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Noi dung

Format phan tich ANOVA 2 yéu té kiéu CRD trong R.

Dear ban, minh la Duc Nguyen, chuyén dao tao ky nang x Iy di liéu sit dung R cho nha nghién
cttu. Néu ban chua ndm vitng k¥ ning R thi ban hay tham gia khéa hoc & www.tuhocr.com
dé trang bi k¥ niang nay nhé.

Khi tham gia khéa hoc thi ban duge minh triec tiép support qua video bai gidng thu san ciing
nhu kém 1:1 qua teamviewer. Bén canh doé, ban dude cap tai khodn truy cdp database céc file
source code dé cé template xit Iy cdc nhu cau phéan tich thudng ngay, tiét kiém thoi gian tu
xay dung format code R.

Khi ban cé bat ky yéu cau nao can trg gitip nhu 1a format vé do thi hay xit Iy théng ké thi
ban dimg ngan ngai inbox minh nhé. Facebook minh 1a: https://www.facebook.com /tuhocr/
rat vui khi duge trao déi ciing ban.

R is the solution for every researcher.


https://www.tuhocr.com

Budc 1: Import dir liéu
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library(readxl)

data_anova <- read_excel("test.xlsx",

sheet = "anova-twoway", range = "D5:F53")

data_anova <- as.data.frame(data_anova)
data_anova$diet <- as.factor(data_anova$diet)
data_anova$time <- as.factor(data_anova$time)
data_anova —-> my_data

my_data

diet
NT1
NT1
NT1
NT1
NT1
NT1
NT2
NT2
NT2
NT2
NT2
NT2
NT3
NT3
NT3
NT3
NT3
NT3
NT4
NT4
NT4
NT4

time
10-min
10-min
10-min
5-min
5-min
5-min
10-min
10-min
10-min
5-min
5-min
5-min
10-min
10-min
10-min
5-min
5-min
5-min
10-min
10-min
10-min
5-min

stability

89.
89.
89.
86.
87.
84.
88.
89.
89.
85.
86.
84.
90.
90.
86.
88.
87.
86.
91.
91.
90.
87.

17712
76035
56072
81088
28091
50821
51183
83705
02299
94260
53363
58238
92160
31614
30768
22052
87284
48140
13180
06331
97900
41313



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

NT4
NT4
NT5
NT5
NT5
NT5
NT5
NT5
NT6
NT6
NT6
NT6
NT6
NT6
NT7
NT7
NT7
NT7
NT7
NT7
NT8
NT8
NT8
NT8
NT8
NT8

5-min
5-min
10-min
10-min
10-min
5-min
5-min
5-min
10-min
10-min
10-min
5-min
5-min
5-min
10-min
10-min
10-min
5-min
5-min
5-min
10-min
10-min
10-min
5-min
5-min
5-min

87.
87.
90.
90.
90.
.72079
87.
87.
90.
90.
90.
86.
86.
87.
90.
90.
90.
85.
86.
87.
90.
91.
90.
86.
86.
84.

86

79204
83304
33636
45067
97430

59405
51170
73797
21814
40041
89038
45951
25631
87250
58467
56533
88389
83931
13404
83993
04827
10980
33665
20297
82913

# B6 tri thi nghiém

table(data_anova$diet, data_anova$time)

10-min 5-min

NT1
NT2
NT3
NT4
NT5
NT6
NT7
NT8
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Budc 2: Danh gia miic dd phan bd chuan

Check the normality assumpttion

Cach 1

library(car)
leveneTest(stability ~ diet*time, data = my_data)

Levene's Test for Homogeneity of Variance (center = median)
Df F value Pr(>F)

group 15 0.7751 0.6936
32

From the output above we can see that the p-value is (0.6936) not less than the significance
level of 0.05. This means that there is no evidence to suggest that the variance across groups
is statistically significantly different. Therefore, we can assume the homogeneity of variances
in the different treatment groups.

Tam dich: Két qua cho thiy p-value 1a 0.6936 16n hon 0.05 (gia thuyét cho 1a cé
sy phan bé khéng chuin - heterogeneity). Do d6 bd dataset nay cé sy phan bd
chuian (homogeneity) trong sy khac biét giita ciac nghiém thiic.

