Didacticiel - Etudes de cas R.R.

1. Subject

Detecting outliers and influential points for regression analysis.

The analysis of outliers and influential points is an important step of the regression diagnostics. The
goal is to detect (1) the points which are very different to the others (outliers) i.e. they seem do not
belong to the analyzed population; or (2) the points that if they are removed (influential points),

leads us to a different model. The distinction between these kinds of points is not always obvious.

In this tutorial, we implement several indicators for the analysis of outliers and influential points. To
avoid confusion about the definitions of indicators® (some indicators are calculated differently from
one tool to another), we compare our results with state-of-the-art tool such as SAS and R. In a first
step, we give the results described into the SAS documentation. In a second step, we describe the
process and the results under Tanagra and R. In conclusion, we note that these tools give the same

results.

2. Dataset

The dataset comes from the SAS documentation?, available on line. The goal is to predict US

population size (USPopulation) from the Year (Year) and the squared Year (YearSq). We will mainly

focus on the implementation of calculations and comparison of results in this tutorial.

3. SAS results

The used dataset and the results provided by the regression under SAS are the following.

Year YearSq Population The REG Procedure

1/ 9 o 3 2 o 41 0 O 3 . 9 2 9 Depend:v‘ltdl:;i:;zséjpu[aﬁon

1800 3240000 5.308

1810 3276100 7.239 Analysis of Variance

1820 3312400 9.638 ~mmaf | Ce=r

1830 3348900 12866 DF Squares Square FValue Pr>F
1840 3385600 17.069 2 71799 35900 4641.72 <.0001
1850 3422500 23.191 16 123.74557 7.73410

1860 3459600 31.443 Corrected Total 18 71923

1870 3496900 39.818

1880 3534400 50.155 Root MSE 2.78102 R-Square 0.9983
1890 3572100 62.947 Dependent Mean 69.76747 | AdjR-Sq 0.0981
1900 3610000 75.994 Coeff Var 3.98613

1910 3648100 91.972

1920 3686400 105.71 Parameter Estimates

1930 3724900 122.775 . parameter  Standard

1940 3763600 131669 Variable DF Estimate Error tValue Pr> |[t|
1950 3802500 151.325 Intercept 1 20450 843.47533  24.25  <.0001
1960 3841600 179.323 Year 1 -22.78061 0.89785 -25.37  <.0001
1970 3880900 203.211 YearSq 1 0.00635 0.00023877  26.58  <.0001

* http://www-stat.stanford.edu/~jtaylo/courses/stats203/notes/diagnostics.pdf

? http://v8doc.sas.com/sashtml/stat/chapss/sect33.htm#regprv

3 http://eric.univ-lyon2.fr/~ricco/tanagra/fichiers/USPopulation.xls
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The procedure for the detection of the outliers and influential points supplies the following table.

