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Data Analysis with the R Programming Language

My Background

@ | earned a BA in Mathematical Sciences and Philosophy
from Binghamton University in 1989. But | skipped
statistics.

@ Some years ago | read the 2004 edition of Nassim
Nicholas Taleb’s Fooled by Randomness: The Hidden Role
of Chance in live and in the Markets which was fascinating
but excessively irreverent.

@ In 2011, I read Leonard Mlodinow’s 2008 bestseller The
Drunkard’s Walk: How Randomness Rules Our Lives
which was exquisite.
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Data Analysis with the R Programming Language

My Background continued

@ That led to me to write the essays Are Randomness and
Uncertainty fundamental and pervasive?
http: //bl og. cj f earnl ey. com 2011/ 04/ 20/ ar e- r andommess- and- uncert ai nt y- f undament al - and- p
and Determinism and Randomness Always and Only
Coexist

http://bl og.cjfearnl ey.com 2012/ 02/ 21/ det er mi ni sm and- randommess- al ways- and- onl y- coexi
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@ Then last summer | read David Salsburg’s The Lady
Tasting Tea which was only good, but it taught me that
there is no theory of statistics. Statistics is, at present, just
a bunch of mathematical tricks which have been collected
over time to try to understand something which we do not
understand. Yet statistics is the basis of all modern science
and as such it is the basis of knowledge and of modern
civilization.
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Computing for Data Analysis

@ Coursera course Computing for Data Analysis with Roger
Peng of Johns Hopkins University

@ http://ww. coursera. org/course/ conpdat a
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Computing for Data Analysis

@ Coursera course Computing for Data Analysis with Roger
Peng of Johns Hopkins University
@ http://ww. coursera. org/course/ conpdat a
@ Intro video:
https://ww. yout ube. conf wat ch?v=gk6E57H6NTS
@ Next offering in September (4 weeks)
@ Computing for Data Analysis: Week 1
http://ww. yout ube. cont pl ayl i st ?li st =PLj Tl xb- wKvXNSDf cKPFH2gzHGyj peCZmJ)
Computing for Data Analysis: Week 2
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Computing for Data Analysis: Week 3
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CapeTown Open Education Declaration

“We are on the cusp of a global revolution in teaching and
learning. Educators worldwide are developing a vast pool of
educational resources on the Internet, open and free for all to
use. These educators are creating a world where each and
every person on earth can access and contribute to the sum of
all human knowledge. They are also planting the seeds of a
new pedagogy where educators and learners create, shape
and evolve knowledge together, deepening their skills and
understanding as they go.”

CapeTown Open Education Declaration, 2007

http://ww. capet owndecl arati on. or g/ read- t he- decl arati on
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educational resources on the Internet, open and free for all to
use. These educators are creating a world where each and
every person on earth can access and contribute to the sum of
all human knowledge. They are also planting the seeds of a
new pedagogy where educators and learners create, shape
and evolve knowledge together, deepening their skills and
understanding as they go.”

CapeTown Open Education Declaration, 2007

http://ww. capet owndecl arati on. or g/ read- t he- decl arati on

See my presentation last year on “Education Automation Now
and in the Future”

http://ww. cj fearnl ey. conf Ashevi |l | e. Educati on. Aut on
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Define the question

Define the ideal data set

Determine what data you can access
Obtain the data

Clean the data

Exploratory data analysis

Statistical prediction/modeling
Interpret results

Challenge results

Synthesize/write up results

Create reproducible code
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Background and the question to analyze

Background

@ For an eight hour work day a human can produce 0.6 kWh
(Kilowatt hours) of energy. So a human can produce 219
kWh per year.
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@000

Background and the question to analyze

Background

@ For an eight hour work day a human can produce 0.6 kWh
(Kilowatt hours) of energy. So a human can produce 219
kWh per year.

@ An ox can produce at a rate of 450 W (watts) or 3.6 kwWh
per day. So an ox can produce 1,314 kWh per year.
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Background and the question to analyze

Define the Question

Source: Global Sustainable Energy: Past, Present and Future
htt ps://ww. cour sera. or g/ cour se/ gl obal ener gy
What is the geographical location of the countries that consume
less than 219 kWh per year? Note that these are the countries
that are essentially living on the equivalent of human power as
their source of energy.
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Background and the question to analyze

Define the Question

Source: Global Sustainable Energy: Past, Present and Future
htt ps://ww. cour sera. or g/ cour se/ gl obal ener gy
What is the geographical location of the countries that consume
less than 219 kWh per year? Note that these are the countries
that are essentially living on the equivalent of human power as
their source of energy.

Also, what is the geographical location of the countries that
consume less than 1,314 kWh per year? Note that these are
the countries that are essentially living on the equivalent of
oxen power as their source of energy.

