SDSC 2102
STATISTICAL METHODS AND
DATA ANALYSIS

Lab 3,4 — Linear Regression Analysis using SPSS




A1ims

A. Learn the process of model training and model testing
Split dataset to training set and test set;

Make prediction for the test set.

B. Learn to perform simple & multiple linear regression
Check the correlations of the variables;
Compute regression coefficients;
Understand the role of R square;

Able to recognize multicollinearity.



Model Description

Given a dataset {(x;,y;),i = 1,...,n} and we want
to find the relationship between x and y.

In linear regression model, a line 1s used to fit the
relationship.
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Figure source: Wikipedia: Simple linear regression



Model Description

Simple (univariate) Linear Regression:
5; — 60 + 91x

y: predicted value of the response
0,: v -intercept of the regression line

0, : slope of the regression line

x: predictor, explanatory or independent variable



Model Description
Simple Linear Regression:

Vo= ae
:80+81Xi+8i

y;: true value of the response
e;: error term (residual) satisfying ),/ ; e; = 0



Model Description

Coefficient of Determination: R Square

R2:1_ ?:1(yl_5,\l)2:1_55_E
7l'1=1(yi _3_’)2 SST

SSE: the sum of squared error
SST': the sum of squared total

R% = 0: Response cannot be predicted from the independent
variable.

R% = 1: Response can be perfectly predicted without error
from the independent variable.



Training Set and Test Set

Training dataset i1s the set, on which the model i1s
initially fitted and the model parameters are found.

Test dataset i1s to judge the performance of the
selected model.

We can use 80% data as training set and the left 20%
data are used as test set.



Model Description

Multiple Linear Regression:
Yy = 0p+01x1 +0,x, + -+ O xp

Adjusted R Square:
k(1—R?%)
n—k—1

R2—RZ

Variance Inflation Factor (VIF):
A 1ndex to check multicollinearity.

If VIF = 10, model has severe multicollinearity, which
may increase the variance of the coefficient estimates.



Part A. Split dataset

FEE
- Import Data

ntitled [Dataset0] - IBM SPSS Stati &) 15M SPSS Statistics 22 7 — o
Edit View Data Tran
SH & "o 1BV SPSS Statistics
l New Files: What's New: |Visible: 0 of 0 Vari
I var ” var | KA Kha ot Take your and tables anywher: “ var ” ver ” v
3 (&9 New Database Query...
2 ] Now you can export your
—*5‘—* Recent Files: SPSS Sta_ﬁsﬂcs output
Q C\Usersin LIU\Desktop\Demo1.sav AR 011 L EIONC o
A \Desktop\Sample_data_0.xlsx (@ or any smart device
—_— 2 pisample_data_9. (smartphones, tablets,
5 Q \ProcessedDatalnput_spss.sav etc.).
B | ’ - oCe 2 d Jd
[ <
8 | r 4
9| 7
a— / Modules and Programmability:
0 Learn more about the IBM SPSS Statistics
Open SP S S and Clle modules and IBM SPSS Regression
programmbility extensions ;o
14 29 IBM SPSS Advanced Statistics
Open another file... ol
14 IBM SPSS Categories
T Show: [installed =]  [IBM SPSS Missing Values
16 Tutorials:
17
JEEl ! Learn how to use Introduction “
18 ‘ rRM SPSSStatisticsto get  |Reaging Data j
19 | the results youneed |\ y5ing the Data Editor
20 Examining Summary Statistics for Individual Variable
21 Crosstabulation Tables ~]
4 »
ta View h Don't show this dialog in the future @
TINS5 S FTOCES SO 1S Teddy | | ‘Ummdeo" l l




Part A. Split dataset

- Import Data

T e ———

New Files:

What's New:

|V|sible: 0¢
—I var I New Dataset | Lilanl h DA ODOO0 Otatintine itk IDLE A 1 AALArk I ll var I' var
| |(©) New Database Query.. & Open w
| RecentFiles: Lookin: | I £ -] @ E
Q?esnopﬁamgl e_data_0.xisx Lab 3 Screenshot
AOps Snomar Ne._. ] Literature
MATLAB function
personal use
project
| Slides
l Wind Turbine Model
1 @ Experiment_Result_3.xisx
8" NewGP.xisx
—— =,
"] Sample_data_0.xisx
| 2. Find your data and
1. Set the Files of ~ double click
|
(14 2
type as “Excel Data gname:  |Sample_data_0.xisx | [ cpen |
i
e —
a Files oMGe: [Excel Data (s, *xisx, “xism) ) = (_cancel |
l l
E L — V| |
Don't show this dialog in the future (cancel
[IBM Do SIEUSUCS FTocessor s reddy | | |Unicode:ON |



