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# BT 7 2 AR U A £

library(rstatix) # identify outliers, and include good stats test functions

##
## Attaching package: 'rstatix'

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

library(dplyr) # 7>/

##
## Attaching package: 'dplyr'

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

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

## intersect, setdiff, setequal, union

library(bruceR) # a good ANOVA related wrapper

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

## Packages also loaded:

## v dplyr v emmeans v ggplot2

## v tidyr v effectsize v ggtext

## v stringr v performance + cowplot

## v forcats v lmerTest v see

## v data.table

##

## Main functions of “bruceR™:

## ccQ 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/

##

## These R packages are dependencies of “bruceR™ but not installed:
## pacman, lmtest, vars, phia, BayesFactor, GGally, GPArotation
## xxx**x Please Install All Dependencies ****x

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

library(car) # leveneTest

## Loading required package: carData

##
## Attaching package: 'car'

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

#i# recode

library(afex) # for factorial design anova



1 B EFEHHAENE 4
Bt Forkkkkk kKK
## 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")

H# kkkkk kR kR R Rk

##
## Attaching package: 'afex'

## The following object is masked from 'package:1lme4d':
##
Hit lmer

library(ggpubr) # plot in publication-ready formats

##
## Attaching package: 'ggpubr'

## The following object is masked from 'package:cowplot':
##
#Hit get_legend

library(purrr) # for functions dealing with functions

##
## Attaching package: 'purrr'

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

## some

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

2 BIEwp R

BE T A MR RIEA, — MR REdE, —F2EEE, KA B
o HAANE R A XS LR, I T EAR 2 A A R B A R

éj\ éﬂ o

2.1 FNBHE I BB B e

anova ALFRAYNTS /2 Data Frame, [FIHWEPRHAE(EAH data.frame pREFE
A EARHE o

# X—ABIEAT one-way ANOVA, 3t H¥ LAl T repeated-measured ANOVA, strategy &£~ EZE
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) # HETHER rep BH, GEFE

strategy=c(rep(1,6) ,rep(2,6),rep(3,6) ,rep(4,6))

long_data = data.frame(score,subj,strategy) # 1% dataframe

long_data

## 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
##H 7 5 1 2
## 8 3 2 2
## 9 5 3 2
## 10 7 4 2
## 11 8 5 2
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## 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

# X—HAHEH T two-way ANOVA, *itHZ 2%2 LI, # %K 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 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



2 Ay R

## 12 12 0 1 10
## 13 13 0 1
## 14 14 0 1
## 15 15 0 1
## 16 16 0 O 10
## 17 17 0 O 6
## 18 18 0 ©0 10
## 19 19 0 O 10
## 20 20 0O O 9

2.2 KB HR A R IR

EEEIRLVG . MIZECRER T EARKE, A 00mE (outlier).

2.3 KABRKME

] is.na B, WLAECE sum H42JF.

sum(is.na(long_data))

## [1]1 0

# TUHEEN A EERRZTRRAE, WREAAERITELES R

# B — AT g ok & E

sum(is.na(long_data$score))

## [1]1 0

sum(is.na(long_data$subj))

## [1]1 0

sum(is.na(long_data$strategy))

## [1]1 0
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num_na=long_data %>% map(is.na)
# WA LEFH map BREEXN A HTHE, EEREUBRFEN

summary (num_na)

## Length Class Mode

## score 24 -none- logical
## subj 24 -none- logical
## strategy 24 -none- logical

2.4 KA mE

outlier: fH7E Q5 + 1.5IQR Fl @, — 1.5IQR [X[A]Z /b extreme: {HTE

Qs +3IQR M1 Q — 3IQR XAz /b
o 2 AR 3 18

long_data %>% # BHA U THREHEZMWEREANZ FRENE — NS %K
group_by(strategy) %>% # H & group_by WF|H FHELINEMN factor
identify_outliers(score) # Wb REFAZ N ITib, B k~G A #

## # A tibble: 2 x 5

##  strategy score subj is.outlier is.extreme

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

2.5 SAAEBNNT

BAHEP A S R AR MAZ AN factor 2R, IF HARBHRIAE 24,

HIRA E'#;’E%ﬁﬁ B, AR, bl leveneTest Hff 75 Bk 44047
BPEL, 2fl @ S E S E N A b, B, A R AR S
Ut %2 factor.