The REG Procedure
Model: MODEL 1
Dependent Variable: Population

Output Statistics
DFBETAS
Hat Diag Cov

Obs Residual RStudent H Ratio DFFITS Intercept Year YearSq
1 -1.1094 -0.4972 0.3865 1.8834 -0.3946 -0.2842 0.2810 -0.2779
2 0.2691 0.1082 0.2501 1.6147  0.0625 0.0376 -0.0370 0.0365
3 0.9305 0.3561 0.1652 1.4176 0.1584 0.0666 -0.0651 0.0636
4 0.7908 0.2941 0.1184 1.3531 0.1078 0.0182 -0.0172 0.0161
5 0.2110 0.0774 0.0983 1.2444  0.0256 -0.0030 0.0033 -0.0035
6 -0.6629 -0.2431 0.0951 1.3255 -0.0788 0.0296 -0.0302 0.0307
7 -0.8869 -0.3268 0.1009 1.3214 -0.1095 0.0609 -0.0616 0.0621
8 -0.2501 -0.0923 0.1095 1.3605 -0.0324 0.0216 -0.0217 0.0218
9 -0.7593 -0.2820 0.1164 1.3519 -0.1023 0.0743 -0.0745 0.0747
10 -0.5757 -0.2139 0.1190 1.3650 -0.0786 0.0586 -0.0587 0.0587
11 0.7938 0.2949 0.1164 1.3499 0.1070 -0.0784 0.0783 -0.07B1
12 1.1492 0.4265 0.1095 1.3144 0.1496 -0.1018 0.1014 -0.1009
13 3.1664 1.2189 0.1009 1.0168 0.4084 -0.2357 0.2338 -0.2318
14 1.6746 0.6207 0.0951 1.2430 0.2013 -0.0811 0.0798 -0.0784
15 2.2406 0.8407 0.0982 1.1724 0.2776 -0.0427 0.0404 -0.0380
16 -6.6335 -3.1845 0.1184 0.2924 -1.1673 -0.1531 0.1636 -0.1747
17 -6.0147 -2.8433 0.1652 0.3989 -1.2649 -0.4843 0.4958 -0.5076
18 1.6770 0.6847 0.2501 1.4757 0.3954 0.2240 -0.2274 0.2308
19 3.9895 1.9947 0.3865 0.9766 1.5831 1.0902 -1.1025 1.1151

We observe from the left to the right: (1) the observation number; (2) the residual (deviation
between the observed value and the predicted value); (3) the studentized residual; (4) the leverage;
(5) the COVRATIO; (6) the DFFITS; (7) the DFBETAS for the coefficients, including the intercept.

4. Detection under TANAGRA

Creating the diagram and importing the dataset
The easiest way to handle the dataset is to open the file into Excel.

We want to launch Tanagra by sending the data using the installed menu with the TANAGRA.XLA
add-in*.

* http://data-mining-tutorials.blogspot.com/2008/10/excel-file-handling-using-add-in.html
Tanagra can be launched also from the OOCalc spreadsheet using an add-in. See http://data-mining-

tutorials.blogspot.com/2008/10/000calc-file-handling-using-add-in.html
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£ Microsoft Excel - USPopulation.csy

Fichier Edition Affichage Insertion Format Qutils Données Fepétre ? Tanagra Sipina -5 E
DEE SAY 2R @z AR WP -F. S 2
Al ﬂ = Year
A [ B [ C D E F G H =
1 [Year YearSg Population —
F4 1790 3204100 3.929
3 1800 3240000 5.308
4 1810 3276100 7.238
5 1820 3312400 9.638
[ 1830 3348900 12 866
7 1840 3385600 17.069
8 1850 3422500 23.191
9 1860 3459600 31.443'
10 1870 3496900 39.818
11 1880 3534400 50.155
12 1890 3572100 52.947
13 1900 3610000 75.994
14 1910 3648100 91.972
15 1920 3686400 105.71
16 1930 3724900 122,775
17 1940 3763600 131.6659
18 1950 3802500 151.335
19 1980 3841600 179.323
20 1970 3880900 203,211
21
22
M |4 » M} USPopulation | <]
Dessin - h Formes automatiquas = ™. "a |:| @] 4 & . i - é A £ E . e -
Prét Somme=67247643.6 LN

We selected the data range, and then we click on the TANAGRA/EXECUTE TANAGRA.

1520 3686

1930 3724| (2) ? ’T] Cancel J

1940 3763
1950/ 3802

Ded gy s2Rad - - @z hi@s o e 2
T s == it Gl A il I
& 8 [ e T b T E T i
1] Yearsg Population —
2 | 1790 3204100 3.929
3 | 1800 3240000 5.308
4 | 1810/ 3276100 7.239
5 1820 3312400 9.638
6 | 1830 3348900 12.566
7 1840 3385600 17.069
B | 1850 | |
ER 1860
1870
1880
1890/ 3572 Dataset range (including the name of the attributes -- first row);
1900 3610 ;
1910 3648 I L ;j

1960/ 3841600  179.323

1970 3880900 203.211
" I usPapulation / KN
| Dessin - % {‘:; Formes autoratiques = ™ & |:| O 4‘ | . i - é = E
Prét I E =67247645.6 | | NUM/

We check the range of selected cells. We validate by clicking on the OK button.