How many countries are there in this list?

In terms of population, what is the largest country in this list?
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Background and the question to analyze

Define the Question

An Energy Slave is that quantity of energy (ability to

do work) which, when used to construct and drive
non-human infrastructure (machines, roads, power
grids, fuel, draft animals, wind-driven pumps, etc.)
replaces a unit of human labour (actual work). An
energy slave does the work of a person, through the
consumption of energy in the non-human

infrastructure.

http://en.w ki pedi a. org/ wi ki / Energy_S| ave
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Energy Slaves Data Analysis
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Background and the question to analyze

Define the ideal data set

Energy consumption data by country with population, energy
consumption in kWh/y, and continent for columns.
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Getting the data

Determine what data you can access

EIA: US Energy Information Administration

@ International Energy Statistics, Total Primary Energy
Consumption (Quadrillion Btu)
htt p: // www. ei a. gov/ cf apps/ i pdbpr oj ect /| EDI ndex3. cf nt i d=448&pi d=448&ai d=2
Downloaded at 3 Apr 2013 at 06:05.

@ International Energy Statistics, Population (Millions)

http://ww. ei a. gov/ cfapps/i pdbproj ect/| EDI ndex3. cf nt i d=93&pi d=44&ai d=33

Downloaded at 3 Apr 08:00.
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Getting the data

Obtain the data 1

Go to the URLs. Click Download Excel.

International Energy Statistics, Total Primary Energy Consumption
htt p //V\MIW eia. gov/ cf apps/l pdbprOJ ect/ | EDI ndex3. cf nPti d =448&pi d=448&ai d=2

> Counties > ematena Eney St
nternational Enorgy Staistcs
Petroleum  Natural Gas Coal Electricty  Renewables | TotalEnergy | Indicators Country
Cauntry. Al Countes byRegion ¥ Stan Year 2007 v End Year 211 v
Product | Toral Primay Energy Gonsumpion v Uit Cuadslion B v
Total Primary Energy Consumstion (Quadilion Btu) Units Gonversion ] Download Excel B
2007 200 2011
North America 122868 120104 14824 118345 A
Bermuda asio o1 oo o0 "
Canada. 14,026 13548 13097 13001 13435
Greentand 2008 003 0008 0003 "
Mexico 7821 7283 6 7208 7808
Saint Pierre and Miquelon agor o001 o001 o0t N
United states 10129 99275 4559 98041 97282
Central & South America 24,650 2701 208 25859 N
Antarctica 0003 o0 0003 o001 a
Antigua and Barbuda ag0s o1 o00s o0 N
Argentina azs 3852 3502 3343 N
o = 5
Tablo Notes®
Saucas
Sma o e numer of ecmal places snown e

Note: It might have been interesting to set the “Start Year” to 1980
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Energy Slaves Data Analysis
[e]e] o]

Getting the data

Obtain the data 2

Go to the URLSs. Click Download Excel.
International Energy Statistics, Population
htt p:// ww. ei a. gov/ cf apps/l pdbprOJ ect/ | EDI ndex3. cf nPti d 93&p| d=44&ai d=33

3

Courtres > iematonsl Enegy Sttstis

International Energy Statistics

Petroleum  Natural Gas Coal Electricity  Renewables  Total Energy  Indicators Country
co: Energy | Conversions | Population | Coal | Electricity | Petroleum | Natural Gas| _Heat
Emissions Intensity  Intensity Prices | Prices Prices Prices | Content
Countiy Al Countres by Ragion ¥ Star Year 2007 v EndYear 2011 v
Product. Toal Popuaton * Uit Milions +
] =
2007 2008 209 201 21
North America 44299 4730 451 502 455591 453478
Bermuda 057 0087 058 o068 0089
canada 2203 3218 33487 32760 a0st
Greeniand 0058 086 ose oose 0058

[
|
|
|
|

Mexico | 108701 toa555 1z 112489 1
|
|
|
|
|

Saint lerre and Miquelon 006 0006 o6 o008 o006
United States 301281 04084 306772 308330 311592
Central & South America 457585 462765 467908 7258 77593
Antarctica A [y N N A
Antigua and Barbuda 0083 005 ooes o7 o088
argentina anss anae2 0812 a3 a17m0
Footnates:
Table Notes®
applcavle S

{5 Voot omaforthe number ot decinal paces shown

Note: It might have been interesting to set the “Start Year” to 1980
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Getting the data

Clean the data 1

@ In gnumeric save as CSV

@ In vim, delete the first line with the table name
@ Delete 2 lines that look like , , , , , ,

@ Add the column name “Country” to the first line

"North America",, 91. 60003, 89. 82128, 86. 64257, 86. 22497, 90. 60321, 90. 96346, 91. 24179, 94. 12101, 98. 3

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Exploratory data analysis 1

$ R

R version 2.11.1 (2010-05-31)
Copyright (C 2010 The R Foundation for Statistical Conputing
I SBN 3-900051-07-0

Ris free software and conmes with ABSOLUTELY NO WARRANTY.
You are welcone to redistribute it under certain conditions.
Type 'license()’ or 'licence()’ for distribution details.

