Fisher's exact test | = 5= #4{fi =it - ANOVA

ﬁlﬁi}%ﬁ@@-- odds ratio

, FEIRE 55 A7
I
E JTIEI X --7 correlation coefficient (r)

AU ISR y= a+b,x,+b,X,

— |

—

7 test AT t test A 7L, AREI ST AT (ANOVA, Fiw <), #f ‘Fﬁ% 731 (Correlation analysis), JHI5& 75 A7
(Simple or multiple regression analysis: number of x axis), == §¢>3 # (Nonparametric analysis, + HX?)



ofp VPR (RIE! %, ERPEAD)

= JH[|E] (Categorical data)
= £ F V&1 (Nominal variable): [%H - *7&
« VHASET (Ordinal variable): 3577 ~ Fii+
= BrEE] (Numerical data)
« B (Discrete)  (RETR) » 711125 * 4
« {77 (Continuous) = (fi'#5 * /1 80) » Sl

WL 1 Z test WL, t test f L, EIGEST T (ANOVA), HFIRE I 7
(Correlation analysis), [Fi'53}57 T (Regression analysis), ¥[fi!55} 7]

i)

(Multiple regression analysis), == 877 7 Nonparametric analysis, X?)



Goal

- ) . o ] -
Type of Data
Measurement (from Rank, Score, or Binomial
Gaussian Population)  |"Measurement,(from'Non- - | (Two Possible Outcomes)
SEISEEE ’Erbﬁ'ﬁ&:ﬁ i Gaussian Population) = psRy

Describe one group

Mean, SD

Median (Q,), interquartile
range (Q,-Q;)

Proportion (%)

Compare one group
to a hypothetical
value

One-sample t test

Wilcoxon test

Chi-square or Binomial
test

Compare two
groups

Two-sample t test
(unpaired t test)

Mann-Whitney test/
Wilcoxon rank-sum test

(chi-square
for large samples)

Compare two
groups

Paired t test

Wilcoxon signed-rank test

Compare three or more
unmatched groups (>3)

One-way ANOVA

Kruskal-Wallis test

Chi-square test

Association between
two variables

Pearson correlation

Spearman correlation

Contingency coefficients

Predict value from
another measured

variable (I D] yii)

Simple linear
regression y =a + bx

Nonparametric regression

Simple logistic regression
Cox regression (survival analysis)

Predict value from
several measured or
binomial variables

Multiple linear
regression

Multiple logistic
regression




SR ) FrERR L a3

 BOEIE 1] 2 D)
mt ) "F'J

= AR R

m fUER TP ISR (R D =y,

n RS R (transff)rmat\lon HELD)

= A Te] bl 0 s p value (Ho)
Lot e e (20853 1)

i i e)
' 0 lan, mean differenc
= (' #& mean, variance, %0, med




4. jE LAAR SR L

7 ket hm ks e B AT (ANOVA, FAg R, #E1RE 55 #7 (Correlation analysis), 3#4q 75 #7 (simple or multiple
regression analysis: X axis), == B3 1 (Nonparametnc analysis, X242 (mean Var SD median % difference)

= BB vs. {BE
s T HAETE: X2 (Pearson chi-square) test -- contingency table (xc) ¥ [J’E?f'ﬁ%
s A (Pearson’s chi-square p value, 2x2 table *'] Yate’s continuity correction p value)
- PR (F- TF‘IQ'EIFJEH[@ E<?2or 20%,[‘)_%?9' < 5): ] Fisher’s exact test p [

. BflA@E vs. BrineE

n ISR} 5) ﬁll?ﬁjmﬁ ( Pearson r: ﬁll%)% VIEREE I R -1~+1 )

. B vs. Bl
= s T SRR two sample t test—~ paired or unpaired t test
=« Paired (dependent sample, ﬁlfﬁ»‘%ﬁii). F'J ORI ED ~ PSR (g o)

= Unpaired (independent sample, 7B~ 15:7%): Variance equal or unequal
ff_ﬁ%‘%'%zﬁl*ﬁﬂ FIETHY Levene/FRETL[Y pili -, £ 7 |- %[ t test iv p il
Levenefy p> 0.05= ¥|Variance equalf~ (pool t test) or p< 0.05= unequal [ p (separate t test]

o >3§§E'3‘ ‘l"‘i‘f@f(“'_tﬁ ”@1@'%\%7} 7F’TAN OVA (F) post hoc comparison if p<0.05

rrnL'}J

Non-parametric analysis & 3§57
= When: | B# (small sample size), outlier, Tim}
w B A Z A (B R LA S BRI PN AE, el JVERL A

3 7)p, A AR ECE
(e, SLUD TR ED



5. ?Jgjgﬁﬁ% %TTJE%FIQ ?\gjg?‘ﬁ}ﬁ (rank)
Nonparametric analysis

One sample t test s urs oimwmsanee 1, o 2e0 i 1 51)
= Wilcoxon test or signed test gz e pr=spis $5:1/2)
Paired t test (TT]KJ flﬁiﬁlﬁ'ﬁﬁj?) (paired data)

= Wilcoxon signed—rank test (@inary categorical paired data: McNemar’s X?)
Two sample t test ([ {785 5524 ) unpaired data)

= Wilcoxon rank-sum test (PHTS7R50A S 20E) or

» Mann-Whitney U test ¢ 154 u: all<1071£:4 2: any one >10 )
= SPSS 53 {7 S5 IR B B 5 s

One-way ANOVA (=3, K{fP&B T 1574 A1)
s Kruskal-Wallis test (ps. =3 paired data use Friedman ANOVA

Pearson correlation coefficient (r)
= Spearman correlation coefficient (r,)



Selecting a Statistical Test

i jeem

One sample mean

= Two sample means

= Three or more sample means
= Two continuous variables

= Two categorical variables

= Multiple regression model
s Y=a+bx,+bx,+...+b X,
= Y = continuous or categorical

= X = single or multiple x
= ps. ANOVA, XFE LR yAe B (Aaahgle
= b = regression coefficient = slop
= a = intercept, y value when x=0

lsfﬁ*‘?ﬁ'ﬁ‘i

Z test, t test (smalsample or o unknown)
two sample t test (pair or unpaired)
ANOVA (F test, Post hoc comparison)

I" (correlation), Regression (prediction)
Chi-square test (x?)

Y= continuous: M Linear reqg.
Y= categorical: M Logistic reqg.

Y = categorical while consider time:

~ COX Regression (Survival analysis,
Cox Proportional Hazard Regression)

= X2, Wilcoxon, K-W test, Spearman r



6. 15 8 L GRRHER)

One sample mean (Hf— 5<% I ISt 7| Z, tAEd)
n Z=-u) o=/ n, uV95%Cl=xt1.960// n (I'EE% fﬁ,%%J?ESE) Z=1.96, p<0.05
s t=X-u) s/ n (SE=s//n), pupyCl E&:F&ﬂ[’ﬁ,%z XE b anOx=XE Yo anS/V N
Two sample means (two samples t test)

= Paired or unpaired data (1)
= Unpaired: Variance equal or unequal (check Levene test p value: select pool or separate t test)

Three or more sample means (ANOVA, #&& g7 7, F i)
= F Awct: : SSB/SSW (Al fHlfg ! /df == A= [Ag ! /df puE={ifi= msB/MSWEY FJ ﬂ )
Two continuous variables: Pearson r, regression analysis
s tAEE = (r-r)/s, sc=v (1-r¥)/n-2, df=n-2 Y=a+bx
Multiple regression model (Xili: 2AaFia 5 #7) (Fhix gy i)
= Y= continuous or categorical variable or category with time to event
= 1. Linear regression Y=a+b,x;+b,X,+...+b x, (b = slope= jJl55} )
= 2. Logistic regression (binary outcome): OR (adjusted Odds Ratio)
= 3. Cox regression (binary & time, survival analysis): HR (Hazard ratio, RR)

Nonparametric analysis (. 2/ 877 #7) (&} % ~ “*3-%¥F| rank)
o B B T RN s B - AR T VB X g S A AE R L. (cont.)



7. Fi[[T¥R] 71 1 (Categorical data)

f#t— = (a single proportion) %
| Batign_ale: gjﬂ R 7'}“f I fﬁlf‘ﬁ',jnp:i? n(1-p) ,BJ\JH{\‘SEKJ%F, ) Ham 2 ﬁ?ﬁfj”ﬁ;’%ﬁ
> it 290l p=x/n, [{FHREE Lo = v/ p(1-p)/n
= 7.V 95% Cl =p *1.96/ p(1-p)/n
ol R WS £ d%, 1.96/ p(1-p)/n < 1.96/ 1/4n < d%
n: sample size calculation, n >4 (1.96/d%)? vs. ;15| n=(Z,,,, o /d)?
i (| E-7id (two proportions)
= TR (22 table): AR AFRIES AP 1 iR D
= MFREHFYAS (independent groups data): Pearson X = [X | O-E | -12]2 /E, df=1(%2 #1-)
5% CI = (p;-p,) £ 1.96y p,q,/ n,+ pqy/ n, (FFJE FUA5 ) (2x2 table: Yate’s continuity correction)

= HIRHAZ ] (related, paired): McNemar’s test X 2= ( | b-c | - D% btc (F{F] bc?FﬁElif@)
o PRRA - AL <5 GRTHER): Fisher’s exact test (T F+ o7 i)
= R X2 HERE (5 me) * McNemar’s X2 /[ 15274 (- # W [fi<5)* Fisher’s exact test
C %i@ﬁxj (7%} (more than two categories) (row x column)
= X%= 2(O—-E)Q?/E, df=(r-1) (c-1) [rxc \T*/U?’ﬁ%?«, df >1 i A 44 1]
s X pen= 2, 2(0;-E)?*/E; E;j=nxn/N df=(@-1) (c-1)
HE Oy RILH I (E) v B (Y 2 5% - FIHERGH, (X? =3.84=1.96>=72)
= MIRHYER (U Ba i E): Odds ratio (15 51H), Relative risk (Ff%]' i)




SR SRR )

Eﬁkl‘;ﬁﬁ'?ﬁ: \JEUExﬁEf"ﬁfggfjﬁl[%}%ﬁﬁ@ ; aelfEfulERE: I ERHTy il

;o z
H ﬁ IPE %I’:Er r (Pearson’s product moment) — 2 (X'X)(Y'Y) / \/_ Z (X_X)2 2 (Y—Y)2
o HLIEE T (or Y tho) = 0, tIFES /s Sc=/ (1-1)/n-2 , df= N2, 1= {1 -1-+1 DA
= ¢ VR R ALINERHE. (B R 531702 Y28 ) 5347 1= outlier)
. T YQ?JEH s T\ ATX, YE{U?ﬂ b Y, Elf ) FIJ%EIE@’F?;& [l s} (7B

D EI. '\7 ’ 7~: - “:—,_t’;‘t_ "TE' ’i_ I\—K,\‘
s SLR3ISR; B ( b)) == AR 78y r fv F%}%J 5
= Y=a+bx+e (b E@ﬁlﬁﬁi@ﬁ?ﬁﬁﬁ?‘ﬁ@%ﬁ«, al EXEE: intercept, el error)
X=X, Y, = a+b;X,
X=X, +1 Y, = atb;(x,+1) GRS R L I xS y i)
= slop b (} r’,’XEJEVS‘%il['[ﬁfFHﬁ’E?J‘, YEUETR@E £ D)= (x-X)(y-y)/v 2 (X-X)?
= Multivariates: Hix 5ol = £ % ?é#‘j T%”*Eﬁ (}zt’ﬁfﬂcontrol Fy f7adjust),
b, =7 1y ARV 15f o (b, , (S partial reéression cgef'ficients)
e 1= S(xX) (Y-Y) 7/ S (X-X)2E (Y-Y)2=by S (X-X)2//” £ (Y-Y)2=b S, /S,
. ie. b=r Sy/Sy or r=bS /S, (e~
2 T‘E‘E}%l'%@(f r 2y = AR Y R
= Pearson correlation coefficient r: 5&[‘%&'%%5{?1@, iﬁ[ﬁlﬁ@fﬁj%'(rxc), ﬁ‘%ﬁﬁﬁ[@%

A I3R= 0 1 (or r.), matrix scatter plot, or correlation matrix 4.



coefficients (HR, same for OR, RR)

i Interpretation of the regression

= An estimated hazard rate ratio greater than 1 indicates
the covariate is associated with an increased hazard of
having the event of interest

= An estimated hazard rate ratio less than 1 indicates the
covariate is associated with an decreased hazard of
having the event of interest

= Estimated hazard rate ratio of 1 indicates no
association between covariate and hazard. (Null hypo.)



