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Final project

I Epidemiological analysis of real data
I Must include:

I Summary statistics
I T-tests or chi-squared tests
I Regression
I Figures

I Can use provided dataset OR you may provide your own

If using your own data, it:

I Must have at least 6 variables (with at least 2 continuous variables)
I Must have at least 100 observations
I Must be able to answer a relevant question (e.g. is air pollution

associated with mortality?)
I You must have your data approved by me by March 5



Outline

1. Introduction to base plotting
2. Customizing plots
3. Multiple figures
4. Margins
5. Other plots
6. Saving plots
7. Rules for displaying data



Introduction to base plotting

Base R comes with excellent graphing capabilities

I Scatterplots
I Histograms
I Box plots

Graphical devices (how your computer represents graphical objects)
available in R

I pdf
I postscript
I png
I jpeg



Introduction to base plotting

I base R plots: useful for creating quick plots
I Other graphics packages exist in R

I Great for "faceting"
I Great for multiple panels of plots

Other graphics packages

I ggplot2
I Written by Hadley Wickham (RStudio)
I We will cover ggplot2 later in the term

I lattice
I Also useful for multiple panels of plots
I We will not cover in this course



Introduction to base plotting

Recall Fisher’s iris data

data(iris)
head(iris)

## Sepal.Length Sepal.Width Petal.Length Petal.Width Species
## 1 5.1 3.5 1.4 0.2 setosa
## 2 4.9 3.0 1.4 0.2 setosa
## 3 4.7 3.2 1.3 0.2 setosa
## 4 4.6 3.1 1.5 0.2 setosa
## 5 5.0 3.6 1.4 0.2 setosa
## 6 5.4 3.9 1.7 0.4 setosa

head(iris$Sepal.Length)

## [1] 5.1 4.9 4.7 4.6 5.0 5.4



Introduction to base plotting
To create a scatterplot, plot(x, y)

plot(x = iris$Sepal.Length, y = iris$Sepal.Width)
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Introduction to base plotting
Histograms show the data distribution for a variable

I The data distribution is the frequency of different values

hist(iris$Sepal.Length)

Histogram of iris$Sepal.Length
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Introduction to base plotting
Bar plots are used to show the relative frequency of different values of a
categorial variable

barplot(state.x77[, "Illiteracy"])
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Customizing plots

What can we change?

I Add labels
I Change colors
I Change plotting symbol
I Add multiple plots

?plot.default
?par



Customizing plots
Adding labels

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
ylab = "Sepal width",
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Colors
Use the col argument in the plot function to set color

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
ylab = "Sepal width", col = "red",
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Colors
We can also use numbers to specify colors:

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
ylab = "Sepal width", col = 3,
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Colors
We can also use hexadecimal notation (hex) for the combination of red,
green, and blue to specify colors:

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
ylab = "Sepal width", col = "#FF00FF",
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Colors
colors()