Céach 2

Can tinh anova trudc dé c6 data vé dé thi qqplot

# Compute two-way ANOVA test

res.aov2 <- aov(stability ~ diet + time, data = my_data)
# summary(res.aov2)

# anova(res.aov2)

# Compute two-way ANOVA test with interaction effect
res.aov3 <- aov(stability ~ diet + time + diet:time, data = my_data)
# anova(res.aov3)

Vé dbé thi



plot(res.aov3, 1) ## Homogeneity of wariances

Residuals vs Fitted
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Fitted values
aov(stability ~ diet + time + diet:time)

plot(res.aov3, 2) ## Check the normality assumpttion



Normal Q-Q
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Theoretical Quantiles
aov(stability ~ diet + time + diet:time)

Phét hién cac data point 6, 13, 15 1& outlier, ¢d thé loai ra dé lam dataset phan bd chudn
hon.

Cach 3
# Extract the residuals
aov_residuals <- residuals(object = res.aov3)

# Run Shapiro-Wilk test
shapiro.test(x = aov_residuals)

Shapiro-Wilk normality test

data: aov_residuals
W = 0.91161, p-value = 0.001523

p-value tit test Shapiro-Wilk normality cho thidy nhé hon 0.05 (gid thuyét 13 phan bé chuan),
do d6 vé mat ¥ nghia théng ké thi bo dataset nay c6 phan bb chuan.



Budc 3: Khao sat dac diém dir liéu

Histogram theo time

library(lattice)
histogram( ~ stability | time, data = my_data,
xlab = "Stability (%)", type = "density",
breaks = seq(from = 80, to = 95, by = 0.4),
panel = function(x, ...) {
panel.histogram(x, ...)
panel .mathdensity(dmath = dnorm, col = "black",
args = list(mean=mean(x),sd=sd(x)))
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Box plot with multiple groups



library (ggpubr)
ggboxplot (my_data, x = "diet", y = "stability", color = "time",
palette = c("#00AFBB", "#E7B800"))

time EJ 10-min 5-min

_:h$=¢

©
o

- |

stability
[0}
e}

0o
o

NTL NT2 NT3 NT4 NT5 NT6 NT7 NT8

diet
Line plots with multiple groups
# Add error bars: mean_se
# (other values include: mean_sd, mean_ci, median_iqr, ....)
library("ggpubr")
ggline(my_data, x = "diet", y = "stability", color = "time",

add = c("mean_sd", "dotplot"),
palette = c("#00AFBB", "#E7B800"))
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time -® 10-min 5-min
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diet
Box plot with two factor variables
oldpar <- par(no.readonly = TRUE)
par(mar = c(6, 7, 1, 6))
boxplot(stability ~ diet * time, data = my_data, frame = TRUE,
col = c("#00AFBB", "#E7B800"), horizontal = TRUE, las = 1,
axisnames = TRUE, ylab = "", xlab = "Stability (%)")
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par (oldpar)

Néu mudn vé boxplot theo thit ty cac cot thi can reorder cot factor diet theo
stability

TRUE)
TRUE)

my_data$diet <- reorder(my_data$diet, my_data$stability, decreasing
my_data$time <- reorder (my_data$time, my_data$stability, decreasing

oldpar <- par(no.readonly = TRUE)
par(mar = c(6, 7, 1, 6))
boxplot(stability ~ diet * time, data = my_data, frame = TRUE,
col = c("#00AFBB", "#E7B800"), horizontal = TRUE, las = 1,

axisnames = TRUE, ylab = "", xlab = "Stability (%)")
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par (oldpar)

Two-way interaction plot

interaction.plot(x.factor = my_data$diet, trace.factor = my_data$time,
response = my_data$stability, fun = mean,
type = "b", legend = TRUE,
xlab = "Diet", ylab ="Stability (%",
pch = c(1, 19), col = c("#00AFBB", "#E7B800"),
ylim = c(50, 100))
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Budc 4: Phan tich ANOVA 2 yéu t6 CRD

Tinh p-value

# Compute two-way ANOVA test

res.aov2 <- aov(stability ~ diet + time, data = my_data)
# summary(res.aov2)

anova(res.aov2)

Analysis of Variance Table

Response: stability

Df Sum Sq Mean Sq F value Pr(>F)
diet 7 15.999 2.286 2.5966 0.02672 *
time 1 142.822 142.822 162.2555 1.781e-15 *x*x
Residuals 39 34.329 0.880

Signif. codes: O 'xxx' 0.001 'xx' 0.01 'x' 0.06 '.' 0.1 ' ' 1

# Compute two-way ANOVA test with interaction effect
res.aov3 <- aov(stability ~ diet + time + diet:time, data = my_data)
anova(res.aov3)

Analysis of Variance Table

Response: stability

Df Sum Sq Mean Sq F value Pr(>F)
diet 7 15.999 2.286 2.8340 0.02041 *
time 1 142.822 142.822 177.0920 1.37e-14 **x*
diet:time 7 8.521 1.217 1.5094 0.19953
Residuals 32 25.807 0.806

