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HE SR PURE R A ME, XIMTIRER (ATARESETE) FATTIRE, RIRERN T
HHIRZ — R R ATREH A S GE R SR AR, AR B UESIAR HiRD
fi, PR TREY ESOMMN z 28 BER. AR, fak, tk (t
REEA T, A t RBAEAEA t K50, 77D OTZD N EEMERATT
ZESINTRIRSIAE AR R TT 225047 MR, IR, RO SRR, EiRE
LRI, SEROZRENS I IRE R ARG H TR T, B TEAREE 4T, DAHRE
TfE— A R GEHHIR I, BRI, AR

o BEGUHEERIF R BRI

o HREALUER AR R RHEEA THE LS

o HAMBIESA Julia KAHgtitEdE,
AW FEESEHN:

« Gravetter, F. J., & Wallnau, L. B. (2017). Statistics for the Behavioral Sciences
(10 ed.): Wadsworth Publishing.
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B8 GitFEET

1.1 A Julia @

using Pkg; Pkg.activate(@-_DIR__)

using Random, StatsBase, Distributions, Statistics
using CairoMakie

using DataFrames, StatsRelntro

1.2 4ith. BRI

1.21 ZGHERNEX

grit4# (Statistics) fa—HHTHH, BEMFRE RNEEET,

o FUFPWATHIMBERFER, METRA R TR RE T4, ik
g RIGIRGHAMA,

o GUTFREET RIS A BAREE TR E L — R gh 10 2 S BERY, RS Bh A1 & 5 1
BB TR PEE A,

o GEHHREF A BT H O/ B WS DUBERAF (5 B & 1077 NS IR R

1.2.2 BARIES

TTNRERFE N — DK TREE R (B2 EEHA) B — R IR 48, A& (Population)
EIEREM AR RSB TA MRS, BT EREREIEERER, B¥ERER
ARTRERFFE SRR IMA, I, BFEEZOEE WAk — U, B 5 AR
1K, FHHEFOS RERE A FERHA I NME, F4 (Sample) J2MEKHIERK—H
ME, FTRETFRIEE A,



6 F—E  FIEEN

/’ BEZ 3 %@H’Jﬁﬁﬁ’\ﬁi\

TEMNETRIREARGE IS T 2B K IR R — 25N
\ " /
B 25 4 R PMAE
1.2.3 TEMEGE

WHE, PRGN EART (EREAT) MARRE RIS, BB A RER XL MA
(ISNER R R4, ZE 4 (Variable) JRFSTEANF MR & 442 (ol B A AR IRHE
gk ft. AT RRERNENL, HLENFHRNERETIE, &E (B8 (Data)
R EEMEREE R, BdEt (Data set) B —HMBEMRERNES, L~ (R
#) (Datum) ZHENMNESMEREER, BRI EEIRLE 25

1.2.4 BERFHE

FERIAEUEN, ABEX IR B BRIERHEA, 24 (Parameter) 22— MIE(HE,
HTHNE— DR, SEoEH 2l NN RS2, Zif4 (Statistic) 1@
WHE—MEME, ATHE DA, SitEER REE A TR MAR RS 21,

1.2.5 #RGHAHELRSH

WA T ARG RE P R A SRR, IXER R N ARG kst
(Descriptive statistics) T 54t HEAMBLESE; #4511 (Inferential statistics)
TR, RIS ARIRAR B IRIE,

1.2.6 BUiIRE

BT EREE AR R, EEAAT RN SRR N MA TR, Fitt, &R
RRREE, BEHEBENT, ARG EMENNSARSEZ AISFEE—SER, BOFIRE
(Sampling error) ZFEAGEH&AMAHN I EASECZ MFFER E?‘j&%ﬂ/ﬁlﬁ%o

LRSI S WA U NP g

10-element Vector{Int64}:
101



1.2 ZEit. BEEFI 7

104

91
101
116

76
103
113
115
123

HPIER 10430 MHIEB—MEA:

5-element Vector{Int64}:
101
116
113
91
123

FEARSEPIEZ 108.8,

1.2.7 BIREEFRGH

4umi
LI

[25, 26, 28, 27, 21, 27, 30, 28, 24, 19, 23, 26, 29, 26, 22]
[20, 22, 27, 23, 17, 23, 25, 28, 21, 22, 19, 22, 18, 24, 19]

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

HEH BFR

ik

Fex -4 Y



8 e
FEARROR DAY ST TR L FITEHE 4 %5, (DA PIRREEL AT R,
« RRFLIL, RS ESIR AR, AR SR T A CRIPELE)
-%%E%%%,Wﬁﬁ%ZE%iﬁE%ﬁ,ﬁﬁﬁﬁ@%&%?ﬁﬁ%ﬁo

HEWTPESE T B ARZ H BTN R PRR RS < TR i H DR

1.3 BFRGENGH

A AR AR

- PPN NMAEE R ZRAIE: TR

— B (BEZ) SHREC SRR 1k

ERTERTTE: AEPIOUR N T A B AR MAZE =,

LRZFAMXR: REBITREEEEM P E LR 2 HEKR,

TR FIXER

N

1.3.

TV RANIFAE, IR DIUHTIE - BN R TIE, it AR a]
A APRIARRI SRS, XA T2 EARNR T T ERARRSEH R,

TEM 7774 (Correlational Method), WIS MAFIZER, DFEENZRAZE
FFAER R,

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220



13 BRI 9

3.5

g 3.0 . ‘
I
2.5
. .
8 10 12

FCPRAYE

A, ARSI FE IR AR OO IMA D FEON AN BB RIS, BIan, 55 e ER
FEL T 75 T )56 P Al e T ARG T 1

s Mg
B 30 20 350
Z 25 25 50

MSCPERTFEAVEE R AT DUERI M R B 2 AR R, (HENTFARER SR RIS, 5l
2, MXRMEFRREIERARE SRR,

1.3.3 SKRAERRTT %

R A B (A1 R R A S5 MG TR LR D e D B, AEIXAMEDL S, JEd
R — N RRE SCRFAAR, REESE D LR DRSS MR oG AR R
AR A PIRIEH AN R BB 7S 77 TR AT RE P AR A T EEAR A 0 B IR A SRR SR
XA AR e 2 HFERI ST 771, ENTE R TN RZ FIFR R, XM
FERME Z X HIE TAMIRRREOC R, SRR RIS IR AV RS RIIRRE, AERRATRA R
VFAISRG AR HIAERE

KRR AR RN AL R FIRERKE R, BARE, SRIKEEHLE LR
FMEZ B N RRRAERM, N TRIXNER, SETREAM MR, XER R
sy 5 KA X ok #20 (Manipulation) : #F58A RBE KL — 14
BHEMN DK — DK RIEI— DR, W (R 58 DR HRMNZ
BSBERMKRE, #24] (Control): WFFEA FSFS I FIEHEEITHEM], AR AR E AN
LRAZEMFIR IR R,

RN L B — R RIR AL & (& (Participant Variables): ix4&240
i, MARENERR, EMHERRMEZ AR, 5% & (Environmental



10 F—E  FIEEN

Fs Bh BN

1 7 8
2 8 4
3 10 8
4 7 3
5 9 6
6 8 5
7 6 3
8 10 4
9 9 4
10 6 5

Variables): JXSERIBERIRHIE, GHREAA, I EIFIRRMSE,

RN GOB 68 F =R B AR I Rk sl oAt & BEMI#5J)R (Random assignment) :
B2 5EEEENTSW SRS NE A, 2 &S A EOR 2 A Li
(Matching) *Eﬁ{%%?ﬁﬁﬁéﬂﬁ%%{ﬂq%iﬁo BE:?'E, RN R AT PAE S (RIS HI A B 1 E
(constant) ki=flE&E, 1fELRGEH, BEEIRMN, FRINIERNES — LR,
TR R Z AIEREXR, k?ﬂiﬁ@ﬁﬁﬁ”ﬁﬁﬁﬁ@ﬁi, PARH IE AT IR &5 3R =4
A

1.3.4 SKRITEPIAE

KRBTSRI DR (AR HE MR (FZR) KM MR K
K%, HZE (Independent variable) Z#7 A RIBMIIL R, ETAMRT, BE
BEFAUEZAEREOND (REZ) BB, BRRRENERZRZATHRMN
ATE MR, A& (Dependent variable) /2H FIFGAIIRN &, #£HIZ0F
(Control condition) HHIMANEZ LI, M, MMTELANEZATATGE, %
PP PR RGAAL B, MR H R IR AL S KRR S5 R T LA IR, LI e fF
(Experimental condition) HHIMARZZ LG,

1.3.5 JESERAIE

FLE R SER A AR A8 B AR EL At SR A ™ M 26 R, 3 VR 25 HL At
FIR AR EIE RS, (EhEE A SRR AR B 2 IR R, FEAESR iR,
HT eI AR R “BER" @EPF N EZLRE (quasi-independent variable) .
NENANMG 2 K A D IR SR R T (BRI T 52 4)

FE B OWTR) L% (BT

1 17 12
2 19 10
3 16 14
4 12 15
5 17 13



1.4 ZEANE 11

F5 Bz (arren) % (eTR)
6 18 12
7 15 11
8 16 13
1.4 ZTEANE

1.4.1 HWI5BEEX

#:2 (Constructs) RICIREZEWEHA I TR PERAT NN LR R, #E
EX (Operational definition) #iE 7 —Rl ISR (—ZHIRMF) RNESNBITH, FF
A F IR A5 2 A RN R R E RN &, BT, RIEE CRAM PN
B, eI T —HWBMZEERE, Bk, ERYETSRIRE R E X T,

1.4.2 BRZEEMNESTE

Tiff 5 Hr AR B AT DUARYE °] DA ERLA T A TIE IR EDRFRAE, 5% & (Discrete variable)
H 2 B BARR] 5 BI2R R R, ERLRF DB 2 [AIAFAEE, NTFiE44E (Contin-
uous variable) , FEEERNMMEEZ RIFAELRS N TRENIE, ELSE BN 5 HIRT
FREZANDEE 5y EMEIESAT B, NTF R NAFEAMERAS R I RN ZIEH T 0,
EM RSB, DRGSR _ R — A B R E R,

1.4.3 ESTEMLERRE

PR (Real limits) RFERIEESET LR FI S EURIRAIA R, 53T MHER 0
SKERBRIE NGO T 7 Bz M R B 8D 0 AR A DN SEBRIRIE, _FESEFRIR & (Upper
real limit) A2 FREHTEE, FLhRRZ (Lower real limit) 7 FJRHER.

1.4.4 WIERRE

SR BOX M N ARTEIE A T IEEN R R, TAERTAEFRIGH 28 BdEik
BRI TR, & (Measurement) WK AMESFA3ELEIAH
HIKAHIH. AT IMERRIERER T WE/UE (Scale of measurement), Az
AN R IE T AR I R

« Fi#% R (Nominal scale) fUffF—HAAAFZFRIIZEA, Frda L LR A
THRICM D EMEREER, EARIENREE R FETEMAEE _ERX ),

o Wi RE (Ordinal scale) L& —ZHIWFHESIRIZEAN, WU R L B0 o 0L
BREEFHER N H A



12 FoE SN

« FHERE (Interval scale) EIFHAGHIMHEFIA/NYEFEHEAIRIZE A, RE 5
ZRHEER R T RN ERHEER. B2, FHERE ENTLRERN, R
EGNPRIES GRS GRS 8

« FLERZ (Ratio scale) /2 B A% T s i35 B RUERIMTANRFE, (0A ELRREER,
BRI LER R T RN EER,

MEREREZ, KOAVENABTHEH TSI 7% BACkE, A—&510t
FEFPIE Tk A S bR RERBUE B, T — G0 PG Tk B 4 ki R
JERAREUE L

1.5 HRHFS

1.51 ¥

WP R — DR AN MET A — MER L 5457 # (Raw scores) /2T
RARIFHREE LI F G Fre LB B08HE N7 X R, —H2 B UE
BIER X ARkE9BIR, SN A TR, SRR 8 BdEn] DA B
NP X Y B3R, RIFoRm AR, v N I ieE —dAnfhH 204
3. RKETE N TrRBHATR 0 B8R, /NG 78 n SRR B,

1.5.2 XAKFS

KAIFFS X AT LASE “RIEHT, SRNFFS B ZIRE — MISeigreRia, K
FEE R HM LN EEEIEE, ks IBE,

1.5.3 BEFEZENWF

EMESTEA SN REEE T, Fr (SRR HMEE) U7, Tk [ b
PR TORMT, — RVITRIEM SRR AR M e B I T, (2 RS 1 RAT
BREHEHHT, BE, MATHAR AR 5 %,

X =[3, 1, 7, 4]
sum(X), sum(X.”2), sum(X)"2, sum(X .- 1), sum(X .- 1)"2, sum((X

(15, 75, 225, 11, 121, 49)

- 1).A2)



B WRIW

2.1 AE Julia fm

using Pkg; Pkg.activate(@-_DIR__)
using CairoMakie, DataFrames, StatsRelntro
using Distributions: Normal

2.2 FBEIH

ARG B A2 AR R HIR 2B, W —H BRI THR R e W TR — 2K
DEORNFRMGH, — DRI DAFRRRE, FIH TR E EFNAIRE
MMEE R, BRI A] AN AR SR, (BTCIEMBRME L, 0 Ar#R S PR R A i
TER: - a. JRIANER R —EEG, - b, BRI AR s MABER A ID R,

2.2.1 BHAR
IR —4 N = 20 M2 \N— & 10 58 H £ HIRIGH,

quiz = [8, 9, 8, 7, 10, 9, 6, 4, 9, 8, 7, 8, 10, 9, 8, 6, 9, 7, 8, 8]
IR R A5

ft = FreqTable(quiz)

IRAEAR A 2 m] DA — L HAHIS S, 4N
o BMEE, N

sum(ft. 5 %)
20

13
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el
10
9
8
7
6
5
4
o MESEZH, Y X
sum(ft. A% .x ft.2K5])
158
o AMESEIE, Y, X2
sum(ft. A& A2 .x ft.2850)
748

2.2.2 HFIFIES

H O NMNMWIwWV N

o RAGATREQE — D TR DA IR A LE B 51

f

el = p =

o RIGATRERIE — MRS 8D X EHSREATH 77 e

(100)

f
Btk = p(100) = —
p(100) = &
FreqTable(quiz, prp = true)

KA R R HOW
10 2 o1 10.0%
9 5 0.25 25.0%
8 7 035 35.0%
7 3 015 15.0%
6 2 o1 10.0%
5 o c.0 0.0%
4 1 0.05 50%

HE

Nl



2.3 SHIESR 15

2.2.3 FBOER: KR

DF2 = DataFrame(284] = 5:-1:1, #i%E = [1, 2, 3, 3, 1])

Fhl PR

H N W WU
=W W N

HRIERME 2

FreqTable(DF2, prp = true)

Fpl gR o R Aok

01 10.0%
0.2  20.0%
03 30.0%
03 30.0%
01 10.0%

H N W AW
H W w N e

2.3 DHEBBIER

2.3.1  HFRIR

VORI R R Z S 10 B 1517, DAGRFRRETE, Q1R B0E 55 1070l L R oRTE
FEI 58, 3 SR RE R 0 AR R TEIRR AR 70, VG, IXLERIRR & SR ik —
EHIH, PAREARIFRHEA B MES R ER, SR AR (grouped
frequency distribution),

2.3.2 XA RS
o SRS RN %A KL 10 MKAFE,
o BRI Y BE [ RO AR ] BB, B0 20 5. 10 BF 20,

o B RIBIRRAIRHR 70 BN 1202 58 L RAE R
o P TR BRAF) B8 L I AH R

2.3.3 SEHFBIMR

o BIA—H N = 25 IFI5H
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data = [82, 75, 88, 93, 53, 84, 87, 58,
72, 94, 69, 84, 61, 91, 64, 87,
84, 70, 76, 89, 75, 80, 73, 78, 60]

o BERITEEZ

extrema(data)

(53, 94)
o =R

o TIE: 10 .

g
o
N
g
S

5

FreqTable(data, 52: FreqTable(data, 50: FreqTable(data, 50:5:95)

el R el R el Gk

[94, 96) [90, 95)
[92, 94) 85, 90)

[90,100) 3
9
[90, 92) 7 80, 85)
4
2

0,90
[70, 80)
6o, 79
[50, 60)

88, 90) [75, 80)
(86, 88) [70, 75)
(84, 86) (65, 70)
(82, 84) (6o, 65)
[80, 82) 55, 60)
[78, 80) [50, 55)
(76, 78)
74, 76)
72, 74)
70, 72)
[68, 70)
66, 68)
[64, 66)
62, 64)
[60, 62)
[58, 60)
[56, 58)
[54, 56)
[52, 54)

HoHE W R WU AW

H OO HDNOHKOHEHEDNDDNDHEKEKEHKRKHREWINDHHKHHRK

2.3.4 Ehn ERRRISER D

LSRR RN, 1SS AR DN BT Rk LT TRIRE, T2 A R
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2.4 R}

2.41 HRSHE

AR A HS AT 26 T EL LR G TTAR, FROVAERRE. P2 X hsliikin (ab-SIS-
uh), BEHLE Y B AER, MEZE (—4 X E) I1E Xy, ENERIGBY,
FERIE Y A, EMNTE s,

PER— AR, PR AR A S s N %A S BRI P T TR A R e — Rk
MR, ERNZEEREEE (Y ) RE2HKE X#) 123 #3/4

SRR IGE R I EEIEARFfl L, RERIIEEEM b, TR i BRI il
FAEITIEZIE, X T RIFRER BRI, W% A BT E SR, T4 ST LI,
I A R T

2.4.2 EHHE
S TE, B X EAIMEBES S ERD. RE, IFD X ELH—1
&I, DAE:

o FRIERI RN BT ZBIRIR
o BAPFICEEME B EIEMRIR, DAERSTHZTEAH R,

2h0E NI —ZH G 7 4L
quiz = [5, 5, 4, 4, 4, 3, 3, 3, 3, 2, 2, 1]

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

Fox -4
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FreqTable(quiz)

H N W R WU
H NS W DN

2.4.3 EBEAE: ~45%

g8 = [
44.5, 42.2, 42.8, 40.1, 40.2, 40.3, 40.4, 38.4, 38.5, 38.6, 38.7,
38.8, 38.9, 36.6, 36.8, 34.2, 34.3, 34.5, 33, 32.1, 32.2, 32.3, 30.1, 30.5]

FreqTable(& &, 30:2:46)

Kl R

(44, 46)
42, 44)
(40, 42)
38, 40)
36, 38)
[34, 36)
(32, 34)
B30, 32)

N DR W DNOAR DN

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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T T T T
30 35 40 45

2.4.4 RIGHE: SEME3(H

FWarning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

[Pz T

2.4.5 FRZHYE

THEZIBIVE, EieE X i B HBE B (R 25,
o ERDMEIIE ETTE DR, SR EEAE SIS BIIR N,



20 HE R

o BT R RIS, DUERIR S,
o CEMSNEIRINTIS, FRAH R, ERRA XA (BH).

M

df = DataFrame(2%l = 6:-1:1, #i%E = [1, 2, 2, 4, 2, 1])
FreqTable(df)

pushfirst!(df, (maximum(df.2£%l) + 1, 0), promote = true)
push! (df, [minimum(df.28%]) - 1, 0], promote = true)

fig = Figure(size = (1000, 600))

ax = Axis(fig[1, 1], limits = (extrema(df.2£%5l), nothing))

scatter!(ax, df.2&%l, df.#M %, markersize = 20, color = :red)
lines!(ax, df.Zt%l, df.Jfi=, color = :black)
fig

|—Warning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/srTc/scenes.jl:220
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2.4.6 FATHABENIFRDI L

Symmetrical distributions

ANYAVAN

Skewed distributions

AN

Positive skew Negative skew

& 2.1: FEIR

2.47 #EE

FIVE G ETTEEARR, FREMRSIREZRBEARRE XT84 XZIE, R EE
2RISR T %I H SR ARRIFZEBIH R, T FZIE, [ RRNEY, RAGE
(EE GBSy S EPNAN-S

[EORNTRESIAL]

rWarning: Found ‘resolution' in the theme when creating a ‘Scene'. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

20

@
L

AREHE

2.4.8 WREEIHIER

RUEARAE AT REA J ERAR R SRR A 2R, (X SE R 208 1 5 S P MR R R
fiE: #AXHE (relative frequencies) Fl FIREHLR (smooth curves), BB H LIk



22, HIE IR

HE D EINALRICR, (B AT ORISR 0%,

2.4.9 HENFHR

r Warning: Found ‘resolution® in the theme when creating a *Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

REAOMEILE CRIE | BREITR)

0.4+

- 4]

0.2+

0.0 1

23]

2.4.10 iEHIZ

B AR R S S PR (A P, TR P R R, TSR 20 BB R 75 B
ZITERIRITR, TR AZEE —RIIR LFRER), MM EEI T
SEIRERNZEAL, —NH WAEA S 1 2 IEAS LR, 7% N ORI 4 E (Distributions)
KfaFRFi s, SABDN M1, LRIZER|— MR E,

2.4.11 IEAHLk

lines(Normal(100, 15), axis = (; xlabel = "% ", ylabel = "ff%"))

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc

L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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0.02

253

0.01

0.00 -

T T T
50 100 150
]

2.4.12 ERWERSHA

r Warning: Found ‘resolution in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

48
I | I I
404 I
11 12 13 14

T T T T
2011 2012 2013 2014
F1p F1p

40

AB

20 4

2.4.13 SRR

BN GUBE RTINS REIRHE, A RRE e AR R, A= MRHEE iR
THEMSG: IR (shape). HD##H (central tendency) FIZERH (variability),



24 HE R

fE R, FPOEBNE T MR O AR, RPEINE T e B E N o B
EHRREE, WER LV, DARIBIRE — NI EsRE S, e TER LSS XY
EHZERFTIRR. R, BT — AR ARTERIER R BT AR,

Symmetrical distributions

SN SN

Skewed distributions

ANA

Positive skew Negative skew

2.2: FEIR

EXFRIAE, A DOEE A A — SR EL, DA AR — MRy 55 — A B8,
FEMRA AR, D EUE THEREZZ R —3,  FHAERIEE R 57— I B s o

FEAREI—M, 3 BOZH B N R 3B EERR (tail of the distribution), —4
Hilmi R EEEAILE (FL) uhi X #h, FsFrAERSE (positively skewed).
REEIEI M, S AmATE (negatively skewed),

2.5 BONE. EoABRAEE

2.51  BEBRIEAR

4 ROOR 53 Gk A T4/ 3140 5Ot S B B 2 5 B 2 s 29
(percentile rank) ¥ Y A5 B P RCEF s (S PR AMEE S H. H—45)
S E D RRORARIRR, 2 MA VB (percentile), LR, EH4HEHE
ISEA, TEAREURIER, IOh, IR, B SRR T 4 I,

2.5.2 BEFRNBRE S

LHE F N A AR, B RAKEI MR R R N ECR 7T I AR, IX AT B
R AR R AR, HFRTEAEZIE AR AP DA N R, Bt
FAERENR N REVIR, FVENFOREZE LRI AR R,

FRVIRER TN B N U NMARER, O TEREIE AR, AT TR X 25
RN E . HILFEREROVRREZ T, FVENZREEEZE L85, ME
B o EEAn AR . SRR 73 b AEL S HE R 70 B8 DX AT _E BRAE SR

df = DataFrame(2t%| = 5:-1:1, #M*% = [1, 5, 8, 4, 2])
FreqTable(df, cum = true)



2.5 HEMEL G A E 25

Xl MR RRURR RBR RBREST

5 1 20 1.0 100.0%
4 5 19 0.95 95.0%
3 8 14 0.7 70.0%
2 4 6 03 30.0%
1 2 2 0.1 10.0%

2.5.3 FREHNK

PRAE, FRATAT DAREF B 3 S8 SORERE A7 FR RV EATRE B 0 A8, ZHREIE 8L,
HICE RS A BHE R E 2 LRI B, R, $RES A B A B 738

f5ian

FreqTable(df, cum = true)

Xl BR RRR RMR RBREST

5 1 20 1.0 100.0%
4 5 19 0.95 95.0%
3 8 14 0.7 70.0%
2 4 6 03 30.0%
1 2 2 0.1 10.0%

o F2ZBEDHERN 95 B fitl? (% X=45.)
o X =35 MEDHEHRREZD? (BR: 70%.)

o H2BHE D HHESSE 507

o X = 4 WEDFEHREZD?

2.5.4 IEE

R — R THE T AEZ B EERT . SN ESEHRE o 8 - 80, 38
HHREMLAREE (Interpolation), H{ERT IABIFATHREN /> i ch P AN CHIE 23 A8
HI 8 WILAHRETT IR —REE R, SMEMEREECR A AR R EIE >
T, WIERIXN D CHEHF IR~ EE, AIDME T A A2 RIF 22

o« X =7.0 NEDLEL
df = DataFrame(
25 = 10:-1:5,

ifﬁ%‘—rﬁ = [2) 8; 4, 63 4! 1])
FreqTable(df, cum = true)

XEAE R DA R RAEOR
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Kl gR RBUR RBER BRES

10 2 25 1.0 100.0%
9 8 23 0.92 92.0%
8 4 15 0.6 60.0%
7 6 11 0.44 44.0%
6 4 5 0.2 20.0%
5 1 1 0.04 4.0%

(X)) Eol
RAL 7.5 44%
E RN 7.0 ?
BNAL 6.5 20%

HitgEaw
75-7.0  44% —?

75—65 44% — 20%

TR RIS HH T 70 EEAR SO 32%.
o HRHE I EERCN 40th BE AL

df = DataFrame(
%% = ["20-24", "15-19", "10-14", "05-09", "00-04"],
MR = [2, 3, 3, 10, 2])

FreqTable(df, cum = true)

Kal R RBUER BB BRES

20-24 2 20 1.0 100.0%

15-19 3 18 0.9 90.0%

10-14 3 15 0.75 75.0%

05-09 10 12 0.6 60.0%

00-04 2 2 0.1 10.0%
IXEEAEA] DA R RFRR

(X ) ES
A 9.5 60%
HME ? 40%
N AL 4.5 10%

HHE77 4 s
95—7? 60% — 40%

95—45 60%— 10%

MR E 4 LU 4 401 (T M0 X = 7.5.

2.6 ZEHE

Zimt & (stem and leaf display) 2 —FALEIRIE R E. BPEW TR —DZE
(RTAER— e —HET) —PHF &EN— M. BREiRE—FIhyIHRE,



2.6 ZEMHE

DRI EERZES N, EHERET AR R, (HZEEREW A

MIEYIE, MR NIARE,

tab = [83, 82, 63, 62, 93, 78,

71, 68, 33, 76, 52,
85, 42, 46, 32, 57,
56, 73, 74, 74, 81,

StemLeaf (tab)

wha o 000 | HiE

97,
59,
76]

g | =

1235
1344668

[N
w
[}

2679

NN
w o
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%‘41&

-

Nl



B=F HTEH

3.1 AE Julia g

using Pkg; Pkg.activate(@-_DIR__)
using Statistics: mean, median
using CairoMakie, StatsReIntro, DataFrames

3.2 BPHE%

MRS T RN — R H R R HAE S —H 8, RS S i W T5iEz — =2
REN D E—EE, FRE SCH MBI AREED 01 B SRR B,

321 AR

SHEHE MR TR, ATEE X mhDR s —08, Rrhiase B
B R s BRI B — 08k, DAUREREENREA,

3.2.2 HERTHES

dt1 = [2, 3, 3, 4, 4, 4, 5, 5, 5, 5, 6, 6, 6, 7

dt2 = [1, 2, 3, 4, 5, 6, 6, 7, 7, 7, 8, 8, 8, 8, 9, 9]

dt3 = [1, 1, 2, 2, 2, 2, 3, 3, 7, 7, 8, 8, 8, 8

fig = Figure(size = (1000, 600))

for (idx, dt) in enumerate([dt1, dt2, dt3])
ax = Axis(fig[idx, 1], limits = ((0, 10), nothing), xticks = 1:10)
hist!(ax, dt, bins = 0.5:1:9.5, strokewidth = 1, strokecolor = :black)

end

fig

29



30 =5 EER

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

o
N
N
.
o
10
o
N
N
.
o
10
o
N
N
.
04 T
1 2 3 4 5 6 7 8 9 10
3.3 FIME
3.3.1 FIE

A P EHE AR PG 7> BUSFIBR A B B0
o BERFEER AR

_LX

=N

o HAFEER AR

- XX
AT = M = X = S

n

Julia &5 HFEENTHR

import Statistics: mean
X =[3, 7, 4, 6]
sum(X) / length(X)

mean (X)

5.0

AR L



3.3 FHE 31

o FEH, BoMERTERGPIEEEREDMHHIFAE MR (N) ZFPEY
SEER QLX) N, BMMRKRBIREE,
o PEIETENF (L), FEE ETTRIEEES S 7RI R e V-1,

dt = [1, 2, 6, 6, 10]

fig = Figure(size = (1000, 600))

ax = Axis(fig[1, 1], xticks = (0:11; ))

hist!(ax, dt, bins = 0.5:1:10.5, strokewidth = 1, strokecolor = :black)
vlines!(ax, [mean(dt)], color = :red)

fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc

L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

2.0

0.5

0.0

3.3.2 JBCEISE

ZHER AN SRR, JOTEERME: SRS Q) X), MKkG
FHHPBIRNE N (n). B TIXWME, AR AERREATTRE TR (E:

X X;i+) X
BAREEE = Zn _ XXX

n1+n2
LB LFRAMEAR, HIPCEERZ:
M1, M2 = 6, 7

ni, n2 = 12, 8
(M1 % n1 + M2 ¥ n2) / (n1 + n2)



32 W= S

6.4

MiZHE EiE, SRR GHR, BORRIREARNS & H 47 4 ELRU NREA BRI TR,
FEIBCHE R ATTIR

ML ¥ n1 / (nl1 + n2) + M2 *x n2 / (n1 + n2)

6.4

SEEE M AT DUEMR R PR, R — MR R,

ft = FreqTable(DataFrame(28%] = 10:-1:6, #*F = [1, 2, 4, 0, 1]))

KAl AR
10 1
9 2
8 4
7 (0]
6 1

HEHER
sum(ft. 285 .x ft.H=R) / sum(ft.si=R)

8.25

3.3.3 FYEAER
o BB — D BHNEER S B S E,
X =1[9, 8, 7, 5, 1]
println(mean(X))

X[5] = 20
println(mean(X))

6.0
9.8
o [T FRERHIHT Y 7 B RS BRELA I 0 BOB H 2 238 P ME,

M, n=7,5
X =13
(n*M+X)/ (n+1)

8.0



3.4 T 33
o WERAED PRI AR E— D EEUE, IR ARSI R i H EUE,

X =1[9, 8 7, 5, 1]
println(mean(X))
X=X .+ 10
println(mean(X))

6.0
16.0

o WRDATHHE DD EETREL (BERDD —DEEE, PEIER DR 77 K2,

X = [9) 8, 7, 5, 1]
println(mean(X))

X =X .% 10
println(mean(X))

6.0
60.0

3.4 "

3.4.1 A

MRAAAHI D BAZMNNBIRIIRESH, FPA#k (Median) 2FIRNHR, ERAH
B, PRECRAHA 50% R0 BAL T H N7 EARE RS, B AaE0E SO i
I R IR R 0 B 70 RS R MERE I

BHRENPAEL, TBEMNEIRIIE I 28 WB N BOTG, Bk, RERSIZREIT
P8 AR EENARE — MR T oA 50 28, AT AETHIR+
19738, AT DIEM N8z Al TR, A EE S QA TR EITTR),
IXEME . ERER VAN ZAE—E R M,

3.4.2 REBOMHIHAE

function MyMedian(dt)
len = length(dt)
pos = isodd(len) ? (len+1)>>1 : [len>>1, len>>1+1]
mean(sort(dt)[pos])

end

MyMedian (generic function with 1 method)



34

dt = [10, 11, 5, 3, 8]
MyMedian(dt), median(dt)

(8.0, 8.0)

dt = [4, 5, 7, 1, 1, 8]
MyMedian(dt), median(dt)

(4.5, 4.5)

3.4.3 ESLZBIRHPAIK

=z

=

Erhita%

I HRT TR R BT T DARE R 2 BB AL, I HARE M TR R, H
B, NTHESACE, Al DUEHARs - 40 0 R, [ERPRSTit 50% B9 fifs THRIE BT R

75 (FET).

X = [1; 25 3; fill(4, 4); 6]
MyMedian(X), median(X)

(4.0, 4.0)

FreqTable(X, cum = true)

Kul Bk BRI BRR  BHES

6 1 8 1.0 100.0%
5 o 7 0.875 87.5%
4 4 7 0.875 87.5%
3 1 3 0375 375%
2 1 2 0.25 25.0%
1 1 1 0.125 12.5%

EFERE 50th B AL, XL BRTE L Rt

(X)) HE
VA 4.5 87.5%
E ? 50%
LA 35 37.5%

BRI

45-?  87.5%—37.5%

45-35  50%—37.5%

%50 Aty (g 2 X =375,



35 A 35
3.4.4 B, ISR EE

QSR BE LR E S IR, AR ACPIERL T AR Rl R T AR A, R
SR A o B R E S

X = [fill(2, 3); fill(3, 2); 12]
fig = Figure(size = (1000, 600))
ax = Axis(fig[1, 1],
limits = ((1, 13), nothing),
xticks = (1:13; )
)
hist!(ax, X, bins = 1.5:1:12.5, strokewidth = 1, strokecolor = :black)
vlines!(ax, [mean(X)], color = :red, label = "“F#{H")
vlines!(ax, [median(X)], color = :blue)
fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

3.5.1 M

FESRDMH, ARBUERA RETRI D BEIG . EFRMGET, REFREERN
BRI R . ZREIONE, RBWE iR T8 A0S R RTsE
(798 GRS IVAIN Ui S iNE SOt = v



36 = e
P A S AT IS, H A DA ERIORI A 21, B TL MR
A 23T A P A

MECR L, ARECR BALX SRR 8, 2R, AR ATEE  E R Ak S
REAMN SR &L, WEXLE SN R AR RE . R AR RN,
S AR N E AR, BRI AR IR AREL,  PAX I MES

BN n = 100 445225 AR Y B e RN TH

BE R

Btk 5
Hope 16
—ib 42
HEX 18
MFH¥E 7
aHE 7

3.5.2 ARG

fq = [2’ 5, 8, 6, 3, 1, 2, 2, 4, 6, 7]

X = vcat(fill.(1:length(fq), fq)...)

hist(X, bins = 0.5:1:11.5, strokewidth = 1, strokecolor = :black,
axis = (5 xticks = 1:11)

)

I-Warning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution' keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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3.6 SPEES5HHBIR

3.6.1  XFRIAE

®) ©

I\

Mean Mode

Median

Mode Mean
Median

(@

No mode

S

Mode Mean
Median

& 3.0 xR

3.6.2 {RASA

MMMMM

& 3.2: fmAs

3.7 EESETREENE

3.7.1 AR EFSEEE

o FYEREMEE (KRSILEIR) K, “PEME@EE 2 RSP E,
o FOMHEERR T oh RSN 08, FTPOEE A D REFRRRIE,
o BRT R RONREFEZS, FEEE - DIRIES, Be575 ZNbREER

B LAY AR ST AR S

3.7.2  fIREERPAEL

o Wl BEmAt oA oA — 2R 0 S ECHIE R ER AR, Ak
T HIER S,

X = [105 fill(11, 4); fill(12, 3); 13; 100]
hist(X, bins = 9.5:1:100.5, strokewidth = 1, strokecolor = :black,

axis = (xlabel = "% 2", ylabel = " A%(")
)
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r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

‘ ‘ ; ‘ ‘
20 40 60 80 100
iz

o RUPERME, JFRED R SEERMER R, —MEHNRAE ERECRIR) 77
BRI FEROY A AT RERT,  tha] AREA A2,

o GNEHLERBHEE PR 7 AL o SN RHRBERIEGR
AN R (5 FER R iR
1 8 5hEEZ 3
2 11 4 2
3 12 3 2
4 13 2 3
5 17 1 6
6 MARTERL o 4

o AFZIE: Ba, NTREARFZZREERE, HREEEEIEIEPEEINE,

3.7.3 Al R AEK

o BYANE: RECRHNR S RS B ME—IE R,

o EHCZE: EFZHEIT, RHIREREEROENT, AMIERREMER R E
AUBL SR EUEL

o MRTPIR: AR (BED WA AFTR IR,  PARSR SRR,



3.8 IR sEE 39

3.8 RERTEBNE

3.8.1 RERHEIANR

APA RUSEER 78 M fENHEAFIHERNT S, Kk, —IiRnIRExWR: JArHE(r

55 ERIUEDEIEEIR (M = 2.56) HXHEH (M = 11.76) #/b, W 8mT DA 45
5 Mdn %, W Mdn = 8.5MER, ®EWDIERUE AR, WRAR: BT4
HyEEIR %09 8.5, MIXTHRAHATEE IR A ECHN 130

3.8.2 FEERPEINVSENHAER

BRI DU TR S MR EA R, ERIMMEE T ERFRIN ZR 2 P(E
(PR, R AT DUPOE LB R B BEA A, A R AR A -

o ERIEENRLNHEKEN =722 — 22 =,
o W, EROIZMP N ZRIH T TR S X B Y 4o
o R, HEEEPUESTEN, BESBTAMNEEBEIT, UEERAZESM,

3.8.3 FEERDEIFIHEMHAE

X, Y = 0:4, [19, 21, 15, 5, 10]

fig = Figure(size = (1000, 600))

ax = Axis(fig[1, 1], xlabel = "2 &", ylabel = "8 &")
scatter!(ax, X, Y, color = :red)

lines!(ax, X, Y)

fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc

L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220



40 =R EET

20

3.8.4 HEERPEIFIHENHAE

Y = [110, 75, 90, 120]
barplot(Y, axis = (;
xticks = (1:4, ["Z&JL", "FEH", "HEHE", "HKHL"]),
xlabel = "EE X", ylabel = "HEALEHRA (FAi%) "
)

|-Warning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution' keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

=14 i hEEER REB

100 -

50

REEZRE (PHED)

EEX



BUE TR

41 ZAE Julia

using Pkg; Pkg.activate(@-_DIR__)
using Distributions: Normal

using Statistics: mean, std, var, sqrt
using CairoMakie, DataFrames

using StatsRelntro

4.2 ZRENA

421 ZTRENH

R (Variability) E& 7m0 IR ZERECE, HHNER T oM h 8 B R &
AR, HOMAPoBEHEA, WGt HoRAERRD, MERER
Mo FHRBAGFERRAK, WAESPEECR,

4.2.2 BUAEBMENESERGERE

fig = Figure(size = (1000, 600))

ax1l = Axis(fig[1, 1], limits = ((66 - 24, 66 + 24), nothing), title = "{f&E", xlabel = "F 7
ax2 = Axis(fig[1, 2], limits = ((167 - 24, 167 + 24), nothing), title = "& &", xlabel = "J#

lines!(ax1, (-24:24) .+ 66, Normal(66, 4))
lines!(ax2, (-24:24) .+ 167, Normal(167, 8))

fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

41



42 Sz

K
ul
R

*E &

awt

0.10 A

0.04 -

0.05 -

0.02 4

0.00 -

0.00

; ; ; ; ; ; ‘ ‘ ;
50 60 70 80 90 150 160 170 180 190
5 K

4.2.3 ZREBEHINIMEA

1. R, ZFMEA ‘BT SR BUR R EE— IR R BRI L.

2. ZREE a—/l\/l\ﬂi DR (AN BRI, ZRPERIX AT
EHEIRG AP IR E R, GGl 5 AR NRE AR S LT SRR
M, AR FPERR A T R T AR A AR A SRR SRR v] DU 2 DR ZERIE R,

4.2.4 ERHNZREER

o JIEERINES
o IR
o PYoALER

4.3 SRR ZEMbRREE

431 TNREERIE

PR R AR AR EE LR RE, REZUDMISERAZE A, BB EE
DEGEMEZ MR ERE R R, ISR, SRR T ERI RSO LR RS
MR, FFHNA T 7 BUR T R E R EAELIEE B2



4.3  RUKR T ZERIbRIEZE 43
4.3.2 FTENREERNTE

REPRELENBSIRE 8, EXFTEEEEE S, B, JRITELE - TIB0XEE
HIZ kR, AnFICTSRATRY H b2 I R B E R PR B R, IR 20X 2R RIRE = )
TIRENIZERSIAME, BZE (Deviation) ZHERISEMER: HESM =X —p

HEIEE

(P EE A R > KA

l

M i ZIF T WA
B A ﬁﬁ%‘zﬂﬂ fggffﬂ
R
V:’ A 2
- T 2T
BB NE
A 2
2

RN P YA R P B

752 (Variance) % T V75 (mZRHIE, 77222 HEEN TV S, fafEZ (Stan-
dard deviation) 277ZHIFAR, $REE TR SERIbRIE ST BE B RO &

bRk = 775

4.3.3 FEMREZENITE
HEAT N =5 Mo

X =[1, 9, 5, 8, 7]
df = DataFrame(

Al = X,
5 1H = mean(X),
"E = X .- mean(X),

BEYH = (X .- mean(X))./2

A WA EE OBEVS

1 6.0 -50 25.0
9 6.0 3.0 9.0
5 6.0 -1.0 1.0
8 6.0 20 4.0
7 6.0 1.0 1.0




44 HE TR

FErmERNEFE:
DX —w?=2549+1+4+1=400
HAER: ..
e = THREER _ 400 _ o
N 5
HbRfEZER:

P2 = \J77% = V8.0 = 2.8284271247461903

43-4 FIENREZERIHE

X =1[1, 9, 5, 8, 7]

fig = Figure(size = (1000, 600))

ax = Axis(fig[1, 1], xticks = 1:9, limits = ((0, 10), (0, 2)))
hist!(ax, X, bins = 0.5:1:9.5, strokewidth = 1)

vlines!(ax, [mean(X)], ymax = 1.75/2, color = :red)
arrows!(ax, [6, 6], [1.5, 1.5], [-5, 1], [0], color = :red)
fig

|-Warning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution' keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

2.0

0.5

0.0

4.3.5 FHRESM (SS)

77 2 V75 W ZE P E.



