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@ﬁ BR-EHRE
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WREH - 2

B EE 72 A

RiEin
X1 BB RER st E &
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B E; EEEI
s BIEZRTE: alml, alm?2,
alm3, alm4
m al: 35188 - ml: #EIB1 -
s EIBAWRAIESE - RIS
0 -

= HEFFRE

s BRIBARSE: a2ml, a2m2,
a2m3, aZ2m4, aZm5

= BETRLIES -
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FLRERERPERE

[HEA2 R
L2 E XA [1FR

2. 16 -8 -

(135 & T [136 k~44 % [ 45 A L

(& ]

—EBALEERTFRFAVEAFE > eEIHEALF? (T

% )
INEE 232 2 oR=2
PANE:E LK § 9%
ZR;AZEZHK
4 ERXAGAE

WA TFRBERFRGFE A

L TR E RIS AT 2
(1 RER2KER )
OE#E O#f Ok Dok O#t

In

HATFLENGEY  BRERARADLM—A?

CIERASE AEFHA R#MA Laisits

~ ﬁ'f‘]’ﬁ"ﬂ ’T%'ﬁ'ﬁ."ﬁ g %ﬁ«r% = x'ﬁ“’IT‘?

CEF®E OnE [(JF&RE HEFTIHRE

C RS B T A P SR L S T 7

Ok%dE A& OFH&E [FEFTIHRE




e

s [
s AEIE=EEENENEIERFE - BIEE

& EEN B -

i

EEI
E=S

AR B BCAR)

c(C"ERmEOm,

study <- read.csv(data/FXEERE 1.csv")

OrRrOORR
PR RRPROO
O0OO0OrORr
NNERENWR
WRNRFE AN
P WWwWweR W

# FEF: 1: 355 -2 36-445% - 3: A5 E

RENEEERE",
"ERABEEE", "ERTENER")

al percentage <- al_count/sum(al_count)
al obs percentage <- al_count/nrow(study)

>

> head(study)

1 1 1 1 0

2 3 1 1 1

3 5 1 1 1

4 7 1 1 1

5 29 1 1 1

6 30 1 1 1

> dim(study)

[1] 120 15

> # Bz 1: X -2: B#H
>

>

>

> al variable names <-

+

> al_count <- colSums(study[, 4:7])
>

>

OB BADND

s~ 0101010

WWkFE WhpPR

mEE BAZz F£H#F alml alm2 alm3 alm4 a2ml a2m2 a2m3 a2m4 a2m5 a3 a4 ab

A DBBNEDNDN

NNFPRPEPEDN
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> al_freq <- data.frame(F:EEPEEREZE = al _variable_names,

+ {E# = al_count,
+ B2t = pasteO(round(al_percentage*100, 1), "%'),
+ H=ZEB DL = pasteO(round(al_obs_percentage*100, 1), %))
> al freq
MEBPEERER @A S BEEBSL
alml SRPESEO 81 29.3% 67 .5%
alm2 RRHAVESEE 66 23.9% 55%
alm3 EBRABXRFE 78 28.3% 65%
alm4 HFERREMEZER 51 18.5% 42 .5%
> al freq_all <- rbind(al_freq,
+ c("#E, sum(al_count),
+ pasteO(round(sum(al_percentage)*100, 1), "%'),
+ pasteO(round(sum(al_obs_percentage)*100, 1), "%')))

> al freq_all

MEEPEERER EH Botb BREBSE

alml BRWMEBOE 81 29.3% 67.5%
alm2 REMNEEFRIE 66 23.9% 55%
alm3 EBRABERZHE 78 28.3% 65%
alm4 FRRBEEZE 51 18.5% 42 5%
5 wmeEr 276 100% 230%
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F N
)
‘rg?'

=5
1%
-

,
SN
-Q

>
>
>

VV +VV VDNE VVV VYV

N P

n <- nrow(study)
study$SE%HRE <- c(
table(study$EaER !)
R 2R

63 57

, "BHRT) [study$Eafi]

# &

al _cross_parents_freq <- aggregate(study[, 4:7], list(study$faRXE), sum)
colnames(al_cross_parents_freq) <- c('Fd&'", al variable names)

al cross_parents_freq

FfR BRPENOE KRNESEE BRASXREE EXRRENER

% 51 33 36 33
ST 30 33 42 18
# u/l.,- 5_/7 ﬁ\tb

al_cross_parents _percentage <- aggregate(study[, 4:7], list(study$EiRRE),
function(x) sum(x)/n)

colnames(al_cross_parents_percentage) <- c("BEd{&', al_variable names)

al cross_parents_percentage

FfR BRPENOE KRNESEE BRASXREE EXRRENER

¥R 0.425 0.275 0.30 0.275 B $a1 STSLES
538 0.25 0.275 0.35 0.150 BEECERRE
R0 HREAMEER | S4rHSEE | (TFEEE
@ & i 2 0|
ERi% S {21 a1 33 36 33 B3
B AT % 81.0% 52.4% ar1% 52.4%
a1 PEI % 63.0% 50.0% 46.2% 64.7%
‘/_ \EE E .\ 7‘? \ EEERT % 42 5% T A% 30.0% 2T A% RIA%
%E ;:J:L: X \< B Ee a0 33 42 18 &7
BAi% PR % 52.6% 57.9% TIT% I E%
a1 PEI % 3IT.0% 50.0% 53.8% 395.3%
EEERT % 25.0% 27 5% 35.0% 15.0% 47 8%
bk {21 21 [:15] Ta 51 120
EEAT % G7.5% 55.0% 65.0% 42.5% 100.0%

H EE e R RIS S ik -
a AR ERIRE T -
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NG

Lﬁ} :
’/% o
%%g,

> # FHFZFRIES 0
> tmp <- al_cross_parents_freq[, 2:5]/table(study$f:KE)
> al_cross_parents_percentage within <- data.frame(Bi% = c("R#g", "8,
+ round(tmp, 3))
> al cross_parents_percentage within
Bk BRPBHIOE RENFESEE BRABERSE ERREMER
1 R 0.810 0.524 0.571 0.524
2 B3 0.526 0.579 0.737 0.316
> # al PHIF AL
> tmp <- t(apply(al_cross_parents_freq[, 2:5], 1, function(x) x/al_count))
> al _cross_parents_percentage al <- data.frame(Bf% = c("R¥#¥E", "B,
+ round(tmp, 3))
> al cross_parents_percentage al

Ffx BRPENOE KRNESERE BRASREE EXRRENER

1 ¥ 0.63 0.5 0.462 0.647
2 B 0.37 0.5 0.538 0.353
PR $al 3rR EH|
shEE D EREEES
SrmEaI0 HEEEE = Firpags = {EEarRaE
1 & 1 = Spgr |
RRf% SR E#: a1 33 36 33 53
BRi%: THY % 21.0% 52.4% AT % 52.4%
Fa1 PRI % B3.0% 50.0% 46.2% Fd. 7%
ERENAT 9% 42.5% 27.5% 30.0% 27.5% 22.5%
=55 e 30 33 42 18 ar
BRf AT % 52.6% a7.9% TaT% 31 .6%
Fa1 PAY % 3IT.0% 20.0% 53.8% 35.3%
SRR % 28.0% 27.8% 35.0% 15.0% 47 5%
ERagr ik | ]3] 78 a1 120
ERENAT 9% B7.5% 25.0% B5.0% 42 5% 100.0%

BrtbRiBs R R e R AR -
a BB ER I E 1 -
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> age <- c("35m,PAT", "36-44p%", "45mPAE™) > table(study$CRHFE#H:, study$alml)
> study$RHE# <- age[study$HF#g] 0o 1
> table(study$SCEIERR) 3B5HEMT 15 30
35RRLT  36-445% 4SpRLLE 36-44p% 21 15

45 36 39 A58 F 3 36
> # (%
> al _cross_age freq <- sapply(study[, 4:7], function(x) table(study$Z&F&, X[, 21)
> colnames(al_cross_age_freq) <- al variable_names
> al cross_age freq
SRMENTE RENVEEERE BERARERSR (ERENEE
35T 30 27 30 18
36-445% 15 24 18 15
455D 36 15 30 18
>

> # BEEILE

> round(al_cross_age_freq/n, 3)

ERENDOE KRRNVEEER ZRAEEREHR FERENHEE
35T 0.250 0.225 0.25 0.150
36-445% 0.125 0.200 0.15 0.125
455 DL E 0.300 0.125 0.25 0.150

