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F#®(A) FH 5% (EX) £ (A) FH5% (X )
18 76.1 24 79.9

19 77 25 81.1

20 78.1 26 81.2

21 78.2 27 81.8

22 78.8 28 82.8

23 79.7 29 83.5
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o EAMI
o AFMEMD DM

* cor(), factanal(), princomp(), screeplot(), biplot(), predict(),...
o [O])AoHT

% Im(), fitted(), residuals(), scatterplot()...
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aov ()

e aov(formula, data = dataframe) 3&*7} RiA 201 E_:l

*9-4 RTVIERPRIBTFHRTS

7 S 2 I ~
~ RS, AWM TE, GiLABETE, fln, Ba, sBficHillly, fiBhy~ A + B + C
+ S RAERT R
: FORBRAKET, Flin, Ma. BflaSBRIEERMy, {LBHy~ A + B + A:B
* ETREFHEZET, By~ A * B * CRIBHFHY ~A + B + C + A:B + A:C + B:C + A:B:C
A FRRATGEEIFEN K. By ~ (A + B+ C)"2F[RFAFHy ~ A + B + C + A:B + A:C + B:C
ZTBEERETRIAEER. flo, F-IEEERETEY. A, Bfic, RBY ~ .AIBF Hy ~

A+ B+ C

O A e« kLI
#R9-5 EARMFERITHIFTER

it x 2 KX
L ZANOVA y ~ A
AP B B ZXANCOVA Yy ~X + A
WHZANOVA y ~A * B
FPTUVER AR ZZANCOVA vy ~ x1 + X2 + A*B
BlHLIL X 41 vy ~ B + A (BRERK4HT)
FIHZE4 HANOVA y ~ A + Error(Subject/A)
SRANEHNAET (w) FRA4mEET (B) MEEHANOVA y ~ B * W + Error (Subject/w)
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> cholesterol

> Library(multcomp) trt response
> attach(cholesterol) 1 1ltime 3.8612
> table(trt) 2 ltime 10.3868
trt 3 1ltime 5.9059
1time Z2times 4times drugD drugEt 4 1time 3.0609
10 10 10 10 10 5 1ltime 7.7204
> aggregate(response, by = list(trt), FUN = mean) 6 ltime 2.7139
Group.1 X 7 ltime 4.9243
1 1ltime 5.78197 8 1ltime 2.3039
2 2times 9.22497 9 1ltime 7.5301
3 4times 12.37478 10 1ltime 9.4123
4 drugD 15.36117 11 2times 10.3993
5 drugE 20.94752 12 2times  8.6027
> aggregate(response, by = list(trt), FUN = sd) 13 Ztimes 13.6320
Group.1 X 14 Zt}mes 3.5054
1 1time 2.878113 15 ctimes  7.7703
2 2times 3.483054 1o ctimes  5.0200
. 17 2times 9.2274

3 4times 2.923119 .
18 2times ©6.3159
& Grugh 3. 588050 19 2times 15.8258
»  drugt 3.345003 20 2times  8.3443
21 4times 13.9621
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R 7.3: BERAES TR
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> fit <- aov(response ~ trt)
> summary(fit)
Df Sum Sg Mean Sq F value Pr(GF)
trt 4 1351.4 337.8 32.43 9.82e-13 ***
Residuals 45 468.8 10.4

Signif. codes: © ‘***’ @.001 ‘**’ ©.01 ‘*’ ©0.05 *.” 0.1 * " 1
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> library(gplots)
> plotmeans(response ~ trt, xlab = "Treatment”, ylab = "Response”,

- main = "Mean Plot\nwith 95% CI")
Mean Plot
with 95% CI
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> TukeyHSD(f1it)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = response ~ trt)

s$trt

diff lwr upr p ad)
Ztimes-1ltime  3.44300 -0.6582817 7.544282 ©.138@949 «
4times-1ltime 6.59281 2.4915283 10.694092 0.0003542
drugD-1time 9.57920 5.4779183 13.680482 0.0000003
drugE-1time  15.16555 11.0642683 19.266832 ©.0000000
4times-2times 3.14981 -0.9514717 7.251092 0.2050382 -
drugD-2times 6.13620 2.0349183 10.237482 ©.0009611
drugE-2times 11.72255 7.6212683 15.823832 ©.0000000
drugD-4times 2.98639 -1.1148917 7.087672 ©.2512446 -
drugE-4times 8.57274 4.4714583 12.674022 ©.0000037
drugE-drugD 5.58635 1.4850683 9.68763Z2 ©.0030633
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par(las = 2)

par(mar = c(5, 8, 4, 2))
plot(TukeyHSD(fit))
par(opar)
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library(multcomp)

par(mar = c(5, 4, 6, 2))

tuk <- glht(fit, linfct = mcp(trt = "Tukey"))
plot(cld(tuk, level = 0.05), col = "lightgrey")
par(opar)
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library(car)
qqPlot(Im(response ~ trt, data = cholesterol), simulate = TRUE,
main = "QQ Plot", labels = FALSE)