4.3  RUKR T ZERIbRIEZE 45

‘ ‘ 5 2 A
Ji% = VETIiRE = —————
1w T

BT (SS) 2Py 2 4 BT, Hk ARy
58 = ) (X~ p)?
IR CASRAT i RS
58 = Y (X = )
=Y (X2—2-X-p+p?)
=Y XP =2 Y X+ N2
Ny, X X x)?
—ZX—Z-T-ZX+N- .

N
_ Yy XX (EX)
= X -2 N TN

B X X)?
_ZXZ_T

MM H B2 p A

X x)°
SS=) x? -2~
21X
1 Julia ES R, B2V AIME SCRITHE AR AT Fon:
X =[1, 0, 6, 1]

SS = sum((X .- mean(X))."2)
SS = sum(X.”2) .- (sum(X))*2 / length(X)

22.0

43.6 BERARAEE

kA% (Population variance) HIfFE o2 F%, ST IH BRI T /7 BE B B FAME,
BT ZEI K P FIBR A N R3RAS,

SS
Bk E =0 = ==
TN

BkbREZ (Population standard deviation) HFFS o #oR, FFRUKTT 21T



46 Py R

SRR = 0 = Vo? = /%

4-4 FEARRTTERREZR

o

RS BRI FEA AR B FRAG EORHEWT SR I — R &h1e, XM REAEARIR
RFARNIZARRENRARER, X MRS TRFMRGEA — MRRA R, FOFEA
AR EMNR A BA BN S

Population
variability

Population
distribution

gy

Sample ___ ||
varia b\ldy

X Sample

— = = X —]

'

B 4.1: FEARZE RN

R — AR o BT S AR R R R, (B2, SHRIERE— AR, 1R
HEIRTGFIX LRI E, IXTEIRE AR SRR N AR SR B /N
PR SCRERE AL R N T B RSN — N E R, SIEME, FEAZRIEH
9w 22— BCEH T WY, XS B R AR E,

4.41 BEEEYIH

FEA BEEEAA (SS) H7E LAE
$S =Y (X - M)?
FEABSET IR (SS) Wit SARE

$S =) X?- & X
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4.4.2 BEERTTERIREE

P& (Sample variance) HTFS $% FoR, SRR E SR E, £
AT EBIS I EZ MR n — 1 k3515,
SS

REAE =% = =
n—1

FEASRMEZ (Sample standard deviation) HAFS $% R, HETREAR N LML,
REAHRIER = 5 = /52 = \[E

IEAE, FEATT ZRIARIEZ A A AR IR R (R A S RE S AR A M T A S
TIXANRE, FEATT 2B HE PSR TT 289401 (estimated population variance),
FEARFRIEZEWRR R EARFREZE G T (estimated population standard deviation),
YA DRI, FEARRT ZRIREZIR G 1 SRR SR R A T

4.4.3 BT RHERE dE

REBZ P BEIRESFITHE SS #77 EREAREA R L P e, ERFS ERRuhE
SRR EAFREE,

XTER, fRiEId iR & D B B EIEZ R BRSSP B W 2, X TAEA,
SVALIE p BRI, RN 0BG HAERERE ., B TREARSEREEARFRE
REZEFAR, BETH R ZRT T BRI E, HALE M R RN
TR SRR AN TR

FRIZBEANERE T —MLE n = 3 DOBEIHEAIF R HEEAEIEN M = 5, T,
AURFEARRIETF A, WX = (2,9, ), MFEARE=AEoRIE 7, Wb, &F—
MLE n NIBEIREAR, HAT ZR BB (Degrees of Freedom, df) hdf =n—1,
H I RE T REAR AP IRSAD B AR 2 B

FURRAT 2, SeREZEFTM, BRI DIE B8, Bin—1=df. #
AT R A

2 PrleEmm S _ SS
AIMEHE ORI df  n—1




48 Py R

4-4.4 BEEFTENREZE

X =[4, 6, 5, 11, 7, 9, 7, 3]
length(X)
sum( (X .- mean(X)) .72)
sum(X.A2) - sum(X)*2 / n

=
]

SS
SS

SS / (n-1)
sqrt(v)

2.6186146828319083
Julia IBF I EEL
var(X), std(X)

(6.857142857142857, 2.6186146828319083)

4-4.5 FRATRIH B

MRMAGIH RICPIES T EESE, WAL REXM (unbiased) i, Siit&
HIPEHERMBEAREREA RN n BIFTA ATREREAHIRIGHT, RS R A TFEEE 2K
A, Eoamibiahsy, Ngit&2Fm (biased) Y,

BEE—THEE N = 3 M8 EA:
X = [0, 3, 9]
3-element Vector{Int64}:
0

3
9

XA BRREHERTT 225 300 :
mean(X), var(X, corrected = false)

(4.0, 14.0)

BIK, BOMRDEAFIESE n = 2 DPOBIFTERAR, S~ AlEERN n = 2 7
HHIREAR

samp = vcat([[x y] for x in X for y in X]...)
df = DataFrame(samp, [:%(fH1, :#{E2])
transform! (df,
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AsTable(:) = ByRow(mean) = :¥J{H,
AsTable(:) = ByRow(x -> var(x, corrected=false)) = :H W5 %,
AsTable(:) = ByRow(x -> var(x, corrected=true)) = LR %

)

HE1 E2 PE ARGTE  KRGE

o o 0.0 0.0 0.0
o 3 15 2.25 45

o 9 45 20.25 40.5
3 o 15 2.25 45

3 3 3.0 0.0 0.0
3 9 6.0 9.0 18.0
9 o 45 20.25 40.5
9 3 6.0 9.0 18.0
9 9 9.0 0.0 0.0

FEARBHERIIEAN 77 ZE - EEE /2
mean (df.¥J1H), mean(df.H w77 %), mean(df.JlW 77 %)

(4.0, 7.0, 14.0)

4.5 HIEAE

4.51 REZH

o RN IBERI— DR SRR,
o KRNI EORDA— D H B2 FEARIEZE R DA R B9 5 2

4.5.2 WEREE

FEM WIS RN, P R SR A REHEINERENRRER DEER
PR R 2 B 2 SRR B AE LR RIS R RE R, X T RUE L, R LT
WG RESME (RS fbRiEE (R, mEHE—ERE,

FEVFZ TR, JUHUEIENE APA HENHIIIT, MIFTS SD FornmEARinEZE, Hilan

W& 7R3N LB R B2 i Kditt ey, (M = 12.45, SD = 3.7), Mi¥&E T
wshE g ) L o AR it Ry (M = 4.22, SD = 1.04),

FEIR & 2 M RHAREIA ST BRI, 58S R AT DUS S (E— kR AE .
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PRSI RSR A
#1 E|= V)
e M=772  M=434
Bk SD=2.43 SD=2.16
2ok M=247 M=1.61

SD=0.92 SD=0.68

4.5.3 IREEM#ERESH

o MRS, FOVERE 7m0, FREZRR TR SEN IR, B
PAIZ PR AR 12 LE R BERS QI — MR HER A EE A 0 A B R

o BRMEEEIRLE , KIE S (EA bR 22 18 R L VR REAS IR 5347 Hh AT A 7> £
L EPSE A

454 FERMELGH

MAEH—RREIFAERE, LSt AR R IR as R A B SO R R, Bk
I R W% E AR A R R UR 75 R T B AR AE AR AR, I 2 R AR A
(IRENLB N, LR MEEEILI RS BN, FOvEHE R E 2 S RESTE
Wit ERRE, — Mok, (REFMERRE A B AW E S, w2 R mii T
A REFTERY TR

4.5.5 FEMELGI

o R A « AR B
FHikL Fik2 Fik1 Fik2
35 39 31 46
34 40 15 2
36 41 57 61
35 40 37 32
o 5T A HEEE o W57 B BE(E
I A I FHE
Fik1 350 FiE1 350
Fiik2  40.0 Fik2  40.0

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220



4.6 EEEFIPIIEE 51
20 =
151
101
051
00 — .
" S8
151
101
N
o0 is 2 5% p W p o
o TS A BIFIEAREE o W5 B BFIEAIbR I
Tk Tl fRilEE T TPl Rk
Jik1 350  0.666667 i1 350 301.333
Jik2  40.0  0.666667 Ji2  40.0  300.667
4.6 EEEMYHMIE
4.6.1 2

28 (Range) R8IV, M/ @R

2 = Xnax — Xmin

Y BURESAR BRI, AT DUE SOYSEBRIZIR 2 A1 22 5.

2 = X0 — Xopin + 1

4.6.2  Julia HFI2FEREK

X = collect(2:3:17)
extrema(X),
minimum(X),
maximum(X),
min(X...),
max(X...),
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diff([extrema(X)...])[]

((2, 17), 2, 17, 2, 17, 15)

4.6.3 PHoHfIEE

WHEWT, NEEESIRNREN2E, mE2EEEIEHR 50 BEE, i, JAIEH
Pusrfug (Quartiles). PUTMAIECUR KR 7oA P KBRS R 08U, 55— M2y
gy (Qu) BEIEATT 25% K. B AR (Q2) BEWENIHIH 50% KN4,
EHERPAE BTN (Q3) BEWEHIT 75% K08 Mot E7T K
FIFR ARl R EATRESE > NI MESFRIER 7y, AP

PUsrfrBE (Interquartile Range, IQR) 2H =A% (Q3) FEE— MY %L
(Qu) ZIHAIEERS, P AIRiR— D ERBERA RSN X, BERZIIRERER, T
BB AR

IOR = 03— 01

PSR EEHR A T — N R E] 50% BRI R B, IQR $2EL T BRSNS HE
BEE. 3R IQR b, TR HEDN, KEEBIE MRS A EIH 7,
B IQR &K, MIEHEF ALK, BUHERAE—METERIEE BN, P9 OB F IR AL
ERNREEIEEE M. &L EERIN SRR AR 1.5 %581 3 HRHER
FR (Inner Fences) FISME (Outer Fences), SREIRAIFELEINE 2 SMNIEAE N i (8,
— SRR B BRI SR A HE SR IR L B, DATS B T 0L 57 5

X = randn(50) .x 10
boxplot(ones(length(X)), X)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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40

20

T T T
0.75 1.00 1.25

4.6.4 SHREEMHE

ShREEALL, AR — MR IR, P90 O AR AR (E R R, (R T
SANSRERBEEERUCERR M, FEERM T E2 X TRIENIREL, BN TIEES
MR ATRE ST B AN R

4.6.5 &g

LR MR IR BRI R EZRE, M THEIIR N MERIEE, 77 EMbNEE 2
BEIE BRI SUHENR, BIRETEIR R SERNIERE, AT ZMbnEEZH
TAETHERTT Z ORI Z R TC IR A T, S BERTPY 7 PRz F T B B 7 IR R 5 S
MG, ARSI ERTREN, PY oA Al DA A I 5 H E
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HEICGE T A
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51 A% Julia i

using Pkg; Pkg.activate(@-_DIR__)
using LinearAlgebra: inv

using Statistics: mean, std

using StatsRelntro

5.2 Z EET

FERTEH, BN T IHERREZERIRES, (N RRREN BG5BT
KERI A MR NA D EARES, BN MRS ERNREER S
B (X MH) #8220 RN (standard score) AR, z- 70 RIS 5L
Y H BRI E MR A7 D 2 B DI

BOEARE— RS H P15 X =76, RFIIUFIERAG?
Plotz(70, 3; Xval = 76)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

57
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0.10

=3

0.05

0.00 -

Plotz(70, 12; XVal = 76)

r Warning: Found ‘resolution® in the theme when creating a *Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0.03

0.02

=

0.01

0.00

XA, RECRI S BOR IR A E AR, PR NRIEAEK (raw scores). T fEFA
DEEARY, EMNBEFFERENUSEZERIHE, XMELE 222080 — P E,
R, A1 XAEHAN z- 08, DUEIR RN z- 0 BoRit & R iR 4 0 B B z-70
B A HRRAREEE DN A, — D LR EL o AR BB B R 0 B . RE
AILRORFEIRE R TT I, (HIXENRIEH A, DEEIRISED 100, FrifE
#h 15,



53  Z-3EG R E 59

- BRI NMERBER: () 80 z-08E RS X BRI E; (2) -0
TER— AR 3, T AER S HAE AN z- 0 B A THUAR.

5.3 z-RS5 PR E

53.1 z-HEEIAFRAE

- BUEE TP EA X ERRAE, -80S (+ 8- FROBEEETHE
(BB R TI9E (8D, -0 BREBUEFORMIIEE] X 2 BRbREERE, H -0
HE AL B T AT A AR, TOeREN AR Ee R R 2D,

Plotz(70, 3; Xval = 76, showZ = true)

rWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

0.10

253

0.05

0.00

T T T T T T T T T 1
58.0 61.0 64.0 67.0 70.0 73.0 76.0 79.0 82.0 X
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 Z

Plotz(70, 125 XVal = 76, showZ = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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0.03

0.02

=3

0.01 4

0.00 -

5.3.2  z-EAR

Ry B z- 0 B AR

z =

o
RS F, X —p, B—ANEENG ERr X 5 p 2 BNERZENES, iR X
EONMNTYEZ 2T, REEEZEEERL o, RARNFHE z-9 5 bREZEAL
(standard deviation units) XEEEE,

-0 BCE TIREAE (XD, HE () FREE (o) ZEIISER, FAEXMHRIE
BE=A, BATA] DA YA,

p=X-Zxo

53.3 z. X. pflo ZAMRR

o = DIERHIEIEN p = 100, RHEZEN o = 10, XD, X = 130 1Y
- EUR % ?

(130 - 100) / 10

3.0
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o —MNRBOIHEHIIEN p = 86, FREEN 0 = 7, FERXDAMEH, X = 958 z-57
Boezb?

(95 - 86) / 7

1.2857142857142858
o MFIER p = 60, WrfEEN o =8 WM, — D z-0Bh z = —1.50 Y X {H
2202

-1.50 ¥ 8 + 60

48.0
o AN p = 65 MEEH, 8 X = 59 XN T z = —2.00, XDEMARIIREZE
2 /h?

(59 - 65) / (-2)

3.0
o fEFRIEZEN 0 = 6 RIEMAH, 38 X = 33 W T z = +1.50, XM EUARISE
e2h?

33 - 1.5 ¥ 6

24.0

X —p
o

o E—DEERTH, X = 64 z-n¥0v z = 0.50, X = 729 z- 73805 z = 1.50,
AR AR R /0 ?

z = ooxz+u=X

Cs = [0.5 15 1.5 1]
Xs = [64; 72]
inv(Cs) % Xs

2-element Vector{Float64}:
8.000000000000007
59.99999999999999

o E—NEEDH, X = 54 19 z- BN T z = +2.00, X = 42 1 z-73 80
T z = —1.00, XANEAREHEMREZE 22 /D?

Cs
Xs

[2 15 -1 1]
[54; 42]
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inv(Cs) % Xs

2-element Vector{Float64}:
4.000000000000004
46.0

5.4 Z-ABRRNAT

5.4.1  zZ-3EGMRHIRHE

A PR R R X BRI z-0 8 IXPMERRVEERZRTH X [E %
h 2= B 3 A W) Z- BT B A 2- 0 BE— N ER A TRARHE, A
R, AR XAEAREA N 2-70 88, R4 z- 0 B Aok B DU R

o B, z- 08I 5 AR 7 B oy AR T AR Se Al
o BHE, z-BOMTHIEIRE N,
o TR, - DB TIIPRIEZ RN 1,

5.4.2 A z-HBEREL SR

AR (BB EATSEBREE) 0 z- 0 80N, SRS A B ESE =0
MbnEZE 0 = 1. TG z-2 8 mE B A HERSEMMERRREE, AR z-7040
MR TR (standardized distribution),

— IR T E A DRI TUE p #1 o [E DB K. SR 216 TEAR R A6
AL, z- o AR — NMIMEDY po= 0 FIbREZEN o = 1 BIARIBEL R 16+

5.4.3 R z-3B0HITHE
BERBT, WRENDECREARNITE, WA ER LN, RELD RN —
MESE, ERPMEARFR 2 EECR R MARE TSR, REENPRA AR,
Bilan, MK = —EEERPE T X = 60 W98, fE—EEERPET X = 56
B35, MR EEAE MR IRFE TP IRAS BEAF A AR S? BRI TIEE IR 2 8U9E 1 = 50,
WEZEN o = 10, THEBSRK D EEMEN p = 48, WilEEN 0 = 4,

o HIE

Plotz(50, 10; XVal = 60, showZ = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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g 0.02

0.01 -

0.00 -

10.0 ) . J ). 60.0 700 80.0 900 X

. i

Plotz(48, 4; Xval = 56, showZ = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0.10

g 0.05

0.00 -

320 36.0 400 44.0 48.0 520 56.0 60.0 640 X
4.0 30 20 1.0 0.0 10 20 30 w z
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55 HABREMAE

5.5.1 FEHUNRETE y M o M

RE -8 BEEHBHMRE, B2 NS ETRE, FAEITEE A MmN
A, EEESEEEN N EETUEIERREZRT 510, IXESERFREE 2.
FRBRAIE—ANHT GRUERI) 246, BF “fifR” M5ERMREZEE, ERKE TN
IED A FRIIALE, IXFEBIFR I S BE OB SR B M & M, IXFL L5
B RIS EE S AN z- 080 RIG, Z- 0 BUERET X{E, PAKRIREER p
il o,

flan, NFOHEEEIR, FED BRI GIIEN 1= 57, WEERN o = 14, Bl EHE
R 3 BEAC O — DRI AT, IR AREIEIEN 1 = 50, WiEZEN o = 10,
K. BIEEMERENEAE: K=, ERESATES X = 64; W, fERA
AR X = 43, e R Bug 207

function converter (X0, MO, SD@, M1, SD1)
Z = (X0 - MO) / SDO
X1 =272 % SD1 + M1
return X1

end

converter (generic function with 1 method)

converter(64, 57, 14, 50, 10),
converter(43, 57, 14, 50, 10)

(55.0, 40.0)

5.6 Rz M

5.6.1 HEHEX z ¥
XFAEATEE, z-08H9E ORMEFER, SEf#RAEASEMNEARREZ R G &
-SRI ERNAT, FEARHAYEAS X EERA] DURA Y z-538, 40 RFR:

_X-M
S

z

FIRE, B 2= 8] DAL al X E, W RAR:

X=M+zxs
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o FE—MEAR, BEN M = 40, frilEEN s = 10, 5 X = 35 MK z-70 802
2/ 5z = +2.00 MK X EHEZ/D?

(35 - 40) / 10,
2 % 10 + 40

(-0.5, 60)

5.6.2 FREMAREEST

G z- B i B 5K —4 X EHEN -0 BN AR R M R R, Bk
B, (1) - BRSNS S RAA T SR AR R HERBTEAR; (2) -3 SR A R 11
M, =0; ) - EHIREAKEAIRIEE s, = 1,

X = [O) 2, 4, 4, 5]
M, SD = mean(X), std(X)
Z=@. (X-M /SD

5-element Vector{Float64}:
-1.5
-0.5

0.
0.
1.

o o1 o

mean(Z), std(z)

(0.0, 1.0)

5.7 z-ABEERSH

ISR HREARIE B REE X T SRR RIS ER, — MU R — KT 6
I AT RZ A SRR MR R TG BT B R RTRERT SR SUA, i AR Bl —
MR, FREARPRINMEEITIRT . N TIPSR TRIRCR, WIFT R A R ez ih
ITRIREAR S AR AR, AERAEAR I MA S FUG SRR NMAB AR, AR RE
UEFERBAT T A TRCR. 59— T3, WRHASRGEARAHEAR, CoHaTRE
R R, MRES RN ERERR THAZ G BEART (noticeably different from
) A,

—MHAWAEARZ S BAFRFEARZEM z-08 Wik, ATAT DR z- 70 ok E B
Wria iR T A, BRI, NSRRI T O A DRI z- 3 BE R ST, B
A DS SRR AT P42 T R0R
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HANE MR

6.1 &AE Juliaf

using Pkg; Pkg.activate(@-_DIR__)

using CairoMakie

using Distributions: Normal, Binomial, pdf, cdf, ccdf, quantile, cquantile
using StatsRelntro

6.2 MERFEN

6.2.1 ERGHAER

WFFETFUAINE 20 RN SRR — M R, (ESCRRmt o2 fE R A R TR, HEIrSE T A1
FUREFREARURR A RS RARRE, 0T S EAR, el B SR
WA, BRI, REARLE A Z [R5 AR08 R 2 A ERORE S,

Ban, IR —1EEE 50 TNEER 50 P EHERAIEF Pk E— T #E, X MF
W, FREREERREMA, ZOERERURADHBERA, RERANRERIERARRIZER, HATL
IRIEHERRITIE AT RERVEE R, FEIRXRMEILT, 1RA—FARIPISIRHE B, BUEHEES
—NiEF (EF), HE go MEEHHA 10 TMEHEMEK, R, RICEEEHANT
DIEsR, EEMEIRANE AR ATRER — MNBEFE, BT T RERRIRRK, FATR] DAfE
RIFRPEREARIMER, BRI, BEFNBAHRGE T ERIREA Z AR, X2
TORAE ROk S A HE T T T OB

TRATRECZRTER S, RTHEAIE TR MERTTLR, 2A)5 (S Rk AT REARTS HIUAE AR
XEEAVEEEATRHER S B, 10(E, ST BFRE WFEATTG, REEE
ARERH RS, FATEL WD BEREINX N B bR, S —HrErh, FAOTRERE
NS RBIREARRINTRR K S, XA B KRB MR E SRR AT REIR S ROREARE Y, —
HESL TIXAMRR, BAVATHR MR, AR RIIMEARZ] S AR5,

AR KRR AT DOES BB BB 2 ATE I MR DB (EA) SRIEUR:

o i#F 167 50 NMEER 50 TEHEBE;
o [T 2 H 9o TMEAHRE 10 MHEHHK,

67
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XK, BOAEIE AR R L TIREE, BTDWRARBE @A T T RIS 2E
TRIRISRIREAR, 2RI DUE IR 8 T B AT REBERE A o

QUERIRIERE T — N g BURERALRAOREA, T 2R, RS T2 RIS,
MEET 1 HRRIFIX AR R AU,  BOAEY ke, RV EERRBEED
MEEHER, 5770, XMEAREHET 2 FRRE, KoL R A
M, B, REGOGEZIXMERIRATRER BT 20 ETER, (RIERIEERBEARNE
PAAR BT

MR

LG

6.2.2 BERNEX

RBE AR, mrE TS EATIREE, BOAREXE 22w,
MR, BATEET AN HERGEH IR — LS AE o FRATMEER 19— M T B E
NHFUR. T FTREH I LR FZE RAIHIL, AEREL RAOBER (Probability) &%
N I RELE RS 8l e (Proportion) . AISRATRERIZE Ruhrii oy A, B, C. D
F, M2

BorHN A I RE

P(A) = >
FTRELH SR S K

BN, SRR —EI e R kR — kR, HBAE 52 Rl REMNSE R, ARG
MEZR 2

1
P(IHERR) = —
(LhaE) =
bRk A HOMESRI:
4
PA) = —
(A) =
PR — K TR 2
13 1

P(EM) = — = - =0.25 = 25%
52 4

B, WERRIOHN— KT, S22



6.2 HIERE 69
1
P(iE) = > =05 =50%

6.2.3 MERME

TRIENIZIER, FTA Al RERIBEREAESE - MEREEN, £ MomER s, 4—50
HEMANEAER, BMFRAE, 8 o%. EH—MmEN T, H—DEFRREEN, )
A1, B100%, Hitt, FraMREAUSE o1 FVERIN. i, BIRRE— T,
HiA 10 A GOHER, REYLEE —NREOMFERIMRZ

0
P(2 =—=0
(%) =
R BRI R 2

10

P(af) = m

=1%

6.2.4 BENLHRE

N YRR AN LR E SCHERf, IS — FFRO BEALIIRE RS FER ARG S5 SR BEAIREA
(random sample) ZR EATI N NMEEA FHFHIHL POk, BT RRIGH)
FEAWFT A R BABENIAE A (simple random sample),

B AER, N TSI ATORGUZ L B/, EAUE INRIE R AT 1E— M, N —1G%E
B F—URIE R L AURFF AL, RINX S NSRS A HOZBEHI A (independent
random sampling), ARIEHOARIRIEREMRFE MARITER 5 QSRR MAT X,
flan, ok EE R, ARENHAMMATEIR Z BTN AL, RN
REOSREBDN M EREFRNL20ES, F HIFIEREARE—DME, HERUIMN— Rk
BRI N — ORI,

A TR B LR A B /2 R 2 BGe T B B B AR 7y, FRATPRAG LR IR T Y
AL 5. AT REIIE, FRADERXEME R XM, FURRIZ A REROR S AR
NRENUHIRE, (BIRBIZIALRIN DN ER (HFAIHISMBERIEE) #RRX NS REAT—
7Fo

6.2.4.1 BEbLAEE: HEDIS
BENUAAER PR BREE — S GRS . 55— D BRI IR RS BRI A w22, BENLHIARE

HIEE — D EREE I RRAERATE SOV T RTREES IR FRUR 0L, Blan, M —EI7EE
AR n = 2 SKREAITE DL, X TER— IR, RST8] fUiER2

P(i#T) = 5—12 =2%
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TR SR ENREAR G, VRIES LIS kR, IXUGRISITE ] PR E2/D?

6.2.4.2 FENIHRE: BERIEE

BURIR YA SR F— kN, AFRIATAERE: AR MR TE ], MK 7E ] fh

PG T) = % — 29

QUSRES SRR TTER ], MERTSTTER ] HOMERE

POt ]) = % — 0%

FEEBOT, SBERES S — R MBRARARRE, XidR TRINFEATE R, ZERIE
RN

N T HRERAR S N — VGRS N —UOERR R A, BATE B UGER Z AT A MAIRE
FE R, XN FRFRR B EIEFE (sampling with replacement), BEHUEEAAIE — 4
TR (ERAEE)  BESRARMEAT IR LR,

6.2.5 BERAFRI G

BATRER —MEERIRAEER, KPS 10 M8, 2502 10 10 20 3 3 4 4 4
56 IRIRMNIZAN BRI BEN LR — D n = 1 D8RR, IEZIRIFKT 4 BIMRRIHE
BEZD? FAIMRFERTR, P(X >4) ="

BATEH KTERIBER P K 2 — A AT ISR G B s i 0 8 (XED B, AR
K ETEA AR SR, IBAETERIARE D TR EARIRER . BT R ERE
SR, BIERIRPE RSN BT AR E EER . R, 52K S AR AR o3 A1 [
I, K ATRERHERFTR N EZ AT,

=[ ’344’4;516]

fig = F1gure(51ze = (1000, 600))

ax = Axis(fig[1, 1], xticks = unique(X))

hist!(ax, X,
bins = (minimum(X)-0.5):1:(maximum(X)+0.5),
strokewidth = 1, strokecolor = :black, color = :white,

)

hist!(ax, X[X.>4], bins = (minimum(X)-0.5):1:(maximum(X)+0.5))

fig
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r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

6.3 MERAERSH

6.3.1 IEANR

IEB R IEAR A B WIARE — 7. IESOGRIRUIZ IR — D iEktEE, %
TEREN X E (08 58P Y E OR) XK. %72

1 X -?
Y = e 202

(r #1 e BECAHEO

MyNorm(X; g = 0, 0 = 1) = 1/sqrt(2mxc’2)xe”(-(X-p)*2/(20"2))
lines(-4:0.01:4, MyNorm)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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0.4

0.3+

0.24

0.1+

0.0+

s, ESARNFRN, FEhAA— M (Mode), BHIRIBIZE, AL,
EADARHITZIR AT DU B rh e S R AR EE ROk HA . A IES DRI A FeR A
SE1ERAR,

EHEMREER, B, FREIZEIREI S AN 56N> BAERER, #
NIEASDRANFN, 8=, BT AP ERH z 28WEr, B ERIE D HE
MTFAEATIES 26, TAESERRHEZERE A,

BT IEASMA R Z B AR R, M AR FIZA IR A RIER), AT
BATDRXIPREE 73120 T TS 200K,

SAT EHIEE DR IESR, HEN p = 500, tRiEZEN o = 100, MWIZDEEFRE
HUESE— DA, H SAT 28K T 7oo HIERZEZ/D?
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6.3.2 BTEELH

QY] ®) ©) ®)
z Proportion Proportion Proportion
in body in tail between
mean and z
0.00 .5000 5000 .0000
0.01 5040 4960 .0040
0.02 5080 4920 .0080
003 | 5120 | 480 ~| | 0120
T N — T T
21 5832 4168 083

0.22 5871 4129 0871
0.23 5910 4090 0910
0.24 5948 4052 0948
0.25 5987 4013 .0987
0.26 .6026 .3974 1026
0.27 6064 .3936 1064
0.28 6103 3897 1103
0.29 6141 3859 1141
0.30 6179 3821 1179
0.31 6217 3783 1217
0.32 6255 3745 1255
0.33 6293 3707 1293
0.34 6331 3669 1331

K 6.1: BITIESIR

TRAMBEZ/EM, FARERX T o MmERARE . KOth, BHERER/NEY, T
RAEAMICRAELM, BT ESDRNIRE, AN RS 2RI R RS2 A A,
B z PEEN—ZRLT 55— (+ F1-), [EHRALZRIER,

6.3.3 MERMELERM z 2B

BALIESRIIM T z n B BMIES PR ZBER R, M T z 2 80E, /R
AT DM RIS A BAHR AV EER, [RIFE, QURIRAIE LR, AT UEHRASHREIRER 2 28
B, FABMEEE T ERET IR, B AR A] DA A 807 IEASFOREIKIE M
IR,

6.3.3.1 1R3F z HBI ML

IESDREEREMNN T z 28UERT z = +1.00 MXERZEZ/D?

MFESS, 15 z 2BUNF z = 1.50 FREZ/D? AFEER, P(z <
1.50) = ?

« 2>0.80

e z2>-0.75
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ccdf (Normal(0, 1), 1),
cdf (Normal(0, 1), 1.5),
ccdf (Normal(0, 1), 0.8),
ccdf (Normal(0, 1), -0.75)

(0.15865525393145702, 0.9331927987311419, 0.21185539858339664, 0.7733726476231318)

o MTFIEAIME, T 109% FMIRRER D 72 EITKRE z HEEZ/D?
o MFIEAIME, WL z 0 BUER IR 60% K315 HARI 38012

cquantile(Normal(0, 1), 0.1),
quantile(Normal(0, 1), (1-0.6)/2),
cquantile(Normal(0, 1), (1-0.6)/2)

(1.2815515655446004, -0.8416212335729143, 0.8416212335729143)

6.3.4 MIERIEHIREUER

ERTEIIRA, ROV AR ESRER T SHE 2 P RERXIBRALR, A7,
TERZMI T, FERE A X EOMR, BEEEXEAMIHINN X/ W
HERIVE, R AR DA RSB (1) 48 X (5N 2 508G (2) B 2 29 ROR B He
KRR,

o BEXIERIBIRMNIES 1 = 100, FREEN o = 15 MIESS i, FIXMEEN
Bt b, BENUERE—DMEE O EUNT 120 FIMERIIERZ 2 /02

o NERERITHHT T —IURRSE, DR T —BONBRARS A TR, & BEEE
p o= 58 THE/NT, FREEN 0 = 10, MR IERMi, 1EIXME BRI
£k,

(1) HZDHRMIEERITHIRELE 55 2 65 FKEE/NZ[R?
(2) HEZ/DLERINEERITHIEREE 65 2 75 JEEE/NN 2 [H]?

o WFHE p = 60, brilE%E o = 12 WIESDME, HREEMERER,
(1) p(X>66)=7; (2) p(48< X <72)="

o RIEEEAOEER (2005) Bk, EEANFEGERBEZNEDY 1= 24.3 535,
(R IBEN N A2 EAS M, bR o = 10 708, (1) ZERELEEEAN
BT 10%, BRTELHRZ/DNFES? (2) & XA MEHHE 9o% JEERY
BUETEERZ/D?

cdf (Normal (100, 15), 120),

diff([cdf(Normal(58, 10), X) for X in [55, 65]]),
diff([cdf(Normal(58, 10), X) for X in [65, 75]]),

ccdf (Normal(60, 12), 66),

diff([cdf(Normal(60, 12), X) for X in [48, 72]]),
cquantile(Normal(24.3, 10), 0.1),
diff([quantile(Normal(24.3, 10), X) for X in [0.05, 0.95]])
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(0.9087887802741321, [0.3759477699658796], [0.19739818946453003], 0.3085375387259869, [0.6826894

6.3.4.1 z 73¥, BEBAILLBRIES

z- AR

JR4aEHE X < > 7 K
A
. MIEEA TR
N
Mk sk e

z S EURIEAS M R 7 BUTAR N BBy, BRI, z SRR — D08
TESM AL, FAALIESF AT DR z 70 8UEN N AHER B R, SEHREES 1
FRREE IR, TERZ AN z 708, R RAIESRER, 1A, IRiE
FIDMER] z 73 BORAREIR A 0 AR 2 2 0 8UE. BRSO z 20 BOHER 2 [
KERAFHARR, BAERFRES A REIRE 0 B BAER, X6 TiF24it
RFAER R, R el DARE BRI S A EeR (9 A

6.4 MERM_WD7H

6.4.1 Wi
6.4.11 Z—UEIES TS

Y= ANRRAE—DZIE LAE S PP EFIN (two categories), 7/ HIEHERR N —Ii¥E
(binomial), “=I0” —iaa] ABEFAHBERIE Y “FRANFR”, FEAHOZMEZIE LHF D250,
IR AT DAE — DR B B AREE A D AR NI B4R, AR 28 5
PEsRAE, POREMAVEE RE 2 RIEME 22 R, W7 R IR 8E FH w4
RBIRMFEEAE, a0, OBEIESR] DU A ME D B AMT10 FO0 IR M e el i A

6.4.1.2 BERFI_WDAH

FEZIURGLT, WA B RE S AP AR — MESCRIMER, Bilan, £
P, .