AT AN R A J7iE A * convert_as_factor: EHIHALF, WA
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NS ANSE* as.factor: WHEN, FEMAUEXNEHRIERIIFI#ERAE,
AT IR S Y A2 A

# ¥odaREHm Mt ET

# KB, subj f strategy #PhiZ% 1 H T

# Jik—: #/H convert_as_factor
long_data=data.frame(long_data) %>%
convert_as_factor(strategy)
# E7&, convert_as_factor BHEEFEHWREMEN, CHFE— M7k, TN EKIELAHHLE
long_data # X strategy %% K T HT

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

© 00 N O O b W N =

e e T e T T = S S T
© 00 N O Odbd W N =, O

-
0 O 00 ©OW 0 U1 0 0 0 N O W U1 00 O O b W

N
(]
W NP, OO W N RO WwWN R, 0w N

OO R W W W WWWNDNNDN NN R R, R, R e

N
—
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## 22 10 4 4
## 23 10 5 4
## 24 10 6 4

# convert_as_factor ¥ UENZ NS, W ULLFTA B B B F 0ok 7 44k L O B F KA

# J7k—: as.factor

# BT, MEBINEELERE

subj=as.factor (subj)

# BTN RZELHAR long data FHA—F|E &, (2R long data FH subj Lir LI A EH!
long_data # XIS RHEMAL R A&

#Hi#t score subj strategy
## 3 1
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

© 00 N O O W N =

e e T e e e = = S
© 00 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

N
o
O DWW W WwWWWNDNDNN NN R R, R R e

W NP, OO W N RO W, 0w N

N
=
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## 22 10 4 4
## 23 10 5 4
## 24 10 6 4

# E#HTE: BHREEENZ
long_data$subj=as.factor(long_data$subj) # V& b J 2 X EAEAE o B9 7| 1F
long_data # K subj %% K THET

## 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

ZEG LA B4, convert_as_factor ;2 HfHEFEN!
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long_data=data.frame(long_data) %>%

convert_as_factor(strategy,subj)
# E7&, convert_as_factor BHEZFEHKREMEE, CHF2—frik, TUNHEFELEHHLE,
long_data # X I strategy 1 subj ##H TN T EHF

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

© 00 N O O b W N -

N NN B BB Bs 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
b b DWW W W W WNDNNNDNNRE PR,

D D W NN, O WD R, OO WD, WwWN

two=two %>, convert_as_factor(pre,time)
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3 K ANOVA IR

B HEATCRBHEFRR RGOS . AR anova (YRR, 12507 ZHTRTIE . L0
GRIEASPEBSE, Ty ZERUR. BROIPRILSE .

3.1 IEZMEARBE AR S
3.1.1 HEfEsIH

FEIX HIEAS AR IS B PR shapiro_test, |fiifJ& shapiro.test
f?)\éﬁﬁ% M group_by 54 (W] LA %L A~ HAR RSLI ) . it
ITIEAMEAL: 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
##t 2 2 score 0.896 0.352
## 3 3 score 0.873 0.238
## 4 4 score 0.831 0.110
3.1.2 tapply

tapply (X, INDEX, FUN = NULL)

o Xo BRI HXNR, EEGEHE, — R REWEE A

o INDEX: fENPHAGE, AL AELEN, HPERHE. FMrdE
AR IZE X AR

o FUN: ZLW AL
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tapply HEEREUIFIERIIE G, FE G5 —1 cell hRyabs
R, ZJEH for JEENE RN

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
##

## data: X[[il]

## W = 0.70079, p-value = 0.009761
##

##

## [[1]]

##

## Shapiro-Wilk normality test
##

## data: X[[il]

## W = 0.8173, p-value = 0.1113
##

##

## [[1]]

##

## Shapiro-Wilk normality test
##

## data: X[[il]

## W = 0.70079, p-value = 0.009761
##

##
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## [[1]]

##

## Shapiro-Wilk normality test
##

## data: X[[il]

## W = 0.98676, p-value = 0.9672

3.2 JiZEF RS

+ leveneTest: AT HIAZGE (FRIN center=median, WJLAKE
>N center=mean)

o levene_test: FHHELU, WAL (FRIN center=median, AJLLi%
‘B4 center=mean)

center=median FEE M W A SN R, A B ZHEN

center=mean.

