Bivariate data analysis



Categorical data - creating data set

Upload the following data set to R Commander

[ sex [ female [ male [ male [ male [ male [ female [ female [ male [ female [ female ]
| eye | black | black | blue | green | green | green | black | green | blue | blue |

» Method 1: Type the table in the Notepad, save it and import
to Remdr

> Method 2: Introduce directly in the Script Window

eye = c("black","black","blue","green","green",
"green","black","green","blue","blue")

sex = c("female","male","male","male","male",
"female", "female","male","female","female")

DataSexEye = data.frame (sex,eye)



Categorical data - contingency table

& R Commander
File Edit Data | Statistics | Graphs Models Distributions Tools Help

R Data =et: Summaries k: ﬂ
ands S T
S e Contingency tables
Lo Means > Multi-way table...
sex<—c ("fems : le™, "male™, "female™,
» i
eye<—c("bla Pro.pomons Enter and analyze two-way table... k", "green”, "blus",’
DataSexEye<- Variances r
Nenparametric tests *
Dimensional analysis *
Fit models L4
4 1 |
Output Window w

¥ sex<-c{"female™, "male™, "male™, "male”, "male™, "female™, "female™, "male™, "femals
» eyed=c("black™."black™,"blus"™, "green™ . "greesn", "gresn"™ ; "black™; "green™; "blus"

> DataSexEye<—data.frame (sex, eye)




Categorical data - contingency table cont.

How many of the sampled people are female with black eyes? (2)
What % of the sampled people are male with blue eyes? (10%)
What % of the sampled people are male? (50%)

What % of the sampled people have green eyes? (40%)

\AAA4
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File Edit Data Statistics Graphs Mod)

:alel Data sat:l DataSexEye J Edit data set |

Script Window

.Table <- xtabs(~sex+eye, dat
.Table

totPercents(.Table) # Percent
.Test <- chisg.test (.Table, o
.Test

remove (.Test)

remove (.Table)

4

Qutput Window

> .Table <- xtabs(~sex+eye, di
> .Table

eye
sex black blue green
female 2 £
male & 1 3

> totPercents(.Table) # Perce:
black blue green Total

Row variable (pick one) Column variable (pick one)

eye i

Compute Percentages

-

L
Row percentages
Column percentages (71

Percentages of totd

No percentages 3]

Hypothesis Tests

Chi-square test of independence ¥
Compenents of chi-square statistic [
Print expected frequencies [}
Fisher's exact test [

Subset expression
<all valid cases>

. b

[ ok ][ conce | [ Hep

female 20
male 10
Total 30

m




Categorical data - barchart

» Load the library lattice, then create barchart grouping the
data by sex

library(lattice)

barchart (DataSexEye, groups=DataSexEye$sex)



Categorical data - barchart cont.

» Are there more females or males with blue eyes? (females)

male

» What is the most common eye color among males? (green)
1 1 1 1 1 1 1
green
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black

male

blue

female
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Numerical data - load anscombe data set from R library

74 R Commander IE
File Edit Data Statistics Graphs Maodels Distributions Tools Help

th Data set:| DataSexEye [Edit dataset”\ﬁew datasetl Model: | <Mo active model> |
an

Script Window [ 74 Read Data From Package Ll—l—':' =] % J] —
Package (Double-click to select)  Data set (Double-click to select) [:
car .
lattice
OR -

Enter name of data set: |anscombe |

; ok | [ Cance | [ Hep |

Qutput Window \ S




Numerical data - scatterplot of y1 versus x1

Fé R Commander

anide

Script Window

data (anscombe, pack

4

Cutput Window

> data(anscombe, pa

Color palette...

Index plot...
Histogram...
Stemn-and-leaf display...
Boxplot...

Quantile-comparison plot...

Scatterplot matrix... g

Line graph...

XY conditioning plot...

Plot of means...

Strip chart...

Bar graph...

Pie chart...

3D graph 4
Save graph to file 4

File Edit Data Statistics | Graphs | Models Distributions Tools Help

jdel: | <Mo active model=




Numerical data - scatterplot of y1 versus x1 cont.