Selecting a Statistical Test |
Type of Data

Goal

Measurement (from

Gaussian Population)

SHiAE e E] == o f 'r‘
EL="EL R

Rank, Score, or
Measurement (from'Non-
Gaussian Population)

Binomial

=

(Two Possible Outcomes)

Describe one group

Mean, SD

Median (Q,), interquartile
range (Q,-Q;)

Proportion (%)

Compare one group
to a hypothetical
value

One-sample t test

Wilcoxon test

Chi-square or Binomial
test

Compare two
groups

Two-sample t test
(unpaired t test)

Mann-Whitney test/
Wilcoxon rank-sum test

(chi-square
for large samples)

Compare two
groups

Paired t test

Wilcoxon signed-rank test

Compare three or more
unmatched groups (>3)

One-way ANOVA

Kruskal-Wallis test

Chi-square test

Association between
two variables

Pearson correlation

Spearman correlation

Contingency coefficients

Predict value from
another measured
variable

Simple linear
regression

Nonparametric regression

Simple logistic regression

Predict value from
several measured or
binomial variables

Multiple linear
regression

Multiple logistic
regression




Selecting a Statistical Test |11

Type-of Experiment (Treatment)

Two Three or Association
treatment more

Scale of groups in in the

the same same
measurement individuals individuals

Analysis of Repeated Linear regression
variance Paired t test measures Pearson
(ANOVA) ANOVA correlation coeff.

Unpaired t

Interval test

Chi-square Chi-square
analysis of analysis of
contingency contingency
table table

Nominal McNemar’s test | Cochrane Q | RR or OR

Mann-Whitney | Kruskal- Wilcoxon Friedman Spearman rank
Ordinal test/ Wilcoxon | Wallis test signed-rank ANOVA correlation
rank-sum test test

Survival time | Log-rank test

* |f the assumption of normal distribution is not meet, rank the observations and use the method for ordinal scale.



Statistical Methods |

Data Type Comparison

Assoclation/ Data Reduction

Continuous t-test
(SBP mmHg) -- paired/ unpaired
(M) ANOVA
- Repeated
measures

Discriminant analysis

Categorical Chi-square
(High or normal)

Censored Log rank test
(time to event) (K-M survival curve)

Prediction

Correlation Principal
coefficient components

Multiple linear analysis
regression Factor analysis

(slop b, regression
coefficient)

Logistic regression Correspondence
(Odds ratio) analysis
Log-linear model

Cox regression
(Hazard ratio, RR)



LY

Statistical Methods ||
Dependent Independent variable (X)
variable (Y) Binary (e.g.5}% /% %) Continuous () Categorical ( *7)
Continuous t-test ’F‘E'%% Correlation ANOVA
(55 mmHg) ~ -- paired / unpaired - Pearson (r) ANCOVA
Anova - Spearman (ry)

-- repeated measures ;ulg;i#7:SLR, MLR

Categorical Chi-sq Logistic regression Chi-sq
(including Logistic/log-linear (Odds ratio) Log-linear
binary) CART Discriminant analysis  CART
Gt

Censored Log rank test Cox regression Log rank test
(ﬁ»iﬁj} 1) (Hazard ratio, RR)

None Factor analysis Correspondence

analysis



i Scientific Paper

= ldentify problem: important issue (Title)
= Introduction (paper review, clinical experience)

= Sound method (avoid bias)
= Material & Method (detail, note confounding factor)

= Result
= Be brief and to the point
= Non-biased information (include statistics)
= Discussion: main findings & limitation

= Logic, Clarity, and Precision
= By chance alone multiple associations (p value)
= Clinical rationale, biological plausibility



Lu 3+ (Statistics)

n LR (Descriptive statistics)
! %FII@_ (Central tendency [ i#3]): mean, median, mode

0 F%@*@%ﬁ (Dispersion, Variability igf): SD, variance, range, CV
. %1& [ﬁlﬂ/ FTJ‘T”ME | (association gl fiF i_ ﬁ'Fi%)

o #Fm 2 (Inferential statistics)
Fg jﬂ‘ﬁ:%ﬂﬂ%?ﬂﬂ J’ﬁ = () | , PR, i, p value)

. Sample =2 vs. Population ~”§B
Statistics A MFEl s, p vs. Parameter SJJEE}%E'V o, T
Data ey dfwhiyE experimental data, F%?i survey data
Type of data (ErR[pY &) (= [ fji™ [FUsAFE 43 T [, Table)

Heii %] (numerical data) or #ij[|%] (categorical data)
= Variable: #f ~ g Y= a+bx
= X il : independent, predictor, explanatory, covariate (&, F1, i@, HA@gy, o)A@
= Y §lll : dependent, outcome, or response variable ([M@g, @ = s, AR




Variable W@ B 7 CEIRVES

#FHU JF&EHE J'_E?*-‘:I (Data) (WEFF 1% mean, variance, difference, %, median)

= Hil[E] (Categorical data): Nominal, Ordinal variable s, medan, rank

= BefEE] (Numerical data): eYF Wk ey, ARFH 1 2 (nean, variance)
u 1!5‘% IEIIEIIE %Tﬁj (DISCFete Varlab|6) EIJT;I‘T\ F[J 73 EEUIE[LJWV*]E ﬁ‘ i/[:l I8 Er %Er
= ARy (Continuous variable) © 145/l By ”ﬂyp iy e

F A== B (Independent or Dependent Variable)
= IR R 7@ (Independent variable, xii)
o IR - e
o F‘Eﬁgﬁﬁlfﬁﬁgif (Dependent variable, outcome variable)
o [N UREPESAR > T IR AR (Y axis)

n A@ED (Variable) fii]VEEE (g U S R )

= BUTHER SRS SR - T ,@&140/80 mmHg, L—ﬁ Tfﬁ (i
SPSS fEig: Ei¥Frifi »5 1 [FIR@E > 2=



s ERSE Descriptive statistics

Mean £ SD (range), median (range, or interquartile range), %o

= EFIE#SE (Central tendency)
= Mean I 5 5’@%}@%{%%5 x (Bt 1349 x bar)=Lx/n (28 1= 2 x/N)
= Median le’ﬂj:g}?\ I Qq‘ﬂyfﬁ”}iﬁﬁ-{% (% % i ?Eﬁfj’ﬁ’%ﬁ}ﬂjﬁ?ﬁ)
= Mode SRl R il (F R E) (@fﬁj[’;ﬂjz outlier)
o 7’3‘ﬁ(f@§i} (Dispersion 7’?%*(7*[‘_%, Variation gl 14)
= Range (Min—Max or Max-Min) = "k, Interquartile range Q, ,
= Mean deviation T 5EEL (== ISEATE 1 Reafipy T 15
= Sum of square: X (X-X)?
= Variance ¥# g2= Y (x-1))N = Ex2- (£x)2/ N = Ex2-Ny?
BEEr B4 s2= Y (x-x)2/n-1 = ¥x2- (£x)2/n-1 = X x2- nx2
« SD @Y g (SJEEE) or s (4 ) =,/ Variance
« CV Mkl 8¢ coefficient of variation (%) = sSb/mean = s/x

= SPSS si#fr it MERE FEiEe Rl (VREOIiEER)  cpeeeis-asi, sl
)

_ eE S EEBH T S ER0/ - RIS &2 2 e -] I RN



B [I ﬁSpread Dispersion, Variability

Mean * SD (range), Median (range, or interquartile range)

s Range (min~max, or max-min = )

= Quartiles, Percentiles, Declles ¢ =1 spavis, 1joutien

- Interquartile range (Q2= median, Q,-Q;) (' 1&AMH* )
= Interdecile range (D;5-Dyp)
= SPSS Jiffr il ket BT R A HREREL 2 (Q, Diggo )
= 1QV (index of qualitative variation, %ijj[lxvk])
R 0 B (YRR B P ERE o 3SR 02 (ke 1)/2K

= SD (s), Variance (s2) ¢ (SRS, SRR, T PP
= Standard deviation f£iE=, Variance @{:IE\T

= CV (coefficient of variation, A&l ;2B cv = somean)
= Coefficient of relative variation (%) = CRV = CV x 100%b
o BURESE (AEERELT o EHIE PR Y
PSRBT ALY )
+ EROUEFIORIEL Y 0 IS5 pECL L,
SFEEEET [ﬂ s il LT 53 H I/ﬁ}ﬁ’ﬁ@@ e.g. 511, 50 1 (SDFIfL £ 1)



Mean and SD j&F|

IFI F"JJ [

Mean + 1 SD ~ 68% (68.3%)
Mean = 2 SD ~ 95% (95.4%)
= Mean*3 SD ~ 99% (99.7%)
= Q: {13 mean * SD¥!} datasj Tjj#5[# (range), B“EJE*' outlier
= Mean*4 SD ~ 100% = range (%%, outlier)

= Whole ranges~# |8 SD, rl'| Higida! ' g1t SD = range/8

= SPSS Jifr ?F*[%*‘ AT YHEREYR] A '“ﬁﬁ[ﬁ' fp%@‘[ﬁ‘ﬁfﬂﬁﬂd (K-S, Shapiro-Wilk)
! SPSS [ﬁli B[R SR> 2R ﬁf’igﬂlw‘%\(m E‘meL7 IFIJFL"J'}‘“)

. % E[rfﬁugljer) ﬁ[y ;Ij/ﬁf'j 3 H Eé]f Jd5H] Median (mterquartﬂe range, Q,~Q;)
L_E 717 J

fEif5:1: Normal distribution with skew to the right data 2V log bﬁ}% ﬁﬁj'ﬁfﬁ il

= Normal distribution> Standardized normal (Z) distribution
= Z-score: fEi¥EE (" f(‘r?:ﬁj [ , HEEET HORR RV 2= x-x/ s (Bi4)
Z=x-ulo (% ﬁfﬁ‘ﬂ) Z~N(,u =0, g2=1) S5 R~ Fiod P 85k p



AT Py RRVR Y

IJI/é

ncy table \T‘/H?iﬁ%, cross table (%' SRR
= SPSS JTHT AT ¥ R SR> > HiA (T %)
= Scatter plot ﬁj’(‘(ﬁjﬁal (EIJE/\;LEI;EE“%:[)