TR, B ETRENBAFEFRE, X — SRR f A A PR B
B5E !
# leveneTest

leveneTest (score~strategy, long_data)

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

## group 3 0.9786 0.4226

## 20

# levene_test (/>%)
long_data %>%
convert_as_factor(strategy) %>%
# WRNBRHES strategy BN ETED, WATE W ExAEH

levene_test(score~strategy)

## # A tibble: 1 x 4
## dfl1  df2 statistic P
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## <int> <int> <dbl> <dbl>
## 1 3 20 0.979 0.423

# WU RIATM T kR AR T SR

3.3 W ZR PR GRIBRBY) Mtk

mauchly.test: §i—-ZAUHE \LAEIIANIE, 55— S AL

matrix_data = matrix(long_data$score,nrow=6,ncol=4)

# EATERBRELUAESE, HEATRTE MR (subject), ZIRT AR W &MY (treatment)
mlmfit = lm(matrix_data ~ 1)

# RE 1~ RE 2, RRZE I R#EXE 2 04, WX E 2 K 1, 2RE— I NewEEER
mauchly.test (mlmfit,X=~1)

##

## 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

# FANSHEEN X=-1, REIFATH T £ F R
# Wil p-value MUK, AN HB B

4 ANOVA

e aov,anova 3¢ R 155 R4 FE
o MANOVA: bruceR {13 A pR%K
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4.1 R EFHEAERE
4.1.1 aov

aov(formula, data = NULL)

aov PRI LAE BN IO BURIEA T T 20 A . LR — BRI 1
FI (AR . WREHEIAE, A2 formula FREyAL R MM EHEHER
B2 Ko

aov PREGR A EHNFLRIATT H R, R I 220 M 45
Ho X—gh Bl E AR R, ATLAACK R — Ry, AT DL T RS 94T
b )\ summary,anova PRAELHZ,

Residuals 5 Z4H K -

fit_model = aov(score ~ strategy,long_data)
#H—MHEEER, F—ANAAEE
fit_model

## Call:

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

## Terms:

#it strategy Residuals

## Sum of Squares 60 62

## Deg. of Freedom 3 20

##

## Residual standard error: 1.760682

## Estimated effects may be unbalanced

# BER, aov WRAEEZZONMMHEELT -5, 2AHBELT 77
# F, WRARINBELER aov, FERAFLREI;, SFRMFIM—7 % B HEL A

# PlwE 3 A% E, BEREN aov Wb
datal =1 : 11
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B 3 i
c(10 : 19,21)

data2
data3

# FER AT EAIIN 7, FAMGpHAZE
# UWTHREZH Raw R EZ W E %

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

rep(1l, length(datal)),

rep(2, length(data2)),

rep(3, length(data3))
)

factor_y = as.factor(factor_y)

aov(data_y ~ factor_y) # ¥ LLE B Ik iy # 7| 445 e ANOVA

## Call:

#i#t aov(formula = data_y ~ factor_y)
##

## Terms:

#Hit 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

# EAG W R 0 07 ik R B R AR
long_test_data=data.frame( factor_y, data_y)

anova(aov(num~group,long_test_data))

## Analysis of Variance Table
##

## Response: num
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## Df Sum Sq Mean Sq F value Pr(>F)

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

## Residuals 30 340.91 11.364

## ——-

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

# REAETULEA MANOVA A3, AAK =5 data £5F
fit_data=MANOVA(data.frame(datal,data2,data3),
'datal:data3"',
'data(.)',
'data')

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

## datal, data2, data3

##

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

## Descriptives:

##

## "data" Mean S.D. mn

##

## 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): -
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##

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

##

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

## 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:

## The repeated measures have only two levels. The assumption of sphericity is always &
# EEWE, REERBHETERANEE, WFNEZNET =0,

HIF—1RAYR, TEDIIE AR Bl RUtL, a LA aov A1

EIEE, B LR LR LR (Linear Model) K405

N ESATEE RS L aov IUEERE 2.