> # FBFHIE AL
> # wrong: round(prop.table(al _cross_age freq, 1), 3)
> round(al_cross_age_ freqg/c(table(study$XEHFE#E)), 3)

SRMENOE RRVEEERE SEEAS2FSR EXENRR
35T 0.667 0.600 0.667 0.400
36-445% 0.417 0.667 0.500 0.417
45 DL E 0.923 0.385 0.769 0.462
> # al PRIE L
> round(prop.table(al_cross age freq, 2), 3)

SRMENOE RRVEEERE SEAZ2FSR EXENRR
35T 0.370 0.409 0.385 0.353
36-445% 0.185 0.364 0.231 0.294
45 DL E 0.444 0.227 0.385 0.353
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i bar RS e EF
R e R EE
SHEe0 | WHRHEER | SHHEFs | ERERME
R s it # fe = e |
= 5 ﬁé >1z] | GH ER OBLT B 2 1% 18 3 24
H i N — EE P % B7.5% B62.5% 62.5% 375%
$al thED % 41.2% 45.6% 41.7% 27.3%
HBEED % 23.3% 238% 23.8% 143% | 381%
6445 B F 12 g F 18
FH PH % 50.0% BE.7% 50.0% 50.0%
$al o % 17.6% I6.4% 25.0% 27.3%
LBan % 14.3% 16.0% 14.3% 143% | 26.6%
A5RELILE  EE 21 B 12 15 21
FHE P % 100.0% 26.6% 57.1% 71.4%
Bal e % 41.2% 18.2% 33.3% 45.5%
panm % 33.3% B.5% 18.0% 238% | 33.3%
d fE: 51 33 6 33 B3
HBEED % B1.0% 52.4% 57.1% 52.4% | 100.0%
BH &8 LT EE F 12 15 F 21
FH PH % 42.9% 571% 71.4% 42.9%
$al o % 20.0% A% 35.7% 50.0%
LB % 15.8% 211% 26.3% 158% | 36.8%
36445 B B 12 5 B 18
FH P % 23.3% BET% 50.0% 33.3%
$al o % 20.0% 36.4% 21.4% 33.3%
LB % 10.5% 1% 15.8% 105% | 31.6%
A5ELE  fEE 15 g 18 3 18
FH PH % B3.3% 50.0% 100.0% 16.7%
$al o % 50.0% 27.3% 42.9% 16.7%
LBan % 26.3% 15.8% 31.6% 53% | 31.6%
R LG 30 33 42 18 57
e % 52.6% 57.9% 71T% 316% | 100.0%
BsrtEEiRE 2R I R AR -
a. TR EENRE 1 -




et S

[ ]
1=

e
R

sd median trimmed

a

Min.

1st Qu.:2.
Median :3.
2.

Mean

3rd Qu.:3.

Max .

2.23 1.48
2.08 1.48
2.76 1.48
3.42 1.48

> subjects <- c("BEIFE",EE",
> a2 <- pasteO(a2m™, 1:5)
> a2_summary <- summary(study[, a2])
> colnames(a2_summary) <- subjects
> aZ2_summary

E3E I

Min. :1.000 Min. :1.000

1st Qu.:1.000 1st Qu.:1.000
Median :2.000 Median :2.000

Mean :2.383 Mean :2.167

3rd Qu.:3.000 3rd Qu.:3.000

Max . :5.000 Max . :4.000
>
> library(psych)
> a2 describe <- describe(study[, a2])
> rownames(a2_describe) <- subjects
> a2 describe

vars n mean

5] 8 1 120 2.38 1.32 2

]2 2 120 2.17 1.00 2

o 3 120 2.78 1.16 3

B 4 120 3.33 1.19 4

== 5 120 4.33 1.24 5

4.65 0.00

> describeBy(study[, a2], study$EIHRXE)
> describeBy(study[, a2], study$RXBEHE)

l, IIEQ}‘;II, (1]

it

:5.

000
000
000
783
000
000

1

S e

B%A
i

N
e

Min. -1.000 Min. :1.000
1st Qu.:-2.000 1st Qu.:4.000
Median :4.000 Median :5.000
Mean :3.333 Mean :4.333
3rd Qu.:4.000 3rd Qu.:5.000
Max . :5.000 Max . -5.000

mad min max range skew kurtosis se
5 4 0.73 -0.63 0.12
4 3 0.47 -0.85 0.09
5 4 -0.12 -0.61 0.11
5 4 -0.57 -0.74 0.11
5 4 -1.85 2.05 0.11
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S =

x|

A AN IS % A B3 213 ‘*SL Egﬁﬁlri_-tl_
W< X T NE==== B2 =
& FHETME _1.sav [DataSetl] - SPSS Statistics Data Editor o] x|
BEE @EE REGY) WD) ®ED SA) SRHEC) AFERL) WEEO0) EEW REH)
CHE B 0 ol emeseEy). F Eo% %
15 g 10| EREE(C) . i 15 e (#5515 @)
gea | BE{R B8 FEMTHILE) - a'lmQ‘ a'lm?)‘ a1m4‘ aZm’ ‘ anQ‘ anS‘ an4‘ anS‘ a3 ‘ ad ‘ as ‘ var ‘ Y
1 oo g B EHARR).. 1 0 1 1 2 3 4 s S
2 |oos ,\2 b bt 2 A 10 0 3 4 1 2 SEE FH.IEE. B
s os o w0 R
4 007 <y B WAIEHEEEREL) . 0 1 0 1
5 029 ﬁﬁﬁwnmﬁﬁm“ 110 2 |éak B Ot it » s eias
6 030 SR EEEHRQ) . 0 1 0 2 | Bk B
7 031 oy E HEmgi(E) 1 1 1 0 | BEREERND® [a1m1)] () ERsERA(C)
s 034 ,\zg PN . 0 0 1 & FrEEHEEALE [a1m2)
s lo41 5rg T ERREE). ’ 0 ’ 1 | spressE aing b (o) fiRELERAAEEN S (D)
10 043 sy EUHEROG) "I 0 0 3 |fEEEanmEE(aind ' HRELERRA(G) -
11 |045 ,Q%@ - 0 1 1 o | BB [a2m1] M &
17 047 <pg  Orthogonal BgHH) v 0 , 0 1 & B [a2m?2)
13 |09 LR BEERED) 1 1 o 2 |&#HEE2mI
7 oo ﬁzg S o 1 o o | wumEem T @ iR (D)
15 |o71 N CTTTIT 11 1 2| | a2 L o rrymie
16 |o74 SR i) 1 0 0 1 &£ ®EIEE (A7 = B
171081 ] A5l F 0 1 01 1 EEiRES - TREARAT ) 2R -
sR | BERR L
SR | aE kJ[ ibreE | ewe || oms || wews |




