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1 FrhSA TR A

14 two-way ANOVA without bruceR
15 mixed ANOVA

16 ANOVA

16.1 MESHFESHHEFIE ..
16.2 BUBIIEETE . . ..
16.3 #2 ANOVA BIRTES . . . . o o e

16.4 ANOVA . . . . . . . .
16.5 SHIFHIE .. ...
16.6 #NFE . . .
1 EhYu TAENAF
rm( 1sO)
2 HBEMREHRKE
getwd ()

## [1] "/Users/zhourui/Desktop/ 32 4 1T /demos"

# setwd('desigated path')

3 BREURE X

o csv N 1t JAAEREL read.csv
e excel Y HHE readxl

o sav 3CfF: JME haven (GEFEZIAYERE SPSS SCf)
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# csv

d13=read.csv('demo 13.csv')

## Warning in read.table(file = file, header = header, sep = sep, quote = quote,

## line 1 appears to contain embedded nulls

## Warning in read.table(file = file, header = header, sep = sep, quote = quote,

## line 2 appears to contain embedded nulls

## Warning in read.table(file = file, header = header, sep = sep, quote = quote,

## line 3 appears to contain embedded nulls

## Warning in read.table(file = file, header = header, sep = sep, quote = quote,

## line 4 appears to contain embedded nulls

## Warning in read.table(file = file, header = header, sep = sep, quote = quote,

## line 5 appears to contain embedded nulls

## Warning in read.table(file = file, header = header, sep = sep, quote = quote,

## incomplete final line found by readTableHeader on 'demo 13.csv'

# excel
library(readxl)

dil=read_excel('demo 1.xlsx', 1)

# sav
library(haven)

d4=read_sav('demo 4.sav')

4 FRZE

. Eﬁj?ﬁﬂ: hist

o ZiPI: polygon

o K (5474): barplot
* gﬁﬂfﬁﬂi stem
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o JHM: plot
age <- di$age
height <- di$height
weight <- di$weight

# histogram
hist(height, main="the distribution of height", xlab= "Height (cm)", col="red", border=

the distribution of height

Frequency

[ I I I I I I |
150 155 160 165 170 175 180 185

Height (cm)

set.seed(1213)
hist(rnorm(led),xlim = c(-5,5),freq = F)
lines(density(rnorm(le4)))
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Histogram of rnorm(10000)
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© | | | | |
-4 -2 0 2 4
rnorm(10000)
# £t E
stem(height)
##
##  The decimal point is 1 digit(s) to the right of the |
##
#it 15 | 14567
## 16 | 344
## 17 | 3444589
#it 18 | 0035
# polygon

hist_object = hist(height) # X% IAA hist ERNFLEME, thir breaks, counts %
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Histogram of height

Frequency

150 155 160 165 170 175 180 185
height

f = hist_object$counts

X = hist_object$mids

## REZX, SHHEHELATMNLIHNES B —ANHEH R

stepSize = X[2]-X[1]

X = c(X[1]-stepSize, X, X[length(X)]+stepSize)

f=c(, f, 0)

## polygon HHAM LT ERWEANAHNESE, EHLEH plot XK
plot(X,£,"b") # WRBEAMILERLTHIZ T M, WU E type='n'
polygon(X,f, ‘grey') # MERANZ, MLBEAZEES R
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Ln_
q-_
m_
AN -
— —
o_
I I I I
150 160 170 180
X
# A
barplot (£)
Lr) _
q- —
m —
N —
N |||||
o — _— _— _—
# fgH

plot(X,f,"b",main = "title here",xlab="value",ylab="frequency")
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frequency

title here

o — O\
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value

5 FANH LA

+om 5 )T BRCRAR), %o/ % (RESHIEEETR5)
sum, prod: [AiETCERM . FEfH

sort: HEJF

abs, sqrt, factorial: ZE%HE, “F R, e
log, exp, logl0, log2: X% 5550 ER %L

<, >, <=, >=, ==, |=: WKIsEY
range, max, min: 2§, HAME. &/IME
floor, ceiling: [n] FHdE 5 A - HEE

var, sd, mean, median, quantile: J52=. FrifEZE. BMEHS P DL

%

cat, print,sprintf,paste: ‘EINXTH

mean(age) # iTH age XME EW-FHHE

## [1] 18.10526
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median(age) # It 5 age A NEEMHNF (L

## [1]1 20

sd(age)# 1TH age X PMREWHTEZ (sample)

## [1] 4.214983

var(age)# it 5 age INETEW T £ (sample)

## [1] 17.76608

= -

range (age) # R E age X NEEHEE

## [1] 11 23

quantile(age) # &4 fL%
## 0% 25% 50% 75% 100%
## 11 15 20 21 23

# ATE K
# HHRNE, r BEARERAEETERSNE K
table(age) # ##F2| 4% (%3] HEMEL, F—FAAEFEMIERKREKN tadble

## age
## 11 12 14 16 18 19 20 21 22 23
# 3 1 1 1 1 1 4 3 3 1

max (table(age)) # FREEH & H IR Em AW

## [1] 4

which.max(table(age)) # & IFI{H 5 KW TC %

## 20
# 7



6

as.numeric(names(which.max(table(age)))) # KA H %75 (names), JH

#

P& i it

## [1] 20

mean (age)

## [1] 18.10526

6 Eu ik

e Series[condition]
e DataFrame[condition for Series,]: FHY4TX%]4i%

e ifelse(condition,yes,no)

mean (age [weight>50])

## [1] 19.2

mean (weight [age==20])

## [1] 41

d1[d1$age>median(digage),]

#i#
#Hit
#i#t
##
#i#
#Hi#t
#i#t
##
#i#
#Hi#t

# A tibble: 7 x 3
age weight height
<dbl> <dbl> <dbl>
1 21 41 155
2 22 44 157
3 21 55 174
4 22 56 151
5 22 51 180
6 21 50 173
7 23 32 179

10

#

LT NS
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11

d1[d1$age>median(di$age),c(2,3)]

## # A tibble: 7 x 2
##  weight height

#i#t <db
##
##
#Hit
#i#t
##
##
#Hi#t

~N O O W NN e

1>
41
44
55
56
51
50
32

<dbl>
155
157
174
151
180
173
179

7 HTRA

# EXAXTFERE, B factor()

status <-

status <-

## Levels:

status <-
## Levels
status <-
## Levels

age=d4$ag

c("poor","improved","excellent","poor")
factor(status)
excellent improved poor
factor(status, levels = c("poor","improved","excellent"))
: poor improved excellent
factor(status, ordered = T,levels = c("poor","improved","excellent"))
: poor < improved < excellent
S »
8 WA /R
e

# BEEEE (HREAH LY E)

hist(age,
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12

FALSE,
seq(18, 78, 2),
FALSE)
Histogram of age
o —
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age

# ER A
y <- ecdf (age)
plot(age,y(age)) # i f &

80
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plot(sort(age) ,sort(y(age)),
") # ERoA & (ERERTEE)
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sort(age)

9 XA Ik T

FEE T ISR b, AT IS & A i Ol
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I3 moments 1, N WEE. (wAHG 5 SE R AL
library(moments)

skewness(age) # 1 /%

## [1] 0.299057

kurtosis(age) # &%

## [1] 2.397496

agostino.test(age) # RIEHFES (X)) A

##

## D'Agostino skewness test

##

## data: age

## skew = 0.29906, z = 9.57285, p-value < 2.2e-16

## alternative hypothesis: data have a skewness

agostino.test (age, "less") # &% negative skew oA

##

## D'Agostino skewness test

##

## data: age

## skew = 0.29906, z = 9.57285, p-value < 2.2e-16

## alternative hypothesis: data have positive skewness

agostino.test(age, "greater") # positive skew?

##

## D'Agostino skewness test

##

## data: age

## skew = 0.29906, z = 9.57285, p-value =1

## alternative hypothesis: data have negative skewness
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# ESUHERRE r BT EHTH
shapiro.test(age[1:5000])

##

## Shapiro-Wilk normality test
##

## data: agel[1:5000]

## W = 0.98248, p-value < 2.2e-16

10 MERE g R BER I

o MM norm,binom,unif,exp,t,f,chisq
i ‘L_i‘%: %ﬁ p,q,r, d
#ATESRN z 2%

age_zscore <- scale(age)

## Al ¥ 2 z 2B H, SRABTREE

# EANA
dnorm(1.96) # B4 z ¥t E IMEXEY , #2402 HEA Z 2% kE, BT UL mean and s

## [1] 0.05844094

pnorm(696, mean = 500, sd = 100) # HHEEAHAT, ¥ x @AM ERHE

## [1] 0.9750021

pnorm(1.96, lower.tail = FALSE) # WEMEERMAT, ¥ 2 2 %ANH ERHE

## [1] 0.0249979

qnorm(0.975) # EREMRME, X z 4%

## [1] 1.959964
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rnorm(50, 20, 3) # N R ETERNAHBEFHENME 50 M

## [1] 19.35725 24.58279 17.01680 20.77258 18.49307 21.02807 18.22334 19.66128
## [9] 23.09224 20.96562 16.20613 20.35738 21.45413 17.71007 20.96260 17.61625
## [17] 21.62569 20.23359 25.58374 22.96528 23.47854 15.70209 21.49335 18.37056
## [25] 22.16432 18.61622 14.89903 25.17583 19.75481 20.69772 20.76265 21.75942
## [33] 24.17083 22.51428 15.63724 16.43384 24.64935 24.33550 26.07293 24.21745
## [41] 14.57082 19.53327 14.39005 24.86466 22.67790 21.72658 21.22387 20.13683
## [49] 20.49089 22.68040

# WA (Bt 50 R¥E, BRFPEBMEHAA 0.1)
dbinom(3, 50, 0.1) # 50 R¥ M+ 3 KEHE
## [1] 0.1385651

pbinom(3, 50, 0.1) # 50 REEDLWF 3 RAME

## [1] 0.2502939

barplot (dbinom(c(0:50), 50, 0.1)) # 4T 0 K-+ 50 WMWK A E

0.10 0.15
I |
]

0.05
I

N

0.00
|
O
—
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barplot (pbinom(c(0:50), 50,

17

0.1)) # ¥ 0 K-th¥ 50 %kth ZRMEoA4

0.8
|

0.6

N
o

Q I_I|_|

o

# FaRL
age=d1$age
boxplot (age)

20 22

18

16

14

boxplot (weight, TRUE)

K
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30 35 40 45 50 55 60

11 QQ K

# QQ plot for testing against mormal distridbution

qqnorm(weight)
Normal Q-Q Plot
S o
2 o °
w O
L o)
£ 8- o
a
o
& 9 - °
[} ~ o
a
o
= < 0
« o
B 4 o 00°©%°
o
8 4o
| | | | T
-2 -1 0 1 2

Theoretical Quantiles
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qqnorm(weight, TRUE) # EHFHAEMEH b

Normal Q-Q Plot

N o
(@]
§ — o) ©
IS o)
g o °©
(04 o o
T o — OO
O o
© 8
5 3
—
T o
(@]
N _| O
: T T T T T T T
30 35 40 45 50 55 60

Sample Quantiles

12 PP M

#PP plot

library(ggplot2)

m <- mean(dl$weight)

s <- sd(d1$weight)

n <- nrow(dl)

p<~ @ :n)/n-0.5/n

ggplot(dl) + geom_point (aes( B sort (pnorm(weight, m, s))))
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1.00-

sort(pnorm(weight, m, s))
o o
3 o

o
N
ul
|
[ ]

0.00 0.25 0.50 0.75

13t Kk

o HAFEA ¢ 105
o MUFEAR t 1045
— FidX}: paired=T
— Jiiny: paired=F(default)
x JFZEFRR: var.equal=T
x JZEAF: var.equal=F
TR RS . car: :leveneTest ()
d71=read_excel('demo 7-1.xlsx")
age=d71%age
x1=d71$weight
x2=d71$" )
d72=read_excel('demo 7-2.xlsx")
x=d72$weight