Signif. codes: O '**x' 0.001 '%x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Phan hang
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library(agricolae)

LSD.test(res.aov2, c("diet", "time"), console = TRUE)

Study: res.aov2 ~ c("diet", "time")

LSD t Test for stability

Mean Square Error:

diet:time,

NT1:
NT1:
NT2:
NT2:
NT3:
NT3:
NT4:
NT4:
NT5:
NT5:
NT6:
NT6:
NT7:
NT7:
NT8:
NTS8:

Alpha: 0.05 ; DF Error:

10-min
5-min
10-min
5-min
10-min
5-min
10-min
5-min
10-min
5-min
10-min
5-min
10-min
5-min
10-min
5-min

means and individual ( 95 %) CI

stability

89.
86.
89.
85.
89.
87.
91.
87.
90.
8r7.
90.
86.
90.
86.
90.
85.

49940
20000
12396
68620
18181
52492
05804
67940
58711
27551
45218
86873
67417
61908
66600
78958

O O O OO OO OO OONEKEH O O

0.8802287

std

.29641311
.48386449
.66835713
.00057733
.50740722
.92028383
.07653564
.23150732
.34015176
.48216583
.26375280
.39883737
.17203343
.65352540
.49282165
.83445867

39

Critical Value of t: 2.022691

least Significant Difference: 1.

Treatments

NT4:
NT7:
NT8:
NT5:
NT6:

10-min
10-min
10-min
10-min
10-min

with the same letter

stability groups

91.
90.
90.
90.
90.

05804
67417
66600
58711
45218

a

ab
abc
abc
abc

W W W WwwwwwowwwowwwowowaH

88.
85.
88.
84.
88.
86.
89.
86.
89.
86.
89.
85.
89.
85.
89.
84.

LCL
40376
10436
02832
59057
08617
42929
96240
58376
49147
17988
35654
77310
57853
52344
57036
69395

549465

are not significantly different.
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90.
87.
90.
86.
90.
88.
92.
88.
91.
88.
91.
87.
91.
87.
91.
86.

UCL
59503
29564
21959
78184
27744
62056
16367
77504
68275
37115
54781
96437
76981
71472
76164
88522

89.
84.
88.
84.
86.
86.
90.
87.
90.
86.
90.
86.
90.
85.
90.
84.

Min
17712
50821
51183
58238
30768
48140
97900
41313
33636
72079
21814
45951
56533
88389
10980
82913

89.
87.
89.
86.
90.
88.
91.
87.
90.
87.
90.
87.
90.
87.
91.
86.

Max
76035
28091
83705
53363
92160
22052
13180
83304
97430
59405
73797
25631
87250
13404
04827
33665



NT1:10-min 89.49940 bc
NT3:10-min 89.18181 bcd

NT2:10-min 89.12396 cd
NT4:5-min  87.67940 de
NT3:5-min 87.52492 e
NT5:5-min  87.27551 ef

NT6:5-min  86.86873 efg
NT7:5-min  86.61908 efg
NT1:5-min  86.20000 efg

NT8:5-min  85.78958 fg
NT2:5-min 85.68620 g
duncan.test(res.aov2, c("diet", "time"), console = TRUE)

Study: res.aov2 ~ c("diet", "time")

Duncan's new multiple range test
for stability

Mean Square Error: 0.8802287

diet:time, means

stability std r Min Max
NT1:10-min 89.49940 0.29641311 3 89.17712 89.76035
NT1:5-min  86.20000 1.48386449 3 84.50821 87.28091
NT2:10-min 89.12396 0.66835713 3 88.51183 89.83705
NT2:5-min  85.68620 1.00057733 3 84.58238 86.53363
NT3:10-min 89.18181 2.50740722 3 86.30768 90.92160
NT3:5-min  87.52492 0.92028383 3 86.48140 88.22052
NT4:10-min 91.05804 0.07653564 3 90.97900 91.13180
NT4:5-min  87.67940 0.23150732 3 87.41313 87.83304
NT5:10-min 90.58711 0.34015176 3 90.33636 90.97430
NT5:5-min  87.27551 0.48216583 3 86.72079 87.59405
NT6:10-min 90.45218 0.26375280 3 90.21814 90.73797
NT6:5-min  86.86873 0.39883737 3 86.45951 87.25631
NT7:10-min 90.67417 0.17203343 3 90.56533 90.87250
NT7:5-min  86.61908 0.65352540 3 85.88389 87.13404
NT8:10-min 90.66600 0.49282165 3 90.10980 91.04827
NT8:5-min  85.78958 0.83445867 3 84.82913 86.33665
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Alpha: 0.05 ; DF Error: 39