i TREBME _1.sav [DataSetl] - SPSS Statistics Data Editor — O] x|
MEE) GEE RAY B0 R | SRA) SHEC) AFERAL BHEEQ) EEW REH)
CHE F o0 EE A Bd| sme » |
15 @ 10 ROMLEREHE) | 128 SEAHTER(E). . =15 (B (G 15 @)
& | s e ' E?ﬁ%ﬂ'fﬁﬁ%{*i@).k 2m3‘ a2m4‘ anS‘ a3 ‘ a4 ‘ a5 ‘ var ‘ v
1 |o01 wE ssmu T WAl A FEEERE). 3 4 5@ AW FA. -
2 003 B sppT]  ORCPARGN B ERRO). 1 2 SRR FW. JEE.
3 005 i aompl TORERA(G) bR HEER). 3 4 SEp. e deE B
4 |oo7 e ssgppl DA B B 3 4 s FW. IR
AR Iz geRel:- (o)
5 029 e} BT amio) , . 3 5 AEE. IR AW
6 030 e BHEUT , 0 2 3 1 4  sEf.EE. R
7 o3 e | SHEUT  mmwis 1 2 1 3 4 SE@. WEFE.
8 |034 %} ISEELLT  pmsmes) » 0 1 2 3 4 S L S
g |o41 e 35T sy , 1 1 2 3 4 5B FW. R
10 |043 ST ISEELLT  HEEWEED) ’ 0 3 4 1 2 5648 e JFE
11 045 e ISEELT R > 1 2 i Rt X
12 |47 e S5l EEEHEEN 0o 1 _ I
13 s m somny A 02 PEw - iﬂgﬁ‘;[azml
< HBE) > —
14 |o70 P WEMT 0 2 e & % [a2n2)
15071 S o T ke B 1 2 -
- T2 ERESH) . JOER [atml] | o 38 [a2m3]
16 074 e} 3SHELUT] P - , o 1 & ERIVEEER [a1m2) & B8 [a2md]
R i TN & SRR aIn3] | & idr [a2ms]
SR | BERE | SRR » & EFTBHEE [31m4]
IS ED) ROC #igR(v)... | & BFEE [a3] ~
[ ] Wi LA R AR B 7)
i k“ mbzeE) | ErE || omw || wewe
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— Y
e = 3| T il = 45 0L |-
EEIRA S Stiget
El&r 3 BB BriE g ay i El&x HEE e=ME =g FEiadr BEE
3 45 4 1 5 2,00 77 i 3 3 1 4 215 | 1.158
= 45 3 1 4 191 1.041 Lo 38 3 1 4 203 778
i 45 3 q 4 250 ann #iE 39 3 1 4 2.48 1.073
B 15 3 ] 5 173 780 B 39 4 1 A 386 1.209
Fin- 45 1 1 5 457 1.022 HE 39 1 4 § 477 427
HE N EEH 45 BHA N CTEHR) 39
a. i = 35T a. & = 45ERELE
x|
s = 36445% ?:ﬁ T OptEEeSE TR
& ) EEZERAIC)
smmEREtE & BEPRHOM [a1m1]
& BBEEEAR aimy] || O REHEEREH0)
_ @ #E | 20ME | BeE | Tem | @mex & EHASEEIE [21m3] T
B 36 4 1 5 311 1.582 & EETENER [a1md]
g 36 3 1 4 2.64 1078 & BE [a2m1]
HiE 6 4 1 5 3.22 1416 & B [a2m2) £
B4 26 4 9 5 2.58 1273 & ¥3E [a2m3] @ fiRsr R BB SR ()
& Hgk [a2ma]
' EIEARES ¢ SRS ¢
a. Bl = 36-145%
| mE kﬂ mbzee | see || omw | wew
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> item <- c("EHKE", "EFER", "EBEAGK”, "mETE)

> satisfactory <- c("IEBERWE", "FAmE", "WmE", "EBRE")

>

> study$ERIEE <- item[study$a3]

> study$EBRimE <- factor(satisfactory[study$a4], levels = satisfactory, ordered = T)
> study$HaRimE <- factor(satisfactory[study$a5], levels = satisfactory, ordered = T)
>

> table(study$ERIER)
EEER BEREG EAKE wETH
35 29 17 39
> round(prop.table(table(study$EHRIEH)), 3)
EEER BEREG EAKE wETH
0.292 0.242 0.142 0.325
> table(study$E2fiHE)

EERRR KM= =\ EERR
28 35 26 31
> round(prop.table(table(study$2£i#HE)), 3)
EERRR KM= =\ EERR
0.233 0.292 0.217 0.258
> table(study$W&RimE)
EERRR KM= mE FERE
32 30 34 24
> round(prop.table(table(study$MEimE)), 3)
EERRR KM= =) EERR
0.267 0.250 0.283 0.200
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m H. B

n MERE—
. 2ar/a?

-ﬁ@ﬂ_mf

4=4

mom

7E (goodness of fit test)
HIEW TE

S PREREERBU D B, B

RERE RPN ERAEE =

> table(study$EHRIER)

SEER EEREG EERE
35 29 17
> table(study$E&KimE)

miETR
39

FEERRE AmE =y
28 35 26

> table(study$H4imE)

FEERRE AmE mE
32 30 34

https://hmwu. 1dv.tw

> chisqg.test(table(study$EHRIER))
Chi-squared test for given probabilities

data: table(study$ERIER)
X-squared = 9.2, df = 3, p-value =

0.02675
> chisq.test(table(study$2&KiHR))
Chi-squared test for given probabilities

data: table(study$2#&imE)
X-squared = 1.5333, df = 3, p-value =

0.6746
> chisqg.test(table(study$WHHFmE))
Chi-squared test for given probabilities

data: table(study$WHimE)

X-squared = 1.8667, df = 3, p-value = 0.6005

B KRB




. -IETU‘ #iE: B0 bR E R
= B2 AR ' FiE ) R3EEHEIAE -
0 ﬁ[’%“lﬁ(ﬁiﬁlﬁ)z 'ERBEWSE ) RAEEBNREBILE

0 W*TKHEMIEEW%I'E\&E’%E’J A "BottREERE , -

> tbh <- table(study$E2&RimE, study$RXEBFHR)

Z o p-value = 0.1961 - ¥ EER:S -

35T 36-448% 45EBLE KR ABIFENEERR 2K
T n o 4 o EA{E 2 R 8 5 — (Rl I
wE 6 7 13 BENBEOLEEREERE -
EERE 12 8 11

> chisqg.test(th)
Pearson®s Chi-squared test

data: tb
X-squared = 8.6201, df = 6, p-value = 0.1961

AR

- AR "TEE L REBYE "HERERE ) MERBERER S EEEEREAE?

« AE "HRFEHEEG H TEREEGEE | 4MEEERER N LEEEEEE AL
« AE "HRFEG,E "THARERE, EEEREESLLEREBEEEALRE?
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=
EEES

HEEREN -

>y (@i — ) (yi —v)

%?1‘5?@ (Product-moment correlation): Bl15Z
A

e @ - P W - )7

n IEEMHEBEGREL NFELR TRERE

coefficient of determination -

n BERMEEERS: KERRY
BERENEREE L -

IHLAégﬁéEEE ’ -EiIl;lé%Ez - égé

] r <.40 | 18 J% 48 A <16 4
307 2M02rEg0  mEAW | 16srFi=<49
e e U e A8 A >.49
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 EFER "TEEEN, 0 THEXFI K

"BLER B -
n THEFEBRANSEK

THEXRFER

"BOMVBREIR

n BERSDAS &~ THEFEENAE
"MtEXiFas.) "BOMMEERIA

m EEE:

Bl

70N

n EFEW "EEEN, - THEXF,

MER L EEERERNHEE?

A

> example_data <- read.csv("'data/¥FHEEERE_1.csv'™)

> head(example_data)

Rl Fii: £EEEN #HEXZE S0ER

1 1 1 15 40
2 1 1 20 32
3 1 1 24 42
4 1 1 27 45
5 1 1 30 45
6 1 1 32 25
> dim(example_data)

[1] 40 5

18
22
20
24
26
25

i FHBERRE_Lsav [ETH$R2] - SPSS Statistics Data Editor =] |
BE(F) WEE) BHEY) PED) ST SMPe) SEHEC) AmERl) MBE0) HEM BEE)
CHE T 060 8k A A S5 Ho® 7|
39 | o - 5 S (6 5 E)
R mE | owmEn | pEws | Bome | 9 | @

1 B 5UT 15 40 18 =i

2 B 5ELUT 20 32 22

3 Hd: O5gLLT 24 42 20

4 Hd: 25gLLT 27 45 24

5 Hd 25gLT 30 45 26

6 He  BSELMT 3z 25 25

7 BE 25308 34 28 30

8 Ha 26-305% 36 26 31 B

9 BE 25308 40 18 42

10 & 26308 45 30 42

1" & 26308 a0 40 28

12 ik 26308 32 34 24

13 wE YIELE 34 8 a0

14 wE 3L 35 24 34

15 e MELE 33 30 30

16 i 3EELLE 40 29 40

17 i ML E 42 26 a7

18 ZE IEE 44 24 36

19 & 26-305% 45 18 44

20 . 25ELLT 45 15 32

21 EE R e 15 40 18

2 BE  BEUT 40 32 19

23 BE  5ELT 24 42 20

24 n === ‘.;'E::MT I A 4 “‘L

SPE3 Statistics Processor s ready l_f_l_]_]_|

FoRge | BB
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cor(example_data[, item])

H£EEN  #HEXE  BIOER
45EB7  1.0000000 -0.6703826 0.8124818
f1EZ% -0.6703826 1.0000000 -0.6185917
BiMES 0.8124818 -0.6185917 1.0000000

> colnames(my_cor_test _data) <- c("#%H"

data: my_cor_test_data$#4 and my_cc §
EEBN HEXE

HEXZHE 4.4e-06 - m

BMER 5.8e-10 2.1e-05

P value adjustment method: holm n

> example _data$if:jl2 <- as.factor(c("E4L", "Z4'")[example_data$iEFI])

> example _data$fFEg2 <- as.factor(c(255LL T, "26-305%", "31pELLE")[example_data$E#g])
>

