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Overview
I. Day 1: What is R: An introduction

II. Day 2: Graphical displays and EDA

III.Day 3: The general linear model and its 
special cases (ANOVA), multilevel models

IV.Day 4: Multivariate analysis

V.Day 5: R as a programming language



What is R: an 
introduction

I. What is it

II. How  to get it

III.Entering or getting data

IV.Basic descriptive stats



R: statistics for all of us

I. What is it?

II. Why use it?

III.Common (mis)perceptions 

IV.Examples for personality and individual 
differences research



R: What is it?
I.R: An international collaboration
II.R: the open source - public domain 

version of S/S+
III.R: written by statisticians (and all of 

us) for statisticians (and the rest of us)
IV.R: an extensible language



Common statistical programs

General Specialized
R AMOS
S+ EQS
SAS LISREL
SPSS MPlus

STATA Mx
SYSTAT your favorite program.



Common statistical programs
most are costly

General Specialized
R AMO$
$+ EQ$

$A$ LI$REL
$P$$ MPlu$

$TATA Mx
$Y$TAT your favorite program.



R: a way of thinking
(from the R point of view)

• “R is the lingua franca of statistical research. 
Work in all other languages should be 
discouraged.”

• “This is R. There is no if.  Only how.”

• “Overall, SAS is about 11 years behind R and S-
Plus in statistical capabilities (last year it was 
about 10 years behind) in my estimation.”

Taken from the R.-fortunes (selections from the R.-help list serve)



But it is open source - 
how can you trust it?

I. Q: When you use it [R], since it is written by so 
many authors, how do you know that the results are 
trustable?

II. A:The R engine [...] is pretty well uniformly 
excellent code but you have to take my word for 
that. Actually, you don't. The whole engine is open 
source so, if you wish, you can check every line of it. 
If people were out to push dodgy software, this is not 
the way they'd go about it.

Taken from the R.-fortunes (selections from the R.-help list serve)



What is R? : Technically
I. R is an open source implementation of S (S-Plus is 

a commercial implementation)

II. R is available under GNU Copy-left

III.The current version of R is 2.8.1 (2.9.0 is at the 
alpha release, 2.10 is in development)

IV. R is group project run by a core group of 
developers (with new releases semiannually)

(Adapted from Robert Gentleman) 



R: History
I. 1991-93: Ross Dhaka and Robert Gentleman begin 

work on R project at U. Auckland
II. 1995: R available by ftp under the GPL
III.96-97: mailing list and R core group is formed
IV.2000: John Chambers, designer of S joins the R core 

(wins a prize for best software from ACM for S)
V.2001-2005: Core team continues to improve base 

package
VI. 2009: Becoming the standard for statistics, although 

other languages are relevant (Python) 
VII.Many (>1455)  other contributed “packages”



R in Psychology
Personality/Psychometrics
I. Some software packages tailored to psychology 

have been developed (e.g. those in the task view 
of psychometrics)

II. Some universities are now introducing R to 
graduate students 

III.Some instructors are using it for undergraduates.



Why R?
I. Graphics for data exploration and interpretation

II. Data manipulation including statistics as data 

III.Statistical analysis

A.Standard univariate and multivariate 
generalizations of the linear model

B. Multivariate-structural extensions

IV.Ease of programming for new applications



Ok, how do I get it

I. CRAN (Comprehensive R Archive Network)

A.http://cran.r-project.org/  

















Running in X11



X11



Getting help



Getting help



Package vignettes



RSiteSearch



Rpad



Data Manipulation
Data Entry

I. from console

II. from clipboard (copied from other programs)

III.from file (text files, csv, SPSS, Excel, MySQL)

IV.from the web  



R is a desk calculator
> 2+2
[1] 4
> 3^4
[1] 81
> pi
[1] 3.141593
> x <- c(1,3,5,7)
> x
[1] 1 3 5 7
> m <- mean(x)
> m
[1] 4
> mean(x)
[1] 4
> sd(x)
[1] 2.581989
> 



A very fancy desk 
calculator

> set.seed(42)
> V <- seq(1:5)
> M <- matrix(sample(5,15),replace=TRUE,ncol=3,nrow=5)
Error in matrix(sample(5, 15), replace = TRUE, ncol = 3, nrow = 5) : 
  unused argument(s) (replace = TRUE)
> M <- matrix(sample(5,15,replace=TRUE),ncol=3,nrow=5)
> V
[1] 1 2 3 4 5
> M
     [,1] [,2] [,3]
[1,]    5    3    3
[2,]    5    4    4
[3,]    2    1    5
[4,]    5    4    2
[5,]    4    4    3



But a calculator none the less
> V * M
     [,1] [,2] [,3]
[1,]    5    3    3
[2,]   10    8    8
[3,]    6    3   15
[4,]   20   16    8
[5,]   20   20   15

