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STAT-522
Credit Hours: 2+1
Introduction to
Data Analysis
Using R & MS Excel
By
SOUMIQUE AHAMED
Division: Agronomy.
Faculty of Agriculture, Wadura, SKUAST-Kashmir.
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UNIT: I
Chapter: 1
Excel:
Calculating Mean, Mode, Median and Standard Deviation by using MS Excel Formula:
Excel: It is a spreadsheet program developed by Microsoft. Excel organizes data in columns
and rows and allows you to do mathematical functions. It runs on Windows, macOS, Android
and iOS. The first version was released in 1985 and has gone through several changes over the
years.
Advanced Excel
Pivot Table
1. Generate Table
2. Click on the any column or row on the Table.
3. Go to insert and click on the Pivot Table.
4. Pivot table generated for find the Data as per the needs.
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Here,
 Use refresh option available on the Pivot Table Analysis if you make any kind of
changes on the previously selected table.
 But if we want to make any kind of changes on the table (like add row or column)
then go to the Pivot table analysis and click on the change data source. Next select
the whole table and click on ok.
 By this action new row or column are updated for work on the Pivot Table.
To make the sum of the value of two Column:
 Select the two columns on a single row and click on the Alt & = simultaneously.
 Then sum of two Columns are automatically generated on the new Column.
 Next Drag up to the bottom in all rows to get sum of all rows in a particular column.
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Now,
In Pivot Table if we want to find the Publication or downloads as per the department wise
then go the Pivot Table Analysis and click on the Insert Slicer Options.
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R
Introduction:
R (R-Studio): Software Coding for Statistical Data Analysis on Agriculture:
 R is a programming language and software environment for statistical analysis,
graphics representation and reporting. R was created by Ross Ihaka and Robert
Gentleman at the University of Auckland, New Zealand, and is currently developed by
the R Development Core Team.
 R is freely available under the GNU General Public License, and pre-compiled binary
versions are provided for various operating systems like Linux, Windows and Mac.
 This programming language was named R, based on the first letter of first name of the
two R authors (Robert Gentleman and Ross Ihaka), and partly a play on the name of
the Bell Labs Language S.
Data visualization: Data visualization is a visual access to huge amounts of data that you have
generated after analytics. The human mind processes visual images and visual graphics are
better than compare to raw data. It’s always easy for us to understand a pie chart or a bar graph
compare to raw numbers.
R is a:
 R is a programming and statistical language.
 R is used for data Analysis and Visualization.
 R is simple and easy to learn, read and write.
 R is an example of a FLOSS (Free Libre and Open-Source Software) where one can
freely distribute copies of this software, read its source code, modify it, etc.
Use of R:
 The Consumer Financial Protection Bureau uses R for data analysis.
 Statisticians at John Deere use R for time series modelling and geospatial analysis in a
reliable and reproducible way.
 Bank of America uses R for reporting.
 R is part of technology stack behind Foursquare’s famed recommendation engine.
 ANZ, the fourth largest bank in Australia, using R for credit risk analysis.
 Google uses R to predict Economic Activity.
 Mozilla, the foundation responsible for the Firefox web browser, uses R to visualize
Web activity.
Evolution of R:
 R is an implementation of S programming language which was created by John
Chambers at Bell Labs.
 R was initially written by Ross Ihaka and Robert Gentleman at the Department of
Statistics of the University of Auckland in Auckland, New Zealand.
 R made its first public appearance in 1993.
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 A large group of individuals has contributed to R by sending code and bug reports.
Since mid-1997 there has been a core group (the "R Core Team") who can modify the
R source code archive.
 In the year 2000 R 1.0.0 released.
 R 3.0.0 was released in 2013.
Features of R:
 R supports procedural programming with functions and object-oriented programming
with generic functions. Procedural programming includes procedure, records,
modules, and procedure calls. While object-oriented programming language includes
class, objects, and functions.
 Packages are part of R programming. Hence, they are useful in collecting sets of R
functions into a single unit.
 R is a well-developed, simple and effective programming language which includes
conditionals, loops, user defined recursive functions and input and output facilities.
 R has an effective data handling and storage facility.
 R provides a suite of operators for calculations on arrays, lists, vectors and matrices.
 R provides a large, coherent and integrated collection of tools for data analysis. It
provides graphical facilities for data analysis and display either directly at the computer
or printing at the papers.
 R is a programming features include database input, exporting data, viewing data,
variable labels, missing data, etc.
 R is an interpreted language. So, we can access it through command line interpreter.