ﬂﬁﬁ)zﬂﬁﬁ)IE
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JESSRB Y )R AE — ZR A8 8l —H MR REA & DI LA KL, il

o fEMl 20 DCFBIREMAEILT, RIS 15 CUEHAIRZEZ/D?
o TEHE 50 AR —HERREARTRITET 40 HNAERIMRZEZ/D?

6.4.1.3 WS

N T EBEXRT ZHEERREER RE, BATRERR IS, T8 RN 1,
HIESIN—EETTE, HDRFIEARIRN A fl B, S8 MNEBIMHEXIBER (SEE2R) HirR
H
p = p(A) = A =R
q = p(B) = B =

TR, p+q =100, FXN AR BREME—RINDATREIZER AT MESERE
BARRN no LR X FORFEARISE] A HIRIREL

ERE, X aDEAN 0 (HEAFTRAEZRA A) 2l n BEATFREXRAERZ A) KEME,
EARA RIS, ZHHRER T X =02 X =n 5870 X EHEBKIEER,

6.4.1.4 W5 —PRp

FTIXARG], Bl BRSO RIRET . AT RELE R ETRRE, Bl R
R, FTbL p = p(EM) = 3, g = p(RH) = 5
FEAENSE n = 2 DIUEHIORA, BodmmERE: X = MR, T HE—
TS, TRV PRI 2 URIIFT A FTRESS 5

o SEREHY 4 PSSR AR,

df = CombinationTable([0, 1], 2)

i B2 R 9E M

o o o o/t 1fa
1 o 1 /2 1f/a
o 1 1 /2 1f/a
1 1 2 i/ 1/fa

hist(df.sk#l, bins = -0.5:1:2.5, strokewidth = 2)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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2.04

0.5

0.0

o ANSUHERPYIR, HEERW TR

df = CombinationTable([0, 1], 4)

i B2 B3N Hah KW ME HER

o o o o o ofr 1/h6
1 o o) o 1 1f/4  1/16
o 1 o) o 1 1f/4  1/16
1 1 o o 2 ifl2 1/16
o o 1 o 1 if/4  1/16
1 o 1 o 2 ifl2 1/16
o 1 1 o 2 ifl2 1/16
1 1 1 o 3 34 1jh6
o o o 1 1 1f/4  1/16
1 o o 1 2 ifl2 1/16
o 1 o 1 2 ifl2 1/16
1 1 o 1 3 34 1jh6
o o 1 1 2 ifl2 1/16
1 o 1 1 3 34 1jh6
o 1 1 1 3 3fla 1jh6
1 1 1 1 4 1/ 1/16

hist(df.k#, bins = -0.5:1:4.5, strokewidth = 2)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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6.4.1.5 Julia FE"IHMEERE

cdf(Binomial(2, 0.5), 0),
cdf (Binomial(2, 0.5), 1),
cdf (Binomial(2, 0.5), 2)

(o}

(0.25, 0.75, 1.0)

cdf (Binomial(4, 0.5), 0),
cdf (Binomial(4, 0.5), 1),
cdf (Binomial(4, 0.5), 2),
cdf (Binomial(4, 0.5), 3),
cdf (Binomial(4, 0.5), 4)

(0.06250000000000001, 0.3125, 0.6875, 0.9375, 1.0)

6.4.2 ZISMERIIERIIML

A n BRI, IR T IR RIES, BARKE, 4 pn Ml gn BARTEHET 10
I, ZI AR L e 2 DO ERS M. EXEAEN T, “Ia ki AL NS EEM
IEASA:

A p=pn
% o = npq
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TEXANEAR, 0 X G AR z 535,

X—p X-—np
o Jnpq

WA T 2 IEATPIRE R BATAT AR z 738N A E AR AP AR E,

z =

HEAREICE, B OB EIER IUMGAGBEL, —UifE, FlanihEm—R51IRE
FRIETIRE, 2 AT, B0, QSRARICS TREM N 4 RPIERREL, IRATREMIEEE)] 2
BT SR 3 RIEMH, H7E 2 1 3 ZREAHAE, 55 —77mH, [ESDRIESL, HE,
TEWZEOUT, IEAITERAE 7 T8 IR AR R AR,

n, p =10, 0.5

qg=1-p

mu, sigma = pxn, sqrt(nxpxq)

df = CombinationTable([0, 1], n)

fig = Figure(size = (1000, 600))

ax1 Axis(fig[1, 1], ylabel = "Ji®")

ax2 = Axis(fig[1, 1], ylabel = "#f%", yaxisposition = :right)

hist!(ax1, df.>R#1, bins = -0.5:1:(n+0.5), strokewidth = 2)
lines!(ax2, -0.5:.001:(n+0.5),
X -> pdf(Normal(mu, sigma), X), linewidth = 3, color = :red)

fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

200 0.2

=3

100 0.1

0.0

FEREFIEATOIN, O TS RARRIMERYE, AiictE, ot agat X (Eskhr
XN TETTEHRE—RE%, Blan, E7EFRISS X = 6 M 5.5 1 6.5 AYSLFRRH| T,



8o HNE MR

X = 6 HsSCPrtiR e SR A h R HARAE .

B ESARE PR EIX MR, R ZERE L S E M N SEPRIRALZ R, FIFE,
RIS R EAECSRIRENR 2R T X = 6 MR, ERZfEHEH 6.5 HISLPRERIZ
FHHIX I,

fan,  (ERRAE T RINEIE R AT A — & e B A R BEA LI B - A1 E R R
(BEREBIRIDE) o N TEABERIA MK, 1E 48 WA IERIET 15 RETHERZ
EUD

n, p = 48, 1/4

g=1-p

M=n=xp

S = sqrt(n * p % q)

ccdf (Binomial(n, p), 15),
ccdf (Normal(M, S), 15),
ccdf (Normal(M, S), 15.5)

(0.12317776308777559, 0.15865525393145702, 0.12167250457438122)

Plotz(M, S; XBand = [15.5, Inf], showZ = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0.10

2=

0.05

0.00




6.5 Iz RS 81
6.5 HEWGiRBE

BERIERANENR AR Z WY T ERRR, X PRRRAKRE TS 21
BEfit,

BWERTREAR, TRARATHESZIOTHIRAS RIS, RAEARI ARG
YN 400 (RUGEAIIE), WAAFHEEIRTTBIFRARCR. 5 —J7H, WR%ER
BT NMES D5 g00 FHRARE, ABARIRNRAIEERIMIG THSA N BER, XM
W E R REASKR A E A R SRR R IR 2 AEWTST T R A

MTHRNEAKRD, FERHEE “S g00 BHRAR" M#UIE 2 4. EH 5 FH,
AT z 2 BER AL TR JUX A AR — R 757, BRI, BATEIX z 2B ER
z =2.00 (8k —2.00) 2—imfE, KRR AR, HEZ, EF z = £2.00 24EFE
%:\EI‘JO

MEBNE TH—DTR, #R, KEIHBITAEHVINEH, HH 95% mlliRE (1%
I p = 400 M0 8) RIRITIRARCR. B 5% K0 BU LA AT RER B R IAEE,
FEFRBE TR RORATIES,

EHEAIESRISY C, GRMERKN z 28U R 23N z = +1.96 fl z = —1.96, 40
RBMMAREEZIATT BRI B ARG — DA, IR2BNRAERSEH z = £1.96 14
FRHIDE. £ z = £1.96 LRERILF N IEBITIIFEAR SR 71T RORIERIE
WLBTIHE

e

|

JFUEHEAR —— JAT7 —— IBITHEA
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BELE BAMERNDT

7.1 A% Juliaf@

using Pkg; Pkg.activate(@-_DIR__)
using CairoMakie, StatsRelntro
using Statistics, Distributions, DataFrames

7.2 REA, BEAEMERIE

7.2.1  Z-3EHIER

FERTERINE, N7 z- 0SRR84S P — 8, ERI%6E
BHE— z-08, FRR I BAE AP RIA R, IREARIESDAR, EIEMIZEE
Tt PAHEMMA D BAIBERE, 2R, EIEATNIE, B R z- 0 BRER AR T
FEAR B D BRIl EAE S, BT R - 0 BEIERATRES, DA =5 R
ARG BIRTE, BATRA AR B AN z- 0 BHT5 %,

7.2.2  HFRZE

#WHIRE (Sampling error) FAEAGE &5 HX NSRS B2 FIK H R Z iR 2%
B, IEWNAIESREIN, RIEME — SR AREEH PN AREAR, BT REARR, XA
AU EARFIME AR AREIESFS, ERZHIELT, TUMA—DEE
PRI T LA D ARRIBREAR, I8, ATREREARRERESTER T — M F R HE
FPRIREEK,  ESREMS AR R AL A AR AL, PREARHERIRE L T REASIE R 2>
fiio

7.2.3 FERBERS A

FIHATYIE, BAVSRIE I 216, BES A HREREZ 2, mesitE FEAR
PIE) . BTG R2 WFEARTIRIGH), B AGEHH R 310 B o siAE 1, Rl 2 il

83



84 HLE  FAIEN

MBI HIEREREE R/ NI T P RERE ARSI GE L R0, FEAIIE R 7 R AlE
R — R, HERSER2E (distribution of sample means ) 2 H A REIHR
TERAN (n) BIREHUREARIIREAIIER GRS, XA R DA

7.2.4 HEARIESHHFR

o FEALHENIZTE SALHENIHER, REIERHAREERN, HENMZAREAE,
Hlit, RZEHEALIER %S SR AN R,

o FEALHERHERNIZIE R — MEPUESD . WEH L, REEFEAREHMEN 1%
B p, KIS p REANREARSERIZAEN D FI, FEARIERN AR
b (u FEED HER, BEE M R p Z REEREHEAN, SR POZE N, XA
T MEIERS 2 A,

o EHBOUT, FEARNEKR, FEASEN BT S RIIE po NIZHE EF, KA
AL EAFRIEA . R, RBEARKR/NR IS HIRE AR SSHE ROZAR X O S 8
{85 AIVEAR AR SRS IIEIE R 1% 58 73 B

X = [2, 4, 6, 8]

hist(X, bins = 1.5:1:8.5, figiure = (; size = (800, 400)))

r Warning: Found ‘resolution® in the theme when creating a *Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

1.01
| I I I I
0.0
T T T
25 5.0 75

XM = CombinationTable(X, 2)




72 KR, BUERIREASIE 8

i HaA KM HE M

4 2/ 1/h6
6 3 /6
8 4/ 1/h6
10 5/ 1fh6
6 3 6
8 4/ 1/h6
10 5/ 1/h6
12 6fr 1/h6
8 4/ 1/h6
10 5/ 1h6
12 6/ 1/h6
14 7/ )6
10 5/ 1/h6
12 6/ 1/h6

14 7/ 1pr6
16 8/ 1/h6

OAR N OCOAR DM OOOAR NMOOOOR DN
XA, DA DdDDDNDDN

hist(XM. {4,
bins = 1.5:1:8.5,
axis=(; xticks = 2:8)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

;SRR 1 = 2 MREORER, TRFHIEAT 7 REAIRER RS

h?

_ 1
p(M>7)—16



86 HLE  FAIEN

7.3 FEAEDTG

731 RABEMRIER
WERFBELTPNEKMEZ—, HEAESRILEFREEESH: (1) MWHIEREARN A
RIERTM ., (2) BMERFHEEE (n) HENEK, 4830 HEZ,

FEARIHE I EESE T BUSMARRIME p, F70 M BVEHEME (expected value of M),
FERVE S IFRHEZ oy F59 M BIEREIRZ (standard error of M), #rifEIRZE$E
BETREARIE (M) SRMAISE () ZIRSERE B &,

SInEZEFRIG IR AL, PREREXN TREASEDMAMERINMNMER: 1) #R
HERERMIREALIE M, (2) FREEREBR MAEAERRBE DN D MHRRE,

PREERZRIR N DNRRAE : (1) HARN (2) MHIEEHA R SR RIbRIEE,

KEE#E (law of large numbers) I\, HAKN (n) BUK, FEABERGLEASIE
AIRTREMERIA,

MR ZRIATRIOE TINEZE SHEARN (n) ZIAEIKFR.

2
FRIER = oy = —= = |

Jn n

HAHAREE DN (n =1 W, ERESHREZMR (oy = 0)o BEERARN
(n) R9BEI, FREEIRZERIRNE/N  (ERAIREA SR, )

sstd(n) = std([mean(rand(Normal(0, 10), n)) for _ in 1:1e5])

df = vcat([DataFrame(HAA & = n, tr#EIR = sstd(n)) for n in (1:10).72]...

HARE kR

1 9-99305
4 5.00229
9 3.33572
16 2.50153
25 1.99556
36 1.6624
49 1.4313
64 1.25075
81 1.10941

100 0.99608

fig = Figure(size = (1000, 600))

ax = Axis(fig[1, 1], xticks = df . AR &, xscale = sqrt)
scatter!(ax, df AR &, df . fRIEIR)

lines!(ax, df FEARR &, df.brifEIR)

fig
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FWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

fig = Figure(size = (1000, 600))

ax = Axis(fig[1, 1])

for n in (1:10).42

lines!(ax, -10%4:0.001:10%4,
x -> pdf(Normal(0, 10/sqrt(n)), x),
label = L"n=%$n")

end

axislegend()

fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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0.4+ —n=1

0.39

0.24

D S S =S—=
\

0.1+

A

732 FUDREEE

HFUMBRRER (Central Limit Theorem) : X FEIEGIIE p MbRHEE o BRI,
REARKINK n REARSHE AT BAEYIE p FIbREZE o /\n, IFHXY n T KR, ¥
FIE T IEA M,

XAVEHIMMER AR A R ES: (1) o, Ul TR ARREARIIED i, A
EHIVIR, BESREZNA; (2) KR, FEASERNGSIER RS S8R TIES
M 3) —BEAEARKNEEI n = 30, H6LFEERIFF S IES M,

7.3.3 =FARFENSA

o BRI

# lines((100-4%15):0.01: (100+4%15), X -> pdf(Normal(100, 15), X))
Plotz (100, 15)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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0.02

m
B
0.01
0.00 1 =00
40.0 55.0 700 85.0 100.0 115.0 130.0 145.0 1600 X
4.0 3.0 20 4.0 0.0 10 20 30 w Z
e pe s
o MRS

X = round. (rand(Normal(100, 15), 25), digits = 0)
hist(X, bins = minimum(X)-0.5:1:maximum(X)+0.5)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0+ II IIIII|I
T T
80 100

o FEARLEI I

120

Plotz(100, 15, n = 25)
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FWarning: Found ‘resolution® in the theme when creating a ‘Scene'. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0.10

a5

0.05

0.00

7-4 ERSHERIIEST

SAT 738 SRR —NIEHR g = 500 1 o = 100 FIEASDME, AERERIHIES: 7
n =16 ZERMAR, HALHERT M = 525 (iR Z22/D?

FEALHERI D BA DR R - iR IEASR), B SAT 28I EARIESH, - %
SHARIEEME D 500, BEOYEVAIIER g = 500, - X n =16, ZOMRIPRIERZED:

o 500
oy = — = 2= =125.0
Jno 16

- FEARMERT M = 525 M2
ccdf (Normal (500, 100/sqrt(16)), 525)
0.15865525393145702
Plotz(500, 100, n = 16, XBand = [525, Inf], showZ = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220



74 BERGHEASES T o1

0.015

0.010

g

0.005 -

0.000

T T T T T T T T T 1
400.0 425.0 450.0 475.0 500.0 525.0 550.0 575.0 6000 M
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 Z

7-4.1  BEABER z-9%

FI TR RREAR YA 2- 705 AT
M —p
oM

FAGE NI (X) BAE— MR PRLBI z- 38R, SFERBME (M)
A — MR EAEREARSHEN TR LB 2- 080 BURTTS, 2- 20800 S8 R TREA
BIERTE p 2 b (+) BRIE p 2 F (5, 2= 80BE RREAIER 1 > [ RObR IR 22
BH, YREAIE S R IEASHIN, TR 2- 70800 B E 2S5 5 FRB S R ke
APEREIEII R,

z=

FRAERE, SAT DI ARIER — MHEN p = 500 FibnEZEN o = 100 BIIEZD A,
NTRABIF, BAEEERINIERE n = 25 22ERRAR, Py SAT 82K
TFMRRPREAIIE, XAPIEICR, BATRRE 80 AU A TR EE R

[quantile(Normal(500, 100/sqrt(25)), P) for P in [0.1, 0.9] ]

2-element Vector{Float64}:
474 .368968689108
525.631031310892

Plotz(500, 100, n = 25, QBand = [0.1, 0.9])

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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n=25

0.020
0.015
B ]
& 0.010
0.005 -
! ]
| L
0.000 T = 500
T T T —T T — T T T ]
420.0 440.0 460.0 480.0 500.0 520.0 540.0 560.0 580.0 M
4.0 3.0 2.0 1.0 0.0 1.0 2.0 3.0 4.0 Z
474.37 525.63
1.28 1.28

7.5 MERINEZAE

o AR (1) BUERMEREAIED ARG (2) BHEBAMAR
HEIRZ M A EAREZE,
o BRI B EEIAEAII(ER, DU IPRIEIRZE,

7.5.1  SHEERENREIRE

FERZE (Sampling Error) W—Mi&R, HAEE A2 RAEIRR5EEMEMRRE,
priERZE (Standard Error) #2477 R @A IR EZR /715, FDEAREIRZE R DAL
WFFE N ARG b T R AT TR A SR an Tt R AT T IEAE DT TR R SMA

FRIEWZ/ VN RME LTI (EL. B0, T PARENE)? FEmNE p = 80
orEh, BRI RBELESD M, WlEEN o = 20, K, FMMNXDEAH
B REAR, A EFEASEAN T R AR BRI E, BRI S, AT E=FARRD
HA: —MH n =1 BF2ENEER, =M n = 4 Z2EREAR—1E n = 100 #%
ARIREAR, DA AR AR NI RN E R

Plotz(80, 20, n = 1; XExtrema = [0, 160])

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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0,020
0.015 1
H i
& o010
0.005
0.000
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 1600 X
40 3.0 20 10 0.0 10 20 30 40z

Plotz(80, 20, n = 4; XExtrema = [0, 160])

rWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

0.04

0.03

hiis 1
g 0.02

0.01

0.00

o = 80

0.0 100 200 300 400 500 60.0 700 80.0 90.0 100.0 110.0 120.0 130.0 140.0 150.0 160.0M
-80 -70 60 -50 -40 30 -20 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 7

Plotz(80, 20, n = 165 XExtrema = [0, 160])

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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0.08

0.06

g 0.04

0.02

0.00 -

0.0 5.0 10.015.020.025.030.035.040.045.050.055.060.065.070.075.080.085.090.095.0100.005.010.015.020.025.030.035.040.045.050.055.060. 1/
-16.015.014.013.012.011.010.0-9.0-8.0-7.0-6.0-5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.010.011.012.013.014.015.016.07

7.6 REFHERSE

EWNBEA VSRS ETHEEIRN, SREREEENS AR iEE FREENA T, |
THREEM, REASCBFEREHAIERREIRE, TABHAREZ, BT
AR BINRIE IR ETT I R, (BAWMMTTS SE M SEM (9{EAFRIERE) . bRl
REAMMIRSG G SHEARE—E, e DERPIRS; 23, PRifERER] DIERR
S

o IREPRERE: RIG

n ¥HE SE

FdilZe 17 3223 231
TEMEMAE 15 4517 2.8

o SRR ZE: FIEE

Mean, SE = [15, 30], 4

fig = Figure(size = (1000, 600))

ax = Axis(fig[1, 1], xticks = (12:2, ["AZ", "B4"]))
barplot!(ax, Mean, color = [:brown, :green])
errorbars!(ax, [1, 2], Mean, SE, whiskerwidth = 30)

fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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30 4

20

AR B4

o MEbRERE: LA

MA = [25, 22, 23, 16]

SEA = [13 2, 15 2]

MB = [17, 9, 5, 4]

SEB = [13 2, 2, 1]

fig = Figure(size = (1000, 600))

ax = Axis(fig[1, 1], xlabel = "iX&", ylabel = "")

[lines!(ax, X) for X in [MA, MB]]

[scatter!(ax, X) for X in [MA, MB]]

[errorbars!(ax, 1:4, X, Y, whiskerwidth = 30) for (X, Y) in zip([MA, MB], [SEA, SEB])]
fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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25

204

R

7.7 REHEMSIF

R — (O ER A S IETE TR —BUP T A KEERSCRII 7. CAREERERE (A
) HRFIREDN p = 4008 o SR, HARFTARARRE—FER, ENRREDfZE
S, PREZEN o = 20, OEFEZIRIER—H n = 25 FTERRIRER, EHME,
RIEEEN AR SR EMNIAE,

JSEENTEY.N
41 = 400
o=20
PIEFEAR N NEVIREYN
— BT ——>
n=25H2ER n =25 "#K

Plotz (400, 20, n = 25; QBand = [0.025, 0.975], showZ = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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0.10

& 0.5
0.001
; , " ; ; ; " , , ,
384.0 388.0 392.0 396.0 400.0 404.0 408.0 412.0 4160 M
4.0 3.0 2.0 1.0 0.0 10 20 3.0 4w z
302.16 407.84
1.96 1.96

WANEGL, MBI IRARER, BLRSEHERT 407.84 BUNT 39216 RIFEALIERZIF
HANATRER, ARBATHIREART A TR ERIIIE L —, BRABAIA 1677 RERATIERE,
BRI, AT RRIIEN MRAATRER A IXAE IR EE R, BATE L e 69T
ARG RIZETTEAR SR AR RIEEIET IR,

TERZEWITA, TN LI — MEASRIR GO IEFEDT T 1 SR e AR, 17X

MIBOLR, ARERZE A AR (ERMEAIIER AR, AR MEX MR N R —H
NIRRT — B,
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BN\E REBRRAN

81 AE Julia @

using Pkg; Pkg.activate(@-_DIR__)
using CairoMakie, StatsRelntro

8.2 [REKKHIZE

8.2 (RIFKMKHIZE

B % (hypothesis test) J&—f il FIREARHERIPAL R T 2RI B MISEH 7515, &
e, BAHRHARERIIIRR, EERAEA A, FATEE A IR A R B A5 fRFE,
TR, BAIMEARARB—NREEAR, Rim, BOTRREHREARYE S MBS H
HITNEST EEL, AERAEAISE S Tl — 2, BN EHERR GHNE e, B2, 1R
B S W 2 MR ERRER, BATRRERBZHE IR,

ARIERFFRIURI BRI AR, BRI AI T SAEAF RIS P R A2 . 155
gRETH, AR T ARSI AR AR FRRRAR BRRR. A, BE, |IOGE
FrE BRI AEEATTR, N 7B — BB, BATRFRIZAGIRF N EiE
T e B — 7 S RAEAE(ER AR IS A QS AR E IR

J?ﬁé‘E‘ilk (&5 N ﬁﬁE‘ﬁi CRAD
=100 p="7?
&
B
\4
AR ITIRREA

99



100 HINE (R EN
8.2.2 BEREAIIIE

o A FRIARIR

o BT RERIRIRIE

o H=D BRI RHEAGITE
o SBPUA: fiHIRER

8.2.2.1 H—F: FHRidEKR

BRI A FRLE TRARMUE AR R, B b, FRATHRH T PAHE R R :

ZEE (Hy) (Null Hypothesis) ABIfEEAHRAZML, &AEFIRARR, 1EX
BHERT, Hy WilELRE (G MEEPRER (080 &AM,

HEME (H)) (Alternative Hypothesis) AEAEWARTEIEE K, ZFEOER, 1E350
MR, H sl ERE (b)) MNEEREE,

R BREMERFRSEEF S RN (exclusive and exhaustive), B TARRERIFR
AL, B e R — DR 4,

8.2.2.2 FH: WrEUEIRIE

B2, WIFRE R AR AR BRI T RIRAI A G, Bk E A SRR R, EmH
THERIZER, FHlE, MREIES R RFERKESR, BIRHEHBIERIEIL,
N T AR, FATE TR % RIF AR A LI EA, BRI, ]
TR MPEEREAIIE S TR —E, WERAES TS,

WRIEFARL, FEARIIER 305 B R Hy Bz, BIESETBILIFEALE, 8
LETTRESRISIUREALSME, IR Hy oz, BISZRZEERRK, MLAAKATREIRIGHIRE
ALHHE,

N T HREN S TR SR ARRER AR AN B, AR I SR BERA 7
& L, alpha K¥ (a KF), KBEWKFE, 2HTEEMRRRRS “IEEARAT
RE” MESRIMERME, R, A alpha K F2 a = .05, a =.01, fla =.001,

IR F X AR A AR, AR BRIRARAL, WIXLEAE AR RATRE (R4 alpha K79
SESO) BRI, I XA alpha ACFHVE, GRAEABHER Tim SN, A2
BT RIL BORERE, GRS ARG SRE S, WAERIERARCR (A%
BRA) I, AEWARRTRER RIS R, Mo —MERE, BAIAT DLRIR 5 X I80E SOV RERS
TRAEIA S LR R S B A RORRIREAE, Dy 7 e Sl R X 00 AR DA,
FAMEA alpha AKCFIIBERFIFRIEES AR,

Plotz(100, 15, PvVal = 0.05, showZ = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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'
1 Reject Hy
'

0.02

=3

0.01 4

0.00

40’.0 55;.0 70’?0 85;.0 10b.0 111‘;.0 1(;;).0 14:’;.0 16b.0 X
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 Z
70.6 129.4
1.96 1.96

8.2.2.3 H=H: BEEEHHERALHE

ER, ERERRRBOFEL R EZ G, A WEREE, X —5 5 GBI TRt
FUE R BARHEAT TSR PG, IR TRRsERE R 2 R AR B OURARIE, 2K,
MR IR EEEA T RS, fAESHSHE, WS EREA(E,

BUfE, WHFE#E n] DALLAREALIE (B SFM%. XRRERAZL: RS R
HATER, BEHE D z DHOREIEL, R 7RSS EAN T BRI SRS
ERUINE, EH=DF, TR TURFEL (RVEBBA RN R FUHr R
A, BIGERAEBERA RN, ARG MEASEE S, BE, IR
z 778, AT WA SHER TR MBI i PRI AL,

M—p eSS — T
ou MR

z =

8.2.2.4 Y MHPSK
FEfRSa—HH, HREMRE =SE20 z S BUERIESE 5 @ RIS S ok
o HPIFTATRERIEE R,

o BEARBARAL TG A XA,

S, ISR IR A E A R BB MAR R AR ATREZ A (R, BRAEEFER
(reject the null hypothesis), EicfE, TRISRIALIER, FLHES Hy BkE
BMFHEse, s BA RN,

o FEAREHEAE NG FIX AL
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TERXMIEIUT, FEAMES ZRIEPIEENSASERYSEE (T mH0) o BT
B A R MR BRI RS, ) LA F R (fail to reject the null
hypothesis), X PMEEIRRBRELILIT-EH RN,

RIS AU b RIS 300 R SR B o AT B R M0 AR, TR, EFISIETA
4F, (Innocent until proven guilty)

8.2.3 HEIHMME z HVWSiITER

HT B z 2 8Ge BR2 RO R st it 2 (test statistic) RIS —MRETRAL,
Rif “Reiegiit & HZER ARSI OV TREBMRIZN — R AgiH &, EESE
TN T AR ERNHRRS R, B2, R2BEFRRaiRES z 2 8H
RIS A LS AIRH R H

z RO RER AR AR S A R A IE T .

M—p

oM

z =

Bz RO, BIEMTREH, ATDEER DR, MR E AT
WISy, TR —A z 08 (B2, EREUSIRIEIT, SRR LZEID .
BACKH, AHESASE () BE, KRR — DR,

B Kz pBOTREMNIUE

M—p

oM

z =

3 FEARKIE — (A0 R ME
ORI (M) FIRAIIE (1) bR
_RER (VD AR () 2RSS
TR (M) R p 2 AR

8.2.4 fHl—: FLBXRRSEN

SERIR R, LEFAaRIRN, BESUHITEARS1 ) (Elliot & Niesta, 2008),
Gueguen f1 Jacob (2012) I\, FIFERIBIZATRESREMN BN AL E KRR LIRSS B
IR R, BITHZRS B (MBRS R) BEFEHONECMEAE T, BTIORER, B
MR LIRSS BRI u = 15.8 %, EXEN 0 = 2.4 DNED AL /INREH
AIRBUES, AR LIRS RFL AT, MRETIERE n = 36 BBEEIE/
2,

QISRAEAR PN S R P ER AR, W53 a] DUS H 2L O 2 NP N
MIEEIE, 75— 77T, HARAEAREHMENIRZI N 15.8% (SEHEMHFD), M7E#E BAUSFHLLE
PP LRSS 1,
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8.2.41 H—¥. FRMRZH%EE alpha KF

o LN BRI/ NRIT I A,
Hy @ pggery = 15.8
B ZRLL 12, BTN 15.8%,

o FLAOREIEMBIEBFAINGE, HISBEMEREL,
Hy ¢ pigery # 15.8

FLA, NEEHERART 15.8%.

BTATRE a = .05, WT a = .05 WIESDMA, IR XIBERE AR z 72 8RRt
A¥E, #it z = £1.96,

8.2.4.2 HBZH: BWERFIRE

Plotz(15.8, 2.4, n = 36, PVal = 0.05, showZ = true)

rWarning: Found ‘resolution' in the theme when creating a ‘Scene'. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

n=236

'
Reject Hyn

0.0 4
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8.2.4.3 FE=H. HERRAITER

B AR HENE TP g = 15.8%, FRifEZEN o = 2.4 DNED R, BIRFEAR
& n =36 %MK, PN M = 16.7%, FEASIEIFMERZE N

22 _ 04
6

oM

BN

ik, FEASE M = 16.7 74T z 738

M~ _
_M-p_167-158 _09 _, .
oM 0.4 0.4

z

Plotz(15.8, 2.4, n = 36, PVal = 0.05, showZ = true, XVal = 16.7)

FWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution®' keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/srTc/scenes.jl:220

n=236

|
Reject Hy

0.0

8.2.4.4 ZBIH. MK

z BTG R DOR, XERE R BEIRRL, X MEARIEIRR A REHEL, Kk, 3,
THEL R, FHIFHEEIE: PO BN 4 T 0,
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8.2.5 Hl=

RIZFEATE n = 36 AME, PN M = 16.1%, X74AET —4 z 28

M — —
oMo _161-158 03 _ .
oM 0.4 0.4

Plotz(15.8, 2.4, n = 36, PVal = 0.05, showZ = true, XVal = 16.1)

rWarning: Found ‘resolution' in the theme when creating a ‘Scene'. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

n=36

|
1 Reject H,
|

M=16.1

H
&= 0.5
0.0
T T ™ T T T T T T 1
14.2 14.6 15.0 15.4 15.8 16.2 16.6 17.0 17.4 M
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 Z
15.02 16.58
1.96 1.96
—_—
8.2.6 HlI=

—NIESDAEREIEIE p = 40, FREEN o = 8 o FEMEEFHIE—H n = 16
IMRHBRHIEAR L Z IS, RIFEARE M = 45, 7£ a = .05 KFF, X PHALRE
FUEBRTIERSRIBA T RIS 5L, FE D& R ERIE?

8.3 RIRKAEIRMARE %

8.31 BRKKPAIHER

RS R — R I FE, RXERE ARG RMEIAR —RE e R A, Bk
B, MEARSERE T R TRNEARARSAZRIER, ARMBSR LR E R — AT
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BRI, ERXMEOR, SRS TR ERGICH A REME, R,
A] DR AR RN [ SR B R

8.3.2 F—IHER

BRER (WA IR0 RAEEMREEL — DL VAR Z RN, 13
WrFEIESER, - XEREWEM R E S HL e, MM BARN, Mk beika
B, LR EEENRETRPIRE T — om0, AMORERIFEAR

fRiZk5H alpha K¥E (a level) MK SEEE—RMBMR, #aIEE, alpha
AP T HEZ BRIV ERIEL N IRS I R X IR RIREALIR IR,

8.3.3 HIAHEIR

SBTRWER (Ao IT K818 RAETEWIFEE RAEEL — DR ORI F RN, 155
RUIRFFEIESE R, 8RR E R AR REAR N B E S BER R, 55 —2REHIR M
JEFIEE AN — R E, ROUT #FRAIE T A IR REEREH TR

S —RHRRIE, AT AERE 2 KR R, MR, KRR
ITSAEE, FILE—F, TRE—MRRST, RS, 5 KR
AN f 2T

Ehzf
TRBL AR
Hy £ Hy #5
RAEIER
SeFH  EFH, | TR | (Gion)
R ikdE4 Hy | DURIER | 11808 |

8.3.4 &H o KF

e a=.05 e ax=.01 « a=.001

r Warning: Found ‘resolpmfeam‘irig:tlh@uhkiehree\sbépmﬁmn‘idg\gth@hﬁdehleé\sbthekﬁma‘skdhgtﬁe‘rﬁ‘bkwm
L @ Makie ~/. julia/packhge¥ARikie/ 6Ll fradick@ouan iR toPBiL UL fradicagas AMRECPBNLUU/STC
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8.4 HEEXXTRIZRE

8.41 BIRRKKHIIHE

. BRABIIEER alpha /K
R
HERRGIHR (2 950
. i

A w N R

8.4.2 WMEGHREBRNER

L R B AT DRI RN TR # 0, z = 2.25, p < .05,

Wearing a red shirt had a significant effect on the size of the tips left by male customers,
Z=2.25D<.05.

B, ok “BET? MRAETRENENZERNAREMEIRE /D, IBAZREFR ) B
(significant) 5&iH-8F (statistically significant), thpt/2Bi, 5% E AELZ R
W, W, MRS RNIGSRZIES Hy, WGHEERERN, %k, z =225 2
HARR? z FoR M z H8BE RIS BRI FEAREE, JF HR(ED 2.25. &5,
p < .05 BftARE? FRRIIX—#tn sl B i AR alpha KCPHIE5E77 X
IXUARINT (DARAER B17AE) 58— RBHIRAYRTREME,

TEGHHRFTEAEL: Hy BT, & ATRERFRIA T :
B IR A 2L et 2 X B T B /N BRI ANV 2E T2, z = 0.75, p > .05,

There was no evidence that the red shirt had an effect on the size of the tips left by male
customers, zZ = 0.75, p > .05.

S RN TRAC RN, FTENR B A z 28UE, S p (R
{H, BIERAEMAEBIRN FITEIL N & A5 R,

FLL AP BVEE P BN BRI/ =2E T RE W, z = 2.25, p = .0244,

Wearing a red shirt had a significant effect on the size of the tips left by male customers,
Z=2.25, P =.0244.

SR, (ERTRERARY p (ERS, (52820 R AR e B PEARIE

8.4.3 FMBIZRIHFR

z 7




108 FINE (RIS A

MBI IAER (1) HARIES TRIZTHEMRIIEZRNZESR; (2) RERE, R
HERER L RE (EESRTTE) MR EEE (n) JUE.
o

0,
N

8.4.4 RBRKAIRIZ

o BEtLRAE

o JRSZWIES: WEGERTIZR; TORMCHIRE, — IR N A GRS ) LRI FRA e
TIRE—DEE n = 20 ZILEAER, TRARNRIE AIERET 4 2)LE, WK
J& Bkt T 3 4 LE, WEE CikfET 5 #JLE, WRE D& T 2 4JLE, N
XRE BT 6 &)L,

o BIEAZUE o MME, RERLET z 0 BAKK—DREEE 2 BARERE o) 1Y
o N T HEMERENE, BANBIREREARN (n) FEEREE (o). A
i, AR, HARE —PRAEE, MREKRENARR, BLERRE
BAIRFE R, RIMTCIETHREFRNERZE, T RRRIXDEEE, BT 7 —
B, BB, BATVBIRARAIEAE (FEALRRRT) AUbREZ 5B IG A R bR 2=
A, EKhrt, X —RECRFZ SR — 0 B E — R R, XD
PEBIREFRIR 1 L PRSI AG — TR A (Bds/b) E SRR 7724

o IEASEETN T I z 080, BOMER BAIESFRIBIIRA X R, JH
FEREARLHE AR IEAS T A REFEFHIX 4R,

8.5 JimtRZRE

8.51 A BRRKIEAIZE

TR I AR e A bR AR SR MBI, “RUR” IX AR B Tl TR0 A7 76 5347 7
MR, X MERIES N IR TR NIRRT, REmN, ATNTHerRsS—
ML TT %o

T EBRRER (directional hypothesis test) SEEBRE (one-tailed test)
etk (Hy 1 Hy) fa@ SASHER e >, a2, Ef s m 7y miteT 7
Wik,

8.5.2 Jimtkik: —MIF

W, X n = 36 #HS5EOHAE, 8PS 5EH -RFLNEHLIRS JiGf,
INBRAR/INBEIE SR TR X TS MEIE B —ER. (ARSs AR B HHH2), /NSRRI R
BUER, YMEHR p = 15.8%, WifEZEN o = 2.4 DED . NTRRMIF, FHIRRZ
OISR, MRIIFRERSG n = 36 BSE5ENREARLIEN M = 16.5%, XML
R R LMS LS I NS S5 1L ?
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8.5.3 FTMERRRRRE

o BRI BIERARER,
Hy: /BN,
o BB BRERCRE U2
Hy: /NA PN,
LR SRR, EEMNEERRE (H) THEERES.
o BRIRE: FLAANEN, FE/NERT 15.8%.
Hy: p>15.8
o T FLAOKNEN, FE/NEAKT 15.8%,
Hy: p <158

TR, XWMRBGELFN, FEE T RTA RN,

8.5.4 FiAMERNARIIGFA XI5

USRI IRV ER S B EIREIN, I AlG R 2T A RA R, (R RE
RSB EHRD, BARFXIBGE 2T A ER, BT IEFE XIS SE I —1
JEEE, JimtEmstE Aoy IR, EEER, i alpha KFHEE LGNS ETE
MRS, TR EE— R,

HER, Atk (R MIATREERBARIEEPRAITH N ER: 1) fERER
BRI PR, RO AERIN A SRR RS, (2) EIRRERE DH, ImFRXIEE
ST Am— MR TR0 ERE, BRI S E AN EN I 2, B
AR, R z 2GR, RERE z pBUE SRR X Hy MR,

NFXANFT, HRADIKE T 36 HHFUANECHLRS RBRNS5EEER
M = 16.5%, XPEERIIERN N F— z 98
_M-p _165-158 _07

z —L =175
oM 0.4 0.4

z 738 z = 175 TR R XA, R Hy WE, X2 DIEFEARRER4S
Ro B, FAHELZRE, HFHEE: FLLRTERMB MR/,

Plotz(100, 15, n = 36, PVal = 0.05, showZ = true, Tail = "Right")

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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n=36
0.15
Reject Hy
0.10
fiis
&=
0.05
}'1:5.0%
0.00 1
T T T T T T T T T T ]
90.0 92.5 95.0 97.5 100.0 102.5 105.0 107.5 1100 M
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 Z
104.11
1.64

Plotz(100, 15, n = 36, Pval = 0.01, showZ = true, Tail = "Right")

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

n=236
H
0.15 1 :
Reject Hy
oto4
B
&=
0.05 -
=1.0%
0.00 - o = 100
90.0 925 95.0 97.5 100.0 102.5 105.0 107.5 1100 M
-4.0 3.0 2.0 -1.0 0.0 1.0 2.0 3.0 4.0 Z
105.82
2.33

Plotz(100, 15, n = 36, PVal = 0.001, showZ = true, Tail = "Right")

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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0.15 1 |
1 Reject Hy
'

0.10

=3

0.05

0.00

o = 100

T T T T T T T TT T 1
90.0 92.5 95.0 97.5 100.0 1025 105.0 107.5 1100 M
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 Z

8.5.5 MEGIHRBHIZR

FESCHRA, X DEERAHR SR
FLLENZBEEMT/NE, z =175, p<.05 £HfE,
Wearing a red shirt produced a significant increase in tips, z = 1.75, p < .05, one tailed.