> t(M) %*% M
     [,1] [,2] [,3]
[1,]   95   73   67
[2,]   73   58   50
[3,]   67   50   63

> V
[1] 1 2 3 4 5
> M
     [,1] [,2] [,3]
[1,]    5    3    3
[2,]    5    4    4
[3,]    2    1    5
[4,]    5    4    2
[5,]    4    4    3



A graphing calculator
> curve(dnorm(x,1,0.5),-3,3,ylab="probability of 
x",main="Comparing distributions")
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Add the second line
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> curve(dnorm(x,1,0.5),-3,3,ylab="probability of x",main="Comparing 
distributions")
> curve(dnorm(x,0,1),add=TRUE) 



R is a stats table
> pt(2.0,6) #probability (one tailed of a t > 2.0)
[1] 0.9537868
> pnorm(2.0) #probability of a normal distribution 
with value of 2.0)
[1] 0.9772499
> dnorm(-1)  #normal with z value of -1.0
[1] 0.2419707
> pf(3.5,1,20)  #probability of an F statistic
[1] 0.923926
> qf(.95,1,60) # the critical value of an F at the 95 
percent value
[1] 4.001191
> qchisq(.95,1) # the critical value for a 1 df #$
\chi^2$
[1] 3.841459



A powerful stats table
> z <- seq(0,3,.2)
> z
 [1] 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 
2.8 3.0
> pnorm(z)
 [1] 0.5000000 0.5792597 0.6554217 0.7257469 0.7881446 
0.8413447 0.8849303 0.9192433 0.9452007 0.9640697 0.9772499 
0.9860966
[13] 0.9918025 0.9953388 0.9974449 0.9986501
> round(data.frame(z,p=pnorm(z)),3)
     z     p
1  0.0 0.500
2  0.2 0.579
3  0.4 0.655
4  0.6 0.726
5  0.8 0.788
6  1.0 0.841
7  1.2 0.885
8  1.4 0.919
9  1.6 0.945
10 1.8 0.964
11 2.0 0.977
12 2.2 0.986
13 2.4 0.992
14 2.6 0.995
15 2.8 0.997
16 3.0 0.999



Random data 



Graphics of random data



Graphing commands
op <- par(mfrow=c(2,2))

n <- 1000
x <- rnorm(n)
hist(x,main="Normal")
x <- runif(n)
hist(x,main="Rectangular")
x <- rpois(n,3)
hist(x,main="Poisson")
x <- rlnorm(n)
hist(x,main="Log Normal")

op <- par(mfrow=c(1,1))



Data Entry example
> 5/2            #it is a calculator

[1] 2.5

> 2^8          #still a calculator

[1] 256

> a <- c("A","short","list")  #store this value

> a                         #now show it     

[1] "A"     "short" "list" 

> 



Data entry 
> A <- 1:25  # make a sequence
> A              #show it
 [1]  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 
23 24 25
> B <- matrix(A,ncol=5) #convert the vector to a matrix
> B                # show it
     [,1] [,2] [,3] [,4] [,5]
[1,]    1    6   11   16   21
[2,]    2    7   12   17   22
[3,]    3    8   13   18   23
[4,]    4    9   14   19   24
[5,]    5   10   15   20   25
> c <- seq(25,5,by=-5)   #seq can do more interesting stuff
> c
[1] 25 20 15 10  5



From the clipboard

library(psych)

> A <- read.clipboard()

> A   #show it

   V1 V2 V3 V4 V5
S1  1  6 11 16 21
S2  2  7 12 17 22
S3  3  8 13 18 23
S4  4  9 14 19 24
S5  5 10 15 20 25

   V1 V2 V3 V4 V5
S1  1  6 11 16 21
S2  2  7 12 17 22
S3  3  8 13 18 23
S4  4  9 14 19 24
S5  5 10 15 20 25

Copy this text 



From the clipboard
(no headers)

> C <- read.clipboard(header=FALSE)

> C  #automatically adds column names!

1  6 11 16 21
 2  7 12 17 22
 3  8 13 18 23
 4  9 14 19 24
 5 10 15 20 25

  V1 V2 V3 V4 V5
1  1  6 11 16 21
2  2  7 12 17 22
3  3  8 13 18 23
4  4  9 14 19 24
5  5 10 15 20 25



From built in datasets
> data() #show all data sets

> data(sat.act) # get this one

> head(sat.act) #show the first lines

> dim(sat.act)  #show dimensions

[1] 700   6

 

      gender education age ACT SATV SATQ
29442      2         3  19  24  500  500
29457      2         3  23  35  600  500
29498      2         3  20  21  480  470
29503      1         4  27  26  550  520
29504      1         2  33  31  600  550
29518      1         5  26  28  640  640