= SPSS [ B! Y= RGN )R> Xih=(1 CRT y@4- (o &R

= B. E\Tﬂjfﬁ@ (%‘%’%‘Eﬁﬁ%) Measures of association

= 1. £&5FR] (FCR - proportional reduction in error, PRE f93[El)
« Lambda, Goodman and Kruskal tau, Cramer’s V=, x2/N(K-1) K: =3[ & ‘| ¥
= SPSS JifT }ﬁflﬁﬁ?{ YR > > HARRFHEIF] 2E §FBpET
= 2. VEREYRR| (FUR ;2R F concordant, discordant I U5 B D)
= Somer’s g, Gamma, Kendall’s tau-b, Kendall’s tau-c: SPSS...2JoW Hu g ]
« Spearman’s correlation coefficient (rg: -1~1, O: iéi*éjﬁlﬁ'%)
= SPSS JifT ﬁ'ﬁfﬁ &S@ge > > »J3¥ Spearman’s rank rho, r.=1- 6 X D2/n(n2-1)
= 3. I, STEEYED b=Sx)y-n) AV ZexP, r=Sa00-y) V@ (y-y)?
« Linear regression: slop b = regression coefficient (C-fIAFY, D)
= Pearson’s correlation coefficient : r, r2 (REFREEES) - @z )

s A. ?‘;‘)[54 X
CorﬂingqiI



~I
| =

|7(7(

0
-
111

B TRIFY Rl A
FEPBAIT b= cex)(yy) IV S xR, 1= S Gen)5-y) [ S 0x)? B (5-y)
= Scatter plot ﬁﬁrr”ﬁ | GRAB TR EH, 21 data)

= SPSS [{i™ J’rr"ﬁjﬁ%\f Y fili={Rdgr> X =1 G g
Scatter plotf ™

R E B RS (PR SRS Y
= Linear regression: (slop b =

regression coefficient, |y
= SPSS )7 ol AUt [y > Eﬁ‘?é@(fx> GESRAAF
least square method (F-&# fifi A1 LH fify I fiff BI AUt 4]
AR} 7] AT

=X T

P N /FIIEI Ui

AT S )
?@E;% linear relationship, mdependent normal distribution,
homosced ast|C|t (R Bl BT [l Al R - R ﬁ%@
= Pearson’s correlation coefficient (r, %% 7))
o r (HRH FRRE, Rl RV aR bijliJffl -1~1) (032 F | IRH)
« RZ (FRCELRRE IV (5 |1 iR AR e U = 13))
S LYY, OB IS SN, S o
YRUET RSB Rl > T 2 DT T@zl’—ﬁl AGHISRHS - R (AR

ENog: SIPER )
= SPSS 5ifT ﬁ'ﬁ,}ﬁ SSabe > > EFF Pearson r (vs. & 2§ Spearman’s rho)
~ JuA8E] (Binary variables) B {5 9EE U H ] E

: RR, OR



VMRS Descriptive statistics
=
Y fl7*_ﬁa'% _

= Frequency table “~ gy

» — 4555 5-15 classes (class interval 5= #fr)

= Graph [
= Histogram i %!, frequency polygon “~§y%3% [, cumulative
frequency polygon v Er %38 ! stem-and-leaf display &%
I bar chart ;%f’;‘fq%)', pie chart [Ei'ﬁ)‘{tﬁ%)', box and whisker plot £}
SR (Quartiles) (> IR, FVG ™ 150 w00 £35S o)

= Skewness Pﬂ'ﬁ} Kurtosis &

= Skewed to the right or positively skewed: Peakﬁiﬁ,lj%ﬁ\ Bl
N, BRI T M. (Mean> Median> Mode)
. Pearson[’tr.jﬁﬁ‘{ FRE EFE, SKy= 1 -My/ o (+ 3V, £ 0.5 if use s, it 0)
= Movement method fIs fRfi (8 (2 espas)
B ISR 43 sy s (1= 0:0.5 5919, 051 P, 1 F GH5)

_=

Jr2t (T ELL , ] :
pr= L l"‘gr ad (P4~ 4) = 3 H{iEs meso-, >3 HiHk lepto-, <3 [&fH1& platy-kurtosis



AT E R E AR LA

1. ?l%@:?] VS. EPI%‘-@IFJ
 THEE ET‘/[JE%%%, contingency table ]
= A (Pearson chi-square, p.s. 2x2 table ¥'| Yate’s correction p value)
o PR (- fﬁﬁﬂi@f@ E<2or ZO%J‘J_HFF‘H' <5): '] Fisher’s exact test

2. BrTAEE vs. BrTAeE
= FHREE 75 #71 (Pearson correlation coefficient, r or Speraman’s rho)
n 3PISSE ST AT (regression analysis) ~ simple or multiple linear regression

& - 2 s =
3. [iARE vs. HrE]
s 200 SR t test~ paired (dependent) or unpaired (independent)
= Sl T IR ANOVA (el By A, i)
7t t A, RBRE R T MT (ANOVA, F test), TE'E}% 73 M7 (Correlation analysis), aH1H5: 55 A7

(Regression analysis), = £y 75 #7 (Nonparametric analysis, chi-square test X2+ HAwd)



RS SEE S LB

\—

O ﬁ%\@:ﬁ VS. [PI%\@:EJ
» f HAEE: X2 (Chi-square) test- [J??’ﬁ?& contingency table (1 x c)

= B (Pearson’s chi-square, but 2x2 table ¥'| Yate’s continuity correction)
- PESE (F- JFF?JETEJE?I'@ E<2or ZO%J‘LHFF‘,J <5): M| Fisher’s exact test

= USRS AT (RETERH) ﬁ'%%y’}ff’? (Pearson r: 1Y Eflﬁ'%%, ﬁ'%%ﬁfi@)
Y- M IRVERS gl - M

>rt

» ttest (2i%py I gt~ two sample t, paired or unpaired)
= Paired (dependent, I ): [y ERE0E [li(d) g (d #5 5R - Bit)
= Unpaired (independent, & {527% ): Variance equal or unequal **=*7[fi

= ANOVA (ZRZAy3a0 | - T $5gp =il i@ gey) #7~ ANOVA, F test)

Analysis of variance (F test, if p<0.05 then do post hoc pairwise comparison analysis)

- REARCE CRHIRC)

= KBS+ Non-parametric analysis: ‘| 157, outlier, ?E‘ﬁfjﬁ’%ﬁ} f”, K%
s Hi— A Z 5e7E (B il S VB e, SURBRRL A (i)



HES (G e e e

= t test (two samples): unpaired t or paired t test

= Wilcoxon rank-sum test @rts5ei ¢ (Unpaired data)
« Z=W,-u¢) /0o, (,=n0+n+1)/2, o =/ nn,(@n+n,+1)/12, n >20E@ﬁfj|’é§
Ny EVREA BT VB ny RARgERA 1By [E, w = Wilcoxon rank sum
}ﬁi?ﬁ?{‘ fili Rank sum, mean rank (% fﬁfﬁgﬁlﬂjgﬁlfjﬁa i) ]’F‘[:%’r)

= SPSS 537 2 g i iy (iR B A L A (RG> O3 (F 18R B eS|
= Mann-Whitney U test U= njn,+n,(n+1)2-5R, SR="* ¥t - 2 o570y
z=U-u )/ o, oy=vnn, (n+n,+1) /12 (2= Wilcoxon W test z B EAHIRD)

= Wilcoxon sighed-rank test (paired data) vs. paired t test

| AN OVA (3,%3 Fg 3,%3 \ } _F) (post hoc analysis if significant difference)
» Kruskal-Wallis test

Kruskal-Wallis H (ﬁlﬁfpﬁ’? Z{f# Wilcoxon test) g thlL HAgE, ZEzpa

= Pearson correlation coefficient (r) ﬁll%)%jl},?gﬁ(
= Spearman correlation coefficient (ry) <=k AR (AR



Jr\n:l\ — Er J ﬁ B (I_‘F‘jﬁ%‘ %"",:']EE':FEH‘., FII@EJ’T)

« YOI R
= 1 7HT i_ﬁf tJ} [ (distribution free): ==/ \rjjﬁorﬁ@%@ﬁ».ﬁ:
2. L PR IEN {0 £ 7joutierfs
3. AN B[P éf‘ JVWE‘%JL X2 test

« Hi- &% 2 74 (binomial distribution, e.g. Jﬁ AT, I )
R T 1o RIS T (YRS 7 BEERLe = v pa/n)
Zfg e A F“ﬂ'ﬂ z= (P, -/+0.5) P,/ pa/n ("4 z: np = and nq = 5)
SPSS S 7 /f:tflgrywr TR > A%
IE“f‘J Y TIE] Cl =P 2z / pa/n

s TN lflgﬁﬁt runs test: z= [(R-/+0.5)- 1]/ g (AL} eSS V) (BL -]
Fﬂsf) = (2n,n,/n,+n, ) + 1, 0g= v (n%2n)/4(n- 1)

SPSS 7J7F’T S S B A s > o) UE[!‘ SE(FhEREE.) (it g AHFH, [ H8L)
o B RO F AR (T RRTEL > R )

X2=3 (fobs-fexp)z/fexp, df=k- 1 (%’*‘]EI?EF@IEIE JF IR TR residual, R AT FI%’ reject)
SPSS 5147 2 AT 4 TE >

(i SSTERUAL VIS ) ><2, 12, 1 SD.V % Exp: 2,14,34,34,14,2 %)
L = ST RS TR Y I‘ff: & (X2 test of independence)



Selecting a Statistical Test

Type of Data

Measurement (from
Gaussian Population)

AR S R

Rank, Score, or
Measurement (from'Non-
Gaussian Population)

Binomial

= R

(Two Possible Outcomes)

Describe one group

Mean, SD

Median, interquartile
range (Q,-Q;)

Proportion (%)

Compare one group
to a hypothetical
value

One-sample t test

Wilcoxon test

Chi-square or Binomial
test

Compare two
groups

Two-sample t test
(unpaired t test)

Mann-Whitney test/
Wilcoxon rank-sum test

(chi-square
for large samples)

Compare two
groups

Paired t test

Wilcoxon signed-rank test

Compare three or more
unmatched groups (>3)

One-way ANOVA

Kruskal-Wallis test

Chi-square test

Quantify association
between two variables

Pearson correlation

Spearman correlation

Contingency coefficients

Predict value from
another measured
variable

Simple linear
regression

Nonparametric regression

Simple logistic regression

Predict value from
several measured or
binomial variables

Multiple linear
regression

Multiple logistic
regression




—

%ﬁ,ﬁ%‘*%’ 35T (Inferential statistics)

PSR fE ) RPN B
s A sample VS. ~JJ§§‘,{ population

. %JI: ASEED statistics, 2/ %‘E‘*ﬂ@l\f parameter
'J%EJE fﬂ@ﬁ“ﬁa ﬂﬁt/[: 4]/7 TLEK}'EF'%TIJFI Jﬁﬁn—i
ﬁ‘iﬂ?F | AR (B ?éTqu:“‘,rFé]aJFrj}gj_) 19

Selectlon bias ~ Uncertalnty in medlcal decision making

= ¢ data, Bf] variable
. ?ﬁ‘[ Ky survey data, HfkliEs experimental data

472 Dependent variable, Independent variable
= Xii: independent, predictor, explanatory, covariable, (factor)
CH By, Ul R, 3USH)
= Yiili: dependent, outcome, or response variable
Gy, NS, TEE))
o BT X, Y RS R Eﬂﬁw (IE:_;E- b%?){&l&i%[[ﬂ”?' =N )1@




i E‘ﬁ?‘l‘%ﬁ% (Inferential statistics)

