Chapter 12: Differences between more than two dependent samples – R Scripts

Testing the presence of outliers in R using the function boxplot.stat()
boxplot.stats(Ex12_1$Phase1)
$stats
[1] 75.0 79.0 85.0 88.5 96.0
$n
[1] 20
$conf
[1] 81.64366 88.35634
$out
integer(0)
boxplot.stats(Ex12_1$Phase2)
$stats
[1]  88.0  95.5 100.0 107.0 118.0
$n
[1] 20
$conf
[1]  95.93706 104.06294
$out
integer(0)
boxplot.stats(Ex12_1$Phase3)
$stats
[1] 112.0 117.5 119.0 122.5 125.0
$n
[1] 20
$conf
[1] 117.2335 120.7665
$out
integer(0)

Performing a grouped Shapiro Wilk normality test
shapiro.test(Ex12_1$Phase1)
	Shapiro-Wilk normality test
data:  Ex12_1$Phase1
[bookmark: _Hlk34051955]W = 0.95572, p-value = 0.4623
shapiro.test(Ex12_1$Phase2)
	Shapiro-Wilk normality test
data:  Ex12_1$Phase2
[bookmark: _Hlk34051980]W = 0.95911, p-value = 0.5263
shapiro.test(Ex12_1$Phase3)
	Shapiro-Wilk normality test
data:  Ex12_1$Phase3
[bookmark: _Hlk34052021]W = 0.94641, p-value = 0.3158

Visualising the distribution of data from Example 12.1
install.packages("ggpubr")
library(ggpubr)
ggqqplot(Ex12_1$Phase1)
ggqqplot(Ex12_1$Phase2)
ggqqplot(Ex12_1$Phase3)

Computing one-way repeated measures ANOVA
The key arguments for the anova_test() function are:
data: data frame
dv: the dependent (or outcome) variable name (numeric)
wid: variable name specifying the case/sample identifier
within: within-subjects factor or grouping variable.
res.aov<-anova_test(data= fEx12_1, dv=score, wid=id, within= phase)
res.aov
ANOVA Table (type III tests)
$ANOVA
   Effect DFn DFd           F        p p<.05   ges
[bookmark: _Hlk28272707]1   phase   2  38     238.319 3.14e-22     * 0.838
$`Mauchly's Test for Sphericity`
   Effect     W     p p<.05
1   phase 0.953 0.646      
`Sphericity Corrections`
   Effect   GGe      DF[GG]    p[GG] p[GG]<.05  HFe      DF[HF]    p[HF] p[HF]<.05
1   phase 0.955 1.91, 36.28 2.53e-21        * 1.059 2.12, 40.23 3.14e-22         *

Measuring the effect size
To extract the ANOVA table, which contains the information about the effect size, we use the function get_anova_table() from the rstatix package:
get_anova_table(res.aov)
ANOVA Table (type III tests)
   Effect DFn DFd       F        p p<.05   ges
1   phase   2  38 238.319 3.14e-22     * 0.838

Visualising data using box and whiskers plots
library(ggpubr)
ggboxplot(fEx12_2, x = "time", y = "score", color = "PrivateTuition", palette = "grey")

Checking for outliers using the function identify_outliers()
fEx12_2%>% group_by(PrivateTuition, time) %>% identify_outliers(score)
# A tibble: 1 x 6
  PrivateTuition time  id    score is.outlier is.extreme
  <fct>          <fct> <fct> <int> <lgl>      <lgl>     
1 no             Time3 19      112 TRUE       FALSE     

Computing the Shapiro-Wilk test for each combination of factor levels:
fEx12_2%>% group_by(PrivateTuition, time) %>% shapiro_test(score)
# A tibble: 6 x 5
  PrivateTuition time  variable statistic     p
  <fct>          <fct> <chr>        <dbl> <dbl>
1 no             Time1 score        0.938 0.592
2 no             Time2 score        0.919 0.423
3 no             Time3 score        0.870 0.152
4 yes            Time1 score        0.913 0.233
5 yes            Time2 score        0.951 0.649
6 yes            Time3 score        0.909 0.204

Creating a QQ plot for each pair
ggqqplot(fEx12_2, "score", ggtheme = theme_bw()) +
+ facet_grid(time ~ PrivateTuition, labeller = "label_both")

Computing two-way repeated measures ANOVA in R
[bookmark: _Hlk33378483]fEx12_2 %>% anova_test(score~time*PrivateTuition)
Coefficient covariances computed by hccm()
ANOVA Table (type II tests)