Tanagra is automatically launched. We check that we have 19 instances and 3 variables.

9 décembre 2009

Page 3suria



Didacticiel - Etudes de cas

R.R.

" TANAGRA 1.4.17 - [Dataset (tanC5.txt)]

EFiIe Diagram Component  Window  Help

E

Analysiz

Dataset (tanCh.txt)

Data visualization

Feature construction

Computation time O0ms

Allocated memory 3 KB

3 attribute(s)
19 example(s)

Datasource processing

Dataset description

Database : CODOCUME-1"Waison LOCALS- 1\ TempitanCh. txt

Download information

Statistics

Feature selection

Clustering

Scoring

Camponents
Monparametrc statistics

Instance selection

Regression Factorial analysis
Spw learning Meta-spy learning
Association

PLS
Spw learning assessment
P2 e i [ e |
<

Linear regression

We want to predict the values of POPULATION using YEAR and YEARSQ. We specify the type of the
variables using the DEFINE STATUS component. We set POPULATION as TARGET; YEAR and

YEARSQ as INPUT.

EF\IE Diagram Component ‘Window Help

Analysis

Dataset (tanCh.txt)
i DEfing Status | me—

Dat’

Parameters

Aftributes

llustrative

Bl A

|

Clear selection

[ ok [ canssl J[ Help

J

N Parameters

Atributes

19 exay
Attrib|
Data wisualization Statistics
Feature construction Feature selectig
PLS Clustering
Spv learning assessment Scoring

@»Cm’ralatinn scatterplot

Iﬁ"Scatterplnt wiit]

Export dataset
[:._f.Scatterptut

\f'iew dataset
E._';View multiple s|

Terget | Input 'ms«ranva|

Year
YearSq

B a|

B

Clear selection

o

1>

[ ok [ cancel ][ Hels

J

Then we insert the MULTIPLE LINEAR REGRESSION component (REGRESSION tab) into the
diagram. We click on the VIEW menu in order to obtain the results.
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" TAMAGRA 1.4.17 - [Multiple linear regression 1]

E File Diagram Component ‘Window Help - 8 x
(=
Analpsis
= Datazet (tanCh, txt) Global results
=% Define status 1 ~
E fiulkiple linear regress Endogenous attribute Population ‘
Examples 19 I
RZ 0.998279 I
Adjusted-R2 0.998064
Sigma error 2,751024 I
F-Test (2,16) <641, 7210 (0.000000) l =
: : ~
Analysis of variance /
Source =55 d.f. xM5 F p-value I
Regression 71739.0158 z 350995079 4644.7210 0.0000 I
Residual 1237455 16 7.7341 I
Total 71922.7614 18 I
Coefficients /
- b
L5 | 2= >
Components
Data wisualidgtion Statistics Monparametric statistics Instance zelection Feature construction
Feature selectign Regression Factorial analysis PLS Clustering
Spv learning Meta-spy learning Spw learning assessment Scoring hssociation
-{V, Backward Elimination
[:ﬁ, [fBetas

We find the same results than SAS.

Detection of outliers and influential points (1)

We insert now the diagnostic component OUTLIER DETECTION (REGRESSION tab) into the
diagram. We click on the VIEW menu. There are two tabs into the visualization window. REPORT

summarizes the number of suspicious observations identified according to the indicators.