THER, REWARRIAER T RENR,

8.5.6 BARIIAS BN

{ERIEAS 30— % H b2 B R A B SR A2, MU @I 12— A, RAE
ARHATAEE, SRIGEREE RS JRAA SR T ELBORIAITHY ., AN RACERAOREA S R 4R L PR R (2
AN, IRAFATBAE BT 0, FHE4 Hyo 55— 77, A1SRAEHRIREAAR S R
GREAMEL, ARATRANG HACBA N 1A FE o IESE, FFCREL: Hyo MHiX—RRAR
KRB IFEA S FIR SR Z MR ZE RN RNERERILIARG MIERA R
DA AL A (AR

B RRIHTE NI A H T ZXHIET N T4 Hy BIbRE, SR v ereA
5 EMAZ AR ZE A B NOEDL MEAFRE, REERREREHNTTA L, 55—,
WEMIATR ZAN R ES, TAFEITA,

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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n=236

' : '
Reject Hyt : 1 Reject Hy

0.15

0.10

B

0.05

0.00

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

n=36

0.15

0.10

i

0.05

0.00

— R, AR AR T 1A PR S A7 A R 5 G PR TN A BIF Z 15 85 o LA PO M1
RAATEATIF L Z BT 777 e s BA 78 70 B AT 77 e R R 00T, A R
R, Renlith, anRABMIAARIKE B E KT, da0 AR R EdE LT —
RZIRA DA A 235 45 2R
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8.6 BKRRAHEI

8.6.1 FINEERIBRAI

68 PR ER BG5S ff 2 b B0 1) S 3 AR AR P D ™ ER I BR L

N RIER RS N E SR BRI, BRI, MSiE4FEaRn, i1
br_ b B AEN AR BRI AR X BB A IR R, — MBS R R T
Ei:

WREEGRAE, ILIXMEERIFEARIEIEHARRE (p < .05),

HER, RPEERAMFRIZA AR HRRE, BdEIEE AT RERIAZ R IR
WANATRE, (HBA IR AT R CHE f S TR R IR, BRI, EARRERI
M a = .05 B4 TE[RE, SFHTERRELERIMRNT 5% KL,

EAMENRE, AR ERAIERN A —E ERE TR, KR, SR
PEFEARERR LG SRR B 40 K/ N ERIESHE B, MR, R RCR i 5
FRERZRMMEMNAES p 2 BNERREGEHE, HRTAMENHEERZETEERT
PRIEIRZE,

TR, IR T FEFRH AR AR/ VB TAREIR EM S . ASRFRIEIR
ZAEE/N, IR AR/, ERARRBR, UETEE, Fit, BFERRIF
A—EREREMRK,

Plotz(50, 10, n = 1, PVal = 0.05, showZ = true, XVal = 51)

FWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0.04 4
0.03 1
g 0.02

0.01

0.00
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Plotz(50, 10, n = 400, PVal = 0.05, showZ = true, XVal = 51)

|—Warning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution' keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0.8 \ @y

1 H 1
Reject Hyn H 1 Reject Hy
1 i 1

0.6

0.2

0.0

8.6.2  TUERBK/

GRTAE, RIZAGIH — D REUE, REARR LR A PGB R AR RN, 8T
fROGXANAIE, @RS S BERN, JERIZ R SRR/ (Effect Size), KL, 4
BAN BRI, BATERE AR T EAR 5 R ANIET,  H ARz A
NSEREABLR N 77 2RI AT R AL PRSI 40 R /o

T BN KN — R i (R BT B LB 75 752 Cohen’s d, Cohen (1988) EN, MM A
/INET DAIE I i AR 22 R BB 22 Rk AR, 45 SRAVRN K/ NI T A0 R
TEEER

FRIEZE
Bt — HEse
h o

Cohen’s d =

NTF z pEEAEE, ¥ME 252 AT R ARISE 500 G S AR IE 2 [ 22 B
EM, (22, AHERERSERARAIN, Hitk, BATAHEAZIERFIIERAE, 1§
10fE, FEARSETIARE S AIEI R TR R EE R, [Ritk, SEFRRESER
21t Cohen’s d HI{E, NRATR:
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PHEER
ffi1tf) Cohen’sd = ————
T e
_ Mese — P
o

H&51: Cohen’s d & & TN M Z AN 7> BSFR L, i — MRIEZER 7 B (d = 1.00)
RET P RER,
8.6.3 H Cohen’s d PR A/

8.6.3.1 RN A/NMIMMEERR

Plotz(100, 15, n = 1, d = 0.15, showAlternative = true)

I—Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

d=0.15n=1
HyH,

0.02

24

0.01

0.00 Tj—10E.25
40.0 55.0 70.0 85.0 100.0 115.0 130.0 145.0 160.0 X
-4.0 -3.0 2.0 1.0 0.0 1.0 20 3.0 40  Z

Plotz(100, 15, n = 1, d = 1, showAlternative = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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d=1n=1
Hy 1,
0.02
#
s
0.01
0.00 =100 m=115
40.0 55.0 70.0 85.0 100.0 115.0 130.0 145.0 160.0 1750 X
4.0 3.0 2.0 1.0 0.0 1.0 20 3.0 4.0 50 7

8.6.3.2 BABLR/NAIEEAR R/

Plotz(100, 15, n = 4, d = 0.5, showAlternative = true, XExtrema = (70, 130))

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

d=0.5n=4
i, 1,
0.04 1
W
&
0.02
0.00 1 T = 100 =075
70.0 775 85.0 925 100.0 107.5 115.0 1225 1300 M
-4.0 3.0 2.0 1.0 0.0 1.0 20 30 40 Z

Plotz(100, 15, n = 36, d = 0.5, showAlternative = true, XExtrema = (70, 130))

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution keywc
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L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

0.15

0.10

%

0.05

000 1 To = 100 1073

70.0 725 75.0 77.5 80.0 82.5 85.0 87.5 90.0 92.5 95.0 97.5100.0102.5105.0107.5110.0112.5115.0117.5120.0122.5125.0127.5130.01
12.0-11.0-10.0 -9.0 8.0 7.0 -6.0 -5.0 -40 3.0 20 4.0 0.0 10 20 30 40 50 60 7.0 80 9.0 10.0 11.0 12.0Z

8.7 ZiH¥h

8.71 Gi¥Hh

SERMESN AN, e R FRRON 1R /NS R () 5 —Rh 75 2 B B S AR IR 4t
. giH3H (Statistical Power) 245650 E ERfE4a i OIS AR, it
B, SHBRERIGRETS IR H— A E EAFAE R BN IR

B AR, RIS R AT AT RERTEE R EARREIRAE Hy, ZAE4% Hyo
BT RAMRATRERISEIR, SB—RhahR, HFERSSNNRRERS Hy, fECnifiE X
N TR, HMERGEARIY p = o W, HoFERLBAAHE 1 - B, i,
MR, HFERSNNIEL Hy, sURRRASTIHHE, Blit, BikRst
BOET 1 - o

8.7.2 BAMHMEESM

Plotz(100, 15, n = 25, d = 0.8, PVal = 0.05, showAlternative = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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d=0.8n=25
H, H,
Reject Ho Reject Hy
0.10
# J
=/
0.05 |
al2=
0.00 1 Jio = 100 1= 112.0
T T T T T T v T T T T T —
88.0 91.0 94.0 97.0 1000 1030 1060 1090 1120 1150 1180  121.0 1240 M
-4.0 3.0 2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 7
94.12 105.88
-1.96 1.96

8.7.3 GEHHEHRBRBIA/N

Plotz(100, 15, n = 25, d = 0.8, Pval = 0.05, showAlternative = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

d=08n=25
pin H,
Reject H,
0.10
# i
LS
0.05
/2=
0.00 10 = 100 1 =112.0
T T T T T T u T T T T T —
88.0 91.0 94.0 97.0 100.0 103.0 106.0 109.0 112.0 115.0 118.0 121.0 124.0 M
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 7
94.12 105.88
-1.96 1.96

Plotz (100, 15, n = 25, d = 0.4, Pval = 0.05, showAlternative = true)

FWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution' keywc
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L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

d=04,n=25
Reject Hy
0.10 4
H J
=
0.05
0.00 4
88.0 91.0 94.0 97.0 100.0 103.0 106.0 109.0 112.0 115.0 1180 M
-4.0 -3.0 2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 60 Z
94.12 105.88
-1.96 1.96

8.7.4 GEHBITFIBEAR R/

Plotz(100, 15, n = 25, d = 0.8, PVal = 0.05, showAlternative = true)

FWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

d=08n=25
H, H,
! -
! .
|
Reject Hy Reject Hy
h
|
\
\
0.10 !
1
1
1
1
!
|
o i
8= \
!
1
1 :
0.05 | i !
1 1—4=97.93%
1 H
|
|
\
|
b/
4 . 1 .
0.00 o = 100 = 1120
T T T T T T v T T T T T —
88.0 91.0 94.0 970 1000 1030 1060  109.0 1120 1150 1180 1210 1240 M
-4.0 3.0 2.0 1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 7
94.12 105.88

-1.96 1.96
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Plotz(100, 15, n = 4, d = 0.8, Pval = 0.05, showAlternative = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

Reject Hy

0.04

B

0.02

0.00

H H i
o = 100 = 112.0

7(3.0 77'.5 85:0 92’.5 10b.0 10’7,5 11’:‘;.0 12’2.5 136.0 13’7.5 i
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 Z
85.3 114.7
-1.96 1.96

8.7.5 GBI BEMAKF

Plotz (100, 15, n = 25, d = 0.8, Pval = 0.05, showAlternative = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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d=08,n=25
H H,
Reject Hy Reject Ho
0.10
B J
=
0.05
o/
] i ; ! :
0.00 T = 100 T =1120
- - T - : T ™ - : T r : —
88.0 91.0 94.0 970 1000 1030 1060 1090 1120 1150 1180  121.0 1240 M
-4.0 3.0 2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 7
94.12 105.88
-1.96 1.96

Plotz(100, 15, n = 25, d = 0.8, PVal = 0.01, showAlternative = true)

rWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

d=0.8n=25
H H,
' ; ;

'
'
Reject Hor
'
'
'
0.10 ]
'
'
'
'
'
'
# i '
B H
'
'
0.05 1 1
'
'
'
'
'
'
‘
'
0/2=05%

0.00 1 * 1o = 100 = 112.0

88.0 91.0 94.0 97.0 100.0 103.0 106.0 109.0 112.0 115.0 118.0 121.0 124.0 M
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80 7
92.27 107.73
-2.58 2.58

8.7.6 GEHRITFBALE vs. WE

Plotz(80, 10, n = 25, d = 0.8, Pval = 0.05, showAlternative = true)

rWarning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
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L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

d=08n=2
0.20 A A
Reject H,
0.15
s J
i oo
0.05
/2=
\ : :
4 - i .
0.00 . T =50 =50
720 740 760 780 800 820 840 8.0 80 900 920 940 960 M
40 3.0 20 1.0 0.0 1.0 20 30 40 50 6.0 7.0 80 7
76.08 83.92
-1.96 1.96

Plotz(80, 10, n = 25, d = 0.8, PVval = 0.05, showAlternative = true, Tail = "Right"

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

d=08n=25
0.20 1 il A
Reject Hy
0.15 1
it J
& o010
0.05
\
,
.
: ! :
0.00 =0 =50
- - - - - —_ - - - - - —
720 740 760 780 800 820 840 80 80 9.0 920 940 960 M
4.0 3.0 2.0 1.0 0.0 1.0 2.0 30 40 50 6.0 7.0 80 Z

83.29
1.64
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8.8.1

8.8 IEWiHEME P 1H

HIRNIERER

The p-value is the probability of observing a value for our test statistic that is as
extreme (or more extreme) than the value we have calculated from our sample data,
given that the null hypothesis is true.

P-ERAEEF RN ERAHE T, KRgtit EOIE S HEe b MEE AR,

— May I Show You My Collection of p-Values?

If P = .05, the null hypothesis has only a 5% chance of being true.

iR P = .05, FEEAA 5% BIRZELH,

A nonsignificant difference (eg, P > .05) means there is no difference between
groups.

—AMARRENER (BN, P> .05) EWEMRHZMEEZER,

A statistically significant finding is clinically important.

—MEGE LR IEIRR LA A EERE

Studies with P values on opposite sides of .05 are conflicting.

BA PAEEREMAKTN .05 BIRE XIS R R A R P .,

Studies with the same P value provide the same evidence against the null hy-
pothesis.

HAME P EATRFFEER O R B SO ZRIZATIESSE.

P = .05 means that we have observed data that would occur only 5% of the
time under the null hypothesis.

P = .05 EWRERNTIR IR A AT FRE 5% BIREL

P = .05 means that if you reject the null hypothesis, the probability of a type I
error is only 5%.

P = .05 EHRENRIMELTMRIK, KA T HRIMRAA 5%,

P = .05 and P < .05 mean the same thing.

P =.05%5 P <.05 89 AHIFL

P values are properly written as inequalities (eg, P < .02 when P = .015).

P AR ZDAEREABE (B, 2 P =.015 N5 “P <.027),

With a P = .05 threshold for significance, the chance of a type I error will be
5%.

AP = .05 1N REVERIE, KRARM T HRIBEREN 5%,

You should use a one-sided P value when you don’t care about a result in one
direction, or a difference in that direction is impossible.
SURAROLFENTTAMIEER, B AR T71A LA R R AN ATRERIIT, B I
m P {H,

A scientific conclusion or treatment policy should be based on whether or not the
P value is significant.

BIAESCEARE RIS N IZEE T P HR S BE KT,

Goodman, S. (2008). A dirty dozen: Twelve p-value misconceptions. Seminars
in Hematollogy, 45(3), 135-140


https://davegiles.blogspot.com/2011/04/may-i-show-you-my-collection-of-p.html

124 FI\E RRERIE
8.8.2 EEMRRK: Fi&

« Nuzzo, B. (2014). Statistical errors. Nature, 506, 150-152.

« Wasserstein, R. L., & Lazar, N. A. (2016). The ASA’s statement on p-
values: Context, process, and purpose. The American Statistician, 70(2),
129-133.

« Benjamin, D. ], et al.,. (2017). Redefine Statistical Significance. Nature
Human Behavior, 2, 6-10.

+ Wasserstein, R. L., Schirm, A. L., & Lazar, N. A. (2019). Moving to a World
Beyond “p < 0.05". The American Statistician, 73(sup1).

« Amrhein, V., Greenland, S., & McShane, B. (2019). Retire statistical sig-
nificance. Nature, 567, 305-307.
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9.1 AE Juliafy

using Pkg; Pkg.activate(@-_DIR__)

using Distributions: TDist, Normal

using Distributions: ccdf, cdf, pdf, quantile, cquantile
using Statistics: mean, var, std

using StatsAPI: pvalue, confint

using HypothesisTests: OneSampleTTest

using CairoMakie

using StatsRelntro

using DataFrames

using GLM

0.2 tHIHE: z GHEIEBR

9.2.1 z ZHBRRINBEER

FERT—E, BAH T AVFITR N R E A ERAR I 5 T ARAE A EA B RISt
R, XEGIH R T —EEAME, AL,

1. BUREAISE (M) RS HERIIE (1),
2. PRIEIRZESR A TR E RO SR ERIFE R &

o 0'2
oM =—== _—

Jn n

3. AT ERMAFNCT ERIHENT, BATER TR z- 3 8mRgr i @R R SRR A (E
(M) SREREEEE (1) BATHES

M- p _ SRS EIR FNEEER
oM M 5 1 Z IR

z =

127



128 FNheE T Zi&EEN

Rt K B An 2 i s 5 R 2 MRS 22 2 & W R T RS R, 5 z
ROV BIEAS G, FATREAS 6 FH A AL IE S FRAREN B AR (19 1 57 X 8K

9.2.2 z SBAFER S

M z PR TR AR ZAET, z AXNTRENFERER LT HNEEEZ, A
KL, z MEERERANT T REANEE (80722) H, REHRMMEREZRHRR. A,
FERZEIGIT, BRRIPRIEZRARMA, SCFR b, BATERRRRAEDRARIKG KT
ARAVERIIEE, ZMIEELFHEDE T — Mzl REZEEH z 280k TR SR
BIER z DB, RT IR T EARRIER. FIsE, XANREAE — MH fE H
MIRRRTT SR, HERRITT2Z (BbREZR) ARAIN, TR AR AEREE,

9.2.3 MAtGHE
9.2.31 4R t iR

HHRFREIRZE (s Z1E o WERFN, AMEERRERE oy BT, BRMEAR
7T EBAEAPMEZ LR, R THEALIE M 5 ERME p 2 B bR B
ite M o BN, FREIRZERATN:

2
FREIRE = 0y = % = "7
Mo KA, IR
(LR 52 S ’
) N /_;Z‘ i = = — = —_—
THHUPRIEL SM 7 "
REA T AR T ARSI 7T 2200 Tt b
SS SS

\ 2 _ 22
REAT 2 = 5 = — T

SS _ [ss
n—1 \df

BAE, AT AR THAIOPRIEIRZRAN z PEARXK B, SiRE— N t ZiF & (t
statistic) HUBTHIRIRSE & :

FEAIRHEZE = s =

t_M—u_M—u
Y ﬁsz/n n—1

t 4R (t statistic) AT TRIMEASE p BRI, 4 o BERAN, t 5t
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BIWARES z DA, U2 t SRS B A T THRARIER 2,
M-y M-—p
z= = ~ N(0,1)
oM ,0'2/71
M-y M-—yu
t= = ~ I
SM SZ/n

9.2.3.2 HHEM t GiitRE

AT BRI, RLLE T SREAR TS 22 2 RTHDEREAIIE, IXONFEAAL SR 1 RR&], DA
HEREARFI n-1 DN BURMNL H B BRI, (B n-1 FROAFEAR S 21 BHE (degrees
of freedom =k df),

g =df =n—1

KETREAI B B df Bk, REATT o2 BUFRE T RIATT % 02, t Geit Rkt
Iz 58 XREAREA (n) Bk, REABIFHIRRIEE, FI, 5 s? S e e
ERER Y t AiEIE z,

9.2.4 1A

9.2.4.1 G

=N (t 1) RARERAKN (n) shrEamE (dD RS ATRERTURE

At EREEE S, t MTEEIT AR IR,

9.2.4.2 AFBHHET t KHBRIIIE

PlotT([3, 5, 10, 30, 100], showBoundary = false, showNormal = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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0.4 — M~ N(O,1)
M~ 1(3)
— M~ 1(5)
— M~ 1(10)
M~ 1(30)
— M~ 1(100)

0.3 4

0.1+

0.0 4

t AT IRRES B B iR, FX L, SHERRIRRE 1 “t DR
W NTEAFTRER B EGR, #A— AR t DA (A AT REREA ¢ {EY )
). BEEEME (A BRAEFK, t DMIEIR LBORBEIL fITIERS z 7210,

t M B8, MR, I EISERE, HE, t mHIES z R EZ RS, R
BIEAE H HEERVDIEN T, t 2 AEEECFHHE R, MIES z 2 BAEZ R R
UEEfEL,

9.2.4.3 HE t RAIMER

PlotT([3, 5, 10, 30, 100], showBoundary = true, showNormal = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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0.4 =196 — M~ N(0.1)
M~ 1(3)
— M~1(5)
#(100) = 1.98 — M~ 1(10)
M~ #(30)
0.3 — M~ #(100)
#(30) 5 2.04
I (10 =2.23
& o2
1(5) = 2|57
0.1
(3)=3.18
4 /
0.0
. . . . . .
-5 -4 3 2 -1 0 2 3 4 5
ZFtE
9.2.4.4 WE t DAAVEER
Proportion in One Tail
0.25 0.10 0.05 0.025 0.01 0.005
Proportion in Two Tails Combined
df 0.50 0.20 0.10 0.05 0.02 0.01
1 1.000 3.078 6.314 12.706 31.821 63.657
2 0.816 1.886 2.920 4.303 6.965 9.925
3 0.765 1.638 2353 3.182 4.541 5.841
4 0.741 1.533 2132 2776 3.747 4.604
5 0.727 1.476 2.015 2571 3.365 4.032
6 0.718 1.440 1.943 2447 3.143 3.707

Kl 9.1 t AR

A t AR CERE, AR ATREN dEENSRE, XSGR, FRE%
ERH AR E df ERIER ¢, RSB ¢ E. B, AR EHER 35, &

FHMAFN.05, BRAIGFMERIZA?

03 i t GHEHERRG

9.3.1 tGHBRRRINEARIPE

9.3.1.1 fEf t S EHTRIERE

R RAESS, BODTET D BEARNIEMARR 2R, EHE—ME%
TR SR, B2 AR A 2O A HAE R AR (I BERIREA) SRAfE it

BREHEAHR,
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OB, BEIREAREE RO, ROk, Hy ZMASETESRE, Fit, 2
T AR R T — LRI, REARSORIRGE TR, BR, J725R1
LR 152 T MR A L SR,
SOXEET AR, 4R

AR (R EE) - BRI (N Hy )

B (LR IE 52 (WREAR B R )

5 z MR, RFRE R DHR, T ERASEE (M) MERERR (1 2
FIISERRZE R 70 REHR A TR IE IR ZE T R AEAE A (E AN SR Z (AT DA & LT 22 K

Z25Fo

LIRS MERER (1) BRTHEZR (R N, TAHSET MK
HtE (ATDURIEAEEUED . fEIRXAPEI R, FAMFHESIL, BdaERA—8, 1K
PR “HE Hy

S Ui, SRR R AR E RN TARERER/ANN, BAOWGE T —MEEN t
giihi, FAIRRER “TCikEL Hy,

9.3.2 RAMEME
9.3.2.1 t Gt BRIEFRKAEARFRER,

BORAEALPERTEMUEARSEL po IR HBRFE L HERE S AR, WER, CEERR
PRESMERNTT ZZAMEARRL, FATPREEE ] — MEASK IR T BRI ER B,

9.3.3 RIZKRERH
9.3.3.1 RGN ER

. R alpha KCE,
. BRI R,
RS,
X Hy M,

A w N

9.3.3.2 Bl NEREILN KT

L, EEEHAIL, EERERERNELMARARERNEL, EXT5EH, 1-6 K
REVE LR T WSk fLR R e S5, —dHUEEANBEIT 7 HAh—iKmfLE 5
—iK R, B LR EE—DRER, LR A XKE R GRS ERRE L,
HEE LIRS E A BN FDAE] 20 #, iR TEN ) LWEESELAFE. Bk
ZHIREA TS n = 9 BEILIOREAR, FHIRIS T AT EEE,
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sample = [8, 10, 12, 12, 13, 13, 15, 17, 17]
BEE, rErHANGEEERBEAEAR, BACKEL, BT RE SRS EBU AR IEE,

hist(sample, bins = 7.5:1:17.5,
strokewidth = 1, axis = (5 xticks = 8:17))

FWarning: Found ‘resolution®' in the theme when creating a ‘Scene'. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

2.0+

0.5

0.0

9.3.3.3 H& 1. |RHBIKIFERE alpha KF

o FfRiL: B UK LA AT

o BRI FLEMmLT, — KI5 — KL,

Hy ¢ g + 100

o BATHEZEMKFREN a = 0.05, WK,

9.3.3.4 HE 2. BEmFR X

s HHEZ
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n = length(sample)
df = n -1

o 5 XIBUZ

quantile(TDist(df), 0.05/2),
cquantile(TDist(df), 0.05/2)

(-2.3060041352041662, 2.3060041352041662)

9.3.3.5 HE 3. HERBSIHE
o HHREZEVITM
using LinearAlgebra

0 = ones(n)
P= 1I-0%inv(0'0) % O'

SX = norm(P % sample)”2

SY = sum((sample .- mean(sample)).”2)

SS = sum(sample . 2) - sum(sample)*2 / n
SX, SY, SS

(71.99999999999999, 72.0, 72.0)

o WRTE

VS = var(sample)
'A% SS / df
VS, WV

(9.0, 9.0)

o HWEMGHIRERZE
SE = sqrt(VV / n)

1.0

o WHREARIREN t Sttt E

M, M = 10, mean(sample)
t=(M-p) /SE

3.0



9.3 H T Gt 8T E 135
9.3.3.6 S 4. X H, ke
PlotT(df, Tval = 3, showFalseAlarm = true)

rWarning: Found ‘resolution' in the theme when creating a ‘Scene'. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0.4
— M~18)

0.3

% 024 #8) = —2.31 1(8) =2.31

0.1

a 5 [222.5% 3
0.04

A
B2 t Gt &8 3.00, ALT t HAMKIERXERA, FOIOFHHRZIES Hy, 7
HHEEIG, B LAE T 458 AN A 52 (7S x VB T FL ) (i
9.3.3.7 F Julia BSH R pE
EAET R e
ccdf (TDist(df), t) = 2

0.01707168123378264

Al HypothesisTests fufiik

TT = OneSampleTTest(sample, 10)
pvalue(TT)

0.01707168123378264
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9.3.4 KRB

o FEARHHEL AU LN,
o FRRER SRR M IEZS 734 o

9.3.5 FEARR/INRIREAR T ZRIFEM

t ISR

T BIPREIRZE sy HEEARBI B, BT DBERET sy EE7ER0) (J5E%) 1
tH. [, AEAIRZATARIE R R K 3R RN E A TR L B & A BN A AT REPE,

52
SM =+ —
n

9.4 tSEHBRBINAN

9.4.1 f&i# Cohen’s d

JF4AH) Cohen’s d:
Cohen’s d = i’afaiéj‘%’ _ Pam — Poegeen
FrRiEZE o
f&1+1y Cohen’s d:
M —
it d = T”
AT

M, M, s = 10, mean(sample), std(sample)
M-p) /s

1.0
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9.4.2 RBRKHEEI, r

9.4.21 FENIME

S0 - w2 = YUK~ M) + (M = 2
1 1

X;— MY+ > (M — )P+ Y [2x (X — MM — p)]
1 1

2
1

2
1

X- M+ 30—
1

F LATT 2 0] 53 R -
n n n
DG = D G-MP 4+ Y (M- p)?
1 1 1
} | }
SST = SSE + SSR
l i
B2EYHHI(SS) nx (M — p)?
ROFE (5 77 20 T 5 LR 12
2 _SSR_ _SSR  _ SST-SSE _ _SSE
SST = SSR + SSE SST SST

BRI TT 22 5 5T ZR R B 7T 2 G HORIGER), 77 Z2REZE VM, BERIN
P Tt ERNR RN —Fr R, BT AR DUGHE t BV 7R S ZF IR R, AR
Ao

, (M= p)? SSR/n SSR
e = = = — X df
SE? SSE/(nxdf) SSE
)
£ _SSR
df SSE

BT LiRgsie, RN R RS r2 At E2 KR
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r2—-§§B-— SSR _ SSR/SSE
SST SSR+SSE  SSR/SSE+1
t2/df

T R2/df+1 2idf
RAHIHIT

dt = DataFrame(%(#& = sample, HAJ{H = mean(sample), ALY ME = 10.0)

e RAIE BKE

8 13.0 10.0
10 13.0 10.0
12 13.0 10.0
12 13.0 10.0
13 13.0 10.0
13 13.0 10.0
15 13.0 10.0
17 13.0 10.0
17 13.0 10.0

X, M, p = dt.#d5, dt.HEARYE, dtBASE

SST = sum((X - W) .* 2)
SSE = sum((X - M) .~ 2)
SSR = sum((M - p) .7 2)

SST, SSE, SSR

(153.0, 72.0, 81.0)

SSR / SST

0.5294117647058824
AR

df, t = TT.df, TT.t
tA2/ (tA2+df)

0.5294117647058824

9.4.2.2 WRBRHENEI L, r?

r2=0.01 /&R
r2 =0.09
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r2 =025 K

9.4.2.3 [ RBRIENGIEREIRRHE X

fm = lm(@formula((#4E - 10) ~ 1), dt)
DataFrame(coeftable(fm))

Name Coef.  Std. Error t Pr(>[t])  Lower 95% Upper 95%

(Intercept) 3.0 1.0 3.0 0.0170717  0.693996 5306

9.4.3 Ml p NERFXMH
9.4.31 EBREXH

EIRAEBRR R R/ING 55— R IR T SRAL R S SUA S E RIS THEL Al TR RS A E A
E-PEEXE, BEXARETIZE DS FEARSET TR MG T E AL
{E,

FEARSIEE A T HOL SR SHERN B LR RS SMAIER R EAIE, i, EEXEA
BIEREGHREARLIERN — RFMERIXAE, FATR DA A O R SRS E A T
X [EIA, BEXE (confidence interval) 2REIZAEARGTH BN — X RISEUETER, B
BXEYENZEEZE, HAGHR, WHEARE, MIZSHNNEASEENEEL, Jit,
FATAT LAE B O S EE ROZ AL T X R A

9.4.3.2 HWEERFXH

MR BEX A RRA TR NG B DEARIERA — MR ¢ {E, H7EEX:

SM

RE MR sy BER DMREAREHRHIRTS, EEANIARGE ¢ 5 p fE, B2, AT
5t {E. FER, tEE T = 0 MRLHER, RIHIRATAT DA AR ¢ (ERIZAE o FH,
AN, t ARRIIM TS t 2 ARHIREE B LA ¢ .

NTHEE p FEEXE, ROV ¢ BNt 7588, RErTLIHR o 9E. FYERZ
R pE, B DA A R ORI T RE PR o £f PTDAIATTRE A DS Hi

p=M=Etxsy
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R B AR, IR, SRE T — BRI A, %X A
—IBEE M+, BT Mt

FERAHIRBIH, 80% K ¢ AT

pval = (1-0.8) / 2
n , df = length(sample), length(sample) - 1
pst, ngt = quantile(TDist(df), pval), cquantile(TDist(df), pval)

(-1.396815309743865, 1.396815309743865)

KPR A AT RER) t {ERY 80% AL T +£1.397 ZIHl, FrlAFRATAT A 80% HIfELy, A
REARLENS BT X A — ¢ 8 (ERREARERMGRR ¢ EEE, ROEET p i
80% EfFIXIH:

M, sm = mean(sample), std(sample) / sqrt(n)
M + pst ¥ smy, M + Nngt % sSm

(11.603184690256136, 14.396815309743864)

PlotT(8, Pval = 1-0.8, showCI = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0.3 1

i 0383 80.0%CT
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9.4.3.3 f#A julia BEEINTE

TT = OneSampleTTest(sample, 10)
confint(TT; level = 0.8)

(11.603184690256136, 14.396815309743864)

9.4.3.4 BEREXAEENEMER

LEUBEEFEKRY (A2 NERE) N, MEEXAEEIRAEFLE K, T
RIS AL, LUK ANTERE, M, WERZERGED, ERHEHKNXE, T
WITTRFFF Lo

ER, MRESERARD, SREFLXEEEREN, FEARK (), XA,

9.4.4 XEPHAE
9.4.4.1 RE t RRAILER

B, WicH, REAREEEEAAR ‘B RFRRIEATMRE, SHAE REET K
FORARREIEA Hyo MAh, XTIRE t RBATHRE. BHREMRREKY, G—ME
9} 5o

TERIEIR i h, Jsef B UIARIMOR T8, W FT:

The infants spent an average of M = 13 out of 20 seconds looking at the attractive
face, with SD = 3.00. Statistical analysis indicates that the time spent looking at
the attractive face was significantly greater than would be expected if there were no
preference, t(8) = 3.00, p < .05, r* = 0.5294.

BILPgEst M = 13 PtlE R 5I ARIESL, #rifiZE SD = 3.00, ZEit 7 H7# W,
)@é’%lﬂ??/AE"]lﬁ?ﬂH?H?‘/EUE/’%ﬁ?iﬂ%&ﬁ%ﬁﬂ#ﬁﬁ%ﬁ%ﬁi t(8) = 3.00, p < .05,
r< =0.5294,

BAERG RSO EEE, WE (M = 13) fitnEZE (SD = 3), Wwifnk, # ¥k
IBRIRIR M THEIC A H T IEE R, BIFEE, HHEEE t FEZ2EHESIRE, FEN ¢
SIFEMNEREGHE (G.00), EIREBEAEFE -SHERNME UM 5%). &5, ke
BRA/N, r = 52.94,

MR EHUE T 80% BRFEXEMNMNA/NGH#IE, AL ERIERBIERETR 2GR
/IS

#(8) = 3.00, p < .05, 80% CI[11.603,14.397].

PR HEIME, REEFEIER t St R 25, HENIERERTHRIFHREG S ¢ EHXH
HPIHER (3 a K1),
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t(8) = 3.00, p=.017, r? = 0.5294,
RIGEERN— A2, /R tEERmEIT AR p = 0.000, SEAFHERLR

EEF; Mk, ERERETREHUSHEEREN S TS| = A0 NGRS R 0.000, FEIXFf
THOUT, EARREFYIRERE, EATRE p <.001,

9.5 FHMAEREMEERE

9.5.0.1 JiAHREMARKK

ek Oiath) BRITEME, WE CETEt) MREE . EREMRHERT, W
BRI, R REA R (BIanEe s enifnise) I, AT DA s AR SS,

9.5.0.2 HB 1. RHREFIERIRFAF

o R AN 20 R LN EBRL I ARK, BN
Hy + pggip < 108
o BRI @ 20 BR—ENABWRSIARK, BN
Hy + pggip > 108

AT EZEMKTFREN a = .01,

9.5.0.3 S 2. FEIRFXIR
o HHEN
n, df = length(sample), length(sample) - 1

(9, 8)

o IEF XN
tval = cquantile(TDist(df), 0.01)

2.896459447709622

A DORFIEED B IR EL,  THER T RAE I DSOS B S TR N R ER. B A7 2
XANIAEATE — B BRI FEARIIER & 5 IR T IS M B AT 77 1 — 3 IdRRRIEE —
ViSe itk vvestity S ATE N
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9.5.0.4 3. HEHRBSHE

o WEHATT ZRPRER

SS = sum(sample . 2) - sum(sample)*2 / n
vv = SS / df
SE = sqrt(vv / n)
1.0
SE = std(sample) / sqrt(n)
1.0

- HERRSTR

M, p = mean(sample), 10
t=(M-p) /SE

3.0

TT = OneSampleTTest(sample, 10)
TT.t

3.0

0.5.0.5 BB 4. HHHipesE

PlotT(8, Tval = 3, Pval = 0.01, Tail = "Right", showFalseAlarm = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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0.4

0.3 1

3 0.2 a=001 (8) =29

=04
0.0 4

g gEt B T IR XN, FIEERAHEL T Hyo ERFFIRG S, S5R N 281

The time spent looking at the attractive face was significantly greater than would be
expected if there were no preference, t(8) = 3.00, p < .01, one tailed.

XUE W5 | AR I B A TR Imdr I ATIEERT, t(8) = 3.00, p < .01, #H/E,
R, MREAAEH TRk,

9.5.0.6 Julia BEWEIIHE

pvalue(TT, tail = :right)
0.00853584061689132
confint(TT, tail = :right)

(11.140451962469102, Inf)
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101 AE Julia @

using Pkg; Pkg.activate(@-_DIR__)

using DataFrames

using CairoMakie, StatsRelntro

using Distributions

using HypothesisTests: EqualVarianceTTest, UnequalVarianceTTest, VarianceFTest, pvalue, conf
using GLM

10.2 MRS

10.2.0.1 BAREARIET

HEIHATYIE, A BRI HERTGUTHETE K A — DMEA R — SRS
RUE BRI MB/RIEE IR, (HERZEIRFRE LR AT (L) AR,

10.2.0.2 AR AP IT
AT FRBRALER TR T AR — 2R FAEBIEN DR AE 2 ARNS 5%
H; FALIERLORERI—#H25%,

FAEBEME (SN EM) 6 BB 4 B 521 T OPR D B T B T iR
(Independent-Measures Design) si#iRHit+ (Between-Subjects Design).