From files or the web
Fn <- file.choose()  #uses the system commands to find it

My.data <- read.table(Fn)

> My.data <- read.table(Fn,header=TRUE)

> head(My.data)    #show the first 6 lines
  epiE epiS epiImp epilie epiNeur bfagree bfcon bfext bfneur bfopen bdi traitanx stateanx

1   18   10      7      3       9     138    96   141     51    138   1       24       22

2   16    8      5      1      12     101    99   107    116    132   7       41       40

3    6    1      3      2       5     143   118    38     68     90   4       37       44

4   12    6      4      3      15     104   106    64    114    101   8       54       40

5   14    6      5      3       2     115   102   103     86    118   8       39       67

6    6    4      2      5      15     110   113    61     54    149   5       51       38



Getting data from the web
> datafilename <- "http://personality-project.org/r/datasets/maps.mixx.epi.bfi.data" 
> my.data(datafilename)
Error: could not find function "my.data"
> my.data <- read(datafilename)
Error: could not find function "read"
> my.data <- read.table(datafilename,header=TRUE) #read the data file 
> 
> dim(my.data)
[1] 231  13
> headtail(mydata)
Error in inherits(x, "data.frame") : object "mydata" not found
> headtail(my.data)
    epiE epiS epiImp epilie epiNeur bfagree bfcon bfext bfneur bfopen bdi traitanx stateanx
1     18   10      7      3       9     138    96   141     51    138   1       24       22
2     16    8      5      1      12     101    99   107    116    132   7       41       40
3      6    1      3      2       5     143   118    38     68     90   4       37       44
4     12    6      4      3      15     104   106    64    114    101   8       54       40
...  ...  ...    ...    ...     ...     ...   ...   ...    ...    ... ...      ...      ...
228   12    7      4      3      15     155   129   127     88    110   9       35       34
229   19   10      7      2      11     162   152   163    104    164   1       29       47
230    4    1      1      2      10      95   111    75    123    138   5       39       58
231    8    6      3      2      15      85    62    90    131     96  24       58       58



Looking at the data
> headtail(My.data) #a psych function  
demonstrating the passing of parameters to 
functions

> > headtail(My.data,5,3)
    epiE epiS epiImp epilie epiNeur bfagree bfcon bfext bfneur bfopen bdi traitanx stateanx
1     18   10      7      3       9     138    96   141     51    138   1       24       22
2     16    8      5      1      12     101    99   107    116    132   7       41       40
3      6    1      3      2       5     143   118    38     68     90   4       37       44
4     12    6      4      3      15     104   106    64    114    101   8       54       40
5     14    6      5      3       2     115   102   103     86    118   8       39       67
...  ...  ...    ...    ...     ...     ...   ...   ...    ...    ... ...      ...      ...
229   19   10      7      2      11     162   152   163    104    164   1       29       47
230    4    1      1      2      10      95   111    75    123    138   5       39       58
231    8    6      3      2      15      85    62    90    131     96  24       58       58



Editing the data

Fix(My.data) # edits the object

A <- edit(My.data) #edits and then returns 
the new version

(Or just edit in your favorite editor)



Why R? Graphics
I. Sample graphics taken from

A. http:personality-project.org/r/ 

1. showing what can be done by an amateur 

B.  http://addictedtor.free.fr/graphiques/

1. showing some most impressive graphs
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Standard Plots of factor loadings
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Data points can be dynamically identified
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Multi-panel graphs can be 
labeled separately and 
organized vertically or 

horizontally

Simulated data can be 
generated to fit normal, 

rectangular, binomial, 
poissen, exponential, etc. 

distributions
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Scatter Plot Matrices can show smoothed fits
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       Study 2                                                    Study 3

Presentation graphics
scale to fit page

and produce output 
for pdf presentations

Window or page size 
is controllable



Graphic output can be taken from multiple programs 
(e.g. Very Simple Structure, factor analysis
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Anscombe's 4 Regression data sets

Built-in data sets provide useful demonstrations of stats



Mapping data (GIS) may be combined with descriptive data



Many GIS map files are available for download from ESRI 



GIS maps detail regional boundaries



US counties



Counties of California
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2000 median household income for zip codes

~

Median Household Income for 2000

Combine income data from 2000 census 
with zipcode map of San Diego County
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GIS files of Borneo can show country boundaries 
(e.g., Malaysia, Brunei, Indonesia)
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Even more graphics

• Taken from a collection of R 
demonstrations and graphics

• http://addictedtor.free.fr/graphiques/
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Why R?
I. Data manipulation including statistics as data

A.the output of any function may be input for 
any other 

II. Graphics for data exploration and interpretation

III.Statistical analysis

A.Standard univariate and multivariate 
generalizations of the linear model

B. Multivariate-structural extensions



Data Manipulation: 
Data Structures 

I. Data types: integer, real, logical, character, string

II. Vectors of any data type

III.Matrices of any data type

IV.Data Frames (similar to matrix of mixed type)