## [1] "white" "aliceblue" "antiquewhite"
## [4] "antiquewhite1" "antiquewhite2" "antiquewhite3"
## [7] "antiquewhite4" "aquamarine" "aquamarine1"
## [10] "aquamarine2" "aquamarine3" "aquamarine4"
## [13] "azure" "azure1" "azure2"
## [16] "azure3" "azure4" "beige"
## [19] "bisque" "bisque1" "bisque2"
## [22] "bisque3" "bisque4" "black"
## [25] "blanchedalmond" "blue" "blue1"
## [28] "blue2" "blue3" "blue4"
## [31] "blueviolet" "brown" "brown1"
## [34] "brown2" "brown3" "brown4"
## [37] "burlywood" "burlywood1" "burlywood2"
## [40] "burlywood3" "burlywood4" "cadetblue"
## [43] "cadetblue1" "cadetblue2" "cadetblue3"
## [46] "cadetblue4" "chartreuse" "chartreuse1"
## [49] "chartreuse2" "chartreuse3" "chartreuse4"
## [52] "chocolate" "chocolate1" "chocolate2"
## [55] "chocolate3" "chocolate4" "coral"
## [58] "coral1" "coral2" "coral3"
## [61] "coral4" "cornflowerblue" "cornsilk"
## [64] "cornsilk1" "cornsilk2" "cornsilk3"
## [67] "cornsilk4" "cyan" "cyan1"
## [70] "cyan2" "cyan3" "cyan4"
## [73] "darkblue" "darkcyan" "darkgoldenrod"
## [76] "darkgoldenrod1" "darkgoldenrod2" "darkgoldenrod3"
## [79] "darkgoldenrod4" "darkgray" "darkgreen"
## [82] "darkgrey" "darkkhaki" "darkmagenta"
## [85] "darkolivegreen" "darkolivegreen1" "darkolivegreen2"
## [88] "darkolivegreen3" "darkolivegreen4" "darkorange"
## [91] "darkorange1" "darkorange2" "darkorange3"
## [94] "darkorange4" "darkorchid" "darkorchid1"
## [97] "darkorchid2" "darkorchid3" "darkorchid4"
## [100] "darkred" "darksalmon" "darkseagreen"
## [103] "darkseagreen1" "darkseagreen2" "darkseagreen3"
## [106] "darkseagreen4" "darkslateblue" "darkslategray"
## [109] "darkslategray1" "darkslategray2" "darkslategray3"
## [112] "darkslategray4" "darkslategrey" "darkturquoise"
## [115] "darkviolet" "deeppink" "deeppink1"
## [118] "deeppink2" "deeppink3" "deeppink4"
## [121] "deepskyblue" "deepskyblue1" "deepskyblue2"
## [124] "deepskyblue3" "deepskyblue4" "dimgray"
## [127] "dimgrey" "dodgerblue" "dodgerblue1"
## [130] "dodgerblue2" "dodgerblue3" "dodgerblue4"
## [133] "firebrick" "firebrick1" "firebrick2"
## [136] "firebrick3" "firebrick4" "floralwhite"
## [139] "forestgreen" "gainsboro" "ghostwhite"
## [142] "gold" "gold1" "gold2"
## [145] "gold3" "gold4" "goldenrod"
## [148] "goldenrod1" "goldenrod2" "goldenrod3"
## [151] "goldenrod4" "gray" "gray0"
## [154] "gray1" "gray2" "gray3"
## [157] "gray4" "gray5" "gray6"
## [160] "gray7" "gray8" "gray9"
## [163] "gray10" "gray11" "gray12"
## [166] "gray13" "gray14" "gray15"
## [169] "gray16" "gray17" "gray18"
## [172] "gray19" "gray20" "gray21"
## [175] "gray22" "gray23" "gray24"
## [178] "gray25" "gray26" "gray27"
## [181] "gray28" "gray29" "gray30"
## [184] "gray31" "gray32" "gray33"
## [187] "gray34" "gray35" "gray36"
## [190] "gray37" "gray38" "gray39"
## [193] "gray40" "gray41" "gray42"
## [196] "gray43" "gray44" "gray45"
## [199] "gray46" "gray47" "gray48"
## [202] "gray49" "gray50" "gray51"
## [205] "gray52" "gray53" "gray54"
## [208] "gray55" "gray56" "gray57"
## [211] "gray58" "gray59" "gray60"
## [214] "gray61" "gray62" "gray63"
## [217] "gray64" "gray65" "gray66"