Part A. Split dataset

- Import Data

[BM SPSS Statistics

New Files: What's New:
ik nleash IBM SPSS Statistics with IBM developerWorks
(sy New Database Query...
Helps you develop skills,
Recent Files: collaborate, download
AT extensions and custom
\Desklop\Smle_data_o.xlsx s g %

[ e... - @ Opening Excel Data Source

C:\WUsers\Xin LIU\Desktop\Sample_data_0.xIsx

Read variable names from the first row of data

Worksheet:
Range: I | 'S

sion
Maximum width for string columns: |32757 | d Statistics

A window pops out O St R
and click “OK” Thoriats:

Learn how to use Introduction
E SPSS Statistics to get Reading Data

the results you need Using the Data Editor I
Ed

Examining Summary Statistics for Individual Variable

Crosstabulation Tables

[~ Don't show this dialoa in the future ;



Part A. Split dataset

- Now the data 1s imported.

@ *Untitled2 [DataSet1] - IBM SPSS Statistics Data Editor

]_F_ue Edit View Data Transform Analze DirectMarketing Graphs Utiities Add-ons Window Help

ShHe

7 S i QW B

l“"l Ll H %

|V|sible: 7 of 7 Variables

| Time | Response | Response100000 Input1 | Input2 | Input3 [ Inputd [ var |

‘ 1 01-Oct-2008 .0003535419957635 35.3541995763512300 5.7272653579711910 12.2393522262573240 -4781374831994374 -29.3236083984375000
2 01-Oct-2008 .0003817622656483 38.1762265648344000 5.7358798980712890 12.2353401184082030 -.4781445364157359 -31.3377075195312500
3 | 01-Oct-2008 .0004901926987136 49.0192898713623900 5.2923078536987305 12.2313280105590820 -4781515896320343 -31.1883449554443360
4 01-Oct-2008 .0004253186862309 42.5318686230933000 5.5644450187683105 12.2273168563842770 -.4781586428483327 -22.2278347015380860
5 01-Oct-2008 .0003716644736330 37.1664473633003600 5.8365821838378910 12.2233047485351560 -.4781656960646312 -25.4763774871826170
6 01-Oct-2008 .0003280453887398 32.8045388739753040 6.1087193489074710 12.2192926406860350 -4781727691491445 -35.8977241516113300
7 01-Oct-2008 .0003090853467528 30.9085346752793600 6.3077316284179690 12.2152805328369140 -.4781798223654429 -26.1010131835937500
8 01-Oct-2008 .0003585741727826 35.8574172782604000 6.0742130279541020 12.2112693786621100 -4781868755817413 -14.6254701614379880
9 01-Oct-2008 .0003358370583409 33.5837058340910700 6.2793655395507810 12.2123937606811520 -.4781939287980397 -25.8846435546875000
10 01-Oct-2008 .0003907306916921 39.0730691692115000 6.0364079475402830 12.2533969879150390 -.4782009820143382 -22.4881954193115230