V.Lists of any mixture of types

VI.All operations are functions and the returned 
values may be used in any data structure (e.g., as 
an element of a data frame or of a list)



Data structures
I. Elements   (integers, reals, logicals, strings)

II. Vectors (ordered sets of similar elements)

III.Matrices  (ordered sets of vectors of the 
same length)

IV.Data Frames (ordered sets of vectors where 
the vectors can be different, but all the same 
length)

V.Lists (ordered sets of anything, can be 
different lengths)



Structure examples
> x <- c(1,2,4)
> y <- c(letters[1:6],LETTERS[1:4])
> z <- seq(10,28,2)
> X <- matrix(1:20,ncol=4)
> Y <- matrix(c(11,22,44,4,15,42),ncol=3,byrow=TRUE)
> yz.df <-data.frame(A = y,b=z)
> L <- list(a=x,b=y,c=z,d=X,e=Y,f =yz.df)
> x
[1] 1 2 4
> y
 [1] "a" "b" "c" "d" "e" "f" "A" "B" "C" "D"
> z
 [1] 10 12 14 16 18 20 22 24 26 28
> X
     [,1] [,2] [,3] [,4]
[1,]    1    6   11   16
[2,]    2    7   12   17
[3,]    3    8   13   18
[4,]    4    9   14   19
[5,]    5   10   15   20

> Y
     [,1] [,2] [,3]
[1,]   11   22   44
[2,]    4   15   42
> yz.df 
   A  b
1  a 10
2  b 12
3  c 14
4  d 16
5  e 18
6  f 20
7  A 22
8  B 24
9  C 26
10 D 28



Structure list
> L
$a
[1] 1 2 4

$b
 [1] "a" "b" "c" "d" "e" "f" "A" "B" "C" "D"

$c
 [1] 10 12 14 16 18 20 22 24 26 28

$d
     [,1] [,2] [,3] [,4]
[1,]    1    6   11   16
[2,]    2    7   12   17
[3,]    3    8   13   18
[4,]    4    9   14   19
[5,]    5   10   15   20

$e
     [,1] [,2] [,3]
[1,]   11   22   44
[2,]    4   15   42
$f
   A  b
1  a 10
2  b 12
3  c 14
4  d 16
5  e 18
6  f 20
7  A 22
8  B 24
9  C 26
10 D 28



Structure of lists
> str(L)
List of 6
 $ a: num [1:3] 1 2 4
 $ b: chr [1:10] "a" "b" "c" "d" ...
 $ c: num [1:10] 10 12 14 16 18 20 22 24 26 28
 $ d: int [1:5, 1:4] 1 2 3 4 5 6 7 8 9 10 ...
 $ e: num [1:2, 1:3] 11 4 22 15 44 42
 $ f:'data.frame':10 obs. of  2 variables:
  ..$ A: Factor w/ 10 levels "a","A","b","B",..: 1 3 5 7 9 10 2 4 
6 8
  ..$ b: num [1:10] 10 12 14 16 18 20 22 24 26 28



Accessing elements
> L$d
     [,1] [,2] [,3] [,4]
[1,]    1    6   11   16
[2,]    2    7   12   17
[3,]    3    8   13   18
[4,]    4    9   14   19
[5,]    5   10   15   20
> L[[4]]
     [,1] [,2] [,3] [,4]
[1,]    1    6   11   16
[2,]    2    7   12   17
[3,]    3    8   13   18
[4,]    4    9   14   19
[5,]    5   10   15   20



Manipulating data

I. Consider scoring a multiple choice test

A.10 items, 100 subjects

B. create the scoring key

C. score it



Scoring a multiple 
score test

> set.seed(42)
> my.items <- matrix(sample(5,500,replace=TRUE),ncol=5)
> my.key <- c(1,2,3,2,4)
> my.scores <- t(t(my.items)==my.key[])  #these are TRUE or FALSE
> my.scores <- t(t(my.items)==my.key[]) +0 #these are 1s or 0s
> my.total <- rowSums(my.scores)           #total score
> describe(my.total)
  var   n mean   sd median trimmed  mad min max range skew kurtosis   se
1   1 100 0.92 0.82      1    0.84 1.48   0   3     3 0.68    -0.03 0.08
> describe(my.scores)
  var   n mean   sd median trimmed mad min max range skew kurtosis   se
1   1 100 0.19 0.39      0    0.11   0   0   1     1 1.56     0.43 0.04
2   2 100 0.14 0.35      0    0.05   0   0   1     1 2.04     2.20 0.03
3   3 100 0.25 0.44      0    0.19   0   0   1     1 1.14    -0.71 0.04
4   4 100 0.22 0.42      0    0.15   0   0   1     1 1.33    -0.23 0.04
5   5 100 0.12 0.33      0    0.02   0   0   1     1 2.30     3.34 0.03