= AREHET

-
S i 2 BY

o |Ff,—f (Estimation)
Pt [;f 20%
o Eﬁ& FEI gﬁ 18-22%, 15-25%, 10-30%
:

u IFIEFEJ

| (confidence interval, 95% CI)

« 55510 Z, t, F, X2 distribution...~ p value

» T (Test of Hypothesis)



<

aﬁ“l‘ifﬁ-—ru (Inferential statistics)
M ﬂﬁ"[‘#ﬁrﬁu Fl 77 E%

: I‘Fﬁ“f (Estimation) e
5 “[F;f 20% A
« B {HFF 18-22% /R
- l'ﬁ@ g;F | (confidence interval, 95% CI) "

« BT Z, 1, F, X2 distribution... ~ p value

t 5ifidl, df= n-1, ﬁ n>3OE Sun ! ﬁ ’ﬁﬁy}fl (central limit theory)
= N (u,0?), BT tnf’ t=x- u/s df= n-1 (Gosset)

. Jli%—L (Test of Hypothesis)
TR e S5 [l (H,: Null hypothesis, H;: Alternative hypothesis)
o G EEEER B E (p<0.05, Reject H;: statistical significance)
o FIEVERAFATIE! z=x-u/lo+y N, t=%x-p/ s+ n (0] oro unknown)
m AR B PR significant level a, (1-a) X 100% CI, Z (t), p value #55
ket (P AR A SRS SRR B T, 95% (SR Bk I, A 5T TSk, pifh)




et (Test of Hypothesis)

Null hypothesis: H, Hi E_{"[ﬁj[ﬂ
ﬁiﬁ-ﬁu H, £3E! Ho 555

= (47 B) GED
# <" Hy (Do not reject H) CREHH B (532 BISHRD
{E17¢1 Hy (Reject Hy) a (37~ Bl | 1- B GAFMe)

Hp WON P

a BR R flleE L < # significant level, type 1 error (0.05, 0.01)
Type Il error ([3): i BB o4, B is relate to power, sample size calculation
Statistical power sRFHAR T (H 10, 287 1, i 1-B (8= 0.2, 0.1)

fﬁi@l&hf&ﬂ: (1-a) x 100% C.I. (95% CI, 99% CI)  (a =1- fFRi)



Confidence intervals (|r,aﬁﬁEaF i, ClI)

m I 1—9|’1EJEIJ[F[9?%JE£1F 1] (CI for the mean)

TR e el = S P IFIJ RS T)) (s =g
= 95% CI for the mean = sample mean (x) £ 1.96 x SEM (SEM=¢+ / n)
= (2 SD includes 95% area under the normal distribution curve)

o R BRI HIE T IS T
! r:i]}!jpi 95%| [i?HEhF 1=xz%t.,,s/Y/ n=xztt,q9,5 Xx SEM, df=n-1
t oo7s B3 53] df = n-1 ¥ 97.5 percentage point (percentile)
n PSRN [‘E,H?%’Eﬁ F'EJ (CI for the proportion)
T f““l'TJE'UqV B TR IES S0
= 7f¥95% Cl=p11.96/ p (1-p)/n
= nporn(1-p) <5 Eﬁgr:“ RS iGN B ﬁjﬁﬁy} ]

- P RSBSOS B HRSEE R B

. PR rarrar f— 95%6(F  (fiil i (I pif)
= 959 C Eﬁ?%l:%‘—r |‘Ff,—*[‘|1ﬂ_’l4§§ B > Fa R TR IFI“{‘I;EJ
= p [li£EY type I error (a error) USSR (a: significant level)
o BERESEM EFF C.1. puErd > i SEM~< < sample size g2 (n~\F[ C1]")



<

—

AR St #&Tu (Inferential statistics)

- ;}%—‘ -j[-&l;ﬁl.l I:[J ’-Q 13

. |F‘,—f (Estimation)
- Bl ;f20/o
. EﬁHF ;f 18-22%

o If' 4 fef] (confidence interval, 95% CI) ~a, n, o, s §% C.1.

“'Hl, 95% Cl =x+1.960// n Xbar~N(u, 03n) z-n(@,1)
= uV (L-a)x100% Cl=xt2, ,p,0,=x*2, ,,0l/ N
o Zy g o RLZIEEE ECAE S BN PO, @ =0.05, 95% Cl, Zg 475 = 1.96

oFH, £ V(1-a)x100% Cl = xtty 1. ,p8/V N (a=1- [FE3E)
« PEERE o R TS IR, t= (x- 1 )/s,, df= n-1 (Gosset)

’5'{ n=30 Eﬁ?ﬁlﬁiw lr'#r| ﬁ =T el

Prat— N (7, 7z(1-7z)/n) 7Y (1-a) x100% Cl=p £ Z,_, ,»v/ P(1-p)/ n

- e ?ﬁ-ﬁg‘ o3 "ﬁi%ml}f{ fz:if np, ng, npg >5

» e (Test of Hypothesis)
. [HEFEHE%F R 1 BEE 1<% ~ pvalue ~ reject or accept null hypothesis



B L GFHER)

One sample mean (Hf— 74 T IS4 7] z, t @)

s Z=(X-p) 0/ N p v o5%Cl= x+1.960// 0 (I 72/ HSE) Z=1.96, p<0.05

c t = (X- )/ s+/ N (SE=s/y/n) pfivlsfl IHET= XE T 0,y 0= XE Ty SV
Two sample means (two sample t test)

= Paired or unpaired, variance equal or unequal (Levene test p: pool t or separate t)

Three or more sample means (ANOVA, #@E&I g5 77, F f7#5)
= FAmd : SSB/SSW (RE @ ! /df == 57 il /dlf prub={ii £ Fo3 7))
Two continuous variables: Pearson r, regression analysis
s thEE = (r-r)/s, s=v 1-r¥)/n-2,df=n-2
Multiple regression model

= Y= 1. continuous or 2. categorical variable or 3. time to event
= 1. Linear regression Y=a+b x;+b,x,+...+b_x, (b= slope=3P5z{FE7)
= 2. Logistic regression (binary outcome): OR (multivariate adjusted OR)
= 3. Cox regression (consider time, survival analysis): HR (RR)

Nonparametric analysis (Z 2/ 77 #7)
o - BEA DD REE s H- AR ST MR Xl A A



- T IR R

]E'ff— = %3‘ TSR (1 PN e IFfIET‘I‘ (0,n HE Z test, or t test)
SRR ARTER o S (DS, 2R
o PV RIET= X2 2, O = XE 2, O 1/ N (a= 1)
Z= 1.65[f x*1.650, M 1111 90% Cl  (a=0.1)
Z=1. 96En*] xt1.96 0, it Y 95% Cl (1 +1.96 SE, x= (1)

/= 258E3]’ X12. 580, FEET /LEJ 99% CI (a=0.01)
= standard error = Uxbar_ oly/ n (B T IErpuiae = mgvEcE | SE)
. 7@?”‘ JFJ:J’J i standardized z score= x- 1/ 0 (YH); 2= X- X/ s (Bt)
- ?E' 1517 95% ClI [F‘,FI =x*Z s//n
! Y (1-a)x100% Cl=x*27, ,0,=x%Z , ,0l/n

« YEER F—Wé o %iﬂ (ﬁa—%gl t=(x-u)/ s+/ n, [Edf557))
JEI s = fZ (x- x)2/n -1= foZ (Zx)Zln 1 (Student s t test, Gossett 1876)
o nz30\ tnf‘ﬁrli ﬁ’ﬁ"y]‘f‘ n=xt7_ ,0,=x*7Z_ ,sl/n
(PTG T § J‘Ffpf EIJ 100(1- @)% | R J a : significant level
Central Limit Theory X bar=y (7 qiﬁf) 95% Cl =, +1.96 SE
R B [ BB (n>30, B, B T SRRy Ty (e HRE 53 7




LY

ARGT 77 PTEERRTE (k53 7)), 95% C, p)

TN N VAT -

IFI F‘JJ R - AYE] ﬁ FJ:;JJ 'r' L=x-plo, 7= %211 / fez) EE
HH\@H{% Central limit th]eorem n>30 E B e g j%f_rf[uj'ﬁ: 5 ‘

o EE‘ X(u,02), 54 X5 HJ X bar~ Normal (1, 02/n) Z=x-u/fol/n=N(,1), t= x—u/s/fn (df=n-1)

= 4 V95%Cl=x+t1.96 o// n (VE% |F‘, r“ﬁi‘) or (1-a)x100% Cl =x* 27, ,,0,=X*Z, ,,al/n

r Sl
| AR
n F R0 A (s o), B hgwﬁj: tJ) r’”ﬁj t=x-p/sl/n (df FIfirE =n-1) (SEF¥EREL=s// n)
O = S = iRy R Ui ‘rf“ ELAEIYEERE SE: standard error is the standard deviation of the mean of the sample
= g V95%Cl= Xttt s/ n (Ll EF FA eSS .1 1.96)
»  SPSS Jifr BT g Hi- %i thir () or FfEtd/ BT 54 ths it (variance equal or unequal)

F 7} {ﬁj (R By 5 A ANOVA) (! ARG I S22 |7 (R el Bl 55 7) [1]= SSB/k-1+SSW/n-k =MSB/MSW)
T 53 ) X2 i o i, X2 = 0-E)/E)

ﬁ'Fj%JI#E‘\T (r) 55} R (D) mstemy: oot s sisms: e x sy
@lnﬁxl[_fﬁﬁﬂﬁf“ SRS 7)Y Llnear logistic, Cox regression

= Y=a+b X, +b,x,+...... GEERAYE s I x4 5] i)

N a\&H b Bl < (258655 #7 Non-parametric analysis)
IHH?EJE&F fi il fifl, (S1%~ pvalue ™S ¥R (accept or reject Hy)



Selecting a Statistical Test

Type of Data

Measurement (from
Gaussian Population)

AR S R

Rank, Score, or
Measurement (from'Non-
Gaussian Population)

Binomial

= R

(Two Possible Outcomes)

Describe one group

Mean, SD

Median, interquartile
range (Q,-Q;)

Proportion (%)

Compare one group
to a hypothetical
value

One-sample t test

Wilcoxon test

Chi-square or Binomial
test

Compare two
groups

Two-sample t test
(unpaired t test)

Mann-Whitney test/
Wilcoxon rank-sum test

(chi-square
for large samples)

Compare two
groups

Paired t test

Wilcoxon signed-rank test

Compare three or more
unmatched groups

One-way ANOVA

Kruskal-Wallis test

Chi-square test

Quantify association
between two variables

Pearson correlation

Spearman correlation

Contingency coefficients

Predict value from
another measured
variable

Simple linear
regression

Nonparametric regression

Simple logistic regression

Predict value from
several measured or
binomial variables

Multiple linear
regression

Multiple logistic
regression




i SPSS f#it kgt

1. 538 ?F{i?ﬁ? TRE) il
IR > HAFTEN 2T (Quartile, Dyg g )

2. 7T AR E{ﬂ'l@ﬁﬁii

3. 73T ﬁ[ﬁ?ﬁ"ﬁ‘x? VERT R Eﬁﬁ%[ﬁﬂ R Q%)'Bﬁ?ﬁi‘:’ (K-S test, Shapiro-Wilk test)
4. 337 }‘ﬁﬁ‘_f‘?ﬁ? ¥ ¥ % (Chi-sq, Fisher exact, McNemar..)

