Chapter 5: Measures of dispersion and distributions – R scripts

Computing the range in R
Upload the Ex5_1.csv file into R and name the object ‘MathTest’:
MathTest<-read.csv(file.choose())

Compute the range for the scores using the function range():
range(MathTest$Scores)
[1] 28 97
where the range() function lists the minimum and the maximum values. Subtract the lower from the higher value.

Creating a one-dimensional plot in R to visualise the range
Create a one-dimensional plot using the function plot():
plot(c(1,1),range(MathTest$Scores),type="l",col="lightgrey",xlab="",xaxt="n", ylab = "Scores", ylim = c(0,100))
with the following arguments:
type= indicates what type of plot should be drawn, in our case is set to "l" for line
xlab= creates the title for the x-axis
ylab= creates the title for the y-axis
xaxt="n" removes the x-axis from the image plot
ylim=c(0,100) set the y-axis from 0 to 100.
Add the data points to the plot:
points(rep(1,length(MathTest$Scores)), MathTest$Scores)

Add text (‘minimum’, ‘maximum’) to the minimum and maximum points:

text(rep(1,1),c(min(MathTest$Scores),max(MathTest$Scores)),c("minimum", "maximum"),pos=4,xpd=T)

Computing the deciles and quartiles in R
Upload the Ex5_1.csv file into R and name it MathTest
MathTest<-read.csv(file.choose())

Compute the quartiles:
quantile(MathTest$Scores)
  0%  25%  50%  75% 100% 
  28   47   57   75   97 
quantile(MathTest$Scores, probs = c(0.90), type=5)
90% 
 89 
where the prob=c() argument is the position to be measured and type= indicates the number of the algorithm used to calculate the quartiles or deciles. In R, there are nine different algorithms, from type=1 to type=9, to calculate the quartile. The differences among algorithms become less noticeable when the data sets are significantly larger, for example, 1000 or more. The appropriate algorithm for deciles is type 5, while the quartile is type 7, which is the default. 
 
Calculating and displaying the percentile values on a histogram
Upload the file Ex5_2.csv and name it, for example, ‘MedianSalary’:
MedianSalary<-read.csv(file.choose())
Create a histogram using the function hist():
hist(MedianSalary$Median, xlab = "Median Salaries (£)", main="", ylim = c(0,30), xlim = c(0,70000))
Find the 90th, 10th and 99th percentiles:
q90Salaries<-quantile(MedianSalary$Median, probs = c(0.90))
q90Salaries
  90% 
50230 
q10Salaries<-quantile(MedianSalary$Median, probs = c(0.10))
q10Salaries
  10% 
24030 
q99Salaries<-quantile(MedianSalary$Median, probs = c(0.99))
q99Salaries
  99% 
62100 
Draw a vertical solid line on the histogram for the 90th percentile, a dashed vertical line for the 10th percentile and a dotted vertical line for the 99th percentile:
lines(c(q90Salaries,q90Salaries),  c(0,25), lty=1,lwd=2)
lines(c(q10Salaries,q10Salaries),  c(0,25), lty=2,lwd=2)
lines(c(q99Salaries,q99Salaries),  c(0,25), lty=3,lwd=2)
where lty= specifies the line type (1 is for solid line, 2 for dashed line and 3 for dotted line) and lwd= specifies the line width.
Add the values of the 90th, 10th and 99th percentiles to the histogram:
text(q90Salaries, c(28), round(q90Salaries,0))
text(q10Salaries, c(28), round(q10Salaries,0))
text(q99Salaries, c(28), round(q99Salaries,0))


Computing the interquartile range in R
Upload the Ex5_1.csv file into R and name it ‘MathTest’:
MathTest<-read.csv(file.choose())
Compute the interquartile range using the function IQR():
IQR(MathTest$Scores)
[1] 28


Displaying the quartiles and the interquartile range in R using the boxplot
Create the boxplot for the data set from Example 5.1:
boxplot(MathTest$Scores, horizontal=TRUE, xlab="Scores")
Add the quartiles, maximum and minimum values to the graph:
text(x = boxplot.stats(MathTest$Scores)$stats, labels = boxplot.stats(MathTest$Scores)$stats, y = 1.25)
Add appropriate text to the graph above each quartile and the maximum and minimum values:
text(x=boxplot.stats(MathTest$Scores)$stats, labels = c("Min", "Q1", "Q2", "Q3", "Max"), y = 1.3)


Computing mean deviation in R
Install and load the DescTools package:
install.packages("DescTools")
library(DescTools)
Calculate the mean deviation using the function MeanAD():
MeanAD(MathTest$Scores)
[1] 15.1392


Computing the standard deviation in R using the function sd()
Calculate the standard deviation for the Example 5.1 data set.
sd(MathTest$Scores)
[1] 18.61254