How does that work?> my.key
[1] 1 2 3 2 4
> dim(my.items)
[1] 100   5
> dim(t(my.items))
[1]   5 100
> t(my.items)[,1:10]
     [,1] [,2] [,3] [,4] [,5] [,6] [,7] [,8] [,9] [,10]
[1,]    5    5    2    5    4    3    4    1    4     4
[2,]    4    2    2    2    5    5    4    4    3     1
[3,]    5    3    5    3    1    3    5    3    2     2
[4,]    3    3    1    2    5    5    2    1    2     2
[5,]    1    3    4    3    5    1    5    2    1     2
> x <- t(my.items) == my.key
> x[,1:10]
      [,1]  [,2]  [,3]  [,4]  [,5]  [,6]  [,7]  [,8]  [,9] [,10]
[1,] FALSE FALSE FALSE FALSE FALSE FALSE FALSE  TRUE FALSE FALSE
[2,] FALSE  TRUE  TRUE  TRUE FALSE FALSE FALSE FALSE FALSE FALSE
[3,] FALSE  TRUE FALSE  TRUE FALSE  TRUE FALSE  TRUE FALSE FALSE
[4,] FALSE FALSE FALSE  TRUE FALSE FALSE  TRUE FALSE  TRUE  TRUE
[5,] FALSE FALSE  TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE

> x0 <- x+0
> x0[,1:10]
     [,1] [,2] [,3] [,4] [,5] [,6] [,7] [,8] [,9] [,10]
[1,]    0    0    0    0    0    0    0    1    0     0
[2,]    0    1    1    1    0    0    0    0    0     0
[3,]    0    1    0    1    0    1    0    1    0     0
[4,]    0    0    0    1    0    0    1    0    1     1
[5,]    0    0    1    0    0    0    0    0    0     0



More on multiple choice
> my.scores <- t(t(my.items)==my.key[])  #these are TRUE or FALSE
> head(my.scores)
      [,1]  [,2]  [,3]  [,4]  [,5]
[1,] FALSE FALSE FALSE FALSE FALSE
[2,] FALSE  TRUE  TRUE FALSE FALSE
[3,] FALSE  TRUE FALSE FALSE  TRUE
[4,] FALSE  TRUE  TRUE  TRUE FALSE
[5,] FALSE FALSE FALSE FALSE FALSE
[6,] FALSE FALSE  TRUE FALSE FALSE
> my.scores <- t(t(my.items)==my.key[]) +0  #these are 1s or 0s
> my.scores
       [,1] [,2] [,3] [,4] [,5]
  [1,]    0    0    0    0    0
  [2,]    0    1    1    0    0
  [3,]    0    1    0    0    1
  [4,]    0    1    1    1    0
  [5,]    0    0    0    0    0
  [6,]    0    0    1    0    0
...
> my.total <- rowSums(my.scores)
> head(my.total)
[1] 0 2 2 3 0 1



Or, just use a function
> data(iqitems)
> iq.keys <- c(4,4,3,1,4,3,2,3,1,4,1,3,4,3)
> score.multiple.choice(iq.keys,iqitems)
$item.stats
     key    0    1    2    3    4    5    6    r    n mean   sd  skew kurtosis   se
iq1    4 0.04 0.01 0.03 0.09 0.80 0.02 0.01 0.59 1000 0.80 0.40 -1.51     0.27 0.01
iq8    4 0.03 0.10 0.01 0.02 0.80 0.01 0.04 0.39 1000 0.80 0.40 -1.49     0.22 0.01
iq10   3 0.10 0.22 0.09 0.37 0.04 0.13 0.04 0.35 1000 0.37 0.48  0.53    -1.72 0.02
iq15   1 0.03 0.65 0.16 0.15 0.00 0.00 0.00 0.35 1000 0.65 0.48 -0.63    -1.60 0.02
iq20   4 0.03 0.02 0.03 0.03 0.85 0.02 0.01 0.42 1000 0.85 0.35 -2.00     2.01 0.01
iq44   3 0.03 0.10 0.06 0.64 0.02 0.14 0.01 0.42 1000 0.64 0.48 -0.61    -1.64 0.02
iq47   2 0.04 0.08 0.59 0.06 0.11 0.07 0.05 0.51 1000 0.59 0.49 -0.35    -1.88 0.02
iq2    3 0.07 0.08 0.31 0.32 0.15 0.05 0.02 0.26 1000 0.32 0.46  0.80    -1.37 0.01
iq11   1 0.04 0.87 0.03 0.01 0.01 0.01 0.04 0.54 1000 0.87 0.34 -2.15     2.61 0.01
iq16   4 0.05 0.05 0.08 0.07 0.74 0.01 0.00 0.56 1000 0.74 0.44 -1.11    -0.77 0.01
iq32   1 0.04 0.54 0.02 0.14 0.10 0.04 0.12 0.50 1000 0.54 0.50 -0.17    -1.97 0.02
iq37   3 0.07 0.10 0.09 0.26 0.13 0.02 0.34 0.23 1000 0.26 0.44  1.12    -0.74 0.01
iq43   4 0.04 0.07 0.04 0.02 0.78 0.03 0.00 0.50 1000 0.78 0.41 -1.35    -0.18 0.01
iq49   3 0.06 0.27 0.09 0.32 0.14 0.08 0.05 0.28 1000 0.32 0.47  0.79    -1.38 0.01