20

1.00
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# one-sample t-test

t.test(age,mu=20) # X EKLL

##

## One Sample t-test

##

## data: age

## t = -1.9594, df = 18, p-value = 0.06574

## alternative hypothesis: true mean is not equal to 20
## 95 percent confidence interval:

## 16.07371 20.13682

## sample estimates:

## mean of x

## 18.10526

t.test(age,mu=22, "less") # B EHMI <22
##

## One Sample t-test

##

## data: age

## t = -4.0277, df = 18, p-value = 0.0003948

## alternative hypothesis: true mean is less than 22
## 95 percent confidence interval:

## -Inf 19.78207

## sample estimates:

## mean of x

## 18.10526

t.test(age, 15, "greater", .99) # HERK >22, EREREN 99
##

## One Sample t-test

##

## data: age
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it
#it
##
##
it
#it
##

T 43

t = 3.2113, df = 18, p-value = 0.00242

alternative hypothesis: true mean is greater than 15

99 percent confidence interval:
15.63715 Inf

sample estimates:

mean of x

18.10526

#paired-sample t-test

t.test(x1,x2, TRUE,

#Hit
#i#t
##
#i#
#Hit
#i#t
##
#i#
#Hi#t
#i#t
##

t.test(x1,x2, "less", TRUE,

#i#t
##
##
#Hi#t
#i#t
##
##
#Hit
#i#t
##

Paired t-test

data: x1 and x2
t = -2.4124, df = 18, p-value = 0.02674

22

.95) # paired sample at alpha = .05

alternative hypothesis: true mean difference is not equal to O

95 percent confidence interval:
-2.0678220 -0.1427044

sample estimates:

mean difference

-1.105263

Paired t-test

data: x1 and x2
t = -2.4124, df = 18, p-value = 0.01337

.99) #paired sample one-tar

alternative hypothesis: true mean difference is less than O

99 percent confidence interval:
-Inf 0.06413553
sample estimates:

mean difference
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it

TWO-WAY ANOVA WITHOUT BRUCER 23

-1.105263

#independent sample t-test

group<-factor (d72$group)
t.test(x~group, TRUE, d72)

#Hi#t
##
#i#
#i#
#Hi#t
##
#i#
#i#
#Hi#t
##
#i#

Two Sample t-test

data: x by group
t = -0.37576, df = 36, p-value = 0.7093
alternative hypothesis: true difference in means between group 1 and group 2 is not
95 percent confidence interval:
-7.070719 4.860193
sample estimates:
mean in group 1 mean in group 2

43.10526 44.21053

#equal wvariance assumption

library(car)

##

Loading required package: carData

leveneTest (x,group)

##
#i#
#Hit
#it

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

group 1 0.0109 0.9173
36

14 two-way ANOVA without bruceR

AN iZ E ] anova() BY summary.aov() XTRLEIBE{TICIL, ASREHH
summary () B AR,
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anova_data <- data.frame(read_excel("demo 11.xlsx", 1))
perform <- anova_data$performance
time <- as.factor(anova_data$time)

present <- as.factor(anova_data$presentation)

anova.lm = lm(perform~time*present, anova_data)

summary.aov(anova.lm)

## Df Sum Sq Mean Sq F value Pr(>F)
## time 1 11.25 11.25 3.75 0.07067 .
## present 1 11.26  11.25 3.75 0.07067 .

## time:present 1 31.25 31.25 10.42 0.00526 *x*

## Residuals 16 48.00 3.00

## ——

## Signif. codes: O 's*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

anova(anova.lm)

## Analysis of Variance Table

##

## Response: perform

## Df Sum Sq Mean Sq F value Pr(>F)
## time 1 11.256 11.25 3.750 0.070674 .
## present 1 11.26 11.25 3.750 0.070674 .

## time:present 1 31.25 31.25 10.417 0.005265 **

## Residuals 16 48.00 3.00

## -—-

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

emmsl <-emmeans::emmeans(anova.lm, ~time|present) #simple main effect of time by differ

summary (emms1)

## present = O:
## time emmean SE df lower.CL upper.CL
## 0 9 0.775 16 7.36 10.64
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## 1 5 0.775 16 3.36 6.64
##

## present = 1:

## time emmean SE df lower.CL upper.CL

it 0 8 0.775 16 6.36 9.64
#it 1 9 0.775 16 7.36 10.64
##

## Confidence level used: 0.95

emms2 <-emmeans::emmeans(anova.lm, ~present|time) #simple main effect of present mode t

summary (emms?2)

## time = O:
## present emmean SE df lower.CL upper.CL

## 0 9 0.775 16 7.36 10.64
##t 1 8 0.775 16 6.36 9.64
#it

## time = 1:

## present emmean SE df lower.CL upper.CL

# 0 5 0.775 16 3.36 6.64
# 1 9 0.775 16 7.36 10.64
##

## Confidence level used: 0.95

15 mixed ANOVA

mixed_data <- read_excel("demo 12-2.x1sx", 1)
# dependent wvariable: timel/time2/time3
# between—-group vartable: group

# within-group vartable: time

library (readxl)
library(ggpubr) # ggbozplot
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library(rstatix) # identify_outliers, get_summary_stats, anova_test, get_anova_table

##
## Attaching package: 'rstatix'

## The following object is masked from 'package:stats':
##
## filter

library(dplyr) # %>/

##
## Attaching package: 'dplyr'

## The following object is masked from 'package:car':
##

## recode

## The following objects are masked from 'package:stats':
##
## filter, lag

## The following objects are masked from 'package:base':

##

## intersect, setdiff, setequal, union
library(bruceR)

##

## bruceR (version 0.8.9)
## BRoadly Useful Convenient and Efficient R functions

##

## Packages also loaded:

## v dplyr v emmeans v ggplot2
## v tidyr v effectsize v ggtext

## v stringr v performance v cowplot
## v forcats v lmerTest Vv see
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## v data.table

##

## Main functions of “bruceR™:

## cc() Describe() TTEST()

## add() Freq() MANOVA ()

## .mean() Corr() EMMEANS ()

## set.wd() Alpha() PROCESS ()

## import () EFAQ) model_summary ()

## print_table() CFAQ) lavaan_summary ()

##

## https://psychbruce.github.io/bruceR/

#i#t

## These R packages are dependencies of “bruceR™ but not installed:

## pacman, lmtest, vars, phia, GGally, GPArotation

## xxx*xx Please Install All Dependencies ***xx

## install.packages("bruceR", dep=TRUE)

library(afex)

## sokokokololoRokokok ok ok

## Welcome to afex. For support visit: http://afex.singmann.science/

## - Functions for ANOVAs: aov_car(), aov_ez(), and aov_4()

## - Methods for calculating p-values with mixed(): 'S', 'KR', 'LRT', and 'PB'
## - 'afex_aov' and 'mixed' objects can be passed to emmeans() for follow-up tests
## - NEWS: emmeans() for ANOVA models now uses model = 'multivariate' as default.
## - Get and set global package options with: afex_options()

## - Set orthogonal sum-to-zero contrasts globally: set_sum_contrasts()

## - For example analyses see: browseVignettes("afex")

## ololololokokokokokokok

##

## Attaching package: 'afex'

#Hit
#i#t

The following object is masked from 'package:lme4':
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## lmer

# check missing values

sum(is.na(mixed_data$timel))

## [1] O

sum(is.na(mixed_data$time2))

## [1] 0

sum(is.na(mixed_data$time3))

# [1]1 0

sum(is.na(mixed_data$group))

## [1]1 O

# check outliers

mixed_data %>
group_by (group) %>%

identify_outliers("timel")

## # A tibble: 3 x 6
##  group timel time2 time3
##  <dbl> <dbl> <dbl> <dbl>

## 1 2 3 1 0
## 2 2 5 3 2
## 3 3 6 2 1

mixed_data %>
group_by(group) %>%

identify_outliers("time2")

## # A tibble: 1 x 6

##  group timel time2 time3
#Hit <dbl> <dbl> <dbl> <dbl>
## 1 3 2 6 1

is.outlier is.extreme

<1gl> <1gl>
TRUE TRUE
TRUE TRUE
TRUE FALSE

is.outlier is.extreme
<lgl> <lgl>
TRUE FALSE

28
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mixed_data %>%
group_by (group) %>%

identify_outliers("time3")

## [1] group timel time2 time3
## <0 rows> (or O-length row.names)
# check normality
mixed_data %>
group_by (group) %>%
shapiro_test(timel)

## # A tibble: 3 x 4

##  group variable statistic p
##  <dbl> <chr> <dbl> <dbl>
## 1 1 timel 0.881 0.314
## 2 2 timel 0.883 0.325
## 3 3 timel 0.914 0.492

mixed_data %>%
group_by (group) %>%
shapiro_test(time2)

## # A tibble: 3 x 4

##  group variable statistic P
##  <dbl> <chr> <dbl> <dbl>
## 1 1 time2 0.881 0.314
## 2 2 time2 0.987 0.967
## 3 3 time2 0.779 0.0537

mixed_data %>
group_by (group) %>%
shapiro_test(time3)

## # A tibble: 3 x 4

##  group variable statistic p

29

is.outlier is.extreme
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it
#it
##
##

<dbl> <chr>
1 1 time3
2 2 time3
3 3 time3

# Computations

mixed _fit <- MANOVA(mixed data,

##
Hit
#it
##

#i#
#Hit
##
##
#i#
#Hit
##
##
#i#
#Hit
##
##
#i#
#Hit
##
##
#i#

Note:

dvs="timel:time3"

<dbl> <dbl>
0.961 0.814
0.852 0.201
0.961 0.814

"timel:time3",

"time(.)",

Ilgroupﬂ ,

"time" ,

###CAUTION###
"GG”)

is matched to variables:

timel, time2, time3

Descriptives:

llgroup n

groupl
groupl
groupl
group2
group2
group2
group3
group3
group3d

n time n

timel
time2
time3
timel
time2
time3
timel
time2

time3

= W W, Wk wN

Mean

.400
.800
.400
.000
.000
.400
.600
.200
.400

(1.
(0.
(1.
(0.
(1.
(1.
(1.
(1.
(1.

S.D.

673)
837)
140)
707)
581)
342)
517)
643)
140)

o o0 o0 o0 o o 01 OO0
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it
#it
##
##
it
#it
##
##
it
#it
##
##
Hit
#it
##
##
Hit
#it
##
##
it
#it
##
##
#Hit
#it
##
#i#
Hit
#i#t
##
##
#Hit

MIXED ANOVA 31
Total sample size: N

ANOVA Table:

Dependent variable(s): timel, time2, time3
Between-subjects factor(s): group

Within-subjects factor(s): time

Covariate(s): -

MS F P 2p [90% CI of
group 10.289 2.200 2.000 12.000 4.677 .031 * .438 [.034,
time 0.431 1.877 1.651 19.818 0.229 .755 .019 [.000,
group * time 21.624 1.877 3.303 19.818 11.520 <.001 **x* .658 [.388,

Sphericity correction method: GG (Greenhouse-Geisser)

MSE = mean square error (the residual variance of the linear model)
’p = partial eta-squared = SS / (SS + SSE) = F * df1 / (F * df1 + df2)
’p = partial omega-squared = (F - 1) * dfl / (F * df1 + d4df2 + 1)

*G

generalized eta-squared (see Olejnik & Algina, 2003)
2
1))

Levene s Test for Homogeneity of Variance:

Levene s F df1l df2

Cohen’ s f2 = ?p / (1 -

DV: timel 1.848

DV: time2 0.681

DV: time3 0.321

Mauchly s Test of Sphericity:

Mauchly's W

12
12
12

.200
.525
.731

2p]

.659]
.152]
.775]

G

.244
.011
.529
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##

## time 0.7890 .272

## group * time 0.7890 .272

##

# Post hoc

EMMEANS (mixed_fit, "time", "group")
# - EMMEANS (effect = "time") ------

##

## Joint Tests of "time":

##
## Effect "group" dfl df2 F p 2p [90% CI of Z2p]
##
## time groupl 2 12 18.219 <.001 *x** .752 [.465, .857]
## time group2 2 12 7.356 .008 *x* .651 [.148, .734]
## time group3d 2 12 6.941 .010 *x* .536 [.131, .725]
##

## Note. Simple effects of repeated measures with 3 or more levels
## are different from the results obtained with SPSS MANOVA syntax.
##

## Estimated Marginal Means of "time":

##

## "time" "group" Mean [95%, CI of Mean] S.E.
##

##  timel groupl 2.400 [1.069, 3.731] (0.611)
##  time2 groupl 3.800 [2.434, 5.166] (0.627)
##  time3 groupl 6.400 [5.220, 7.580] (0.542)
##  timel group2 4.000 [2.669, 5.331] (0.611)
##  time2 group2 3.000 [1.634, 4.366] (0.627)
##  time3 group2 1.400 [0.220, 2.580] (0.542)
##  timel group3 3.600 [2.269, 4.931] (0.611)
##  time2 group3 3.200 [1.834, 4.566] (0.627)
##  time3 group3 1.400 [0.220, 2.580] (0.542)
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EMMEANS (mixed_fit,

Hi#t

## Joint Tests of "group":

##

MIXED ANOVA

Pairwise Comparisons of "time":

time?2
time3
time3
time2
time3d
time3
time2
time3d

time3

Contrast

- timel
- timel
- time2
- timel
- timel
- time2
- timel
- timel

- time2

"group" Estimate

groupl
groupl
groupl
group2
group2
group?2
group3
group3
group3

1.400
4.000
2.600
-1.000
-2.600
-1.600
-0.400
-2.200
-1.800

(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.

S.E.

917)
816)
594)
917)
816)
594)
917)
816)
594)

daf

12
12
12
12
12
12
12
12
12

Pooled SD for computing Cohen’ s d: 1.630

P-value adjustment: Bonferroni method for 3 tests.

Discla

imer:

1.528
4.899
4.374
-1.091
-3.184
-2.692
-0.436
-2.694
-3.028

33

.458
.001 *x
.003 *x*
.890
.024 *
.069 .
.000
.059 .
.032 *

By default, pooled SD is Root Mean Square Error (RMSE).

