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A note of caution before using any stats package:
Beware running with scissors!

You can bamboozle yourself, and your readers, by misusing statistics.

Make sure you understand the methods you are using, in particular the
assumptions that must be met for them to be valid (e.g. normal distribution for
many common tests).

So before rushing in, consult:

* IRE tipsheets (e.g. Donald & LaFleur, #2752; Donald & Hacker, #2731)

» Statistical textbooks (e.g. http://www.statsoft.com/textbook/ is free online)

* Experts who can provide a reality check on your analysis!


http://www.statsoft.com/textbook/�

Getting started.

Download R, instructions at: http://www.r-project.org/

Start the program:

RRCDHSDIE o | E |
File Edit Misc Packages Windows Help

R wersion 2.10.1 (2009-12-14)
Copvright (C) 20059 The E Foundation for Statistical Computing
ISEN 3-900051-07-0

E iz free software and comes with ABSCLUTELY NO WAERRLNTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Hatural language support but running in an English locale

R i=s a collaborative project with many contributors.

Type 'contributors()' for more information and

'citation() "' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or
'help.=start ()" for an HIML browser interface to help.

Type 'g()' to guit ER.

Loading required package: rcom
Loading reguired package: rscproxy
>
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1) Save as a csv file

A
1 |,ﬁ. ée !S alary
2 74
2 70
4 69
5 69
6 63
7 62
8 62
9 61
10 61
11 61
12 60
12 59
14 58
15 58
16 57
17 57
18 56
19 56
20 56
21 56
22 55
23 55
24 55
25 53

B C D

Sector
B Financial services
2.13 Manufacturing
7.5 Retail
4.82 Manufacturing
1.49 Manufacturing
3.96 Manufacturing
2.34 Retail
5.43 Manufacturing
2.54 Financial services
1.98 Retail
7.26 Manufacturing
2.96 Manufacturing
2.17 Retail
0.21 Retail
11.03 Financial services
3.17 Financial services
B8.02 Financial services
3.5 Manufacturing
2.82 Retail
2.04 Manufacturing
7.36 Manufacturing
4.98 Retail
4.24 Financial services
4.06 Retail

Prepare the data:

2) Point R at the data

[ R R Console

File | Edit Misc Packages
Source R code...

Mew script

Open script...

Display file(s)...

Load Workspace...

Save Workspace...

Load History...
Save History...

Change dir...

Print...

Save to File...

Exit

Windows Help

12-14)
E Foundation for Statistical Computing

comes with ABSCLUTELY NO WARRARNTY.
ztribute it under certain conditions.
cence ()" for distribution details.
ort but running in an English locale

oject with many contributors.

or more information and

cite R or R packages in publications.
demon=, 'help()' for on-line help, or
ITMI. browser interface to help.

>

Loading required package:
Loading required package:

room
rSCpTroXy




First steps in the R command line:

Load and examine the data:

> CEOs <- read.csv{"CEOs.csv", header=T)

> 15()

[1] "CEOs"

> str{CEQOs)

'data.frame’: 59 obs. of 3 variables:

SAge :int 7470696963 6262616161 ...

S Salary: num 8 2,137.54.821.493.962.345.432.541.98...
S Sector: Factor w/ 3 levels "Financial services",..: 1232223213...

View a basic summary:

>summary{CEQOs)

Age Salary Sector
Min. :32.00 Min. :0.210 Financial services:15
1st Qu. :45.50 1st Qu. : 2.500 Manufacturing :20
Median :50.00 Median :3.500 Retail :24
Mean :51.54 Mean :4.042

3rd Qu. :57.00 3rdQu. :5.395
Max. :74.00 Max. :11.030


Presenter
Presentation Notes
Code we type in is in red; the output from R is in blue. 

When we read in the data from our spreadsheet saved as csv file, we create a new object in R called a “data frame.” 

The command “ls()” lists all the objects in the current R session; “str” shows the structure of each object; “summary” is a useful general command that here provides some basic summary statistics for each variable – later we’ll see it used to return the results from statistical tests.




What is the mean age and salary for CEOs in each sector?

> tapply{CEOsSAge, CEOsSSector, mean)

Financial services = Manufacturing Retail
51.06667 54.30000 49.54167

> tapply(CEOsSSalary, CEOsSSector, mean)

Financial services  Manufacturing Retail
5.192667 4.236000 3.160417

An alternative, computing mean and standard deviation in one go:

> numSummary{CEOsSSalary, groups=CEOsSSector, statistics=c{"mean", "sd"))

mean sd n
Financial services 5.192667 2.361245 15
Manufacturing 4.236000 2.157409 20

Retail 3.160417 1.821692 24


Presenter
Presentation Notes
Note the format for each variable, which first names the data frame, then “$,” then the variable name. 