{ TAMAGRA 1.4.17 - [Outlier Detection 1] EEX
EF“E Diagram <Component  “Window  Help

H

Analpsiz REDDP’"UBS

= B s . ouierbetestiont "
= Define stotus | 1

= L-_{ Multiple linear regress Parameters

1, Outlier Detection sig. Level 0.0500

Outliers and influantial points deteciion for regression

Statistic Lower bound Upper bound # detected I
Leverage - 0.3188 2
RStandard a I
RStudent -Z.0000 2.0000 z P
DFFITS -0.7947 0.7947 3 I
Cook's I ° 0.2500 3
|COVRATIO | 0.52¢3 1.4737 8 ' Ly
-
X3 N/ Computation time : 0 ms. 4
Components
Data wisualization Monparametric statistics Instance selection Feature construction
Feature selection Regression Factorial analysis PLS Clustering
Spv learming Meta-zpy learning Spv learning aszeszment Scoring fzsociation

-!f(_ Backward Elimination Reg .rf‘ Farward Entry Regrassi‘ [L Outlier Detection >
L‘f_‘ [fBetas ]z_‘(‘.'ll\ultipte linear regression . Regrezzion tree

VALUES tab gives the computed values for each individual. The suspicious values are underlined.
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i TANAGRA 1.4.17 - [Outlier Detection 1] Hl=1E3]
ﬁ Fil= Diagram Component ‘Window Help — | &
EH %
Analysiz Report Values’
= Dataset (tanCh.txt) Statistic Leverage RStandard  |RStudent DFFITS Cook's D |COVRATIO|
4 1,:* Define status 1 Lower Bound |- = -2.0000 -0.7947 = 0.5263
. . . Upper Bound |0.3158 = 2.0000 0.7947 0.2500 1.4737
= L fMultiple linear regress
1 0.3864661 -0.5093092 | -0.4971832 | -0.3945962  0.0544647 1.8834404

4, Outlier Detection -

2 0.2501253 0.1117436 0.1082375 0.0625118 0.0013883 1.6146570

3 0.1652071 0.3662178 0.3560844 0.1584083 0.0088472 1.4175564

4 0.1184432 0.3028761 0.2941029 0.1078026 0.0041084 1.3531454

5 0.0983341 0.0799205 0.0255599 0.0002322 1.3443745

] 0.0951496 -0.2505731 -0.0788295  0.0022008 1.3255210

7 0.1009288 -0.3363375 -0.3268147 -0.1084985 0.0042330 1.321440%9

8 0.1094796 -0.0952824  -0.0922830  -0.0323568  0.0003720 1.3605133

g 0.1163752 -0.2904633 -0.2819843 -0.1023363 0.0037040 1.3518605

10 0.1189739 -0.2205512 -0.2138731 -0.0785937 0.0021896 1.3649929

11 0.1163752 0.3036422 0.2948510 0.1070058 0.0040477 1.3498664

12 0.1094796 0.4378799 0.4265388 0.1495558 0.0078574 1.3144215

13 0.1009288 1.2007898 1.2188778 0.4083858 0.0539553 1.0168259

14 0.0951496 0.6330077 0.6207291 0.2012877 0.0140452 1.2428821

15 0.0983341 0.8484689 0.8406562 0.2776180 0.0261703 1.1723552

16 0.1184432 -2.5404584 -3.1845305 -1.1672808 0.2890431 0.2923815

17 0.1652071 -2.3671196 -2.8432634 -1.2648591 0.3696317 0.3988777

18 0.2501253 0.6953493 0.6846924 0.3954394 0.0539140 1.4757102

< 5 19 0.3864661 1.8314630 1.9946725 1.58309390 0.7042842 0.9766091

Components
Data visualization Statistics Monparametric statistics Instance selection Feature construction
Feature selection | Regression Factorial analysis PLS Clustering
Spw learning Meta-spw learning Spw learning assessment Scorng hzzociation

-ff?_ Backward Elimination Reg -{ Forward Entry Regression L Outlier Detection
[L DfEetas Iz_{.ﬂ.l\ultiple linear regression &,Regression tree

The choice of the cut values is very important. It enables to highlight the suspicious individuals. We
show below the cut values reported into to the literature: n is the dataset size, p is the number of

estimated parameters (number of descriptors + 1 for a regression with intercept).