 R supports matrix arithmetic.
 R, SAS, and SPSS are three statistical languages. Of these three statistical languages,
R is the only an open source.
 R is world’s most widely used statistics programming language. It is a good choice of
data scientists and supported by a vibrant and talented community of contributors.
R-Studio: R-Studio is an integrated development environment (IDE) for R language. RStudio
is a code editor and development environment, with some nice features that make code
development in R easy and fun.
R Command Prompt: Once you have R environment setup, then it’s easy to start your R
command prompt by just clicking on R Software icon. This will launch R interpreter and you
will get a prompt > where you can start typing your programs or commands.
R has mainly 5 atomic vector types (By atomic, we mean the vector only holds data of a
single type):
1. character: "soumique ahamed" (Character is always written in “Inverted Commas”).
Command: x<-"soumique ahamed" next run.
For Console: class(x) next run.
2. numeric: (12345)
Command: x<-(12345) next run.
For Console: class(x) next run.
3. integer: 2L (the L tells R to store this as an integer)
Command: x<-2L next run.
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For Console: class(x) next run.
4. logical: TRUE, FALSE (Called Boolean value)
Command: x<-TRUE next run.
For Console: class(x) next run.
5. complex: 1+4i (complex numbers with real and
imaginary parts).
Command: x<-1+3i next run.
For Console: class(x) next run.
There are mainly six types of data structure are present in R:
1. Vectors.
2. Lists.
3. Matrices.
4. Arrays.
5. Factors.
6. Data Frames.
 In R, we usually deal with Data Frame.
We normally put the Data in Vector form:
 Basic Structure of x, y, z values:
 x<-12 next run.
 y<-3 next run.
 z<-4 next run.
 Equation and Result in Console:
> x<-12 (Given in Console).
> y<-3 (Given in Console).
> z<-4 (Given in Console).
x+y = > x+y = [1] 15
x+z = > x+z = [1] 16
x+y+z = > x+y+z = [1] 19
x/y = > x/y = [1] 4
x/z = > x/z = [1] 3
x+y/z = > x+y/z = [1] 12.75
x*y*z = > x*y*z = [1] 144
(x+y-z)/z = > (x+y-z)/z = [1] 2.75
(x*y) ^z/z = > (x*y) ^z/z = [1] 419904
(x*z) ^y/x = > (x*z) ^y/x = [1] 9216
Symbol: “^” = Power, “*” = Multiplication, “+” = Addition, “-’= Subtraction, “/” = Divide.
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 Creating sequence vector by using colon operator:
Command:
##### Creating sequence vector by using colon operator #####
1. x<-(2:16) next run.
2. print(x) next run.
3. x<-(3.5:12.5) next run.
4. print(x) next run.
Result in Console:
> #####creating sequence vector by using colon operator#####
> x<-(2:16)
> print(x)
[1] 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
> x<-(3.5:12.5)
> print(x)
[1] 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5
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 If the final element specified does not belong to the sequence, then it is discarded.
Command:
####If the final element specified does not belong to the sequence, then it is discarded####
 x<-(3.8:12)
 print(x)
Result in Console:
#####If the final element specified does not belong to the sequence, then it is discarded#####
 x<-(3.8:12)
 print(x)
 [1] 3.8 4.8 5.8 6.8 7.8 8.8 9.8 10.8 11.8
 Using seq () (sequence) function, create vector from 1 to 20 increment by 2 & 3.
Command:
#####using seq () (sequence) function, create vector from 1 to 20 increment by 2 & 3#####
 x<-seq (1,20, by=2)
 print(x)
 x<-seq (1,20, by=3)
 print(x)
Result in Console:
> #####using seq () (sequence) function, create vector from 1 to 20 increment by 2 & 3#####
 x<-seq (1,20, by=2)
 print(x)
 [1] 1 3 5 7 9 11 13 15 17 19
 x<-seq (1,20, by=3)
 print(x)
 [1] 1 4 7 10 13 16 19
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 Accessing vector elements by its position (index).
Command:
#####Accessing vector elements by its position (index)#####
 day = c ("Monday","Tuesday", "Wednesday", "Thursday", "Friday", "Saturday",
"Sunday")
 print (day [3])
 print (day [5])
 print (day [2])
 print (day [-3])
 print (day [-5])
Result in Console:
> #####Accessing vector elements by its position (index)#####
> day = c ("Monday","Tuesday", "Wednesday", "Thursday", "Friday", "Saturday", "Sunday")
> print (day [3])
[1] "Wednesday"
> print (day [5])
[1] "Friday"
> print (day [2])
[1] "Tuesday"
> print (day [-3])
[1] "Monday" "Tuesday” “Thursday" "Friday" "Saturday" "Sunday"
> print (day [-5])
[1] "Monday" "Tuesday" "Wednesday" "Thursday” “Saturday” “Sunday"
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 List: Lists are the R objects which contain elements of different types like − numbers,
strings, vectors and another list inside it. A list can also contain a matrix or a function
as its elements. List is created using list () function.