Nat ural | anguage support but running in an English |ocale

R is a collaborative project with many contributors.
Type 'contributors()’ for nore information and
"citation()' on howto cite R or R packages in publications.

Type 'denmo()’ for sonme denobs, 'help()’ for on-line help, or
"hel p.start()’ for an HTM. browser interface to help.
Type 'q()’ to quit R

>
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Analyzing with the R Programming Language

Exploratory data analysis 2

> Ener gyConsunption <-

read. csv("Total _Primary_Energy_Consunption_(Quadrillion_Btu).csv",
na.strings="--",as.i s=TRUE)

> Popul ati on <-

read. csv("Popul ation_(M11lions).csv",
na.strings="--",as.i s=TRUE)

> Popul ati on <-

+ read. csv("Popul ation_(MI1lions).csv",
+ na.strings="--",as.i s=TRUE)

> cl ass(Ener gyConsunpti on)

[1] "data.franme"

> cl ass(Popul ati on)

[1] "data.franme"

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Exploratory data analysis 3

> head( Ener gyConsunpti on)

Country X X2007 X2008 X2009 X2010 X2011

1 North America NA 122.86815 120. 10351 114. 62372 118. 34544 NA
2 Bernmuda NA  0.01018 0.00981  0.00971  0.00955 NA
3 Canada NA 14.02585 13.54625 13.09711 13.00072 13.49477
4 Greenland NA  0.00826 0.00917 0.00893  0.00893 NA
5 Mexico NA  7.52670 7.26255 6.94764 7.28397 7.8079
6 Saint Pierre and Mquelon NA 0.00122 0.00123 0.00122 0.00122 NA
> tail (EnergyConsunption)

Country X X2007 X2008 X2009 X2010 X2011
227 Tonga NA  0.00252 0.00253 0.00252 0.00252 NA
228 U.S. Pacific Islands NA  0.00450 0.00507 0.00441 0.00513 NA
229 Vanuatu NA  0.00158 0.00143 0.00175 0.00175 NA
230 Vietnam NA  1.41820 1.63544 1.67657 1.86492 NA
231 Wake Island NA  0.01986 0.01888 0.01932 0.01916 NA
232 World NA 482.86461 490. 68974 487.58009 510. 55101 NA
> nrow Ener gyConsunpti on)
[1] 232
> ncol (Ener gyConsunpti on)
[1] 7

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Exploratory data analysis 4

> options(w dth = 90)
head( Popul ati on)

\2

Country X X2007 X2008 X2009 X2010 X2011

1 North America NA 442.99861 447.39306 451. 60196 455. 69066 459. 47897
2 Bermuda NA  0.06692 0.06739 0.06784 0.06827 0.06868
3 Canada NA 32.93596 33.21270 33.48721 33.75974 34.03059
4 Greenland NA  0.05753 0.05756 0.05760 0.05764 0.05767
5 Mexi co NA 108.70089 109. 95540 111.21179 112.46886 113.72423
6 Saint Pierre and Mquelon NA  0.00610 0.00605 0.00600 0.00594 0.00589
> tail (Popul ation)

Country X X2007 X2008 X2009 X2010 X2011
227 Tonga NA 0.10441 0.10488 0. 10529 0. 10563 0. 10592
228 U.S. Pacific Islands NA NA NA NA NA NA
229 Vanuatu NA 0. 22882 0. 23430 0.23978 0. 24525 0. 25072
230 Vietnam NA  86.51885 87.55836 88.57676 89.57113  90.54939
231 Wake |sland NA NA NA NA NA NA
232 World NA 6630. 84486 6707.59554 6785. 78950 6863. 18955 6940. 14288
> nrow( Popul at i on)
[1] 232
> ncol (Popul ati on)
(1 7

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.



Energy Slaves Data Analysis
0000 @0000000000000

Analyzing with the R Programming Language

Exploratory data analysis 5

Subsetting.