Indicator Cut value
Leverage 2%p/n
RStandard -

|[RStudent]| 2

|DFFITS] 2*SQRT(p/n)
Cook’s D 4/(n-p)
|COVRATIO-1| 3*p/n

The detailed results can be copied into a spreadsheet, if we want for instance to analyze them
deeply. We use the COMPONENT/COPY RESULTS menu when the VALUES tab is activated.

By comparing our results with SAS, we observe that we obtain the same results. We will note below

that R gives also the same values for all the indicators.

Detection of outliers and influential points -- DFBETAS (2)

The second tool is used to evaluate the influence of each observation on each estimated coefficient.
We use a second component for these calculations because it does not seem desirable to expand
tabs into the visualization window, especially since the results are different: OUTLIER DETECTION
evaluates the overall influence of each observation; DFBETAS evaluates the influence of each
observation on each estimated coefficient.
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We add the DFBETAS component (REGRESSION tab) under the linear regression. We click on the

VIEW menu in order to obtain the results.

o

- TANAGRA 1.4.17 - [DfBetas 1]

S9[(=1E9

E File Diagram Component Window Help -8 x
H %
Analysiz Report |DfBetas
= Dataset [tanCh.txt) »
=B Define status 1 DFBETAS for Regression Diagnostics
= L-_{ Multiple linear regress
[#, Outlier Detection Cut value = 0.4588
[, DfBetas 1 # detected according to coefficients
Coefficient # detected
Intercept z
Year 2
“Yearsq 2 n
h | & L v
Components
Data wisualization Statistics Monparametrc statistics Instance selection

Feature constructio

Feature selection | Regression

Clustering Spw learning

Scorng Azzociation

Factoral analysiz

feta-spv learning

,:f Backwarﬁlimination Reg ,:f Forward Entry Regression Lf_‘ Qutlier Detection

: . DfBetas E.ﬂ.l'\ultiple linear regression &, Regreszsion tree

Again, two tabs are available: the summary into the first, the detailed results into the second.

ANAGRA 1.4.17 - [DfBetas 1]

E File Diagram Component ‘Window  Help
EH %
Analysiz Repart DfEletas’
= Dataset (tanC5.txt) Intercept __|Year YearSq

=] 1_-:‘ Define status 1 1 -0.2841626 | 0.2810148 -0.2779339
& I—f_{ Multiple linear regress 2 0.0375836 -0.0370272 | 0.0354868
. 3 0.0665886 -0.0650528 | 0.0635757
[L Outlier Detection /) 7 0.0182289 | -0.0171561 | 0.0161361
[, DfBetas 1 5 -0.0030405 | 0.0032773 | -0.0034991
G 0.0295513 -0.0301596 | 0.0307176
7 0.0609386 -0.0615767 | 0.0621438
8 0.0215926 -0.0217215 | 0.0218297

9 0.0742868 -0.0745210
10 0.0586297 -0.0586841 | 0.0556891
11 -0.0783587 | 0.0782622 -0.0780983
12 -0.1017689 | 0.1013811 -0.1008983
13 -0.2356621 | 0.2338457 -0.23176596
14 -0.0811349 | 0.0798479 -0.0784361
15 -0.0426522 | 0.0404071 -0.0380049
16 -0.1531205 | 0.1636479 -0.1747212
17 -0.4843196  0.45957585 -0.5076395
18 0.2239904 -0.2273530 | 0.2308097
< | S 15 1.0801980 -1.1025077  1.1150558

Components
Data wizualization Statistics Monparametric statistics Instance selection

Feature construction Feature selection

PLS

Regresszion

Clustering Spw learning

Spv learning assessment Scorng hzzociation

Factorial analysiz

fheta-zpy learning

-{V_ Backward Elimination Reg -ri Forward Entry Regression [L Qutlier Detection

[L [fBetas EMultiple linear regression &, Regression tree
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The threshold value is 2/SQRT(n). The suspicious values are highlighted. Here also, we can copy the
values into a spreadsheet (COMPONENT / COPY RESULTS).