> Uncheck all but the Least-squares line
> Plotting characters 20 corresponds to bullets
> Increase the Point size to 2.5

Fé R Command( ey Scatterplot =S M

File Edit Dal
| | x-variable (pick one) variable (pick one)
R Data set| 2 o e

:L'i
Script Window] PCZ J
data (an=scd ti
Options Plotting Parameters
Identify points [ Plotting charact
litter x-variable [ Pt i |
litter y-variable [~
r
r

1|m|>

HAoais text size |—£,—

y Auis-labels text size ——12 ¢

Output Windof Marginal lronpl | *-Suhmit!

Least-squares s

Log x-axis

Log y-axis

> data(and | Smooth Line

50
Span for smooth
P ’—_I__'_

x-axis label v-axic label




Numerical data - scatterplot of y1 versus x1 cont.

yl

x1

10

12

14




Numerical data - scatterplot matrix (only xi, x2, y1, y»)

74 R Commander

File Edit Data Statistics !Graphs] Models Distributions Tools  Help

:uRmh Data set: Color palette... idel: | <Mo active model=>

Index plot...

Script Window et

Stem-and-leaf display...
Boxplot...
Quantile-comparisen plot...

Scatterplot...

Line graph... l!

XY conditicning plot...
Plot of means...
4 Strip chart...

Output Window Bar graph...
Pie chart...

3D graph L4
Save graph to file »




Numerical data - scatterplot matrix (only xi, x2, y1, y»)

cont.

» Check Least-squares line

& R Commander

74 Scatterplot Matrix

File Edit Data Statistics Graphs Mod

== 8

=:aRmh Dataset:| anscombe | ’Ed'rt data set

Script Window

Select variables (three or more)

-

"
|

Output Window

3 E

Least-squares ling
Smooth lines
On Diageonal
Density plots

®

Histograms

Boxplots

One-dimensional scatterplots |

Mothing (empty)

Subset expression

|<allvalid cases> |

Normal QQ plots i'

4 b

Plot by groups... I

= |3 |

=

. Submit] ]




Numerical data - scatterplot matrix (only x1, X2, y1, y»)
cont.
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latticist environment
You can create interactive graphics:
data (anscombe, package="datasets")

library(latticist)
latticist (anscombe)

I Latticist: anscombe.
Fle Wiew Style Theme Labels Tools Dats Options Help

*« 92O @! d, deta = boe.mod, reorder = FALSE, bype = of

A
i3l X
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Plot settings
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Drag to z00m (hold Shift ta constrain), click for coordinates, Cirl-ciick to zoom oLt Right-cick for more




Numerical data - correlation matrix

& R Commander

Eﬂx Data set:| an

File Edit Data |Statistics | Graphs Models Distributions Tools Help

Script Window

Summaries
Contingency tables
Means

Proportions
Wariances

]
4
2
4

]

Monparametric tests *

Dimensional analysis *

Fit models

]

Active data set

Mumerical summaries...
Frequency distributions...

Count missing observations
Table of statistics...

Correlation test... !
Shapiro-Wilk test of normality...

del>

4

Output Window




Numerical data - correlation matrix (only x1, X, y1, ¥2)

cont.

» Matrix is symmetrical with values on
> cor(xi, y1) = cor(y1,x1) = 0.8164205

the diagonal = 1

=B &

% R Commander B =
i T4 Correlation Matrix (== = |
File Edit Data Statistics Graphs Moj
z Variables (pick two or more)
:aRnﬂ.( Data set:| anscombe Edit data s%_ W
Script Window A I
cor (anscombe [, c ("x1", "x2", "y} -
Type of Correlations’
Pearson preduct-moment @)
Spearman rank-order P
Partial (@]
0K ] I Cancel l [ Help ]

]

Qutput Window

Suhmﬂl

x3 x2 vl y2
x1 00 1.0000000 [0.8164205 0.8162365

0 0.8164205 0.
8164205 1.
8162365 0.7500054

x2 1.0000000 8162365

¥l |0.8164205 0.

¥2 0.8162385 0.