BEWMERM (Repeated-Measures Design) sl (Within-Subjects De-

sign) /2RI BRI, NTEMERDRENME, BT
RIE, FrACBE AR ERMERNZS5HA,

145
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10.2.0.3 HRAREIHRNEH

Bk A BB
pa =100 ---------- > BfE ----------0 > HUB = ?
ES

10.2.0.4 M WERBHRNEH

BIKA iR B
/IAI? ““““““ > PE ----------s > ﬂB:?
oc=7" oc="
AR A A B

10.3 ZFREMHZNE t SHE

10.3.1  HIERKIERIL
10.3.1.1 MR t H—E/S

T HSZIM RIS K D ARFBIREA, R HAT TR B — LR R AR SR A Bh e MR 4%
FEEMNEAR R, RS TR, MREEEREASH RSN, Blan: ny,
ny; Ml’ Mz; SSl, SSzo
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10.3.1.2 HMUMBRERRABRIZ

RS ER T B PRI SR (B MO B Z ARESHEZE R, A TARRX 7>
PR, SB— D EARIER 1y, BN EURRIER po WEZRNZERN 11y — o
SRR, THRRFTREEZMA, AR, SREEXMEL MREER. AFSER
TN AR I A BRI

Hy :py —pp =0
(MNP EEIERAER)

BRRRNZRN DN A Z A ES (E 22 5
Hy = #0
(FIEEER)

10.3.2 MUNEREKAR
10.3.2.1 t G EEARGEH
HEST IR BARE AR, t S RAEARS G E AR, A

_ PAGIT R — BIRHEARSE
ft AR IR

t

FRAZIERA ¢ FA LR EAREA t BIFTHTTREIMEREA t A

10.3.2.2 Bt AR

- HREA t AT
| REABIE - ikt _ M — g
AR .y

o JRSZIE t A

t:ﬁxwﬁﬁﬁ—amwﬁﬁﬁ_(Mh—Mﬁ—Qq—m)

TR S, _0)

e, FRRE T EMAIEZRNE, K& ¢ (AR DAE— 2 i
%

_ HANERS
PRI
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10.3.2.3 hHHARER

TEREA 5P BT, SRR RGeS BRI, (2R
EAR, BRAEIRRE REEASIEM SR, RN sy ATTHOLIE £ AR, PRI R
MESEEREAEIEE R (My — Mp) RISRREIERER (4 — ) W, FHIRUBIZ D
1%, FEASIEE BIOPRIERIITE sy, e

SR, FRAEIRLRE ARG RS RO, FRERIRFERA syt m
HIR, MG RBREAIIE M I, PRI sy M TR, Sl i
REAIIEER (M — My), FREERIORFEN sy g0 (EREFMENT, PRERET AL
PR SRS B2 R K,

R 77 T DURRREAS 9 2 SRR (M — My): ARIEIRBEE OVREA ST
(M — My) SHIREKSE (i — pp) Z IR PR O B, SINR TR
BOZAEL, W (My — My) MOPRMESRFES /b, ARBRARBE, R T AT DI PR
ABHEZ FIERAS K, AT, SBBENEN, BEEERNE, LT, b
W R TR R (M) — M) TR B HERSIE, B2, WREHETE2E%
FTMREASK, B, HBELAEN, FRERIETRASEER (M — M) F
LK,

10.3.3 IHEMHIRER
10.3.3.1 EFEIHRER

FEA— bR R

FEAR ZHIRRIETR

PN REA PRI R AT

103.3.2 RBEHE

PSR BIbRIETR
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2 2
Sp Sp n+n nyny
SMy=My) =\ |- F - =5 = sp/
1 M niny ny +np

PR BETZ (Pooled variance) sf, A DA P IMEA TS ZZ B ERH5
B BMFEATT ZHRE ZAE AR E BB (WZE/RIFE) MARREA R NIVE,

deS% + dfzsg _ SSl + SSZ
dfi +df; dfi +df;

2 _
Sp =
SRS AN, B =ny=n, df, =dfy =n—1H,

SS, + S,

s2 =
P 2(n-1)

R ERAT A ZUAT ARy
255 [SS;+S5, s, s
S, _ = —_— = _— = —_ —_
(M, = M) n (n—1)xn n ny

10.3.4 BREARNMEHE
M7ME t SRR AN

, _ PEASERS: — BEEES (My — My) — (1 — pio)

TR S, _0)

H

dfom-m) =dfi +dfz
= -1+ —1)
=n + ny — 2
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10.3.4.1 t GHENEARTR

FEAGIHR  EAESEC (SRR FEATT 22

R ok M p S 2=
V2 4T o, 5 S5, +SS,
HAREA tR% (M — M) (i — p2) f + é s = df:dfz

10.3.4.2 EARERRL

ME X ~ N(uy,02), Y ~ N(up,02), W X =Y ~ N(uy — g, 02 + 02). %
MBS AR HIE A RSB0 ny Fl ng FEEAR, WIREARKEM SR My — My ~
N(py — g, 02 /nq + 02 /ny). BEMAAKIIEEIK A 2R, B oy = 0y = o, Wl
My — My ~ N(py = g, 0% /nq + 02 /ny)e BREENT (g — p1p), A7 2R
I, ATRBECAFEA S 2RI 2, WNIESH SRR T HHEN ny +ny — 21
t o, B (M — Mz)/(slz,/nl + slz,/nz) ~ t(ng +ny — 2) WEEFEART ZRHH T
55 REARIIREAR T 22 B AR, TR BT DUZE/R IR IE,

SHYR:

« Wagaman, A. S., & Dobrow, R. P. (2021). Probability with applications
and R. Wiley. 285 11, HAHL,

« Demidenko, E. (2020). Advanced Statistics With Applications In R.
Wiley-Blackwell. % 284 11, 2t T IFHIE,

10.4 fERMIINE t SHHERNRERRE

10.4.1 BlIF: HLES5HE

WM, ATHERBEIASE A n] RERBLH AN RSCAN B RARIIT Y, e RATHRPARTRASR
FRNIAKATRE, E— LI, S5HE 5 o8ANMRR T —4H 20 B, FRER—IEXE
BUATS 0.50 ETT, AT, Z2H5FRE HCKRM, BHAZATT BRREMITHMEE,
Ktk XIUESTREE T — DL RAOEEAR G ARG o

—HSHHENTC BRGNS B ALK, 5 —HERR R R 2 ERE
TR 5 B RIS

AN BRSPS R,

=pEE = [112, 9, 4, 5,6, 7, 12, 10]
mEm =[ 7, 13, 14, 16, 9, 11, 15, 11]
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ez : kg

dt = DataFrame(ZZ /5 W = s/ WA, WG HE = W5 HE)

SBE WA

11 7
9 13
4 14
5 16
6 9
7 11
12 15

10 11

BuEsss (tidy) A9=MHE BRI

o BPTEWIAEECHS,
o BUIAA B ST,
o BMERIH B SRR TR,

HAERE : KAgal

dt = stack(dt, [:ZHHE, :KEHE],
variable_name = "Jj5 [A] 254", value_name = "7;£(")

PR 8

L5 11
S5 1A] 9
1A 4
S| 5
S5 1A] 6
S5 1A] 7
L5 12
L5 10
& 55 A 7
1 5 [ 13
1 5 [ 14
& 55 A 16
& 55 Al 9
% 55 1] 11
1 5 [ 15
% 55 1] 11

10.4.1.1 BIERBRIIUFE

o BRIRMRIZIFIER: alpha /K°F,
o BOERHRIE,
o REEHEF A t it &,
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o fRHPUE,

10.4.2 FRERERTNERE
10.4.2.1 BRRBHIEIFIERE alpha K

PRI
Hy : py — pp = 0 (E%ER)
Hy : oy — pp # 0 (A75)

¥iRE o = .05

10.4.2.2 SERLIGEFXIE

RSN, JXEERERE ¢ gt R A E R DU E

dtn = combine(groupby(dt, :FHEE), nrow = : A%)
ni, n2 = dtn. A%

df1,dfz = n1—1, n2-1

df = df:1 + df2

14

o AT a =.05, IGHXKBREFE PN 5%, BN

quantile(TDist(df), 0.05/2),
cquantile(TDist(df), 0.05/2)

(-2.1447866879178035, 2.1447866879178035)
PlotT(14, showNormal = true, showFalseAlarm = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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0.4 [ 1.96 — M~ N(0.1)
M~ i(14)
031
i 02 t14)= —2.14 o 0.05 1(14) =2.14
0.1
a/2=25% afR=25%
0.0
5 = % 2 A 0 2 3 5
2A0tE

10.4.2.3 REEIEHHHE t4iHHR

o KEIMPDHEARRTRS /T2

Jiik—

transform! (groupby(dt, :/FRIZKA!),
transform! (dt, :77 % = mean = :Mij)

BEER 5% Mj  Mjj
S 1 8.0 10.0
S 9 8.0 10.0
S 4 8.0 10.0
S 5 8.0 10.0
S 6 8.0 10.0
S 7 8.0 10.0
S 12 8.0 10.0
SR 10 8.0 10.0
W& 55 1] 7 12.0 10.0
W& 55 1] 13  12.0 10.0
&5 55 R 14 12.0 10.0
% 5 16 16 12.0 10.0
W& 55 1 9 12.0 10.0
% 5 16 1 12.0 10.0
W& 55 1 15 12.0 10.0
% 5 6 1 12.0 10.0

X, Mj = dt. %, dt.
SSE = sum((X - Mj).

MJ
A2)

B = mean = :Mj)
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sp2 = SSE / df

9.0

Pagr -
SS1 = sum(FEFER A 2) - (sum(REFEE))A2 / na
SS, = sum(ME B E .~ 2) - (sum(KEB (A1) )A2 / nq
sp2 = (551 + 552) / (df1 + dfz)

9.0

o HRRA T ZHEMS T ARER
SE = sqrt(sp2 / n1 + sp2 / n2)

1.5

o W&t Giit&

M1, M2 = mean(ZZ 5 H), mean(iE /5 H)
t = (M1 - M) / SE

-2.6666666666666665

10.4.2.4 fRHPRE

PlotT(14, Tval = round(t, digits = 2), showFalseAlarm = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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0.3

# 024 1(14) = —2.14) o 0.05 t(14) =2.14

0.1

T T T T T T T T T T T
-5 -4 -3 -2 -1 0 1 2 3 4 5
2A0tE

0.0

PEME (& = —2.67) MTIRFXIEA, Bk, WIHEL Hy, FEHE RS RS
ISR RN B AIFEREZRINZE, BACRE, EERNERE, PARS
H > 2O 2 o W5 B3 TR LA 0 B

nSGHE—PRIR AR AR TE IR 2 H FP R SERRaR I, I R MATE
ErHE PR il S A 5 UM

10.4.2.5 M Julia BEHTLH

TT = EqualVarianceTTest (= A, W5 M)
TT.t, pvalue(TT), confint(TT)

(-2.6666666666666665, 0.01841953514292608, (-7.217180031876705, -0.7828199681232948))

f @formula(sr% ~ 1 + FHERIZKE)

s schema(f, dt, Dict(:J5 Al = DummyCoding(base = "BZ /5 [H")))
fs = apply_schema(f, s)

resp, pred = modelcols(fs, dt)

pred

16x2 Matrix{Float64}:
1.0 0.0

R )
locllocNoNcoNoNo)
lcNocNoNoNoNo)
lcllcNclc ol o)
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=
w1
(e

PP PR RRPR R RR
oo licloloNolc o o)
I N N T <)
[olfcliclicNolclclolo)

fml = fit(LinearModel, pred, resp)
DataFrame(coeftable(fm1))

Name Coef.  Std. Error t Pr(>[t]) Lower 95%  Upper 95%
X1 8.0 1.06066 754247  2.69949e-6 5.72511 10.2749
X2 4.0 15 2.66667  0.0184195 0.78282 7.21718

fm2 = fit(LinearModel, f, dt)
DataFrame(coeftable(fm2))

Name Coef.  Std. Error t Pr(>t]) Lower 95%  Upper 95%
(Intercept) 8.0 1.06066 7.54247  2.69949e-6 5.72511 10.2749
FHEZE: BERE 4.0 15 2.66667  0.0184195 0.78282 7.21718

fm3 = lm(f, dt)
DataFrame(coeftable(fm3))

Name Coef.  Std. Error t Pr(>[t]) Lower 95%  Upper 95%
(Intercept) 8.0 1.06066 754247  2.69949e-6 5.72511 10.2749
BHZEE: B 4.0 15 2.66667  ©0.0184195 0.78282 7.21718

ft = ftest(fm3.model)
sqrt(ft.fstat)

2.6666666666666665

10.4.3 EM{REM RN
10.4.3.1 RHBRFHERE o KF

o BRIL:
Hy = pswsrs < Pogoymamisrss
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(R P B B RS IMR AT &)
o BRI

Hy : pewsrs > Hasomamerss
(BB B BRI R E )

« BE a=.01

10.4.3.2 ENIEFRXE

EERE, WERAEERZSHETNETIE, GERERTENAITTHE, AAHE=
LR 2 R e

PlotT(14, Tail = "Left", PVal = 0.01, showFalseAlarm = true)

r Warning: Found ‘resolution’ in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc

L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

0.4+ — M~ (14)

0.3

024 #(14) = — 2.62 o001
=

0.1

0.0

T T T T T T T T T T T
-5 -4 -3 -2 -1 0 1 2 3 4 5
2A0tE

10.4.3.3 FTHHRNMFE

o WEEHEH I ERRST R

o PR
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10.4.3.4 EAIREFXIEK

PlotT(14, Tval = round(t, digits = 2), Pval = 0.01, Tail = "Left", showFalseAlarm -

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

03
$ 0.2 H14) = —2.62 a=0.01
0.1 1

t= —2.67

0.0

10.4.3.5 MEER

TERTTR R, SRR KR IR -

Reported scores were significantly higher for students in the dimly lit room, t(14) =
-2.67, p < .01, one tailed.

TE B IEHSE, ARG ECBFEE R, t(14) = —2.67, p < .01, H/E,

10.4.3.6 7£ Julia &

pvalue(TT, tail = :left)

0.00920976757146304
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10.4.4 BHEER t ARAVERER
10.4.4.1 EAREE

o AREARRIEHE LU B,
o MFEAHRIEE R AN SR AUIR M IEZS 537
o WEEAFRIEE IR TS Z 06185, 7572857 (homogeneity of variance)

10.4.4.2 FTEFH

t G AL ETT 2R RN MEARTT 2 PIHE— SRR, SA XMW MEEE T
MHRIEMATTZR, AHRENFIE RN Y, WeErr 27 RN, mRx
PIMEARTT ZEMHARIFEAT 2, A FEEMREE L.

HREAKRNZ AFIERRZERN, TTEFFIEBRIRESRNEE, AR NMEAE (B
) MG, MBS 17, ERER, ER T EFFIERI AT RES (T
FEAR SRR R RAEMTE B SRR

10.4.4.3 Hartley i F-Max &%

AnARTALE TS 25T IR R AL ? — MR ARSI NE BN MEAT 2, WL, MR
PN ERTTZAEE, IO DEEARTT ZROZAE AL, S MEATT ZAHZE AR, AT BA
M A RO NTT ZFT BRI, HARSH TR, B2, MR—MEATTE>S —
PR=ERAE, A EREL T,

— BT IR S GG SR PG 7T 25T R RE A2 ARG TR
FITF e 73 2277 IR A oz, {H Hartley 9 F-Max A5z T S0RT IR 552 e B A 7 0%
Z—O

S MURGE, XM AT DU TR SR AR AR 7T 257 . F-max fa ki
TR, BIREATT Z R EMATT ZR TG T, AR50 A T ORI EARTT ZAH5E,
KIEREATT ZRZARFARL, ] F-max R 3 anT:

.H%§¢$Mﬁ$%ﬁ$ﬁ§,§:§%

o ERERRHIB/ NIRRT 2, HE

 SPOROkAE)

F-max = —————
s2(f/IMH)

o FFEAREIET AR F-max {85k FHER T AL
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TABLE B.3 Critical Values for the F-Max Statistic*

*The critical values for a = .03 are in lightface type, and for « = .01, they are in boldface type.

k = Number of Samples
n-1| 2 3 4 5 6 7 8 9 10 1 12
4 960 155 206 252 295 336 375 414 446 480 514
232 37 49. 59. 69. 79. 9. 9. 106. 113. 120.
5 715 108 137 163 18.7 208 229 247 265 282 299
149 2. 28. 33. 38. 42. 46. 50. 54. 57. 60.
6 5.82 838 104 121 137 150 163 175 186 197 207
11 155 191 22 25. 27. 30. 32. 34 36. kA
7 499 694 844 970 108 118 127 135 143 15.1 158
889 121 45 165 184 20. 22, 23. 24, 26. 27.
8 443 600 718 812 9.03 978 105 111 1.7 122 127
750 99 7132 145 158 16.9 179 189 198 2L
9 403 534 631 711 7.80 8.41 895 945 991 10.3 107
6.54 85 99 1Ll 121 13.1 139 147 153 16.0 16.6
10 372 4.85 567 634 6.92 742 787 828 866 9.1 934
5.85 74 8.6 9.6 104 111 118 124 129 134 139
12 3.28 416 479 530 572 6.09 6.42 672 7.00 725 748
491 6.1 69 7.6 82 8.7 9.1 9.5 9.9 102 106
15 2.86 3.54 401 437 4.68 495 5.19 540 559 577 593
4.07 49 55 6.0 64 6.7 7.1 73 75 7.8 8.0
20 246 295 329 354 376 394 4.10 424 437 449 459
332 38 43 46 49 5.1 53 55 56 58 59
30 207 240 261 278 291 3.02 312 321 329 336 339
2.63 30 33 35 36 37 38 39 40 41 42
60 167 185 196 204 211 217 222 226 230 233 236
1.9 22 23 24 24 25 25 2.6 26 2.7 27

Table 31 of E. Pearson and H.O. Hartley, Biometrika Tables for Statisticians, 2nd ed. New York: Cambridge University Press, 1958. Adapted and
reprinted with permission of the Biometrika trustees.

& 10.1: F-Max #

HEPRRPOGFE, EFRZRIE:

o k= BORREARRECGR. O THRVZFER t i, k = 2.)
o df =n—18MEAENEBE, Hartley f3 e G FEAR A/ NMARL,

o o K, RISHRMT o = .05 o = .01 WiRFE, B, FEFTERRSEHE
K a KFo

10.4.4.4 H Julia BfTIHE

vary, varz = SSy1 / df1, SS, /df,

FMax = max(vari, varz) / min(vari, vara)

1 - 2 % abs(cdf(FDist(df1, dfz), FMax) - 0.5)
0.903174397811275

pvalue(VarianceFTest (= F R, BEEH))

0.9031743978112748

10.4.4.5 CEAERNEBRAE

FERTCE T Z T RISIREA t Gt B EOREEI 2 77 257 E R BRI, MWREEARIE
BB AMHENTT 2, N TR, W2 AR AR
ZHCR T 2807 57 MERIR A O RANZAEA £ gt B AT,

IV ER UL HVENU R
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o FHW R BT R EARERZE, W77

(M-0) =7

o t SR E B EEEH AN AT

Vi + V,)? s s5
df = At Vo) L 2)2 , eV = L HY, = 2
Yo Ve n ny

n;—1 n,—1

AR SRR d f M, ATPRHIRG DK S S i, (EH LR R Fahit A
H HE

Vi, V2 = vars / ni, vara / n2
df_Adj (V1 + Vz)AZ / (V1A2/df1 + V2A2/dfz)

13.968325791855204

i/ Julia H&
UnequalVarianceTTest (5 /5 [Al, B /5 [Al).df

13.968325791855204

10.5 M A/PMIERFXE

10.5.1 MK/

R FERREAR R NS SRS, (BRH7725200 Cohen's d Al r2 S30M A/ Mg
PRA=AEBORFEN ;. BRI TT 222 BN/ NMERR. TREA R/ Cohen's d 1
EBAE, X r? BE AR NG,

10.5.1.1 R AN: Cohen’s d
1E—f&iEm R, Cohen’s d #E X H

_ BEES
Wl o

TEHSZREARI R H, {5 Cohen’s d FIAREN
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fli%d =

HrE MUMEAT B8R

_ ERSEES My — M,

(G RNLANGE

SN NN BORE NN

sp2 = (551 + SSz) / (df1 + dfz)
d= (M2 - My) / sqrt(sp2)

1.3333333333333333

10.5.1.2 BN K/h: HEBSH

ESIREA ¢ 1 r? S —REAR t BIHEDY RS2 2R

2 _ SSR

TSST Z+df

1. EFtfdf mitE
T_sqr =t A 2 / (t*2 + df)

0.3368421052631579
2. £F SSR#l SSE WA
ARC SN

EEAE = [ E 85 E ]

2
Sp

Mo, M1, M2 = mean( 2 £(4E), mean(= /%5 ), mean (s /% A1)

SST = sum( (BB .- Mo)."2)
SSE

SST, SSR, SSE

(190.0, 64.0, 126.0)

FIiE
SST = sum((dt.> % - dt.mMij).”2)
SSR = sum((dt.Mmj - dt.Mij).”2)
SSE = sum((dt.72 % - dt.Mj).”2)

SST, SSR, SSE

(190.0, 64.0, 126.0)

sum((ZEE .- M1).22) + sum((BEE M .- M2).A2)
SSR = n1 * (M1 - Me)"2 + na2 % (M2 - Mg)"2
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r_sqr = SSR / SST

0.3368421052631579

3. julia WESNTE
T2(fm3)

0.33684210526315794

10.5.2 &t Hi — Ko mﬁf%'[zfﬁ]
10521 EEXH

GHTRTE, BF XA ATy R AR A BN RN RTT iR, M TR —FEA t, 3K
MR D HEALIE M R R EASIE, XTI 1, BAEREARIIEER
My — My KRG ERIHEZ R 1y — poo B, BEFXFEER_ BT TP SRS RS
2 S AEHEZE B RN

SRRt —R, BRM0 t TRERRAEARSE, N THIAEAR t SRR

. (My = My) — (g — 1)
S(My—Ms,)

U
Hr— po = (My — M) £t X s(a1,— )

fEikE, (6 My — My 1 spy, g, FREMEAREARF RGN, BER t R EIERA],
HATH t B2 E HER ¢ 2RIk ¢ E, SRR ¢ ERERNERE, TE
th py — pip 1o

FiNtE

gt = quantile(TDist(df), 0.05/2)

(M1 - Mz) + qt = SE,

(M1 - Mz) - qt * SE
(-7.217180031876705, -0.7828199681232948)

A Julia H&

confint(TT)

(-7.217180031876705, -0.7828199681232948)
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PlotT(df, Pval = 0.05, M = My - M2, sM = SE, showCI = true)

FWarning: Found ‘resolution®' in the theme when creating a ‘Scene'. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

10
0.4

0.3 1

t(14) =2.14

0.1

10.5.3 SCERAPEIRZA
10.53.1 RELER

BAE, BAMER APA R RAR G AT AT, — DIRSZAEA ¢ IR HISER

The students who were tested in a dimly lit room reported higher performance scores
(M =12, SD = 2.93) than the students who were tested in the well-lit room (M = 8, SD
= 3.07). The mean difference was significant, t(14) = 2.67, p < .05, d = 1.33.

TE BFREFHY 55 ] 2 A A AR & IR B 08 (M = 12,8D = 2.93) HAE7E 7 HRBIRG B
[HH2 A9 (M =8, SD =3.07) W8 EE, HEZFEE, t(14) = 2.67,p <
.05,d = 1.33,

EMIZIER, PREZEANRMVAEAR t R AR —8, (B NE MEBH R AR S
HEERRA M, T t RINA S, FOVERZEN MR SS M df KEEil L7
%, WIER, id t (S aTmR ks e 2R, BN E R RIRRTE,
RZJGEMRER). HEAh, RN HIRT TREER, MiZikE.

The difference was significant, t(14) = 2.67, p = .018, d = 1.33.
#50#%, 1(14) = 2.67, p = .018,d = 1.33,
BJa, QSRR B X R DR KD, e AT TR R e R 5.,
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The difference was significant, t(14) = 2.67, p = .018, 95% CI [0.782, 7.218].

#28#, 1(14) = 2.67, p = 018,95,

10.6 FEATFEMEARX/NIIEA

10.6.0.1 MNIEAR t GBHEAAN

; :(Ml - My) — (i1 — 12)

S(My—M,)
2 2
s b
S(M—M,) = n ny

dfisi +dfps;  SS; + 58,
dfi +dfs dfi +df;

2 _
Sp—

10.6.0.2 BEAHZENEHR

R T ERIREA RN 2T, (R 77% 204 Cohen's d 1 r2 SR A/IME
PRP=AEBER N BRI TT 22 2 B INBIRL K/ MERR, TiFEA R/ N Cohen'’s d
{ERAE A, Xr? WA RN,

PURNRBIFRME 7 — D aTMLTEOR,  BRRAEA TS 20T ] REFE s HE AR 2 [RIEE S, IF
B T AEARS I TSR E4E Hy BIRTREME.

tr11 = [6, 7, 7, 8, 8, 8, 9, 9, 10]
tr12 = [11, 12, 12, 13, 13, 13, 14, 14, 15]
mean(tr1l), mean(tri2)

(8.0, 13.0)
pvalue(EqualvarianceTTest(tr11, tri2))
1.9529832025352932e-7
n11l, n12 = length(tr11), length(tri2)
df11, df12 = n11 - 1, n12 - 1

varll, varl2 = var(tri1l), var(tri2)
sp12 = (varll x df11 + varl2 % df12) / (df11 + df12)
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SE1 = sqrt(spl2 / ni1l + spl2 / n12)
varll, varl2, SE1

(1.5, 1.5, 0.5773502691896257)

tr21 = [0, 1, 2, 4, 8, 11, 12, 16, 18]
tr22 = [3, 5, 9, 10, 13, 17, 19, 20, 21]
mean(tr21), mean(tr22)

(8.0, 13.0)

n21, n22 = length(tr21), length(tr22)

df21, df22, var21, var22 = n21 - 1, n22 - 1, var(tr21), var(tr22)
sp22 = (var2l % df21 + var22 % df22) / (df21 + df22)

SE2 = sqrt(sp22 / n21 + sp22 / n22)

var21l, var22, SE2

(44.25, 44.25, 3.13581462037113)

pvalue(EqualVarianceTTest(tr21, tr22))

0.13038853998413932

.« TEE

fig = Figure(size = (1000, 600))
axl, ax2 = [Axis(fig[i, 1],

limits = (nothing, (0, 3.1)), xticks = 0:21) for i in 1:2]
[hist!(ax1, X, bins = -0.5:1:21.5) for X in [tr11, tr12]]
[hist!(ax2, X, bins = -0.5:1:21.5) for X in [tr21, tr22]]
fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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T T T T T T
9 10 11 12 138 14 15 16 17 18 19 20 21

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

10.6.0.3 Mann-Whitney K%

5175 Z MR A 1R REOE R DO A S an - B Ao e, RJEEEAT —Riich 2 -E %5 e
RRA SRS IR ER/AME, ZR5 LT TR T B8R, Mann-Whitney 36 7ERY
& EHNg, EISRIETE TR BUE D B o HE B — i B ORISR, iR e 7
MIVAEA ¢ RRH IR —, WATDAEA Mann-Whitney #546.
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F+—F MAMEXESN t Rk

111 A% Julia i@

using Pkg; Pkg.activate(@-_DIR__)

using DataFrames

using Distributions: TDist

using Distributions: quantile, cquantile

using Statistics: mean, std, var

using HypothesisTests: pvalue, OneSampleTTest, EqualVarianceTTest
using GLM, MixedModels

using Julialearn

using CairoMakie, StatsRelntro

11.2 EENERRIHHEN

11.2.01 ESWNERIT

HEWERT, sSEWRIANBIT, 2R MEART RN AT R R e 2 R R 2R
BB, EE MBI EEAE T EERTE B E I 72 2AR R MA,

11.2.0.2 PUEgHEH

FECRCHRTTE A, — MEAFRIENMAS 5 — DMEAAF RN TIEAL, PUACRIX AR
1709, DABEIXM N MALETTFEN EAR B R 2 BT TR S (36 LR,

169



170 A XA T 2%
11.3 BEENRRIN t ZHE
11.3.01 ERSH

HEMRIRI t SRESH ESTRNCEHRITIEAM t SR IEFEELN. efEA
EERAEA t GIHHEHERE, HEEAR t NEERXFETERETER D RIMAREED
B (X H) 1, @, ZR5% (difference scores) ¢ D EZEIH AN MARE—A
B GRIERD MBS D08 (RFE) KRIGH:

%:’%%?&Z:D:,Xé—xl

EZRBIFEA (D) FABRRRKIREARYE, A EAREH D 28017,

11.3.0.2 HEARFEARGRIHERE

o TR
Hy @ pp =
SRR ERNE,
o BRI
Hy :yp#0

TAAE— R RIS, (E1S — DIRIER R B — SR PR BN S e (B AR,

11.3.0.3 HMHXFEEN t GHE

o t GHEN—BIEK:

FEAGUT R — BASEL
iR TR 2

o BEEAK t it RRARK:

o EEMERHHt SitEAK:
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_Mp—pp
SMD

11.3.0.4 MEXHEXN t GitE

o D DEREARTIE (BHRIEE)

o BREAR t GEHHREAIGTHRIEIR

SMD =

N
11.4 BEEWERRIHHREER

11.4.0.1 BEKRRKIIIPER

o PRHBIRIF IR R E KO,
o PRENRF XK,

o It Giit R,

o (R,

11.4.0.2 HIF: HESEE

IHPURBA R I, JLPR—MARRER L, TEie@ A/ IV EIMIHE S A 5= A2
LIRS, FOTRZBNE S — R CRN R, 2Am, A— R, el
FURBRIEANEAISEAE, MIMEIARASRE, RN — MR M A 075 %,

FEIRXTFH, Z5FWERL—HPFRAKRIIKS, REPZEGM, 258 W
HHE TR IK A I ] P 5258 ) A T e B AR B T 59— 2 B — S PR TR T
Z5FEWN THORNGRE, ERENREIE, MR TIREHFEL TIRAKEIE R,
Hitk, FrEZSS5EEEN TMRSEA GRITMAPMY), B —EE8 — IR UOKIIHE,
T3 FAEE IR VKOKIE L,
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IR RIREAE S, £ DM 1 2l 10 BPRRACFIFAPRR L, xR L E s EE
NS5 E T,

L5
R = [9, 8, 7, 7
|ixR = [7, 7, 3, 8,

IAI:III

11.4.0.3 RUBRBIFERBEMKFE

o TR
Hy : pp =0
PIRPZRAT 2 I 2 5
o BRI
Hy :pyp#0
FIEESR

o TR, BAMEA a = 0.05,

11.4.0.4 #RB|KEF XK

- HHE

n = length(#H X 5)
df =n -1

o XT a=0.05 tomPiEREz

quantile(TDist(df), .05/2),
cquantile(TDist(df), .05/2)

(-2.3060041352041662, 2.3060041352041662)
PlotT(df, showNormal = true, showFalseAlarm = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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o l-=1.96 — M~ NO1)
M~i8)
0.3
# 02 1(8) = —2.31 =005 (&) =231
0.1
0.0
-5 -4 -3 -2 - 0 ! 2 8 ¢ °
ZFtE

11.4.0.5 HH t Git&
o WRERS D
D = HMH - HMHiA

9-element Vector{Int64}:

.« BRI

SS = sum((D .- mean(D))."2)
SS = sum(D.*2) - sum(D)*2 / n
32.0

o WEREAPRIEE

Var
Var

var (D)
Ss / df
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SD = sqrt(Var)
SD = std(D)
2.0

o HHEAETHRIFRIEIR 2
SE = SD / sqrt(n)

0.6666666666666666

o HH t S ENE

M, MD = 0, mean(D)
t = (MD - y) / SE

-3.0

11.4.0.6 H Julia HH&

TT = OneSampleTTest(D)
TT.t, pvalue(TT)

(-3.0, 0.01707168123378264)

11.4.0.7 RIKEFXIER

PlotT(df, Tval = t, showNormal = true, showFalseAlarm = true)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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04 lz2=1.96 — M~ N(0,1)
M~ (8)
0.3
i 02 1(8) = —2.31 =005 (&) =231
0.1
0.0
T T T
-5 -4 -3 -2 - 0 ! 2 8 ¢ °

2A0tE

11.4.0.8 IR

BANFRNE t EA TR XN, EETRE, St MSEgPaMEte, HDY
PRI T3 RN

11.4.0.9 FARAEBEFLEEE
o FfFi:

Hy © pp > OCGHIT R 2R
. L

Hy : pp < 0G5 FE)
o KFRAMEKR, BAMER a = 0.01,

11.4.0.10 $RI|EF XK

PlotT(df, Pval = 0.01, TVal = t, showFalseAlarm = true, Tail = "Left")

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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0.4

0.3 1

0.0 4

11.4.0.11 HREEA t RRIERE

BMROERME PRI AU M, ZR08 (D E) KSR LIUR IESH,
WRAPHRMEEEE IR t RIBAVEM — MRIEHER, IRAMRZ E AR —HiR N

BURR AR (Wilcoxon test) IR MHTTI5, BURE}vd ARG I R TE PPl I
TESMF 2 RRIZER A, KRG BN RR IR

11.5 M A/NMIERFEXHE
11.5.0.1 Cohen’s d
o MFHEEMEMF, Cohen’sd EXH
_ SMREZES _ FD
PR op
o {11 Cohen’s d 2
FEAEEER  Mp

1 \d R e —
e = o s



11.5 W A/NFIESSIXH]

11.5.0.2 HEAEME: f&HHH Cohen’s d

d= MD / SD
-1.0
11.5.0.3 HEHH

« f#/ SSR 1 SST 2 r2

SST = sum((D .- p).A2)
SSE = sum((D .- MD).A2)
SSR = n % (MD - p)A2

SST, SSE, SSR

(68, 32.0, 36.0)

SSR / SST

0.5294117647058824

o fHF t GiFRHE 2
tA2 / (A2 + df)

0.5294117647058824

11.5.0.4 it pp MEBEEXHA
o« NTEEMESLER, tFtitEEN

_ Mp — pp
wa

t
o MRHEER pp, BlSE
HUD = Aﬁgﬂ:t'SN%
o NTFHEERRA, BAEE]

TL
TH

quantile(TDist(df), 0.05/2)
cquantile(TDist(df), 0.05/2)

177
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MD + TL % SE,
MD + TH x SE

(-3.537336090136111, -0.46266390986388917)

11.5.0.5 fBCA GLM BX GLMM HY%FBRZ

o BRSO RAR A

dt = DataFrame(# X5 = #iXS, HMiE = P, HLHE = HAIE)
dt = stack(dt, [:H#id, :iHJIA], variable_name = "2£7%I"  value_name = "7 %¢(")
sort!(dt, order(: 2%, rev = true))

#ats R ¥
IHYER
IHYLR
IHYER
IHYER
IHYER
HYTR
HYTR
YR
HYER
FpEIE
FpEIE
FpEIE
FEIE
FpEIE
FpEIE
FpEIE
FpEIE
FhIE

—~ T QHEHOdAwWE>P~TAaHEHIOOwW>
O 1 VO 0OONI 1 0OV A NI OV OVDOOW a1

o SRR

form = @formula( %k ~ 1 + KA + X E)
contr = Dict(
:2kA = DummyCoding(base = "IH5Tid"),
:#1 5 = DummyCoding(base = 'A'))
mm = fit(LinearModel, form, dt; contrasts = contr)
DataFrame(coeftable(mm))

HM = HypothesisMatrix(c = 9, Interaction = false)

convert(Array{Float64}, Matrix(HM[:, 2:end]) x* dt.Z> %)
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Name Coef.  Std. Error t Pr(>|t]) Lower 95%  Upper 95%
(Intercept) 7.0 1.05409 6.64078  0.000162352 456926 9.43074
PR kiR 2.0 0.666667 3.0 0.0170717 0.462664 3.53734

PtE: B -0.5 1.41421 -0.353553 0.73281 -3.76118 2.76118
Wiks: C -3.0 1.41421 -2.12132 0.066688 -6.26118 0.261182
wikE: D -0.5 1.41421 -0.353553 0.73281 -3.76118 2.76118
PE: E -1.0 1.41421 -0.707107 0.499576 -4.26118 2.26118
PSS F -1.5 1.41421 -1.06066 0319813 -4.76118 1.76118
WikE: G -1.5 1.41421 -1.06066 0319813 -4.76118 1.76118
witE: H -1.0 1.41421 -0.707107 0.499576 -4.26118 2.26118
Wik 1 -2.0 1.41421 -1.41421 0.195016 -5.26118 1.26118

Coef’ RiCi RiC2 RiC3 RiC4 RiC; RiC6 RiCy

Intercept  s5//9  1/18 1/18 1/A8 1/h8 1/18  1/18
Rz Al aflo aflo aflo aflo afle 9
Cz -1ff2 1) ofi of1 ofa ofx of[1
C3 -1ff2 off 1//2 o/ ol o/[1 of[1
Cq -1/f2 ofr  ofa 1//2 o/[1 o/[1 o/[1
Cs -1fl2 ofr  ofr  ofr 1l o/[1 o/[1
C6 -1/l2 ofr  ofr  ofr  ofa 1//2 o/[1
Cy -1fl2 ofr  ofr  ofr  ofa o/[1 1//2
C8 -1fl2 ofr  ofr  ofr  ofa ofx of[1
Co -1/l2 ofr  ofr  ofr  ofa offx ofr

10-element Vector{Float64}:
7.0

1
AN
(oMol G oG oS o

o RIERAHA

form = @formula(Z % ~ KA + (1 + BHR|HIXE))
contr = Dict(:26% = DummyCoding(base = "iH7Lid"))
mm = fit(MixedModel, form, dt; contrasts = contr)
DataFrame(coeftable(mm))

Name Coef.  Std. Error z Pr(>|z|)

(Intercept) 577778 0.539271 107141 8.74396e-27
KA HrbkiE 2.0 0.628547 318194 0.00146291
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11.5.0.6 FEARFTEMERLN

RE T ZRREA RN RIS, (HIVE 7 2280 /N E R, 41 Cohen’s d il
r2 AR, BRI 7T 22 AR NI KN, A —T77TH, REAK/INK Cohen’s
d WHEBAE M, HR r? RN,

11.5.0.7 REEENE t KEASR

XTI TR A el i Al ABESL T :

Changing from a neutral word to a swear word reduced the perceived level of pain by
an average of M = 2.00 points with SD = 2.00. The treatment effect was statistically
significant, t(8) = —3.00, p < .05, r? = 0.529.