> Popul ation[c(1,8:10),]
Country X X2007 X2008 X2009 X2010 X2011
1 North Anmerica NA 442.99861 447.39306 451. 60196 455. 69066 459. 47897
8 Central & South America NA 457.58593 462. 78618 467. 90774 472. 68456 477.59348
9 Antarctica NA NA NA NA NA NA
10 Antigua and Barbuda NA  0.08343 0. 08452 0. 08563 0. 08675 0.08788
> Popul ation[is. na(Popul ati on$X2011), ]
Country X X2007 X2008 X2009 X2010

x
N
o
=
[N

9 Antarctica NA NA NA NA NA NA
66 Forner Czechosl ovaki a NA NA NA NA NA NA
67 Former Serbia and Montenegro NA NA NA NA NA NA
68 Former Yugosl avi a NA NA NA NA NA NA
71 Germany, East NA NA NA NA NA NA
72 Germany, West NA NA NA NA NA NA
101 Former U.S.S.R NA NA NA NA NA NA
199 Hawai i an Trade Zone NA NA NA NA NA NA
228 U.S. Pacific Islands NA NA NA NA NA NA
231 Wake |sland NA NA NA NA NA NA

> nunpopcol s <- ncol (Popul ati on)
> Popul ation[ 1, 3: nunpopcol s]

X2007 X2008  X2009 X2010  X2011
1 442.9986 447.3931 451. 602 455. 6907 459. 479

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Exploratory data analysis 6

> EnergyConsunption[1,]

Country X X2007 X2008 X2009 X2010 X2011
1 North America NA 122.8681 120.1035 114.6237 118. 3454 NA
> sappl y( EnergyConsunption[1,], cl ass)

Country X X2007 X2008 X2009 X2010 X2011
“character" "l ogi cal " “nuneric" “nuneric" “nuneric" “nuneric" “"character"
> Popul ation[1,]

Country X X2007 X2008 X2009 X2010 X2011

1 North America NA 442.99861 447.39306 451. 60196 455. 69066 459.47897
> sappl y(Popul ation[1,], cl ass)

Country X X2007 X2008 X2009 X2010 X2011
"character" "l ogical" "character" "character" "character" "character" "character"

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Clean the data 2

> Popul ation[, 3: nunpopcol s] <- |apply(Popul ation[, 3: nunmpopcol s], as. nuneri c)

War ni ng nessages:

1: In lapply(Popul ation[, 3:nunpopcols], as.numneric)
NAs introduced by coercion

2: In lapply(Population[, 3:nunpopcols], as.nuneric)
NAs introduced by coercion

3: In lapply(Population[, 3:nunpopcols], as.nuneric)
NAs introduced by coercion

4: In | appl y(Popul ation[, 3:nunpopcols], as.nuneric)
NAs introduced by coercion

5: In lapply(Popul ation[, 3:nunmpopcols], as.nuneric)
NAs introduced by coercion

> sappl y(Popul ation[1, ] cl ass)
Count ry X2007 X2008 X2009 X2010 X2011
"character" "l ogi cal " “nuneric" "nuneric" “nuneric" “nuneric" "nuneric"
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Analyzing with the R Programming Language

Exploratory data analysis 7

More subsetting.

> aggregates <- c("North Anerica",

"Centr

al & South America",

" Europe", "Eurasia",

"Mddle East", "Africa", "Asia & Oceania", "Wrld")
> head( Ener gyConsunpti on[ Ener gyConsunpt i on$Country % n% aggregates,])

Country X X2007 X2008 X2009 X2010 X2011
1 North Anerica NA 122. 86815 120. 10351 114.62372 118. 34544 NA
8 Central & South Anmerica NA 24.66038 25.70090 25.28353 26.86867 NA
54 Europe NA 86.69852 85.64615 81.21917 83.82449 NA
96 Eurasia NA 44.02493 45.06215 40.37198 42.83648 NA
113 Mddl e East NA 23.94363 26.09924 27.44746 28.73368 NA
128 Africa NA 14.99456 16.09403 15.92452 16.32675 NA
> head(subset (Ener gyConsunpti on, Country % n% aggr egat es) )

Country X X2007 X2008 X2009 X2010 X2011
1 North America NA 122.86815 120. 10351 114. 62372 118. 34544 NA
8 Central & South Anerica NA 24.66038 25.70090 25.28353 26.86867 NA
54 Europe NA 86.69852 85.64615 81.21917 83.82449 NA
96 Eurasia NA 44.02493 45.06215 40.37198 42.83648 NA
113 Mddl e East NA 23.94363 26.09924 27.44746 28.73368 NA
128 Africa NA 14.99456 16.09403 15.92452 16.32675 NA
> head(subset ( Ener gyConsunption, Country % n% aggregates)[,c(1,3:7)])

Country X2007 X2008 X2009 X2010 X2011
1 North Anerica 122.86815 120.10351 114. 62372 118. 34544 NA
8 Central & South Anmerica 24.66038 25.70090 25.28353 26.86867 NA
54 Europe 86.69852 85.64615 81.21917 83.82449 NA
96 Eurasia 44.02493 45.06215 40.37198 42.83648 NA
113 M ddl e East 23.94363 26.09924 27.44746 28.73368 NA
128 Africa 14.99456 16.09403 15.92452 16.32675 NA

Data Analysis in Linux
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Analyzing with the R Programming Language

Define the Question

Source: Global Sustainable Energy: Past, Present and Future
htt ps://ww. cour sera. or g/ cour se/ gl obal ener gy
What is the geographical location of the countries that consume
less than 219 kWh per year? Note that these are the countries
that are essentially living on the equivalent of human power as
their source of energy.