5. Detection under R

The R software is free tool (http://www.r-project.org/). It has an excellent reputation among

statisticians, quite justified in light of his many qualities. Its library of methods is impressive. The
other reason for which we use R is that the techniques we study in this tutorial are implemented as
standard by leading experts. The calculations implemented in R are often used as reference °.

Launching R

We use the 2.5.0 version in this tutorial. We launch the tool.

R wversion 2.5.0 (2007-04-23)
Copyright (C) Z007 The R Foundation for S3tatistical Computing
ISEN 3-900051-07-0

E est un logiciel libre livré sans AUCUNE GARANTIE.
Vous pouvez le redistribuer sous certaines conditions.
Tapez 'license()' ou 'licence()' pour plus de détails.

E est un projet collaboratif avec de nombreux contributeurs.
Tapesz 'contributors()' pour plus d'information et
'citation()' pour la fagon de le citer dans les publications.

Tapez 'demo()' pour des démonstrations, 'help()' pour 1l'aide
en ligne ou 'help.startci()]' pour obtenir 1l'aide au format HTHL.
Tapez 'gf)' pour guitter R.

> 1

Importing the dataset
We use the following commands in order to import the data file (USPopulation.CSV).

We display the dataset here.

> | confess to being a true novice with regard to R. The manipulations described in this tutorial are simplified to the
extreme. Perhaps they are not optimal. My goal was to obtain results comparable to those of SAS and TANAGRA to verify

the accuracy of the calculations.
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! Gui - [R Console]
R Fichier Edition Woir Misc Packages Fenétres Aide

(=i [F] @] S

> usdata <— read.csv(file="USPopulation.csvw®, sep=":M)
> usdata
¥ear YearSg Fopulation

1 1790 3204100 3.9:29
2 1500 3240000 5.308
3 1510 3276100 T.239
k] 1820 331z400 9.638
5 1830 3345200 1z.866
8 15840 3385600 17.069
7 1550 34z2z500 23.191
=] 1560 3459600 31,943
=] 1570 3496200 39.815
10 1380 3534400 S0.155
11 1390 3572100 EZ.947
1z 1900 3610000 75.994
13 1910 3645100 91.972
14 1920 3656400 105.710
15 1930 3724500 12z2.775
16 1940 3763600 131.669
17 1950 3IS0z500 151.325
18 1960 3541600 179.323
19 1970 3IS50900 Z203.211
>

Tapez 'demo(]' pour des démonstrations, 'help()' pour 1'aide
en ligne ou 'help.start()' pour obtenir 1'aide su format HTHML.
Tape=z 'gi)' pour guitter R.

Linear regression

The Im() command performs a linear regression. We set the model in the "usmodel” object.

2 RGuil- [R Console]

R Fichier Edition ‘Wair Misc Packages Fenékres Aide

EEEIREE|E

16 1940 3763600 131.669
17 1950 3802500 151.325
12 1960 3541600 179.323
19 1970 3530900 203.211

> usmodel <- lm(Population ~ Year + Tear3g, data = usdata)
> surmary (usmodel)

Call:
1m (formwula = Population ~ Year + Year3g, data = usdata)

Residuals:
Hin 10 Median L] Hax
-6.6335 -0.7111 0.2691 1.4119 3.9595

Coefficients:
Estimate 3td. Error t£ wvalue Prix|t])
{Intercept) 2.045e404 8.435e+02 24.25 4.83e-14 **%

Year -2.278e+01 85.973e-01 -E5.37 2.38e-14 ***
Yearddg 6.346e-03 Z2.35880e-04 26.35 1.15e-14 **%
Signif. codes: 0 '#*%! 0,001 '#**' Q.01 '*' Q.05 'L 0.1