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 **x*
## Residuals 30 340.91 11.364

## ——-

## Signif. codes: O '**x' 0.001 'x' 0.01 'x' 0.05 '.' 0.1 ' ' 1
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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, ...) HVA]LAEL&—/NEHE 2D IX AN
%, “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, ...) HRHEMZETENIE, A aov [FEIRIRIFYE
fifi LIPS F A p {H.

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

## ——

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

4.1.3 summary

summary {LEEIR B —HEY T Z M3k
“The function summary.lm computes and returns a list of summary statistics
of the fitted linear model given in object”

summary (fit_model)

#i# Df Sum Sq Mean Sq F value Pr(>F)
## strategy 3 60 20.0 6.452 0.00312 *x*
## Residuals 20 62 3.1

# -

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

4.2 bruceR BHFHEL

4.2.1 MANOVA (multi-factor ANOVA)
MANOVA H B b8, #e B4 G, A NFIARI X R =2 /IR . &
IS5 A FE T 208, Wi (gerenral & partial, 90%CI) .

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

NULL,ss.type
FALSE,digits =

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

o data: AJLUE N BEEURE A
e subID: #HY ID, KEFRFEL N, XERKEERHHRIZIR SR X
?ﬁ%ﬁ%ﬁ%ﬁg%f\ﬁ—%ﬁ
° . g;ﬁ‘{é‘
— KA av Joh AR
— WA dv JUETERG A AT, TRl scE R Akt
B dvs 8 dvs. pattern
. D BRI ES . REM T IR (BulNEaRG %) « 1%
AﬁTﬁ P
— start:stop: i AR TEH
— charactor vector: [a] HH/AL4 28 B 44 R
o dvs.pattern: QURMFHT dvs., ARAEAL N IENERIE A AR
HIRE
o between: between-subjects factor(s), WHZ el w, HE11E
St
o within: within-subjects factor(s), WEZ AL &, HBENESHE
e
o sph.correction: HEHIHREMBMIM L. HEMTEZ2R=AVKCFHE
BWETT 0. WEREN GG

Hrfr, between Ml within 7% 2/ DUIHE— il MR EHTEE N
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GHERBOLMAZS) . B within 4575 AN between FHE . KA
WHEAEH RS WL REIRES TAHRNGEE (B2, s T4A
WAYEE B ME) . KEWERIIE AU, " LUREER4EEINER, A
SRR R Y EARR, AT LAEIR MANOVA &2 AR B - a4 AR
NTEEARH IS RE . KEGETT ZWIHH subID, M TRIEIGEIRENEE S,
sl ID VoA E A REARIE W) within &4, BFERIE within
AR N F o XA G KRR EAR" 07 1. AN,
ARG T S A — 1T — P ER I B SO, NI — SRR S 4R
4L
Kb
# one-way
repeat_fit <- MANOVA(long_data,

"subj", # HAHX—FIRRHEWIAET

"score", # FHELE
"strategy",
# strategy 1EX within-subject WX &, WHHTELZMNE T ZR T

"GG") # greemhouse-getisser correction

##

## * Data are aggregated to mean (across items/trials)
#it if there are >=2 observations per subject and cell.
## You may use Linear Mixed Model to analyze the data,
#Hi#t 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
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##  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 df1 df2 F p >p [90% CI of °p]
##

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

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

## Cohen’ s f? = 2p / (1 - ?2p)

##

## 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

##

# two-way

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

*G

.492
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it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
Hit
#it
##
##
Hit
#it
##
##
Hit
#i#t
##
##
#Hi#t

p

.071
.071
.005 *x*

25

2p [90% CI of

.190 [.000,
.190 [.000,
.394 [.095,

2p]

.454]
.454]
.617]

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

====== 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
ANOVA Table:
Dependent variable(s): perf
Between-subjects factor(s): time, pre
Within-subjects factor(s): -
Covariate(s): -

MS MSE df1 df2 F

time 11.250 3.000 1 16 3.750
pre 11.250 3.000 1 16 3.750
time * pre 31.250 3.000 1 16 10.417
2p=