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Define the Question

Source: Global Sustainable Energy: Past, Present and Future
htt ps://ww. cour sera. or g/ cour se/ gl obal ener gy
What is the geographical location of the countries that consume
less than 219 kWh per year? Note that these are the countries
that are essentially living on the equivalent of human power as
their source of energy.

Also, what is the geographical location of the countries that
consume less than 1,314 kWh per year? Note that these are
the countries that are essentially living on the equivalent of
oxen power as their source of energy.
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Analyzing with the R Programming Language

Define the Question

Source: Global Sustainable Energy: Past, Present and Future
htt ps://ww. cour sera. or g/ cour se/ gl obal ener gy
What is the geographical location of the countries that consume
less than 219 kWh per year? Note that these are the countries
that are essentially living on the equivalent of human power as
their source of energy.

Also, what is the geographical location of the countries that
consume less than 1,314 kWh per year? Note that these are
the countries that are essentially living on the equivalent of
oxen power as their source of energy.

How many countries are there in this list?

In terms of population, what is the largest country in this list?

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.


https://www.coursera.org/course/globalenergy

Energy Slaves Data Analysis
000000000 @00000000

Analyzing with the R Programming Language

Clean the data 3

Vv

EConPC <- nerge(EnergyConsunption[,c(1,3:7)], Population[,c(1,3:7)],
by. x="Country", by. y="Country", sort = FALSE, suf fi xes=c("ECon", " Pop"))
head( EConPC)

VvV +

Country X2007ECon X2008ECon X2009ECon X2010ECon X2011ECon X2007Pop

1 North America 122.86815 120. 10351 114.62372 118. 34544 NA 442. 99861

2 Bermuda  0.01018  0.00981  0.00971  0.00955 NA  0.06692

3 Canada 14.02585 13.54625 13.09711 13.00072 13.49477 32. 93596

4 Greenland  0.00826 0.00917  0.00893  0.00893 NA  0.05753

5 Mexico  7.52670  7.26255 6.94764  7.28397  7.8079 108. 70089

6 Saint Pierre and Mquelon 0.00122 0.00123 0.00122  0.00122 NA  0.00610
X2008Pop  X2009Pop  X2010Pop X2011Pop

1 447.39306 451. 60196 455. 69066 459. 47897

2 0.06739 0.06784 0.06827 0.06868

3 33.21270 33.48721 33.75974 34.03059

4 0.05756 0.05760 0.05764 0.05767

5 109. 95540 111.21179 112. 46886 113.72423

6 0.00605 0.00600 0.00594  0.00589

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Clean the data 4

CurrContinent <- aggregates[1]

for(i in 1:1ength(EConPC$Country)) {

if (EConPC$Country[i] % n% aggregates) {
EConPC$Continent[i] <- EConPC$Country[i]
CurrContinent <- EConPC$Country[i]

} else {
EConPC$Continent[i] <- CurrContinent

V+++++++VV
-

head( EConPC)

Country X2007ECon X2008ECon X2009ECon X2010ECon X2011ECon X2007Pop

North America 122.86815 120.10351 114. 62372 118. 34544

Bernuda  0.01018 0.00981 0.00971  0.00955

Canada 14.02585 13.54625 13.09711 13.00072

Geenland 0.00826 0.00917 0.00893 0.00893

Mexi co 7.52670 7.26255 6.94764 7.28397

Saint Pierre and Mquelon 0.00122 0.00123 0.00122 0.00122
X2008Pop X2009Pop X2010Pop X2011Pop Cont i nent
447.39306 451.60196 455. 69066 459.47897 North Anerica
0.06739 0.06784 0.06827 0.06868 North America
33.21270 33.48721 33.75974 34.03059 North Anerica
0.05756 0.05760 0.05764 0.05767 North America
109. 95540 111.21179 112. 46886 113. 72423 North America
0.00605 0.00600 0.00594 0.00589 North America

OGS WNE

DU B WN P

Data Analysis in Linux

NA 442.99861

NA  0.06692

13. 49477 32.93596
NA  0.05753
7.8079 108. 70089
NA  0.00610
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Analyzing with the R Programming Language

