Tutorial

Forward Selection for Regression

R.R.

Subject

In this tutorial, we show how to use the FORWARD ENTRY REGRESSION component: it

performs a multiple linear regression with a forward variable selection based on partial

correlation.

Dataset

We use CRIME_DATASET FROM_DASL.XL from the DASL websitel. It contains various

characteristics of 47 states of USA. We want to explain the criminality from unemployment,

education level, ...

Forward Selection for Regression

Import the dataset

We build a new diagram and import the dataset with the FILE / NEW menu.
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Forward Selection for Regression

R.R.

Linear multiple regression

First, we want to perform a regression with the whole variables. We add a DEFINE STATUS
component in the diagram and set CRIME RATE as TARGET, and the other variables as

INPUT. We add the LINEAR MULTIPLE REGRESSION component.

We obtain the following results.

= Dataset (cHme_datazet_from_DasL.xls)
=¥ Define status 1

Drefault title

].rj Multiple linear regreszion 1

Global results

Endogenous attribute

Examples

RZ
Aadjuzted-Re
Sigma errar

F-Test (13,33

Source
Regrezsion
Rezidual
Total

Coefficients

Attribute

Constant
Male14-24
Southern
Education
Expendal
Expendb?
Labar

thale
Popsize
Monwihite
Unemp14-24
Lnemp36-39
Famlncome

IncUnde ried

CrimeRate

47

0.789335 »
0678329 »

21935647

g.4615 (0.000000)

Analysis of variance

d.f.

13
33
46

Coefl.
-691,537559
1.039510
-8,308312
1.801&01
1.607815
-0.667255
-0,041031
0, 164795
-0,041277
0,007 175
-0.601675
1792263
0.137355
0.792933

xMs

4071, 8827
4311727

std
166.587310
0.422703
14.911687
0.649650
1.0556&7
1. 148773
0183477
0209932
0129514
0.0835867
0.437154
0.5586111
0.108530
0.238055

F

d.4618

{33}
-4, 433045
2,457 h
-0.567172
2773186
1.518720
-0.550544
-0.267344
0,7534993
-0.318701
0. 112333
-1.3765345
2,093493
1.297913
3372989

p-value
0.0000

p-value
0.000094

0.019306 =

0.681170
0.009060

0.1383587
0.6465292
0, 790565
0,435057
0.751962
0.911234
0,177983
0.044069 =
0.203316
0.001913 =
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Forward Selection for Regression R.R.

The results seem encouraging -- R? = 0.77 -- and 4 variables are significant -- p-value lower
than 0.05: MALE14-24, EDUCATION, UNEMP35-39, and INCUNDERMED.

Regression with the significant exogenous variables

We want to perform a new regression with only the significant variables. We add a DEFINE
STATUS component and set as INPUT the significant variables above, TARGET is always
CRIMERATE. We add a new REGRESSION component.

Crefault kitle

= Datazet [cAme_dataset_from_DASL.xlz)
= £ Define status 1
].r_{ Multiple inear regression 1
= Define status 2
].r_{ fMultiple linear regression 2

The results are particularly disappointing!

Global results

Endogenous attribute CrimeRate
Examples 47
Rz 0.229754 @
hdjusted-p2 0156430 ®
Sigma error 36522631
F-Test (4,42} 3.1325 (0.024221)

Analysis of variance

Source =55 d.f. =M5 F p-value
Regression 16811.2675 4 3962.5169 3.1325 0.0242
Residual R2008,0072 42 1261.8573
Total 63809.2747 46

Coefficients

Attribute Coef. std 1{42) p-value
Constant -349, 158324 165,025502 -2,252259 0,029592
Mhale14-24 0767473 0.587023 1.307399 0.198189
Education 2,299542 0.759091 2914165 0.005695 8
Urnemp36-39 1.736663 0706527 2.458027 0.018175
IncUnderbed 0.161780 0.227497 0.711130 0.430934

Explained variance is significantly lower and only two variables seems relevant:
EDUCATION andUNEMP35-39. These results are not at all coherent with what we saw

previously.
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Forward Selection for Regression R.R.

Correlation between the exogenous variables

We suspect a problem of colinearity between the exogenous variables. In order to check that,
we add the LINEAR CORREALTION in the diagram and we set the following parameters.

Default tille Linear correlation options

= Datazet [crime_dataset_from_DASL.xls)
=% Define status 1
- 1# dhultiple linear regressian 1
1 Linear correlation 1 [#] 5ort results !
= %4 Define status 2 ~ Sorthy
2 ].e_{ Multiple lingar regression 2

Farameters |

O stribute name
X attribute name
Or-value
®|r|7value

~ Input list

OTargat and Input

(&) Cross Input l '
.w

[ oK ” Cancel “ Help

We see that several variables are highly correlated. In some cases, the square of the

correlation coefficient is higher than the R? of the regression.