## [220] "gray67" "gray68" "gray69"
## [223] "gray70" "gray71" "gray72"
## [226] "gray73" "gray74" "gray75"
## [229] "gray76" "gray77" "gray78"
## [232] "gray79" "gray80" "gray81"
## [235] "gray82" "gray83" "gray84"
## [238] "gray85" "gray86" "gray87"
## [241] "gray88" "gray89" "gray90"
## [244] "gray91" "gray92" "gray93"
## [247] "gray94" "gray95" "gray96"
## [250] "gray97" "gray98" "gray99"
## [253] "gray100" "green" "green1"
## [256] "green2" "green3" "green4"
## [259] "greenyellow" "grey" "grey0"
## [262] "grey1" "grey2" "grey3"
## [265] "grey4" "grey5" "grey6"
## [268] "grey7" "grey8" "grey9"
## [271] "grey10" "grey11" "grey12"
## [274] "grey13" "grey14" "grey15"
## [277] "grey16" "grey17" "grey18"
## [280] "grey19" "grey20" "grey21"
## [283] "grey22" "grey23" "grey24"
## [286] "grey25" "grey26" "grey27"
## [289] "grey28" "grey29" "grey30"
## [292] "grey31" "grey32" "grey33"
## [295] "grey34" "grey35" "grey36"
## [298] "grey37" "grey38" "grey39"
## [301] "grey40" "grey41" "grey42"
## [304] "grey43" "grey44" "grey45"
## [307] "grey46" "grey47" "grey48"
## [310] "grey49" "grey50" "grey51"
## [313] "grey52" "grey53" "grey54"
## [316] "grey55" "grey56" "grey57"
## [319] "grey58" "grey59" "grey60"
## [322] "grey61" "grey62" "grey63"
## [325] "grey64" "grey65" "grey66"
## [328] "grey67" "grey68" "grey69"
## [331] "grey70" "grey71" "grey72"
## [334] "grey73" "grey74" "grey75"
## [337] "grey76" "grey77" "grey78"
## [340] "grey79" "grey80" "grey81"
## [343] "grey82" "grey83" "grey84"
## [346] "grey85" "grey86" "grey87"
## [349] "grey88" "grey89" "grey90"
## [352] "grey91" "grey92" "grey93"
## [355] "grey94" "grey95" "grey96"
## [358] "grey97" "grey98" "grey99"
## [361] "grey100" "honeydew" "honeydew1"
## [364] "honeydew2" "honeydew3" "honeydew4"
## [367] "hotpink" "hotpink1" "hotpink2"
## [370] "hotpink3" "hotpink4" "indianred"
## [373] "indianred1" "indianred2" "indianred3"
## [376] "indianred4" "ivory" "ivory1"
## [379] "ivory2" "ivory3" "ivory4"
## [382] "khaki" "khaki1" "khaki2"
## [385] "khaki3" "khaki4" "lavender"
## [388] "lavenderblush" "lavenderblush1" "lavenderblush2"
## [391] "lavenderblush3" "lavenderblush4" "lawngreen"
## [394] "lemonchiffon" "lemonchiffon1" "lemonchiffon2"
## [397] "lemonchiffon3" "lemonchiffon4" "lightblue"
## [400] "lightblue1" "lightblue2" "lightblue3"
## [403] "lightblue4" "lightcoral" "lightcyan"
## [406] "lightcyan1" "lightcyan2" "lightcyan3"
## [409] "lightcyan4" "lightgoldenrod" "lightgoldenrod1"
## [412] "lightgoldenrod2" "lightgoldenrod3" "lightgoldenrod4"
## [415] "lightgoldenrodyellow" "lightgray" "lightgreen"
## [418] "lightgrey" "lightpink" "lightpink1"
## [421] "lightpink2" "lightpink3" "lightpink4"
## [424] "lightsalmon" "lightsalmon1" "lightsalmon2"
## [427] "lightsalmon3" "lightsalmon4" "lightseagreen"
## [430] "lightskyblue" "lightskyblue1" "lightskyblue2"
## [433] "lightskyblue3" "lightskyblue4" "lightslateblue"
## [436] "lightslategray" "lightslategrey" "lightsteelblue"
## [439] "lightsteelblue1" "lightsteelblue2" "lightsteelblue3"
## [442] "lightsteelblue4" "lightyellow" "lightyellow1"
## [445] "lightyellow2" "lightyellow3" "lightyellow4"