$alpha
         Averages
Averages     0.63

$av.r
         Averages
Averages     0.11



Examine the structure
> iq.scores <- score.multiple.choice(iq.keys,iqitems,short=FALSE)
> str(iq.scores)
List of 4
 $ scores    : num [1:1000, 1] 0.429 0.357 0.571 0.571 0.571 ...
  ..- attr(*, "dimnames")=List of 2
  .. ..$ : chr [1:1000] "72" "95" "100" "136" ...
  .. ..$ : chr "Averages"
 $ item.stats:'data.frame': 14 obs. of  15 variables:
  ..$ key     : num [1:14] 4 4 3 1 4 3 2 3 1 4 ...
  ..$ 0       : num [1:14] 0.035 0.028 0.1 0.032 0.028 0.029 0.045 0.071 0.036 0.047 ...
  ..$ 1       : num [1:14] 0.01 0.104 0.223 0.651 0.024 0.097 0.08 0.078 0.866 0.054 ...
  ..$ 2       : num [1:14] 0.034 0.006 0.088 0.163 0.027 0.055 0.586 0.308 0.027 0.079 ...
  ..$ 3       : num [1:14] 0.088 0.016 0.371 0.153 0.034 0.645 0.063 0.315 0.011 0.07 ...
  ..$ 4       : num [1:14] 0.801 0.799 0.044 0.001 0.854 0.019 0.106 0.154 0.009 0.743 ...
  ..$ 5       : num [1:14] 0.024 0.009 0.133 0 0.019 0.145 0.067 0.053 0.008 0.007 ...
  ..$ 6       : num [1:14] 0.008 0.038 0.041 0 0.014 0.01 0.053 0.021 0.043 0 ...
  ..$ r       : num [1:14] 0.591 0.395 0.346 0.35 0.418 ...
  ..$ n       : num [1:14] 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 ...
  ..$ mean    : num [1:14] 0.801 0.799 0.371 0.651 0.854 0.645 0.586 0.315 0.866 0.743 ...
  ..$ sd      : num [1:14] 0.399 0.401 0.483 0.477 0.353 ...
  ..$ skew    : num [1:14] -1.506 -1.49 0.533 -0.633 -2.002 ...
  ..$ kurtosis: num [1:14] 0.267 0.22 -1.717 -1.601 2.01 ...
  ..$ se      : num [1:14] 0.0126 0.0127 0.0153 0.0151 0.0112 ...
 $ alpha     : num [1, 1] 0.63
  ..- attr(*, "dimnames")=List of 2
  .. ..$ : chr "Averages"
  .. ..$ : chr "Averages"
 $ av.r      : num [1, 1] 0.11
  ..- attr(*, "dimnames")=List of 2
  .. ..$ : chr "Averages"
  .. ..$ : chr "Averages"



Use the relevant part of 
a list

> dim(iq.scores)
NULL
> length(iq.scores)
[1] 4
> dim(iq.scores$scores)
[1] 1000    1
> describe(iq.scores$scores)
         var    n mean   sd median trimmed  mad min  max range  skew kurtosis   se
Averages   1 1000 0.61 0.18   0.64    0.63 0.11   0 0.93  0.93 -1.07     1.44 0.01



Data Manipulation

I. standard arithmetic and logical operations

II. matrix operations including transpose, inner 
product, outer product, diagonal, trace, 
invert

III.searching, sorting, merging

IV.data cleaning by logical commands 



Basic data description
summary(My.data)