There is much disagreement on how to compute Cohen’ s d.

You are completely responsible for setting “sd.pooled’.

You might also use “effectsize::t_to_d()" to compute d.

## Effect "time"

Hi#t
#it

group timel

dfl df2

2 12

n group 1

1.857

1
3

.19

8

"time”)

>p [90% CI of 2p]

.236 [.000, .500]

Cohen’ s d

0.859
2.454

.595
.613
.595
.982
.245
.350
.104

[-0.
[1.
[o.
[-2.
[-2.
[-1.
[-1.
[-2.
[-2.

[95%

704,
062,
581,
176,
987,
995,
808,
742,
118,

CI

SO N W N

o

of dl

.422]
.846]
.609]
.949]
.203]
.032]
.317]
.043]
.091]



15

it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
Hit
#it
##
##
Hit
#it
##
##
#Hit
#i#t
##
##
#Hit
#i#t
##
##
#Hi#t

MIXED

group
group

ANOVA

time2

time3

2 12 0.441

.654
2 12 28.409 <.001 **x*

.068 [.000,
.826 [.612,

34

.291]
.900]

Note. Simple effects of repeated measures with 3 or more levels

are different from the results obtained with SPSS MANOVA syntax.

Estimated Marginal Means of "group":

llgroup n

groupl
group2
group3
groupl
group2
group3
groupl
group2
group3d

Pairwise

group2
group3d
group3
group2
group3
group3d
group2
group3

"time" Mean [95%

timel
timel
timel
time2
time2
time2
time3
time3

time3

2.400
.000
.600
.800
.000
.200
.400
.400
.400

B, O W W w w b

[1.
[2. 5
[2. 4
[2. 5
.634, 4.
4
7
2
2

[1

[1.
(5.
[o.
(0.

CI of Mean]

069, 3.731]
669,
269,
434,

834,
220,
220,
220,

Comparisons of "group":

Contrast

- groupl
- groupl
- group2
- groupl
- groupl
- group2
- groupl
- groupl

"time"

timel
timel
timel
time?2
time?2
time?2
time3

time3

Estimate

.600
.200
.400
.800
.600
.200
.000
.000

.331]
.931]
.166]
366]
.566]
.580]
.580]
.580]

(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.

(0.864)
(0.864)
(0.864)
(0.887)
(0.887)
(0.887)
(0.766)
(0.766)

S.E.

611)
611)
611)
627)
627)
627)
542)
542)
542)

. df

12 1.
12 1.

12 -0

852
389

.463
12 -0.
12 -0.
12 0.
12 -6.
12 -6.

902
676
225
528
528

A A B R R

.266
.570
.000
.000
.000
.000
.001 k%%
.001 **x

Cohen’ s d

0.982
0.736

.245
.491
.368
.123
.067
.067

[-0

[95%

.492,
[-0.
[-1.
[-2.
[-1.
.390,
.373,
.373,

737,
719,
003,
880,

CI

T = S S

of d

.455]
.210]
.228]
.022]
.144]
.635]
.761]
.761]
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## group3 - group2 time3 -0.000 (0.766) 12 -0.000 1.000 -0.000 [-1.306,
##

## Pooled SD for computing Cohen’ s d: 1.630

## P-value adjustment: Bonferroni method for 3 tests.

##

## Disclaimer:

## By default, pooled SD is Root Mean Square Error (RMSE).

## There is much disagreement on how to compute Cohen’ s d.

## You are completely responsible for setting “sd.pooled’.

## You might also use “effectsize::t_to_d()” to compute d.
EMMEANS (mixed_fit, "time")

## - EMMEANS (effect = "time") ------

##

## Joint Tests of "time":

##

## Effect dfl df2 F p 2p [90% CI of 2p]
##

## group 2 12 4.677 .031 * .438 [.034, .659]
## time 2 12 0.394 .683 .062 [.000, .277]
## group * time 4 12 16.061 <.001 =*x*  .843 [.627, .908]
##

## Note. Simple effects of repeated measures with 3 or more levels

#i#t
##
##
#Hi#t
#it
##
##
#Hi#t
#i#t
##

are different from the results obtained with SPSS MANOVA syntax.

Estimated Marginal Means of "time":

"time" Mean [95% CI of Mean] S.E.

timel 3.333 [2.565, 4.102] (0.353)

time2 3.333 [2.544, 4.122] (0.362)
time3 3.067 [2.385, 3.748] (0.313)

1.306]
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MIXED ANOVA 36

Pairwise Comparisons of "time":

Contrast Estimate S.E. df t P Cohen’ s d [95% CI of d]
time2 - timel 0.000 (0.529) 12 0.000 1.000 0.000 [-0.902, 0.902]
time3 - timel -0.267 (0.471) 12 -0.566 1.000 -0.164 [-0.967, 0.640]
time3 - time2 -0.267 (0.343) 12 -0.777 1.000 -0.164 [-0.749, 0.422]

Pooled SD for computing Cohen’ s d: 1.630
Results are averaged over the levels of: group

P-value adjustment: Bonferroni method for 3 tests.

Disclaimer:

By default, pooled SD is Root Mean Square Error (RMSE).
There is much disagreement on how to compute Cohen’ s d.
You are completely responsible for setting “sd.pooled’.

You might also use “effectsize::t_to_d()” to compute d.

EMMEANS (mixed_fit, "group")

##
##
#Hit
#it
##
##
#Hit
#i#t
##
##
Hit
#i#t

—————— EMMEANS (effect = "group") ------

Joint Tests of "group":

Effect df1 df2 F p 2p [90% CI of °2p]
group 2 12 4.677 .031 * .438 [.034, .659]
time 2 12 0.394 .683 .062 [.000, .277]

group * time 4 12 16.061 <.001 *x*x .843 [.627, .908]

Note. Simple effects of repeated measures with 3 or more levels

are different from the results obtained with SPSS MANOVA syntax.
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## Estimated Marginal Means of "group":
##

## ‘"group" Mean [95% CI of Mean] S.E.
##

## groupl 4.200 [3.366, 5.034] (0.383)
## group2 2.800 [1.966, 3.634] (0.383)
##  group3 2.733 [1.899, 3.568] (0.383)

##

##

## Pairwise Comparisons of "group":

##

#i#t Contrast Estimate S.E. df t P Cohen’ s d [95% CI of d]
##

## group2 - groupl -1.400 (0.542) 12 -2.585 .072 . -0.859 [-1.782, 0.065]
## group3 - groupl -1.467 (0.542) 12 -2.708 .057 . -0.900 [-1.823, 0.024]
## group3 - group2 -0.067 (0.542) 12 -0.123 1.000 -0.041 [-0.964, 0.883]
##

## Pooled SD for computing Cohen’ s d: 1.630

## Results are averaged over the levels of: time

## P-value adjustment: Bonferroni method for 3 tests.

##

## Disclaimer:

## By default, pooled SD is Root Mean Square Error (RMSE).
## There is much disagreement on how to compute Cohen’ s d.
## You are completely responsible for setting “sd.pooled’.

## You might also use “effectsize::t_to_d()” to compute d.

# Plotting

emmip(mixed_fit,"group"~"time", TRUE, "month", "reading time", "novel ty
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6_
g novel type
2’4' &= groupl
S + group?2
I
e —o— group3

2] | |

O- Ll Ll Ll

timel time2 time3
month

emmip(mixed_fit,"time"~"group") #z-azis = novel type, break by time

6_

5_
S .
g time
Q
g 4- ~o— timel
E' —o— time2
(15}
_g —e— time3
|

3_

2_

grolupl grolup2 grolup3
Levels of group
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# a memory performance example: measured across 5 days, subjects grouped by two memory
# dependent wariable: dayl/day2/day3/days/day5
# between-group wvariable: group

# within-group wvariable: time

library(readxl)

library(ggpubr) # ggbozplot

library(rstatix) # identify outliers, get_summary_stats, anova_test, get_anova_table
library(dplyr) # 7>/

library(bruceR)

library(afex)

mixed_data <- read_excel("demo 12-1.x1sx", sheet = 1)

# check missing values

sum(is.na(mixed_data$dayl))

## [1]1 0

sum(is.na(mixed_data$day2))

## [1]1 0

sum(is.na(mixed_data$day3))

## [1]1 0

sum(is.na(mixed_data$day4))

# [1]1 0

sum(is.na(mixed_data$day5))

## [1]1 0

sum(is.na(mixed_data$group))

# [1]1 0
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# check outlzers
mixed_data %>%
group_by (group) %>%
identify_outliers("dayl")

## [1] group no

## [8] is.outlier is.extreme

## <0 rows> (or O-length row.names)

mixed_data %>%
group_by (group) %>%
identify_outliers("day2")

## # A tibble: 1 x 9

##  group no dayl day2
##  <dbl> <dbl> <dbl> <dbl>
## 1 2 11 45 40

mixed_data %>%
group_by (group) %>%
identify_outliers("day3")

## # A tibble: 2 x 9

##  group no dayl day2
##  <dbl> <dbl> <dbl> <dbl>
## 1 2 11 45 40
## 2 2 12 29 25

mixed_data %>

group_by (group) %>%
identify_outliers("day4")

## [1] group no

## [8] is.outlier is.extreme

## <0 rows> (or O-length row.names)

day1l

day3
<dbl>
33

day3
<dbl>
33

17

dayl

day4
<dbl>
25

day4
<dbl>
25

13

day2

dayb
<dbl>

18

dayb

<db

day2

1>
18
8

day3

40

day4 dayb

is.outlier is.extreme

<lgl>
TRUE

<lgl>
FALSE

is.outlier is.extreme

<lgl>
TRUE
TRUE

day3

<lgl>
FALSE
FALSE

day4 dayb
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mixed_data %>%
group_by (group) %>%
identify_outliers("day5")

## [1] group no dayl day?2
## [8] is.outlier is.extreme
## <0 rows> (or O-length row.names)
# check normality
mixed_data %>%
group_by (group) %>%
shapiro_test(dayl)

## # A tibble: 2 x 4

##  group variable statistic P
##  <dbl> <chr> <dbl> <dbl>
## 1 1 day1l 0.947 0.676
## 2 2 day1l 0.902 0.304

mixed_data %>%
group_by(group) %>%
shapiro_test (day?2)

## # A tibble: 2 x 4

##  group variable statistic p
##  <dbl> <chr> <dbl> <dbl>
## 1 1 day2 0.834 0.0653
## 2 2 day2 0.924 0.461

mixed_data %>%
group_by(group) %>%
shapiro_test(day3)

## # A tibble: 2 x 4
##  group variable statistic P
##  <dbl> <chr> <dbl> <dbl>

day3

41

day4

dayb
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## 1 1 day3 0.899 0.284
##t 2 2 day3 0.968 0.883
mixed_data %>

group_by (group) %>%

shapiro_test (day4)

## # A tibble: 2 x 4

##  group variable statistic P
##  <dbl> <chr> <dbl> <dbl>
## 1 1 day4 0.968 0.882
## 2 2 day4 0.943 0.636

mixed_data %>%
group_by (group) %>%
shapiro_test (dayb)

## # A tibble: 2 x 4

##  group variable statistic P
##  <dbl> <chr> <dbl> <dbl>
## 1 1 dayb 0.911 0.363
## 2 2 dayb 0.944 0.646

# Computations

mixed _fit <- MANOVA(mixed_data,

"dayl:dayb5",
"day( . ) n R
l|group|l s
"time", ###CAUTION###
|IGGII)
##
## Note:

## dvs="dayl:dayb5" is matched to variables:
## dayl, day2, day3, day4, dayb

#i#t
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MIXED ANOVA 43

Descriptives:

"group" "time"  Mean S.D. n

groupl timel 34.250 (6.228)
groupl time2 30.875 (6.728)
groupl time3 24.500 (4.986)
groupl time4 19.125 (5.592)
groupl time5 16.875 (5.890)
group2 timel 35.000 (5.928)
group2 time2 31.625 (5.097)
group2 time3 24.875 (4.704)
group2 time4 20.250 (3.882)
group2 timeb5 15.250 (5.651)

O 0 0 0 W 0 00 0 00 o

Total sample size: N = 16

ANOVA Table:
Dependent variable(s): dayl, day2, day3, day4, day5

Between-subjects factor(s): group

Within-subjects factor(s): time
Covariate(s): -

MS MSE  df1 df2 F p ’p [90% CI of
group 1.513 124.227 1.000 14.000 0.012 .914 .001 [.000,
time 2049.340 15.150 1.870 26.184 135.268 <.001 *x*x .906 [.843,
group * time 10.252 15.150 1.870 26.184 0.677 .507 .046 [.000,
Sphericity correction method: GG (Greenhouse-Geisser)

MSE = mean square error (the residual variance of the linear model)

N

p]

.073]
.937]
.194]

2

.C
.€
.C
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## 2p = partial eta-squared = SS / (SS + SSE) = F * df1 / (F * df1 + df2)
## °p = partial omega-squared = (F - 1) * df1 / (F * df1 + df2 + 1)

## °G = generalized eta-squared (see Olejnik & Algina, 2003)

## Cohen’ s f2 = 2p / (1 - 2p)

##

## Levene s Test for Homogeneity of Variance:
##

#i# Levene s F df1 df2 p
##

## DV: dayl 0.026 1 14 .875
## DV: day2 1.533 1 14 .236
## DV: day3 0.465 1 14 .506
## DV: day4 1.820 1 14 .199
## DV: dayb 0.069 1 14 .797
##

##

#i# Mauchly’ s Test of Sphericity:

##

## Mauchly's W P

#i#

## time 0.0738 <.001 *x*x
## group * time 0.0738 <.001 *x*x
##

# post hoc
EMMEANS (mixed_fit, "time", "group")

# - EMMEANS (effect = "time") ------

##

## Joint Tests of "time":

##

## Effect "group" dfl df2 F p 2p [90% CI of 2p]
##

## time groupl 4 14 30.052 <.001 **x* .896 [.773, .938]
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MIXED ANOVA

time

group2

4 14 27.325 <.001 *xx

.886 [.753,

45

.932]

Note. Simple effects of repeated measures with 3 or more levels

are different from the results obtained with SPSS MANOVA syntax.