               Effect DFn DFd       F        p p<.05   ges
1                time   2  54 148.217 1.18e-22     * 0.846
2      PrivateTuition   1  54   2.135 1.50e-01       0.038
3 time:PrivateTuition   2  54   0.673 5.15e-01       0.024

Computing the Friedman test in R
Import data file Ex12_3.csv into R:
Ex12_3 <- read.csv(file.choose())
‘Online’ is the name of the online conversation variable, and ‘Engagement’ is the variable for the level of engagement with different forms of online conversation.
Summarise the data, treating the Engagement scores as factors:
xtabs( ~ Online + Engagement, data = Ex12_3) 
  Engagement
Online        2  3  4  5
  chat        4 10  2  4
  discussion  0  4 11  5
  email       1  9  7  3

Compute the Friedman test statistic using the friedman.test() function:
friedman.test(Engagement ~ Online | Student, data = Ex12_3)
	Friedman rank sum test
data:  Engagement and Online and Student
Friedman chi-squared = 9.4576, df = 2, p-value = 0.008837

Computing the Nemeney test 
To compute the Nemenyi test, we will use the function posthoc.friedman.nemenyi.test() which can be found in the PMCMRplus package:
install.packages("PMCMRplus")
library(PMCMRplus)
[bookmark: _Hlk33986655]posthoc.friedman.nemenyi.test(Engagement ~ Online|Student, data = Ex12_3)
	Pairwise comparisons using Nemenyi multiple comparison test
             with q approximation for unreplicated blocked data 
data:  Engagement and Online and Student 
           chat  discussion
discussion 0.025 -         
email      0.609 0.221     
P value adjustment method: none 

Computing the Kendall’s coefficient
You will need to install the DescTools package if you have not already done so:
install.packages("DescTools")

library(DescTools)
KendallW(Ex12_3, test=TRUE, correct = TRUE )
	Kendall's coefficient of concordance Wt
data:  Ex12_3
Kendall chi-squared = 70.578, df = 59, subjects = 60, raters = 3,
p-value = 0.1438
alternative hypothesis: Wt is greater 0
sample estimates:
      Wt 
0.398743 

Computing Cochran Q test in R
library(DescTools)
Import data file Ex12_4.csv into R:
Ex12_4 <- read.csv(file.choose())
[bookmark: _Hlk28118598]Compute Cochrane’s Q-test using the CochranQTest() function: 
CochranQTest(Answers~Method | NQT, data=Ex12_4)
	Cochran's Q test
data:  Answers and Method and NQT
Q = 7.75, df = 2, p-value = 0.02075

Computing the pairwise McNemar test with Bonferroni correction
The rstatix package has the function pairwise_mcnemar_test(), which will conduct the post-hoc analysis. Install this package if you have not already done so:

install.packages("rstatix")
library(rstatix)
The McNemar’s test with the Bonferroni correction:
pairwise_mcnemar_test(Ex12_4, Answers~Method|NQT, p.adjust.method="bonferroni")
# A tibble: 3 x 6
  group1 group2      p p.adj p.adj.signif method      
* <chr>  <chr>   <dbl> <dbl> <chr>        <chr>       
1 MS1    MS2    0.131  0.393 ns           McNemar test
2 MS1    MS3    1      1     ns           McNemar test
3 MS2    MS3    0.0412 0.124 ns           McNemar test

Computing the pairwise McNemar test with Holm-Bonferroni correction
We will use the function pairwise_mcnemar_test() to compute McNemar’s test with the Holm correction:
[bookmark: _Hlk33899035]pairwise_mcnemar_test(Ex12_4,Answers~Method|NQT, p.adjust.method="holm")
# A tibble: 3 x 6
  group1 group2      p p.adj p.adj.signif method      
* <chr>  <chr>   <dbl> <dbl> <chr>        <chr>       
1 MS1    MS2    0.131  0.262 ns           McNemar test
2 MS1    MS3    1      1     ns           McNemar test
3 MS2    MS3    0.0412 0.124 ns           McNemar test

Computing the effect size in R
[bookmark: _Hlk33899152]Q = 7.75 		# Cochran's Q value
b=12 			# Number of participants
k=3 			# Number of conditions
etasq=Q/(b*(k-1))	# The effect size eta-squared
etasq
[1] 0.3229167
For R, there is an instructional video produced by Peter Statistics at https://www.youtube.com/watch?v=JGx2YfrceYk.