      epiE            epiS            epiImp           epilie         epiNeur         bfagree          bfcon      
 Min.   : 1.00   Min.   : 0.000   Min.   : 0.000   Min.   :0.000   Min.   : 0.00   Min.   : 74.0   Min.   : 53.0  
 1st Qu.:11.00   1st Qu.: 6.000   1st Qu.: 3.000   1st Qu.:1.000   1st Qu.: 7.00   1st Qu.:112.0   1st Qu.: 99.0  
 Median :14.00   Median : 8.000   Median : 4.000   Median :2.000   Median :10.00   Median :126.0   Median :114.0  
 Mean   :13.68   Mean   : 7.978   Mean   : 4.784   Mean   :2.377   Mean   :10.41   Mean   :125.0   Mean   :113.3  
 3rd Qu.:16.00   3rd Qu.:10.000   3rd Qu.: 6.000   3rd Qu.:3.000   3rd Qu.:14.00   3rd Qu.:136.5   3rd Qu.:128.5  
 Max.   :99.00   Max.   :99.000   Max.   :99.000   Max.   :7.000   Max.   :23.00   Max.   :167.0   Max.   :178.0  

     bfext           bfneur           bfopen           bdi            traitanx        stateanx    
 Min.   :  8.0   Min.   : 34.00   Min.   : 73.0   Min.   : 0.000   Min.   :22.00   Min.   :21.00  
 1st Qu.: 87.5   1st Qu.: 70.00   1st Qu.:110.0   1st Qu.: 3.000   1st Qu.:32.00   1st Qu.:32.00  
 Median :104.0   Median : 90.00   Median :125.0   Median : 6.000   Median :38.00   Median :38.00  
 Mean   :102.2   Mean   : 87.97   Mean   :123.4   Mean   : 6.779   Mean   :39.01   Mean   :39.85  
 3rd Qu.:118.0   3rd Qu.:104.00   3rd Qu.:136.5   3rd Qu.: 9.000   3rd Qu.:44.00   3rd Qu.:46.50  
 Max.   :168.0   Max.   :152.00   Max.   :173.0   Max.   :27.000   Max.   :71.00   Max.   :79.00  

> describe(My.data)
         var   n   mean    sd median trimmed   mad min max range  skew kurtosis   se
epiE       1 231  13.33  4.14     14   13.49  4.45   1  22    21 -0.33    -0.06 0.27
epiS       2 231   7.58  2.69      8    7.77  2.97   0  13    13 -0.57    -0.02 0.18
epiImp     3 231   4.37  1.88      4    4.36  1.48   0   9     9  0.06    -0.62 0.12
epilie     4 231   2.38  1.50      2    2.27  1.48   0   7     7  0.66     0.24 0.10
epiNeur    5 231  10.41  4.90     10   10.39  4.45   0  23    23  0.06    -0.50 0.32
bfagree    6 231 125.00 18.14    126  125.26 17.79  74 167    93 -0.21    -0.27 1.19
bfcon      7 231 113.25 21.88    114  113.42 22.24  53 178   125 -0.02     0.23 1.44
bfext      8 231 102.18 26.45    104  102.99 22.24   8 168   160 -0.41     0.51 1.74
bfneur     9 231  87.97 23.34     90   87.70 23.72  34 152   118  0.07    -0.55 1.54
bfopen    10 231 123.43 20.51    125  123.78 20.76  73 173   100 -0.16    -0.16 1.35
bdi       11 231   6.78  5.78      6    5.97  4.45   0  27    27  1.29     1.50 0.38
traitanx  12 231  39.01  9.52     38   38.36  8.90  22  71    49  0.67     0.47 0.63
stateanx  13 231  39.85 11.48     38   38.92 10.38  21  79    58  0.72    -0.01 0.76



R graphics (base)

I. Multiple graphics packages

A.base graphics

B. lattice

C. ggobi

II. Following examples from base graphics



pairs.panels
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> data(sat.act)
> pairs.panels(sat.act)



pairs.panels
gender
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pairs.panels(sat.act,scale=TRUE)



Do not draw bar graphs

x1 x2 x3 x4

A particularly uninformative graph
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> barplot(colMeans(na.omit(X.df)),ylim=c(0,14),main="A particularly 
uninformative graph")
> box()



Somewhat better
Somewhat more informative
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error.bars(X.df,bars=TRUE,ylim=c(0,14),
main="Somewhat more informative")



box plot 
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Better yet

boxplot(X.df,main="Better yet")



stripchart
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Perhaps better

stripchart(X.df,method="stack",vertical=TRUE,main="Perhaps 
better")



error.bars

> error.bars(X.df,main="Just error bars")

Just error bars
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notched boxplots

> boxplot(X.df,main="Better yet",notch=TRUE)
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stripchart + error.bars
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Add error bars

> stripchart(X.df,method="stack",vertical=TRUE,main="Add error bars")
> error.bars(X.df,add=TRUE)



Alternatives with larger 
data sets

I. The violin plot shows density distributions

II. Available in the vioplot package



violin plots
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mu<-2
  si<-0.6
  bimodal<-c(rnorm(1000,-mu,si),rnorm(1000,mu,si)) 
  uniform<-runif(2000,-4,4)
  normal<-rnorm(2000,0,3)
  vioplot(bimodal,uniform,normal)
  boxplot(bimodal,uniform,normal)