M TR EE 2E R TS AR AR T IRSHTE R K M = 2.00 4, #rifEZ SD = 2.00, #21F
RS R BER, 1(8) = —3.00, p < 0.05, r? =0.529,

LR AR TR, FTEN I8 E S B KRS T,
- statistically significant, t(8) = —3.00, p = .017,r? = 0.529

e G LR, 1(8) = —3.00, p=0.017, r? = 0.529,

R EEX A SRR AEE R — R NRIA RS, BRI NR:

Changing from a neutral word to a swear word significantly reduced the perceived
level of pain, t(8) = —3.00, p < .05, 95% CI [—0.462, —3.538].

MHHE TR T BT TBAERAKT, 1(8) = —3.00, p < 0.05, 95% HEfX
il [-0.462, —3.538],

11.6 HRESWEHH R

11.6.01 EENERHNHRSE

o ZIAELER
o BERFRIAZEAL
o MEER, MEERBIGER, B, MBI PESFRIE, IXEERHERMAT R,

11.6.0.2 EENEMH NIRRT

o JBRERRE (order effects), HIT25 FHHRIERIPE D BABANITFRRL, FIRES
HhE L MR EREIREEZE R,

» Y45 (Counterbalancing). “Fif H 122 HlIRF R,
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11.6.0.3 EFNEFMHSIMER
LA N AR
trl = [18, 27, 33]
tr2 = [15, 20, 28]
11.6.0.4 FWERIT
BT = DataFrame(
%ﬁiit - 'A':'F',
%Mk = 'C' .x string.(repeat(1:2, inner = 3)),
B = [trl; tr2]
)
wat & BdE
A C1 18
B C1 27
C C1 33
D C2 15
E C2 20
F C2 28
ot
TT2 = EqualVarianceTTest(tr2, tri)
TT2.t, pvalue(TT2)
(-0.8660254037844386, 0.435330942514376)
o SRR
fm = Im(@formula(%L#8 ~ %), BT)
DataFrame(coeftable(fm))
Name Coef.  Std. Error t Pr(>|t]) Lower 95%  Upper 95%
(Intercept)  26.0 4.08248 636867 0.00311704 14.6652 373348
M Ca -5.0 5.7735 -0.866025 0.435331 -21.0298 11.0298

o SPERAHA

form = @formula(Z#E ~ &4 + (1 |#R))

fm = fit(MixedModel, form, BT)
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DataFrame(coeftable(fm))

Name Coef.  Std. Error z Pr(>|z|)

(Intercept)  26.0 333333 7.8 6.19072€-15
Mt Ca -5.0 4.71405 -1.06066 0.288844

11.6.0.5 EEWERWH

WT = DataFrame(
#IRX = repeat('A':'C', outer = 2),
&M = 'C" .x string.(repeat(1:2, inner = 3)),

BiE = [tre; tr2]
)
k& BdE

A C1 18
B C1 27
C C1 33
A C2 15
B C2 20
C C2 28

o t 05

D2 = tr2 - tr1
TT3 = OneSampleTTest(D2)
TT3.t, pvalue(TT3)

(-4.330127018922193, 0.04941362421328312)
o LRMERTR
form = @formula(¥#E ~ &)

fm = fit(LinearModel, form, WT)
DataFrame(coeftable(fm))

Name Coef.  Std. Error t Pr(>[t|) Lower 95%  Upper 95%
(Intercept)  26.0 4.08248 6.36867 0.00311704 14.6652 37.3348
M Ca -5.0 5.7735 -0.866025 0.435331 -21.0298 11.0298

form = @formula (% #E ~ &4 + #IR)
fm = fit(LinearModel, form, WT)
DataFrame(coeftable(fm))



11.6  FEECE R IR TR W i 183

Name Coef.  Std. Error t Pr(>|t]) Lower 95%  Upper 95%

(Intercept) 19.0 1.1547 16.4545  0.00367311

14.0317 23.9683
%M Ca -5.0 1.1547 -4.33013  0.0494136 -90.96828 -0.0317246
wak: B 7.0 1.41421 4.94975  0.0384701 0.91513 13.0849
#ak: C 14.0 1.41421 0.89949  0.0100505 7.91513 20.0849
o SR ARAY

form = @formula(Z#E ~ &£H4 + (1 |#R))

fm = fit(MixedModel, form, WT)

DataFrame(coeftable(fm))

Name Coef.  Std. Error z Pr(>|z|)
(Intercept)  26.0 3.33333 7.8 6.19072e-15

M Ca -5.0 0.942809  -53033  1.13727€-7
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BHE HEIHNSA

12.1 AFE Julia @

using Pkg; Pkg.activate(@-_DIR__)

using StatsRelntro

using DataFrames

using CairoMakie

using Statistics: mean, std

using Distributions: FDist, pdf, cquantile, cdf, ccdf

using HypothesisTests: OneWayANOVATest, pvalue, teststatistic
using GLM

using SimpleANOVA

12.2  FESHRR

12.2.1  GHHRER B&SE

GERFEA A HEY N 100 LR, HAPEE THEHRMEREIN 95%, A% il

R RimREZ0?

12.2.2  RE I HEREMSERR

ERBATEAT—IRR ALK, JCHRIMEREZ/D?

« P (0% =«
e P (FIEH) =1—«

IRBABHAT m RS, /0 HB—XICHEIRZEZ?

« P (m REHALH) =(1—a)"
« P (BEDE-UIHEE m ERRH) =1 -1 —a)™

187
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fwe(m; a = .05) = 1 - (1-a)’m
lines(1:200, fwe,
axis = (5 xlabel = "[k# i #", ylabel = "P(Z= /D> —RHIE)"))
hlines! ([0, 1], linestyle = :dash)
current_figure()

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc

L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

P(ED—RHEIR)
o
&
1

0.0 4

T T T T T
0 50 100 150 200
FERRER

12.2.3 KB I BRNZSERZRE

BRI o KF (testwise alpha level) ZEHAFBANMBIARRE T IR XS, 52
& o KF

LRI K2 N AFRRIERBAIN, SKRFINT o KF (experimentwise alpha level
) Bk o K (familywise alpha level) J2 MS25 -R I ATA MR IR AR T4

BRIEMER,

WHELT, KK o KFZRTHTEM— MR o H,

12.2.4 JFEMT

7iEntt (ANOVA) 2R THEH a2 M (BUER) PHEERIBIRR R
Fo



12.3  TTESHTHIIZE

12.2.4.1 BARRWIF (Single-factor designs)

ik (10 1) Atk (12 2)
=7 o =7
AL A2 i

12.2.4.2 FEBEHRE T (Two-factor design or a factorial design)

FsF ]
WTET BTE S 6 1MAE
. T | HAR1 | A2 | HEAR13 }
Tk 2 | FEAR 21 | BEAR 22 | FEA 23

12.2.4.3 FESEAE

FEFTEDNH, tEEEHRAIARALE R siEss) FOvEF (factor),
IR F A A& EAERR N FHIACE (levels).

12.2.4.4 ¥AT ANOVA MR

o FRBE (Hy): RREZCEAEHERHE,

Hy o =pp=pg=--

o R (Hy): BRZRIZEVFE-MIEESR,

12.3 FESHIZE

12.3.0.1 HESRRGHE: F HE

o tREIRGTH R

_ RIEHN MEAHEZ RIRESR
PR ZE (A AL BRI IN TR 22 )




190 BB TEMNH
o FTESHRRRSITE: F R
_ _ HEARWEZRENE G
RAFER N IN TN T 2 (ZE5)

o NIESHEIKRSTT R F R

IR 2=
HNTT %
TR 2 =
1B R BER N ) 72 5
RGNEAL R + BENAE RS 5
BENLAE RG2S

F=

12.31  F HR: GFEMFTRRRSH &
XNTTiZSH, F RN BPFONRED (error term), RZEHRME 1 HBENIER S
PS5 [RRTT ZH &,

HAEER N (Hy BaL) I, RETUERIE F R SF 5 2R 22K,
It F HEREERTH 2L 1.000

12.4 HEDHRFSAR

12.4.1  BENBRERSTEMT

BE1 - $BES - HMEK

)('11 ‘)(.jl )(.ki

Xli )(]l in

Xlnl Xjnj ank
MR T, - T, - T G
/I\ﬁz nq nj ny N
s Xy - X; o Xp X




12.4  TTZEDHHITF S

12.4.2  FZERNDE
kK n kK n (Zk zn] )2
~ j=1 £Lyi=1
SSu = Y, 2, (X=X )2 =) > X7 N
j=1i=1 j=1i=1
GZ
= Z x2_Z
N
k-mo k .
SSaim = ), ) (Xj = X.)* = ) mi(X; — X.)?
j=1i=1 j=1
k 72
=Zﬁ_§
=1 nj N
k i k
SSip = D, (X — X;)* = ) SSE
kK N . kK 1 . . kK 1 .
2 2G=X) = 3 YK -X)T Y Y (X=X’
Jj=1i=1 j=1i=1 j=1 i=1
| |/ |
GZ k k
2 _ ¥ 2
ZX N = ZnJ(X,-.—X) + ZSSEj
=1 j=1
U | |
SS SR = S Séﬁ 3] + S Sgﬁ "

12.4.3 HBHHENSE

k
=11~ 1

N-1
i
d ik

12.4.4 ¥75Z (MS) # F =X

k
k—1 + ijl(nj—l)

i l
k-1 + N -k
i |
dfmw + d fapy

« #7722 (MS, Mean sum of squares)

191
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192

- AR

SSsiim
MSyym = ﬁ
ZH 5]
- HNFZE
SSQHW
MSgpy = —
d fapy
o FLERZHEIXWNNTZE
_ MSym
MSyp

12.4.5 HEEEEH

JsYiS

ko . o
SSupk = Z Z(in -X.): = ZXZ o

j=1i=1

k
df(?j"w:an—l:N—l
Jj=1

L

2R -
R 2 G SSaps = 3, 2 (X = X;)? = Y S
SSqy :ZZ(X'»—X«)Z=Z——— j=1i=1
415 5 ~
j=1i=1 L "
dfam =k 1 dfam= Y- 1D=N—k
SSqim j=1
MSyg = —— -
. d fom My = 08
g o = oA
P dfan
‘u

»®
_ M5y
MSep
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12.4.6 FEDCER

KiPE SS df MS

} MSyw
HiE SSyp  dfmm MSmpm F =

MSgpq
HA SSgﬂpq dfgﬂpq MS?HW
BME SSuk dfup

12.4.7 —5RBl: BRERIMFVER

AITHIE = [4, 3, 6, 3, 4]
HALHEWE = [0, 1, 3, 1, 0]
FHRHHEIE = [1, 2, 2, 0, 0]

dt
dt

DataFrame(AHT MG = ATHIE, HALHETE = HALHEE, FREE = FREIE)
stack(dt, [:A4THIE, HHLEE, FHREF],

variable_name = "Z5f", value_name = "43%(")

SSf(vec) = sum((vec).”2) - sum(vec)*2/length(vec)
nms(vec) = (n = length(vec), M = mean(vec), SS = SSf(vec))
combine(groupby(dt, :4%f), : 2% = (nms) = AsTable)

ESES n M SS

AFTHLTE 4.0 6.0
HALRIE 1.0 6.0
FRHEE 5 1.0 4.0

v

12.4.71 BRRIMFYER: HTEMR

transform! (groupby(dt, :%&fF), : 7% = (mean) = :Mj)
transform! (dt, :7r% = (mean) = :Mij)

X, Mj, Mij = dt.sr %k, dt.Mmj, dt.Mij
SST = sum((X - Mij).”2)

SSB = sum((Mj - Mij).~2)

SSW = sum((X - Mj).”2)

SST, SSB, SSW

(46.0, 30.0, 16.0)
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B30 S M) Mjj
AFTHLIE 4 4.0 2.0
AFTHLIE 3 4.0 2.0
AFTHLIE 6 4.0 2.0
AFTHLIE 3 4.0 2.0
AFTHLIE 4 4.0 2.0
BHALHRIE o 1.0 2.0
HALHRIE 1 1.0 2.0
HALHIE 3 1.0 2.0
HALHRIE 1 1.0 2.0
BHALHRIE o 1.0 2.0
FRHIE 1 1.0 2.0
FRHIE 2 1.0 2.0
FRHIE 2 1.0 2.0
FRHIE o 1.0 2.0
FRHIE o 1.0 2.0

12.4.7.2 BREINFHER: SHESR

combine(groupby(dt, :%fF), nrow).nTow
length(levels(dt. %))

n =

k =

N = nrow(dt)

dft = N - 1

dfb = k - 1

dfw = sum(n .- 1)

dft, dfb, dfw
(14, 2, 12)

12.4.7.3 BRRIMFHIGEM: F R

MSB
MSW

11.25

SSB / dfb
= SSW / dfw
MSB / MSW

g

TiZEHT I
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12.4.7.4 BERIMFHER: FESFICEE

kiE  SS  df MS

#HE 300 2 150 F=11.25
HN  16.0 12 1.33
CE 46.0 14

12.5 FESHRIBRBARRAI AN

12.5.1  F lh&: FESMORRSHE

KA F LERZHMNANTZE (LR TR HHRSHAY, BT F EGLRER 1§
1, NTEERIE,

4 Hy Oz, FHRE D 7o RENEAARI 7T 2, fERZAET, PIMEARTT 2N 1%
REARZHIIUN, FA F EERMIZEL 1.00, A5, FECREIMG R IZLE 1.00 Kk
t&*/[:lo

fig = Figure()
ax = Axis(fig[1, 1], limits = ((0, 3), nothing))
for df1 in 1:20:61, df2 in 1:20:61
dist = FDist(df1, df2)
fval = cquantile(dist, 0.05)
lines!(ax, 0:.001:10, x -> pdf(dist, x),
label = L"F(%$df1, %$df2)")
vlines!(ax, [fval])
end
axislegend()
fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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— F(1,1)
— F(1,21)
— F(1,41)
— F(1,61)
— F21,1)
— F(21.21)
F(21,41)
— F(21,61)
— F(41,1)
— F(41,21)
— F(4141)
—— F(41,61)
— F(61,1)
F(61,21)
— F(61,41)
—— F(61,61)

o = 0.05 150 MR HHE F HRIGFER R E S E:

using Distributions
fig = Figure()
ax = Axis(fig[1, 1], yscale = logl0,
xlabel = "df2",
ylabel = "a = .05 MY &G A E"
)
for dfl1 in 1:10:1000
fs = Float64[]
for df2 in 1:1000
fv = cquantile(FDist(df1, df2), 0.05)
push! (fs, fv)
end
lines!(ax, fs)
end
fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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102

10"

a=.05 MKIERE

10°4

df2
12.51.1 FESR
Degrees of Freedom Degrees of Freedom: Numerator

enominator 1 2 3 4 5 6

10 4.96 4.10 371 348 333 322

10.04 7.56 655 599 564 539

11 484 398 359 3.36 3.20 3.09

9.65 7.20 622 567 532 507

12 475 349 326 311 3.00

933 595 541 5.06 482

13 4.67 3.80 341 3.18 3.02 292

9.07 670 574 520 486 462

14 4.60 374 334 3.11 296 2.85

8.86 651 556 5.03 469 446

B 12.1: FTESTR

12.5.2 BB —TE]

T
1000

ZAEOR, AN T 2RISR B & B BRI 1K, HIREZHENED
BRYF? AEIXWWIRH, HERE AR, RIEMIPR MR BT, R
(RRR) ', 5% FUZEBPIREENILRA R, 58 /&4 (RPQ) K, FERE
SRR ATERREIE, MIESE =M (RCQ) T, ZERHIHEIE H ORIFM,

RRR = [2, 3, 8, 6, 5,
RPQ = [5, 9, 10, 13, 8,
RCQ = [8, 6, 12, 11, 11, 1
dt2 =

dt2 = stack(dt2, :,

variable_name = "Z5 ", value_name = "7 %(")
transform! (groupby(dt2, :%& ), : 7% = (mean) = :Mj)

6]
9]
2]

DataFrame(RRR = RRR, RPQ = RPQ, RCQ = RCQ)
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transform! (dt2, : 2 # = (mean) = :Mij)

& 2% Mj  Mij
RRR 2 5.0 8.0
RRR 3 50 8.0
RRR 8 50 8.0
RRR 6 50 8.0
RRR 5 50 8.0
RRR 6 50 8.0
RPQ 5 9.0 8o
RPQ 9 9.0 8o
RPQ 10 90 8o
RPQ 13 90 8o
RPQ 8 9.0 8o
RPQ 9 9.0 8o
RCQ 8§ 100 8o
RCQ 6 100 8o
RCQ 12 100 8o
RCQ 11 100 8o
RCQ 11 100 8o
RCQ 12 100 8o

12.5.2.1 1 ¥ FRIRBESHER o KF

Hy : i = o = py QEASALERRD),

Hy: S0 A (E AR,
A WGER o = 05,

12.5.2.2 55 2 & @RISR

- HHE

n = combine(groupby(dt2,
k = length(levels(dt2.% %))

N = nrow(dt2)

dft = N - 1

dfb = k - 1

dfw = sum(n .- 1)
return dft, dfb, dfw

(17, 2, 15)

o 5 XIR

: %), nrow).nrow

g

TiZEHT I
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cquantile(FDist(dfb, dfw), 0.05)

3.682320343673239

12.5.2.3 B3 HEF &R

o R

X, Mj, Mij = dt2.7r %k, dt2.Mj, dt2.Mij
SST = sum((X - Mij).”2)

SSB = sum((Mj - Mij).~2)

SSW = sum((X - Mj).”2)

SST, SSB, SSW

(172.0, 84.0, 88.0)

. BT
MSB = SSB / dfb
MSW = SSW / dfw

5.866666666666666

. HH Fgiita
F = MSB / MSW
7.159090909090909
12.5.2.4 4% FHRE
BAUSE FAE, F = 7.16, MFIRAXIER, R Hy Moz, FAMRAATRERFIX 24 KM

H (p <.05), RHt, FfHEH Hy, HSHLEE: F1ERERLIERR,

12.5.2.5 ZHHHCER

kg SS  df MS

HE 840 2 420 F=17.16
MR 88.0 15 5.87
CE 1720 17
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12.5.2.6 FFEDIHHIBBLA/N

o TIEMRRIE 2

o SSaim
SSxik

o TRATRBIBIR RN
n_sqr = SSB / SST

0.4883720930232558

12.5.2.7 F Julia BTN

FF = OneWayANOVATest(RRR, RPQ, RCQ)
teststatistic(FF),
pvalue (FF)

(7.159090909090909, 0.0065638203998640765)

12.5.2.8 F Julia BATHELHT

anova(dt2, %, [:5#])

Analysis of Variance Results

Effect SS DF MS F p w?

Total 172.0 17
% 84.0 2 42.0 7.15909 0.00656382 0.406297
Error 88.0 15 5.86667

12.5.2.9 F Julia BMATHZESHT

fmnull = lm(@formula(/ % ~ 1), dt2)
fmfull = Im(@formula(4r % ~ 1 + Z#F), dt2)

GLM.ftest(fmnull.model, fmfull.model)

F-test: 2 models fitted on 18 observations




12.5  JTZEIMTAIER IR AR IR AR AN 201

DOF ADOF SSR ASSR R? AR? Fx p(>F)
[1] 2 172.0000 0.0000
[2] 4 2 88.0000 -84.0000 0.4884 0.4884 7.1591 0.0066

chval = 2 % abs(
loglikelihood(fmfull.model) -
loglikelihood(fmnull.model))

ccdf(Chisq(2), chval)

0.0024020830969630562

fmnull = Im(@formula(4r % ~ 1), dt2)
fmfull = Im(@formula(sr % ~ 1 + &), dt2)
lrtest(fmnull.model, fmfull.model)

Likelihood-ratio test: 2 models fitted on 18 observations

DOF ADOF LogLik Deviance Chisq p(>Chisq)

[1] 2 -45.8550 172.0000
[2] 4 2 -39.8236 88.0000 12.0628 0.0024

12.53 FEXERH: IRESER

The means and standard deviations are presented in Table 1. The analysis of variance
indicates that there are significant differences among the three strategies for studying,
F(2,15) = 7.16, p < .05, = 0.488

K 1 FHRHE TIIERIRRIEZE, 77 22 50T RIH, —Fh# SRS 2 IRt e &% 5, F(2,15) =
7.16, p < .05, n? = 0.488,

AR 1. = ROASIR) S ST SRR /NS 7> £

msd(vec) = (M = mean(vec), SD = std(vec))
MM = combine(groupby(dt2, :%&f#f), :93% = (msd) = AsTable)

ESES M SD

RRR 50 219089
RPQ 9.0 2.60768
RCQ 10.0 2.44949
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12.6 8RR

HERGTESMGI R (1) FERZ (Hy): NRALHESERHER, (2) FEER
(Hyp): SRR ZAZEDE—NMIEARF,

Y (1) 4 Hy H (2) A=EAsEZAEN (k> 3), ESRE (FEERR) 2117
Z M Z JERATHIROMR AR K, FTHEMEEE 7R &R, WA,

12.6.1 Tukey WFIREZZER (HSD) K

Tukey KIS VORI —NE BT TR AV B ESME i/ N S 0 B MEL IXME
Frhy el dg B 725, 8 HSD (Honestly Significant Difference), #A/5H T HAMER
PRI, WNRIIEZE ST T Tukey 9 HSD, fRgln] DUS AL 2 M7 1E 2%
ZRMEER, BN, RIS B B E AR L,

MS.
HSD::q./ ipy
n

Hrr q f{ERTLAZE Table B.s (B3t B, 55 656 01) HKEI, MSyp ZMNTT 2SS H
HNT %, n 2B MR SERI NG Tukey FIMNIRZSRFTA L FIFEA RN n A1
I,

Tukey 9 HSD HATE

ZHRE q WEEE, ROFHIERE NI P EEE k, MSyp (F-HAETRIRZETD 1
E i, It HBAEFE—A alpha CF GBS AT 7200 o HEFD.

dfw, k
(15, 3)

g, n = 3.67, 6
HSD = g % sqrt(MSW / n)

3.628993126352144
diff (MM.M)

2-element Vector{Float64}:
4.0
1.0
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12.6.2 Scheffé i

M TR R T — R A 77 BORBEIRE T AR XK, Schefté #560 BA FrA AT AE
e R b XU R NRRF R, Scheffé BB (T 9ek0e) (6 F- LUESRIPASER A b
B A ERI EE T, F-HER 7 2 ER T IR R P NME LR MS AHiF, 73
RHER TR 20T MS N, Scheffé #501Y" 22 HNE" KE L FHANEERZE:

o REIRHLLEMFALEE, B Scheffé Ml LA k [ERIHE MS 4IH
BB, FE, F-HERS 7R EdBERE - 1,

« Scheffé ) F-LufEf I FES A T IPAER B3N 2070 F- U ERIGSHEM R,
[Fitk, Scheffé ZREELAIHRIEH T 5277 22 547 A PRI

12.6.2.1 FEMTLER

K SS df MS

MSgpy

@A SSp dfmw MSamm F:MSzaw

HA SSupy dfapm  MSap
B SSup dfun

12.6.2.2 Scheffe %: & RPQ 1 RCQ

« W SSqm RPQ 71 RCQ
dt2n = subset(dt2, :45f#F = ByRow(!=("RRR")))

dt2n.Mij .= mean(dt2n.%r %)
SSBn = sum((dt2n.Mj - dt2n.Mij).~2)

3.0

o HHE MSyp RPQ # RCQ> 0 F-tfE
MSBn = SSBn / dfb

1.5

F = MSBn / MSW

0.2556818181818182

o HEEHARZAY p 8
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ccdf (FDist(dfb, dfw), F)

0.7776955227873097

12.6.3 Julia FIgkiEER

contr = Dict(:%#F = DummyCoding(

base = "RRR", levels = ["RRR", "RPQ", "RCQ"]))
fmfull = Im(@formula(%r % ~ 1 + %&#), dt2; contrasts = contr)
DataFrame(coeftable(fmfull))

Name Coef.  Std. Error t Pr(>|t]) Lower 95%  Upper 95%
(Intercept) 5.0 0.988826 5.0505  0.000141974 2.89237 7.10763
M RPQ 4.0 139841 2.86039 0.0119134 1.01936 6.98064
4 RCQ 5.0 139841 357548  0.00276105 2.01936 7.98064

12.7 BEEXTHEMNHAE

12.7.1  FESHBESIE

dt3 = DataFrame(

TR = repeat(["T1", "T2"], inner = 7),
ch=1[8, 8 7, 9, 8,9, 7,12, 13, 12, 11, 13, 12, 11],
cB = [4, 11, 2, 17, 0, 8, 14, 12, 9, 20, 6, 16, 18, 3]

fig = Figure(size = (1000, 600))

axl = Axis(fig[1, 1], limits = (nothing, (0, 3.1)), xticks = 0:21)

ax2 = Axis(fig[2, 1], limits = (nothing, (0, 3.1)), xticks = 0:21)

[hist!(ax1, dt3[dt3.TR .== cl, "CA"], bins = -1.5:1:21.5) for cl in ["T1", "T2"]]
[hist!(ax2, dt3[dt3.TR .== cl, "CB"], bins = -1.5:1:21.5) for cl in ["T1", "T2"]]
fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

31
2]

i

. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
OneWayANOVATest (dt3[dt3.TR .== "T1", "CA"], dt3[dt3.TR .== "T2", "CA"])

One-way analysis of variance (ANOVA) test
Population details:
parameter of interest: Means
value under h_0: "all equal”
point estimate: NaN

Test summary:
outcome with 95% confidence: reject h_0

p-value: <le-06
Details:

number of observations: [7, 7]

F statistic: 84.0

degrees of freedom: (1, 12)

anova(dt3, :CA, [:TR])

Analysis of Variance Results

Effect SS DF MS F p w?
Total 64.0 13

TR 56.0 1 56.0 84.0 9.10813e-7 0.85567
Error 8.0 12 0.666667
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OnellayANOVATest(dt3[dt3.TR .== "T1", "CB"], dt3[dt3.TR .== "T2", "CB"])

One-way analysis of variance (ANOVA) test
Population details:
parameter of interest: Means
value under h_0: "all equal"
point estimate: NaN

Test summary:
outcome with 95% confidence: fail to reject h_0

p-value: 0.2615
Details:

number of observations: [7, 7]

F statistic: 1.38843

degrees of freedom: (1, 12)

12.7.2 HEZIHH t REZ FEIRR

t G BRI R R WAREAYIEZ RS (57 DRI TR 22T R
BB (OBF), T F- e 722, 77 2R RN RIE BT 7, KA DA — & A
DAREZR: F =2, Hf)igh, t Si-aeE F R,

U LU TR PEI, t BRI 7T 22 50T R 00 (B 14 S M T ) -

Hy @y = pp
Hy @y # py

t eV E H AN F- LB S R B AR, QR8I F = 12 XA, t Giit R

il B-LHER g 2M &,

12.7.2.1 WA F =12

IBER MBS IR AR RAIFEAT S0 ny. My B ny 70 My, FIREABIFIR
BRI My FFTRATARIMBCPES(E, B My = IR,
1

LHAEMANHER (k=2) W, FgritErgnysZz2mmeaE g bEa e ~as:
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k
SSug = Y, Y. (Xj. — X.)?
(M; — Mg)® + ny x (My — My)?

2 2

n1XM1+n2XM2 n1XM1+n2><M2

+n2x Mz—
n1+n2 n1+n2

ny Xng

Il

3
S

X

ZUIX(MI—

= (My — Mp)* x
nq + ny

dfgm =k—1=1

SS411m

MSy = ﬁ = (M; — My)* x p——
H|\

ny Xny

F giit = rH M7 2N B B E R EN FaR:

1

k k
SSu = Y Y. (Xji— X;)% = ) SSE; = S + S5,
j=1i=1 j=1

k k
dfp =Y. dfi=>.(n— 1) =dfi+dfp=(n — 1) +(n;— 1)
j=1 =1

J

SSuyy Sy + S,

MSyp = = =sp? =52 x
T Tfa dfyrdfy D MM T
IR F G- g nl gl R it&E:
Fo MSypy
MSypq
_ 2, mxny
~ (My — My)* x mtn, (Ml —Mz)z
- 2 nyxny -
SM1—M2 % ny+n, SMl_MZ

_t2
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131 AE Julia g

using Pkg; Pkg.activate(@-_DIR__)

using DataFrames, StatsRelntro

using Statistics: mean, std

using Distributions: FDist, quantile, cquantile, cdf, ccdf
using CairoMakie

using SimpleANOVA

using GLM

using MixedModels

using HypothesisTests

13.2 EEWE ANOVA 2

13.2.0.1 HRFHEVARI: B

20 N = DRI R

RRR = [2, 3, 8, 6, 5, 6]
APQ = [5, 9, 10, 13, 8, 9]
CAQ = [8, 6, 12, 11, 11, 12]

AR B RE R A I N

B [RRR; APQ; CAQ]

#ik = collect('A':'2")[1:(length(%#8))]

¥ = repeat(["RRR", "APQ", "CAQ"], inner = 6)
DataFrame(#1X = #id, A& = 4, HE = L&)

H75 2280 B o EE AT A0 T i

209
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ok aeE BdiE

RRR
RRR
RRR
RRR
RRR
RRR
APQ
APQ
APQ
APQ
APQ
APQ
CAQ
CAQ
CAQ
CAQ
CAQ
CAQ

B ooo ok 50w v voow

=
[

BOPMOZErR—=—~TIOOHEHIOO®W>
=

.
5]

Pl

G*

SSuk = § X2 - =

gsUis N
dfus=N—1

AN

sl L
SSigm = Y. T;z = %2 SSusm = Y, S
d i =k =1 s = I;s_ :
MS;sgpi = . ] MSusmey = 7 fzz:

2 r
Fe M Sy sjey
MSpapy

AR RS H IR F

| mEEprEER | AERIEER (EFEAEER)
T RAERINGTE | BRI (A RS

13.2.0.2 EEWE ANOVA KRi%

o FERBERIINTEMAKE, BRI 2 A AIIEZE R,

Hy:pp=pp=p=-
o BEEISRIMIA 2 MR EIEE R,
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H, : S0E— A (1) 5HARR

13.2.0.3 HEEWNE ANOVA R=H

RTAEEER BN BTN, BADIRER

#E = [RRR; APQ; CAQ]

# = repeat(collect('A':'Z")[1:(length(RRR))], 3)
AP = repeat(["RRR", "APQ", "CAQ"], inner = 6)

dt = DataFrame(#¢ifX = #iX, LM = 4, #HFE = HFE)

WK gbam
RRR
RRR
RRR
RRR
RRR
RRR
APQ
APQ
APQ
APQ
APQ
APQ
CAQ
CAQ
CAQ
CAQ
CAQ
CAQ

&
i

E R oaomo ol 5 owv own voow

HmHOQA@E>PHA@mOQAWwemHO O W >
o

-
N

13.2.0.4 BEHWE ANOVAK F k&

Rz OERRERITTE (FMEMAER)
 RERERONITT R AT % (HERAME 2R

HE R ANOVA i, F-LLER DB CA%RENZ (residual variance) sIR%ETT %,
CEERTURE RGN A MR 22 B 1SS BT ER, 84 n] DAHAEER 7 22
SEZR
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13.3 ESWE ANOVA Wiz

13.3.01 HEXE ANOVA N EHR

ok | abEE 1 - KREEG - KEEER | M kR #9fE SS
St | Xn X1 X1 ko Py X, SSy
S | Xu Xj Xa | kP X; oSS
Sn Xln X}n an k Pn Yn SS~n
MY n n n N

| T T, Ty G

wE | X, X, Xt X

SS S5 SSJ-_ SS¢. SS..

13.3.0.2 EX ANOVA WHZENR

SSpk = E E (X'ﬁ_YN)ZZ z:z)(g_(Z]—lz]\;—l lj) :ZXZ—%Z

[\

no . . . k T] G2
SS%@@ = Z Z( i X..)z = Zn( i X..)z = Z - F

n
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13.3.0.3 E& ANOVA HTENME

13.3.0.4 REFERUE

SSpzz = SSumpmy — SSyit
=SSyt — SSgema

13.3.0.5 HHERNIE

dfuy =N —-1=nk-1

d fopmm =k — 1

dfipmp =k(n—1) = N —k

d figst =n — 1

d fypg =n(k —1) =N —n
dfigs =d fump — dfygm = k(n—1)—(n—-1) = (k- 1)(n - 1)
dfigs =d fyem — d fumm = ntk —1) — (k= 1) = (k- D)(n - 1)

213
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13.3.0.6 JFERHHE (MS{E) I F-HkR

SSgrrmia
MSpge = Tfwm
[I2]
SSipz
MSp = 7 f;
xR
Fe MSyi s
MSiz5

13.3.0.7 EEME ANOVA NZEH#

RE
k n

SSgr = 3, >, (Xji = X.)?

j=1i=1
dfug =N—1=nk—1

/ ™~

sl REBEA
kn k o —
S = ), > (X;. = X.)* Sy = ), > (X = X;)°
J=1i=1 J=1i=1
dfirmmm =k — 1 dfygmpn = N —k =k(n—1)
SSypmmia
MS; = —
-
F LR T o= —
.. Bo_ o Sy =SSuamp — Syt
el SSyitm = Z Z(X-i =X d fp =d fismmps — d it
HE =k(n—1) - (n—1)
"*.\ dfygpm =n—1 (k- D)(n—1)
R SSpe
MSpy = 22
R P dfp
F Loy
AN e

Pl MSympm
MSg:
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13.3.0.8 EEWE ANOVA K5 Z5H

Sk
k n

SSu =Y. Z(xﬁ -X.)?

j=1i=1
dfug=N—-1=nk—1

/ G

iR B
k n _ _ k. n —
Sy = Y, 2(Xi— X.)? Sy = 2, 2. — X
j=1i=1 j=1i=1
dfygiam =n—1 dfyiam =n(k —1)=N—n

pisi|

/

k n
S = Y, 2(X; — X.)?

\ﬁii

SSpae = SSynars — Sy
d o = d fgm — d s

Fli= —n(k—1)—(k—1)
dfismim = k=1 =(k-1)(n-1)
SSusia S8,
MSys = —— = o2
" dfum MSsn i

F HRi 7

F L5 B

F= MS’EWI‘HJ
Mgz
13.3.0.9 EHEEWE ANOVAILEE
KR SS df MS F
AL ] SSi  dfmwm  MSmw F= %Z;
KEFEA SSmpy dfap
BRI SSyer dfi
2 SSwae  dfme  MSpx
= SSumw  dfum
13.3.0.10 EEWE ANOVA KRR A/NIE
2 SSytsmia SSyvsmm

]7 = =
SSiapk — SSyst SSumim + SSins
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13.3.0.11 EEWNE ANOVA: Rfl

transform! (groupby(dt, :#iR),
transform! (groupby(dt, :4b#),

transform! (dt, :#¥#E = (mean) = :M)

=

HEWETTZHT

BHE = (mean) = :Mi)
HE = (mean) = :Mj)

ok o #HdE O Mi My M
A RRR 2 5.0 50 8.0
B RRR 3 6.0 50 8.0
C RRR 8 100 50 8o
D RRR 6 100 50 8o
E RRR 5 8.0 50 8.0
F RRR 6 9.0 50 8.0
A APQ 5 5.0 9.0 8.0
B  APQ 9 6o 90 8o
C APQ 10 100 90 8o
D APQ 13 100 90 80
E APQ 8 80 90 8o
F APQ 9 9.0 9.0 8o
A CAQ 8 50 100 8.0
B CAQ 6 6.0 100 8.0
C CAQ 122 100 100 80
D CAQ 11 100 100 80
E CAQ 1 8.0 100 80
F CAQ 12 9.0 100 8.0

13.3.0.12 EHENE ANOVA: ¥55f1

X, Mi, Mj, M = dt.%#8, dt.mi, dt.Mmj, dt.Mm

SST = sum((X - M ).”2)
SSbt = sum((Mj - M ).”2)
SSwt = sum((X - Mj).”2)
SSbp = sum((Mi - M ).”2)
SSwp = sum((X - Mi).A2)

SSE = SSwt - SSbp
SSEp = SSwp - SSbt

SST, SSbt, SSwt, SSbp, SSwp, SSE, SSEp

(172.0, 84.0, 88.0, 66.0, 106.0, 22.0, 22.0)
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13.3.0.13 EEWNE ANOVA: HHE

N, k, n = nrow(dt), length(levels(dt.4:#)), length(levels(dt.#Zik))

dft =N -1
dfbt = k - 1
dfwt = k * (n - 1)
dfbp = n - 1

dfwp = n % (k-1)
dfe = (k-1)%(n-1)
dft, dfbt, dfwt, dfbp, dfwp, dfe

(17, 2, 15, 5, 12, 10)

13.3.0.14 BEEWNE ANOVA: 57

MSbt = SSbt / dfbt
MSE = SSE / dfe
Fval = round(MSbt / MSE, digits = 2)

MSbt, MSE, Fval

(42.0, 2.2, 19.09)

13.3.0.15 EEJIE ANOVA: {LAR

K SS df MS F

AL B ] 840 2 42.0 K2,10)=19.09
AEEN 88.0 15

Wikl 66.0 5

W 22.0 10 2.2
J5\ 172.0 17

13.3.0.16 ESWE ANOVA: IEHE

o MEEN F EFRN F = 19.09
o 5% F

cquantile(FDist(dfbt, dfe), 0.05)

4.1028210151304005
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ccdf (FDist(dfbt, dfe), Fval)

0.0003851820335650304

13.3.0.17 ESNE ANOVA: X{H

eta_sqr = SSbt / (SST - SSbp)

0.7924528301886793

13.3.0.18 JfH Julia EENE ANOVA

anova(dt, :%#E, [:&#, :#X], [fixed, subject])

Analysis of Variance Results

Effect SS DF MS F p w?
Total 172.0 17
Ab B 84.0 2 42.0 19.0909 0.000385109 0.429806
#WiX 66.0 5 13.2
Remainder 22.0 10 2.2

13.3.0.19 f Julia EENE ANOVA

fml = Im(@formula (48 ~ 1 + #k + AHE), dt)
fm2 = Im(@formula(Z#E ~ 1 + #ik), dt)
GLM.ftest(fm2.model, fmi.model)

F-test: 2 models fitted on 18 observations

DOF ADOF SSR ASSR R? AR? Fx  p(>F)

[1] 7 106.0000 0.3837
[2] 9 2 22.0000 -84.0000 0.8721 0.4884 19.0909 0.0004
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13.3.0.20 JH Julia EENE ANOVA
fm3 = fit(MixedModel, @formula(#(#E ~ 1 + &#E + (1|#iK)), dt)

fm4 = fit(MixedModel, @formula(##E ~ 1 + (1|#iX)), dt)
MixedModels.likelihoodratiotest(fm3, fm4)

model-
dof  deviance 2 2-dof P(>?2)
B ~ 1+ (1 | W) 3 92
AR ~ 1+ 0F + (1 | #K) 5 73 19 2 <1e-04

13.3.0.21 XERHIERRE

JiZ RIS MZ B SRS RS (B ERAFEESERbREE, DT ZRRA%
EIFR) FIx ANOVA 25 R fEIARIR,

A repeated-measures analysis of variance indicated significant mean differences in

the participants’ test scores for the three study strategies, F(2,10) = 19.09, p < .01,
2

7 = 0.79.