’p = partial omega-squared = (F - 1) * dfl / (F * df1 + df2 + 1)
G = generalized eta-squared (see Olejnik & Algina, 2003)
Cohen’ s f2 = ?p / (1 - ?p)
Levene s Test for Homogeneity of Variance:

partial eta-squared = SS / (S8S + SSE) = F * df1 / (F x df1 + df2)

*G

.190
.190
.394
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##
##t Levene s F df1 df2 p
##

## DV: perf 0.235 3 16 .870
##

# B+ repeated-measured ANOVA, FrlA subID ¥ VLA Fl BA# 2 7 — 7|

k€103
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,
'sl:s4"',
's(.)',

'GG')

#it

## Note:

## dvs="sl:s4" is matched to variables:
## s1, s2, s3, s4

##
## ====== ANOVA (Within-Subjects Design) ======
#i#t

## Descriptives:

##

## "s" Mean S.D. n

#i#t

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

D OO O O



it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
it
#it
##
##
Hit
#it
##
##
Hit
#it
##
##
Hit

ANOVA 27

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 dfl  df2 F p p [90% CI of °p] 2G
s 27.551 1.286 2.178 10.889 21.429 <.001 *x*x* .811 [.558, .894] .492

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)
’p = 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:
Mauchly's W P

s 0.5510 .824

between-subject design

2K LIAR) long data 1) subj —FIKER, XY T AREIA] =F
strategy N HHVZFEFERY AL, FIEIATAREHITHALRIARLE (one-
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way ANOVA)

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

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

'score',

'strategy')

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 = 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] 2G
strategy 20.000 3.100 3 20 6.452 .003 *x .492 [.164, .656] .492
MSE = mean square error (the residual variance of the linear model)

’p = partial eta-squared = SS / (8S + SSE) = F * dfl / (F * df1 + df2)
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## °p
## 2G = generalized eta-squared (see Olejnik & Algina, 2003)
## Cohen’ s f2 = ?p / (1 - ?p)

##

partial omega-squared = (F - 1) * dfl / (F * dfl + df2 + 1)

## Levene s Test for Homogeneity of Variance:

##

#i# Levene s F df1l df2 p
##

## DV: score 1.067 3 20 .385
##

A4 B ) J7 220 (one-way ANOVA) I A J7 ZE 54T (repeated-
measured ANOVA) [ZERIIE AL, RIVFHERE. ARENE, 41
SR AT (BEIRRR n?, T I W 2R 13
F RN partial n?, KAF PR 2E FALF R TR

5 Hjakuly

R ANOVA RYZEREE, AT ERA A TR e, FE Wl
MZEREE. FEREECONRT, WM ANOVA B3, FERiEth Rum
B WEH L

5.1 EMMEANS

EMMEANS (model,effect=NULL,p.adjust="'bonferroni')
EMMEANS RESE ST S AYAEST: * HJaHale * & LR AT
4N, EMMEANS WRREfSIR IR0 & (partial n% ,Cohen’s d, K H B (% X [H])

] EMMEANS FH{& N\ HH MANOVA 15377 22 MR, 8B ARAG 36 1 R
(effect 1 by), LAAIHHEET = RIT],

T BINN p.adjust="bonferroni', AL 'E A tukey’, ‘scheffe’,
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# p.adjust="tukey'
EMMEANS (between_fit,

'strategy’',

5.1.0.1 EMMEANS fT 55k

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

—————— EMMEANS (effect =

"strategy") ---—--

Joint Tests of "strategy":

Effect dfl df2 F

strategy 3 20 6.452

p

.003 *x*

2p [90% CI of

.492 [.164,

'tukey')

QP]

.656]

30

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] S.E.

strategyl 5.000 [3.501,
strategy2 6.000 [4.501,
strategy3 8.000 [6.501,
strategy4 9.000 [7.501,

6.499] (0.719)
7.499] (0.719)
9.499] (0.719)
10.499] (0.719)

Pairwise Comparisons of "strategy":

Contrast Estimate

strategy2 - strategyl
strategy3 - strategyl
strategy3 - strategy2

1.000
3.000
2.000

S.E. df t

(1.017) 20 0.984
(1.017) 20 2.951
(1.017) 20 1.967

.760
.036 *
.233

Cohen’ s d [95% CI of d]

0.568 [-1.048, 2.184]
1.704 [ 0.088, 3.320]
1.136 [-0.480, 2.752]
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it
#it
##
##
it
#it
##
##
it
#it
##
##
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strategy4 - strategyl 4.000 (1.017) 20 3.935 .004 ** 2.272 [ 0.656, 3.888]
strategy4 - strategy2  3.000 (1.017) 20 2.951 .036 * 1.704 [ 0.088, 3.320]
strategy4 - strategy3 1.000 (1.017) 20 0.984 .760 0.568 [-1.048, 2.184]

Pooled SD for computing Cohen’ s d: 1.761

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

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.