In the top examples, the general command “tapply” tells R to calculate the statistic  defined at the end of the code; we could have asked for “median,” “sd” for standard deviation, and so on.


Is there a correlation between age and salary?
> cor.test{CEOsSAge, CEOsSSalary, method="pearson")
Pearson's product-moment correlation

data: CEOsSAge and CEOsSSalary
t=0.971, df =57, p-value = 0.3357
alternative hypothesis: true correlation is not equal to 0
95 percent confidence interval:
-0.1328669 0.3715027
sample estimates:
cor
0.1275554


Presenter
Presentation Notes
The P value tells us that there is not a statistically significant correlation.


Draw a graph to explore the correlation analysis:

> scatterplot{Salary ~ Age, data=CEQs)

10
I

Salary

Age



Presenter
Presentation Notes
Here we’ve written the code in a slightly different way. Rather than defining the variables to be plotted using the format “CEOs$Salary,” we’ve defined the data frame at the end of the code, which means we can simply write the variable names. It would have worked using the earlier format, although that format would also have showed up on the axes, which would have been untidy.

This code also illustrates another general feature of R code: dependent or response variables go before the tilde (~); independent or explanatory variables go after the tilde. Think of it this way: we’re interested in whether CEOs who are older tend to get paid more; clearly nobody gets older because they’re paid more, so Salary is the dependent variable.

In addition to drawing a scatterplot of points,  this code draws a regression line, adds a line defined using a smoothing function, and puts boxplots summarizing the distribution of each variable on each axis. 


Does mean CEO age differ significantly across sectors?

> AnovaAge <- aov{Age ~ Sector, data=CEQs)
> summary{AnovaAge)

Df Sum Sq Mean Sq F value Pr{>F)
Sector 2 251.6 125.776 1.5917 0.2126
Residuals 56 4425.1 79.01%

Does mean CEO salary differ significantly across sectors?

> AnovaSalary <- aov{Salary ~ Sector, data=CEQs)
>summary{AnovaSalary)

Df Sum Sq Mean Sq F value Pr{>F)
Sector 2 39.266 19.633 4.5279 0.01504 %
Residuals 56 242.817 4.336

Signif. codes: 0 '*** 0.001'**' 0.01'*' 0.05".'0.1"'"'1


Presenter
Presentation Notes
Here we create a new R object containing the analysis of variance results, and then return these results using the general “summary” command.

For Salary, we have our first statistically significant result.


Draw a graph to explore the distribution of salary by sector:

> boxplot{Salary ~ Sector, data=CEQOs)
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Presenter
Presentation Notes
OK, so the ANOVA is statistically significant, but which of the sectors are significantly different from one another? We will need to use an R “package” to perform the necessary multiple comparisons.


Moving beyond the basic functions: R packages

The R community has written 2800+ extensions to R’s basic statistical and
graphical functions, available from the CRAN repository:
http://cran.r-project.org/web/packages/

Follow the links to find a PDF Reference Manual for each package.

To see what packages you have available:

R R Conzole

File Edit Misc | Packages | Windows Help
N I Load package...

Set CRAM mirror...

Select repositories...
Install package(s]...
Update packages...

Install package(s) from local zip files...

If you can’t find the package you need, select “Install package(s)” and
download from the nearest mirror of the CRAN repository


http://cran.r-project.org/web/packages/�
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http://cran.r-project.org/web/packages/�

Some examples of R packages:

o gaplot2: for sophisticated statistical graphics

» survival: for analysis of data where the dependent variable is the time
that elapses to a particular event. Used in medical research to see if drugs
prolong life; you might use these methods to analyze the time taken to
process permit applications for different groups of people

» rgdal: for geospatial data analysis; allows you import shapefiles and
other forms of geodata and perform GIS-type analyses


http://cran.r-project.org/web/packages/ggplot2/ggplot2.pdf�
http://cran.r-project.org/web/packages/ggplot2/ggplot2.pdf�
http://cran.r-project.org/web/packages/ggplot2/ggplot2.pdf�
http://cran.r-project.org/web/packages/ggplot2/ggplot2.pdf�
http://cran.r-project.org/web/packages/survival/survival.pdf�
http://cran.r-project.org/web/packages/survival/survival.pdf�
http://cran.r-project.org/web/packages/�
http://cran.r-project.org/web/packages/rgdal/rgdal.pdf�

Back to our analysis of CEO salary by sector:

Previous summary:

> AnovaSalary <- aov{Salary ~ Sector, data=CEQs)
>summary{AnovaSalary)

Df Sum Sq Mean Sq F value Pr{>F)
Sector 2 39.266 19.633 4.5279 0.01504 *
Residuals 56 242.817 4.336

Signif. codes: 0 '***' 0.001'**' 0.01'*' 0.05".'0.1"'"'1

Load multcomp package using “Load package” or:

> require{multcomp)

Loading required package: multcomp
Loading required package: mvtnorm
Loading required package: survival
Loading required package: splines


http://cran.r-project.org/web/packages/multcomp/multcomp.pdf�

Perform multiple comparisons:

> Comparisons <- glht{AnovaSalary, linfct = mcp{Sector = "Tukey"))
> summary{Comparisons)

Simultaneous Tests for General Linear Hypotheses

Multiple Comparisons of Means: Tukey Contrasts

Fit: aov{formula = Salary ~ Sector, data = CEQOs)

Linear Hypotheses:

Estimate Std. Error t value Pr(>|t]|)
Manufacturing - Financial services == 0 -0.9567 0.7112 -1.345 0.3759
Retail - Financial services == 0 -2.0322 0.6854 -2.965 0.0121°~*
Retail - Manufacturing == 0 -1.0756 0.6305 -1.706 0.2114
Signif. codes: 0 “*** 0.001 “** 0.01"* 0.05°."0.1°"1
{Adjusted p values reported -- single-step method)


Presenter
Presentation Notes
This code is a little more complex, but again we’re creating a new R object containing the results of the statistical test, and returning the results using the “summary” command.


If the command line isn’t for you:
R through Excel

Download RExcel, instructions at: http://rcom.univie.ac.at/download.html

Getting started: 1) [ . 5 Microsoft Excel E=NEE ™)

i
—-/I Home Insert Page Layout Formulas Data Review View Add-Ins Acrobat L7

RExcel ~ (& ]

Menu Commands| Toolbar Commands

- _ff|

4

2) [ E:ﬁ i :—It\' : ‘

il
—-/r Home Insert Page Layout
| RExcel | [
Start B
M
v L

Copy Code

B R P |t


http://rcom.univie.ac.at/download.html�

Getting started: 3)

e — e ——

() E) -
ij/{ Haome Insert Page Layout Formulas [rata
RExcel = (=]
Disconnect B
Bun Code
M Get R Value b
E Put R Var v | |
Get R output l D E
1 set R working dir
L Load R file
3 Copy Code
4 Debug R
E Error Log
o Options
- O
E —,
g ) | RExcel Help
10 & RHelp
1] RCommander r with Excel menus
13 Demo Worksheets » with separate menus
13 RthroughExcel Worksheets
19 R 2bout RExcel

157



Now we’re ready to go:

T e——

J{Eéfl R - ) s Bookd "?.é R Commander
- Home Insert Page}a_yu:.rt Farmulas Data Review View | Adddns Acrobat Script Window
RExcel = Q R File = Data = Statistics = Graphs =~ Models ~ Distributions = Tools ~ Help
o active dataf Maodet | Mo active mods
Menu Commands| | Toolbar Commands Custom Toolbars
Al - {“
_ A C E F G H | J _j
1 |
2 | 4
3 ;
T 1| Output Window
4 |
<] 4
6 |
? { 4
8 |
2= 4
10 |
L 4
12 .
2o
14 |
13 4
16

HEEE




Load the data into R:

Highlight the data range, right click and select “Put R DataFrame”