An alternative
bimodal
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> bnu <-data.frame(bimodal,normal,uniform)
> pairs.panels(bnu)



Graphics 101
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plot(1:10)



specify labels and title
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> plot(1:10,xlab ="Label the x axis",ylab="label the y axis",
+ main="And add a title and new data",pch=21,col="blue")
> points(1:4,3:6,bg="red",pch=22)



Change the ranges
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> plot(1:10,xlab ="x is oversized",ylab="y axis label",
+ main="Change the axis 
sizes",pch=23,bg="blue",xlim=c(-5,15),ylim=c(0,20))
> points(1:4,13:16,bg="red",pch=24)



Plot the same data as a 
line graph
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> plot(1:10,ylab="y axis label",main="Line 
graph",pch=23,bg="blue",type="l")



Show the data points, 
add a line
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Line graphs with and without points
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> plot(1:10,2:11,xlab="X axis",ylab="y axis label",
+ main="Line graphs with and without 
points",pch=23,bg="blue",type="b",ylim=c(0,15))
> points(1:10,12:3,type="l",lty="dotted")



Regression plots
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> data(sat.act)
> with(sat.act,plot(SATQ~SATV,main="SAT Quantitative varies with SAT 
Verbal"))
> model = lm(SATQ~SATV,data=sat.act)
> abline(model)
> lab <- paste("SATQ = ",round(model$coef[1]),"+",round(model$coef[2],
2),"* SATV")
> text(600,200,lab)



Two groups
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> data(sat.act)
> color <- c("blue","red")
> with(sat.act,plot(SATQ~SATV,col=color[gender],main="SATQ varies by 
SATV and gender"))
> by(sat.act,sat.act$gender,function(x) abline(lm(SATQ~SATV,data=x)))



The actual regression
> by(sat.act,sat.act$gender, function(x) lm(SATQ~SATV,data=x))
sat.act$gender: 1

Call:
lm(formula = SATQ ~ SATV, data = x)

Coefficients:
(Intercept)         SATV  
   210.2046       0.6917  

----------------------------------------------------------------------
- 
sat.act$gender: 2

Call:
lm(formula = SATQ ~ SATV, data = x)

Coefficients:
(Intercept)         SATV  
   209.2093       0.6334  



Error diagnostics
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> op <- par(mfrow=c(2,2))
> plot(lm(SATQ~SATV,data=sat.act))
> op <- par(mfrow=c(1,1))



Boxplots by group
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SATV by gender

 boxplot(sat.act$SATV~sat.act$gender,main="SATV by gender")



More complex graphs

I. Using the Rgraphviz package (installed 
from Bioconductor rather than CRAN)

II.  Using the Social Network Analysis (sna) 
package.



sna example
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45

#A colorful demonstration...
gplot(rgraph(5,diag=TRUE),diag=TRUE,vertex.cex=1:5,vertex.sides=3:8,
    vertex.col=1:5,vertex.border=2:6,vertex.rot=(0:4)*72,
    displaylabels=TRUE,label.bg="gray90")



Cluster analysis with 
Rgraphviz output

The Holzinger-Harman 24 mental measurement problem
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> data(Harman74.cor)
> ic<- ICLUST(Harman74.cor$cov,title="The Holzinger-Harman 24 mental 
measurement problem")



A bifactor solution
Omega
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> data(bifactor)
> om <- omega(Thurstone,main="A bifactor solution to a Thurstone data 
set")



Creating matrix input 
for a graph

> fxs <- structure.list(9,list(X1=c(1,2,3), X2 =c(4,5,6),X3 = 
c(7,8,9)))
> phi <- phi.list(4,list(F1=c(4),F2=c(4),F3=c(4),F4=c(1,2,3)))
> fyx <- structure.list(3,list(Y=c(1,2,3)),"Y")
> 
> fxs
      X1   X2   X3    
 [1,] "a1" "0"  "0" 
 [2,] "a2" "0"  "0" 
 [3,] "a3" "0"  "0" 
 [4,] "0"  "b4" "0" 
 [5,] "0"  "b5" "0" 
 [6,] "0"  "b6" "0" 
 [7,] "0"  "0"  "c7"
 [8,] "0"  "0"  "c8"
 [9,] "0"  "0"  "c9"

> phi
   F1    F2    F3    F4   
F1 "1"   "0"   "0"   "rda"
F2 "0"   "1"   "0"   "rdb"
F3 "0"   "0"   "1"   "rdc"
F4 "rad" "rbd" "rcd" "1"  
> fyx
     Y    
[1,] "Ya1"
[2,] "Ya2"
[3,] "Ya3



Showing the matrices
Structural model
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 > sg3 <- structure.graph(fxs,phi,fyx)



Using the maps package

> library(maps)
> map("county")