Estimated Marginal Means of "time":

"time"

timel
time?2
time3
timed
timeb
timel
time2
time3
timed

timeb

Pairwise

n group n

groupl
groupl
groupl
groupl
groupl
group2
group2
group2
group2
group2

Mean [95% CI of Mean]

34.250
30.875
24.500
19.125
16.875
35.000
31.625
24.875
20.250
15.250

[29.
[26.
[20.
[15.
[12.
[30.
[27.
[21.
[16.
[10.

640,
349,
825,
475,
498,
390,
099,
200,
600,
873,

Comparisons of "time":

Contrast

time2 -
time3d -
time3 -
timed -
timed -
timed -
timeb -

timeb -

timel
timel
time?2
timel
time2
time3
timel

time2

"group" Estimate

groupl
groupl
groupl
groupl
groupl
groupl
groupl
groupl

.375
.750
.375
.125
.750
.375
.375
.000

38.

35

(0.
(1.
(0.
.489)
(1.
(0.
1.
(1.

1

860]

.401]
28.
22.
21.
39.
36.
28.
23.
19.

175]
775]
252]
610]
151]
550]
900]
627]

S.E.

962)
396)
923)

300)
754)
963)
778)

(2.
(2.
(1.
(1.
(2.
(2.
(2.
(1.
(1.
(2.

daf

14
14
14
14
14
14
14
14

S.E.

150)
110)
714)
702)
041)
150)
110)
714)
702)
041)

.507
.983
.908
.157
.036
.124
.853
.876

AN AN AN AN AN AN A

.035
.001
.001
.001
.001
.001
.001
.001

*

kkk

* %k %

k% k

k% k

kkk

* %k %

k% k

Cohen’ s d

.928
.681
.753
.159
.231
.478
.778
.850

[-1.
[-3.
[-2.
[-5.
(4.
[-2.
[-6.
.476,

[-5

[95%

808,
958,
597,
521,
420,
168,
573,

of d

.048]
.404]
.909]
L7971
.042]
.788]
.983]
.224]
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## timeb - time3 groupl -7.625 (1.315) 14 -5.797 <.001 *x*x
## time5 - time4 groupl -2.250 (0.874) 14 -2.575 .220

## time2 - timel group2 -3.375 (0.962) 14 -3.507 .035 %
## time3 - timel group2 -10.125 (1.396) 14 -7.251 <.001 *x*x
## time3 - time2 group2 -6.750 (0.923) 14 -7.315 <.001 *x*x
## time4 - timel group2 -14.750 (1.489) 14 -9.905 <.001 **x
## timed4 - time2 group2 -11.375 (1.300) 14 -8.748 <.001 *x*x
## time4 - time3 group2 -4.625 (0.754) 14 -6.130 <.001 *x*x
## timeb - timel group2 -19.750 (1.963) 14 -10.063 <.001 *x*x
## timeb - time2 group2 -16.375 (1.778) 14 -9.212 <.001 **x
## timeb - time3 group2 -9.625 (1.315) 14 -7.318 <.001 *x*x
## timeb - time4 group2 -5.000 (0.874) 14 -5.723 <.001 *x*x*
##

## Pooled SD for computing Cohen’ s d: 3.636

## P-value adjustment: Bonferroni method for 10 tests.

##

## Disclaimer:

## By default, pooled SD is Root Mean Square Error (RMSE).

## There is much disagreement on how to compute Cohen’ s d.

## You are completely responsible for setting “sd.pooled’.

## You might also use “effectsize::t_to_d()~ to compute d.
EMMEANS (mixed_fit, "group", "time")

## —-———- EMMEANS (effect = "group") ------

##

## Joint Tests of "group":

##

## Effect "time" df1 df2 F p >p [90% CI of 2p]

##

## group timel 1 14 0.061 .809 .004 [.000, .164]
## group time2 1 14 0.063 .805 .004 [.000, .166]
## group time3 1 14 0.024 .879 .002 [.000, .112]
## group time4 1 14 0.218 .647 .015 [.000, .231]

.097
.619
.928
.784
.856
.056
.128
.272
.431
.503
.647
.375

[-3.
.418,
[-1.
[-4.
[-2.
.418,
[-4.
[-1.
[-7.
[-6.
[-3.
[-2.

[-1

[-5

300,

808,
061,
700,

317,
962,
226,
129,
850,
174,

.894]
.180]
.048]
.507]
.012]
.694]
.939]
.582]
.636]
.877]
.444]
.576]
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it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
Hit
#it
##
##
Hit
#it
##
##
#Hit
#i#t
##
##
#Hit
#i#t
##

## Pooled SD

MIXED

group

ANOVA

timeb

1

14 0.317 .5

82

.022 [.000,

47

.253]

Note. Simple effects of repeated measures with 3 or more levels

are different from the results obtained with SPSS MANOVA syntax.

Estimated Marginal Means of "group":

llgroup n

groupl
group2
groupl
group2
groupl
group2
groupl
group2
groupl
group2

Pairwise

group2
group2
group2
group2
group2

"time"

timel
timel
time2
time2
time3
time3
timed
time4d
timeb

timeb

34

35.
30.
31.
24.
24.
19.
20.
16.
15.

Mean [95% CI of Mean]

.250
000
875
625
500
875
125
250
875
250

[29.
[30.
[26.
[27.
[20.
[21.
[15.
[16.
[12.
[10.

640,
390,
349,
099,
825,
200,
475,
600,
498,
873,

Comparisons of "group":

Contrast

- groupl
- groupl
- groupl
- groupl
- groupl

time"

timel
time?2
time3
timed

timeb

Es

timate

0.750
0.750
0.375
1.125
-1.625

## No need to adjust p values.

38.
39.
35
36.
28.
28.
22.
23.
21.
19.

(3.
(2.

(2
(2

(2.

860]
610]

.401]

151]
175]
550]
775]
900]
252]
627]

S.E.

040)
984)
.423)
.407)
886)

(2.
(2.
(2.
(2.
(1.
(1.
(1.
(1.
(2.
(2.

daf

14
14
14
14
14

for computing Cohen’ s d: 3.636

S.E.

150)
150)
110)
110)
714)
714)
702)
702)
041)
041)

0.247
0.251
0.155
0.467
-0.563

.809
.805
.879
.647
.582

Cohen’ s d [95Y% CI

0.206
0.206
0.103
0.309
-0.447

[-1.
[-1.
[-1.
[-1.
[-2.

587,
554,
326,
110,
149,

[ Y = =Y

of d

.999]
.966]
.532]
.729]
.255]
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##

## Disclaimer:

## By default, pooled SD is Root Mean Square Error (RMSE).
## There is much disagreement on how to compute Cohen’ s d.
## You are completely responsible for setting “sd.pooled’.

## You might also use “effectsize::t_to_d()” to compute d.

EMMEANS (mixed_fit, "time")
## —————— EMMEANS (effect = "time") ------
#i#

## Joint Tests of "time":

##t
## Effect df1 df2 F p 2p [90% CI of °2p]
##
## group 1 14 0.012 .914 .001 [.000, .072]
## time 4 14 55.375 <.001 ***  .941 [.871, .965]
## group * time 4 14 2.002 .149 .364 [.000, .561]
##

## Note. Simple effects of repeated measures with 3 or more levels
## are different from the results obtained with SPSS MANOVA syntax.
##

## Estimated Marginal Means of "time":

##

## "time" Mean [95% CI of Mean] S.E.

##

##  timel 34.625 [31.365, 37.885] (1.520)

##  time2 31.250 [28.050, 34.450] (1.492)

##  time3 24.688 [22.089, 27.286] (1.212)

##  time4 19.688 [17.107, 22.268] (1.203)

## timeb 16.062 [12.968, 19.157] (1.443)

##

##

## Pairwise Comparisons of "time":
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#it
##t Contrast Estimate S.E. df t P Cohen’
#it

## time2 - timel -3.375 (0.681) 14 -4.959 .002 xx -0.928
.001 ***x -2.733
.001 **x -1.805
.001 **x -4.108
.001 **x -3.180
.001 ***x -1.375
.001 ***x -5.105
.001 *%x -4.177
.001 **x -2.372
.001 ***x -0.997

## time3 - timel -9.938 (0.987) 14 -10.065
## time3 - time2 -6.562 (0.653) 14 -10.057
## time4 - timel -14.938 (1.053) 14 -14.186
## time4 - time2 -11.562 (0.919) 14 -12.575
## time4 - time3  -5.000 (0.533) 14 -9.372
## timeb - timel -18.562 (1.388) 14 -13.376
## timeb - time2 -15.188 (1.257) 14 -12.083
## timeb - time3  -8.625 (0.930) 14 -9.274
## timeb - time4 -3.625 (0.618) 14 -5.867
##

## Pooled SD for computing Cohen’ s d: 3.636

A AN AN AN AN AN AN AN A

## Results are averaged over the levels of: group

## P-value adjustment: Bonferroni method for 10 tests.

##

## Disclaimer:

## By default, pooled SD is Root Mean Square Error (RMSE).
## There is much disagreement on how to compute Cohen’ s d.
## You are completely responsible for setting “sd.pooled’.

## You might also use “effectsize::t_to_d()" to compute d.

EMMEANS (mixed_fit, "group")
# - EMMEANS (effect = "group") ------
##

## Joint Tests of "group":

##
## Effect df1 df2 F p 2p [90% CI of °2p]
##

## group 1 14 0.012 .914 .001 [.000, .072]

## time 4 14 55.375 <.001 *xx .941 [.871, .965]

s d

[-1.
[-3.
[-2.
[-5.
[-4.
[-1.
[-6.
[-5.
[-3.
[-1.

[95%

551,
636,
401,
071,
021,
863,
374,
326,
222,
562,

of dl

.306]
.830]
.208]
.145]
.339]
.887]
.835]
.027]
.521]
.432]
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it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
#Hit
#i#t
##
##
#Hit
#i#t
##
##
#Hit
#i#t
##
##

MIXED ANOVA 50

group * time 4 14 2.002 .149 .364 [.000, .561]

Note. Simple effects of repeated measures with 3 or more levels

are different from the results obtained with SPSS MANOVA syntax.
Estimated Marginal Means of "group":
"group" Mean [95), CI of Mean] S.E.

groupl 25.125 [21.345, 28.905] (1.762)
group2 25.400 [21.620, 29.180] (1.762)

Pairwise Comparisons of "group":
Contrast Estimate S.E. df t P Cohen’ s d [95% CI of d]
group2 - groupl  0.275 (2.492) 14 0.110 .914 0.076 [-1.394, 1.546]

Pooled SD for computing Cohen’ s d: 3.636
Results are averaged over the levels of: time

No need to adjust p values.

Disclaimer:

By default, pooled SD is Root Mean Square Error (RMSE).
There is much disagreement on how to compute Cohen’ s d.
You are completely responsible for setting “sd.pooled’.