## [448] "limegreen" "linen" "magenta"
## [451] "magenta1" "magenta2" "magenta3"
## [454] "magenta4" "maroon" "maroon1"
## [457] "maroon2" "maroon3" "maroon4"
## [460] "mediumaquamarine" "mediumblue" "mediumorchid"
## [463] "mediumorchid1" "mediumorchid2" "mediumorchid3"
## [466] "mediumorchid4" "mediumpurple" "mediumpurple1"
## [469] "mediumpurple2" "mediumpurple3" "mediumpurple4"
## [472] "mediumseagreen" "mediumslateblue" "mediumspringgreen"
## [475] "mediumturquoise" "mediumvioletred" "midnightblue"
## [478] "mintcream" "mistyrose" "mistyrose1"
## [481] "mistyrose2" "mistyrose3" "mistyrose4"
## [484] "moccasin" "navajowhite" "navajowhite1"
## [487] "navajowhite2" "navajowhite3" "navajowhite4"
## [490] "navy" "navyblue" "oldlace"
## [493] "olivedrab" "olivedrab1" "olivedrab2"
## [496] "olivedrab3" "olivedrab4" "orange"
## [499] "orange1" "orange2" "orange3"
## [502] "orange4" "orangered" "orangered1"
## [505] "orangered2" "orangered3" "orangered4"
## [508] "orchid" "orchid1" "orchid2"
## [511] "orchid3" "orchid4" "palegoldenrod"
## [514] "palegreen" "palegreen1" "palegreen2"
## [517] "palegreen3" "palegreen4" "paleturquoise"
## [520] "paleturquoise1" "paleturquoise2" "paleturquoise3"
## [523] "paleturquoise4" "palevioletred" "palevioletred1"
## [526] "palevioletred2" "palevioletred3" "palevioletred4"
## [529] "papayawhip" "peachpuff" "peachpuff1"
## [532] "peachpuff2" "peachpuff3" "peachpuff4"
## [535] "peru" "pink" "pink1"
## [538] "pink2" "pink3" "pink4"
## [541] "plum" "plum1" "plum2"
## [544] "plum3" "plum4" "powderblue"
## [547] "purple" "purple1" "purple2"
## [550] "purple3" "purple4" "red"
## [553] "red1" "red2" "red3"
## [556] "red4" "rosybrown" "rosybrown1"
## [559] "rosybrown2" "rosybrown3" "rosybrown4"
## [562] "royalblue" "royalblue1" "royalblue2"
## [565] "royalblue3" "royalblue4" "saddlebrown"
## [568] "salmon" "salmon1" "salmon2"
## [571] "salmon3" "salmon4" "sandybrown"
## [574] "seagreen" "seagreen1" "seagreen2"
## [577] "seagreen3" "seagreen4" "seashell"
## [580] "seashell1" "seashell2" "seashell3"
## [583] "seashell4" "sienna" "sienna1"
## [586] "sienna2" "sienna3" "sienna4"
## [589] "skyblue" "skyblue1" "skyblue2"
## [592] "skyblue3" "skyblue4" "slateblue"
## [595] "slateblue1" "slateblue2" "slateblue3"
## [598] "slateblue4" "slategray" "slategray1"
## [601] "slategray2" "slategray3" "slategray4"
## [604] "slategrey" "snow" "snow1"
## [607] "snow2" "snow3" "snow4"
## [610] "springgreen" "springgreen1" "springgreen2"
## [613] "springgreen3" "springgreen4" "steelblue"
## [616] "steelblue1" "steelblue2" "steelblue3"
## [619] "steelblue4" "tan" "tan1"
## [622] "tan2" "tan3" "tan4"
## [625] "thistle" "thistle1" "thistle2"
## [628] "thistle3" "thistle4" "tomato"
## [631] "tomato1" "tomato2" "tomato3"
## [634] "tomato4" "turquoise" "turquoise1"
## [637] "turquoise2" "turquoise3" "turquoise4"
## [640] "violet" "violetred" "violetred1"
## [643] "violetred2" "violetred3" "violetred4"
## [646] "wheat" "wheat1" "wheat2"
## [649] "wheat3" "wheat4" "whitesmoke"
## [652] "yellow" "yellow1" "yellow2"
## [655] "yellow3" "yellow4" "yellowgreen"