Cross-tab parameters
Sort results yes
sort criterion | rl statiztic

Input list Crozs-input (v x K]

b i X r r: t Pri-|t [}
Expenddl Expendb? 0.9938 0.9872 53,9449 0.0000 -
Famlncome IncUnderiied -0,8540 07815 - 12,6845 0.0000  m—
Expendhq Fam|ncome 0.7943 0.6309 8.76%4 0.0000
Expendél Faml|ncome 0.7872 0.6197 5. hé36 0.0000
Education IncUnderted -0.7687 0,5905 -5.0610 0.0000
Southern Momwhite 0.7671 0. 5554 G.0213 0.0000
Unemp14-24 Unemp35-39 0.7459 0.5584 75129 0.0000
southern IncUnderied 0.7372 0,5434 73188 0.0000
Education Famlncome 0.73a0 06417 72930 0.0000
Southern Education -0.7027 0,4935 -6, 6261 0.0000
Momwhite IncUnderied 0.6773 0.45585 6,1759 0.0000
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Forward Selection for Regression R.R.

Forward selection for regression

There are various solutions for colinearity problem in the regression. The FORWARD
ENTRY REGRESSION performs a forward selection of variables using the partial correlation

measurements.

i TANAGRA 1.3.4 - [Dataset (crime_dataset_from_DASL.xIs)]
E File Diagram Component  ‘Window Help

Oe H %

Default title

= Dataset (crime_dataset_from_DASL.xls)

=R f;; Define status 1

0] |}

" Mhultiple linear regression 1 Database : —
“ Linear correlation 1 D:'DataMining\Databazes_for_mining\datase:

Forward Entrv Regresszion 1

";} Define status 2

14 dhultiple linear regression 2

Download information

Workbook information
Mumber of sheets 1

& i} | |

Components

Data wisualization Instance selection

feta-zpy learning

Spw learming

Feature construction | ction
PLS |

|
| Factorial analysis
|
|

Spy learning assessment | Aszociation

:-!.’:' Forward Entry Regression
[ Multiple linear regression

The quality of the regression with 5 variables is close to the first regression with the whole

dataset: irrelevant variables are rejected.
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Forward Selection for Regression R.R.
Global results
Endogenous attribute CrimeRate
Examples 47
R2 0.729635
Adjusted-R2 0, 696663
Sigma error 21.301345
F-Test (5,411 22,1293 (0.000000)
Analysis of variance
Source x58 d.f. xMs F p-ralue
Regression 50205.6311 5 0041.1262 22,1293 0.0000
Rezidual 186036437 41 483, 7474
Total 63809,2747 A6
Coefficients
Attribute Coef, std {41} p-value
Constant -524.374333 95, 115565 -5.513023 0.000002
Expends0 1.233122 0.141635 8.706359 0.000000
IncUnderied 0,634924 0, 146844 4323782 0,0000%¢
Education 2.030773 0.474189 4,282633 0.000109
Male14-24 1.019522 0,353203 2,5587556 0,006175
Unemp35-39 0.913608 0.434092 2. 104842 0.041496
Below, TANAGRA shows the detailed results and the steps of the computation.
Forward Selection Process
partial carr,
Step 1 Step 2 Step 3 Step 4 Step B Step é
F [p-walue) = e T e e T
d.f, 45 44 43 42 41 40
P AR, RI2. ) Expendsl 006874 IncUnderded @ 0,456 Education : 0.4509 Maleld-24 : 0,3226 Unemp35-39 @ 0.3123 =
Rz 0.4728 0,5303 06656 0.7004 0.7296 -
Male14-24 -0.0895 0.4123 0,2505 0.3226 0,0000 0.0000
0.36 (0.5495) 9.01 {0.0044) 2,558 (0,0970) 4,58 (0.0327) 0,00 {0,0000) 0,00 (0,0000)
Sauthern -0.0906 0.2458 -0, 10581 0.0424 -0.0393 -0.0459
0.37 (0.5446) 2,83 (0.0997) 0,51 (0,4797) 0.08 (0.7847) 0.06 (0,8023) 0,10 (0,7586)
Education 0.3228 -0.0145 0.4509 0.0000 0.0000 0.0000
.24 (0.0269) 0.01 {0.9238) 10,97 (0.0019) 0.00 {0.0000) 0.00 (0.0000) 0,00 (0,0000)
Expendéil 0.6876 0.0000 0,0000 0.0000 0,0000 0.0000
i 40,346 (0.0000) 0.00 {0.0000) 0,00 {0,0000) 0.00 {0.0000) 0,00 {0,0000) 0,00 (0,0000)
Expendsa 0.6667 -0,2007 -0, 1031 -0,13e0 -0, 1454 -0,1255
i 36.01 (0.0000) 1.85 (0.1810) 0,46 (0,5005) 0.79 (0.37586) 0.92 (0.3423) 0,67 (0.4172)
Labar 0.1839 0.1451 0,3004 0.0862 0.0381 0.1801
1.66 (0,2036) 0,94 (0.3325) 4,26 {0,0450) 0,13 {0.7173) 0,06 {0,6085) 0,92 (0,3428)
Ml 0.2139 0.2628 0,.3967 0.2255 0,1900 0.1135%
2.16 (0.1438) 3.26 (0.0777) §.03 (0,0070) 2,25 (0.1410) 1,54 (0.2224) 0,52 (0.4743)
PonSize 0.337% -0.0395 -0.2125 -0.1307 -0.0627 -0.0734
i 5.78 (0.0204) 0.07 (0.7943) 2,03 (0.1611) 0.73 (0.3977) 0,16 (0.6896) 0,22 (0.6440)
Narhite 0.0326 0.2531 -0,1123 0.0428 -0.0594 -0.0955
0.05 (0.8278) 3.01 (0.0894) 0,55 (0,4625) 0.08 (0.7828) 0,33 (0.5685) 0,39 (0,6335)
-0.0k04 -0.0282 0.0283 0.0866 0.1570 -0.1861
Unemp14-24
0.11 (0.7362) 0.03 (0.8528) 0.03 (0.8537) 0.13 (0.71563) 1.04 (0.3146) 1.44 (0.2380)
01773 0.0701 -0.0094 0.1643 0.3123 0.0000
Unemp35-39
1.46 (0.2331) 0.22 (0.6432) 0,00 {0,9513) 1.17 (0.28645) 4,43 (0.0415) 0,00 (0,0000)
Famincame 0.4413 -0,2233 0.2722 0.1559 0.2515 0.25%95
10.88 (0.0019) 2,31 (0.1358) 3.44 (0,0705) 1.50 (0.2269) 3,53 (0.0674) 2,589 (0.0970)
-0.1750 0.4518 0,0000 0.0000 0.0000 0.0000
IncUnderied
1.49 (0.2286) 11,27 (0.0018) 0,00 §0,0000) 0.00 {0,0000) 0,00 §0,0000) 0,00 (0,0000)
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Forward Selection for Regression R.R.
At the first step, EXPEND60 is the most correlated with the endogenous variable (r = 0.6876).
With the t of Student (the Fisher’s F is the square of the Student’s t), we see that this