Clean the data 5

Compute Energy per capita.
1 quad = 1 Quadrillion BTU = 293,083,000,000 kWh

http://en.w ki pedi a. org/w ki / Quad_(unit)
ElA’s energy converter is helpful (sut gives 293,071,111,111 kwh instead)
http://ww. iea.org/stats/unit.asp

> EConPC$EConPC2007 <- (EConPC[, 2] * 293083000000) / (EConPC[,2+5] * 1000000)
> EConPC$EConPC2008 <- (EConPC[, 3] * 293083000000) / (EConPC[,3+5] * 1000000)
> EConPC$ECoNPC2009 <- (EConPC[, 4] * 293083000000) / (EConPC[,4+5] * 1000000)
> EConPC$EConPC2010 <- (EConPC[,5] * 293083000000) / (EConPC[,5+5] * 1000000)
> head( EConPC, 5)
Country X2007ECon X2008ECon X2009ECon X2010ECon X2011ECon X2007Pop X2008Pop

1 North America 122.86815 120.10351 114. 62372 118. 34544 NA 442.99861 447.39306

2 Bernmuda  0.01018 0.00981  0.00971  0.00955 NA  0.06692 0.06739

3 Canada 14.02585 13.54625 13.09711 13.00072 13.49477 32.93596 33.21270

4 Greenland 0.00826 0.00917 0.00893 0.00893 NA  0.05753 0.05756

5 Mexi co  7.52670  7.26255  6.94764  7.28397 7.8079 108. 70089 109. 95540
X2009Pop X2010Pop X2011Pop Conti nent EConPC2007 EConPC2008 EConPC2009 EConPC2010

1 451.60196 455. 69066 459.47897 North Anmerica 81288.21  78678.68 74389.10 76115.31

2 0.06784 0.06827 0.06868 North Anmerica 44584.35 42664.26 41949.23  40998.13

3 33.48721 33.75974 34.03059 North Anmerica 124810.03 119537.88 114627.06 112864.91

4 0.05760 0.05764 0.05767 North Anerica 42080.06 46691.65 45438.04  45406.51

5 111.21179 112.46886 113.72423 North America 20293.74  19358.12 18309.53  18981.32

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Exploratory data analysis 8

library(plyr)

bel ow219 <- subset (EConPC, EConPC2010 <= 219 & !is.na(Country))[c(1,5,10,16,12)]
bel owl314 <- subset (EConPC, EConPC2010 <= 1314 & !is.na(Country))[c(1,5, 10, 16,12)]
arrange(bel ow219, desc(EConPC2010))

Country X2010ECon X2010Pop EConPC2010 Conti nent

1 Burundi 0.00468 9.86312 139.0664 Africa

2 Chad  0.00364 10.54346  101.1833 Africa

> nrow bel ow219)
[1] 2

> nrow bel ow1314)
[1] 27

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Exploratory data analysis 9

> arrange(bel owl314, desc(EConPC2010))
Country X2010ECon X2010Pop EConPC2010

1 Canbodia  0.06118 14. 45368 1240.5711
2 Sierra Leone 0.02034 5.24570 1136.4181
3 Ganbia, The 0.00677 1.75546 1130.2860
4 Af ghani st an 0.10445 29.12073 1051.2277
5 Qui nea-Bi ssau  0.00557 1.56513 1043.0267
6 Togo  0.02309 6.58724 1027.3326
7 Hai ti 0.03097 9.64892  940. 7043
8 Nepal 0.08436 28.95185  853.9863
9 Tanzani a 0.12017 44. 28820 795. 2408
10 Comoros  0.00186 0.70612  772.0138
11 Tinor-Leste (East Tinor) 0.00262 1.08767  705.9839
12 Guinea  0.02447 10.32403  694. 6649
13 Liberia 0.00753 3.68508 598.8784
14 Uganda  0.06250 31.50723  581.3804
15 Mal awi 0. 03061 15. 44750 580. 7587
16 Congo (Kinshasa) 0.11299 69.85129 474.0850
17 Burkina Faso 0.02599 16.24181  468.9888
18 Ethiopia 0.13678 86.04293  465. 9057
19 Madagascar 0.03292 20. 84662  462.8229
20 Central African Republic  0.00609 4.84493  368.4007
21 Eritrea 0.00701 5.79298  354.6554
22 Ni ger 0.01834 15.27002  352.0062
23 Somalia 0.01125 9.76789  337.5533
24 Rwanda 0.01219 11. 05598 323. 1447
25 Mal i 0.01256 14.58261 252. 4323
26 Bur undi 0.00468 9.86312  139.0664
27 Chad  0.00364 10.54346  101. 1833