You might also use “effectsize::t_to_d()" to compute d.

emmip(mixed_fit,"group"~"time") #z-azis = time, break by presentation
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35-
30-
c
o
8 group
S
o}
S 25- ~o— groupl
IS -~ group2
g
.
20-
15-

Ll Ll Ll Ll Ll
timel time2 time3 time4 time5
Levels of time

emmip(mixed_fit,"time"~"group") #z-azis = present, break by time

35- | ————

30-

c time

'g ~o— timel

L

g - -o— time2

o — T —o— time3

(15}

.g -o— time4

O i
~o— time5

ol [
\1

grolupl grolupz
Levels of group

15-

# FHR RZRE * cor.test * bruceR::Corr * rstatix::cor_test *

PerformanceAnalytics::chart.correlation
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# continuous wvariables = age, salary, salbegin, previous experience
# ordinal variables = education

# nominal wvariables = gender, minority, job categories

library(haven) # read sav file
library(rstatix)

library (bruceR)

corr_data <- read_sav("demo 13.sav")
age <- corr_data$age

salary <- corr_data$salary
begin_salary <- corr_data$salbegin

experience <- corr_data$prevexp

# check normality

shapiro_test(age)

## # A tibble: 1 x 3

##  variable statistic p.value
##  <chr> <dbl> <dbl>
## 1 age 0.869 1.61e-19

shapiro_test(salary)

## # A tibble: 1 x 3

##  variable statistic p.value
##  <chr> <dbl> <dbl>
## 1 salary 0.771 3.29e-25

shapiro_test(begin_salary)

## # A tibble: 1 x 3

##  variable statistic p.value
#Hit <chr> <dbl> <dbl>
## 1 begin_salary 0.715 1.32e-27
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shapiro_test(experience)

## # A tibble: 1 x 3

##  variable statistic p.value
#Hit <chr> <dbl> <dbl>
## 1 experience 0.814 5.15e-23

# pearson correlation

53

newdata <- corr_datal[,c("age","salary","salbegin","prevexp")]

Corr(newdata)

Correlation Matrix

age -0.14**-0.01

salary ——O . 14**

salbegin —|

prevexp

T
g P
5] o
I
(]

salbegin —
prevexp —

## Correlation matrix is displayed in the RStudio "Plots” Pane.

#i#

## Pearson's r and 95%, confidence intervals:

#it

## r [95% CI] p N
#i#

## age-salary -0.14 [-0.23, -0.05] .002 **x 473
## age-salbegin -0.01 [-0.10, 0.08] .833 473

## age-prevexp 0.80 [ 0.77,

0.83] <.001 **x 473
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## salary-salbegin

## salary-prevexp

## salbegin-prevexp

0.88 [ 0.86, 0.90] <.001 *x*x 474

-0.10 [-0.19, -0.01] .034 *
0.05 [-0.05, 0.13] .327

#i#
Corr(newdata,method = "spearman")
Correlation Matrix
age - —0.08 0.12**

salary — —O . 08

salbegin —

prevexp

Hi#t
#Hit
##
##
Hi#t
#Hi#t
##
##
#Hit
#Hit
##
##
#Hit

()
(2]
©

—0.02 0.19***

474
474

—0.02

0.19**

salary —
salbegin —

prevexp —

54

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

Correlation matrix is displayed in the RStudio "Plots™ Pane.

Spearman's r and 95} confidence intervals:

age—-salary
age-salbegin
age-prevexp
salary-salbegin

salary-prevexp

salbegin-prevexp

T [95% CI] P
-0.08 [-0.17, 0.01] .092 .
0.12 [ 0.03, 0.21] .008 *x
0.83 [ 0.79, 0.85] <.001 **x
0.83 [ 0.79, 0.85] <.001 *xx
-0.02 [-0.11, 0.07] .625
0.19 [ 0.10, 0.27] <.001 *x*x*

473
473
473
474
474
474
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# spearman correlation
newdata2 <- corr_datal,c("age","salary","educ")]

Corr(newdata2,method = "spearman')

Correlation Matrix

e -0.08 -0.09*

ws1-0.08
e |—0,09*

I
)
=)
@

salary
educ —

55

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

## Correlation matrix is displayed in the RStudio “Plots” Pane.

##
## Spearman's r and 957, confidence intervals:
##

## r [95% CI] P

#i#t

## age-salary -0.08 [-0.17, 0.01] .092 . 473
## age-educ -0.09 [-0.18, -0.00] .040 * 473

## salary-educ 0.69 [ 0.64, 0.73] <.001 **x*x 474

##

#visualize your results

library(PerformanceAnalytics)

## Loading required package: xts
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## Loading required package: zoo

##

## Attaching package: 'zoo'

## The following objects are masked from 'package:base':

##

## as.Date, as.Date.numeric

##

## Attaching package: 'xts'

## The following objects are masked from 'package:data.table':
##

## first, last

## The following objects are masked from 'package:dplyr':
##

## first, last

##

## Attaching package: 'PerformanceAnalytics'

## The following objects are masked from 'package:moments':
##

## kurtosis, skewness

## The following object is masked from 'package:graphics':
##

#it legend

chart.Correlation(newdata, T, "black")

#it

##

#it

Warning in par(usr): argument 1 does not name a graphical parameter

Warning in par(usr): argument 1 does not name a graphical parameter

Warning in par(usr): argument 1 does not name a graphical parameter
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o7

## Warning in par(usr): argument 1 does not name a graphical

## Warning in par(usr): argument 1 does not name a graphical

## Warning in par(usr): argument 1 does not name a graphical
20000 60000 120000 0 100 300
| | | | | | | | | | |
age Sk *L
-0.14 -0.0097 O |
S ° |
g 68 salary
o

A *
O . % -0.097

111111

20000

salbegin

0.045

10000 50000

prevexp

200 400

0

40 50 60 70

10000 40000

# ZeMEEHZME FAIBR R & ] summary 5(# summary . 1m Hjn]

# salary as a function of beginning salary

70000

reg_data = read_excel("demo 14.x1sx", 1)
x=reg_data$salbegin

y=reg_data$salary

#plot the data first
plot(x,y, bl
# try to add CI

10)

data.frame(

xrange=seq(min(x) ,max(x),
pred=predict (Im(y~x), xrange) ,

polygon(c(xrange,rev(xrange)),c(pred[,2],rev(pred[,3])),

"sal vs sal_begin regression",

parameter

parameter

parameter

60

40

c(0,200000))

'confidence')

lgrey| s

NA)
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# add regression line

abline(1m(y~x), 1.8y 16, "begining salary",
# border of intervals

lines(xrange, pred[ ,3], 'dashed', 'red')
lines(xrange, pred[ ,2], 'dashed', 'red')

sal vs sal_begin regression

150000

50000

0
l

I I I I I I I I
10000 20000 30000 40000 50000 60000 70000 80000

X
# do the actual regression
1m_results = lm(salary~salbegin, reg_data)
summary.lm(lm_results) # almost all the regression results
#it
## Call:
## lm(formula = salary ~ salbegin, data = reg_data)
#it
## Residuals:
## Min 1Q Median 3Q Max
## -35424 -4031 -1154 2584 49293
#it
## Coefficients:
#i#t Estimate Std. Error t value Pr(>|tl)

"salary")
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## (Intercept) 1.928e+03 8.887e+02 2.17 0.0305 =*

## salbegin 1.909e+00 4.741e-02 40.28 <2e-16 *x**

## ——

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

## Residual standard error: 8115 on 472 degrees of freedom

## Multiple R-squared: 0.7746, Adjusted R-squared: 0.7741

## F-statistic: 1622 on 1 and 472 DF, p-value: < 2.2e-16

summary (lm_results)

##

## Call:

## lm(formula = salary ~ salbegin, data = reg_data)

##

## Residuals:

## Min 1Q Median 3Q Max

## -35424 -4031 -1154 2584 49293

##

## Coefficients:

## Estimate Std. Error t value Pr(>|tl)

## (Intercept) 1.928e+03 8.887e+02 2.17  0.0305 *

## salbegin 1.909e+00 4.741e-02 40.28 <2e-16 **x*

## ——-

## Signif. codes: O '**k' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 8115 on 472 degrees of freedom
## Multiple R-squared: 0.7746, Adjusted R-squared: 0.7741
## F-statistic: 1622 on 1 and 472 DF, p-value: < 2.2e-16

#check the prediction vs the actual data

plot(y,lm_results$fitted.values, 'salary’, 'predicted salary')
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# check the restdues

hist(Ilm_results$residuals)

Histogram of Im_results$residuals

o
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o
O_
N

> o

c L —

o

>

o

3

L 9
o _|
0
O_

[ I I I |
-40000 —-20000 0 20000 40000

Im_results$residuals

plot(y,lm_results$residuals, 'salary', 'residues')
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salary
plot(y,scale(lm_results$residuals), 'salary', 'z _scored residues')
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# BREHRNN z 2%, NS EFHHA ST HE (TUEANFAN sigma Z4h)
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16 ANOVA

16.1 #5705 Z 0

# H A5 7 200w R B AR

library(rstatix) # identify_outliers, and include good stats test functions
library(dplyr) # %>/

library(bruceR) # a good ANOVA related wrapper

library(car) # leveneTest

library(afex) # for factorial design anova
library(ggpubr) # plot in publication-ready formats

library(purrr) # for functions dealing with functions

##
## Attaching package: 'purrr'

## The following object is masked from 'package:data.table':
##

## transpose

## The following object is masked from 'package:car':
##

## some

16.2 HAEWID R

BB AWM, MR REdE, —FEEts, REPEIEGE
o RERAE AR LR . A T ZAR R 7 A R B A B 2
.
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16.2.1  ZFHA\ZHEH BB R HIEHE

anova ZLPRAYNTSR /2 Data Frame, [FIHEPRAE(IH data.frame pREH;
A R ETHRAE o

# X —AEEAT one-way ANOVA, H H ¥ UL T repeated-measured ANOVA, strategy 7~ HZT &
score = ¢(3,3,4,6,6,8,5,3,5,7,8,8,8,5,8,9,8,10,8,9,7,10,10,10)

subj = rep(1:6, 4) # ETER rep B, QIEGE
strategy=c(rep(1,6) ,rep(2,6) ,rep(3,6) ,rep(4,6))

long_data = data.frame(score,subj,strategy) # "% dataframe

long_data

#Hit score subj strategy
## 3 1
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

© 00 N O O W N =

e e e = e = = S
© 00 N O O b W N =, O

=
0 O 00 O 0 U1 0 0 0 N O W U1 00 O O b W

N
o
SR PR W W W W W W NDNDNDNDNDNRE, PR,

W NP, OO W N R, OO WN R, W N

N
—
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## 22 10
## 23 10
## 24 10

# X—AHIEAT two-way ANOVA, HiTHZ 2+2 LI, #F7 time 1 presentation X performanc
perf=c(11,8,9,10,7,4,4,8,5,4,10,10,7,6,7,10,6,10,10,9)

time=c(rep(1,10) ,rep(0,10))

pre=c(rep(1,5),rep(0,5),rep(1,5),rep(0,5))

id=1:20

two=data.frame(id,time,pre,perf)

two

## id time pre perf

## 1 1 1 1 11
# 2 2 1 1 8
## 3 3 1 1 9
##* 4 4 1 1 10
## 5 5 1 1 7
## 6 6 1 0 4
#7007 1 0 4
## 8 8 1 0 8
#* 9 9 1 0 5
## 10 10 1 0 4
## 11 11 0 1 10
## 12 12 0 1 10
## 13 13 0 1

## 14 14 0 1

## 15 15 0 1 7
## 16 16 0 O 10
## 17 17 0 O 6
## 18 18 0O O 10
## 19 19 0 O 10
## 20 20 0 O 9
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16.2.2 WA REIER
TER

EREIRLIG, MiZE SRR TR ARKE. 26 APRE (outlier).

16.2.3 HEHKIE

i is.na %, FTLARCA sum A4

sum(is.na(long_data))

# [1]1 0

# TUBENIARELREEHRAE, WREAFEERITEE SR

# B — AN TR R bk kB
sum(is.na(long_data$score))

## [1] O

sum(is.na(long_data$subj))

## [1] O

sum(is.na(long_data$strategy))

## [1] O

num_na=long_data %>% map(is.na)
# WA UER map BHEHER=AFHARE, EERLRFEN

summary (num_na)

#i#t Length Class Mode
## score 24 -none- logical
## subj 24 -none- logical

## strategy 24 -none- logical

65
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16.2.4 AR SRE

outlier: [HfE Q5 + 1.5IQR 1 Q, — 1.5IQR X [A]Z 4} extreme: {HIE

Qs +3IQR M1 Q, — 3IQR X[RZ Ak

# fo AW s E

long_data %>% # TEML THEREHEZMWERBAZFEHNE —MSH
group_by(strategy) %>% # & group by W HFFELINEMN factor £H
identify_outliers(score) # WimfE e R EGAZ WITILH, B sb M EHATH4

## # A tibble: 2 x 5

##  strategy score subj is.outlier is.extreme

#Hi#t <dbl> <dbl> <int> <1gl> <lgl>
## 1 3 5 2 TRUE TRUE
## 2 3 10 6 TRUE FALSE

16.2.5 47 BiAb N T

BAHEP A S R AR MAZ AN factor 2R, I HARBHRIIE - 241,

BARANE—E B, (AR, bl leveneTest flliy Bk i 2HAR
wmItE, 26 &S FESENSAA R, BN, 2 RERESRE
JRE V1% & factor,

I EHAR R R IR A T . * convert_as_factor: fiE AN, WA
e\ % A4 * as.factor: BMIE. TERSIUEEIRHE 5] A,
AN X AR F 9 A2 S A