QQ Plot

cholesterol))

t Quantiles

Studentized Residuals(Im(response ~ trt, data
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> litter
dose weight gesttime number
> data(litter, package = "multcomp") 1 0 28.05 22.5 15
> attach(litter) 2 ® 33.33 22.5 14
> table(dose) 3 Q@ 36.37 22.0 14
dose 4 ® 35.52 22.0 13
5 0 36.77 21.5 15
0 > 50 500 6 0 29.60 23.0 5
20 19 18 17 7 0 27.72 21.5 16
> aggregate(weight, by = list(dose), FUN = mean) 8 @ 33.67 22.5 15
Group.1 X 9 @ 32.55 22.5 14
1 ?® 32.30850 10 0 32.78 21.5 15
11 ® 31.05 22.0 12
2 > £3.30842 12 0 33.40 22.5 15
3 50 29.806611 13 0 30.20 22.0 16
4 500 29.64647 14 0 28.63 21.5 7
> fit <- aov(weight ~ gesttime + dose) 15 © 33.38 22.0 15
> Summary(fit) 16 0 33.43 22.0 13
Df Sum Sq Mean Sq F value Pr(F) 17 0 29.63 21.5 14
. 18 ® 33.08 22.0 15
gesttime 1 134.3 134.30 8.049 0.00597 ** 19 0 3153 99 & 16
dose 3 137.1 45.71 2.739 0.04988 * 20 ) 35:48 22:0 9

Residuals ©9 1151.3 16.69

Signif. codes: @ ‘***’ 9.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢’ 1
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library(HH)

ancova(weight ~ gesttime + dose, data = litter)

Weight
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> table(supp, dose)

dose
supp .5 1 2
0] 10 10 10
vC 10 10 10
> aggregate(len, by = list(supp, dose), FUN = mean)
Group.l Group.2 X
1 0] @.5 13.23
2 VC .5 7.98
3 0] 1.0 22.70
4 VvC 1.0 16.77
5 0] 2.0 26.06
5] VC 2.0 26.14
> aggregate(len, by = list(supp, dose), FUN = sd)
Group.l Group.2 X
1 0] @.5 4.4597@9
2 VC ©.5 2.746634
3 0] 1.0 3.910953
4 VC 1.0 2.515309
5 0] 2.0 2.655058
5] VC 2.0 4.797731
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X 7.12: DERAES R
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ﬁ%B s —1 SB A[SB:;S_BI FB:%zg PB
ijcé ;i‘_é (T‘ — 1)(8 — 1) SE I\[SE - (r—gf:s—l)
E’\ 7]:1] rs—1 ST

> fit <- aov(len ~ supp * dose)
> summary(fit)

Df Sum Sq Mean Sq F value Pr(F)
supp 1 205.4 205.4 12.317 0.000894 ***
dose 1 2224.3 2224.3 133.415 < Z2e-16 ***
supp:dose 1 88.9 88.9 5.333 0.024631 *
Residuals 56 9833.6 16.7

Signif. codes: © “***’ 9.001 ‘**’ ©.01 ‘*’ ©0.05 “*.” 0.1 * " 1
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interaction.plot(dose, supp, len,
type ="b", col = c("red", "blue"), pch = c(16, 18),
main = "Interaction between Dose and Supplement Type")

Interaction between Dose and Supplement Type
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library(gplots)

plotmeans(len ~ interaction(supp, dose, sep =""),
connect = list(c(1, 3, 5), c(2, 4, 6)), col = c("red", "darkgreen"),
main = "Interaction Plot with 95% CIs",
xlab = "Treatment and Dose Combination")

Interaction Plot with 95% Cls
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library(HH)
interaction2wt(len ~ supp * dose)

len: main effects and 2-way interactions

len ~ supp | dose len ~ dose | dose
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dose . . °) 25
0.5 _ , ol 1 k20
; . | len
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wib1 <- subset(CO2, Treatment == "chilled")

fit <- aov(uptake ~ (conc * Type) + Error(Plant/(conc)),
wib1)

summary(fit)

> summary(fit)

Error: Plant

Df Sum Sq Mean Sq F value Pr(>F)
Type 1 2667.2 2667.2 ©60.41 0.00148 **
Residuals 4 176.6 44 .1

Signif. codes: © “***’ 9.001 ‘**’ 0.01 ‘*’ ©0.05 ‘*.” 0.1 * " 1

Error: Plant:conc

Df Sum Sq Mean Sq F value Pr(F)
conc 1 888.6 888.6 215.46 0.000125 ***
conc:Type 1 239.2 239.2 58.01 0.001595 **
Residuals 4 16.5 4.1

Signif. codes: © “***’ @.001 ‘**’ 0.01 ‘*’ ©.05 *.” 0.1 * " 1

Error: Within
Df Sum Sq Mean Sq F value Pr(GF)
Residuals 30 869 28.97
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par(las = 2)
par(mar = c(10, 4, 4, 2))
with(w1b1, interaction.plot(conc, Type, uptake, type = "b",
col = c("red", "blue"), pch = c(16, 18),
main = "Interaction Plot for Plant Type and Concentration"))