Data Analysis in Linux

Cont i nent
Asia & Cceani a
Africa
Africa
Asia & Cceania
Africa
Africa
Central & South America
Asia & Cceania
Africa
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Asia & Cceania
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Africa
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Africa
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Analyzing with the R Programming Language

Exploratory data analysis 10

> arrange(bel owl314, desc(X2010Pop))

Country X2010ECon X2010Pop EConPC2010 Cont i nent
1 Ethiopia 0.13678 86.04293  465.9057 Africa
2 Congo (Ki nshasa) 0.11299 69.85129 474. 0850 Africa
3 Tanzani a 0.12017 44. 28820 795. 2408 Africa
4 Uganda  0.06250 31.50723  581.3804 Africa
5 Af ghani st an 0.10445 29.12073 1051. 2277 Asia & Cceani a
6 Nepal 0.08436 28.95185  853.9863 Asia & Cceani a
7 Madagascar 0.03292 20. 84662  462.8229 Africa
8 Burkina Faso 0.02599 16.24181  468. 9888 Africa
9 Mal awi 0.03061 15.44750  580. 7587 Africa
10 Ni ger 0.01834 15.27002 352. 0062 Africa
11 Mal i 0.01256 14.58261 252. 4323 Africa
12 Canmbodia 0.06118 14.45368 1240.5711 Asia & Cceani a
13 Rwanda  0.01219 11.05598  323. 1447 Africa
14 Chad  0.00364 10.54346  101.1833 Africa
15 Guinea  0.02447 10.32403  694.6649 Africa
16 Bur undi 0.00468 9.86312  139. 0664 Africa
17 Somamlia 0.01125 9.76789  337.5533 Africa
18 Hai ti 0.03097 9.64892  940. 7043 Central & South Anerica
19 Togo 0.02309 6.58724 1027.3326 Africa
20 Eritrea 0.00701 5.79298 354. 6554 Africa
21 Sierra Leone 0.02034 5.24570 1136.4181 Africa
22 Central African Republic  0.00609 4.84493  368.4007 Africa
23 Liberia 0.00753 3.68508 598.8784 Africa
24 Ganmbi a, The 0.00677 1.75546 1130.2860 Africa
25 Qui nea-Bi ssau  0.00557 1.56513 1043.0267 Africa
26 Tinor-Leste (East Tinor) 0.00262 1.08767  705.9839 Asia & Cceania
27 Comoros  0.00186 0.70612  772.0138 Africa

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Analyzing with the R Programming Language

Exploratory data analysis 11

> arrange(bel owl314, desc(X2010Pop))[, 1]

[1] "Ethiopia" "Congo (Kinshasa)"
[4] "Uganda" " Af ghani st an”
[7] "Madagascar” " Bur ki na Faso"
[10] "Niger" “Mali”
[13] "Rwanda" " Chad"
[16] "Burundi" " Somal i a"
[19] "Togo" “Eritrea"
[22] "Central African Republic" "Liberia"
[25] "Quinea- Bi ssau” "Tinor-Leste (East Tinor)"

> sort(bel owl314[, 1])

[1] "Afghanistan” "Bur ki na Faso"
[4] " Canmbodi a" “Central African Republic"
[7] " Conoros" "Congo (Kinshasa)"

[10] "Et hiopia" "Ganbi a, The"

[13] "Quinea- Bi ssau" "Haiti"

[16] "Madagascar" " Mal awi "

[19] "Nepal " "Ni ger"”

[22] "Sierra Leone" " Somal i a"

[25] "Tinor-Leste (East Tinor)" "Togo"

Data Analysis in Linux

"Tanzani a"

" Nepal "

" Mal awi "

" Canbodi a"

" Qui nea"
"Haiti"
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" Burundi "
" Chad"
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" Rwanda"
"Tanzani a"
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Analyzing with the R Programming Language

Clean the data 6

> EConPC$HSPC2010 <- EConPC$EConPC2010 / 219

> EConPC$0OSPC2010 <- EConPC$EConPC2010 / 1314

> nostsl aves <- subset (EConPC,! Country % n% aggregates)[c(1,16,17,18,12)]
> head(arrange(nostslaves, desc(EConPC2010)), 20)