" 01-Oct-2008 .0004415300483621 44.1530048362149260 5.8574786186218260 12.2944002151489260 -.4782080352306366 -3.8344509601593018 H
12 01-Oct-2008 .0004039063300824 40.3906330082370960 6.0850696563720700 12.3354034423828120 -.4782150884469350 5.9199233055114750
13 I 01-Oct-2008 .0003848553583987 38.4855358398694700 6.1554503440856930 12.3764066696167000 -.4782221416632335 16.8376522064209000
14 01-Oct-2008 .0003667757911329 36.6775791132917000 6.2258310317993160 12.4174108505249020 -4782291948795319 1.2255277633666992
15 01-Oct-2008 .0003441899034093 34.4189903409301200 6.3429355621337890 12.4584140777587890 -.4782362580299377 -3.7134051322937010
16 01-Oct-2008 .0002949460057972 29.4946005797247040 6.7477374076843260 12.4994173049926760 -.4782433112462362 -1.2015984058380127
17 01-Oct-2008 .0003022158733150 30.2215873315000180 6.5956001281738280 12.5404205322265620 -4782503743966420 -.2330269664525986
18 01-Oct-2008 .0003285147653682 32.8514765368215400 6.4434628486633300 12.5814237594604500 -.4782574276129405 -8.3876247406005860
19 01-Oct-2008 .0003629734263869 36.2973426386911840 6.2603383064270020 12.6224269866943360 -4782644907633464 -4.0000000000000000
20 01-Oct-2008 .0004120962422249 41.2096242224911300 6.0272130966186520 12.6634302139282230 - 4782715439796448 -4.0000000000000000

21 01-Oct-2008 .0002794256691670 27.9425669167011180 6.8901643753051760 12.7044343948364260 -4782785971959432 -4.4861187934875490 ~]

N _ ¥ |

m——
| oata View|Varti i,
1BM SPSS Statistics Processorisready | | [UnicodeON | | |




Part A. Split dataset

A
- Split Dataset: Label samples to indicate in which set

the sample 1s.

1 U0 JLULISULD LIUU LT

file  Edit Vi sform  Analyze  DirectMarketing  Graphs  Utilities  Add-ons  Window  Help
fine Variable Properties... g (4]
% H } efine Variable Properties H ] E % 53 e % ‘ M9
| 24 SetMeasurement Level for Unknown... =
g |z Copy Data Properties... -
S hse100000 | Input Input2 | Input3
1. Clle “Data” tab. o 1995763512300 57272653579711910  12.2393522262573240 - 478137483199437:
N ] (e 0265648344000  5.7358798980712890  12.2353401184082030 - 478144536415735¢
oo 2
3 o1 i Define lultiple Response Sets... P895713623900 5.2923078536987305  12.2313280105590820 - 478151589632034:
4 0 Validation 5.5644450187683105 12.2273168563842770 -.478158642848332
5 01 = Identify Duplicate Cases... 5.8365821838378910  12.2233047485351560 - 478165696064631;
6 013 Identify Unusual Cases... 6.1087193489074710  12.2192926406860350 - 478172769149144!
7 015, Compare Datasets... 6.3077316284179690  12.2152805328369140 - 478179822365442¢
8 0 = 6.0742130279541020  12.2112693786621100 - 478186875581741;
(53 Sort Cases...
9 01— ) 6.2793655395507810  12.2123937606811520 -478193928798039]
Sort Variables... -
10 0 6.0364079475402830  12.2533969879150390 - 478200982014338;
1 o{ & Transpose... 5.8574786186218260  12.2944002151489260 - 475208035230636(
12 0 Morge Files 6.0850696563720700 12.3354034423828120 -.478215088446935(
13 01 P Restructure... 6.1554503440856930  12.3764066696167000 - 478222141663233!
14 01 Rake Weights... 6.2258310317993160  12.4174108505249020 - 478229194879531¢
15 0 Propensity Score Matching... 6.3429355621337890 12.4584140777587890 - 478236258029937
6 01  Case Control Matching... 6.7477374076843260  12.4994173049926760 -478243311246236;
17 01 e, aggreate.. 6.5956001281738280  12.5404205322265620 - 478250374396642(
18 ™ niis 6.4434628486633300  12.5814237594604500 - 478257427612940!
19 of T 6.2603383064270020 12 6224269866943360 - AT8264490763346:
20 o Seogoss Besgn §.0272130966186520  12.6634302139282230 - 478271543979644(
21 01 s Copy Dataset . » ,y 3048364260 - 478278597195943;
e 2. Click “Select Cases
Data View | Vi Labie| FH select Cases...
Select Cases... gt T IBM SPSS Statistics Proce:




Part A. Split dataset

A
- Split Dataset: Label samples

bl R EEBLE % %

@ Select Cases

| Response . R ~Select ) L
2008 .0003535419957635 35 Tlmo © Al cases A WlIldOW pops out.
2008 0003817622656483 38 | ¢ Response .
2008 0004901928987136 49 5 Reszonse"moooo [ AR cariBorsie sy SeleCt “Random Sample Of CaSCS”
Input 1 [Inputt
2008 0004253186862309 42 | % In:ut ; gn;’u&} (B iy v it | 4781586428483327 -2
2008 0003716644736330 37 | @ jnout 3 fnputy) . 4781656960646312 -2
2008 0003280453887398 32 | & Input 4 [Inputd] ,  4781727691491445 -3
© Based on time or case range
2008 0003090853467528 30 | 4781798223654429 -2
2008 0003585741727826 35 Ra0ge: . 4781868755817413 -1
2008 0003358370583409 33 © Use fiter variable: . 4781939287980397 -2
2008 0003907306916921 39 » || [4782009820143382 -2
2008 0004415300483621 44 . 4782080352306366 -
2008 0004039063300824 40 ~Output - 4782150884469350 |
2008 0003848553583987 38 @ Filter out unselected cases . 4782221416632335 1
2008 .0003667757911329 36 © Copy selected cases to a new dataset - 4782291948795319
2008 0003441899034093 34 Dataset name . 4782362580299377 -
2008 0002949460057972 29 O Dilals tnsalsctad caisds . 4782433112462362 -
2008 0003022158733150 30 : - 4782503743966420
2008 0003285147653682] 33 ot OoTotisycatas | 4782574276129405 -
2008 0003629734263869 36 | 4782644907633464 -
2008 0004120962422249 41 oo [ Reset |(cancel | Help - 4782715439796448 -
2008 0002794256691670  27- :

z-rvasosogsoovazour—— 4 7827859719594 32 ~




Part A. Split dataset

A
- Split Dataset: Label samples

= ﬂ ' ' SIS : . :-‘
@R Select Cases X

Ri ~Select | Input3
1957635 35 (g% Time Aicases - 4781374831¢
656483 3?1 & Response If condition is satisfied -47814453641
1987136 49 g Resﬂ:'}f‘-"ﬁ}"""" L = - 47815158967
; ! Input 1 [Inpu - i
'3;2222 :j & Input 2 [Input2)] @ Random sample of cases § 47615864254
| | f Input 2 fnnut21 () 0
1887398 32 | & Inp & Select Cases: Random Sample 1. As we Would use 80 A) data for
467528 30 | / training, here we put in “80”.
727826 35 e - 4781868755¢
583409 33 @ Approstenctoly % of all “D - 4781939287¢
916921 39 O Exachy sy || +47820098201
483621 44 - Sl = - 47820803523
1300824 40 ) ATE21508844
1583987 3 L T
'911329 35; ) Copy selected casestoal 2. Click “Continue
034093 34 Dataset name - 47823625802
057972 29 © Delete unselected cases - 47824331124
1733150 30 - 4782503743¢
'653682 32 Current Status: Do not filter cases 47825742761
1263869 36 - 4782644907€
422249 41 ~aco Reset(cancel] . 47827154397
1691670 27 ; rowooTToTRRETUT———t 4 782785971




Part A. Split dataset

A
- Split Dataset: Label samples

3 Select Cases X
~Select
&2 Time © All cases
& Response © If condition is satisfied
& Response*1000001.. =
& Input 1 inputt] i
& Input 2 [Input2] @® Random sample of cases
& Input 3 [Input3] @ Approximately 80% of the cases
& Input 4 [Inputd) _ !
© Based on time or case range
Range... 1. Select “Filter out
O Use fiter variable: / unselected cases”
B | = ||t
~Output ﬁ/ L.