> item <- c("EREEN", "HEXRF", "BILOEBRT)

> par(mfrow =c (1, 2))

> sapply(6:7, function(x) barplot(table(example_data[, x]),

+ main = colnames(example_data)[x]))

>

> par(mfrow =c (1, 3))

> sapply(3:5, function(x) hist(example data[, X],

+ main = colnames(example _data)[x], xlab = "score'))

>

> EHEN EEE LT 3

2 4 & 8 0 12 14
2 4 & 8 MW

||||||||||||||

> my_cor_test_data <- Stack(example_data[, item]) B om B 3 W a0 o 15020 28 W B/ 40 45 15 20 2% W 3B 40 45
-’ nﬁ%%n) score score seore
> pairwise.cor.test(my_cor_test_data$#2s, my cor_test _data$HBEXR)

Pairwise comparisons using Pearson®s product-moment correlation

BEERSY HELE, REASIE)  BEMBY TAEES
AL/\(K) ° (r=—0.670)

I AB=0449 (—0.670A2) - TR I ETIS | BIETARE T4
B, BIERBRNAL.0% - SR TAEE S, BB RE
BT, BIEMSREA4.9% -

= TEe, BB R RALE  BERS-E TS
DES , BoEE. B - LEBEE . FAEE - AERBRE
= BERLOER -
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s E1ELEE (post-hoc test) (multiple comparison)

B At E (two-sample t-test, unpaired): B2 1982
aBRERE?

IR At E (two-sample t-test, paired): — B2 M R F13
HedAaERE?

EBRFEEHIMANOVA): —E((U LB FHHEEEAER?
BRFZEEZEZH D T(MANOVA): —E (MU L) BEZEE 1T
HEERERE?

TukeyE BTEREZE =% HSD)A - honestly significant difference
Newman-Keul" s method: N-K)%

Scheffe’ s method: S

B/ \BE E R A Least significant difference: LSDJ% -
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Sanf
N e

f.

Hypothesis | One Sample Two Samples > two Groups
Testing - Paired data Unpaired data Complex data

Parametric t-test t-test One-Way Analysis of

(variance t.test (x-vy, t.test(x, v, Variance (ANOVA)

e ual) var.equal = TRUE)| var.equal = TRUE) aov (x~g, data)

q oneway. test (x~g, data,
t.test(x, vy, var.equal = TRUE)
paired = TRUE,

t-test var.equal = TRUE)
Parametric t.test (x, Welch t-test Welch t-test Welch ANOVA
(Variance mu = 0) t.test (x-y) oneway . test (x~g, data)
t.test(x, y)
not equal)
t.test(x, y,
paired = TRUE)
Non- Wilcoxon Wilcoxon Wilcoxon Rank-Sum | Kruskal-Wallis Test
Parametric Signed-Rank Signed-Rank Test (Mann-Whitney
(=B HRE) Test Test U Test) Persrelel e (e, T
wilcox.test (x,| wilcox.test (x-y) wilcox.test(x, y)
mu = 0) wilcox.test(x, vy,
paired = TRUE)

pairwise.t.test {stats}: Calculate pairwise comparisons between group levels

with corrections for multiple testing
TukeyHSD {stats}: Compute Tukey Honest Significant Differences
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ARMERIE - XNEBER "TEE], EEABRENER?
ARMERIE - XNEHER "HEXT, EEABRENER?
n ARHERIE - WNEBERE "'BLHEE ) eEBRENERE
n SEEEBRNAEBRSE  BEEBRNHEBTNEENMEEEREAE?
%ﬁiﬂ@l@@fﬂ%éﬁ@ﬁ%ﬂﬁ?
= IE(H A ABIEIE AR - %) HAES - 69)
m%lﬁ(r*%%ﬂ) BB CEES  HBSE  HH -

___________________

___________________________

EFBRREERHEESLE

________________________

5 ¥ P p< .05

A 4

Lovene % |—» '—{tﬁﬁ&p@: F
i |y B8 p>.05 > ERFEEBMEET LE
| ERRKAR |
T staene ngg;ii
(RnERp P<:'%§&p$% %Mﬁﬁﬁﬂ>§§;§§
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%

0

library(car) # Companion to Applied Regression

alpha <- 0.05

attach(example_data)

my t test <- function(x){
md <- eval(parse(text = pasteO(item[x], " ~ HI2")))
is.equal .variance <- leveneTest(md)$"'Pr(>F)"[1] > alpha
t.test(md, var.equal = is.equal.variance)

+++ + V V VYV

}
lapply(1:3, my t test)

L[11]
Two Sample t-test
data: H&EEAN by A2
t = 3.1712, df = 38, p-value = 0.002999
alternative hypothesis: true difference in means between group X% and group 5% is not equal to O
95 percent confidence interval:
2.776191 12.577344
sample estimates:
mean in group ¥4 mean in group B4

\%

Statistical tests for comparing variances
* F-test: Compare the variances of two samples. The data must be normally

37.45455 29.77778 distributed.

[[211 * Bartlett’s test: Compare the variances of k samples, where k can be more than

Welch Two Sample t-test two samples. The data must be normally distributed. The Levene test is an
data: #EXHF by HHI2 alternative to the Bartlett test that is less sensitive to departures from normality.
t = -2.368, df = 29.79, p-value = 0.02457 * Levene’s test: Compare the variances of k samples, where k can be more than
alternative hypothesis: true difference in means between group | two samples. It’s an alternative to the Bartlett’s test that is less sensitive to
95 percent confidence interval: departures from normality.
se_\;l I g‘?’:gi?ﬁat;g - 8724319 * Fligner-Killeen test: a non-parametric test which is very robust against
meag in group ¥4 mean in group B4% departures from normality. :
ey 53-ada44 = HMRIE TEEEN, WERLEMES - TRREESH

Two Sample t-test Levenet®iE , Z fEFREMRZEZEX (f=0.01, p=0.976>0.05) -
data: BAEE by HRI2 TN _HBABRYEE -

t = 3.848, df = 38, p-value = 0.0004421

It ti h thesis: t diff i bet : o - s 2 N S s
55 poreent Confidoncs ntorvals oo N means bETEEn GTOUR g frfRzg TERYAS | 2 K UREEE0.0SHE KR (t=-

3.788891 12.201008 3.171, p=0.003<0.05) - SEIENEERBER-7.667 - "RREY
sample estimates: EHEN "EERN, IRBREERGFT - HPUENERE
mean in group ¥4 mean in group B& BHRSHEESREL -

34.27273 26.27778




s ERANE: I -ASEEERIEMIORE - _RABREEY

BRI EFELLER -

s 8Bl —OAVAEREEEET

» —fAREHE: HEK=(a01~a05), # 2 EH(a06~al0), EHEER
(@all~al5)

» BV IRSFEIHI3EBIRERERZUENE L - FBRIEENEIIARS
EENEE -

n [FRE: BERA  HME A REENEEHNE A B RREERE

EaAERE?
B MR N
%ﬁﬂﬁﬁ((i:: KRR
%2 AR K
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NETEESS e s I i s T
BEH

RAEHAFEREARE  TRER
ERABRRRERERE - |

BEAKTEATBUHES L2 A FH
§ a

MARBREREH  EREZAHERELA
BERNBHAREBES -

05. 5 & B 3 4 Hh (Lt 77 KSR & A o

1] 201300 4] SO+ 100 200 300140 -5

10 200 30 40 SO 10 20 30 40 500

oo gtk kB pEZ S ENRBHF 2T
HHS -

Wy ssauaspaassensans
EL PN AT SR

0840 BB AE o A A S ML
SAM RPLRERGAMBET o
09, 48 40 9 36 8 1 5 8 <

ilL

100 200 300 4 50

TR 2] 3] =47

N.edHxLFHE-
FRE EFAELRLRE SR -

101 2[00 307 4[] 5

SO (10 20 30 400 SO

TakZBE8L

10] 200 303 401 50 EH] 200 300 400 SE

WEEEIRNAARFTIAHESYE -

2HEEERLSCRRRAZIRY » |

MEARLLE -
BREIREITFAGSIHNRY
R e e ), o s

CE RS AR EESS 2 S ] EE

101 -:200 - 300 40150, 1100 20030140 Sl

e} 200 314 451

10 200 30 40 58

HELE_ EFEEN REFEY _EEN

THEEBM EEM

HETH _TBRAEE WHER TBREE

RELE RBEEK

E% | 01 | 02 | 03 | 04 | 05 [ 06 | 07 {08 |09 10 1] 12]13
M A1LL[A12]|A13|A14|A15[A21]A22][A23[A24]A25/A3.1]A32|A33
RiafE| B1 1 | B1 2Bl 3 Bl 4 BlS|B2I Bz_z'?"Bzg B24 | B25 B3 1 B32| B33
fE® | 01 | 02 | 03 1 04 05! 06 | o7 | 08 ] 09 [ 10 ] 11 | 12 [ 13
BEHE | Al | A2 | A3 | A4 | A5 | A6 | AT | A8 | A9 | A0 | ALl | AI2 | AI3
WisiEs Bl | B2 | B3 | B4 | BS | B6 | B7 | BS | B8 | BIO  BIl | BI2 | BI3
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> teaching_survey <- read.csv(''data/2#ZE% .csv'")
> head(teaching_survey)
e BEM FE_EEM BHE SEM KLE HiEt FF_EiEtt @5 gJiEt