Country EConPC2010 HSPC2010 OSPC2010 Cont i nent
1 G braltar 646243.96 2950. 8856 491. 81427 Eur ope
2 Virgin Islands, U.S. 629189.38 2873.0109 478.83515 Central & South Anerica
3 Trinidad and Tobago 223324.05 1019. 7445 169. 95742 Central & South America
4 Net herl ands Antilles 210639.39 961.8237 160.30395 Central & South America
5 United Arab Emirates 208292.21 951.1060 158.51767 M ddl e East
6 Iceland 194895.31 889.9329 148. 32215 Eur ope
7 Singapore 192264.61 877.9206 146.32010 Asia & Cceania
8 Qatar 188271.83 859.6887 143. 28145 M ddl e East
9 Kuwai t 147911.17 675.3934 112. 56557 M ddl e East
10 Bahrain 138482.26 632.3391 105.38985 M ddl e East
11 Norway 117097.57 534.6921 89.11535 Eur ope
12 Luxenbourg 117070.62 534.5690 89.09484 Eur ope
13 Canada 112864.91 515.3649 85.89415 North Anerica
14 Brunei 109649.23 500.6814 83.44690 Asia & Cceani a
15 United States  92891.55 424.1624 70.69373 North Anerica
16 Saudi Arabia  89398.82 408.2138 68.03564 M ddl e East
17 Oran  85623.27 390.9738 65.16231 M ddl e East
18 Australia 79162.48 361.4725 60.24542 Asia & Cceani a
19 Bel gium 77269.00 352.8265 58.80441 Eur ope
20 Net her | ands 75441.22 344.4805 57.41341 Eur ope
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Analyzing with the R Programming Language

Statistical prediction/modeling

No statistical predication or modeling was performed for this
energy slaves data analysis.
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Reporting the results

Interpret results

@ Chad and Burundi, two African nations, are the only
countries in the world where per capita energy
consumption is less than the energy equivalent of the
power of a human being, a so-called “energy slave”

@ There are 27 nations around the world whose per capita
energy consumption is less than the energy equivalent of
the power of an ox. The largest of these in terms of
population is Ethiopia with 86 million people.

@ The remaining 197 nations of the world have at least an ox
worth of energy consumption available to them. Gibraltar
has the most energy available to them with the equivalent
of 2950 human-scale energy slaves or 491 ox-scale
energy slaves.

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Reporting the results

Exploratory data analysis 12

> nrow nost sl aves)
[1] 224
> 224-27
[1] 197

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Reporting the results

Challenge results

@ The data on population and energy are impossible to be
100% accurate and precise as they are moving targets and
there is no way to ensure that centrally collected data is
accurate. Moreover, central data collection systems are
subject to various biases and omissions of unknown
dimension and character.

@ There are other data sources with comparable information
(World Bank, UN, etc.). We ought to repeat the analysis on
those data to assess if the range of accuracy from the
different sources is comparable. If discrepancies exist
between the different data sets an assessment to
determine which sources are most accurate could affect
interpretation of the data.

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Reporting the results

Synthesize/write up results

@ Energy consumption varies widely around the world.
Gibraltar has the equivalent of 2950 human-scale “energy
slaves” while nations such as Chad and Burundi have less
than one. There are 27 nations in the world who do not
have an oxen-scale energy slave at their disposal. The
largest country with less than an oxen worth of energy
consumption is Ethiopia with 86 million people.

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.
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Reporting the results

Create reproducible code

SEE€ http: /1 ww. CIFear nl ey. conf Dat a. Anal ysi s. PLUG Jul y2013. R
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Conclusion

Conclusion

@ The two coursera courses Computing for Data Analysis
with Roger Peng
(htt p: // ww. cour ser a. or g/ cour se/ conpdat a) and
Data Analysis with Jeff Leek
(htt p: // www. cour ser a. or g/ cour se/ dat aanal ysi s)
provide a great introduction to data analysis using the R
Programming language.
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Conclusion

@ The two coursera courses Computing for Data Analysis
with Roger Peng
(htt p: // ww. cour ser a. or g/ cour se/ conpdat a) and
Data Analysis with Jeff Leek
(htt p: // www. cour ser a. or g/ cour se/ dat aanal ysi s)
provide a great introduction to data analysis using the R
Programming language.

@ Ris included with all major Linux distributions
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Conclusion
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Conclusion

Conclusion

@ The two coursera courses Computing for Data Analysis
with Roger Peng

(htt p: // ww. cour ser a. or g/ cour se/ conpdat a) and
Data Analysis with Jeff Leek

(htt p: // www. cour ser a. or g/ cour se/ dat aanal ysi s)
provide a great introduction to data analysis using the R
Programming language.

@ Ris included with all major Linux distributions

@ So Enjoy!

Data Analysis in Linux CJ Fearnley, LinuxForce, Inc.


http://www.coursera.org/course/compdata
http://www.coursera.org/course/dataanalysis

Conclusion
L ]

Thank You

Thank You

Thank You!

Any Questions?

On-line version of this presentation:
http://ww. CIFearnl ey. conf Dat a. Anal ysi s. PLUG Jul y2013. pdf
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