ZRIEERSIEHERT T 205 1 FR. BEE T Z IR, =f#E S EN S 5500
RABAFEREZER, F(2,10) = 19.09, p < .01, 5° =0.79,

combine(groupby(dt, :4H), HiE = (
x -> (¥J{E = mean(x), FriEZE = round(std(x), digits = 2))
) = AsTable)

% 13.2: (] = MUR AN S SRS A I 7

B E bRiEE

RRR 5.0 2.19
APQ 9.0 2.61
CAQ 100 245

13.3.0.22 ESNERFHEELRK

HFEENE ANOVA, A ASH R ANOVA —Feffif Tukey's HSD 1l Scheffe
R, RBAEARPH MSge B MSympy, (EERGU RPN RER E d i
B d fypmpy o
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13.3.0.23 EHWE ANOVA KL

HEME ANOVA HFRiLfiE:

BN BRSNS T LR

BNEERN YR R IS

BN AEBR AN SRS AR 77 22 2 A

W ZFFE (homogeneity of covariance) : WA A TGS 5EA
—8, NERLESSEFIERFRMEMSS5EREE, RS R,

WARFHBMEELNE ANOVA IR — Rk, n ARG EEZER
(Friedman test) fVER247, ZIRWAENT E h g, o BIE SR BORIEFAEAL
BRARAE 2 N 2257 200, AR 8“7,

Wb

13.4 BEEXTEEWERRIHIER

13.4.0.1 FEWZRNER

o SEBERIREIR/N
o FEAHIR/NN
o DEHTTZE

13.4.0.2 EBEENERIHIRNR

TRNZIN I E R R F R,
SEFERON + BEVIRIER G E R

Frstaits = R

b IR + MAESRULRE
Bz ANk SR 522

v B + 9% (REEAMAER)
HE s —

RE (MM MEAER)

YR E RN, R MRS AT REX AP R IR (1 E BUR AR SR, MSEHH A AEE,
A R b O R R B TR R “aE AN, BISE A R AR R ) B S AL FEAL

AVAY

13.4.0.3 SEIEERBMH—BUE

HACFRRAE — DA — DA Z AR — BN, MAZE R AR — BN
Ko REIMEERZM F LRI BHREE, PAEERE FAE, HEM F HRET RS
DXIRA AT REME
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dt2 = DataFrame(
ARy repeat('A':'D', outer = 3),
Ak # repeat('T' .x string.(1:3), inner = 4),
H#EA = [0, 1, 2, 3, 1, 2, 4, 5, 2, 3, 6, 7],
¥ iEB = [0, 1, 2, 3, 4, 5, 1, 2, 3, 2, 7, 6])
sort!(dt2, :#%ik)

Bt B HEA  BUEB

A T1 o o
A T2 1 4
A T3 2 3
B T1 1 1
B T2 2 5
B T3 3 2
C T1 2 2
C T2 4 1
C T3 6 7
D T1 3 3
D T2 5 2
D T3 7 6

fig = Figure(size = (1000, 600))
for (sid, sbj) in enumerate(unique(dt2.#iX)),
(cid, c¢nd) in enumerate(unique(dt2.4b2H)),
(tid, test) in enumerate(names(dt2)[3:4])
col = ["#008744", "#0057e7", "#d62d20", "#ffa700"][sid]
dtp = dt2[(dt2.# ik .== sbj) .&& (dt2.%# .== cnd), test]
ax = Axis(fig[sid, tid],
xticks = 0:7, 1limits = ((-0.5, 7.5), nothing),
title = string("#21" % sbj » ": " % test))
hist!(ax, dtp, bins = -0.5:1:7.5, color = (col, 0.8),
strokewidth = 1, strokecolor = :black)
text!(ax, dtp[], 0.5; text = cnd, align = (:center, :center))
end
fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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WiLA : BUEA #HIRA : BiEB
10 - - - - - 10 - -
0.0 - - - - - 0.0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
#WIRB : BUBA #®idB : #iEB
10— - - - - 1.0 — - -
1 - . . . . 1 - . . .
0.0 T - T T T T 0.0 T - T T — T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
#Wikc : BIEA #WikC : BIEB
10— - - - - 1.0— - - - -
0.0 T T - T — T — T 0.0 T - T T T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
#i4D : BIEA #iAD : HiEB
1.0 - 1.0 -
054 - - T : T2 : 1 | 054 : T | T : : T3
0.0 7 7 7 7 7 7 7 7 0.0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

anova(dt2, :ZuEA, [:&H, :#IK], [fixed, subject])

Analysis of Variance Results

Effect SS DF MS F p w?
Total 50.0 11
¥ 18.0 2 9.0 27.0 0.001 0.288889
#ik 30.0 3 10.0
Remainder 2.0 6 0.333333

anova(dt2, :#(4EB, [:4Bl, :#7K], [fixed, subject])

Analysis of Variance Results

Effect SS DF MS F p w?
Total 50.0 11
A 18.0 2 9.0 1.88372 0.231799 0.165217

gt 3.33333 3 1.11111
Remainder 28.6667 6 4.77778

fml = Im(@formula(E#EA ~ 1 + #ik + ALH), dt2)
fm2 = Im(@formula(EHEA ~ 1 + #L), dt2)
GLM.ftest(fm2.model, fml.model)

F-test: 2 models fitted on 12 observations

DOF  ADOF SSR ASSR R? AR? Fx*  p(>F)
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[1] 5 20.0000 0.6000
[2] 7 2 2.0000 -18.0000 0.9600 0.3600 27.0000 0.0010
fm1l = lm(@formula(Z#ER ~ 1 + #ik + H), dt2)

fm2 = lm(@formula(##HEB ~ 1 + #ik), dt2)
GLM.ftest(fm2.model, fml.model)

F-test: 2 models fitted on 12 observations

DOF ADOF SSR ASSR R? AR? Fx p(>F)
[1] 5 46.6667 0.0667
[2] 7 2 28.6667 -18.0000 0.4267 0.3600 1.8837 0.2318

13.4.0.4 EZWE ANOVA MIEENE t RE

IXFAM IR A B AR RS G, WA R 2 R ALRRE F =12, ¢
St ENAHEES F ERRY A B EERARI . QRO ¢ AR50 015 FHE
75, VR85 F HRIIG A, TR, HEAXRRE F =12,

dt3 = DataFrame(
#IRX = repeat('A':'D', outer = 2),
R = repeat('T" .% string.(1:2), inner = 4),
¥4 = [3, 4, 5, 4, 5, 14, 7, 6])

wak A BdE
A T1 3
B T1 4
C T1 5
D T1 4
A T2 5
B T2 14
C T2 7
D T2 6

DD = combine(groupby(dt3, :#ik), :%#E = (diff) = :D)
TT = OneSampleTTest(DD.D)
TT.t, pvalue(TT)

(2.0, 0.13932596855884313)

anova(dt3, :##E, [:4H, k], [fixed, subject])
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Analysis of Variance Results

=8 HIWETEMT

Effect SS DF MS F p W
Total 84.0
WE 32.0 32.0 4.0 0.139326 0.257143

7

1

wikX 28.0 3  9.33333
Remainder 24.0 3 8.0

fml
fm2 = Im(@formula(&#E ~ 1 + #iX), dt3)
GLM.ftest(fm2.model, fmi.model)

F-test: 2 models fitted on 8 observations

Im(@formula (4B ~ 1 + Ik + &LHE), dt3)

DOF ADOF SSR ASSR R?

AR? Fx p(>F)

[1] 5 56.0000 0.3333
[2] 6 1 24.0000 -32.0000 0.7143

0.3810 4.0000 0.1393
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141 AE Julia @

using Pkg; Pkg.activate(@-_DIR__)

using CairoMakie

using DataFrames, StatsRelntro

using Statistics: mean, std

using Distributions: FDist, cquantile, ccdf
using GLM

using SimpleANOVA

using StatsModels

14.2 FEEHNETZ 2R

14.2.0.1  BJIRSRFHRMIIRITN?

Bartholow 1 Anderson (2002) BEWL5ES T 55 ML AR A SR GT— 8 S0 K

H—PMER NN TEREHRGE, BNSEERERSN—N55— 50 25 A

—R (FRE) e TSRS RN (AR, PR 44 A BT SRR s o g

TREL, BREWE B BEVUL XN G REREN . WIRN— s ars 58

WEESTRERRERA], HIMERFEAEZS5SERHEETAINER, BRERHIFR

HHEBEMENIT N, MRERER, MR IRNEERER LN S 5ENITHE
o, B53ER AL, BYEEDLR IR E AR T,

14.2.0.2 FHEBHINES n Rt

LR RENAEN, EHFRN A7l (factorial design) . FATKEFFIEH T A
AR MNAZRNIFE, ARSI SOE M 6 &N E LA 0 B R AR (R 7R 1%
i, Bzt (independent-measures), #a, FMTAFEMARN () *
Fi e A AR BT R A AR T 1%

225
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14.2.0.3 PUEMEXEIRERLK

K& B
HZE A B, B, By
Xlll chl Xlkl
Ay
Xlln Xl'cn Xlkn
Xrll chl erl
A,
X(ln Xr:cn X;jkn
Xmll chl kal
Xmln chn kan
IZFEREHRT DAS tH— R — 2 (E
SE3]

WZA| B, - B, -~ By | Bffis
Ap | My o My o My | M.
Af Mrl- Mro Mrk- Mr
Ay | My = Mpe -~ My | M.

Biig | My - M, - Mg | M.

14.2.0.4 E¥H

—MRRKRTZ AP 22 S O9Z R RO FERRM (main effect), L7~
MHRRBETHE ~HRIVETNRIFEFFRORIN, fTZRIEPFEZ R T — MR 3R
N, PAK S RIS E5 22 S Al 1 8 — IR 2R AN U

14.2.0.5 REEH

HMNRRZ AR, BT Z RT3 22 55 5 AR 2R AR R 32380 L AR R
W, SRAETHRRZANZREER (interaction), X—PMARAYFIMEA T —H
RRAFIKCER, MERERRZ IR EIEH, HMERTTRRIER AEE 7T N EH,
FAEAEFT2 (XX BUCEIZ) RAMDNHRZRFEZE/E,
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14.2.0.6 FRNAZEEH

function MainInter(dts)
fig = Figure(size = (1000, 500))
axs = [Axis(fig[1, id],
limits = ((0.5, 2.5), (0, 30)),
xticks = ([1, 2], ["Ez ", "2 71"]))
for id in 1:length(dts)]
for (id, dt) in enumerate(dts)
for ky in keys(dt)
scatter!(axs[id], 1:2, dt[ky], markersize = 20, label = string(ky))
lines!(axs[id], 1:2, dt[ky], linewidth = 3, label = string(ky))
end
axislegend(axs[id], merge = true)
end
fig
end

MainInter (generic function with 1 method)

dts1 = [(%& = [20, 20], & = [10, 10]),
(& = [10, 20], B = [20, 10])]
MainInter(dts1)

rWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

30 30

201 °® ° 20 /

T T
JERN 27 ElZ il 275
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dts2 = [(%& = [5, 15], 8 = [15, 25]),
(& = [10, 20], ® = [20, 10])]
MainInter (dts2)

r Warning: Found ‘resolution® in the theme when creating a *Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

30 30

20 20 /
104 10 /

RN 27 El2=] 25

dts3 = [(& = [20, 20], B = [10, 10]),
(& = [10, 10], B = [15, 25])]
MainInter (dts3)

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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30 30
L 254 =«
£ 5
20+ @ @ 20+
10 10 [ @
0 T T 0 T T
ElZ il 275 El=- Yl 27

143 FiBIE ANOVA RIRBIA/NRE]

14.3.0.1 F-pt&

b W% (%5
IR AR RN BT % (%57

14.3.0.2 FER ANOVA HJEREE

K% B
HZ A B, B, By
X1 Xie1 Xik1
A
X11n Xl'cn Xikn
X1 Xre1 Xrk1
A,
Xrn Xr:cn Xrkn
Xm11 Xine1 Xink1
Xmin Xincn Xinkn

EZ R A R B P EERTR AT
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FZE B
KE A By B, By, Total 4 ¥HE 4
n n n
Mll M1C~ Mlk
A T7.. M.
! T1y Ty Tik ! !
SS11 551 SSik
n n n
M M M
A 1 re rk T.. M.
r T T Tk r ’
S5r1 SSc. S5k
n n n
My M. Mg
A T T, i T M.
SSm1 SSme. SSmk
T T, - T. - T | T.00)
YER M. M, My M.
14.3.0.3 WEE ANOVA KAZEH R
m k n G2
SST=2 3N (K- M) =) X% - ~
r=1c=1i=1
m k n G2
SSipsm = Z Z Z(Mrc- -M.)* = Z Trzc- N
r=1c=1i=1
m k n m k n
SSypmpy = Z Z Z(chi - ]\/Irc»)2 = Z Z(Ssrc«)z
r=1c=1i=1 r=1c=1i=1

SST = SSQJ:@@ + SS&J:@W
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14.3.0.4 TEE ANOVA 75 E5HR

m k n G2
SSmza= D, Y, Y (M. =M.)? =) T2 - =

r=1c=1i=1

m k n G2
SSmzp =, Y, > (M —M.)* =) T - -~

r=1c=1i=1

SS5axB = SSyppmi — SSmz A — SSwz B

14.3.0.5 WEE ANOVA K5EH R

RbFRR]

d fysm = mk —1
SSyssin

s d fumm
i

H# axp

SSaxB
G? G? MSpxp=——
=yT2- e =372 - 5 dfaxp
dfigga=m—1 dfggp=k-1
Sz A 1% B
= dfigza Hip = dfzs
v ¥
My MSpz B
= = AxB =

d fivmpy = mk(n
SSysmpy
d fumm

MSppmpy =

SSaxB = SSumig — SSwz A — SSwz B
dfaxp = dfumem — dfigza — dfiaz s

€mmmmmmmm——————

231
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14.3.0.6 FE#E ANOVA: R=fl

dt = DataFrame(

transform! (groupby(dt, [: 7 =,
transform! (groupby(dt, :757X), :77% = (mean) = :Ma)
transform! (groupby(dt, :#N), : 7% = (mean) = :Mb)

77
g
i

i B
HESH 4R 11
HESHE 40" 8
HESHE 4R 9
HES#HE 4R 10
HESHE 4R 7
EESHE 4R 10
EELSH 4R 7
EESHE 4R 10
EEHE 4R 6
EELSH AR 7
HESHE HT 4
HESHE HT 4
HESH HT 8
HESHE HT 5
HESHE HT 4
EESHE BT 10
EEHE T 6
EESHE HT 10
EESHE BT 10
EELSH T 9

HArE AR TTET

= 10),
6, 75 4, 4,

8,

repeat([" HE ", "[EE & #H"], inner = 5, outer = 2),
repeat(["4ti", "HF"], inner
[11, 8, 9, 10, 7, 10, 7, 10,

5, 4, 10, 6, 10, 10, 9]

AT, ¥ = (mean) = :Mab)

transform! (dt, : 7% = (mean) = :Mt)

X, Mab, Ma, Mb, Mt = dt.Z%>#(, dt.Mab, dt.Ma, dt.Mb, dt.Mt
length(levels(dt. 7)), length(levels(dt.# /1))

m, k
N, n

14.3.0.7

= nrow(dt), combine(groupby(dt, [: /X, :#N]), nrow).nrow

PR DHTHISE B

o BRSNS E B

SST
dft

sum( (X - Mt).~2)
N -1



143 FilFiZ ANOVA FIsumA/hhil

HR A % Mab Ma Mb Mt

HESHE 4l 1 90 70 85 775
HESH 400 8 90 70 85 775
HESH 400 9 90 70 85 775
HESHE 4B 10 90 70 85 775
HESH 4R 7 90 70 85 775
EELSHE KB 10 80 85 85 775
EELH 4R 7 8o 85 85 775
EELSHE KB 10 80 85 85 775
EELH 4R 6 8o 85 85 775
EELH 4R 7 80 85 85 775
HESH BT 4 50 7.0 7.0 775
HESH BT 4 50 7.0 7.0 775
HESHE BF 8 50 7.0 7.0 7.75
HESH HET 5 50 7.0 7.0 775
HESH BT 4 50 7.0 7.0 775
EELSHE HBEF 10 90 85 70 775
EELSHE HF 6 90 85 70 775
EELSHE BT 10 90 85 70 775
EELSHE HEF 10 90 85 70 775
EELSHE HF 9 90 85 70 775

SST, dft

(101.75, 19)

o ALPERE S

SSbt = sum((Mab - Mt).”2)

dfbt =m % k - 1

SSbt, dfbt

(53.75, 3)

o MENTR

SSwt = sum((X - Mab).”2)

dfwt = sum(n .- 1)

MSwt = SSwt / dfwt

SSwt, dfwt, MSwt

(48.0, 16, 3.0)

14.3.0.8 FWERITHIE_FE

« ARER

233
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SSa = sum((Ma - Mt).”2)
dfa =m - 1
MSa = SSa / dfa

SSa, dfa, MSa

(11.25, 1, 11.25)

« BHZE

SSb = sum((Mb - Mt).~2)
dfb = k - 1

MSb = SSb / dfb

SSa, dfb, MSb

(11.25, 1, 11.25)

oAXB

SSab
dfab
MSab = SSab / dfab
SSab, dfab, MSab

(31.25, 1, 31.25)

14.3.0.9 FiEE ANOVA ¥ F b=

« AFZEN F &R

Fa = MSa / MSwt

3.75

o BIRIZEM F L&
Fb = MSb / MSwt

3.75

« Ax BXZHEERMN F L&
Fab = MSab / MSwt

10.416666666666666

SSbt - SSa - SSb
dfbt - dfa - dfb

HAE  HHAERTTEMT



14.3  FilKIE ANOVA R AN BI
14.3.0.10 FHAE ANOVA K AE

o BATR o HREN a = 0.05
o A FEREMIEAE

cquantile(FDist(dfa, dfwt), 0.05)

4.493998477666358

« B RRAYIEFE
cquantile(FDist(dfb, dfwt), 0.05)

4.493998477666358

« A x B ZH/EHIIEGFRE
cquantile(FDist(dfab, dfwt), 0.05)

4.493998477666358

14.3.0.11 FEAE ANOVA HICER

ES SS df MS F

KEFEIR] 5375 3
WEA 1125 1 1125 F(3,16)=375
HEB 1125 1 1125 F(1,16)=3.75
AxB 3125 1 3125 F1,16)=1042

A 480 16 3.0

B 10175 19

14.3.0.12 FER ANOVA KRR AR

« ARE
- 5S4 _ S,
SS,E{ZIS - SSB - SSAxB SSA + SS%@@
« BAE
e $S SS

© SSuyk —SSA —SSaxp  SSp + SSismi

235



236 FAIUE BRETZESN
« AX BXZZHAEM

2 _ SSAxB _ SSa
SS‘IE‘{AQ - SSA - SSB SSAXB + SS@@@

n

14.3.0.13 AR ANOVA KRR AN E

. AFEN

SSa / (SSa + SSwt)

0.189873417721519

. B 7

SSb / (SSb + SSwt)

0.189873417721519

o A x BEAEFI n?
SSab / (SSab + SSwt)

0.3943217665615142

14.3.0.14 XERFHERMRE

B, RS PEMEMREE, FOVMERRER W N2 MO, XER g
HORMSEIEE AR, %K, IREMA = Mdek (F-th%) BgR,

K 1 TR TITEL BRI ERIRR 2, PR Z00 T, MEERRE B
B3R, F(1,16) = 3.75, p > .05, n° = 0.190, ZHE R BEN LR,
F(1,16) = 3.75, p > .05, n? = 0.190. A, MEZEZEKE 2 BE,
F(1,16) = 10.41, p < .01, n* = 0.39%.

The means and standard deviations for all treatment conditions are shown in Table 1.
The two-factor analysis of variance showed no significant main effect for time control,
F(1,16) = 3.75, p > .05, 5* = 0.190 or for presentation mode, F(1,16) = 3.75,
p > .05, 1% = 0.190. However, the interaction between fuctors was significant,
F(1,16) = 10.41, p < .01, 5 = 0.394.

dtc = combine(groupby(dt, [: 7, :#44]),
8 = (x -> (B = mean(x), 7% = std(x))) = AsTable)
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ViEN B BME E

HES®E 4 9.0 158114
EESE 4K 8o 187083
HES®E HT 50 173205
EESE BT 9.0 173205

14.3.0.15 FEFEMER ANOVA HER

gdtc = groupby(dtc, : /A=)
fig = Figure(resolution = (1000, 600))
axl = Axis(fig[1, 1],
limits = ((0.5, 2.5), (4, 10)),
xticks = (1:2, ["4k®", "HF"]))
for dt in gdtc
1b = unique(dt.# )
scatter!(ax1, 1:2, dt.3¥J{H, markersize = 20, label = 1b)
lines!(ax1, 1:2, dt.#J{H, linewidth = 3, label = 1b)
end
axislegend(axl, merge = true)
fig

FWarning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

9* ~

iy BT
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14.3.0.16 fH Julia BEMT: RGEAR

anova(dt, : 4%, [: AR, HEN])

Analysis of Variance Results

Total 101.75 19
wa 11.25 1 11.25 3.75 0.0706743 0.120879
X 11.25 1 11.25 3.75 0.0706743  0.120879
WA x AR 31.256 1 31.25 10.4167 0.00526454 0.320113
Error 48.0 16 3.0

14.3.0.17 F Julia BT LEEE

dtn = insertcols(dt, "J/7 s UBA" = dt. A X % dt. @A)
contrasts = Dict(
: 7 AN/ = HypothesisCoding(

[

-1 -1 +1 +1 # 7k

-1 41 -1 +1 # A

+1 -1 -1 +1 # I x
15

levels = reverse(StatsModels.levels(dtn." /5 U&E ")),
labels = ["7 A", "#EA", "X x #HA"]

)5
)

md = Im(@formula(Zr %t ~ 77 NEA), dtn; contrasts)
DataFrame(coeftable(md))

Name Coef.  Std. Error t Pr(>[t|) Lower 95%  Upper 95%
(Intercept) 7.75 0387298  20.0104 9.49253e-13 6.92896 8.57104
FiEs K 3.0 1.54919 193649  ©0.0706743 -0.284143 6.28414
T A -3.0 1.54919 -1.93649  0.0706743 -6.28414 0.284143

IR AR x BN 50 1.54919 3.22749  0.00526454 1.71586 8.28414
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14.4 HBEZXTWER ANOVA KHHE

14.4.0.1  WRRMEEERB

BERZ BRI DNRRAY, (9EZER) R TFH ZRRIAKF, S8dE R
REHIEREME X RN, REAZEERRPE N (807) NIEERERS
FE 53— (8AT) PRIEZE R AR,

FEIXFPIEOLT, PR GATRER A NSRS (BAT) BEATERA . SEhn b, B
FNFIETER PRI ZR L4670 0 — R A AR BRI R L e, EMRZR I — D (8—1T)
PRI A5 72 53 04 T P PO R AR o R B 2R

14.4.0.2 {FRHB_RWEBDFTE

b W% (7% 5)
R IR BU T % (%)

o DABELB RN

dts = subset(dt, :77 X = ByRow(==("HE ¥ E")))

transform! (groupby(dts, [: /A3, @ A1), : 9% = (mean) = :Mab)
transform! (groupby(dts, :77®X), : 7% = (mean) = :Ma)
transform! (groupby(dts, :#N), : 7% = (mean) = :Mb)
transform! (dts, :43%#( = (mean) = :Mt)

VBN #A % Mab Ma Mb Mt

HESH 40 1 90 70 9.0 7.0
HESH 4R 8 90 70 9.0 7.0
HESH 4R 9 90 70 9.0 7.0
HES#E 400 10 9.0 70 9.0 7.0
HESH 4R 7 90 70 9.0 7.0
HESH BT 4 50 7.0 50 7.0
HESH BT 4 50 7.0 50 7.0
HESH HEF 8 50 7.0 50 7.0
HESH HET 5 50 7.0 50 7.0
HESH BT 4 50 7.0 50 7.0

SSb = sum((dts.Mb - dts.Mt).A2)

dfb = 1

MSb = SSb / dfb

40.0

Fratio = MSb / MSwt
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13.333333333333334
ccdf (FDist(dfb, dfwt), Fratio)
0.0021519618126000523

fm = @formula(sr % ~ &4 +« 73R)
contr = Dict(
: 7730 = DummyCoding(base = "H &% ja")
)

DataFrame(coeftable(lm(fm, dt; contrasts = contr)))

Name Coef.  Std. Error t Pr(>[t|) Lower 95%
(Intercept) 50 0774597 0.45497  7.94995€-6 335793
WA AR 4.0 1.09545 3.05148  0.00215196 1.67776
Ji3k [EE A 4.0 1.09545 3.05148  0.00215196 1.67776
B 4R & A EESH 5.0 1.54919 -3.22749  0.00520454 -8.28414

14.4.0.3 FEE ANOVA KiBi%k

o BRI AR SRIL
o MFEAHIZE B SR AR IE S HY,
o MWEEARFIERAERBATRA RSN 22 0T ZRE5),



BHERTT

EESIEIVE
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151 AE Julia @@

using Pkg; Pkg.activate(@-_DIR__)

using StatsRelntro, DataFrames

using CairoMakie

using GLM

using Distributions: MvNormal, TDist, ccdf

using Statistics: mean, cor, cov, var

using HypothesisTests: CorrelationTest, EqualVarianceTTest

15.2 f'H

15.2.0.1 fFARMHERXYE

FER MR — MU T RAIR L 2 AR RIIGEHROR, AHRMERE S M MERIR T
7% CREMADZEHHE— DN~

15.2.0.2 —MIF

dt = DataFrame(
5 = ('A':'Z2")[1:14],
XEWAN = [31, 38, 42, 44, 49, 56, 58, 65, 70, 90, 92, 106, 135, 174],
2\ %% = [72, 86, 81, 78, 85, 80, 91, 89, 94, 83, 90, 97, 89, 95]

pred = predict(lm(@formula(ZZI K% ~ KEWAN), dt))
scatter (dt. ZEU A, dt.2Z K%, color = :red, axis = (xlabel = "ZEEUL A", ylabel = "2\l H
lines!(dt. R UL A, pred)

243
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5 RKERAN st
A 31 72
B 38 86
C 42 81
D 44 78
E 49 85
F 56 8o
G 58 91
H 65 89
I 70 94
J 90 83
K 92 90
L 106 97
M 135 89
N 174 95

current_figure()

FWarning: Found ‘resolution® in the theme when creating a ‘Scene'. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

95

90

80 .

754

T T T
50 100 150
REBA

15.2.0.3 XRHIHE

1. RAMERX
2. REMTTA
3. KAy~



152 A 245

15.2.0.4 XEKFF

o FEIEMEXAF, PINZRMIET ARG EZEL: BEE X ZRRIEMN— DA
FH—AME, Y ZRMEE TR, 5 X LREN, Y ZRBED,

o TESMERT, WINMERGATHMERTT AR, BiE X 2R, Y Z8EN, W
R, KR MURIAK R,

15.2.0.5 AERMETTAMGEE

r = 1-1e-10
dt = rand(MvNormal([1 r; v 1]), 100)
scatter(dt, axis = (title = L"r = %$(r)", ))

rWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

r=10.9999999999

r =0.9
dt = rand(MvNormal([1 75 v 1]), 100)
scatter(dt, axis = (title = L"r = %$(r)", ))

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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r=0.9
2 .
o
o
H
o
1 . . °
. . . .
. L] .
° .l ° ° .‘
o . o o° o . .
. . .
L]
0 . T ] .
e .
° o %o o .
.
® ¢ ° . . e °
%, o .
K o,
14 .« ° . o
. ® e o *
° L] ° L]
o
. °, o
o
. .
® o
-2 .
o o
.
T
-2 -1 0 1
T =0.4

dt = rand(MvNormal([1 r; v 1]), 100)
scatter(dt, axis = (title = L"r = %$(r)", ))

r Warning: Found ‘resolution® in the theme when creating a *Scene'. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/srTc/scenes.jl:220

r=04
o
o
. o
.
o
14 L] .. L °
. . .
. . o N
. ° ] :." ¢« o .
o .
. o .
o .. R . .
4 ° LI . °
0 . .. . . ° °
. L] L]
.. ° L] ° °
. . . . oo
. . . o
-1+ . & o o
. . ° LI .
° L 1)
. .
. .
°® ° .
—24 . b
.
o
-2 -1 0 1 2
T =0

dt = rand(MvNormal([1 r; v 1]), 100)
scatter(dt, axis = (title = L"r = %$(r)", ))

r Warning: Found ‘resolution® in the theme when creating a *Scene‘. The ‘resolution® keywc
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L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

.
. . .
.
1 . ° . e ]
. . .
. .
. ° " .
. o ° [y
°3 0 . °'. Cele, o . .
° e ©° ° . . o o
0 ° oo ° . .
o .
. . ° o
. .
« ° +° -. . °
. .
. . .
o o o® .
1 o 0
. o .
. . .
o .
° .
24 °
.
T T
-2 0 2
r=-0.4

dt = rand(MvNormal([1 r; v 1]), 100)
Scatte'r(dt, axis = (‘tltle = L"r = %$(T)", ))

FWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc

L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

r=—0.4
.
2 .
. .
@
. . e o .
.
. .
.
. .
1 o ° °® .
°
. .
. .
.
. ° .. °
.
0 . . o,
. . ° .
. e o
. . . . . .
. ° . . . . ° .
L4 . . . ° ?
* . . ° °
-1 . ® . °
. .
.
. . .
. . ° o
—24 .
T T
-2 -1 0 1 2
r =-0.9

dt = rand(MvNormal([1 r; v 1]), 100)
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scatter(dt, axis = (title = L"r = %$(r)", ))

r Warning: Found ‘resolution® in the theme when creating a *Scene'. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/srTc/scenes.jl:220

r=—09

r=-14+ 1le-10
dt = rand(MvNormal([1 r; v 1]), 100)
scatter(dt, axis = (title = L"r = %$(r)", ))

r Warning: Found ‘resolution® in the theme when creating a *Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

= —0.9999999999

24 LY
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15.3 BZ/REMER

15.3.0.1 RENAA

o BZ/REME>X (Pearson Correlation) E& T NS R 2 AN 210 2=/ 77
I_‘jjo

o FEARRBURIBARSCIE R 7B r 2R,

| _ XY R
XY HIFEACRRE

_ XY fyphAet
XY K7 BUE
15.3.0.2 BEFAMSTHERN
. WEFHH (SS)
n —_—
58 =) (% - X)

i=1

=Y (X% - X)(X - X)
i=1

_iﬁ_@émz

= i

i=1 n

_ ZH:XX- B Yic1 X Yi, X;
- 1%

n

~
Il
_
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o BZBM (sum of products of deviations, SP)

SP = i(xi - X)(¥i - Y)

I
M= T
=
~
|
=~
S
=~
+
S
=

il — X = XK.

~
Il
_-

(XY) Z(XY) Z(XY)+Z(XY)

S ||M= ||M=

XY) X Z(Y) Y Z(X) + XY, 2(1)

:Z(XY)_ ll ZY_ IIIZX
Z)(zyz_ Zi=1Xi21‘:1Yi

n

15.3.0.3 WAERMGE

o 7 (sM2)
2_ S5 _ S
T df f n-1
- 752 (covariance)
SpP SP
cov(X;, Yy) E T
15.3.0.4 F/REMEREIHHE
o JEIRIMEIENG
,/SS SS
3 SP/d f
[(SS SSy)/df
cov(X,Y)
Jvar(X)var(Y)

o B X BN Y BRI DN z 08, 2512 zx # zyo

FraE XM

Zl 1 Z(l)
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15.3.0.5

X =
Y =
dt =

transform! (dt, :X = (mean) = :MX)
transform! (dt, :Y = (mean) = :MY)

SSX
SSY
sp
SSX,

(64.0,

0.875

cov(zx, Zy)

Jvar(zx)var(zy)

= cov(zx, zy)

_sp
-8

_ Zina(ex — 30y, — 7n)

af

n
i1 X%,

df
_ D Zx 2y
n—1
_ D Zxzy
N

FRHHEBURBIER

[0, 10, 4, 8, 8]
[2, 6, 2, 4, 6]
DataFrame(X = X, Y =Y)

X Y MX MY
o 2 6.0 40
1o 6 6.0 4.0
4 2 6.0 40
8 4 6.0 40
§ 6 6.0 40

sum((dt.X - dt.MX).A2)
sum((dt.Y - dt.my).”2)

SSY, SP
16.0, 28.0)

SP / sqrt(SSX % SSY)

sum((dt.X - dt.MX) .x (dt.Y - dt.my))

251
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15.3.0.6 H julia MHER/REMEX

cov(X, Y) / sqrt(var(X)var(Y)),
cor(X, Y)

(0.875, 0.875)

15.3.0.7 AERMEFBEE R

@show X1 = X .+ 20;
@show X2 = X .*x 20;
@show X3 = X .%x -20;
X1 =X .+ 20 = [20, 30, 24, 28, 28]
X2 = X .x 20 = [0, 200, 80, 160, 160]
X3 =X .x -20 = [0, -200, -80, -160, -160]

[cor(X, Y) for X in [X1, X2, X3]]

3-element Vector{Float64}:
0.875
0.8749999999999999
-0.8749999999999999

15.4 {ERRIRREE/RIBAER

15.4.0.1 (RIS A
« Wil (Prediction)
« B (Validity)
« {5 (Reliability)
o BRRIE (Theory verification)

15.4.0.2 fEREMERME

FraE XM

RSB FR N B 2 R R, RS AME AT PASZ B A R B 0 BEE Rl 2
WK — I MRS, BEACVRIGE (outliers), WAHSCMEMEAERIE

Wi, TEHIMT—DRBZE U7 N, REDEETHXIENE,
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15.4.0.3 HMHXEEEEXR

£ 8
IR R

[1:5; 7:11; 13:17]
[4, 3, 1, 2, 5,
8, 11, 9, 7, 10,
15, 14, 16, 17, 13]
scatter (¥ E 5, LI, color = :red, axis = (limits = ((0, 20), (0, 20)), xlabel = "Hu"

r Warning: Found ‘resolution® in the theme when creating a ‘Scene'. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

20

.
.
15 .
.
.
o
o]
Bx 10 .
=2
.
.
o
5 .
.
o
o
.
0 T T T
0 5 10 15 20
BEHK

15.4.0.4 FHRMEMEIETERE

rrl, rr2 = 0.9, 0

dt1 = rand(MvNormal([1 rrl; rrl1 1]), 60)

dt2 = rand(MvNormal([1 rr2; rr2 1]), 40)

rr3 = cor(hcat(dtl, dt2), dims = 2)

dfx = minimum(dt2[1, :]) - maximum(dt1[1, :])

dt2[1, :] = dt2[1, :] .- dfx

dt2[2, :] = dt2[2, :] .+ maximum(dt1[2, :])

fig = Figure()

ax = Axis(fig[1, 1])

scatter!(ax, dtl, color = :red)

text!(ax, mean(dt1[1, :]), maximum(dt1[2, :]);
text = L"r$_1$ = %$(rr1)", color = :red)

scatter!(ax, dt2, color = :blue)
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text!(ax, mean(dt2[1, :]), minimum(dt2[2, :]);

text = L"r$_2% = %$(rr2)", color = :blue, align = (:bottom, :center))
text!(ax,

maximum(dt1, dims = 2)[1], minimum(dt1[2, :]);

text = L"r$_3% = %$(round(rr3[3], digits = 3))",

align = (:bottom, :center))
fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

. 3 = 0.582

T T T T T
-25 0.0 25 5.0 7.5

15.4.0.5 HRMHE

X = [1, 3, 6, 4, 5, 14]
Y = [3, 5, 4, 1, 2, 12]
scatter(X[1:end-1], Y[1:end-1], color = :blue)
text!(mean(X[1:end-1]), maximum(Y[1:end-1]) + 0.5;
text = L"r$_1$ = %$(round(cor(X[1:end-1], Y[1:end-1]), digits = 2))", color = :
scatter!(X[end], Y[end], color = :red)
text!(X[end] - 5, maximum(Y[1:end-1]) + 0.5;
text = L"r$_1$ = %$(round(cor(X, Y), digits = 2))", color = :red)
current_figure()

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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125

10.09

754

r; =-0.08

Il

5.0 .