# FRUREHRNMNET

# AKBIH, subj F strategy #PMiZF AN HF

# FHiE—: R convert_as_factor
long_data=data.frame(long_data) %>%

convert_as_factor(strategy)

# E7&, convert_as_factor BMHZFEHWREEN, CHF2— M Fik, TN EKIEXAHLE
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long_data # X3 strategy %% K T BT

it score subj strategy

## 1 3 1 1
## 2 3 2 1
## 3 4 3 1
## 4 6 4 1
## 5 6 5 1
## 6 8 6 1
## 7 5 1 2
## 8 3 2 2
## 9 5 3 2
## 10 7 4 2
## 11 8 5 2
## 12 8 6 2
## 13 8 1 3
## 14 5 2 3
## 15 8 3 3
## 16 9 4 3
## 17 8 5 3
## 18 10 6 3
## 19 8 1 4
## 20 2 4
## 21 3 4
## 22 10 4 4
## 23 10 5 4
## 24 10 6 4

# convert_as_factor W UEANSZ NS, TULrARNERE TN FIEHE LT HEHTF LA

# Jk " as.factor
# IR, MRIETIHE B ESRE
subj=as.factor (subj)

# WRW A ZYUHM R long_data FWHA—FI X E, & long_data W subj EFF LI EHEH!
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long_data # KAH B AEMA R KA

it score subj strategy
## 3 1
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
## 10
## 10
# 24 10

# E#HTE: BREEENZ
long_data$subj=as.factor(long_data$subj) # it & 06 F 2 Xt HARAE F 89 7| 1E
long_data # X subj ¥EZ X T HT

© 00 N O O b W N =

I S I S R e T e e T e o
N B, O © 0 N O O b W N = O
=
0 O 00 O W U1 0 0 0 N O W U1 00 O O b W
(&2 B ~SREN &' B NG TR = o > W © » BN SNRRR 'V B N BN = o ) SRR © 2 HENY ~S &' BN NG I e ) N © 2 BRI SR OV BN O}

N
w
O DD DWW W W WWNDNNNDNDNERE R, R, R,

)

## score subj strategy
## 1 3 1 1
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it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
Hit 10
#it 10
## 24 10

© 00 N O O b W N

N NN B B BB R R R R R e
N », O © 0 N O 0o & W N = O
[y
0 O 00 ©OW 0 U1 0 0 0 N O W o1 00 O O b W

N
w
D 0D W NN, O WD R, WD, WN

O D D DWW WWWWNDND NN DNDN R R R

2ZZE5 LA BN, convert_as_factor Zfidi . FHELEHY!

long_data=data.frame(long_data) %>%

convert_as_factor(strategy,subj)
# E7&, convert_as_factor BHEZFEHKREMEE, CHF2—Frik, TUNHFLHEHLE,
long_data # X3 strategy 1 subj #HELHTHT

#i# score subj strategy
## 1 3 1 1
## 2 3 2 1
## 3 4 3 1
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it
#it
##
##
it
#it
## 10
## 11
## 12
## 13
## 14
## 15
## 16
## 17
## 18
## 19
## 20
## 21
## 22 10
## 23 10
## 24 10

0 © 0 U1 0 0 0 N O W o0 0w & O

-
o

o]
A O W N, OO0 WD, W, O

O DD D WWwWWWWWNDN NN NN R, R e

two=two %>, convert_as_factor (pre,time)

16.3 #& ANOVA EjH

HAREATC IR HEBRER G OUR . AR anova HZRAL, RIS ZAYRTHE. L
GRIEASPEBSE, T ERUER. BROIEABILSE .

16.3.1 IEZAHABR RIS

16.3.1.1 FHBEANH FEXENESHERTENMKEUE shapiro_test,
TMA & shapiro.test
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1?)\%(%}?5 1] group_by 74 (W] LARIR %2~ Al e se B4l . it

EAMAEY shapiro_test

long_data %>%
group_by(strategy) %>%

shapiro_test(score)

## # A tibble: 4 x 4

##  strategy variable statistic P
## <fct> <chr> <dbl> <dbl>
## 11 score 0.896 0.352
## 2 2 score 0.896 0.352
## 3 3 score 0.873 0.238
## 4 4 score 0.831 0.110

16.3.1.2 tapply tapply(X, INDEX, FUN = NULL)

EH RN G, TERCRAMRS, — B KA
o INDEX: fEASMAARhE, HE AR, HISIHER. B
BRI X AR K
. FUN: BRI EREL

tapply WEHRZLISIFRIIIE A6, AE rdas 1 cell RRALTELS
R, ZJaH for R P RIA]
normfit=tapply(perf,list(time,pre),shapiro.test)
for (i in 1:2){
for (j in 1:2){
print (normfit[i,j])

## [[1]]

##

## Shapiro-Wilk normality test
#H
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ANOVA 72

data: X[[i]l]
W = 0.70079, p-value = 0.009761

[[11]
Shapiro-Wilk normality test
data: X[[il]

W = 0.8173, p-value = 0.1113

[[11]
Shapiro-Wilk normality test
data: X[[il]

W = 0.70079, p-value = 0.009761

[[11]
Shapiro-Wilk normality test
data: X[[il]

W = 0.98676, p-value = 0.9672

16.3.2  Jj ZE [ BB B A B

o leveneTest: I ANAT. HMIAKUE (BN center=median, W[LIIHE
A center=mean)

o levene_test: FIHAU, MINAF (BRIN center=median, nJ LA
BN center=mean)
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7

center=median FEEMEHE A EHIENE R, A —KRIEZHEN

center=mean.

TR, fdTEFEREAHE TR, X — RS W AR B Bt
BT
# leveneTest

leveneTest (score~strategy, long_data)

## Levene's Test for Homogeneity of Variance (center = median)

#it Df F value Pr(>F)
## group 3 0.9786 0.4226
#it 20

# levene_test (J>))
long_data %>%
convert_as_factor(strategy) %>%
# WRAHRAE strategy HAUAETER, A FEW X FIEH

levene_test(score~strategy)

## # A tibble: 1 x 4

## dfl  df2 statistic p
## <int> <int> <dbl> <dbl>
## 1 3 20 0.979 0.423

# WU RATM T R AGE T —HHER

16.3.3 Phiizmix (BROBEB3) MRk

mauchly.test: H— A BHLfE AL RN | 5280 A A
matrix_data = matrix(long_data$score, 6, 4)

# AARFERBFERMNERE, EFTRTFENMNER (subject), FIRTFTARBH &Y (treatment)
mlmfit = lm(matrix_data ~ 1)

# XE 1- RE 2, KRR E 1 RERXE 2 04, %X E 2 BFHK 1, 2RE—NHUGHEHEHER
mauchly.test (mlmfit,X=~1)
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##

## Mauchly's test of sphericity

## Contrasts orthogonal to

# -1

##

##

## data: SSD matrix from lm(formula = matrix_data ~ 1)

## W = 0.55102, p-value = 0.8239

# B_ANSHREEN X=~1, REJATHFT Z R R ELS
# W W p-value MUK, AA IR K XL

16.4 ANOVA

» aov,anova 3¢ R 155 R4 K
o MANOVA: bruceR -5 A pREL

16.4.1 R EFFRAEREL

16.4.1.1 aov aov(formula, data = NULL)

aov PRELH] LAE B IR IE T )7 2 A, HAE RS —SIEdR % o A+
FH (AR . MRMHEHEHE, A2 formula iyt AN EHEHERY
BIZFKo

aov PREUR I ZHNFARNAT . BHE, WRGREARW T Z 5
o IX—gERamE AR AR, AT LA —RiA, v LA T e 8:r9 4T
b N\ summary,anova pREHZ,

Residuals 5024 -

fit_model = aov(score ~ strategy,long_data)
#H—ANHEEER, F-ANAAEE
fit_model
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## Call:

## aov(formula = score ~ strategy, data = long_data)
##

## Terms:

it strategy Residuals

## Sum of Squares 60 62

## Deg. of Freedom 3 20

#i#

## Residual standard error: 1.760682
## Estimated effects may be unbalanced

# BEE, aov WHEREQHWEELT -7, 2 AHKELT H 7]
# E, WRARINKELRER aov, FERFEFEESIH, HEMBm—7 % B EELI4

# Pl 3 A% E, BEFAN aov b
datal =1 : 11

5 : 15

c(10 : 19,21)

data?2

data3

# FER=ANREEGIHE 7|, HA W)U XE
# WTRHER Raw R EEWE %

data_y = c(datal, data2, data3)
factor_y = c(

rep(1, length(datal)),

rep(2, length(data2)),

rep(3, length(data3))
)

factor_y = as.factor(factor_y)

aov(data_y ~ factor_y) # ¥ DL E XTI B H 7| 23 % ANOVA

## Call:
## aov(formula = data_y ~ factor_y)
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##

## Terms:

## factor_y Residuals
## Sum of Squares 456.7273 340.9091
## Deg. of Freedom 2 30
##

## Residual standard error: 3.370999

## Estimated effects may be unbalanced

# B A IE ELE R 7 2 R R B R R O SR AE
long_test_data=data.frame( factor_y, data_y)

anova (aov(num~group,long_test_data))

## Analysis of Variance Table

##

## Response: num

## Df Sum Sq Mean Sq F value Pr(>F)

## group 2 456.73 228.364 20.096 2.901e-06 *xx*

## Residuals 30 340.91 11.364

## ——-

## Signif. codes: O '**k' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

# HEETUEBEA mANovA 438, R#EK =7 data &5F
fit_data=MANOVA(data.frame(datal,data2,data3),
'datal:data3"',
'data(.)"',
'data')

#i#
## Note:
## dvs="datal:data3" is matched to variables:

## datal, data2, data3
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## Descriptives:

##

## '"data" Mean S.D. n

##

## datal 6.000 (3.317) 11

## data2 10.000 (3.317) 11

##  data3 15.091 (3.477) 11

##

## Total sample size: N = 11

##

## ANOVA Table:

## Dependent variable(s): datal, data2, data3

## Between-subjects factor(s): -

## Within-subjects factor(s): data

## Covariate(s): -

##

## MS  MSE df1 df2 F P 2p [90% CI of 2p] 2G
##

## data 228.364 0.030 2 20 7536.000 <.001 **x .999 [.998, .999] .573
##

## MSE = mean square error (the residual variance of the linear model)
## °p = partial eta-squared = SS / (SS + SSE) = F * df1 / (F * df1 + df2)

## 2p = partial omega-squared = (F - 1) * df1 / (F * dfl + df2 + 1)
## 2G = generalized eta-squared (see Olejnik & Algina, 2003)

## Cohen’ s £f2 = ’p / (1 - ’p)

##

## Levene s Test for Homogeneity of Variance:

## No between-subjects factors. No need to do the Levene s test.
##

## Mauchly s Test of Sphericity:

## The repeated measures have only two levels. The assumption of sphericity is always &

# EERWNE, REERBHFTERARRE, CWHERMNET 204
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ER—RIE, TR AR . R, 7T aov AR
EHEHE, Hit bEsaT DUHZEAR (Linear Model) SRILA -

TR 2T a0 S T aov BUZE R E—E .

1m_model = lm(num~group,long_test_data)

anova(lm_model)

## Analysis of Variance Table

##

## Response: num

## Df Sum Sq Mean Sq F value Pr(>F)

## group 2 456.73 228.364 20.096 2.901e-06 *xx*

## Residuals 30 340.91 11.364

## —-—-

## Signif. codes: 0O '*x*x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1
16.4.1.2 anova anova(object, ...)

object:an object containing the results returned by a model fitting function
(e.g., lm or glm).anova(object, ...) A LAELE—/NEE 2D IX A
% . “When given a single argument it produces a table which tests whether
the model terms are significant. When given a sequence of objects, anova

tests the models against one another in the order specified.”

anova(object, ...) [TEMZITTZEDITER, 1EFL aov 155 AR )5
it EiFE ). F(E. p (.

anova(fit_model)

## Analysis of Variance Table

##

## Response: score

## Df Sum Sq Mean Sq F value Pr(>F)

## strategy 3 60 20.0 6.4516 0.003116 *x*

## Residuals 20 62 3.1
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# -
## Signif. codes: O 'sx*' 0.001 'x*' 0.01 'x' 0.05 '.' 0.1 ' ' 1

16.4.1.3 summary summary thHEIR[Al—FL T 20 F o

“The function summary.lm computes and returns a list of summary statistics

of the fitted linear model given in object”

summary (fit_model)

## Df Sum Sq Mean Sq F value Pr(>F)

## strategy 3 60 20.0  6.452 0.00312 *x*

## Residuals 20 62 3.1

## ———

## Signif. codes: O 's*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 " ' 1

summary.aov(fit_model)

## Df Sum Sq Mean Sq F value Pr(>F)

## strategy 3 60 20.0 6.452 0.00312 *x*

## Residuals 20 62 3.1

## ——-

## Signif. codes: O 's*xx' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 " ' 1

16.4.2 bruceR B H AL

16.4.2.1 MANOVA (multi-factor ANOVA) MANOVA HEE R AR
P&, i B, AN MAR R R =R IR B S5 RS TT 25
#r, B (gerenral & partial, 90%CI) .