¥ cor (anscombe[,c(™x1%, "x2™,"y1¥®, "y2%")], use="complete.obs™)



Numerical data - covariance matrix (only x1, X2, y1, ¥»)
> Replace cor by cov in the last command in the Script Window

> cov(xi,y1) = 5.501

» Matrix is symmetrical with values on the diagonal = variances, eg,
cov(y1, y1) = var(y1) = 4.127269

74 R Commander =@ % |

File Edit Date Statistics Graphs Models Distributions Toels Help

R, Dataset| anscombe | [Edit data set [ View dataset| Modek | <No active model> |
S | | de

Script Window

EEEI}nscamba[,c("x1","x2","ylﬂ,"yZ"l1, use="complete.obs"

e

Output Windew { Submit|

> cov(anscombe[,c("x1", "x2","y1","y2")], use="complete.obs") B
x1 x2 vl ¥2
x1 200 11.000 [5.501000] 5.500000

.501000 5.500000
00 5.500 3.095609 4.1 ’]

v2




Simple linear regression - y1 versus x1

& R Commander

File Edit Date |Statistics | Graphs Models Distributions Tools Help
R Data set:E Summaries ; @ Model:|<Nu:u active model>
m'h_ ) Contingency tables ¥
Script Window Means 5
Proportions »
Variances »
Monparametric tests ¥
Dimensional analysis *
| Fimoiss | lnercgeson, |
Linear model...
Generalized linear model...
Multinomial logit model...
" Ordinal regression model...
Output Window




Simple linear regression - y1 versus x1 cont.

“F# R Commander 774 Linear Regression
File Edit Data Statistics |

R Enter name for model:
1 Data set:| anscombe
o Response variable (pi

Script Window

[RegModel1 |

anatory variables (pick one or mu

: 5 |

»
| »

- 4 -
I Subset expression
|<a|lvalidcases> |
I « b
[ ok || canced | | Help

4

Output Window




Simple linear regression - y1 versus x1 cont.

v

Intercept estimate: a = 3.0001
Slope estimate: b = 0.5001

v

=1.237

v

Residual standard deviation: sgp =

» R-squared: R? =0.6665 = cor(x,y) = 1/0.6665

74 R Commander =@ % |

File Edit Data Statistics Graphs I 2

n: Took Hep
]
R, vstaset| anscombe | [t data se[View dataset

Modek | RegModel
Scrpt Window

RegModel.1l <= Im(yi~x1, data=anscombe)

-

x1, data=anscombe)

im(formala = y1 ~ x1, data = anscombe)

Residuals:

Min 10 Medi 30 x
-1.92127 -0.45577 -0.04136 0.70941 1.83882

Coefficients:
Estimate Std. Error t value Br(>Itl)

(Intercept)  3.000! 1.1247  2.667 0.02573 *

= T.500] 0.1179  4.241 0.00217 *x

Signif. codes: 0 'wxx! 0.001 'Xx! 0.01 '*' 0.08 '.P 0.1 ' ' 1

Residual standard exror: on 9 degrees of frecdon
Multiple R-squared: , Fdjusted R-squared: 0.6295
74 5 DF, pvalue: 0.002170

F-statistic: 17.99 oF




Regression Diagnostics: Tools for Checking the Validity of
a Model (1)

» Determine whether the proposed regression model provides an
adequate fit to the data: plots of standardized residuals.

» The plots assess visually whether the assumptions are being
violated.

» Determine which (if any) of the data points have x values
that have an unusually large effect on the estimated regression
model (leverage points).

» Determine which (if any) of the data points are outliers:
points which do not follow the pattern set by the bulk of the
data.



Regression Diagnostics: Tools for Checking the Validity of
a Model (II)

> If leverage points exist, determine whether each is a bad
leverage point. If a bad leverage point exists we shall assess
its influence on the fitted model.

» Examine whether the assumption of constant variance of the
errors is reasonable. If not, we shall look at how to overcome
this problem.

» If the data are collected over time, examine whether the data
are correlated over time.
> If the sample size is small or prediction intervals are of

interest, examine whether the assumption that the errors are
normally distributed is reasonable.



Data

Sources:
Edward R. Tufte, The Visual Display of Quantitative Information (Cheshire, Connecticut: Graphics Press,
1983), pp. 14-15.

F.J. Anscombe, "Graphs in Statistical Analysis," American Statistician, vol. 27 (Feb 1973), pp. 17-21.