Command:
n = c (2, 3, 5)
s = c ("aa", "bb", "cc", "dd", "ee")
x = list (n, s, TRUE)
print(x)
Result in Console:
> n = c (2, 3, 5)
> s = c ("aa", "bb", "cc", "dd", "ee")
> x = list (n, s, TRUE)
> print(x)
[[1]]
[1] 2 3 5
[[2]]
[1] "aa" "bb" "cc" "dd" "ee"
[[3]]
[1] TRUE
Commands:
#####Accessing the elements of list#####
mylist = list(c("Jan","Feb","Mar"), matrix (c (3,9,5,1, -2,8), nrow = 2))
print(mylist)
Result in Console:
print(mylist)
[[1]]
[1] "Jan" "Feb" "Mar"
[[2]]
[,1] [,2] [,3]
[1,] 3 5 -2
[2,] 9 1 8
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 Matrices: Matrices are the R objects in which the elements are arranged in a two-
dimensional rectangular layout. A Matrix is created using the matrix () function.
Example: matrix (data, nrow, ncol, byrow, dimnames)
Here,
 data is the input vector which becomes the data elements of the matrix.
 nrow is the number of rows to be created.
 ncol is the number of columns to be created.
 byrow is a logical clue. If TRUE then the input vector elements are arranged by row.
 dimname is the names assigned to the rows and columns.
Command:
mat = matrix (c (1:16), nrow = 4, ncol = 4)
print(mat)
Result in Console:
mat = matrix (c (1:16), nrow = 4, ncol = 4)
> print(mat)
[,1] [,2] [,3] [,4]
[1,] 1 5 9 13
[2,] 2 6 10 14
[3,] 3 7 11 15
[4,] 4 8 12 16
 Matrix Function Using byrow = TRUE/FALSE
Command:
#####Matrix Function Using byrow = TRUE/FALSE#####
m = matrix (c ('a','a','b','c','b','a'), nrow = 2, ncol = 3, byrow = TRUE)
print(m)
m = matrix (c ('a','a','b','c','b','a'), nrow = 2, ncol = 3, byrow = FALSE)
print(m)
Result in Console:
#####Matrix Function Using byrow = TRUE/FALSE#####
> m = matrix (c ('a','a','b','c','b','a'), nrow = 2, ncol = 3, byrow = TRUE)
> print(m)
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[,1] [,2] [,3]
[1,] "a” “a” “b"
[2,] "c” “b” “a"
> m = matrix (c ('a','a','b','c','b','a'), nrow = 2, ncol = 3, byrow = FALSE)
> print(m)
[,1] [,2] [,3]
[1,] "a” “b” “b"
[2,] "a” “c” “a"
(Note: When False then Order/Sequence of the Characters has been Changed).
 Matrix: Accessing the elements:
Command:
#####Matrix Accessing the elements#####
mat = matrix (c (1:16), nrow = 4, ncol = 4)
print(mat)
print (mat [1,3]) (to access 1st row third element).
print (mat [,3]) (to access 3rd column).
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print (mat [1,]) (to access 1st row).