MANOVA (data,subID = NULL,dv = NULL,dvs = NULL,dvs.pattern =
NULL,between = NULL,within = NULL,covariate = NULL,ss.type

= "III",sph.correction = "none",aov.include = FALSE,digits =
3,nsmall = digits,file = NULL)

o data: A LML SRR EHE
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o subID: #iHY ID, KEPRFTFEML N, XKL RIZI R 45K X
TR T EENIX SR
o dv: HAFH
— KEIRE: av BN
— WA dv JUETERGL A AT, TRl s R A1t
Hif] dvs B dvs.pattern
o dvs: HEEMNETTZES. HIEH TSGR Bt soREa#t) . %
N7 A P
— start:stop: i AR T
— charactor vector: [r]H H/AL-E 28 B 44 R
o dvs.pattern: WIR{IH T dvs., ABAZAL N IENFAK A 544
HIAREE
e between: between-subjects factor(s), WHLNHHZTH, BENIE
et
e within: within-subjects factor(s), WHL AL R, BHENISHE
[ 1t
o sph.correction: FEFERIMBKIIMIE. JUGH T 2R =AVKTFE
S TT 2500 HHEIREN GG

Hrr, between M1 within FZL B/ DM — 1 H 1 NIRRT T HE N
GHBRBOAMMAZES)  §UH within 5558 AUA] between fifiE. KA
SERARALEEG: ATEMCH RER S TAROER (&), B 74l
WHIE R (B0 REGRIIILRUR IR, AT LURESTEAEEER, A
SERRARE R AR, ATLAEIR MANOVA (G2 R REF MG KA R e 22
SRR IR o KT EWIHG subID, Y TR AR G,
gt ID FEAE S REEIEEWHG within 28ht, FFFFRYE vithin
AR BERSF K Z 8. DA JFREGR LM EIR" F07 7. 1A,
AGuH EN AT T8I BRSO R R — SRR A 4
W8 L

KHbE

# one-way

repeat_fit <- MANOVA(long_data,
"subj", # AKX —F|IGR N EZH ARG T
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ANOVA 81
"score", # HX &
"strategy",
# strategy fEH within-subject WL &, NWHHTEEME T 2%
"GG") # greemhouse-getisser correction
* Data are aggregated to mean (across items/trials)
if there are >=2 observations per subject and cell.
You may use Linear Mixed Model to analyze the data,
e.g., with subjects and items as level-2 clusters.
====== ANOVA (Within-Subjects Design) ======
Descriptives:
"strategy" Mean S.D. n
strategyl 5.000 (2.000) 6
strategy2 6.000 (2.000) 6
strategy3 8.000 (1.673) 6
strategy4 9.000 (1.265) 6
Total sample size: N = 6

ANOVA Table:

Dependent variable(s): score
Between-subjects factor(s): -
Within-subjects factor(s): strategy

Covariate(s): -

MS MSE dfi  df2 F p 2p [90% CI of 2p] 3G

strategy 27.551 1.286 2.178 10.889 21.429 <.001 *x*x .811 [.558, .894] .492
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##

## Sphericity correction method: GG (Greenhouse-Geisser)

## MSE = mean square error (the residual variance of the linear model)
## 2p = partial eta-squared = SS / (SS + SSE) = F * df1 / (F * df1 + df2)
## 2p = partial omega-squared = (F - 1) * dfl / (F * df1 + df2 + 1)
## 2G = generalized eta-squared (see Olejnik & Algina, 2003)

## Cohen’ s f2> = °p / (1 - ?p)

##

## Levene s Test for Homogeneity of Variance:

## No between-subjects factors. No need to do the Levene s test.
##

## Mauchly s Test of Sphericity:

##

#it Mauchly's W P

##

## strategy 0.5510 .824

#H

# two-way

two_fit=MANOVA (two, 'perf', c('time', 'pre'))

##

## ====== ANOVA (Between-Subjects Design) ======

##

## Descriptives:

##

## "time" "pre" Mean S.D. n

##

##  time0 pre0 9.000 (1.732) 5

##  time0 prel 8.000 (1.871) 5

##  timel pre0 5.000 (1.732) 5

##  timel prel 9.000 (1.581) 5

##

## Total sample size: N = 20
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ANOVA 83
ANOVA Table:
Dependent variable(s): perf
Between-subjects factor(s): time, pre
Within-subjects factor(s): -
Covariate(s): -

MS  MSE df1l df2 F P ’p [90% CI of 2pl 3G
time 11.250 3.000 1 16 3.750 .071 . .190 [.000, .454] .190
pre 11.250 3.000 1 16 3.750 .071 . .190 [.000, .454] .190
time * pre 31.250 3.000 1 16 10.417 .005 *x* .394 [.095, .617] .394
MSE = mean square error (the residual variance of the linear model)
’p = partial eta-squared = SS / (SS + SSE) = F * dfl / (F * df1l + df2)
2p = partial omega-squared = (F - 1) * df1 / (F * df1 + df2 + 1)

2G = generalized eta-squared (see Olejnik & Algina, 2003)

Cohen’ s f2 = 2p / (1 - 2p)

Levene s Test for Homogeneity of Variance:

Levene s F dfl df2

p

DV: perf 0.235 3 16 .870

# B+ repeated-measured ANOVA, FrVA subID ¥ VLAl BA# 2 7 — 7|

PRAE
wide_data = data.frame( c(3,3,4,6,6,8),

c(5,3,5,7,8,8),
c(8,5,8,9,8,10),
c(8,9,7,10,10,10))

repeated_fit=MANOVA(wide_data,
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ANOVA 84

Note:
dvs="s1:s4" is matched to variables:

sl, s2, s3, s4

Descriptives:

"s" Mean S.D. n

s1 5.000 (2.000)
s2 6.000 (2.000)
s3 8.000 (1.673)
s4 9.000 (1.265)

Total sample size: N = 6

ANOVA Table:

Dependent variable(s): sl, s2, s3, s4
Between-subjects factor(s): -
Within-subjects factor(s): s

Covariate(s): -

MS MSE dfi  df2 F p p [90% CI of 2p] 2G

s 27.551 1.286 2.178 10.889 21.429 <.001 **x* .811 [.5568, .894] .492
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## Sphericity correction method: GG (Greenhouse-Geisser)

## MSE = mean square error (the residual variance of the linear model)

## °’p = partial eta-squared = SS / (SS + SSE) = F * dfl / (F * df1l + df2)
## 2p = partial omega-squared = (F - 1) * df1 / (F * df1l + df2 + 1)

## 2G = generalized eta-squared (see Olejnik & Algina, 2003)

## Cohen’ s £2 = ?p / (1 - ?p)

##

## Levene s Test for Homogeneity of Variance:

## No between-subjects factors. No need to do the Levene s test.
##

## Mauchly s Test of Sphericity:

##
## Mauchly's W P
##
## s 0.5510 .824
##

between-subject design
2 EIAHY long_data Hify subj —FIKER, XS T ARERAT=F

strategy T HHZFEFER AL, RUILIATREATHEARIAR L (one-
way ANOVA)

between_data=data.frame(score,strategy) %>/, convert_as_factor(strategy)
# JL: MANOVA f55 0, between REMUFEHETAA, BHETURE—HEER
between_fit=MANOVA (between_data,

'score',
'strategy')
##
## ====== ANOVA (Between-Subjects Design) ======
##

## Descriptives:
##
## "strategy" Mean S.D. n
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ANOVA 86

strategyl 5.000 (2.000) 6

strategy2 6.000 (2.000) 6

strategy3 8.000 (1.673) 6

strategy4 9.000 (1.265) 6
Total sample size: N = 24
ANOVA Table:
Dependent variable(s): score
Between-subjects factor(s): strategy
Within-subjects factor(s): -
Covariate(s): -

MS MSE df1 df2 F p 2p [90% CI of 2p] *G

strategy 20.000 3.100 3 20 6.452 .003 x*x .492 [.164, .656] .492
MSE = mean square error (the residual variance of the linear model)

2p = partial eta-squared = SS / (SS + SSE) = F * df1 / (F * df1 + df2)
’p = partial omega-squared = (F - 1) * dfl / (F * dfl + df2 + 1)

2G = generalized eta-squared (see Olejnik & Algina, 2003)

Cohen’ s f2 = ?p / (1 - ?p)

Levene s Test for Homogeneity of Variance:

Levene s F df1l df2 p

DV: score 1.067 3 20 .385

K IR 7 22 0 A (one-way  ANOVA) RIBELL N J7 2 20 1 (repeated-
measured ANOVA) (ZERAAE AL, KIEEHERE. AEEHNE, 4
FRZ 7 2T BRI R °, T EE N T 2250470, 15
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BRI F IR partial n?, IXAEPIREGIE A 45 SREBIS 2] T 5E,

16.5 Fjakik

iR ANOVA WZR B, B4R EREE R THIERLE . HE2WMma
MZESEE. FaRiRBouksy, N ANOVA B2, HiEhlytRus
ESIRTE S N

16.5.1 EMMEANS

EMMEANS (model,effect=NULL,p.adjust="'bonferroni')
EMMEANS AESEPITE BRI S5: * BRI * R
Ak, EMMEANS MSEEfSIRIFIGNV i (partial n°,Cohen’s d, [ H E{F X [H])

] EMMEANS HH{% A\ Hi MANOVA 733|077 22 B BY, 1 B ARG 56 HY 280
(effect F1 by), PANIAHEE A RIAT,

PEETT L BIAN p.adjust="bonferroni', 1] LI E A tukey’, ‘scheffe’,

# p.adjust="tukey'
EMMEANS (between_fit, 'strategy’, 'tukey')

16.5.1.0.1 EMMEANS FTH5Kk

# - EMMEANS (effect = "strategy") ------
##
## Joint Tests of "strategy":

##
##  Effect dfl df2 F p 2p [90% CI of 2p]
##

## strategy 3 20 6.452 .003 *x .492 [.164, .656]

#i#t
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ANOVA

Note. Simple effects of repeated measures with 3 or more levels

are different from the results obtained with SPSS MANOVA syntax.

Estimated Marginal Means of '"strategy":

"strategy" Mean [95) CI of Mean]

strategyl 5.000 [3.
strategy2 6.000 [4.
strategy3 8.000 [6.
strategy4 9.000 [7.

Pairwise Comparisons

strategy?2
strategy3
strategy3
strategy4
strategy4
strategy4

501,
501,
501,
501,

6.499]
7.499]
9.499]
10.499]

Contrast Estimate

strategyl
strategyl
strategy?2
strategyl
strategy2
strategy3

= W oW

.000
.000
.000
.000
.000
.000

(1.
(1.
(1.
(1.
(1.
(1.

S.E.

(0.719)
(0.719)
(0.719)
(0.719)

of "strategy":

S.E.

017)
017)
017)
017)
017)
017)

daf

20
20
20
20
20
20

Pooled SD for computing Cohen’ s d: 1.761

P-value adjustment: Tukey method for comparing a family of 4

Disclaimer:

SO N W = N O

.984
.951
.967
.935
.951
.984

.760
.036 *
.233
.004 *x*
.036 *
.760

By default, pooled SD is Root Mean Square Error (RMSE).

There is much disagreement on how to compute Cohen’ s d.

You are completely responsible for setting “sd.pooled’.

You might also use “effectsize::t_to_d()" to compute d.

H AT LLH# p.adjust="scheffe', LR MERFH,

.568
.704
.136
.272
.704
.568

[-1.
[ 0.
[-0.
[o.
[o.
[-1.

SO N~ = O

estimates.

048,
088,
480,
656,
088,
048,

Cohen’ s d [95Y% CI

N W W N W N

of d]

.184]
.320]
.752]
.888]
.320]
.184]
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EMMEANS (between_fit,

#Hit
#i#t
##
##
#Hit
#i#t
##
##
#Hi#t
#i#t
##
##
#Hit
#i#t
##
##
#Hit
#i#t
##
#i#
#Hi#t
#i#t
##
#i#
#Hit
#i#t
##
#i#
#Hit
#i#t

'strategy’',

Joint Tests of "strategy":

Effect dfl df2

strategy

Note. Simple effects of repeated measures with 3 or more levels

3 20 6.45

F

2 .003 *x*

p

*p [90% CI of

.492 [.164,

'scheffe')

2p]

.656]

89

are different from the results obtained with SPSS MANOVA syntax.

Estimated Marginal Means of "strategy":

"strategy" Mean [95% CI of Mean]

strategyl 5.000
strategy2 6.000
strategy3 8.000
strategy4 9.000

Pairwise Comparisons of "strategy':

strategy2
strategy3
strategy3
strategy4
strategy4
strategy4

[3.5
[4.5
[6.5
[7.5

01,
01,
01,
01,

S.E.

6.499] (0.719)
7.499] (0.719)
9.499] (0.719)

Contrast Estimate

strategyl
strategyl
strategy2
strategyl
strategy2
strategy3

= oW N W

.000
.000
.000
.000
.000
.000

(1.
(1.
(1.
(1.
(1.
(1.