1 20 24 15 18 20 14

6 20 24 14 20 18 13

> dim(teaching_survey)

[1] 12 6

> summary(teaching_survey)

nE EEN mE)_EEM WS EEM "RE Hig EE)_EEM WS HiEM

Min. :18.00 Min. :20.00 Min. :10.00 Min. :18.00 Min. :15.00 Min. :10.00
1st Qu.:-20.00 1st Qu.:23.00 1st Qu.:12.00 1st Qu.:19.00 1st Qu.:16.75 1st Qu.:11.75
Median :24.00 Median :24.00 Median :13.50 Median :20.00 Median :19.00 Median :12.00
Mean 122.58 Mean :23.42 Mean :13.08 Mean :20.33 Mean :19.08 Mean t12.42
3rd Qu.:24.25 3rd Qu.:24.00 3rd Qu.:14.00 3rd Qu.:21.00 3rd Qu.:21.00 3rd Qu.:14.00
Max . :25.00 Max . :25.00 Max . :15.00 Max . 24 .00 Max . :24.00 Max . :15.00
> mapply(cor, teaching_survey[, 1:3], teaching_survey[, 4:6])

Re ST FE_EEM BE SR

0.5318767 0.6697263  0.7556197

>

> mapply(t.test, teaching_survey[, 1:3], teaching_survey[, 4:6], paired = TRUE)

ge EEH mE_EEM

statistic 3.446738 6.5

parameter 11 11

p-value 0.00545938 4_.427706e-05

HE SR

statistic 2.15211

parameter 11

p-value 0.05444671
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NG

Lﬁ} :
’/% o
%%g,

B rBEAEMMERNERZM B EZZEABREEE-> KARKRARE -
HR=—EEEESNEIRRAR - oJ/okEREREBRNTITS) - BETD
EEER -

\%

teaching_survey$&= SEWH BT <- teaching_survey$&=E EEMN/5
> teaching_survey$iEgl EEM BT <- teaching_survey$iEE) EEMH/5
> teaching_survey$iiiE EEM BT <- teaching_survey$ifiE FE/3
> t.test(teaching survey$&= SEM BEF1Y, teaching survey$idd) EEM HEF,
+ paired = TRUE)
Paired t-test
data: teaching survey$#&E ZJEWH BT and teaching_survey$iEEl EEM EBEREFH
t = -0.78789, df = 11, p-value = 0.4474
alternative hypothesis: true mean difference is not equal to O
95 percent confidence interval:
-0.6322542 0.2989209
sample estimates:
mean difference

-0.1666667
> t.test(teaching _survey$&= SEM BFEF1Y, teaching survey$disE EEH HEF,
+ paired = TRUE)

Paired t-test

0.69295, df = 11, p-value = 0.5027

=+
1

> t.test(teaching _survey$iEE) EEM BEFEF1Y, teaching survey$diE EEH HEF,
+ paired = TRUE)
Paired t-test

2.5901, df = 11, p-value = 0.02513

=+
1
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m Using Analysis of Variance, which can be considered to be a generalization of the #
test, when
= compare more than two groups (e.g., drug 1, drug 2, and placebo), or

m compare groups created by more than one independent variable while controlling for the separate
influence of each of them
(e.g., Gender, type of Drug, and size of Dose).

m  Fortwo group comparisons, ANOVA will give results identical to a #test.
= One-way ANOVA compares groups using one parameter.

= We can test the following:

m Are a
equa
m Are a

| the means from more than two populations
?

| the means from more than two treatments

on one population equal? (This is equivalent to
asking whether the treatments have any overall
effect.)
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Assumptions

m The subjects are sampled randomly.

= The groups are independent.

= The population variances are homogenous.

= The population distribution is normal in shape.

As with t tests, violation of homogeneity is particularly
a problem when we have quite different sample sizes.

s Homogeneity of variance test
m Bartlett's test (1937)
m Levene's test (Levene 1960)
m O'Brien (1979)
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7]
Groups E 15 - y £33 3
S 43
1 2 j k 2 X
n; T 2 10F x 'Xzz
X | Xy Xy X1k T;= ZX”- X, = 2J - X;_ X32 B
Xg] XQQ . ng ng i=1 nj X31 x1 42
k T Sr X
X;1 | Xio Xij | Xk T=) 1 X = ~ 1 1 1
J=1 1 2 Groups
be Xnklc n; 9
HQQ X _ X _ — — _
X . 52—y y K= X) (X;; - X) = (X;y — X)) + (X; = X)
m j=1i=1 N-1
k nj _ k nj B B )
Ho:pr=p2=---=pg DD (X —X)P=2 Y (X — Xj) + (X — X))
j=li=1 j=1li=1
X”=,U‘;3+Egj 1=1,--,nj
‘? — ]-; . k k nj _ 2 k nj _ 2
DD (X —=X)P =) ) (Xiy—X))*+
j=li=1 j=li=1
ANOVA Table
SSTotal = SSWithin + SSBetween
Source | SS df MS F P
Between | SSp p—1 MSp MSp/MSy < 0.05 F = M
Within |[SSyw N —p MSy MSwithin
Total | SSr N -1 Reject Hy, if Fops > Fiop1,N—k)
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Applicable when comparing more than 2 groups.
s One-way ANOVA model : HO: p,= Y= M3= Hg= Mg (o= H,)

m If HO is rejected for a gene, there is still no information about
where differences are observed.

How does one determine which specific differences are significant?

Test Name How it works
All means for each condition are ranked in order of magnitude; group with lowest mean
Tukey gets a ranking of 1. The pairwise differences between means, starting with the largest
mean compared to the smallest mean, are tabulated between each group pair and
divided by the standard error. This value, g, is compared fo a Studentized range critical
value. If g is larger than the critical value, then the expression between that group pair is
considered to be statistically different.
This test is similar to the Tukey test, except with regard to how the critical value is
Student- determined. All g’s in Tukey's test are compared to the same critical value determined
Newman-Keuls for that experiment; whereas all ¢'s determined from SNK test are compared to a
(SNK) test: different critical value. This makes the SNK test slightly less conservative than the Tukey
test.

https://hmwu. 1dv.tw




assuming
equal sample sizes and
homogeneity of variance

Group A B C D
Mean 2 3 7 8

alpha 0.01
MSE \/7 0.316
o !

. SNK.test {agricolae
% -X {ag }

snk.test {GAD}

= TsE
n

r” 18 the number of means spanned by a given comparison.

r, df, alpha — studentized range statistic ¢

l. r=4, qor=5.19

Avs D: q=§13=1899,p<&m
0.316

3. r= 2, q.o1 =4.13

3-2
a.

2. r= 3, 401 = 4.79

a  AvsC q-7 2—1582 p < 0.01
0.316

b. BvsD: q—8 3—1582 2 < 0.01
0.316

316

7-3

8—-7
.

https://hmwu. 1dv.tw

AvsB: g=—=3.16.p> 0.01
b. BvsC: g=——-=12.66.p< 0.01
9= 316 P

Cvs D: q=m=316,p>001




Honestly Significant Difference (HSD)

Ml - Mz

MSWz'zhm 1
e el

n H

Tukey’s HSD Post-hoc test is applied in exactly the same way that the Student-
Newman-Keuls is, with the exception thatr is set at k for all comparisons.

(kvs1 kvs 2., kvsk-1)(k-1vs1 k-1vs2,..,k-1vsk-2)...(...2vs 1)

HSD = g

r=k, df, alpha — studentized range statistic g

B All alpha’s in Tukey'’s test are compared to the same critical value.
M All alpha’s in SKN test are compared to a different critical value.