Result in Console:
> #####Matrix Accessing the elements#####
> mat = matrix (c (1:16), nrow = 4, ncol = 4)
> print(mat)
[,1] [,2] [,3] [,4]
[1,] 1 5 9 13
[2,] 2 6 10 14
[3,] 3 7 11 15
[4,] 4 8 12 16
> print (mat [1,3])
[1] 9
> print (mat [,3])
[1] 9 10 11 12
> print (mat [1,])
[1] 1 5 9 13
 Matrix: giving row names, column names:
Command:
#####Matrix giving row names, column names#####
rownames = c ("Rice", "Wheat", "Maize", "Jute")
colnames = c ("2015", "2016", "2017")
p <- matrix (c (3:14), nrow = 4, byrow = TRUE, dimnames = list (rownames, colnames))
print(p)
Result in Console:
#####Matrix giving row names, column names#####
> rownames = c ("Rice", "Wheat", "Maize", "Jute")
> colnames = c ("2015", "2016", "2017")
> p <- matrix (c (3:14), nrow = 4, byrow = TRUE, dimnames = list (rownames, colnames))
> print(p)
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2015 2016 2017
Rice 3 4 5
Wheat 6 7 8
Maize 9 10 11
Jute 12 13 14
 Dimnames Matrix Design:
Command:
#####Matrix giving row names, column names with dimnames style#####
h <- matrix (c (3:14), nrow = 4, byrow = TRUE, dimnames = list(c('a','b','c','d'),
c('x','y','z')))
print(h)
p <- matrix (c (3:14), nrow = 4, byrow = TRUE, dimnames =list (1:4,5:7))
print(p)
Result in Console:
> #####Matrix giving row names, column names with dimnames style#####
>h <- matrix (c (3:14), nrow = 4, byrow = TRUE, dimnames = list (c('a','b','c','d'),
c('x','y','z')))
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> print(h)
x y z
a 3 4 5
b 6 7 8
c 9 10 11
d 12 13 14
> p <- matrix (c (3:14), nrow = 4, byrow = TRUE, dimnames =list (1:4,5:7))
> print(p)
5 6 7
1 3 4 5
2 6 7 8
3 9 10 11
4 12 13 14
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 Arrays:
Arrays are the R data objects which can store data in more than two dimensions. For example,
if we create an array of dimension (2, 3, 4) then it creates 4 rectangular matrices each with 2
rows and 3 columns. While matrices are confined to two dimensions, arrays can be of any
number of dimensions. Here, we can find out the particular value present on the matrix.
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 Factors:
Factors are the data objects which are used to categorize the data and store it as levels. They
can store both strings and integers. Here we can identify the repeated observations or values
(the number of times value has repeated in a vector).
Example: Number of Levels (nlevels): Green repeated 3 times, Red repeated 3 times and
Yellow repeated 1 time.
SOUMIQUE AHAMED
Division: Agronomy.
SKUAST-Kashmir.
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 Data Frames:
A data frame is a table or a two-dimensional array-like structure in which each column contains
values of one variable and each row contains one set of values from each column. Data frames
are tabular data objects.
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Concatenate Function: (for Combines the element):
Suppose,
X = (10,11,12,13,14,15,16) and Y = (1,2,3,4,5,6,7), to combined these data into column & row
use cbind (x, y) Function (Called Concatenate Function). To see what is stored in data, double
click on data and run. To change column name: - type colnames (data)<-c (“A”,” B”) and run.
To change row & column names, the use of colnames function is:
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Concatenate Function Dimension/Structure/Row & Column Names:
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Dimension: Command: dim(data) next run. (Used to see whether our whole data is imported
or not).
Structure: Command: str(data) next run. (Used to see what types of data we are having)
Names: Command: names(data) next run. (Used to see the Column & Row names).
R- imports data as Data Frame:
 Command:
ab<- matrix (c (12,13,14,15,16,17), nrow = 2,
byrow = TRUE) next run.
Then run ab and see the result in Console.
 Result in Console:
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How to import Data from MS-Excel
 Make a table on Excel.
 Copy the table from excel.
 Run command in R as: data<-read. table (“clipboard”, header = TRUE) next run.
 Print(data) next run.
 Then we can see that our data has been imported to R.
 Names(data) next run.
 str(data) next run.
Note:
Sometimes we are concerned with only variables and I want to extract data of one variable
from data set. Then the command is: data$v1 next run. (It will show the variable-1).
Example:
 Command:
library(help="datasets")
Select anyone for practice. (Example: iris).
a<-iris
dim(a)
names(a)
rownames(a)
colnames(a) [names(a) & colnames(a) both are same].
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Sort(a$Sepal.Length)
summary(a)
 Result in Console:
From Environment Table:
Import from Excel > download readxl package > Then Pillar package needed to be installed.
 For first method do not keep space between header name otherwise command will not
work properly.
 Once imported from environment tab we can see it by running its name as command.
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Mean, Median, Mode, Standard Deviation
 Package (desctool): To use Mode function.
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QUANTILES
Points which divide the data into different ranges of probabilities.
 Quantile 25% = Quartile 1
 Quantile 50% = Quartile 2
 Quantile 75% = Quartile 3
Scattered Plot:
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Skewness and Kurtosis
Length of two vector:
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Histogram
Lines on Histogram:
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Line Graphs
Multiple Lines in a Graph:
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Checking the points in a Line Graph
Here, qqnorms = Normality Test.