correlation is significant (at the significance level of 0.05).

At the second step, we compute the correlation between the endogenous the resulting
variables, by removing the information given by EXPEND60: this is a partial correlation. We
see that INCUNDERMED is the most correlated with the endogenous and it is highly

significant (the degree of freedom of the test has been modified!).

We continue the process until we cannot introduce anymore a new variable: we obtain 5

relevant variables.

On the DASL website, the authors propose the same regression --
http:/ /lib.stat.cmu.edu/DASL /Stories /USCrime.html.

Dependent wariable is: R

No Selectar

48 total cases of which 1 is missing

R ozquared =730% R squared (adjusted) = 59.7%
g= 2130 with 47 - 6 =41 degrees of freedomm

Source Sum of Squares df Mean Square F-ratio
Regression 502054 5 10041.1 221
Residual 18603.6 41 4n3.747

Variable  Ceefficient se.ofCoeff tratio prob
Constant  -h24.374 9512 551 =0,0001
Age 1.01982 0.3532 259 0.00&2

Ed 203077 04742 4.28 0.0001
2 0913408 0.4341 210 0.0415

x 0634926 0.1468 432 < 0.0001
Exd 123312 01414 8,71 = 0,0001

Normality test

The regression component produces two variables: the prediction and the residuals. In order

to check the validity of the regression, it is possible to test the normality of the residuals.

We add a new DEFINE STATUS in the diagram and set the variable ERR_PRED_LMREG_2
as INPUT.
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Diefault title

= Dataset (crime_dataset_from_DAS5L.xls)
= ¥ Define status 1

~, fhultiple linear regression 1

Linear correlation 1

=+ Forward Entry Regression 1

¥4 Define status 4

Ahultiple linear regression 2

Regression parameters

Include intercept yes

Define attribute statuses

Pararmeters

Attributes

Target Input Hlustrative‘

Err_Pred_fwdReg_1

Expend&l
Expenddd
Labor

hdale
PapSize
Martwhite
Unempl14-24
Unemp35-39
Farnlncome
IncUndertded

>

nonononnon

n

| C En_Fred_fwdRea_1 |

IELaR il

Clear selection ]

L Ok J[ Cancel ” Help ]

We add the NORMALITY TEST component. At the significance level of 5%, we see that the

observed residuals are compatible with the assumption of normality.

Default litle J

= Dataset (crime_dataset_from_DASLxls)
- Define status 1

Multiple linear regression 1
Linear correlation 1

»{ Forward Entry Regression 1
Bm Define status 4
& Mormality Test 1

Multiple linear regression 2

{ Normality Test 1

Attributes : 1
Examples : 47

Computation time : 0ms,
Created at 03/05/2005 13:02:30

- - Shapiro-Wilk  Lilliefors D = max[D-,0+] Anderson-Darling d'Agostino
Attributy Mu ; §i
ribute Ui igma ip-value) ip-value) ip-value) ip-value)
0.0819 = 1.0000 ~2 +1.7926 ~2 =
0.0000 ; 0,971434 0,425719 -
Ert_Pred_findReg_1 " g ma [1.0819,0.0811] i e 4.2131
: : In *=0.20) A= 10.127)

————
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