Colors

http://www.stat.columbia.edu/~tzheng/files/Rcolor.pdf

http://www.stat.columbia.edu/~tzheng/files/Rcolor.pdf


Colors

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
main = "Sepal width vs. sepal length for Fisher's Iris data",
ylab = "Sepal width", col = "dodgerblue")
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Colors

We can also give col a vector:

col_species <- vector(length = length(iris$Species))
col_species[iris$Species == "setosa"] <- "dodgerblue"
col_species[iris$Species == "versicolor"] <- "darkorchid"
col_species[iris$Species == "virginica"] <- "orangered"
plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",

main = "Sepal width vs. sepal length for Fisher's Iris data",
ylab = "Sepal width", col = col_species)



Colors

We can also give col a vector:
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Plotting symbol

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
ylab = "Sepal width", pch = 2,
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Customizing plots
Bar plots are used to show the relative frequency of different values of a
categorial variable

barplot(state.x77[, "Illiteracy"])
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Customizing plots
We can use the las argument in the plot function to change the
orientation of the axis

barplot(state.x77[, "Illiteracy"], xlab = "State", ylab = "Illiteracy rate",
main = "Illiteracy rate by state", las = 2)
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Customizing plots
Use par to set global plot options

head(par())

## $xlog
## [1] FALSE
##
## $ylog
## [1] FALSE
##
## $adj
## [1] 0.5
##
## $ann
## [1] TRUE
##
## $ask
## [1] FALSE
##
## $bg
## [1] "transparent"



Margins

Change margins using par(mar = c(bottom, left, top, right))

Let’s first look at the default

I We select the mar element from par()

mar.default <- par()$mar
mar.default

## [1] 5.1 4.1 4.1 2.1

Suppose we want to increase the bottom margin by 2

par(mar = c(7.1, 4.1, 4.1, 2.1))
plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",

ylab = "Sepal width",
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Customizing plots

par(mar = mar.default + c(5, 0, 0, 0))
barplot(state.x77[, "Illiteracy"], xlab = "State", ylab = "Illiteracy rate",

main = "Illiteracy rate by state", las = 2)
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Customizing plots
par(mar = mar.default + c(5, 0, 0, 0))
barplot(state.x77[, "Illiteracy"], xlab = "", ylab = "Illiteracy rate",

main = "Illiteracy rate by state", las = 2)
mtext("State", side = 1, line = 8)
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Sizing

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
ylab = "Sepal width",
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Sizing
Decrease size of plotting points

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
ylab = "Sepal width", cex = .1,
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Sizing
Increase size of axis labels and axes:

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
ylab = "Sepal width", cex.lab = 1.5, cex.axis = 2,
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Sizing
Look under cex for ?par

plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",
ylab = "Sepal width", cex.main = .7,
main = "Sepal width vs. sepal length for Fisher's Iris data")
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Layering plots
What if we want to add a horizontal line for the mean sepal width?

plot(x = iris$Sepal.Length, y = iris$Sepal.Width)
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Layering plots
What if we want to add a horizontal line for the mean sepal width?

plot(x = iris$Sepal.Length, y = iris$Sepal.Width)
abline(h = mean(iris$Sepal.Width), col = "red")
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Layering plots

plot(x = iris$Sepal.Length, y = iris$Sepal.Width)
abline(h = mean(iris$Sepal.Width), col = "red")
abline(v = mean(iris$Sepal.Length), col = "blue")
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Layering plots
Adding a specific point

plot(x = iris$Sepal.Length, y = iris$Sepal.Width)
points(x = mean(iris$Sepal.Length), y = mean(iris$Sepal.Width), col = "red",

pch = "+", cex = 2)
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Layering plots
We can also add loess line to scatterplot