Interaction Plot for Plant Type and Concentration

40 - o Type
_ - @---- @7 - Ouebec
% 35 e —+— Mississippi
8 30 - ,
- /
“5 25 — ./
- 7
8 20 7 I *
E 15q .7 _e—° * *
-
10 - ./
(9] wn o -] o wn o
(@) N~ Ty ) o N~ o
— N o wn (o) &



Statistics Il B8 NEHZETTHOIF

boxplot(uptake ~ Type * conc, data = w1b1,
col = (c("gold", "green")),
main = "Chilled Quebec and Mississippi Plants",
ylab = "Carbon dioxide uptake rate (umol/m”2 sec)")

%)
& Chilled Quebec and Mississippi Plants
N
<
£
o) -
£ : =, | o= T
S 35 - =
@ - -
% 30 - =
.
2 257 —
ol T
a 20 -
> e i-iﬁ! iJ_
o — e . - +
x 104 ~+~ o=
O -
'g 1 1 T 1T T 1T T T T T T T 1
a & &8 R R 8 8 8 8 8 8 B £ 8 8
: g & o5 - S 9 e 8B B8 g 2SS
° £ 2 2 8 2 8 8 8 2 8 g & ¢ 3
g »« $ 2 % 2 %8 % % 2 8 % 8 @
£ 6 3 6 36 33 306 35 3 ¢4
= = = = = 2



75>




Statistics Il

'. HANNING

R In Action

B
SCAK

(552hR )

[J%] Robert L. Kabacoff ¥

AR MRS W %

YRS, TR
ARBITHNMRIZE. MgsNk
ALGHRSITEE, SERSREE
RTINS, BESTWMMRHE2000AF

B R E AL

POSTS & THELECOM FRESS




Statistics Il

Gl 7.1 AR A LB R GG Ay . As . Az . Ay A F KRG, WF
HA4E R Frded 7.1 Frac. P @AY REEG T A4 ERNFGAALREG E

& 7.1: TTHFHFHBIE
CEaY & A 2 o

Ay 1600 1610 1650 1680 1700 1700 1780
As 1500 1640 1400 1700 1750
Az 1640 1550 1600 1620 1640 1600 1740 1800

Ay 1510 1520 1530 1570 1640 1600
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Fl49s e ik Bi, Ba, By 58| 4 #ded 7.10 Fraw (42 kg). Ko Hriht
T hHAMRAM =¥ HAEEFH0?

% 7.10: RAViREHKIE

B, B, B;
A, 325 202 316
A, 317 310 318
Aj 310 320 318
A, 330 370 365
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Bl 711 B AT 5 b 204 F A AA £ K 69 %ok, ATer AN X 49 = AP ) A i 69
HAZSAANEFE TR 715 o (4. cm). Ay, Az, Az w4

* 7.15: ZHEIRNMIVE TN SR

By B, B3 By

A, 23 25 21 20 17 11 16 19 13 20 21 18
14 15 26 21 16 24 27 24

A, 28 30 19 26 24 21 19 18 19 26 26 28
17 22 25 26 20 25 20 23

A 18 15 23 21 25 12 19 23 22 22 13 12
18 10 12 22 14 13 22 19

F’;]*}*#‘Pa BI?BZaB3ﬁB4 ftﬁ:m/'\z:m}&[g ;‘j"i}"i‘?ﬂ('ﬁléﬂ{‘l\, E&HT 5;}:/1%']
¥, iR gE R T4 £ 547
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71 =4 AR —ARG. AARE] FsaT oI | 47 alpfel], L
&M% B de k. 7.25 B F.

= 7.25: FFoniS N HE

) X M %K

¥ 115 116 98 83
- 103 107 118 116
S 73 89 85 97

(1) A3 AR T £ 0HT, FIWEZA 4 69 = Sty RAUFRE R T A B3 £ 5+,
(2) REAS T A5 = S RAIRE 693918, 1540 B a9 R 46T (o = 0.05);
(3) *H B 3Btk $ T T,
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7.5 A REANEERKE T A EAVE LR MLE 2 HH £25%, BT SN
KA. EERRKAT, ZBREARET R FHEEZE, Wk, WER-FE /R
M. & 729448 T ETRE AL TRX { AFEREST KRG RETHAMA K
fa=005TF, £IBTRLABRKETHZ 4 AAHEGRLN A EREE Z

%.
* 7.20: 4 FEEERS FRBRNEGTLE B mV)
% R &
ok
1 2 3 1 D 6 7 3
75 HL 23.1 576 105 236 11.9 546 21.0 20.3
Ty b 22,7  53.2 9.7 19.6 13.8 47.1 13.6 23.6

MR 22,5 H3.7 108 21.1 13.7 39.2 13.7 16.3

4 | 226 531 83 216 133 370 148 148
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