@om unselected cases D =

© Copy selected cases to a new dataset

Dataset name

© Delete unselected cases

2. Click “OK”

rrent Status: Do not filter cases

| Reset ]| Cancel || Help |



Part A. Split dataset

Split Dataset: Label samples

@ *Untitled?2 [DataSet1] - IBM SPSS Statistics Data Editor = X
File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help
- . DR Em s B Al
TH® -~ BB H BN EH 9% “
1:filter_$ 1 Visi S
Time Response Response 100000 Input1 Input2 Input3 Input4 filter_$
1 01-Oct-2008 0003535419957635 35.3541995763512300 5.7272653579711910 12.2393522262573240 -4781374831994374 -29.3236083984375
2 01-Oct-2008 0003817622656483 38.1762265648344000 5.7358798980712890 12 9383401424025030 A7QAAAEICAAETIED 24,23770761953 1
3 01-Oct-2008 0004901928967136 49.0192898713623900 5.2923078536987305 . 3 3360 1
4 01-Oct-2008 0004253186862309 42 5318686230933000 5.56444501687683105 At the far rlght9 a new 15380860 1
5 01-Oct-2008 0003716644736330 37.1664473633003600 5.8365821838378910 . (13 $” 4871826170 1
6 01-Oct-2008 0003280453887398 32.8045388739753040 6.1087193489074710 Varlable named ﬁlter_ 1516113300 1
7 01-Oct-2008 0003090853467528 30.9085346752793600 6.3077316284179690 o 1835937500 1
8 01-Oct-2008 0003585741727826 35.8574172782604000 6.0742130279541020 1S generated’ Where 1 1614379880 1
9 01-Oct-2008 0003358370583409 33.5837058340910700 6.2793655395507810 111 5546875000 1
10 01-Oct-2008 0003907306916921 39.0730691692115000 6.0364079475402830 denOtes the tralnlng Set 4193115230 1
11 01-Oct-2008 0004415300483621 44 1530048362149260 5.8574786186218260 am 1 an n t 3601593018 1|
12 01-Oct-2008 0004039063300824 40.3906330082370960 6.0850696563720700 S p €S d O de otes 3055114750 1
13 01-Oct-2008 .0003848553583987 38.4855358398694700 6.1554503440856930 the te St Set Samples 2064209000 1
14 01-Oct-2008 .0003667757911329 36.6775791132917000 6.2258310317993160 : 7633666992 1
01-Oct-2008 0003441899034093 34.4189903409301200 6.3429355621337890 12.4584140777587890 -.4782362580299377 -3.7134051322937010 1
”ﬁ 0002949460057972 29.4946005797247040 6.7477374076843260 12.4994173049926760 -4782433112462362 -1.2015984058380127 0
. 0003022158733150 30.2215873315000180 6.5956001281738280 12.56404205322265620 -4782503743966420 -.2330269664525986 1
18 0003285147653682 32.8514765368215400 6.4434628486633300 12.5814237594604500 - 4782574276129405 -8.3876247406005860 1
19 0003629734263869 36.2973426386911840 6.2603383064270020 12.6224269866943360 -4782644907633464 -4.0000000000000000 1
20 01-Oct-2008 0272130966186520 12.6634302139282230 - 4782715439796448 -4.0000000000000000 1
21 01-Oct-2008 8901643753051760 12.7044343948364260 - 4782785971959432 -4 4861187934875490 1|7
o The test set samples o

Data View  Variable View

are stroked out.

IBM SPSS Statistics Processor is ready

Unicode:ON |Filter On



Part A. Split dataset

A
- Split out the test set according to the label.

uuuuu L

dit View{ Data Jransform Analye DirectMarketing Graphs  Ulilties Add-ons  Window  Help
H ™ Define Variable Properties... }] H : E ﬁ 5’2 @: - lg @ ‘ |
=" | 24 Set Measurement Level for Unknown... == L
& *= ~-py Data Properties... ] ] [
. 173 29 . . 52100000 Input1 \ Input2 \
Jjstom Aftribute : 3 ]
1. Click D*Ea tab. e D95763512300  5.7272653579711910  12.2393522262573240
m o= 65648344000 5.7358798980712890  12.2353401184082030
[=]-]
B o1 0Ostnelinio Reaponas Sets.. 398713623900  5.2923078536987305  12.2313280105590820
| o014 validation P 586230933000  5.5644450187683105  12.2273168563842770
| 01458 dentify Duplicate Cases... 173633003600 5.8365621838378910  12.2233047485351560
| 01{F3 identity Unusual Cases... 388739753040  6.1087193489074710  12.2192926406860350
B Y% comparsDatasets.. 346752793600  6.3077316284179690  12.2152805328369140
Ol o5 172782604000  6.0742130279541020  12.2112693786621100
() Sort Cases..
- D58340910700  6.2793655395507810  12.2123937606811520
SortVariables... K
o 591692115000  6.0364079475402830 12 2533969879150390
_ | o1{RiTranspose.. D48362149260  5.8574786186218260  12.2944002151489260
B o1 Memefhes " B30082370960  6.0850696563720700  12.3354034423828120
| 014 = Restructure.. 358398694700  6.1554503440856930  12.3764066696167000
| 014 Rakeweignts.. 791132917000  6.2258310317993160  12.4174108505249020
| 0 Propensity Score Matching... 503409301200 6.3429355621337890  12.4584140777587890
B 9 caseComoiMatching.. D05797247040  6.7477374076843260  12.4994173049926760
oo 373315000180  6.5956001281738280  12.5404205322265620
EE1 Agaregate...
L o e 765368215400  6.4434628486633300  12.5814237594604500
o . | 26386911840 62603363064270020  12.6224269866943360
B o] OfeocnaiDesim 42224911300 6.0272130966186520  12.6634302139282230
~ | 014 T Copy Dataset S T 12.7044343948364260
[==-] ” 5 (19 29
e 2. Click “Select Cases” ==
FF Select Cases...
& Weight Cases... 1BM SPS