I Used to assess direction and magnitude associations or specify
breakpoints for regression splines

plot(x = iris$Sepal.Length, y = iris$Sepal.Width)
lowess_iris <- lowess(x = iris$Sepal.Length, y = iris$Sepal.Width)
lines(x = lowess_iris$x, y = lowess_iris$y, col = "red")
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Multiple figures
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Multiple figures

The mfrow option in par allows us to plot multiple figures in one plot

I Takes the form par(mfrow = c(number of rows, number of
columns))

# Change par to allow multiple figures
par(mfrow = c(2, 2))
# Create four plots
plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",

ylab = "Sepal width",
main = "Sepal width vs. sepal length for Fisher's Iris data")

plot(x = iris$Petal.Length, y = iris$Sepal.Width, xlab = "Petal length",
ylab = "Sepal width",
main = "Sepal width vs. petal length for Fisher's Iris data")

plot(x = iris$Sepal.Length, y = iris$Petal.Width, xlab = "Sepal length",
ylab = "Petal width",
main = "Petal width vs. sepal length for Fisher's Iris data")

plot(x = iris$Petal.Length, y = iris$Petal.Width, xlab = "Petal length",
ylab = "Petal width",
main = "Petal width vs. petal length for Fisher's Iris data")



Saving plots

I Always set your working directory before saving your plots

Saving your plot as a png (portable network graphic):

I Height and width are in pixels (default is 480 by 480)

png("Iris_scatterplot.png", height = 700, width = 480)
plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",

ylab = "Sepal width",
main = "Sepal width vs. sepal length for Fisher's Iris data")

dev.off()

## pdf
## 2



Saving plots

Saving your plot as a pdf (portable document format):

I Height and width are in inches (default is 7 by 7)

pdf("Iris_scatterplot.pdf", height = 11, width = 7)
plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",

ylab = "Sepal width",
main = "Sepal width vs. sepal length for Fisher's Iris data")

dev.off()

## pdf
## 2



Saving plots

What if you don’t run dev.off()?

I Graphics device does not close
I You will not have your desired output
I Can create multiple pages of plots

pdf("Iris_scatterplot_2.pdf")
plot(x = iris$Sepal.Length, y = iris$Sepal.Width, xlab = "Sepal length",

ylab = "Sepal width",
main = "Sepal width vs. sepal length for Fisher's Iris data")

plot(x = iris$Petal.Length, y = iris$Petal.Width, xlab = "Petal length",
ylab = "Petal width",
main = "Petal width vs. petal length for Fisher's Iris data")

dev.off()



Last week’s plot

# Load google flu data
load("googleflu.RData")
# Sort by date
flu <- flu[order(flu$Date), ]
# Find years for data
year <- substr(flu$Date, 1, 4)
# Subset to 2013
flu <- flu[year == "2013", ]

# Plot time series for 2013
plot(flu$Date, flu$Atlanta, type = "b", xlab = "Date",

ylab = "Google flu activity in Atlanta",
main = "Google flu activity in Atlanta in 2013")

abline(v = as.Date("2013-01-15"), col = "red")
text(labels = "Class 1", x = as.Date("2013-01-20"), y = 1000, col = "red")
abline(v = as.Date("2013-02-12"), col = "red")
text(labels = "Class 5", x = as.Date("2013-03-03"), y = 1000, col = "red")



Last week’s plot

Jan Mar May Jul Sep Nov Jan

0
2

0
0

0
4

0
0

0
6

0
0

0
8

0
0

0
1

0
0

0
0

Google flu activity in Atlanta in 2013

Date

G
o

o
g

le
 f
lu

 a
ct

iv
ity

 in
 A

tla
n

ta

Class 1 Class 5



Rules for displaying data