S.E.

017)
017)
017)
017)
017)
017)

10.499] (0.719)

daf

20
20
20
20
20
20

SO N W~ N O

.984
.951
.967
.935
.951
.984

p

.809
.060 .
.305
.008 *x*
.060 .
.809

Cohen’ s d [95% CI

SO ~ N~ = O

.568
.704
.136
.272
.704
.568

[-1.
[-0.
[-0.
[ 0.
[-0.
[-1.

192,
056,
624,
512,
056,
192,

N W PN W N

of d]

.328]
.464]
.896]
.032]
.464]
.328]
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##

## Pooled SD for computing Cohen’ s d: 1.761

## P-value adjustment: Scheffe method with rank 3.

##

## Disclaimer:

## By default, pooled SD is Root Mean Square Error (RMSE).
## There is much disagreement on how to compute Cohen’ s d.
## You are completely responsible for setting “sd.pooled’.

## You might also use “effectsize::t_to_d()~ to compute d.

16.5.1.0.2 EMMEANS HFRBEZVOM effect ZEUENIIHIN
BRI RIS, by BEUEANIES 4.

EMMEANS (two_fit, 'pre', 'time') # ¥ pre WFEENN
## —————— EMMEANS (effect = "pre") ------

##

## Joint Tests of '"pre":

##

## Effect "time" df1 df2 F P 2p [90% CI of 2p]

##

#i# pre timeO 1 16 0.833 .375 .049 [.000, .291]

## pre timel 1 16 13.333 .002 *x* .455 [.146, .659]

##

## Note. Simple effects of repeated measures with 3 or more levels
## are different from the results obtained with SPSS MANOVA syntax.
##

## Estimated Marginal Means of "pre":

##

## "pre" "time" Mean [95% CI of Mean] S.E.

##

## pre0 timeO 9.000 [7.358, 10.642] (0.775)

## prel timeO 8.000 [6.358, 9.642] (0.775)

## pre0 timel 5.000 [3.358, 6.642] (0.775)
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## prel timel 9.000 [7.358, 10.642] (0.775)

##

##

## Pairwise Comparisons of '"pre":

##

## Contrast "time" Estimate S.E. df t P Cohen’ s d [95% CI of d]
##

## prel - pre0 time0 -1.000 (1.095) 16 -0.913 .375 -0.577 [-1.918, 0.763]
## prel - pre0 timel 4.000 (1.095) 16 3.651 .002 *x 2.309 [ 0.969, 3.650]
##

## Pooled SD for computing Cohen’ s d: 1.732

## No need to adjust p values.

##

## Disclaimer:

## By default, pooled SD is Root Mean Square Error (RMSE).

## There is much disagreement on how to compute Cohen’ s d.

## You are completely responsible for setting “sd.pooled’.

## You might also use “effectsize::t_to_d()” to compute d.

emmip(two_fit,pre~time) # T U244 pre KT time R 4MNEEEMMN, HFNMN pre, EHN
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c
§e]
% pre
gj pre0
E ~o- prel
|
6.
5.
timleO timlel
Levels of time
EMMEANS (two_fit, "time", "pre")
## —————- EMMEANS (effect = "time") ------
##
## Joint Tests of "time":
##
## Effect "pre" dfl df2 F p 2p [90% CI of 2p]
##
## time pre0 1 16 13.333 .002 ** .455 [.146, .659]
## time prel 1 16 0.833 .375 .049 [.000, .291]
##

## Note. Simple effects of repeated measures with 3 or more levels
## are different from the results obtained with SPSS MANOVA syntax.
##

## Estimated Marginal Means of "time":

##

## "time" "pre" Mean [95) CI of Mean] S.E.

##
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##  time0 pre0 9.000 [7.358, 10.642] (0.775)

##  timel pre0 5.000 [3.358, 6.642] (0.775)

## timeO prel 8.000 [6.358, 9.642] (0.775)

##  timel prel 9.000 [7.358, 10.642] (0.775)

##

##

## Pairwise Comparisons of "time":

##

## Contrast "pre" Estimate S.E. df t P Cohen’ s d [95% CI of d]
##

## timel - time0 pre0 -4.000 (1.095) 16 -3.651 .002 *x -2.309 [-3.650, -0.969]
## timel - time0 prel 1.000 (1.095) 16 0.913 .375 0.577 [-0.763, 1.918]
##

## Pooled SD for computing Cohen’ s d: 1.732

## No need to adjust p values.

##

## Disclaimer:

## By default, pooled SD is Root Mean Square Error (RMSE).

## There is much disagreement on how to compute Cohen’ s d.

## You are completely responsible for setting “sd.pooled’.

## You might also use “effectsize::t_to_d()~ to compute d.

emmip(two_£fit,time~pre, T
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11-

o A
c
§=l
ks time
°
95)_ 7 time0
o & timel
=
-

5-

3- ' .

pre0 prel
Levels of pre

EMMEANS (two_fit, 'pre')
# - EMMEANS (effect = "pre") ------
#i#t
## Joint Tests of "pre":
##
## Effect df1l df2 F p 2p [90% CI of °2p]
#i#t
## time 1 16 3.750 .071 . .190 [.000, .454]
## pre 1 16 3.750 .071 . .190 [.000, .454]
## time * pre 1 16 10.417 .005 *x* .394 [.095, .617]
#i#t

## Note. Simple effects of repeated measures with 3 or more levels
## are different from the results obtained with SPSS MANOVA syntax.
##

## Estimated Marginal Means of '"pre":

##

## "pre" Mean [95% CI of Mean] S.E.
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it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
Hit
#it
##
##

ANOVA 95

pre0 7.000 [5.839, 8.161] (0.548)
prel 8.500 [7.339, 9.661] (0.548)

Pairwise Comparisons of "pre":
Contrast Estimate S.E. df t ) Cohen’ s d [95% CI of d]
prel - pre0 1.500 (0.775) 16 1.936 .071 . 0.866 [-0.082, 1.814]

Pooled SD for computing Cohen’ s d: 1.732
Results are averaged over the levels of: time

No need to adjust p values.

Disclaimer:

By default, pooled SD is Root Mean Square Error (RMSE).
There is much disagreement on how to compute Cohen’ s d.
You are completely responsible for setting “sd.pooled’.

You might also use “effectsize::t_to_d()" to compute d.

16.5.2 TukeyHSD

TukeyHSD(x, conf.level = 0.95, ...), KHJ54: stats fil.

Hep x ZHIEER, XHIEEEH aov AR, conf.level ALK
FEER KR RN, g AL AR X Y

diff EMAHRYEIEZE, p adj ZIFEEIEH p-value.

TukeyHSD 7 LA print GURESE. il LM plot JEBLISS MM A

A,

M BRI I EERMEGXE, B

tfm=TukeyHSD(fit_model)

print (tfm)
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##  Tukey multiple comparisons of means
#it 95% family-wise confidence level
##
## Fit: aov(formula = score ~ strategy, data = long_data)
##
## $strategy
## diff lwr upr p adj
## 2-1 1 -1.8452027 3.845203 0.7601658
## 3-1 3 0.1547973 5.845203 0.0364863
## 4-1 4 1.1547973 6.845203 0.0041906
## 3-2 2 -0.8452027 4.845203 0.2331646
## 4-2 3 0.1547973 5.845203 0.0364863
## 4-3 1 -1.8452027 3.845203 0.7601658
plot (tfm)
95% family—wise confidence level
T ! |
I\
T : : |
™
T | | |
4 . . .
T : : |
)
D : : |
<
T : :
<

Differences in mean levels of strategy
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16.5.3 tukey_ hsd

tukey_hsd(x, formula, ...), 3KH rstatix fi.

tukey_hsd(x, formula, ...) 2EHEKAIFN.

Hrr x 5 aov,lm,data.frame ZEf5FE formula FP AR AR,
formula A num~group, H.H num NEEAL L, group NP EL, W
AN T T E WAL aov, IR2JAHIFH A\ formula, [K2f formula
f£ aov HIEh D&KL,

tukey_hsd(x, formula, ...) fEiR[F— tibble data frame, [ZiHfAG
ZER (BINRCREEM) o

# HEEN aov HA
tukey_hsd(fit_model)

## # A tibble: 6 x 9

##  term groupl group2 null.value estimate conf.low conf.high p.adj
## * <chr> <chr> <chr> <dbl> <dbl> <dbl> <dbl> <dbl>
## 1 strategy 1 2 0 1.00 -1.85 3.85 0.76

## 2 strategy 1 3 0 3 0.155 5.85 0.0365
## 3 strategy 1 4 0 4 1.15 6.85 0.00419
## 4 strategy 2 3 0 2 -0.845 4.85 0.233
## 5 strategy 2 4 0 3 0.155 5.85 0.0365
## 6 strategy 3 4 0 1 -1.85 3.85 0.76

## # ... with abbreviated variable name 1: p.adj.signif

# EREE

long_data %> tukey_hsd(score~strategy)

## # A tibble: 6 x 9

##  term groupl group2 null.value estimate conf.low conf.high p.adj
## x <chr> <chr> <chr> <dbl> <dbl> <dbl> <dbl>  <dbl>
## 1 strategy 1 2 0 1.00 -1.85 3.85 0.76

## 2 strategy 1 3 0 3 0.155 5.85 0.0365
## 3 strategy 1 4 0 4 1.15 6.85 0.00419

p.adj.~1
<chr>

ns

*

*k

ns

*

ns

p.adj.~1
<chr>

ns

*

*k
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## 4 strategy 2 3 0 2 -0.845 4.85 0.233 s
## 5 strategy 2 4 0 3 0.155 5.85 0.0365 *
## 6 strategy 3 4 0 1 -1.85 3.85 0.76 ns
## # ... with abbreviated variable name 1: p.adj.signif

16.6 #h7%

FEVEAT T Z20AT 2 A, Al LASE

L 2RI R ML L — N A . N BRI DA (E, B8RRI LA
REE 7 222 A F e

2. 221 QQ B REAEF IEASMEIE A AL

16.6.1 ZHIFEEIE

¢ boxplot
e ggboxplot
# ER %
boxplot (score~strategy,long_data, T

o
-

o —

|

score

4
|

strategy
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# % E varwidth=T, TUHAHEWTEE R A HABKIEN T £ KHEN
# WEFEAL, WRBET FEZTREFK.

# ggbozplot, EH RMKRTHE XN

ggboxplot (long_data, "strategy", "score", "point")
101 . .
Y L[]
8 ?
o L]
o
@
6 o
. 4 [ ]
4 4 °
)
1 2 3 4
strategy

16.6.2 %] QQ

ZRIEAFE R E H QQ plot, I ggaaplot H%L

ggqaplot A H— PZULNBIRIE, 6 SN ELHIH AL,
facet.by R AR AL R

ggqgplot (long_data, "score', "strategy")

## Warning: The following aesthetics were dropped during statistical transformation: sa
## i This can happen when ggplot fails to infer the correct grouping structure in
##  the data.

## 1 Did you forget to specify a “group  aesthetic or to convert a numerical
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it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
Hit
#it
##
##
Hit
#it
##
##
Hit
#i#t
##
##
#Hi#t

ANOVA

variable into a factor?

The following aesthetics were

i This can happen when ggplot
the data.

i Did you forget to specify a
variable into a factor?

The following aesthetics were

i This can happen when ggplot
the data.

i Did you forget to specify a
variable into a factor?

The following aesthetics were

i This can happen when ggplot
the data.

i Did you forget to specify a
variable into a factor?

The following aesthetics were

i This can happen when ggplot
the data.

i Did you forget to specify a
variable into a factor?

The following aesthetics were

i This can happen when ggplot
the data.

i Did you forget to specify a
variable into a factor?

The following aesthetics were

i This can happen when ggplot
the data.

i Did you forget to specify a
variable into a factor?

The following aesthetics were

i This can happen when ggplot
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dropped during statistical transformation: sample

fails to infer the correct grouping structure in

“group  aesthetic or to convert a numerical

dropped during statistical transformation: sample

fails to infer the correct grouping structure in

“group  aesthetic or to convert a numerical

dropped during statistical transformation: sample

fails to infer the correct grouping structure in

“group” aesthetic or to convert a numerical

dropped during statistical transformation: sample

fails to infer the correct grouping structure in

“group  aesthetic or to convert a numerical

dropped during statistical transformation: sample

fails to infer the correct grouping structure in

“group  aesthetic or to convert a numerical

dropped during statistical transformation: sample

fails to infer the correct grouping structure in

“group  aesthetic or to convert a numerical

dropped during statistical transformation: sample

fails to infer the correct grouping structure in
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##  the data.
## i Did you forget to specify a “group” aesthetic or to convert a numerical

## variable into a factor?

1 2
10+
. /
(]
5 o
/ .

o O
£
= 3 4
(%))

-10 -05 00 05 1.0 10 -05 00 05 1.0
Theoretica
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