Part A. Split dataset

A
- Split out the test set according to the label.

=
3| &R Select Cases X I
; ~Select | E
t [ Time O Al
| SRR A e 0
- — Select the “If condition
| . 77 @ If condition is satis . . ' .
(| & Response*100000 [ is satisfied” and click
: !' & Input 1 input1] I “« 29
7 | ¢ Input2 input2) © Random sample of cases If...” button.
{ & Input 3 [Input3] Sample...| Approximately 80% of the cases E
4 & Input 4 [Inputd) m
1 | & Approximately 80% . Based on time or case range
“. Range...
!‘ © Use filter variable:
.
1 - | |
ki ~Output
J @ Filter out unselected cases
A Copy selected cases to a new dataset
[33!-359! name
© Delete unselected cases

Current Status: Filter cases by values of filter_$

ol bl mal ma g



Part A. Split dataset

lﬁi Select Cases: If

»

3
0
5
1l

& Time

& Response

& Response*100000 ...
& Input 1 [Input1]

& Input 2 Input2]

& Input 3 [Input3]

&

8l
5
1l
3
4
6

?.Q‘IE..PE.L\‘L;E.%.

filter_s|

N

/
FIEIEE

W

A new window pops out.
1. Double click the new

created variable at the

left side, then “filter $” -~ |

will be shown in this
textbox above.

(Continue _cancel J|_Hetp_|

@ N A A e W 2O @ W @

3. Click
“Continue”

up:

E 2. Then type “=0".

't Cases: If

/
0< filter_$=0| )

sponse
sponse*1000007[...
ut 1 [Input1] Function group:
ut 2 [Input2] ‘ All
w w u Arithmetic

« Ut 3[Input3]
& Input 4 [inputd] |

CDF & Noncentral CDF
Conversion

Current Date/Time
Date Arithmetic

Date Creation

Mok Fodee obioo

b

Functions and Special Variables: |

T




Part A. Split dataset

. @ Select Cases %
~Select
42 Time || © Allcases
g 2esponse 100000 @ If condition is satisfied
esponse*
& Input 1 input1] (Lt ] fier_s=0
& Input 2 Input2) © Random sample of cases
’ |npUt3[|nDUt3] §amp|e Approximately 80% of the cases
& Input 4 [Inputd] r——
& Approximately 80% ... Based on time or case range
Range..

1. Select “Copy selected cases
to a new dataset” and givea
name to it as “Data_test”.

g

© Filter
@ CQDY selected cases to a new dataset

~~Datasetname: |Data_test 4/[

© Delete unselected cases

D D . ' 2" " . " P . . P . D w I
B 8N a L s | B . SN RSN AN A . B W . s . . 8N

\

C

Current Status: Filter cases by values of filter_$

“

2. Click OK ——+([ox Desste ) ssse) (cana) e




Part A. Split dataset

@ *Untif M SPSS Statistics Data Editor — g X
Iflle E #dta Transform  Analyze DirectMarketing Graphs  Utilites Add-ons Window Help
i —— W | f

Now the test set 1s created.