M This test is more conservative (less powerful) than the Student-
Newman-Keuls.
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i FRTERESH - 2l x|
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st (D) o BETERB O © Post Hoe ZEEEE il
[ Bl g F) BERAHE R R
B R MR (H) [ILsD(L) E-N-K(S) [ waller-Duncan (W)
[ ] Brown-Farsythe(B) [ Bonferroni #(B) [V] Tukey () Y 1 || SRR - 100
D‘;J e [ sidak femE(l) (] Tukey's-bfk) [ ] Dunnett ﬁgg
EIC
e [[] Scheffe (C) [ ] Duncan(D) FERTER [m{&—f@ -l
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(@) fiRSrHER R M (A) B AR R
O EaHRREL) Vi[Tamhane's T2 (M) (] Dunnett's T3 #i(3) [ Games-Howell #72(4) [ ] Dunnett's C (V)
FI0B(Y) © |0.05 |
T \” my | s
| ﬂ mA || e
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> example_data <- read.csv(“'data/FHEEERTE_1.csv")
> head(example_data)

Hhl  FikR EEEN HEXF  S0BR

1 1 1 15 40 18

é-- 1 1 32 25 25

> dim(example_data)

[1] 40 5

>

> example_data$tfhl2 <- as.factor(c("B&", "XE")[example_datas$ttrl])

> example_data$Fi#z2 <- as.factor(c("25mUT", "26-308%", "31m L") [example_data$Fik])
>

> item <- c("EREEAN", "HEXIZE", "BOEE")

> describeBy(example_data$%iEE 1, example_data$F#z2)

Descriptive statistics by group
group: 25T

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 114 29 9.54 28.5 28.83 6.67 15 45 30 0.25 -1.01 2.55
group: 26-305%

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 1 14 37.43 5.81 36 37.42 5.93 30 45 15 0.2 -1.67 1.55
group: 31mEME

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 112 35.83 7.44 36.5 36.6 5.19 20 44 24 -0.84 -0.46 2.15
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> library(car) # Companion to Applied Regression
> my_model <- example_data$4iEEN) ~ example_data$F#z2
> leveneTest(md)
Levene®s Test for Homogeneity of Variance (center = median)
Df F value Pr(>F)
group 1 8e-04 0.9773
38
> summary(aov(my_model))
Df Sum Sgq Mean Sqg F value Pr(>F)
example data$®#2 2 554.9 277.45 4.597 0.0165 *
Residuals 37 2233.1 60.35
Signif. codes: O “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1 “ ” 1
> oneway.test(my_model)

One-way analysis of means (nhot assuming equal variances)

data: example_data$®EiEES] and example_data$®#z2
F = 3.9072, num df = 2.000, denom df = 23.287, p-value = 0.03442

> oneway.test(my_model, var.equal = T)
One-way analysis of means

data: example_data$®EiEES] and example_data$f#z2
F =4.5971, num df = 2, denom df = 37, p-value = 0.01648
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N7 Z z
15

> library(agricolae)
>
> result <- SNK.test(my_aov, "&F#2™)
> result
$statistics
MSerror Df Mean Ccv
60.35393 37 34 22.84935
$parameters
test name.t ntr alpha
SNK  #F#2 3 0.05
$means
HEES std r

25 AT 29.00000 9.543423 14 2.076293
26-30B% 37.42857 5.813966 14 2.076293
31 E 35.83333 7.444746 12 2.242653

$groups

4&EEHN  groups
26-30m% 37.42857 a
31mM E 35.83333 a
25w A~ 29.00000 b

attr(,"class™)
[1] "group™

my _aov <- aov(&EiEEN -~ F#:2, data = example_data)

> TukeyHSD(aov(my_model))

$ example data$iEgi2
diff
26-308-25 L F
31 E-25 LT
31p% LA -26-305%

>

Fit: aov(formula = my_model)

> plot(TukeyHSD(aov(my_model)))

Tukey multiple comparisons of means
95% family-wise confidence level

Iwr
8.428571 1.2595839 15.597559 0.0180742
6.833333 -0.6283855 14.295052 0.0782887

-1.595238 -9.0569569 5.866481 0.8611283

upr p adj

se Min Max Q25 Q50 Q75
15 45 24.0 28.5 32.00
30 45 32.5 36.0 43.75

20 44 34.0 36.5 40.50

AEEIA:

BEJADNPERZE - (BIRH " Scheffe , &
BEZL - AIELIRENEHEN IR EEETEE
B4

JREA: Scheffe)AZ & E&1E - Mt ENRIERI—TE
ZEIERA -
AEREEFENpP-valuefE0.05MF%T - Bl "
HSDA s - DUBFIZEEREFERRZE TR

26-30i8- 25300 T

3Rl E-25580L T

3kl £-26-3058

95% family-wise confidence level

-10

T T T T
-5 0 ] 10 15

Differences in mean levels of example_data$sg2

https://hmwu. 1dv.tw



BEMR - BERE  HERE - BERADREZS B MNIEIEEREE
AL ? EIRRI a0 ?

THEEDAEER: TERE - AREBER 8%k - BETAR  BBRER
=& O LIB MR R B EE?

BB EMNE ] - EEME - —FARERZ OG- HEHESNEZIA
eh I UARFEAEERZERERAE?

SR ANERWEE B, RrEte=—Erm - LAEZEEE BN
TRAIERAERI=ZREL?

https://hmwu. 1dv.tw




el =] - |

s EHEZRMEEE S (simple linear regression):

= R —{EB&IA(independent variable) ¥ — & &k & 15
(dependentvarlableg) =248

'J_"/El

s BEIRX): XHEFDRIEIR (predictor) - BEREE]IR
(expanatory variable) -

n REIA(Y): JUZELLIE (criterion) - RIEEEIE (response) ©

n BEF 57 ERY:
= B EREHORICESERSER) - AT AR2RREE
s fEIL - BERE - FAORI

s BEEEZELER)D *ﬁ(multlple linear regression):
o 2$§§ELE AT~ ZIoARMEDEE AT
*ed ZEIBEIE(X's)H—EREIE (Y)W ZE -

I8
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B0 —WMEREREESREFES ' EEE
J

s (KEBE(Y)R_7EBIZE
s &Rl #7(discriminant analysis)
» __Jologistic@ER D4

n (KEB(Y)RZ 7 HAIZE
s &Rl #7(discriminant analysis)
s ZIBlogisticBER DT

s BEIEXS)EH/BAIEIR - AIFEEES dummy
variables (IR 8y - EHIEE))
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n EREE G S
s 22{h5T: beta's

n [EEVGTE

—
-~ —

n FI%E: RV EERENPRMERIERGEEEZER0

n tHRXE: RV {E R B R Bl SR EE R0 HpfEtaE -
n BREE

n EERHRE

s HEHBIRAN2
SR
S 4R e

b3

B
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 ERIEHER BRI - WEESREREY -
L L0, L, MASER  ERERERER e, B

IR R BEETH

B ] sexd

B 1

0

M 2

1

FRETH R BEETH

FEEARIT homdl

homd2

EERIZ A | 1

0

i N\IGRRGH2 | O

B2 FELH 3 0

0

[ I oy —

HPE( & | loed] | locd2

locd3

JEEB 1 1 0

0

Ef 2 0 1

0

mEk 3 0 0

Rk 0 0

0

u )ﬁi‘ﬁﬁﬂEZLﬁm%Eﬁﬁﬁ%%DQF)ﬁifE%:%IEZLE%%%ZKE °
B FERBIREZERGEEEESMSIRAEMEIR - SRAM

8 1R BIRV AR RE[RIE (cor(X, y))

m Bl 7|‘u<ZlKE’J§-EEJJTA%(X)EJ{ - HEZERE(Y)RUE

]

11&

2HE (B84

R

4

BB (FERE) | BHESW1 | BBER2  EBER4
1 & |

W (RIERE) | BEER 1 | BEEE3  BHEERS
0

e

!
24K e s R 0%
: _
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Syy =

i=1
SSp =
SSp =

1=1

Z(%‘ — i) (residual sum of squares)

D (5 —4)* (regression sum of squares)

S,, =SSk + SSp

Z(yi — )% (total variability in the observations)

Source of variation | Sum of squares Degree of freedom | Mean square Fy
Regression SSk = Bley 1 MSpg MSRr/MSEg
Residuals SSE = Syy — BlSmy n—1 MSEg