Fesidual standard error: 2.751 on 16 degrees of freedom
Multiple B-Sguared: 0.9983, Adjusted B-sguared: 0.9981
F-zstatistic: 4542 on 2 and 16 DF, p-valus: < Z.2Ze-16

|

1

Measures for detecting outliers and influential points

We obtain the measures for detection influential points by using the influence.measures()

command. We display the obtained values below. The command computes, from the left to the

right: DFBETAS, DFFITS, COVRATIO, Cook's distance, leverage.
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I RG [R Console]
R Fichier Edition Yoir Misc Packages Fenétres Aide

EESECIEEE

> Zave. image ("C:V\Program FilesyWWwRY\R-Z.5.0%%U3FPopulation.RData"
> diagl <- influence.measures (usmodesl)

> diagl
Influsnce mweassures of
lm(formula = Population ~ Year + YTear3g, data = usdata)
dfb.1 dfb.¥ear dfb.¥Yr3g dffitc cov.r cook.d hat inf
1 -0.28416 0.28102 -0.2779 -0.3945 1.883 0.054465 0.3865 E
2 0.03758 —-0.03703 0.0365 0.0825 1.615 0.001355 0.2501 i
i) 0.0&6652 —-0.08505 0.0636 0.1584 1.418 0.008847 0.1652
4 0.01523 -0.01716 0.0161 0.1075 1.355 0.004105 0.1154
5 -0.00304 0.00328 -0.0035 O0.0256 1.344 0.000232 0.09583
) 0.02955 -0.0301¢6 0.0307 -0.0785 1.326¢ 0,002201 0.05951
7 0.068094 -0.06155 0.0621 -0.1095 1.321 0.004233 0.1009
=] 0.02152 -0.0z21%72 0.0215 -0.0324 1.3e1 0.000372 0.1095
=] 0.074z9 -0.07452 0.0747 -0.1023 1.352 0.003704 0.1164
10 0.05863 -0.05868 0.0587 -0.0786 1.365 0.002190 0.1190
11 -0.07836 0.075Z6 -0.0751 0.1070 1.350 0.004045 0.1164
iz -0.10177 0.10138 -0.1009 0.149&6 1.314 0.007857 0.1095
13 -0.23566 0.23355 -0.2318 0.4054 1.017 0.053955 0.1009
14 -0.08113 0.079835 -0.0784 0.2013 1.243 0.014045 0.0951
15 -0.04265 0.04041 -0.0350 0.2776 1.172 0.026170 0.0953
16 -0.15312 0.16365 -0.1747 -1.1673 0.292 0.289044 0.1154 E
17 -0.45432 0.49576 -0.5076 -1.24649 0.3599 0.369632 0.1652 E
18 0.22399 -0.22735 0.2308 0.3954 1.478 0.053914 0.2501
19I 1.0580z20 -1.10251 1.1151 1.5531 0.977 0.704253 0.3865 E
-

RStandard and RStudent

To obtain the standardized residuals (RSTANDARD) and the studentized residuals (RSTUDENT), we

perform additional operations.

R Fichier Edition Voir Misc Packages Fenétres fide

=]ef e [ |m] |

15 0.223599 -0.22735 0.23053 0.3954 1.476 0.0553914 0.2501

1% 1.090:=0 -1.10251 1.1151 1.5531 0.977 0.70425353 0.3865 E
> rl <- rstandardiusmodel)

> rZ <- rstudent (usmodel)

> diagi <- data.frame(rl,rz)

> diag?

ri rz
1 -0.50931083 -0.49713482
z 0.11174203 0.10323599
3 O.3002l1645 0.35605307
4 0.30257504 0.29410150
] 0.07991928 0.0773596946
6 -0.Z50574Z0 -0.24309457
7 -0.33633549 -0.3Z651572
8 -0.09528372 -0.09228425
9 -0.29046455 -0.28195557