LD ki —wr—

i

Home Insert Page Layout Formulas Data Review View Add-Ins
RExcel - {:} R File = Data = Statistics = Graphs = Models = Distributions -
Dataset: | Mo active dataf Model
Menu Commands| [Toolbar Commands| || Calibri  ~ ({11 ~ A" A" $ ~ % J'!rs Put dataframe in R I&
Al - B 7 =i-&-A-4%0E
. : : : Dataframe name in R
A B C D E F €] H
1 |Age salary Sector | R Runcodein Remdr | CEO4|
2 74 8 Financia| R} = Run code Get from R Get from Cell
3 70 2.13 Manufacg Get R Value
a 59 7.5 Retail But B Var [ with rownames
5 69 4.82 Manufacg Get R DataFrame [ colorize source range
] 63 1.43 Manufac T Iv make active in RCommander
7 62 3.96 Manufac Remdr Get ,
cmdr Ge
3 62 2.34 Retail oK Cancel
9 61 5.43 Manufad =~ CftRQutput
10 61 2.54 Financia 1-E0E R
11 ol 1.98 Retail Prettyformat Mumbers
12 60 7.26 Manufag & Cut
13 59 2.96 Manufag 5% | Copy
14 58 2.17 Retail [, Ppaste
15 58 0.21 Retail Paste Spedial..




Compute summary statistics:

NEEECE DL

&

1 CEOQs - Microsoft Excel

i |
'=—/ Home Insert Page Layout Formulas [Data Review View Add-Ins Acrobat
RExcel ~ O R File - Data - |Statistics = | Graphs ~ Models = Distributions ~ Tools = Help ~
Dataset: | CEOs summaries r Active data set |
Contingency tables  » MNumerical summaries...
Menu Commands| |Toolbar Commands Means » Frequency distributions
F )
CEOs ¥ s Jx | Age Proportions r Count missing observations
A B = b Variances » Table of statistics.., K
38 a8 6.59 Financial zervices Monparametric tests Correlation matrix...
39 48 5.72 Financial zervices Dimensional analysis Correlation test...
40 48 3.88 Financial zervices Fit models > Shapiro-Wilk test of normality...
41 43 2.98 Manufactl ring ' - - -
p | |
T Mumencal Summarnes E'_lg
Variables (pick one or more) - ' ' ;
)i 7& Groups I. —_— ﬂ

Age

Salary

Mean v
Standard Deviation v
Quantiles ¥  quantiles: 0,

Summarize by groups... I

25,.5,.75,1

QK J ’ Cance

|

Groups variable (pick one)

e

-

ok || Cancel |




Output in R Commander:

TE— T——) A} T—
& R Commander

= | B [ |

Script Window

numSummary (CECs[, c("Age™, "Salary™)], groups=CEOs3SSector,

statisztice=c ("mean", "=d4d", "gquantiles"),

4

gquantiles=c (0, .25, .5,.75,1))

k

I5ut:-mit|

Output Window
> numSummary (CEQ=2[,c("age™, "Salarvy™)], groups=CEQ0z:Sector,
+ atatistica=c ("mean™, "=d", "guantile=s"), gquantiles=c(0,.25,.5,.75,1))
Variakble: Age

mean =sd 0% 25% 50% T75% 100% n
Financial services S51.06667 9.924477 32 47.50 50.0 56.50 T4 15
Manufacturing 54 .30000 B8.227681 40 48.75 53.5 60.25 TO 20
Retail 49.54167 8.747567 33 44.00 50.0 55.25 69 24
Variable: Salary

mean =d 0% 25% 50% T75% 100% nmn
Finanecial services 5.192667 2.3681245 2.54 3.5100 4.24 6£.155 11.03 15
Manufacturing 4,236000 2.157409 1.49 2.8075 3.56 5.505 8.82 20
Retail 3.1e0417 1.821692 0.21 2.0750 2.72 3.775 T.L50 24



Presenter
Presentation Notes
All the action takes place in R Commander. When we finish our session and close, we will have the option of saving the Script and Outputs.

See that the code is a more complex version of the numerical summary we earlier performed in the command line.


ANOVA of CEO salary by sector:

— e —— ———
<N RN - P— CEORS Miciosoft Excel

idl
_,-; Home Insert Page Layout Formulas Data Review View Add-Ins Acrobat

RExcel = Q R File = Data ~ [Statistics =| Graphs = Models = Distributions = Tools = Help ~

Dataset: | CEOs Summaries rE
Contingency tables *

Menu Commands| | Toolbar Commands Means 3 Single-sample t-test...