SPSS 7 i BVBHR or R X CHIR8-FwvEl fin])
SPSS ;ﬁ%%l ﬁﬁ&/ﬁa' (I\/ledian=Q2, BOXIower-upper: Q1~Q3, Outliermin-max)

SPSS AT A FrR Y=({FGiiid dgy> X="E Adbly> GHlagid-f)
= Scatter plotjf%’[?xﬁ..q;%ﬁl%..i%j:‘g E\J;:“Jgg;v (pdggglgﬂaﬁﬁﬁlﬁﬁ)

SPSSI:L /A fﬁ’ﬁ&;’]‘ Jﬁ |2 AT IR SRR AR [ AR WA (K-S
test, Shapiro-Wilk test ) and/or [fi!* i “B[ﬁ' ERRE> SaHE ‘IﬂfJ’F&E'IE&



TR WA SRR R

= Type of data
s Categorical data
= Numerical data (-~ data transformation %2R|)
- SPSS i1 EUFTHRITE 5 TR > £ i
= Data entry
= Formats — ASCII, .txt file, or Microsoft Excel
» Coding ﬁfjﬁ% handling (coding) missing values

= Check errors and outliers
= Outlier — scatter plot or histogram
IE?TT]K TR ITPTE, ';%[55} Jlaﬁ:%\'ﬁ__" TE[[F[ if not, o F | = RIS T
= Transformation E‘m[v[p N[ :12A]
« FECCE) - T L R Y (5 =) ~ logistic ("4,



(4

SPSS Fedit ™ fgik

s SPSS Jifr FHiET Jr:@(ﬁ Bt thet (student t test)
= AT PR SR - Ak the e ARET (1)
m  SPSS Jj AT FHiE T ISR B S iﬁij: thE <t (paired t test)
m  SPSS ;i B IS B A the < (unpaired two sample t test)
= RERRERIBPISEY TS (E AR RERL TS Levene i VP, £ 1 U REHYP ]
= BRI A IE' FIZ=" 5] pooled t test (pooled variance) (p=>0.05)
= AR A S P AIET M separate t test (p<0.05)
. (BEIESIH A Z test)
« (& BEro = F A, o I TS, BARS TR RIS
» SPSS ;i PHfif T ISgy N A@ gl o) fr (one-way ANOVA, =3it)
[ One—way analysis of variance (rather than use multi- two sample t tests)
s F = A T B T AGE T IS A if p<0.05 F i E i (PE E DR
= ZEIFE (Post HocH s e g E ek Jéi]’:g“l?f £0) Tukey, LSD, Bonferroni correction...
n ? [E*ﬁ 582 'r' |&7F§}EYI: Blv7 | K- 25@0): F &= R EASE (FET# - ranking variable)
SPSS E[E\rﬁl“[fq—_f‘[ JFJJ [

= SPSS %’@E‘T> J%[ﬁg Fh]s”l'[ﬁ\
- SPSSJJTH‘ e 1 R Fi =4 K %’L (Kolmogorov-Smirov) (’F{JF«J.J fij: P=0. 05)
o TP FRREREE SRR [ fi TERR TR (K-SHiE, Sapiro-Wilkhsi )



A Fi- R SR FEE T

Null hypothesis & B3, Alternative hypothesis ¥} f@f%
One-tailed H1=' (=141 %), Two-tailed test S5="fa7: (14 fi%)
Type | («) error, Type Il (/3) error
= Type | error 5022 ! ViEUIERTRLER > [1E AT PRI % £ (a = 0.05)
= Type Il error f;E: L T fPEpJ  ENE R T R (5=0.2)
Significant level: FEEi 5% type | error fugSsk, a=0.05
= Criteria value 2{]3t:fi, or | observed significant level (0.S.L.) £
= Acceptance region 7l or rejection region i ’F‘[HE&
Fl— SRR S0 OB (- AR T B L)
» ORI HG u=1g, Zg= (X- o) + oly n (%E‘TZ[E’E%}%) (z twd)
s o FH > NES (n=30) fr PJF:;}F[ Zo= (X- (o) ~ ol/n (L
- aspﬂp PR (n<B0) BB th= (X- 1) +8/v/ N (t test)

S pf*ﬁ = (>, <)+g|‘/ F=(F)V Z, o (i) OF Za/z(%z)ﬁkf' t, af (=) OF t. o df (4521)

= SPSS siffr P 5 Bl Ak T 2w bl fiay * Al (o)
ik B (n, sample size) =] o (ffiFt Bk El?ﬁ’vﬁ )
s FEMEGERBE td=22,,0//n  f¥n=(2,, 0/d)?



LS ST [ 2 B4 0 Sl 2L = [ »
RS BT PSR Y FFEE R

I. 7B 5<% (unpaired data) or fil3f& 7 (paired data)

> BT A (Unpaired data): X, -X AU T Fil - ﬂ_}ﬂ@y@ra “'iﬂ“/ﬂ‘» i’pl
8 YAEST 1A (Levene test Al e e A
= 1. 0l=02=0 " o=, XX 7 T[] Iilﬁ‘“ K (x1x2)= H 1™ K 2
" O a2y = fox12+0 2= folzln +0,2/n,= V g?n+o?n,= oy 1/n+1/n,
1. pl-p2; V(l-a)xlOO % [SPEE ] (X-%,) £ Z,0y 1/n+1/n, (@EIEF~I41P] Z test)
2. M EREHED Z, = (X%,)-(1 - 1) o/ 1n+1/n,
= 2. 01=02=0 o}, (X-%,) £b df= ny+n,-2 {9 T 0 11 g = 1017 12
" O paxy = S.0v 1/n+1/n, Sc¢=Spool: cOMmon estimate of the SD
S.= f (n-1)s 2+(n2 1) 322/(n 1)+(n2 1) (@& g4+ [HHE=] pooled t test)
1. 11-12 V(1-a)x100 % lr[a?%fEﬁF B2 (X%) 8, /0 an Sc v/ LNy +1/n,
2. MR Bty = (,X,)-( 1 - 12,)] S,/ LN +1in, (= Z, F< if n, n, all = 30)
s 3. 0FH 0 L# 02, XX, Fhdf= [s,2/n,+s,2/n,)]2{[s,2/n,12 /(n,-1)}+{[s,2/n,]? /(n,-1)}t 7] r"ﬁj
" Lxax2)T M1 L2, O xax2) = v 's,2/n,+s,2/n,
1. 41- 42 7100(1-a )% BRI (XX0) T X, o, gy v/ 12N +8,2/N,
2. B ESRFE t, = (X,-X,)- (f (4 1L )Y s2In +s,2in, (REIEEA 41 'T?Fﬁl:, separate t test)
s SPSS /i FHie T gk R AR T b A b o) At i@l > ESRaE il
. : i AEEr(test variable= |ﬂ&ﬂ§*§r§!ﬂﬁlﬂ) 73 gl (group variable=F Fégly, Ik AvRt {il)
; FREIEFEIETY Levenes Fig & =7 fiutfi;<O. OS%HE;F%%@EEW\ FEIEEtf
= U] 6= (XX) ISyxer TR Sy =V (Ny-1) 5,2+(ny-1) 5,/ (N +0n,-2) V/ 1/ +1/n,



.

P BT S8 o R

1. [ 4 (paired data) (vs. B %)

o 1. [ % (paired data): e.g. fjij s, [
» ERD t FEE (difference test): F X=X, Z £ (D)pVT 15X
= t=Xy/Sp=v/n Sp=y [ZD2-(ZD)2/n}/ n-1 (nERfsEE Hf * &7, df=n-1)
= C.f. B A (unpaired data): £ X,-X, fu=
= SPSS Jiffr Pt ISgpF Ry EHeE thet [riray> >

vs. Non-parametric test

o AERRE VXY EGIFT McNemart@ £ pavk)/Wilcoxon [R5t

= McNemar fEH(C TFHRHR) X2 = (n-n,m1)2/(ng+ny) (556 0@ b,ofs £ i)
SPSS 7347 A HIAT 2 WitRHECH fE 2/ MeNemar [

= Sign test ﬁﬁlﬂﬁ{u_ FIRIZ 203 ) 2 e P s Rfob == /2(0.5)AL fy E 2 &
SPSS it X AR I MRS bt 2 ’oRARE ARy >

= Wilcoxon signed rank [qBE=mfRE (VRavh], BERT] 5T BeiR i)
SPSS JiAT AT AR 6 E 2 Wilcoxon [REEL> >
z=(T-u)or ur=nn+1)/4 o;-y/ n(n+1)(2n+1)/24




LY

s SPSS fgrh gl Bl M (ANOVA)
i e N o AN =) 1 g

-

F= SSB/k-1+SSW/n-K (i il 222 [ il =i 53 )= MSB/MSE fat: s7s,2= 1

C One—way ANOVA Fﬁ [‘Kl—_fff\\‘gl 153[;(@‘7} 7P? (ﬁfj»glj;g‘bgﬁ'%ﬁr%?%ﬁg;ﬁ%)
= - (REGEE] B (WRIRHIPYE Y (= [N factor A_ level Y a, a, a)

« SPSS 7 P IS8Rk H PR Byo b TR G PN (NI )

I ARG B SAF ST R R BPTRIBTRE (ANOJ 5 Bt A IGHTF 1. H, kW)

2J Post Hoc multiple pairwise comparison i i p;l Fﬂtf
Tukey HSD *QWFEWF[ |, Scheffe * B¢ ] TF'J [’ 5], Bonferroni correction (non-pairwise, planned), LSD(13%)

s GLM: TWO-Way ANOVA %ﬂi'ﬁ@ﬁ-\l E‘J,T]} 7[;’_? (Design and Interaction)
= TEEIET ﬁr,%‘?,f T [ﬂ |[H=" (factor, F AZCED) [ |AY T [fl (o (Ievel)fq_ % I M (interaction)
n (U (ARG ([T | 18Ry (€ Main effect P>0 05 A Interaction p<0.05)
= SPSS Jjifr — JEGEYEAR=Y (general linear model, GLM) Eﬁ‘é‘ﬁ‘ (;f‘lg%w@@@ >
(Mg [l L[N (=F 1Y) ot HABEI (] AREY) it | L
gﬁﬁffl sagshakE, BRSO i Fheffect size (eta T ), BEIUL JLH ]9 (power)
F1main effect (= X3 AB) interaction (A*B 4 7 [ FFUPI[FN) PEILE A B

= GLM: Three-way ANOVA = PR="Agril Byoy A7 (. IR
o — ([ (SRR ([ | IARERge (main effect? mteractlons'?)

= SPSS 7J7F’T RERELEARR=Y (general linear model, GLM) EHE“E' (univariate) ..