10 -0.22055173 -0.21387365
11 0.30364160 0.29455047
12 0.43787740 0.426536338
13 1.200785831 1.21837626
14 0.63300676 0O.62072307
15 0.54546690 0.54065419
16 -2.54046169 -3.18453720
17 -2.36711926 -2.84326308
18 0.69634825 0.68469135
19 1.83146126 1.5994467009
o |

All the computed values are the same than those of SAS and Tanagra.
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6. Conclusion

The analysis of the residuals is a key step in the linear regression diagnostic process. There are the
detection of outliers and influential that we described in this tutorial. But other procedures are also
important. There are the simple graphical representation of the residuals; the checking of the
normality of residuals that we can implement with intuitive graphics such as QQ-plots; we can check
the heteroscedasticity and autocorrelation (when the data are longitudinal), etc.

We use the threshold values in order to highlight the suspicious individuals according to the
indicators. But these thresholds are not irrevocable. In the most of situations, it is more convenient
to sorting the data according to the indicators in order to highlight the individuals which differ
strongly from the others. We can use also very simplistic approaches in order to detect the
remarkable values (e.g. http://www.itl.nist.gov/div898/handbook/prc/section1/prcab.htm).

In the table below, we sort the dataset according the RSTUDENT. We observe that the instance n°16
and n°1y are problematic. But we note also that the instance n°1g is suspicious, it needs deeper

analysis.

Statistic Leverage RStandard RStudent DFFITS Cook's D |[COVRATIO|
16| 0.11844316 -2.54045844 | -3.1845305| -1.16728055 0.2890431| 0.29238147
17| 0.16520713 -2.36711955| -2.84326339| -1.26485908| 0.36963168] 0.39887768

1| 0.38646615 -0.50930923| -0.49718323| -0.39459622( 0.05446466] 1.88344038
7 0.1009288 -0.33633751| -0.32681474| -0.10949951( 0.00423302] 1.32144094
9] 0.11637919 -0.2904633| -0.28198433] -0.10233629 0.003704] 1.35186052
6] 0.09514964 -0.25057307| -0.24309376| -0.07882955( 0.00220079] 1.32552099
10| 0.11897392 -0.22055119| -0.21387313| -0.0785937( 0.00218958] 1.36499286
8] 0.10947959 -0.09528238| -0.09228296| -0.03235684| 0.00037204] 1.36051333
5] 0.09833407 0.07992052| 0.07739815| 0.02555994 0.0002322| 1.34437454
2| 0.25012529 0.11174358| 0.10823749| 0.06251182| 0.00138833| 1.61465704
4] 0.11844316 0.30287614| 0.29410288| 0.10780257| 0.00410836] 1.35314536
11| 0.11637919 0.30364218| 0.29485103| 0.10700581| 0.00404774| 1.34986639
3] 0.16520713 0.36621782| 0.35608441| 0.15840831| 0.00884724| 1.41755641
12| 0.10947959 0.43787986 0.4265388| 0.14955577| 0.00785738| 1.31442153
14] 0.09514964 0.63300771| 0.62072909| 0.20128772| 0.01404517| 1.24298215
18] 0.25012529 0.69634926| 0.68469238| 0.39543939| 0.05391404| 1.47571015
15| 0.09833407 0.8484689| 0.84065622| 0.27761799| 0.02617032] 1.17235518
13 0.1009288 1.20078981| 1.21887779] 0.40838584| 0.05395525| 1.01682591
19| 0.38646615 1.83146298| 1.99467254] 1.58309901| 0.70428419| 0.97660911

Median 0.10823749

Q1 -0.26253905

Q3 0.523633945

IQR 0.78617299

Lower Outer Fence | =2.62105802

Lower Inner Fence | -1.44179853

Upper Inner Fence | 1.70289343

Upper Outer Fence| 2.882152915
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