CEOs - I | Age Proportions *

A B C D Variances 4 Paired t-test... | K
38 48 6.539 Financial zervices Monparametric tests  » One-way ANOVA,..
39 43 5.72 Financial zervices Dimensional analysis * Multi-way ANOWA...
40 48 3.88 Financial zervices Eit models »
11 48 2.98 Manufactliring

74 One-Way Analysis of Variance I. — &J

Enter name for model: | AnovaSalary

Groups (pick one) Response Variable (pick one)

e e
S —

Pairwise comparisons of means [w

ok ) [ Gonea |




Output in R Commander:

r - — — S
7% R Commander Elﬂléj

Seript Window

summary (AnovaSalary) o
numSummary (CECs55alary , groups=CEQs%5ector, statistics=c("mean”, "=d"))
Pairs <- glht (AnovaSalary, linfct = mcp(Sector = "Tukey"))

confint (.Pairs) # confidence intervals

cld(.Pairs) # compact letter display

old.oma <- par(oma=c(0,5,0,0))

plot (confint (.Pairs))

par (old.oma)

remove [ .Pairs)

m

1

4 3

Output Window 5uhmit| |

L3

> AnovaSalary <- aov(dalary ~ Sector, data=CEQ=)

m

> summary (AnovaSalary)

Df Sum S5gq Mean 5g F walue Pr(>F)
Sector Z 39.266 19.633 4.5279 0.01504 =
REesiduals 56 242.817 4.336

S5ignif. codes: O '#%%!' Q.001 '#***' Q.01 '*' Q.05 *." 0.1 * "' 1

Linear Hypotheses:

Estimate 1wr upr
Manufacturing - Finmancial services == 0 -0.35367 -2.6677 0.7543 =
Eetail - Financial services == -2.0322 -3.6810 -0.3835
Eetail - Manufacturing == -1.0756 -2.5%922 0.4411

» cld(.Pairs) # compact letter display
Manufacturing Eetail Financialservices
L ab L Hb L "E'.. L



Presenter
Presentation Notes
Here, the R code for the multiple comparisons is a little different from the command line example. Instead of giving P values for each comparison, the code has calculated 95% confidence intervals and assessed whether the differences between sectors are significant on this basis.

The results are presented as a compact letter display, but the conclusion is the same: two sectors that share a letter are not significantly different from one another, so the only statistically significant difference is between Retail and Financial services.


Statistical graphics with R made easy:

Web application for ggplot2 package: http://www.yeroon.net/gaplot2/

™ | "Jcosenata | =f ExportPDF "7, Export SVG LT View [ ) cie @ Help / About
Layers Panel % Data Panel »
1 boxplot + ® > (2] Date
2 | point |} Factor
] Numeric
& @
® @

]

aview .
|
L
L
[ ]

@
= | @ US.or.Not
g | ® ® 2 @ Nan-us
w =] l @ us
& ' !
o | L [ ] ‘ ® '
¢ | 6 e
- T = . T { |
s | | : g
*— ® | | e
® * ® @
] @ [ L]
8 | s e
® | | ' —

Layer Config: ‘ ® ' ' T ’ Global Options:
geom: point ! 13 | IRk ) | ‘ x: map_Journals
colour: map_US.or.Mot | ' - . v map_Days.in.review
size; set_ 5 e @ layers: 2

Natura
JournalB

[l Draw piot [#] Reset


Presenter
Presentation Notes
This web app is great for using the ggplot2 package to create more sophisticated statistical graphics. You simply upload your data from a spreadsheet, and point and click to build the graphic, see http://www.stat.ucla.edu/~jeroen/ggplot2/ for help, video tutorials etc. 

You can export a PDF, and use the View menu to open a window containing the R code, which you can copy and paste into R for customization.

 

http://www.yeroon.net/ggplot2/�

R tutorials:

We've only scratched the surface with these examples. To learn how to perform
other common statistical analyses in R (e.g. linear and logistic regression; t-tests;
tests for normality; non-parametric methods), here are some resources:

* Quick-R: intended for people switching from SAS/SPSS/Stata, but easy to follow
even if you haven't used these packages

» Rtips: comprehensive, but not quite so easy to navigate

o Burns Statistics: put together by a specialist in quantitative finance; tutorials
on the menu at left

R Through Excel: well-illustrated guide to using the add-in



http://www.statmethods.net/�
http://pj.freefaculty.org/R/Rtips.html�
http://www.burns-stat.com/�
http://www.amazon.com/Through-Excel-Spreadsheet-Interface-Statistics/dp/1441900519�

R for statistics:
first steps

CAR meeting, Raleigh, Feb 26 2011

Slides: http://www.peteraldhous.com/CAR/Aldhous CAR2011 RforStats.pdf

Simulated data used here: http://www.peteraldhous.com/Data/CEQOs.csv

Peter Aldhous,
San Francisco Bureau Chief

A/ |

PSS NewScientist
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