H AT LLH% p.adjust="scheffe', LR MERFE,

EMMEANS (between_fit, 'strategy’', 'scheffe')

#H —————- EMMEANS (effect = "strategy") --—----

##

## Joint Tests of "strategy":

#it

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

##

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

#it

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

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

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

"strategy" Mean [95) CI of Mean] S.E.

strategyl 5.000 [3.501, 6.499] (0.719)

strategy2 6.000 [4.501, 7.499] (0.719)
strategy3 8.000 [6.501, 9.499] (0.719)
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it
#it
##
##
it
#it
##
##
it
#it
##
##
#Hit
#i#t
##
##
#Hit
#i#t
##
##
Hit
#it

FEhE

strategy4 9.000 [7.501, 10.499] (0.719)

Pairwise Comparisons of "strategy':

strategy2
strategy3
strategy3
strategy4
strategy4
strategy4

Contrast Estimate

strategyl
strategyl
strategy2
strategyl
strategy?2
strategy3

= W N W

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

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

Pooled SD for computing Cohen’ s d:

P-value adjustment: Scheffe method

Disclaimer:

S.E.

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

daf

20
20
20
20
20
20

1.761
with rank 3.

SO N W = N O

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

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.

5.1.0.2 EMMEANS HTHHREYUMN M effect ZHUE NIIRIAE
IO B, by SR AR

EMMEANS (two_fit,

##

EMMEANS (effect

## Joint Tests of "pre":

#i#t
##
##

Effect

n time n

dfl df2

1

|lprell)

'time') # MI pre By E E RN

p

p [90% CI of

2p]

32

P Cohen’ s d [95% CI
.809 0.568 [-1.192, 2
.060 . 1.704 [-0.056, 3
.305 1.136 [-0.624, 2
.008 *x* 2.272 [ 0.512, 4
.060 . 1.704 [-0.056, 3
.809 0.568 [-1.192, 2

of dl

.328]
.464]
.896]
.032]
.464]
.328]
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it pre timeO 1 16 0.833 .375 .049 [.000, .291]
#it 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 time0 8.000 [6.358, 9.642] (0.775)

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

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

##

##

## Pairwise Comparisons of "pre":

#it
## 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 AL H| pre AT time DA MNFEENN, HPHPMN pre, HHKY
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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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##

## pre0 7.000 [5.839, 8.161] (0.548)

## prel 8.500 [7.339, 9.661] (0.548)

##

##

## Pairwise Comparisons of "pre":

##

#i#t Contrast Estimate S.E. df t P 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.

5.2 TukeyHSD

TukeyHSD(x, conf.level = 0.95, ...), kHJHE4 stats fi.

Hrp x BHIGHER, XHEIEWIEH aov ISR, conf.level A LA
FEBEE XA RN, 8RR B R B

diff EWARHEER, p adj LB p-value,

TukeyHSD S r] LI] print WoRgiR, thrl L] plot IS5 WM HLALRY
B, B L2 THEZREGXE, EEER.

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 : : |
<
i : :
<

Differences in mean levels of strategy
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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

6 #h3T

FEBHT T 20T Z A, ATEASGE

1. IR KB T L. LT A B, 55T LA
KB 72 TR R

2. 221 QQ EIREA R IEA MR A AT

6.1 ZHIFAEE

¢ boxplot
e ggboxplot
# BRI E
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, BEHKWBRTHE XN

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

6.2 2 QQ El

LRI AR AR H QQ plot, HILfH ggqgplot HLX

ggaqplot MAL: H—PSEUENBIEE. B I SHENELFNLE,
facet.by fENHYZ AL G
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ggqqplot (long_data, "score",

"strategy")
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