Total Syy n—2
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-%\%Eﬁﬂﬂ%}iﬁcF%%Z@ > B4
s HIACEE (Goodness of Fit) 71512 -

g2 = 258
= Adjusted R2 -

n FREEFAIERE

s HAEEDNE  MREZIRVERRS - B
eSS ﬁ*@éﬁ’]#UE%%ﬂt*ﬂ??ﬁE’J#UET%
2 FASBNFNESER  9EFERA2EX -

0<R’2<1
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n EEAMT/ELIEEE (e i, Residual) /iR EIE (epsilon_i ) 25t - SR
*%ZIKEE’XEL\WE/EMEZF Bl :

ez:y’t_y’w ?':]-7"'777'

(4

2

il

d
allf

RalmEREaTasEd BEHESY - BUMS=I8FKE -

ik

s Durbin-Watsont@E &S EEAEIIMHEE ERNPEEEFER
FAE B

| DW%EIEI(O_Z) ’ %(%yj%EIEFEﬁEDEEEIE*H Fﬁ% ° Residuals vs Fitted
s DWHE(2-4)  FREZEEZIREHEE - ) 0 R
s DWEUEN?  RAEEEBEERAER - R De o
.. . . . A- o ogg @ §°ao°o Dug %8 4
n =2 (residual plot): e; agaist y; -

Fitted values
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= IEF‘aﬁE/\“?TEF'nﬁ RN —EBEZ2HEETBE2IANAR MG

S
» BEEBEENEEARS  AZ2IEEEREZENMGETEARNEE - HtEED
ZHEERARE -

F Bl 73 7A:
s BEBE(tolerance) = 1-Rir2; (RAE)
m RIM2ENBEZIEEETBEBEENZITEBEGHRENFS
n BEXPHEEEZEBEHEEEENBUEESES -
n BENARORLM™E -
n BREELNRO . RRMEIREETEEIEEAEAMREE -

s BEEMWIREZE (variance inflation factor ; VIF)
n AACERNEE - VIFNERX  RBEENESXER/) - AAHEEMEE -
 >10: BIEERAENEE -
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Xi=Bo+P1 X1+ B X+ ... +[ Xy +e VIF; =

1- R

= A VIF for a single explanatory variable is obtained using the R-
squared value of the regression of that variable X;against all
other explanatory variables.

= A VIF measures how much the variance of the estimated
regression coefficients are inflated as compared to when the
predictor variables are not linearly related.

VIF Status of predictors
VIF =1 Not correlated
1T<VIF<5 Moderately correlated

VIF>5to 10 Highly correlated
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1F

AN = — LA - — .
n JEHERE C BEEEIE  BEXHH -

o LGS B R =R
s AT -BESEHEZRIRTEE 2 A/VRE

RIZ=50 B ia st o
. 557

i A (enter)(B8BEAEEUE)

1% 1REK % (Backward Elimination Procedure)

1% 1B 1E % (Backward Selection Procedure)
A #E % 1= A (Forward Selection Procedure)

&0 0 ER % (Stepwise Regression Procedure)

A RN
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n BB T EFEAIRE  BEEGSE - EEAEEE L B
T IEFAEBEE L NEE -

T EFEASIR RS BAslESER
s BEFRAMIRIE (CERE): @i - B
» PERAGSE (CEER) BEEE - BIFHEE
s BFEAEEE (=(ERME): B - ANE0RE - A& B
s BFEA/EE (—ER@E) -

s DEHEHMIK1300E L - FIRAMEE120017 -

n HEERE: tEBES2EHEFAGVEESERHEENERET -

HEomMEEgEEx/)?
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> organization_data <- read.csv(''data/##REE_1.csv™)
head(organization_data)

miliEE FEREE BEE2E BIMEE AMEEHR MERE NEAHm MBEE

\%

1 7 8 7 5 9 8 6 5

6 8 9 14 14 16 13 10 6
BERRE AIEF BBAR AEUEE

1 5 5 5 20

6 10 9 10 35

> dim(organization_data)
[1] 1200 12
> apply(organization_data, 2, mean)
mAEE EEEE% BEEE BIMBE NEEIN MERE AMEEIM, MBEE
13.87167 14.46750 25.04500 17.38750 28.41667 20.92333 13.43333 17.53083
BEERE WEEF B2BMER ABEE
17.67083 17.37417 17.48167 70.05750
> apply(organization_data, 2, sd)
mAERE REREEZ BREZEE BINMEE SR AMERE  AEEE
2.924150 2.725522 4.785610 3.572765 5.504844 3.655625 3.071658
MisEE HERRE ANERF BEMR AENEE
3.615007 3.388025 3.320395 3.465979 12.384210
> cor(organization_data)
miiEk REREG BEEE BIHMESEE  MEEH  AERE
fEF¥EM 1.0000000 0.7614193 0.7009475 0.7174237 0.6427968 0.6583684
EfEEA{% 0.7614193 1.0000000 0.6935755 0.6641817 0.6474550 0.6587031

#HMRIBE 0.6298855 0.8667116 0.9179857 0.9276875 0.8830393 1.0000000
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> org_Im <- Im(ZBEMEE ~ EFEE + FEBRE%G + BEEE + AIWEY +
+ HIFER + HMFRE + Z#EIF, data = organization_data)
> org_Im
> summary(org_Im) > % aov(org_Im)
call- > anovzjl(org_lm)_
In(formula = MMM ~ BRI + FEEE + mEer « | Analysis of Variance Table
BIFRERE + HIFEE + MBRE + MEEIH, - iRy a
data = organization_data) Response: ##AE
Df Sum Sg Mean Sq F value Pr(>F)
Residuals- Ry 1 75143 75143 1160.2794 < 2.2e-16 ***
= - [ 2 B8 1% 1 12619 12619 194.8408 < 2.2e-16 ***
vin 10 Median 3Q Max EEsEs 1 11198 11198 172.9093 < 2.2e-16 ***
-27.2142 -4.5164 0.0287 4.6076 30.1969 == - -<€-
BlshEE 1 986 986 15.2294 0.0001005 ***
Coefficients: zggﬁﬂé 1 4809 4809 74.2574 < 2.2e-16 :*
Estimate Std. Error t value Pr(G|t]) : i 1 538 538 8.3039 0.0040268 e
(Intercept) 14.61246  1.45305 10.056 < 2e-16 **+ | AatBlaf 1 1398 1398 21.5878 3.756e-06
ERIEE 0.33095  0.14307 2.313 0.0209 * Residuals 1192 77198 65
E AL ’\ i} i} i} i} _ KAk -
BESE  0oice.  0l0sds .00 3a9e10 +re | SIGNIT. Codes: O w7 0.001 <7 0.01 “** 0.05 .
BlgrEa 0.05366  0.11677 0.460 0.6459 0.1 1
R 0.40335 0.07578 5.323 1.22e-07 ***
palE Ak 0.14072 0.12296 1.144 0.2527
0

AMAIFT  0.59594 -12826  4.646 3.76e-06 *** . CEESEE TASNE, NS TABEGE: 0.762 -

- . RRBGEB0580 - Ton-C{E R B IEC R A
| SR%MERE -

- rESEENESCERARSATY  ErtEES

Signif. codes: 0 “***” 0.001 “*** 0.01 “*” 0.05 “.” 0.1 * ~ 1

Residual standard error: 8.048 on 1192 degrees of freedom

Wi r e I =T R o
Multiple R-squared: 0.5802, Adjusted R-squared: 0.5777 IE%JLZ fﬂfﬁfgﬂ“ gqf:;%g%%@ F e e g2
F-statistic: 235.3 on 7 and 1192 DF, p-value: < 2.2e-16 ‘ # THBIYEE, BRERER TREAEMR, " FEEEG

o TERSE, THEER, " AMEER, -
- TEREE, K "EERBEG betahBIBHERAKN - R
NEMERANZHYE T RFRAMNEE ) BRESNBRES

RE -
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> library(car)
> vift(org_Im)
RSk EfERA% BESE BAIFMBE EEH MERE  AEBIE VIF=1 Not correlated
3.240216 2.859886 3.170670 3.222117 3.221654 3.740568 2.873672 T1<VIF<5 Moderately correlated

VIF>5to 10 Highly correlated

VIF Status of predictors

The leverage score for the ith independent observation

(.’Ei — .’1_3)2

j=(aj = 7)?