And, qqlines = Used to check the points are normally distributed or not. If points are exactly
on line or near the line then we can say that points are normally distributed.
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Standard Error
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Correlation
Note:
Here, cor.test (x, y) gives also ttab & p-value.
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Testing of Hypothesis
 Statistical hypothesis: A statement about the nature of a population. It is often stated
in terms of a population parameter. A statistical hypothesis test is a method of statistical
inference used to decide whether the data at hand sufficiently support a particular
hypothesis. Hypothesis testing allows us to make probabilistic statements about
population parameters.
 Null hypothesis: A statistical hypothesis that is to be tested.
 Alternative hypothesis: The alternative to the null hypothesis.
Commands:
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Welch Two Sample Test:
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Data Matrix for Hypothesis Testing
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Regression Analysis
Regression used to find a relationship between two variables. Here, one is the dependent
variable and another is the response variable. In Linear regression these variables are related
through a general equation, i.e., y = a + bx
y = Dependent variable.
x = Independent variable.
a = Intercept.
b = Line of Regression.
Linear regression:
Linear regression is one of the most commonly used predictive modelling techniques. The aim
of linear regression is to find a mathematical equation for a continuous response variable Y as
a function of one or more X variable(s). So that you can use this regression model to predict
the Y when only the X is known.
Mathematically a linear relationship represents a straight line when plotted as a graph. A non-
linear relationship where the exponent of any variable is not equal to 1 creates a curve.
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DATA WRANGLING / MANIPULATION
ggcorrplot:
ggcorrplot:
 A graphical display of a correlation matrix using ggplot2 / Visualization of a correlation
matrix using ggplot2.
 cor_pmat (): Compute a correlation matrix p-value. Visualization of a correlation matrix
using ggplot2.
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dplyr Function ()
Data Wrangling / Manipulation:(Called Grammar of Data Manipulation).
%>% = Called Pipeline Function.
 5 Pillars are present in dplyr function:
1. Group by: Group by one or more variables.
2. Summarise: Summarise each group down to one row.
3. Select: Keep or drop columns using their names and types.
4. Filter: Keep rows that match a condition.
5. Mutate: Create, modify, and delete columns.
dplyr (Group and Summarise):
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dplyr (Select and Filter):
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dplyr (Mutate):
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ggplot2
 This package created by Hadley Wickham which defines a “grammar” for graphics.
Three pillars are:
1. Data: On which we have to work.
2. Aesthetic: What you want to see. Aesthetic mappings describe how variables in the
data are mapped to visual properties (aesthetics) of geoms. Aesthetic mappings can be
set in ggplot() and in individual layers.
3. Geometry: What you want to Do/Draw.
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Ggplot = Part =2 Command:
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Fig: Ggplot = geom_col for Colour. Fig: Ggplot2 = geom_point
Fig: ggplot = geom_boxplot Fig: ggplot = geom_boxplot, fill=group
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Fig: ggplot = geom_boxplot (mean) Fig: ggplot = geom_boxplot (mean) colour.
Fig: ggplot = geom_boxplot stat identity. Fig: ggplot = geom_boxplot Caption & Title.
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Group mean in ggplot:
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ANOVA
y = a + bx + c (Regression Model)
y = µ + t + e (ANOVA Model)
Code:
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 Given by Ronald Fisher (R.A. Fisher).
 Whenever we have to compare more than two population means then we are using
ANOVA.
 One-way ANOVA: One factor or Independent variable present. Compares three or
more levels of one Factor.
 Two-way ANOVA: Extension of One-Way ANOVA. More than One factor or
Independent Variable is Present. Compares the effect of multiple levels of Two
factors.
Assumptions:
 The effect of the different factors (treatment and environment) are Additive.

 Sample follows Normal distribution.
 Sample have been selected randomly and independently.
 The experimental errors are Independent.
 The experimental errors are distributed normally with mean 0 and common
variance σ2
.
Hypothesis:
Null hypothesis: The means of all groups are the same/equal. (H0: µ1 = µ2 = µ3……µn).
Alternate Hypothesis: The means are different for at least one pair of Groups.
ANOVA: Variance Between/Variance Within & Total variance: Variance Between +
Variance Within.
For Complete Code on ANOVA, Visit my website:
Click on the link below
Or
Search My Name on Google & Visit R-Programming.
https://sites.google.com/view/agribugsoumiqueahamed/home
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CRD
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RCBD
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Split-plot Design
Packages: Agricolae / doebioresearch (Best Package for Split-plot Design)
When we use Agricolae the CD Value will have to calculate manually.
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