Bl éﬂ (12 [ E  BOTTRE AT T 1y, rﬁﬂﬁf i, ——
L e i (e AR ) (ANOV ARG Hrss B £ |- T 1 AN COVA)



™
— =

22 I R .
e % (RURIT S PT SUBE

ANOVA (Analysis of Variance) @&'E?ﬁ} ¥r(F)

TSS=SSB+SSW ~ s 470 (i@l ge) 53 s3as B2 P LA > i Fif
= TSS (total sum of square, T 70 (RERE Y TTEAE L Levene test)
= TSS =X (X-X)2 = X X2—nx? df=n-1 s2 = TSS/n-1

= SSB (sum of square between, 7"'[H]T 7= explained variation)
= SSB =X n (X.-X)? factor(F i, f)f) Ng kLA iy (gl df= K-1 (k=3=4t; level)

= SSW (sum of square within, 5= [*|=%83 7 H#1 SSE= unexplained)
= SSW =3 (X-X,)?> = TSS-SSB fgsias X fg?“”pﬂ S df= n-k

= HIFfRE: Fipp= SSB/k-1-SSW/n-k Gt J@{el&?ﬁ'r [RBE! () =MSB/MSE

o F =G fERE TN (k-1) + 35 e /E T (n-k) = MSB/MSE
(=mean square between3[pl&g1 57 “bﬁllmean square errorgz. 1 5 1)
L R R T SRR AT A BT T IS 2 %?L
E5H iz (Post Hoc)Fu af,[F—dﬁ BRI A Py Scheffeqh»

» SPSS P B B[Nl gy P (e [ (F idii) > Post Hoc
Hig %fjf&gﬁ Tukey HSD, Scheffe, Bonferroni, SNK, Dunnett ... methods
SRR BT P (two way ANOVA vs. one way ANOVA): %% 2 BB | & 5355, balanced design
Fi[f-Assumptions: F{:ﬁj} ARG B R (88 5@? dE [ 2 E KW S )
SPSS: Source of variation (Between=explained, Error=Within=unexplained, Total) SS df MS F



Tukey HSD * gf¢ '[F‘ |, Scheffe ] kgﬂ [ﬂ Bonferroni (non-pair

- ”5§'5T71T’?J/31$ LW

SREE 3R Hﬁ@ﬁmﬁﬁ'm&ﬂﬁ?ﬁ

se, planned), LSD (it fi5%)

Hi g %Elb':ﬁfi’: Scheffe, Bonferroni, Tukey, SNK, LSD.. (variance equal)
= U key' T%EYIE n- 'J‘ ﬁ'zﬁ (Tukey-Kramer procedure)

F =

= [Hi- Pairwise, or balance design (= equals ample size Fin RESN *E‘\T?FE'[H EHJ‘)

Scheffe: 7 mj? e J i__ﬂﬁ'f MACPY A EET [ﬂ (paired or unpaired)
« theleastp werful LG FJ,}E;LI'“‘ = E unplanned (p<0.057 it 2E1 =& F)

Bonferroni correction: #iff| LSD (correction: a /#t-%gf t)
= non-pairwise and planned (Fi-4kE Eﬂﬂi”‘ﬁ“%’”ﬁ‘, BE|#[) > unplanned use Scheffe

LSD: least S|gn|f|cant difference (P59 (e [l 2 Erthaks, multi-t tests increase type | error)
Student Newman-Keuls (SNK) ~ Zi{I] Tukeyp~ FHifiyk

Dunnett (pizes iz =), Duncan’s... (% = {="Interaction, = Fi¥H!, fixed effect models)
Factor..level..Treatment..Design: random, block (paired): complete, incomplete (missing data)
SSB/k-1+SSW/n-k = MSB/MSE = S,2/S,2 = S 2 / S, 2 (857 L A1/df)

= S2=X(X-X)?/n-1 Sg? —Zn(x -X)?/k-1 S 2—E(Xll-xl) + (Xy-X,)? + (X5-X3)%+../n-k

s H: FrE AR Jr:f[;g’[frﬁl =g .=, Hy = DR IS AT (are not all equal)

E Assumptlons random samples mdependent normally distributed, variance is the same
SPSS 4%, fﬁﬁﬂ@%@ﬁﬂ Ti’ﬂilﬁér% Levene test iV p ffi (>0.05 tu[f TEEED)

Use nonparametric K-W test if against the above assumptions ('S5 2/ 8o i #7# : K-W test)
X2, block design or repeated measures ANOVA, Kruskal-Wallis (n<10 each), (weighted ANOVA)



&>

S I )
SRIEIORR], P 1L T )

SPSS ANOVA -

(Outcome (@l ELESEEIAIE) (FIAdgr=Fd

One way ANOVA (67 1457) SPSS it 1ty B1pI i@ g i (@ [+ (1 17357)> Post Hoc
o R AR G T T@%' Levene test, if p<0.05 alternative hypothesis» @55 [HIEFAYE R BT #rik K-W test

= General Linear Model (GLM) — HERSUEASEY (HiRah! 2[4~ 55 25kl 5T 7)
= Univariate %ﬁ'@il (>2 way ANOVASS 17gFi[=~ factors_levels: ¢4 = (R [p fdgivffﬁup[[ﬁ‘ = 3E)
= Y7 A (complete randomized design): [ 55 Fidl =] 8y e BT
= ff{A5% (randomized block design~-Ee il %ﬁ‘ (Different study designs)

Repeated measures
Paired method (balanced design vs. unbalanced design= missing data)

Incomplete randomized block design (missing values: %E'?P“ . Elﬁ\ﬁ@)
. iE-l A1 FRPEREET ( [[Jp [fF8L5 = Fino interaction, p>O0. 05>ﬁl}?‘,§ 712 ¥jEEmain effect)
. Nested design fﬁu}lﬁ%ﬁ IEE‘FQEM e—jjﬁﬁ%ﬁ) Fib ﬂ;tﬁﬁtﬁ%ﬁ ETH R *Hﬁ‘, (no interaction)
Mult|var|ate ((agr) % : MANOVA, MANCOVA (7 s A thpo=2 i (agfo s 47
Repeated measures ANOVA EIFEIRE (.. gy o))
u Bl r (= [RBLCE AT ETAE Rl > o BB e F'J?ﬁ%&ﬁi [ T 2
B (o O - (s B PR T R P ETANCOVA)
= SPSS it — SRR (GLM) | (&) E! or Z((F)fes £:> (@ [hIEN= (=F 178
El7, one or two way— one or two factors) (g art=") HAREN (FHABYY) (om0 i)
Q%WI/ 1E_ETEI TR EE I IR | effect size(eta T [ R 2 DR ), B ﬂhﬁiﬁ ] (power)
%1 main effect(= [NZk[t]), interaction(d = [EH [A*B ~ 55 A D FE (128 (PR £ p



- ”5§'5T71T’?J/31$ LW

SREE 3R Hﬁ@ﬁmﬁﬁ'm&ﬂﬁ?ﬁ

Tukey HSD * gf¢ '[F‘ |, Scheffeil~ * B [ﬂ Bonferroni (non-pairwise, planned), LSD({ {74

Hizg %Elb':ﬁfi’: Scheffe, Bonferroni, Tukey, SNK, LSD.. (var. equal)

= U key' T%EYIE n- 'J‘ ﬁ'zﬁ (Tukey-Kramer procedure)
= [ya- Pairwise, or balance design (= equals ample size Fi RESN kgﬁp[ﬂ EHJ:)

x Scheffe: 7 mj? e J i__ﬂﬁ'f MACPY A EET [ﬂ (paired or unpaired)
« theleastp werful LG FJ,}E;LI'“‘ = E unplanned (p<0.057 it 2E1 =& F)

= Bonferroni correction: #iff] LSD (correction: a /##t-%gF t)
= non-pairwise and planned (Fi-4 Eﬂﬂi”‘ﬁ“%’”ﬁ} B #[) > unplanned use Scheffe

= LSD: least S|gn|f|cant difference (P59 (e [l 2 Erthaks, multi-t tests increase type | error)
= Student Newman-Keuls (SNK) ~ %[l TukeypF= 4%

= Dunnett (przet e i), Duncan’s... (%7 [ |Interaction = Fi1¥f fixed effect models)
= Factor..level..Treatment..Design: random, block (paired): complete, incomplete (missing data)
s F = SSB/k-1-SSW/n-k = MSB/MSE = S,2/S,2 = S.2 / S, 2 (§& = HAI/df)
= S2=X(X-X)?/n-1 Sy 2= Zn(x -X)2 k-1 S, 2 =3 (X;7X)? + (X,;-X,)? + (X5-X5)?+../n-K
= H: FP?“‘ A Jr:f[;g’[frﬁl =g .=, Hy = DR IS AT (are not all equal)
E Assumptlons random samples mdependent normally distributed, variance is the same
LE BRI 5 Levene test (1Y p [ (>0.05 ERpfETY)
Use nonparametric K-W test if against the above assumptlons (1S S Ry Ak - K-W test)
X2, block design or repeated measures ANOVA, Kruskal-Wallis (n<10 each), (weighted ANOVA)



YRR FERY Y BIT o
Nonparametric analysis

One sample t test ¢y« gt b 7, =1 2/ 14 4)
= Wilcoxon test or signed test (RIS 53 iy Loy S0 1/2)
Paired t test (TT]KJ flﬁiﬁlﬁ'ﬁﬁj?) (paired data)

= Wilcoxon Signed-rank test (Binary categorical paired data: McNemar’s X2)
Two sample t test ([ {785 5524 ) unpaired data)

= Wilcoxon rank-sum test =i it 2t )

= SPSS 537 SR Heo T M [ (PR B A ARy SRR H AT

m Mann-Whitney U test (53 E% A Utall<10F 1A 54 z: any one >10 7))
One-way ANOVA (=3i%, KB 84 )

a Kruskal-Wallis test (RL 7, ZEzi% ) (c.f. =3 paired data use Friedman ANOVA)
Pearson correlation coefficient (r)

= Spearman correlation coefficient (r,)



SPSS & M HkET

(When: 'JT%“‘;_ZI? N<<30 (or 10 in each), OQutlier, Skewness)

Mann- Whitney U/ Wilcoxon rank-sum test =7k gk, Signed test
T SRR R A AR > ESEATN] (unpaired, independent data)
Wilcoxon matched -pairs test [REEF@ L (paired data)
= i F R R [l =N R Hy’ﬁﬁﬁi (or Wilcoxon signed rank test)
Binomial test IR TR Es (”‘[J'Mri_’f_‘ |*fi53 i p=0.5)
T SRR E PR > Ay 0.5
Runs test ﬁtﬁiﬁ (FLE PR Jrﬂx 5T PR A ek 73 )
= i SRR E ﬂffﬁ%{> Fred 2 (P )
Kolmogorov Smirnov one-sample test ( iz Tl) (RL 34
- LA R B A K-Stk > 7[;;“%4— 'ﬁ":y}‘f[ (Nor D p>0.05)
One sample chi-square test (ﬁ;”ﬁju 5@3 EF = Bl e=n/K)
PP SRR AT
Kruskal WaIIiS test (K-sample median test) ~ Kifa&)= B4 [l 1150 Bips &
oM SRR KPR B B AT 2R By (or Kruskal-Wallis test)
Friedman one-way ANOVA (7 |Z581 Hili e By 5 #7) vs. repeated measure ANOVA
s P E A 2 14 e Friedman (multiple treatments in the same individuals)



i R ¥E 75 1 (Categorical data)

= Hi- Ff7] (a single proportion)
- Rationale: AT ZFFOIT 0 np%}n&l—p)ﬁﬂ*‘\ﬁ%pfjéﬁ SN ﬁ?ﬁfj
53] [ARTT 350 p=x/n, fhFHRE2 o = v p(1-p)/n
= 7.V 95% Cl =p*1.96/ p(1-p)/n
B R fREY £ d%,  1.96/ p(1-p)/n < 1.96/ 1/4n < d%
Nn>4 (1.96/d%)? (n: sample size calculation) vs. L& @4 n= (2, o /d)?
o [ (two proportions)

« T HEEE (2x2 table)

= MFREAFAS (independent groups data): X=X | O-E | - 121>/ E, df=1 (Y2 A& 1)
5% CI = (p;-py) +1.96y/ p,q)/ ny+ pyqy/ ny (FFFIER I’Tilﬁfﬁfg%f{u_') (2x2 table: use Yate’s correction)

= HIFERTH] (related, paired): McNemar’s test X2=( | b-c | - 1) b+c ([ befsdigh)