Anscombe's Data

Observation x1 yl x2 y2 x3 y3 x4 y4
1 10 8,04 10 9,14 10 7,46 8 6,58
2 8 6,95 8 8,14 8 6,77 8 5,76
3 13 7,58 13 8,74 13 12,74 8 7,71
4 9 8,81 9 8,77 9 7,11 8 8,84
5 11 8,33 11 9,26 11 7,81 8 8,47
6 14 9,96 14 8,1 14 8,84 8 7,04
7 6 7,24 6 6,13 6 6,08 8 5,25
8 4 4,26 4 3,1 4 5,39 19 12,5
9 12 10,84 12 9,13 12 8,15 8 5,56
10 7 4,82 7 7,26 7 6,42 8 7,91
11 5 5,68 5 4,74 5 5,73 8 6,89

Summary Statistics

N 11 11 11 11 11 11 11 11
mean 9,00 7,50 9,00 |[7,50091 9,00 7,50 9,00 7,50
SD 3,16 1,94 3,16 1,94 3,16 1,94 3,16 1,94

T 0,82 0,82 0,82 0,82

Use the charts below to get the regression lines via Excel's Trendline feature.
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Regression Results

Data

LINEST OUTPUT x1-yl x2-y2 x3-y3 x4-y4
slope intercept 0,50 3 0,50 3 0,50 3 0,50 3
SE SE 0,12 1,12 0,12 1,13 0,12 1,12 0,12 1,12
R’ RMSE 0,67 1,24 0,67 1,24 0,67 1,24 0,67 1,24
F df 17,99 9 17,97 9 17,97 9 18,00 9
Reg SS SSR 27,51 13,76 27,50 13,78 27,47 13,76 27,49 13,74




Data

x1-y1 data

x2-y2 data

12 12
10 ¢ 10
L 2

8 . * 8

6 6

4 . y=10,5001x + 3,0001 4

2 2

0 : : 0 :

5 10 15 10 15

14 x3-v3 data 14 x4-v4 data
12 * 12
10 A 10

8 s ¢ ¢ 8

6 6 $

4 4 y =0,4999x + 3,0017

y =0,4997x + 3,0025
2 2
0 1 1 0 : :

5 10 15

10 15 20




Simple linear regression - residual plot (method 1)
T4 R Commander [E=RE =R

File Edit Data Statistics Graphs [Models] Distributions  Tools Help

@ Select active model... ]
Summarize model

Add observation statistics to data...

:aRnﬂ.I Data set:

Script Window

Confidence intervals...

Akaike Information Criterion (AIC)
Bayesian Informaticn Criterion (BIC)
Hypothesis tests r

Numerical diagnostics 4

RegModel.l <- 1lm(yl~xl, d.
summary (RegModel.l1)

Component+residual plots
1 Added-variable plots

Output Window Influence plot

Effect plots

> RegModel.l1 <- 1lm(yl~x1, data=anscombe)
> summary (RegModel.l)
Call:
Im{formula = y1 ~ x1, data = anscombe)
Residuals:

Min iQ Median 30 Max
-1.92127 -0.45577 -0.04136 0.70941 1.83882

Coefficients:

Estimate Std. Error t value Pr(>||t| }
(Intercept) 3.0001 1.1247 2.667 0.02573
x1 0.5001 0.1179 4.241 0.00217 **

Signif. ‘codeg: @ 'sEwsog Ol 'eepi0l ELQL0S 'L VIDGT VX




Simple linear regression - residual plot (method 1) cont.
» Residuals versus fitted (top left plot)

Im(yl ~ x1)
Residuals vs Fitted » Normal Q-Q
Rl 9% s %
o < - °© ° 2 a4 o o
g o
°
% o q_°— s oS o g o oo
e 7 A° g - ] °©
o 2 !
[N 10 30 8 s 010
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5 6 7 8 9 10 -15 -05 05 1.5
Fitted values Theoretical Quantiles
- Scale-Location » Residuals vs Leverage
E 9 30 s N R, R
4 2 4
LT <
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S N
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s o | ° e ° § o | Cook"é‘lﬂistefn’c;,,~‘"_DS
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Simple linear regression - residual plot (method 2)

» Append the fitted values, residuals, standardized residuals etc
to the existing data set

74 R Commander ] E@Ig

File Edit Data Statistics Graphs [Models] Distributions  Tools  Help

Seript Window

Select active model...

Summarize model

Add observation statistics to data... R
-
Confidence intervals...
Akaike Information Criterion (AIC)
Bayesian Information Criterion (BIC)
Hypothesis tests L4
Numerical diagnostics L4
Graphs L4
Il »
Output Window
data=anscombe) o
Call:
1m(formula = yl1 ~ x1, data = anscombe)
Residuals:
Min 1Q Median 3Q Max
—-1.92127 -0.45577 -0.04136 0.70%41 1.83882
Coefficients:
Estimate 5td. Error t wvalue Pr(>|t])
(Intercept) 3.0001 1.1247 2.867 0.02573 *




Simple linear regression - residual plot (method 2 cont.)