Critical Range

1.549465 1.629128

1.816368 1.827257

2

10

Means with

NT4:
NT7:
NT8:
NT5:
NT6:
NT1:
NT3:
NT2:
NT4:
NT3:
NT5:
NT6:
NT7:
NT1:
NT8:
NT2:

10-min
10-min
10-min
10-min
10-min
10-min
10-min
10-min
5-min
5-min
5-min
5-min
5-min
5-min
5-min
5-min

3

11

4

12

5

1.681203 1.718713

13

1.836601 1.844677

6
1.747311
14
1.851698

7
1.769943
15
1.857828

8 9
1.788331 1.803563
16
1.863200

the same letter are not significantly different.

stability groups

91.
90.
90.
90.
90.
89.
89.
89.
8r7.
87.
8r7.
86.
86.
86.
85.
85.

05804
67417
66600
58711
45218
49940
18181
12396
67940
52492
27551
86873
61908
20000
78958
68620

a
ab
ab
ab
ab
ab
bc
bc
cd

cde

def
def
def
def

ef

HSD.test(res.aov2, c("diet", "time"), console = TRUE)

Study: res.aov2 ~ c("diet", "time")

HSD Test for stability

Mean Square Error:

diet:time,

NT1:

5-min

means

stability
NT1:10-min 89.49940 0.29641311 3 89.17712 89.76035
86.20000 1.48386449 3 84.50821 87.28091
NT2:10-min 89.12396 0.66835713 3 88.51183 89.83705

0.8802287

Min

17

Max



NT2:5-min  85.68620 1.00057733 3 84.58238 86.53363
NT3:10-min 89.18181 2.50740722 3 86.30768 90.92160
NT3:5-min  87.52492 0.92028383 3 86.48140 88.22052
NT4:10-min 91.05804 0.07653564 3 90.97900 91.13180
NT4:5-min  87.67940 0.23150732 3 87.41313 87.83304
NT5:10-min 90.58711 0.34015176 3 90.33636 90.97430
NT5:5-min  87.27551 0.48216583 3 86.72079 87.59405
NT6:10-min 90.45218 0.26375280 3 90.21814 90.73797
NT6:5-min  86.86873 0.39883737 3 86.45951 87.25631
NT7:10-min 90.67417 0.17203343 3 90.56533 90.87250
NT7:5-min  86.61908 0.65352540 3 85.88389 87.13404
NT8:10-min 90.66600 0.49282165 3 90.10980 91.04827
NT8:5-min  85.78958 0.83445867 3 84.82913 86.33665

Alpha: 0.05 ; DF Error: 39
Critical Value of Studentized Range: 5.171129

Minimun Significant Difference: 2.801061
Treatments with the same letter are not significantly different.

stability groups

NT4:10-min 91.05804 a
NT7:10-min 90.67417 a
NT8:10-min 90.66600 a
NT5:10-min 90.58711 a
NT6:10-min 90.45218 ab

NT1:10-min 89.49940 abc
NT3:10-min 89.18181 abcd
NT2:10-min 89.12396 abcd
NT4:5-min  87.67940 bcde
NT3:5-min 87.52492 cde
NT5:5-min  87.27551 cde
NT6:5-min 86.86873 cde
NT7:5-min 86.61908 de
NT1:5-min  86.20000

NT8:5-min 85.78958

NT2:5-min 85.68620

Tham khao

1. http://www.sthda.com/english/wiki/two-way-anova-test-in-r
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. https://stackoverflow.com/questions/43123462/how-to-obtain-rmse-out-of-lm-result
. https://online.stat.psu.edu/statb01/lesson/2/2.6

2

3

4. https://rcompanion.org/handbook/G_14.html

5. RMSE (Root Mean Square Error) https://agronomy4future.org/?p=15930
6

. https://stats.stackexchange.com/questions/445200/coefficient-of-variation-for-beween-gre

So két

Trén day 1a format phan tich ANOVA 2 yéu t6 trong R. Pé hoc R bai ban tit A dén Z, than
mdi Ban tham gia khéa hoc “HDSD R dé xit Iy dit liéu” dé c6 nén tang vitng chic
vé R nhim ty tay lam cac ciu chuyén di liéu ctia riéng minh!

DANG KY NGAY: https://www.tuhocr.com/register

Huéng dan cai dit package tuhocrhttps://tuhocr.github.io/
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