2.5+

T T T T T
25 5.0 7.5 10.0 125

15.4.0.6 MERMARRAIEE

{6 1 YRy POERE, e 7 — AN T DA 53— A RS A i T
AL, B, M r = 0.80 (5% —0.80) Mk r? = 0.64 (K 64% ) )Y 1%
SRR R DANS X ISR ZR A i

15.4.0.7 EHMEEIT

o MWD EREZRNXRRAZERMRN, —MNERORIGEI (&L BAT5

BRI SEE RIS BB, X —H AR I EAFEIE (regression
toward the mean.),

Variable 2

N

& 15.1: [A{EEH

Variable 1

15.4.0.8 #EHEX

BRI A RATBENRERER N B2 RINRRZESE =T RN MM, HomEx
(Partial Correlations) & TN R HIFXR, FETES = NEEEREAZ R
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H 2R =B RFE I,
rxy — (rxzryz)

Ja-rdpa -5y

rxXy-z =

15.4.0.9 FRHER

dt = DataFrame(
Wi K/ = repeat(1:3, inner = 5),
BEE = BEH, LEHK = LEHK

WATRN BEE BT

1 1 4
1 2 3
1 3 1
1 4 2
1 5 5
2 7 8
2 8 11
2 9 9
2 10 7
2 11 10
3 13 15
3 14 14
3 15 16
3 16 17
3 17 13

fig = Figure()

ax = Axis(fig[1, 1])

for (dt, col) in zip(groupby(dt, :¥&k i K/N), [:red, :blue, :green])
scatter!(ax, dt.Z E %, dt.JLFE %, color = col)

end

fig

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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.
.
15 .
.
.
.
10+ .
.
.
.
5+ .
.
.
.
.
‘
5 10 15

15.4.0.10 EBAMHER

Txy = cor(dt.# E %, dt.JLIE %)
rxz = cor(dt. & E %, dt.¥AK/N)
ryz = cor(dt.JCdE %k, dt.¥mTi K/AN)

TXy, TXZ, Tyz
(0.9230769230769231, 0.9607689228305228, 0.9607689228305228)
rxyz = (rxy - vxz % ryz) / sqrt((1 - rxz*2) % (1 - ryzA2))
0.0

X, Y, Z = dt. ¥ E%, dt. B, dt.mm KD
CorrelationTest(X, Y, Z)

Test for nonzero partial correlation

Population details:

parameter of interest: Partial correlation
value under h_0: 0.0
point estimate: 0.0

95% confidence interval: (-0.5306, 0.5306)

Test summary:
outcome with 95% confidence: fail to reject h_0
two-sided p-value: 1.0000
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Details:
number of observations: 15
number of conditional variables: 1
t-statistic: 0.0
degrees of freedom: 12

15.4.0.11 AR

transform! (groupby (dt, :#T K/N),

[#us, JLEH] = (x -> x .- mean(x)) .= [:X, :Y])
transform! (dt,

[:X, :Y] .= (x -> x .- minimum(x) .+ 1) .= [:X, :Y])

WA EEE UEH XY
1 1 4 1.0 4.0
1 2 3 2.0 3.0
1 3 1 3.0 1.0
1 4 2 4.0 2.0
1 5 5 50 5.0
2 7 8 1.0 2.0
2 8 11 2.0 5.0
2 9 9 3.0 3.0
2 10 7 4.0 1.0
2 1 10 50 4.0
3 13 15 1.0 3.0
3 14 14 2.0 2.0
3 15 16 3.0 4.0
3 16 17 4.0 5.0
3 17 13 50 1.0

scatter(dt.X, dt.v,
axis = (title = L"r = %$(cor(dt.X, dt.Y))", ))

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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15.5 BURBHRKRKRERK

15.5.0.1 FEARFIRERAERME

p =0
dt = rand(MvNormal([1 p; p 1]), 100)
scatter(dt, axis = (title = L"$\rho$ = %$(r)",))

r Warning: Found ‘resolution® in the theme when creating a ‘Scene‘. The ‘resolution' keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220
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p= 0875

-2 .

sp = sortperm(abs.(diff(dt, dims = 1)), dims=2)[1:20]

dts = dt[:, sp]

r = round(cor(dts, dims = 2)[2], digits = 2)

scatter(dt, axis = (title = L"$\rho$ = %$(p), v = %$(r)",))
scatter!(dts, color = :red)

ablines! (0, 1)

current_figure()

r Warning: Found ‘resolution® in the theme when creating a *Scene‘. The ‘resolution® keywc

L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

p=0,1r=0096




155 BIRIBARHIER AT
15.5.0.2 fHi&

o WEKLS

Hy : p = OCARIEB XN,
Hy : p = OCA{KIRERIEME,)

o R

Hy : p < OCH{KHIEHEARRIER.)
Hy : p > OCH{KHEHERIER,)

15.5.0.3 fHQR

.t LRI — R
AR | _ PSR — M

FRifEIR
o 7 KRR Z
o - 1—1r2
4 n—2
o SEEEM SRR _rop
=
(n-2)
o t IR EHE
df =n-2

15.5.0.4 Ri&KK: —MIF

X = [0, 10, 4, 8, 8]
= [2, 6) 2) 43 6]
n = length(X)
T = cor(X, Y)
T, N-2
(0.875, 3)
t =71/ sqrt((1 - v2)/(n - 2))
p = 2 % ccdf(TDist(n - 2), t)
t, p

261
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(3.1304951684997055, 0.05204554874375874)

15.5.0.5 fREKLR: —PHIF

CorrelationTest(X, Y)

Test for nonzero correlation
Population details:
parameter of interest: Correlation
value under h_0: 0.0
point estimate: 0.875
95% confidence interval: (-0.03187, 0.9917)

Test summary:
outcome with 95% confidence: fail to reject h_0

two-sided p-value: 0.0520

Details:

number of observations: 5
number of conditional variables: 0
t-statistic: 3.1305
degrees of freedom: 3
dt = DataFrame(X = X, Y = Y)
fm = lm(@formula(Y ~ X), dt)
DataFrame(coeftable(fm))
Name Coef.  Std. Error t Pr(>|t]) Lower 95%  Upper 95%
(Intercept) 1375 0.976281  1.40841  0.253758 -1.73196 4.48196
X 0.4375 0.139754 3.1305  0.0520455 -0.00726039 0.88226
pred = [ones(n) X]
fm = fit(LinearModel, pred, Y)
DataFrame(coeftable(fm))
Name Coef.  Std. Error t Pr(>[t|) Lower 95%  Upper 95%
X1 1375 0.976281  1.40841  0.253758 -1.73196 4.48196

X2 0.4375 0.139754 3.1305  0.0520455 -0.00726039 0.88226
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15.5.0.6 CERAPAYMR EMER M

AR ARIER APA #%3 RE M ERAEAAD, HXMENHEE, ERGRAIM T
FHHIKZR, BT, USPRERRIRREA (RREONRE), BN, MHSMER] AN Mk :

A correlation for the data revealed a significant relationship between amount of edu-
cation and annual income, r = +.65, n = 30, p < .01, two tails.

IR NI R THE K PESERAZ AR EERR, r=+.65 n =30, p<.01,
XFEo

BN —IFRATRE RN R, WE TITETREN SN Z RIS, 2MEEMER
RGBSR HEMEIERFE (correlation matrix) RYZEHIRE, (i F TS H LA
KMEREEN, X THUNER, FESAHTRENEY, SBOSHEARRIMEES, tha, —
TRFFR AT RET R M TN, E K, AR, RSP DA RERA:

The analysis examined the relationships among income, amount of education, age,
and intelligence for n = 30 participants. The correlations between pairs of variables
are reported in Table 1. Significant correlations are noted in the table.

B T 30 B2 5ERA. HEKF. FRAERHZFANKR, L2 FIIHX
PR 1 R, R T & BRI,

Table 1. Correlation matrix for income, amount of education, age, and intelligence

K 1. WA, HERN ERFIE IR PR

HE  FR =y
WA +.65%  +.41%* 427

BE +.11 +.38%*
Gty -.02

i n=30;* p < .05, WE; ** p < .01, WE

15.6 BURBMRKIBRITIE

15.6.0.1 BURBHERIBRAG

LHE (XY B 1 — AT FE 8 R AEUE 7 B U, BRI & T
MR Z RINAIERRFE, BZ, CEITR T T IR S H At AR A H AR 5
Mo FEATT Y, FRATPREB R =R MIAE DG : AT /R @46 (Spearman correlation),
M FAIMEXE (point-biserial correlation) #1 Phi X% #%( (phi-coefficient) .
EANERBRIRY, IX=FE AT AT DA B /R M A AR 3R I FH o
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15.6.0.2 HiR/REBMHXME

WBURBMARMEER TN LR AIXR, SNEREGPRE (Hi4) g, 4
PR — AR O N E T BR 2ASCHE: e RdE R A AN, RN, X MY #E
i, EXFMER S, HFRRHER RN AT — A2 LSRR AR HDE
B2 () MR, eNrHEER LN,

X = [2, 3, 4, 10]
Y = [2, 8, 9, 10]
X, Y

(2, 3, 4, 10], [2, 8, 9, 10])

fig = Figure(size = (1000, 500))
ax1l = Axis(fig[1, 11)

ax2 = Axis(fig[1, 21)
scatterlines! (ax1, X, Y,

marker = '"A':'D', markersize = 20, markercolor = :red)
scatterlines! (ax2, sortperm(X), sortperm(Y),
marker = '"A':'D', markersize = 20, markercolor = :red)

fig

FWarning: Found ‘resolution®' in the theme when creating a ‘Scene'. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220
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15.6.0.3 HiR/RBMXEMARTRAR

X; M0 Y; BHEAASEbR B R — B 1,2, - ne RUEEEEIIERIZRYIN Hsl, B

M= (n+1)
2
[FIRE, IXLERET) SS 2 )
65— n(n®—1)
12
T R/R AR L A U2
6 Yie1 D}
re=1- ——1 L
n(n? - 1)

Hrp D; 2 X; B Y; B9 Z MR 2 5

15.6.0.4 HiBUREMEXME: —PMHIF

X=1[3, 4,10, 11, 12]
Y = [12, 10, 11, 9, 2]
RX = sortperm(X)
RY = sortperm(Y)
@show X RX Y RY;

X = [3, 4, 10, 11, 12]
RX = [1, 2, 3, 4, 5]
Y = [12, 10, 11, 9, 2]
RY = [5, 4, 2, 3, 1]

o (ER BRI AT

SP = sum((RX .- mean(RX)) .x (RY .- mean(RY)))
SSX = sum((RX .- mean(RX))."2)
SSY = sum((RY .- mean(RY)).~2)

T = SP / sqrt(SSX x SSY)

-0.9
o fERfELAX
D = RX - RY
n

= length(D)
rs =1 - 6 % sum(D.*2)/(nx(n*2-1))
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-0.8999999999999999

15.6.0.5 i julia HERFE/REAMRE
o MR
cor (RX, RY)

-0.9
o RIS
CorrelationTest(RX, RY)

Test for nonzero correlation

Population details:
parameter of interest: Correlation
value under h_0: 0.0
point estimate: -0.9

95% confidence interval: (-0.9934, -0.0861)

Test summary:

outcome with 95% confidence: reject h_0

two-sided p-value: 0.0374
Details:

number of observations: 5

number of conditional variables: 0

t-statistic: -3.57624

degrees of freedom: 3

15.6.0.6 HEBFFHISEK

TS = [3, 3, 5, 6, 6, 6, 12]
sortperm(TS)

7-element Vector{Int64}:
1

(o2 NS IR RGN N

FraE XM
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15.6.0.7 R ARFIERMARBL A/

RERIMRMER THEREM N ZRZFER, HiUe — L ElEREE A,
FNERIAEMME, RAMMENZERER Y — 7 ZE —EHTH,

15.6.0.8 R-ARFIMHERBARAN

o R

=% = [12, 9, 4, 5,6, 7, 12, 10]
B = [ 7, 13, 14, 16, 9, 11, 15, 11]
o TERE

37N S 378

11 7
9 13
4 14
5 16
6 9
7 11
12 15
10 11

o K%z
dt = stack(dt, [: =B, :RBEIHHK],

variable_name = "I Hi A", value_name = "3 £"

)

insertcols!(dt, :4#F = repeat([0, 1], inner = 8))

15.6.0.9 R_ARFIHERMFRB RN

RS i

cor(dt. 7%k, dt.%& M)

0.5803810000880094
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IR B &MF

SN 1 o)
SN 9 [o)
SEIN 4 o
SN 5 [o)
SN 6 [o)
SN 7 [o)
SN 12 [o)
SN 10 [o)
3780 7 1
REFR IR 13 1
REFR IR 14 1
3780 16 1
3780 9 1
3780 1 1
REFR IR 15 1
3780 1 1

o MHRARBEE R
CorrelationTest(dt. s> %, dt.%#)

Test for nonzero correlation
Population details:
parameter of interest: Correlation
value under h_0: 0.0
point estimate: 0.580381
95% confidence interval: (0.1189, 0.8357)

Test summary:
outcome with 95% confidence: reject h_0

two-sided p-value: 0.0184
Details:

number of observations: 16

number of conditional variables: 0

t-statistic: 2.66667

degrees of freedom: 14

o MNTHEAR t K0S
tt = EqualVarianceTTest (MR, =IAER)

Two sample t-test (equal variance)

Population details:
parameter of interest: Mean difference
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value under h_0: 0
point estimate: 4.0
95% confidence interval: (0.7828, 7.217)

Test summary:
outcome with 95% confidence: reject h_0

two-sided p-value: 0.0184
Details:
number of observations: [8,8]
t-statistic: 2.6666666666666665
degrees of freedom: 14

empirical standard error: 1.5

o LRAEREATTRE

fm = Um(@formula(5r % ~ REHKAE), dt)
DataFrame(coeftable(fm))

Name Coef.  Std. Error t Pr(>[t|) Lower 95%  Upper 95%
(Intercept) 8.0 1.06066 754247  2.69949e-6 5.72511 10.2749
IR BB 4.0 1.5 2.66667  0.0184195 0.78282 7.21718

fm = lm(@formula(Z % ~ %), dt)
DataFrame(coeftable(fm))

Name Coef.  Std. Error t Pr(>|t]) Lower 95%  Upper 95%
(Intercept) 8.0 1.06066 754247  2.69949e-6 5.72511 10.2749
E36s 4.0 1.5 2.66667  0.0184195 0.78282 7.21718

15.6.0.10 R RFUIHRIERMZN KN

R TR R Z AR, tRRITHE TRANEE L, t Ml r ZRFRR

2
r? = T
t2+df
2 _ r’
(1-r?)/df
t, df = tt.t, tt.df
r_sqr = t*2 / (t*2 + df)

0.3368421052631579
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15.6.0.11  Phi HXRHK

FraE MHXME

SN ATNRERR DR (X MY ) #20rn, WA ER - BAIH PN
Phi fHXFR%, AHHE Phi (®), B MMLER, (1) BINEMERSE— o
S —NHEA 1, KGR RESEIAE. (2) (R 28U R BUR

YAV

15.6.0.12 HAEGFFIE

ﬁi]”ﬁf? — [n%«gu, " A E",
ABRIE = ["Wr ", "smE", ", "AhmET, ", "WET, "WiEt, "AhET]
dt = DataFrame(HH AW = HAEW T, AWEIE = AMETE)

"5E$",

nasy —n

Eél

WA AKSHRHIE

%‘4
=
A
F
oL
F
A
=

A
4
4
4
4
A
A
4

transform! (dt,

cHA M F = ByRow(x -> x € [

y ll/;glmll’ ll/‘;"’g‘ﬁ"’ llémitll’

All’ lleE‘L‘_‘ill] ? 0 :

: AR FREAE = ByRow(x -> x == "WNA" ?2 0 : 1)

HAEWF  AWRE X Y
H— A o o
= Ak 101
A Ahm o 1
B Ahm 11
%y Ahm 101
g - ]| 1 o0
A A o o
= Ahm 101

cor(dt.X, dt.Y)

0.4666666666666667

nwAesE —

5=
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16.1 AE Julia @

using Pkg; Pkg.activate(@-_DIR__)
using CairoMakie

using Distributions

using StatsRelntro, DataFrames
using GLM

16.2  £MEHEMMEE

16.2.0.1 MEHE

PINER X MY ZRBZMER AR DU AR ERR:

Y=0X+a

b #1y #1% (slope). a #i Y 4i-#k¥ (Y-intersept),

16.2.0.2 L&MHEHE

function mvn(; r=1-1e-10, n = 20, intercept = 2)
r=1v==171-1e-10 : r
dt = rand(MvNormal([1 rv5 T 1]), n)
dt[2, :] = dt[2, :] .+ intercept
pred = [ones(size(dt, 2)) dt[1, :]]
res = dt[2, :]
fm = fit(LinearModel, pred, res)
a, b, ftd = coef(fm)..., predict(fm)

271
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T = cor(pred[:, 2], res)
a, b, r = [round(x, digits = 2) for x in [a, b, T]]
return dt, a, b, r, ftd

end

mvn (generic function with 1 method)

function mvnp(r; stem = false)
dt, a, b, v, ftd = mvn(r = 1)
fig = Figure()
ax = Axis(fig[1,1], xlabel = "X", ylabel = "Y")
stem && stem!(ax, dt[1, :], dt[2, :], offset = ftd, color = :gray)
scatter!(ax, dt)
ablines!(ax, a, b, color = :red)
text!(ax, minimum(dt[1, :]), maximum(dt[2, :]); color = :red,
text = L"$\hat{Y}$ = %$(a) + %$(b)X, v = %$(r)")

fig
end

mvnp (generic function with 1 method)
mvnp (1)

FWarning: Found ‘resolution®' in the theme when creating a ‘Scene'. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

Y =20+10X,r=10

mvnp (0.8)
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|-Warning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution® keyword for ‘Sc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes. jl:220

Y =185 + 0.91X, r = 0.82

XFEIRIR T RARH LSS, EEIERIE T —dH o B DS —RE, 1XRL
X MY ZRKXRERGER, XFKEA] AT 7l

16.2.0.3 [HA

AT HRE|—HEHE R B ELE BERIGEHTHEARNOVEIE (regression), S5RAVELIRN
)3k (regression line),

16.2.0.4 BUN_FRILEMRE

MFRARREA X, Sl iRE TR LN Y ([, X MERFIY, Y (“Y
hat”), XABIE SESEHHISLRR Y (B BAEE R b LR AR E :

1

R =Y, - Y
AT (A R AR
n e
MR = Y (Y - Y;)?

1

mvnp(0.8; stem = true)
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FWarning: Found ‘resolution® in the theme when creating a ‘Scene'. The ‘resolution® keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/src/scenes.jl:220

Hh—FiZZ%fE (least-squared-error solution) : FAHFRAEMALE RGN
EOPTTRENS, Y MEASRR LT,

Y=bX+a
MEL D M a RHER, B EEIE S 5% BINETIRZERD.

o HEb LN ARHIE

_SP _ sy

b=—=r
SSx Sx

He, SP 2R A, SSx 2 X 2BIFEGH; sy &2 Y EIREE, sy & X 78
RUbRIEZ, r 2 X 1Y B9 Pearson MHXFE 5L,

o W a AN AKIE:

a:My—bMX

Hrr, My 1 My 25012 Y 2800 X 3 8EIS{E,
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16.2.0.5 BU/N_FIEEME: — Bl

X=[5s 1, 4, 7, 6, 4, 3, 2]
Y = [10, 4, 5, 11, 15, 6, 5, 0]

8-element Vector{Int64}:
10
4
5
11
15

o oo

o FAIHEMDNRE

MX, MY = mean(X), mean(Y)
DevX, DevY = X .- MX, Y .- MY
SSX = sum(DevX .A 2)

SP = sum(DevX .x% DevY)

b = SP / SSX
a = MY - b % MX
b, a

(2.0, -1.0)

o GERTTIER

~

Y=2X-1

16.2.0.6 BUN=FPEM: Julia HHE

dt = DataFrame(X = X, Y =Y)

X Y
5 10
1 4
4 5
7 1
6 15
4 6
3

2
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fm = Im(@formula(Y ~ X), dt)
DataFrame(coeftable(fm))

Name Coef.  Std. Error t Pr(>[t|) Lower 95%  Upper 95%
(Intercept)  -1.0 2.2599 -0.442498 0.673634 -6.52977 4.52977
X 2.0 0.511766 3.00803  0.00791031 0.747753 3.25225

16.2.0.7 FIAEIATEHITH

scatter(X, V)
ablines!(a, b)
current_figure()

FWarning: Found ‘resolution' in the theme when creating a ‘Scene‘. The ‘resolution' keywc
L @ Makie ~/.julia/packages/Makie/6NLuU/srTc/scenes.jl:220

o TRIMEFFATES,
o AN IZAE [ 75 SR PN Hh SR AR Ui I AT X (E

16.2.0.8 HEIHGEHIRELER

o [EH75E
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o [T RERIFRECE R

zy =B zx
o ANXFBIERD
s
b=r=X =y
Sz

o [EATTRERIFMEE AT IS

,‘/:'Y =rzy

16.3 [EIEGERNBENE

16.3.01  FESH

o JTENZIX

N
Y=A+BX

K 16.1: TESKX
n _ n ~ n ~ _
DY) = YW-¥)F + Y-V
i=1 i=1 i=1
U I I
SST = SSE + SSR

o PRUEIRZE SRR B B R AR

277
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SSR =1r%.SST
SSE = (1 —1r?)-SST

16.3.0.2 BEHENRIS

04 IE‘II\ g HHE
df:é =n-—1
o MIHEHE
dfian =1
o TREHMHE
dfge =n—2
16.3.0.3 BT
Bk
SSu = (G =Y )?
i=1
dfgpp =n—1
EVE] R
SSmp = 3% —Y)2 =r?-SST Sy = 2% - V2 = (1—r?). SST
i=1 i=1
dfyy =1 dfpos = dfpap — dfig =n—2
_ SSmys _ SSpx
s d fiang Hoax = d fre
“u .
_ MSmp

M Sy



16.3

[E1)E 77 RE R B2

16.3.0.4 [EEAS5HEXE

[E1)3 77 AR A AR

Hy : B8R (b 5t f) WE

BER b FHEXRE r ZHPKR

S
b=r -2+

Sx

EETHNERAERME PR KRN F L,

Hy : JAkHIEHEp = 0

F Lesey

SSR _ SSR
MSR = 228 = 222
dfR 1
SSE  SSE
MSE = — =
dfE n-2
_ MSR
MSE
o AT IR LR ¢ it
t=——2
(1)
(n-2)

279

o Mt FIREFRERREWAMENE p, X ¢ SR TS B LMS RN F HER

o XS SSy ALATTFHI BHSE]

2o r? . SSy _ MSR
(-r3)sSy  MSE
(n-2)



280 HAAE EEE,
16.3.0.5 fhitPrmEiRE

o fEHPREERZER A 7RI BTN Y B S EBAERRISEER Y B A bR R

JE &,

o BRATIFEN

R =JMSE = |—
fEHPREIRZE = 4fE

16.3.0.6 [EIHZ#HT: —RBl
ctmyY
Y_hat = @. b *x X + a

8-element Vector{Float64}:
9.0
1.
7.
13.
11.
7.
5.
3.

ool ol olNolNolNol

o R

SST

sum( (Y .- mean(Y)).2)
SSR = sum((Y_hat .- mean(Y)).~2)
SSE = sum((Y .- Y_hat).A2)
SST, SSR, SSE

(156.0, 112.0, 44.0)

o MSMERNEA

T = cor(X, Y)

SSR = r*2 % SST

SSE = (1 - T2) % SST
SST, SSR, SSE

(156.0, 112.0, 44.0)

o HFEF b
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dft, dfr, dfe = length(Y) - 1, 1, length(Y) - 2

MSR, MSE = SSR / dfr, SSE / dfe

F_ratio MSR / MSE

p_value = ccdf(FDist(dfr, dfe), F_ratio)

MSE, F_ratio = round(MSE, digits = 2), round(F_ratio, digits = 2)
MSR, MSE, F_ratio, p_value

(112.0, 7.33, 15.27, 0.007910312203698278)

d ?E/E\ ’13/%

kiE SS  df MS F

[ 112.0 1 112.0 1527
®#%E 440 6 733
CE 156.0 7

16.3.0.7 [EEAZ#H: A julia &3

fm = lm(@formula(Y ~ X), dt)
ftest(fm.model)

F-test against the null model:
F-statistic: 15.27 on 8 observations and 1 degrees of freedom, p-value: 0.0079

16.4 FNFMZERKZITHIN

16.4.0.1 AR, EEAEE RS
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16.4.0.2 W PENZEKZITHEIS
o A TNAL S Z T E A 7T R —RIE U2

/Y\:bl‘Xl+b2'X2+a
o FRERTEATY

Zy =Pi-zx, + fr2x, ta

16.4.0.3 =AREEIR/N_IRERE

_ SPx,y - SSx, = SPx,x, - SPx,y
LSSy, SSy, — (SPyx,

_ SPx,y - SSx, =~ SPx,x, - SPx,y
T SS, - SSx, — (SPxx,)?
a =My — b My, —byMy,

16.4.0.4 HHNFWMEBRIEIRGE: —rfl

Xt =1[ 4,5, 3, 2, 1, 7, 8, 2, 7, 1]
X2 = [10, 6, 7, 4, 3, 5, 8, 4, 10, 3]
b 3’ 4’

Y =[11, 5, 7 12, 10, 4, 8, 6]
dt = DataFrame(# ik = ('A':'Z2")[1:10],
Y =Y, X1 =X1, X2 = X2
)
wX Y Xi Xa

A 11 4 10
B 5 5 6
c 7 3 7
D 3 2 4
E 4 1 3
F 12 7 5
G 10 8 8
H 4 2 4
I 8 7 10
J 6 1 3

s FANHE
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X = [ones(nrow(dt)) dt.X1 dt.X2]

10x3 Matrix{Float64}:
1.0 4.0 10.0

1.0 5.0 6.0
1.0 3.0 7.0
1.0 2.0 4.0
1.0 1.0 3.0
1.0 7.0 5.0
1.0 8.0 8.0
1.0 2.0 4.0
1.0 7.0 10.0
1.0 1.0 3.0
bs = inv(X'X) % (X'Y)

3-element Vector{Float64}:
2.5517241379310316
0.6724137931034474
0.29310344827586177

bs = X \ Y

3-element Vector{Float64}:
2.551724137931034
0.6724137931034483
0.2931034482758619

o i Julia &

fm = lm(@formula(Y ~ X1 + X2), dt)
DataFrame(coeftable(fm))

Name Coef. Std. Error t Pr(>[t]) Lower 95% Upper 95%
(Intercept) 255172 1.94376 131278  0.230057 -2.04454 7.14799
X1 0.672414 0.406908  1.65249  0.142414 -0.289772 1.6346
X2 0.293103 0.4005 0.731844 0.488036  -0.653929 1.24014

16.4.0.5 R® ABREH%E

- —MAR
2 _ SSR

~SST

o XRTHEPATIASRAEIE, R* A7 AR MEA 2 a0 R
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B blspxly + bzspxzy

RZ
SST

o EHE P AK
# Y_hat = predict(fm)
Y_hat = X % bs
SST = sum((Y .- mean(Y)).”2)
SSR = sum((Y_hat .- mean(Y))."2)
SSE = sum((Y - Y_hat).”2)

SST, SSR, SSE
(90.0, 50.08620689655171, 39.91379310344828)
T_sgqr = SSR / SST

0.5565134099616856
o ERE=AAK

SPx1y = sum((X1 .- mean(X1)) .% (Y .- mean(Y)))

SPx2y = sum((X2 .- mean(X2)) .x (Y .- mean(Y)))
SST = sum((Y .- mean(Y))."2)
r_sqr = (bs[2] % SPx1y + bs[3] % SPx2y) / SST

0.5565134099616857

« Julia #H GLM B H A
T_sqr = 12(fm)

0.5565134099616857

16.4.0.6 EEHNGTESHTR
o FtE

dft, dfr = length(Y) - 1, 2
dfe = dft - dfr
MSR, MSE = SSR / dfr, SSE / dfe
F_ratio = MSR / MSE
p_value = ccdf(FDist(dfr, dfe), F_ratio)
SSR, MSR, F_ratio, SSE, MSE =
[round(x, digits = 2) for x in [SSR, MSR, F_ratio, SSE, MSE]]
MSR, MSE, F_ratio, p_value
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(25.04, 5.7, 4.39, 0.05808737129705226)

* ?I:/E‘II\ %‘:2

kig  fiy HEE ¥ F
H)4  50.09 2 25.04 439

%  39.01 7 5.7
L& 90.0 9

16.4.0.7 julia ¥ GLM &

o F ftest H¥ITHE

ftest(fm.model)
F-test against the null model:

F-statistic: 4.39 on 10 observations and 2 degrees of freedom, p-value: 0.0581

o BRAIEEER

fmfull = Im(@formula(Y ~ 1 + X1 + X2), dt)
fmnull = Im(@formula(Y ~ 1), dt)
ftest(fmfull.model, fmnull.model)

F-test: 2 models fitted on 10 observations

DOF ADOF SSR ASSR R? AR? Fx p(>F)
[1] 4 39.9138 0.5565
[2] 2 -2 90.0000 50.0862 0.0000 -0.5565 4.3920 0.0581

16.4.0.8 SN ENTEHNTEER
o RIEURRE 7T 22 LAl
r_sqr

0.5565134099616857

o {XH X; MRRER TS 22 LA
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Txly = cor (X1, Y)
rxly_sqr = rx1ly * 2

0.5225806451612902

o ININ Xy VENTRINAS B G RIRRSME Rk
SSx2 = SST % (r_sqr - rx1ly_sqr)

3.053948832035598

16.4.0.9 FNFMTENTIR
o 77
MSx2 = SSx2 / 1

3.053948832035598

o Tl Xy TigkAY F bR
F_ratio = MSx2 / MSE

0.5357804968483505

o FLLERMEEN
ccdf (FDist(1, dfe), F_ratio)

0.48796326015976643

16.4.0.10 FABBRIEERITRIHE: julia

fm@ = Im(@formula(y ~ 1), dt)

fml = lm(@formula(Y ~ 1 + X1), dt)

fm2 = Im(@formula(Y ~ 1 + X1 + X2), dt)
ftest(fm0.model, fml.model, fm2.model)

F-test: 3 models fitted on 10 observations

HANE [EFRE

DOF ADOF SSR ASSR R? AR?

Fx  p(>F)

[1] 2 90.0000 0.0000
[2] 3 1 42.9677 -47.0323 0.5226 0.5226

8.7568 0.0182
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[3] 4 1 39.9138 -3.0539 0.5565 0.0339 0.5356 0.4880

16.4.0.11  ZJTEIFRMRIEX

o [EFPHTIRAG T E T HARI AR B AR, B NS B A TR,

o [Alit, AERTDARE B FINAS BB S B R AR A TR, IR MNESR 7 H A&
E/FHAT TR,
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BB

AhFERRE






FHLtE REEMESHHENGE

171 BEHHERE

—NJTRISERE P YRR AR (projection matrix), HEETEHITE, B P2 = P,
— AT P BAR N IER AR (orthogonal projection matrix), WIS T3
s P2 = P = PT, WFaRilieE PP = P = P*, i PT 3R P s,
ifi P* FoR P FERERAESEE B, — DN AR IE SHE R R R (45 HE M AP R S e
(oblique projection matrix).

1 A SEAERE P URFEE, XERAREEREN v, B A% = P2y = Pv = dv, B v = 0,
FRAAIE A2 = Ao SXATTRRIRN Ay = 0 Rl Ay = 1o FTLURE SRR AIRFE AT R
0 Eji lo

& M H5 R r-4ETEER (subspace), My F Ny 205050 M F1 N 03
(bases), M A 1 M+ (IEZH2EHHERE S (Meyer, 2000, p. 430)
P, =MWMIM)IMT
P, = N(N'N)"INT

Hr=1, B M B—PERIEFEM, WHER—Dnx 1 4mE, BREENn A 14K
R, B My =0 =(1,1,..), 5 010 =n, 1M A FHESHERRS )

P, = o(0oTo) o’
_ 00!
o’o

17.2 FEMGZE

BREN n e X = (0, -, X, -, X,), HH x HAENE i Mo, X ESE
w5 R
Il = ()T_X
ofo

201



202 FHLE  RAEESEERTTZ

FE X RS 2R MEZ

oo’
P,yX oToX
o'x
ofo

:O‘u

:[10

RIS p hrs X BN BRI 2R M5 Py X MR

M X (% (Deviance) AI'HK

Dev(X) = X — Oy
=X-PyX
=I-P X
= P‘%LX

Bl X mygszhmeE X e O WEE TR Py EREET
AT  Z RS KR PR n — 1, R

2
P, X
varta < [Pl
m-—1
XA n— 1 #ifr hBessel #21E, X E, n— 1 RSN ERBENFIERRAE n—1
ANEFE (O SR ZSRIMIANE) MIHESSYIMESS: ERESMEE, B Tn—11MHH
EO

17.3 TWE/REFIE

17.3.1  IEAEREIVIHIE

FELMER B, IERJERE (orthogonal matrix), SARIERIT—%ER (orthonormal
matrix), B— M5, HAFITERIER M E (orthonormal vectors), —#Aiis
Q'Q=QQ" =1
Hrp QT i Q MEE, TN, XIHTENIRME: R —ME Q Mk ES

TR, AR Q EIERH:

QT — Q—l


https://en.wikipedia.org/wiki/Variance#Sample_variance
https://en.wikipedia.org/wiki/Bessel%27s_correction
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Hep Q71 2 Q MR, EAKRE Q MR (v QT = QD), @
(unitary) K1 (Q ! = Q"), Hrh Q" 2 Q Kilt§ifs® (Hermitian adjoint),
HAESEGERENREEMN (Q"Q = QQ¥), EMIFKEMIMTINELR +1, BLE
—1. (NSRS, TEACRERH R F R AP, (R AE R L s I S B A i, e
i RETERNERE R, BOIER, SR AL,

QX% = XTQTQx = XTX = | x|?

n x n IERJEMEMES, TEREE FIEAEE O(n), FROMERREE, BT +1 MIER
FEMELH BN T BE SO(n) BFRRIRIERZRE, EME N TR R MRIERER (special
orthogonal matrix), RN, B NMRIRIEAEREH AT B R — ek,

SEGR: EHEME

17.3.2 1ERAERES RIERFEH

4 X ~ N(0,L,) } R hig— A2 REAmR, A€ RV h—AEEmg Bk
3 [HFRAERE), U AX ~ N(0, AAT). #5 A WiEZsERE, 1 AAT = I H det(AAT) = 1
I, 0 AX RO SR ASBEMR, B AX ~ N(0,1,), %%k [

17.3.3 FEFERIRHMEMER 2R

WA B—ANEAE n MRIETEHHERR g Gihi=1,..,n) MnxnibE, B AW
PAGH g

A=QAQ™!
Het Q B nxn ik, HE i 5 A RHEAR q;, A RN, HimTRE
FIRIAORFEGE, Ay = Ao YERE, SUARIAALAYREREA BE DUXRI R oM, B, ]
AHALRERE [ § 1] GRR—ASIYIERE) Regxtfafk.

X n MRHERE g BHEEA—E, EA—EHEH . —4RIA—L n DMRHERA R
v; Al LU/ Q 9B, XAl LUBI RS, E MR, RHEFRIE Q1 7 E FaM
HBRRIRMR, ANSRHAD—RHEE 4, BEZ T PMERMTERHERR (B A; 1) LE
BORTF 1), ABA] DUEFEIXERMEE A; FRHER BV B IR ; B0 KM MRHER &
BT ARBRHEE, EITTRERIEMEEIER, — MR, R A B—DIEMAER
(normal matrix), ALMRIEHMERE (spectral theorem), fEIEAE q; H /U2 A] DK
e Ao IR EAT AMFHIE [ B A VE BT G

Av = Av
AQ=QA
A=QAQ™!
HAIEFRAEEMZMETCOMRHEM & q; TR T Fra RTRER AX s CR—E R IER),

Hep X € C", X 5S5HPAEMRRIG (SEEE) M, tRHER A =, BE1E%
FAEERRIETCRRHE A & q RIBERSE TR A 1Rk, WS THNEM G (E0E


https://en.wikipedia.org/wiki/Orthogonal_matrix
https://math.stackexchange.com/questions/4582311/multiply-a-random-vector-by-an-orthogonal-matrix-the-result-has-the-same-distri

204 HLE REEFESEENTZE
) BIAERE, DANHIZRIHER, WA RHEE N FRLRMETCRHER & q; AR T R
e A FasiE] (MFOVASED B9, IXEERFEA & A] DA SN IE 1,

SHGRE R

17.3.4 SRSIERERIRHMES R

TR LIRS, AT DMERGHERE P RAESES 9 P = QAQ’, Hrt AH—MHATTRA
0 (s —"oeHR), HAh 1o Wi, R X2 PHTiESHIZEE, iz QX W
- MRTIESHNL R, HES EREX D X QX

[PQXJ* = [QAX|? = [AX]* = x5 + ... + %7
using LinearAlgebra, Statistics

function PQ(n)
X = randn(n)

ones(n)

= I -0 % inv(0'0) % O’
rank (P)

» Q = eigen(P)

= diagm(2)

> > %% U O

VAR = var(X) % (n-1)
PX = norm(P % X)"2
PQX = norm(A % X)*2

return [VAR, PX, PQX]
end

PQ (generic function with 1 method)
mean(hcat([PQ(9) for _ in 1:1075]...), dims = 2)

3x1 Matrix{Float64}:

8.006295257816436

8.006295257816436
8.003653149922263


https://en.wikipedia.org/wiki/Eigendecomposition_of_a_matrix

S5

Meyer, C. (2000). Matrix analysis and applied linear algebra [Book]. STAM.
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