R AR l'@<5(i§_iﬁf@§‘): Fisher’s exact test (T 1 £+ 0517 Jg
w RSP X2 FEIRE(S =Bl ) * McNemar’s; i ¥ B2k (i - %%-ﬁ)i]it_ﬁl’@<5)q* Fisher’s exact test

0 %}@Exj W2} (more than two categories) (row x column)
= X=X (O-E)?/E, df=(-1) (c-1) [rxc 9| %ﬁ?i, df >1 T i 44t
s X =2, 2(0;-E)*/E; E;j=nxnN df=(-1) (c-1)

HTBE O HAM i (B)2 B! (X2 ff i > JHERH,
o MIRRGEE (Bt b i FE 0): Odds ratio = ad / be (F5FTH™), Relative risk (1155 @)




SPSS [TV 53

- JIT HEE
Pearson—+| 1
= SRR T (Yate’s continuity correction): E[# 2x2 table ?ﬁﬁi—
w TP R
= Fisher’s exact test ié[&j%*%’rféﬁii—_’: B %> small sample size, Tﬁ%’HI“EJ 20% np<5
= McNemar’s test (two paired data, off-diagonal cell b, ¢ > 20 ), McNemar exact test (small< 20)
- RO
= SPSS si#T i ERE AR
s SPSS ;if7 }‘F”["'““ MRS A GRFFE! (1), 5%, McNemar) Jf?‘,(gls,_%@, 188, 1£177]%)
« R EVPIRR A5 T [AIABRE AR B T e
« ErR| YIf
= McNemar’s test: paired data (vs. unpaired: Chi-sq, or Fisher’s exact~ for small sample)

n X2=X Obs ex Y/, = 2 (O-E)?/E, df= (r-1)(c-1) (B fifi== THLH il iz 72 B R
residual, Y27 ?giﬂ F[% reject null hypothesis)

= Logistic regression (Binary logistic regression)
« SPSS i3s3k 7 Logistic {Aegle g el K| 2 FlexpB)9swct i



4L (Chi-square test)

o 1. RyREH|EE R ‘I*—[fﬁ%:ﬂ (test of independence)

o R E ﬁ‘%% (CE = T‘E‘FTJ) (i 7 71 #1E margin value: 1)
X2=»(0-E)?/E d¢=acnDen=1, a=0. SEJﬁ X2=3.84
X2= n(ad-bc)2/(a+c)(b+d)(a+b)(c+d) If Yate’s continuity correction: -0.5n

. [ﬂ] TEAEE (test of homogeneity) Margin fixed: marginfi:

IR PRI I 53 RL AR IR SREEE 15T EERL - A
H M1 =TMWo=Ty Hy w7 712 po = atb/atb+c+d
= -0y /v Po (1-pg) (I/n+ I/ny ) (S5 ZAw <t SPSS i ff ) or X 2= ¥ (O-E)?/E

- [ﬂ |l BT 1 2 B R 1A

A. Unpaired data
X?=[X | O-E | -1/22/E, df=1 (“2 £ 1) (2x2 table use Yate’s correction)
95% CI = (p;-py) i1'96\/_131(1‘131)/111_’_ p,(1-py)/n, (F‘J [Eilmiil e A <L)

B. Paired data &) McNemar’s test x2=(| b |- 1)%b+c (bt
C. HJETCErN "D (E<2 or 20% cell<5): ﬂLF&, fibrﬁé'p‘yj Fisher’'s exact test



< HiEd (Chi—square test)

o ;&‘F )fij: K AR 8wt (Test of goodness-of-fit 7] fl)
. = (fobs- fexp)z/fe df E( R G = wEﬂﬁ) ST R FRL A - 5
= SPSS 7; T’T ,—\.“_x Elr;ﬂf’? —{T_}fﬂﬁﬁ{ FIE '(gﬁl»& SRl =TI 5 ) |é.?1——ﬁ e.g. die)
s EE 2830 TS EVDR M (test of mdependence)
o S FTR R R 1E (T?FE'F ) (cross table, £ 5] i)~ margin free
o PR S I R (R P) i e R 2 I G [l 1)
s X2= Z(fobs—fexp)z/fexp Z(O E)2/E df= (r-1)(c-1)(fi1% ==t i o=
R residual, F85% @*‘\f—f_‘iﬁ 2 7FD e.g. X2 =3.841 (0 =0.05, df = 1)
= SPSS JJT’TT‘HI lﬂ:ﬁﬁﬁf _«Q‘_yi /“> = > Haﬁ_‘{‘i' J‘{?—{fj ﬁﬂfﬁ G+ %
YR Hﬁﬁtjiﬁi s FT[‘EIJJ [—grﬁ%j‘%h e JE[ (155 P h B e | 2 ey “‘%’—f&ﬁi

Rt E B ﬁ‘% HALHE<5FE: H| Fisher exact test or < ng[ﬁ}uf , |iﬁ|&ﬂnﬁﬁgf
2x2 table use Yate’s correction Xc2 Y (| fo-fe | -0.5)%/ fe

SRRy EE ST A R OB - T LA STE T o (FUREIPVIIN, EAEE]
TEA, zg‘,ﬁlréﬁ?ﬁ@gamma...)

o PR B ERR
SRR R LRI ] 0 R SRS T AR
< SPSS™ A L Y A 2 R T - 2= (¢, F’z)/ T

Tprpr =v PQ,v (n+n,))/ nn, =n,P,+n,P, / n+n, (V[if{)




<

4L (Chi-square test)

X2 test of independence df= (r-1)(c-1) (preliminary test) (margin free)
T (AL AL F[;‘Eﬁ P (A and B) = P(A) x P(B) = Expected X?2=3(0-E)¥E

X2 test of homogenelty (margin fixed, 2 _Fmargin free gﬁg*“w#j i)
AR | T RIS IR [l AT (G2 FI,J/F“[{'ﬁme i 1)
X2 test for trend (Mantel-Haenszel): 2 rows, many columns %} columns i &% -
R TR 12 2 B B A
3|:[y§"'7 'bhﬂaﬁ; r?]ilﬁ’”?f'jﬂ*fﬂ (%)t Yr‘jﬁ £l
McNemar’s X2 test xz- (b- ¢)*/ btc (repeated measures [ {E |51 |7 be TF‘,)
Fﬂf\rﬁlfﬁ(f'ﬁﬁi)ﬁﬂﬂi e Rl [ AR
Fisher’s exact test: small sample
X2 test of goodness-of-fit i & & © st waru=pgsmy e
ﬁl%gﬁi@ﬁ%ﬁ[ﬂﬁi: Relative Risk, Odds Ratio (X..2)
» Crammer’s contingency coefficient ..

ps{%u Jig'l =57 uﬂlﬂi& s df=1E Y, 7=3.84=1.967= 27 =(x- ,u/o)z HIRE T AR, Z~N(;¢ =0, g?= 1)}[ﬁ]’
fl[_{ZIE RN [E A ECYE ), 17275f['ﬂ Fstorin, BEm-2, e/ 2n, n>307 Iq 203 1| (5 D)



ﬁ &) ﬁgl%[!‘

\l

e

U

» [

- R

N Exposed Not exposed
Disease a b
yﬁ I'Zﬂ,%]‘ i No disease C d
a/ a+c b/ b+d

\I

R (Margin fixed) ~—

I ISR i FIRE A

OR (Margin fixed) =

I RETIRIL |

1] o Rl AE laﬁjzl

(Margin free) —

X2 test

Jéﬁ)ﬁ j:*i:_l\

two proportlon t test

Risk ratio = Relative risk(intensity), Risk difference% =

R

MHZ test

Attributable risk (mterventlon)

ﬁl%}f‘cf\lﬂ;—}



ifFTH[JE%[‘:[ 71 T (0dds Ratio, Relative Risk)

= Breslow-Day Method (Test for homogeneity)
= Kili 2x2 tables, [ 1%) {7 ORRL B Al
= Hy OR;=0OR,=...=0R,  XZ=Xw(y-Y) ~ X%,
= OR,, = ad/bc, vy,=InOR,, = Inad/bc (2x2 table)
« Y=YXwy/Sw,  w;=1/(1/a+1/b+1/c+1/d)
If OR homogeneity, using common OR
If OR non-homogeneity, individual discussion

= Mantel-Haenszel X? Method (Test of association)
= H,: test common OR equal to 1
« X2=(Za-Ym)¥ Y o?
] mI = Mli NlI/TI 0} i2 = Mli M2i Nli N2i /T|2 (Tl_l) (2X2 table)

= If we reject null hypothesis, imply the exposure and disease
have association and the common OR is not equal to 1.

. FEARETYE EIGJE;EJ@'[??F,@ (association)
= e.g. Cramer’s V contingency coefficient =/ x2/n (K-1) K=l ]
« SPSS SiHT G T XA > > HAERFTRIF| 2 EBpE

s Berkson’s fallacy, Simpson paradox — confounder (third factor)




Multiple linear regression

AREAT D AR BRI OMEH G2 BARE 3% (I Glkr=-1~0~+])
W RFA YT R 2 AR kg S B R Ol I 2 xE RIERY (A Fslop B)

y i

Yy :
Dependent variable
Predicted

Response variable
Outcome variable

n
X=X,
X=Xx,+1
A = A

o+ B.X, +BX, +...+BiX:

Variables: @l ~ #@g

X,

Independent variables
Predictor variables

Explanatory variables

Covariables (in ANCOVA)
Factor (in ANOVA)

Y, = a+b,x,
Y,=a+b,(X,+1)
Y,-Y, =Db,

slop b (8): Hi XZuARLE bEE - Y AUdSABEI £ b



TS

eUEEES Simple linear regression

(HF =5

s Y = a+bx+e (simple linear regression, best fitted line)

a = intercept (y&:"F, x=0), b= slope (=), e= error ((&*2) = Y;-Y
= M| least square method (SSE sum of square of error=% (Y-Y,)? &) E[Jl[ﬁ?ﬁ[ Ak
= Scatter plot itfqu EED ?&»\lftﬁll?ﬁj IL_EJ?EI AL regression line (best fitted line)

b (slop): = XJ’rETJplEﬂ ’*Eﬁ y%ﬁl R I[1 % PENT il (b)  (f6F0H]- prediction)
X=X, Y, = a+bx,
X=x,+1 Y,= a+b1(x +1)
F‘Jfﬂﬁ[m Y,-Y, =b,

b= (X—X)(Y Y) /[ X (X-X)? (XYpu v A1 R XU ) (least square method)

ANOVAf D PR AR SR bi?\, EYZ5C, null, XY AERE), F= MSR/MSE
= SST (G ﬂﬁvp) = Y (Y-Y)?2, df=n-1 Y=Ybar SST = SSE + SSR
= SSE (BT HAN = Y (Y-Ynar)? , df=n-2 MSE (B2 ) = SSE/df,. =X (Y-Ynat)?/ n-2
« SSR GEERHT A1) = X (Yna-Y)2, df=1 MSR GREES? 1570 1F1) = SSR/df,
« RZ(HIE[FEE 0-1) = SSR/SST (Yuagl? T AIFAREI B, F| %Pt bl G SR 6L Frigesss =)
» Adjusted R? (F"J best fit model) = 1- (1-R?) n-1/n- p (p=als5t (7Bl Tv (W8, SLR p=2)
PSR RIS (b=0): &, b (F, = t?,,), t= b;-0/S,, df=n-2, S;,=/ MSE/X (X-X)?
o YIEHIASTEEIEE = Yo 2 €, Syxex Sywex = ¥ MSE [(1+ 1/n+ (X-X)%/ T (X-X)?]