Graphical display of standard deviation in R
Create the density plot for the distribution of scores from Example 5.1:
plot(density(MathTest$Scores), main="", xlab="Scores")
Compute the mean using the function mean() and name it ‘meanMathTest’:
meanMathTest<-mean(MathTest$Scores)
meanMathTest
[1] 60.48
Compute the standard deviation using the function sd() and name it ‘sdMathTest’:
sdMathTest<-sd(MathTest$Scores)
sdMathTest
[1] 18.61254
Compute the sum of the mean and one standard deviation and call it ‘meansd’:
meansd<-meanMathTest+sdMathTest
meansd
[1] 79.09254
Compute the sum of the mean and two standard deviations and call it ‘plus2sd’:
plus2sd<-meanMathTest+2*sdMathTest
plus2sd
[1] 97.70508
Compute the sum of the mean and three standard deviations and call it ‘plus3sd’:
plus3sd<-meanMathTest+3*sdMathTest
plus3sd
[1] 116.3176
Compute the difference between the mean and one standard deviation and name it ‘mmeansd’:
mmeansd<-meanMathTest-sdMathTest
mmeansd
[1] 41.86746
Compute the difference between the mean and two standard deviations and name it ‘minus2sd’:
minus2sd <-meanMathTest-2*sdMathTest
minus2sd
[1] 23.25492
Compute the difference between the mean and three standard deviations and name it ‘minus3d’:
minus3d<-meanMathTest-3*sdMathTest
minus3d
[1] 4.642378
Draw a solid vertical line for the mean:
lines(c(meanMathTest, meanMathTest),  c(0,0.020), lty=1, lwd=2)
with the following arguments:
c(meanMathTest, meanMathTest) sets up the vertical line for the corresponding value of the mean
c(0,0.020) sets up the length of the solid line
lty=1 sets up the type of line (solid)
lwd=2 gives the width of the line.
Draw a dashed vertical line for the mean plus or minus one standard deviation:
lines(c(meansd,meansd),  c(0,0.013), lty=2,lwd=2)
lines(c(mmeansd,mmeansd),  c(0,0.013), lty=2,lwd=2)
Draw a dotted vertical line for the mean plus or minus two standard deviations:
lines(c(plus2sd,plus2sd),  c(0,0.005), lty=3,lwd=2)
lines(c(minus2sd,minus2sd),  c(0,0.005), lty=3,lwd=2)
Draw a dot-dashed vertical line for the mean plus or minus three standard deviations:
lines(c(plus3sd,plus3sd),  c(0,0.001), lty=4,lwd=2)
lines(c(minus3d,minus3d),  c(0,0.001), lty=4,lwd=2)

Computing the coefficient of variation in R for a single variable
Create a vector x with raw data:
[bookmark: _Hlk32586040]x<-c(10, 12, 10, 8, 11, 8, 15, 11, 9, 10, 13)
Calculate the coefficient of variation for the variable x:
sd(x)/mean(x)
[1] 0.1984305
The coefficient of variations as a percentage is:
sd(x)/mean(x)*100
[1] 19.84305


Computing the skewness and kurtosis in R
Install and load the moments package which contains functions to calculate the Fisher–Pearson coefficient of skewness:
install.packages("moments")
library(moments)
To compute the skewness and kurtosis, we use the functions skewness() and kurtosis(), respectively.
Create a normally distributed set of data x using the function rnorm():
x<-rnorm(1000)
Compute the skewness:
skewness(x)
[1] 0.05299824
Compute the kurtosis:
kurtosis(x)
[1] 2.923303


Generating the box and whisker plots for both groups, the boys and the girls:
The box and whisker plots are generated as follows:
genders<-c("Boys","Girls")
boxplot(PISABoys$Value, PISAGirls$Value, names=genders, horizontal = TRUE, xlab="Scores")

Add the first quartile, median, third quartile, maximum and minimum values for both data sets to the plot:
text(x = boxplot.stats(PISAGirls$Value)$stats, labels = boxplot.stats(PISAGirls$Value)$stats, y = 2.50)
text(x = boxplot.stats(PISABoys$Value)$stats, labels = boxplot.stats(PISABoys$Value)$stats, y = 1.50)

Summary statistics
Compute the mean, median, first quartile, third quartile, minimum and maximum values for both data sets:
summary(PISABoys$Value)
   Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
  401.0   478.0   500.0   490.6   511.0   559.0 
summary(PISAGirls$Value)
   Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
  392.0   475.0   496.0   487.2   509.0   552.0 
Compute the standard deviations for both data sets:
sd(PISAGirls$Value)
[1] 38.87953
sd(PISABoys$Value)
[1] 38.25126
Compute the skewness (Pearson coefficient):
3*(mean(PISAGirls$Value)-median(PISAGirls$Value))/sd(PISAGirls$Value)
[1] -0.6790205
3*(mean(PISABoys$Value)-median(PISABoys$Value))/sd(PISABoys$Value)
[1] -0.7389736
Compute the mean absolute deviation:
library(DescTools)
MeanAD(PISABoys$Value)
[1] 28.72198
MeanAD(PISAGirls$Value)
[bookmark: _GoBack][1] 28.94222