» Append the fitted values, residuals, studentized residuals etc

to the existing data set

4 R Commander

—

‘ 74 Add Observation Statistics to Data

[Py

File Edit Data Statistics Graphs Mlﬂ
R Data set:‘ anscombe | [Edit:iatas Fitted values ¥
ands .
Script Window Residuals o
Studentized residuals W
Hat-values v
Cook's distances I
Observation indices v
o) (o]
B
4
Output Window
> RegModel.l <- 1Im({yl~xl1l, data=anscombe)
> summary (RegModel.l)



Simple linear regression - residual plot (method 2 cont.)

» Now the data set has new columns on the right with y, r, etc

-'7.é R Commander | = | = 22 |

File Edit Data Statistics Graphs Models Distributions Tools Help
Bﬂ: Data set| anscombe | [Editdataset][\ﬁew dataset] Model: | RegModel.l
Script Window i
e~
|| [anscombe$fitted.RegModel.l <- fitted(RegModel.1)
anscombefresiduals.RegModel.l <- residuals (RegModel.l)
anscombef$rstudent .RegModel.1 <- rstudent (RegModel.l)
anscombefhatvalues.RegModel.l <- hatvalues (RegModel.l)
/| |anscombescooks.distance.RegModel.l <- cooks.distance (RegModel.l)
anscombefobsNumber <- l:nrow{anscombe)
|| |[showData (anscombe, placement='-20+200', font=getRcmdr ('logFont'),
maxwidth=20. maxheight=301 . .
%4 anscombe =B & |
10 10 8 8.04 9.14 7.46 6. .001000 .03800000
8 8 8 €.958.14 €.77 5.76 7.000818 0.05081818
3333 8 "7.588.7% A2 TE TUTE §9.501273 -1.82127273
9 9 '8 8.8Y8.77 '7.11 ! B8.84 7.500809 1.30908091
11 11 8 8.33 9.26 7.8 8.47 8.501091 -0.17108091
14 14 & 9.96 §.10 &8.82 7.04 10.001364 —0.04136364
& & 8 7.24 .13 &.08 5.25 &.000636 1.23936364
4 419 4,26 3.30 5.39 12.50 5.000455 —0.74045455
12 12 8 10.84 9.13 8.15 5.56 9.001182 1.83881818
T 7 8 4.82 7.20 &©.42 7.91 6.500727 —-1.68072727




Simple linear regression - residual plot (method 2 cont.)

> Use the scatterplot option in the Graphs menu to plot
residuals versus fitted

%4 R Command. %4 Scatterplot (== = [j=E8] &
File Edit D§
R x-variable (pick one) y-variable (pick one)
it Data SEt[ cooks.distance.RegModel. 1 = fitted.RegModel.1 L\\?
Script Windoy atvalues.RegModel 1
hatvalues.RegModel.l lobsMumber »
- obsMumber Lg r=siduals.RegModel 1 -
anscombes Options Plotting Parameters
anscombe$| Identify points W Plotting characte
anscombe $ . : -
anscombeg| | Jitterx-variable r Diintine | =
anscombedl | jyo y-variable [
showData { . i . 1.0
maxwide|| Logx-axis [ B text size BT
Log y-axis r 10 =
5 o — : Auis-labels text size | — l
Output Windg: bbbl
ReSTAaL Least-squares, a
Multiple Smooth Line
F-statisg 50
Span forsmooth . —
|
> anscombf | x-axis label y-axis label
< auto> =auto>
> anscombfil * HI
r » F » 1 L




Simple linear regression - residual plot (method 2 cont.)

> Residuals versus fitted (cloud of points oscillates around the
horizontal axis y = 0)

> There is no pattern, no heteroscedasticity = regression model is
appropriate

residuals.RegModel.1
0
1
.

-1

fitted.ReaModel.1



Simple linear regression - residual plot (method 2 cont.)

> Studentized Residuals (L) versus x; (cloud of points oscillates
around the horizontal axis y = 0)
» There is no pattern, no heteroscedasticity = regression model is

appropriate

rstudent.RegModel.1
.
.