XEEYRL Ay Btk el 5> A (TSR 72, FTOGTRRY > ] RIS R A SR B



SPSS AR (FErEsEER 53 4

B TlRE vs. Bl
FEIRE 75 #71 (Pearson correlation coefficient, r, product-moment 1)
oIES: 55 P (Regression analysis)

J}tﬁ%#—‘a )[E%{E”ﬁl%f;l‘ng rhofffi = 0 (<, 3 ﬁkl‘fkﬁjﬁ[ ), H;: rho

(0,70
= r= 200y /Y ZExPE-y)? = (F-IT‘E'FE) -1~+1 (AHRD JF, o ST‘E'E’%
- t—(rr)/s SE =s_= (1-r3)/ n-2 , df=
gy st ;lfu TR T F ORI ' or iﬂl?%\l%ﬂﬁf
SPSS yﬂr’? FTJ %§§r> > >J Pearson or Spearmanﬁll?]%ufg&r

eI

SPSS /i 3[ulEg Akt [ANE@ge> | ”@%Y(%F TR ERE) > HiE stepwise regression

frﬁlﬁrﬁ S8 (r, R) HEEEY (r2, R2: amount of variance explained- %) 2 : unexplained)
R2 (s3fg): BrE | VRGN || R (@2 DPusg Bl EL > B el [T (Model) g i
Jl’« B (SPSSITEIVHI N lﬁrmﬁ slop b)

~ [ IR B > [PRIIPEUEED SER B P HIEH Eiferlt o PR R

(Betauf N z'% E; [ﬂ ﬁ JMEE‘ Gi& N E,Std coefficients Beta@*‘\ s L‘F 1)

iﬁlrjﬁi (partial correlatlon)

37 eRl’] (WAMER; multiple regressiony J?@@ﬁ%’“ FIRBEIRIR 12 F  H A% collinearity)

fg R PISRAS O P RERR M B AR AR Bl ARy AR RE



SR Tl Sk 2 AR e
AR RIS NS 8T ISR (LINE) [

—

HERSRER o ERTRE RS PSR RS (e

Assumption: F5L%RE [ ML fif ﬁfjﬁ?y} M A I RATIST (LINE)
= Linearity, Independent, Normal distribution, Equal variance (LINE)
e (T i, VISR )y REI ] @ BT [
REZ 71 FIP[RZ (77 7 (Residual analysis) ~L, E
= E(EA) =YY Ew =XE/N=0 S2=02 |, (MSE0? [T 7, s=// MSE)
. "j”ﬁ:%i?@f:& [~(standardized residuals) i 4 1 r’j*?lt‘EWﬁJ Z=E/Sc~N (0, 1)
= PR R ERARTE R ZE3gi W T AR fl'JF&‘ﬁ M ~N
. B ﬁ%‘ﬂ (%[F[J@ qﬁa*['%): AMEHR AR YE [R5 Z, E&HJEIWXEWM, no pattern[ﬁ‘%ﬁ“
. Af‘F&ﬁ;‘a’:ﬁ%ﬂ (normal probability plot)
& 115517 (influence, outliers)
= Hat matrix (Fiffr)
= Centered leverage (B&[ -~ ffiti EIRy SPSSHIRYEEIRY) (>3/n o= H)
= Studentized residual, studentized deleted residual (> +3 foIi=E1)
= Dfiii % (difference between the fitted value Yra), 575 “‘Dfﬁﬁ@ (>2)

E

= Cook’s distance (>1, index influence plot E“J/%%'f‘}iﬁs\ﬂ[q%ﬂ): outlier
= i DHEIEE (outlien) FURE ZH -+ (TR HCERL A TRIRR IR

o AT SR S B s B e ST ATET %5 1 oo



SPSS HIRH==3ml585% 57 Fr

AR IRy ﬁl%%ﬁp@, SEUEEIER: 1) I i

ST ﬁ'% “Sieatle > 2J Pearson or Spearman ﬁlﬁi%[ Rl

= Report:’*'| scatter plot (ﬁrw ﬁal) or < F-&#5% or ﬁlﬁrﬁﬁ[ﬁﬁ] (correlation matrix)
n 7 J T’T ;;Lva'ﬁfﬁt ] ii c\ﬁs[‘ﬂ: [#‘TE;*EIJT E [’TEJ‘E‘( > ﬁtj ij“ stepwise /forward /backward

(@5 1 Figitslop b, if p<0.05 then reject b=0, i.e. b0 % |f! Tg)
= Linear regression: siop b (B)
IR Sl N I@%ﬂ L NE)FI REGESEDS i
o HEREERRG I 0 BRSPS TP PSP INRI S F ,
= Residual analyS|s ’72% st iy ﬁa'kx’iﬁ%‘ ﬁ%ﬁ'
= Influence % 117547 (check outlier):
SPSS 7 JulEE T E RBE > {ﬁ?rﬁ%ﬁ'ﬁ%% ST [ A
SPSS ;‘ﬁ?ﬁ‘ ﬁ(%ﬂl ﬁff"ﬁj ﬁ?ﬁl > F;I‘E}Eﬂ ;\L_:;\%ELE%%F‘JJEI%EJIQ%‘[[: Cook'’s Distance
= Logistic regression (Binary= ﬁ@ﬁjﬂ";’ﬁ’*[)' Odds Ratio= OR= Exp(B)
= SPSS 7i#7 jPEs 3% 7 Logistic [A@E! HARED K| 2 Flexp@)oswct 1k
= CoXx regression, Survival analysis (time to event) : Hazard Ratio (RR)

g 5}T’?ﬁfﬁ7’}ﬁ KMk EJJ:F U—V‘F (LB P A B PN PR S
3P )5 20 T Coxalilst H A8hE risk 13 X[ ‘J*:EAEIIHU TR B ZETEI95%C L



Binary Logistic Regression

_.:t[ E\’%[fl'i&rl::}?}

= Logistic regression ((~@gygl= 7R
= Binary dependent variableﬁ » ffi™] logistic regression
= NSRS R AVESSR p, }[ﬁj’ pfit logistic transformation (fEz1)
Logit (p)= In p/1-p (gL K VRS VS RTES p/lep, TV TIRED)
Logit (p)= a+b;X;+b,X,+...+b,X,
X=0 (G377, In py/g,= a
X=1 (¢ ?‘Jfr =), In p,/q,= a+b, =V HEH
In p,/q, - In p,/q,= b, so In p,/q,+p,/9, = b, “JV?“,EI(TE‘} P,/q,+p,/qy = eb
Odds ratio = eb?, iglﬁ%} PR LA Baa(RR)ﬁuF‘,—h;g’l
Wald test statistic: 5 tF Uﬁ FEISE]TE) [ (RR)t:r,llﬂﬁfﬁf [E;%
. ”F‘jq‘ﬁ%] 'TJL oy P APIEE R D v Logistic (M@ED HARRED K] ,FlExp(B)gs%CI 4y
Wald test, w=[B/SE,]?, H,: ;= 0 (e =1), H;: ;70 (epi1)
-2log likelihood £ 53 H e PR AR AR

Model Chi-square or Chi-square for covariates: A A5 [N—”?E
PR B DS O A S i F'J

=logistic regression coefficient)



Survival analysis ﬁ'?ﬁ 7]

(Binary dependent outcome while consider time to event)

a»yp?ﬁsi JIPTE T ?ﬂﬁﬁ%’?
= EIRHIFAETR F’?%:Eﬁf (survival time, time to event: disease, response, relapse..)
- 'Eﬁvlﬁ ﬁ i_%B;Lﬂ J (censored data +, lost to follow-up or end of the study)

A. Kaplan-Meier survival curve (ERiFE
= fﬁ’ﬁﬁ‘ﬁiﬁl EfF gfr Ty ﬂi‘ﬂf (survival probability%)~ median (50%) survival time
= Ccensored data, *9H{IH T 519" ﬂ‘ ~ Product-limit (PL) method
= log-rank test £l univariate analysis, F 4]y [ﬁrﬂf[ﬁ sl p fifiE 32 £1<0.05
= log-rank test: iR 2 £ [/X“Fﬂ%{(—"”iiilﬁl (1] FP5) X2= 100,B/E 120, B,
= SPSS AT HAF AT KMARGH R HEECESA T %2 Bt Befficl) [0 D= 2o

B. RegreSS|0n model s ﬁiﬁg"ﬁ%f[ﬁ*ﬁd“ F—é)%ln:, multi-variable analysis)

= Cox proportional hazards model (I: incidence, PT: person time)

= Incidence density = | (new case, incidence)/PT = rate (}{f: /1)
= IDR = ID,/1D, (Incidence Density Ratio = #E {50 [&4 relative risk)

= InIDR = In ID,/ID, = b, x;+bx,+..., ?V#F@(T (cohort study e = IDR = RR)
= Hazards '@ = A, (t) = A (t) exp®Lxi+p2x2+..+Bnxn)

N S Bl---BnF'@?ﬁEl\'fem--- = Hazard Ratios (HR, RR) or relative hazards

= H:B, =0, H:By# 0, (h 3k Likelihood ratio, or Wald statistics)

= Nonbparametric method (vs bparametric: exnonential or Weibull model)



Functions of survival time

s 1. Survival function S() ~ ¢=«)0-1 t=0)/[ (= exp [ -
h(u)du])

n 2.

= 3.

Probability that one survives longer than t, P(T>t) (K-M survival curve ~ %)

Density function f@) ~ (= drw/de = - dS/dt)
The probability that an individual fails in the short interval t to t+At
per unit width At. (The probability of failure in a small interval per unit time)

fy = P (an individual dying in the interval t, t+At ) / At (limit At — 0)

Incidence density = | (new case, incidence)/PT(* )= rate (#1nt: 1/E§[H)
= IDR = 1D,/1D, (Incidence Density Ratio = & {fI5p [@™4 relative risk)
= INIDR =1In ID/ID, =b,x;+bx,+...,  FZViFkk (e” = IDR = RR)
= Hazards '@ = A(t) = A (t) expBlxt+pax2+..+fmm)

Hazard function h@= f@t)/St)=h(t) exp®rapaxet..+px)

The probability of failure during a very small time interval,
assuming that the individual has survives to the beginning of
the interval. (Hif,?ﬁ, N Eﬁf FUBSR) @~ o RIS R B ™~ MBI fioR5)
P(an individual dying in the interval t, t+At ) / P(one has survived to time t)



Survival curve assumptions

(K-M & ?fIE“'WE“‘F"JF'J i{—rlr’)

Random sample ClES ﬁ%g‘ Fi prognostic factors}i homogeneity, p>0.05)
Independent observations (u » gz

Consistent entry criteria

Consistent criteria for defining “survival”

Time of censoring is not unrelated to survival
= only a small fraction of patients leave the study
= check what fraction of the patients dropped out the study and why
= assume that overall survival is not changing over time

Comparison of two survival distributions: log-rank test

Compare of K (K>2) samples (median survival time)
= Kruskal and Wallis H — test for uncensored data
= Peto and Peto generalized H — test for censored data

Cox proportional hazard model: regression approach (heterogeneity)
Survival distribution: Exponential d. (1) fo=ne™, so=e*, ho=x, Weibull d.



N What do the regression
i coefficients measure ()7

= If we change the measurement of one variable by one
and keep all the other variables unchanged, then the

relative risk Is

A (tye™ pf(z=241) _ o
ﬂ, (t) eﬂX(Z—1)+... - -
0

= Thus, the coefficient B Is the natural logarithm of
the hazard rate ratio when z is increased by 1 unit



The End
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