Lei =

hi = H],; = 2] (X X) ',

> plot(org_Im)

Scale-Location

Recsiduals vs Fitted 0-0 Residuals o Residuals vs Leverage
™ a6l 18D
2 ones 1880 - BEAEBID - o 11840
u BEST

& sz -

' 1 B ™ o
= =1 w ]
- B |4 B

[ B o | |4

B © 4 3 B e
- § B §
? 5 ? 5 5 ..
8 o '

=
=] =2
K o ® < T T T T T T T4 Cook's distance
T T T T T T T T T T T T T T T T T T T T
40 50 GO 70 B0 an -3 -2 -1 0 1 2 3 40 50 B0 0 B =0 0000 OQOO5 0010 0015 0020 0025 0030
Fitted vall Thi tical Cuantil Fited values L
ues eoretical Quantiles Imiia - . 4 everage
IMER BRTHS ~ TRTHHHE + FME: + SRR Y + MRSY + MR+ .. IMER BRTHS ~ TRTHHHE + FIME: + SRR Y + MRSY + MR+ .. ST, ~ RFRGS + RN+ SRR R e IMER BRTHS ~ TRTHHHE + FIME: + SR + AR + AREA + ..
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’”“ TERERE, - THBEAERF, BT IERD . NEE
= ;Eﬁ "EBRFEEHDNT .,  AREBRKREENRE D ZEN - ETF
BROBRHREES

> school data <- read.csv(''data/E#EE .csv'™)
> head(school_data)
HiE BB LTERH RE_ERL RE ER2 BIS ERL BS ER2 BiS_ER4
1 1 1 30 1 0 1 0 0
2 1 1 29 1 0 1 0 0
3 1 1 28 1 0 1 0 0
4 1 3 27 1 0 0 0 0
5 1 3 27 1 0 0 0 0
6 1 1 26 1 0 1 0 0
> dim(school_data)
[1] 48 8
> str(school_data)
"data.frame": 48 obs. of 8 variables:
$ MR int 11111133
$ B int 11133111
$ TEEEN : int 30 29 28 27 27 2
$ MRE EH1: int 11111100
$ MRE EH2: int 00000000
$ B EH1: int 11100111
$ B EH2: int 00000000
$ B EH4: int 00000000

HE AN ét,ﬁ!ﬁéﬂ

(#)] : LEERSANEAR AT AE_ S8 1) BRU& M HL TH
HOER2 B A& A H - TERA_ B 1) &I E&AHMES L~ TR
B B2 BAR&AMES L~ THRA_EH4) SHRIE&ATHIL -
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> size <- c("KEBr, "pEe UpET)
> position <- c("EfE", "#HE", "BE, "HRET)
> school _data$Z##1E <- factor(size[school data$#it&], levels = rev(size), ordered = TRUE)
> levels(school data$ERHHE)
[1] /NEY" AT KA
> school_data$# s AEBERK <- factor(position[school data$igis])
> levels(school _data$#& A EE7%)
[11 "&£ "RHE" "SE" TER"
> school_Im <- ImM(TEEH ~ BRHFE + BEAEHH, data = school_data)
> summary(school_Im)
call: > anova(school_Im)
In(Formula = LB ~ BRMAE + REASHE, Analysis of Variance Table

data = school

ata = school_data) Response: T{EEAN

_ ) Df Sum Sgq Mean Sq F value Pr(cF)
Residuals: ot s

' uin 10 Median 30 Max BRAE 2 808.69 404.34 36.02 7.763e-10 ***
_ _ _ HEAEWE 3 474.16 158.05 14.08 1.711e-06 ***
10.7564 -1.5074 -0.1519 2.0646 7.6534 Residuals 42 471.47  11.23
Coefficients: ;;énif codes:

Estimate Std. Error t value Pr(>c|t]) 2 : s s . . .

(Intercept)  25.1601 1.0518 23.921 < 2e-16| 0 7 0.001 #**70.01 *** 0.05 °.7 0.1 L
BR}FE. L 2.3872 0.8834 2.702 0.00990 **
BR]EE.Q 4.1687 0.9554 4.363 8.16e-05 ***
HLEANEBBEME -9.2033 1.4614 -6.297 1.48e-07 ***
HEAEBBHRIE -2.4202 1.4743 -1.642 0.10815
HEANEHBHER -4.8210 1.5018 -3.210 0.00254 **
Signif. codes:
0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1 < * 1
Residual standard error: 3.35 on 42 degrees of freedom
Multiple R-squared: 0.7313, Adjusted R-squared: 0.6993
F-statistic: 22.86 on 5 and 42 DF, p-value: 5.254e-11




)
4
e
[
5;% 1<

S¢
:S

> levels(school_data$Z2X#H1#)
[1] '/hBY KBt B

> levels(school_data$#BAESR)

[1] llﬂ{}ll lli{Ill Il,%&EII ll%ﬂ%n

> school_Im <- Im(TEEN ~ BRFE + HEABRE, data =
> summary(school_Im)

Call:
Im(formula = TEEH ~ BRHFE + HEASHHE,

> school _data$Z2#iR#E <- relevel (Factor(size[school data$##tE]), "/NhE™)

> school_data$#BAESEE <- relevel (factor(position[school data$i#z]), "H#HE™)

school _data)

> anova(school Im)
Analysis of Variance Table

Response: T{EEA

Df Sum Sq Mean Sq F value Pr(GF)

BRI 2 808.69 404.34 36.02 7.763e-10 ***

HEANEWIE 3 474.16 158.05 14.08 1.711le-06 ***

Residuals 42 471.47 11.23

Signif. codes: 0 “***? 0_001 “**> 0.01 “*” 0.05 “.” 0.1 < ” 1

Residual standard error: 3.35 on 42 degrees of freedom
Multiple R-squared: 0.7313, Adjusted R-squared:
F-statistic: 22.86 on 5 and 42 DF, p-value: 5.254e-11

data = school _data)
Residuals:

Min 10  Median 3Q Max
-10.7564 -1.5074 -0.1519 2.0646 7.6534
Coefficients:

Estimate Std. Error t value Pr(c|t])

(Intercept) 15.971 1.205 13.258 < 2e-16 ***
BRHFAEAE 3.376 1.249 2.702 0.00990 **
BRHEDE -3.418 1.260 -2.713 0.00962 **
HBEANERBEEE 9.203 1.461 6.297 1.48e-07 ***
HBEANEBBRIET 6.783 1.507 4.501 5.29e-05 ***
HEAEBBER 4.382 1.292 3.392 0.00152 **
Signif. codes: 0 “**** 0.001 “**” 0.01 “*” 0.05 “.” 0.1 < * 1

0.6993
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> school_data$#itE X F <- size[school data$iRféE]

> school _data$lfi#f XF <- position[school_data$iE#s]
>

>

Call:

Residuals:
Min 10Q Median 30 Max
-10.7564 -1.5074 -0.1519 2.0646 7.6534

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 28.550 1.263 22.603 < 2e-16 ***
HE_XFNB -3.376 1.249 -2.702 0.00990 **
RE_XFhEB -6.794 1.390 -4.887 1.53e-05 ***
B#H%s_XFRE -9.203 1.461 -6.297 1.48e-07 ***
B XFHE  -2.420 1.474 -1.642 0.10815

B XFHER -4.821 1.502 -3.210 0.00254 **

Residual standard error: 3.35 on 42 degrees of freedom

F-statistic: 22.86 on 5 and 42 DF, p-value: 5.254e-11

test_Im <- Im(TEEN ~ AE_XF + H#H_XF, data = school_data)
summary(test_Im)

Im(Formula = TEEA ~ B|E_XF + B _XF, data = school_data)

# Wrong
test_Im <- Im(T{EEAH ~ #HE + B, data
summary(test_Im)
anova(test_Im)

Signif. codes: O “**** 0.001 “*** 0.01 “*” 0.05 “.” 0.1 = ~ 1

Multiple R-squared: 0.7313, Adjusted R-squared: 0.6993

EXZHERIEBEEE - ER® %A character
class - E&#EfactorBETEE DT - EER
- IRIEEHIbaseline categoryB @ -
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> anova(test_Im)
Analysis of Variance Table

Response: T{EEH

Df Sum Sq Mean Sq F value Pr(>F)
R X5 2 808.69 404.34 36.02 7.763e-10 ***
B#5_XF 3 474.16 158.05 14.08 1.711e-06 ***
Residuals 42 471.47 11.23

Signif. codes: 0 “**** 0.001 “**” 0.01 “*” 0.05 “.~

school _data)