. B #

B 9%

|visible: 8 of 8 Variables

| Time | Response | Response100000 | Input1 | Input2 | Input3 [ Input4 | fiter $

1 } 01-Oct-2008 .0002949460057972 29.4946005797247040 6.7477374076843260 12.4994173049926760 -.4782433112462362 -1.2015984058380127
2 01-Oct-2008 .0003805450438893 38.0545043889259200 6.5020041465759280 12.9199161529541020 -.4783138732115428 .7160657644271851

3 01-Oct-2008 -0003704301050037 37.0430105003685450 6.5660471916198730 13.0335521697998050 -.4783914784590403 11.4929151535034180

4 01-Oct-2008 .0004166247337933 41.6624733793279600 6.1003174781799320 12.7729568481445310 -.4784549772739410 -26.9283237457275400

5 01-Oct-2008 .0003899361267655 38.9936126765471940 6.1963133811950680 12.5610017776489260 -.4784973065058391 9.5104637145996100

6 01-Oct-2008 .0004315673842379 43.1567384237937500 6.0635867118835450 12.8111324310302730 -4785396357377370 27.3015270233154300

il 01-Oct-2008 .0004730787592309 47.3078759230892800 5.7628483772277830 12.5912876129150390 -.4786736766497294 9.0846290588378900

8 ] 01-Oct-2008 .0003600482389336 36.0048238933551000 6.7593774795532230 13.2391061782836910 -4787160158157349 21.3739318847656250

9 01-Oct-2008 -0004027952548692 40.2795254869227200 6.4883894920349120 13.5111141204833980 -.4787442286809285 6.1931562423706055

10 01-Oct-2008 -0004594123521560 45.9412352155992700 6.3864254951477050 13.5423336029052730 - 4787724514802297 -.2918875217437744

11 01-Oct-2008 -0003437572222527 34.3757222252707700 7.2164282798767090 13.7622613906860350 -.4788077274958293 -8.2967634472656250
12 01-Oct-2008 -0003477447739305 34.7744773930523600 6.8907461166381840 13.5562973022460940 -.4788359502951304 -14.5526952743530270

13 01-Oct-2008 .0004739669198492 47.3966919849240000 6.2070965766906740 13.2583360671997070 -.4788641631603241 16.3462047576904300

14 01-Oct-2008 .0003914257012134 39.1425701213355200 6.9063677787780760 14.1494235992431640 -.4788994491100311 13.6158351898193360

15 01-Oct-2008 -0003129293636329 31.2929363632914140 7.5547242164611820 14.3734378814697270 -.4789065023263295 12.1683092117309570

16 01-Oct-2008 .0003394002007519 33.9400200751884800 7.5072364807128910 14.5428647994995120 -.4789135555426280 5.7832922935485840

17 01-Oct-2008 .0004176809905581 41.7680990558081600 6.9199404716491700 14.4847478866577150 -.4789276619752248 4.8986506462097170

18 01-Oct-2008 .0004243013211549 42.4301321154912800 6.8154144287109375 14.2013788223266600 -4789770444234212 -.2087526321411133

19 01-Oct-2008 .0003154927245970 31.5492724596985670 7.8491978645324710 14.8219470977783200 -.4790264368057251 -3.1222536563873290

20 01-Oct-2008 .0003445152536408 34.4515253640822440 7.9921545982360840 15.3820934295654300 -.4790758192539215 -2.8295378684997560
21 01-Oct-2008 .0003337125649435 33.3712564943507300 8.6538105010986330 16.5982074737548830 -.4791322648525238 -6.3681745529174805 ~]

I3
— |

|]M| e

|1BM SPSS Statistics Processor is ready | |
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Part A. Split dataset

1. Move back to the “Datasetl”

gt View( Data Jransform Analze DirectMarketing Graphs Utiities Add-ons Window Help
H Define Variable Properties... == E E 5@ - g Q ‘ |
=" | 24 SetMeasurement Level for Unknown... ' L
& *= ~-py Data Properties... ” ][ ”
3 113 29 o 52100000 Input1 Input2
w Custom Aftribute 3 .
2. Click D?Ea tab. — )95763512300  5.7272653679711910  12.2393522262573240
2 = 65648344000  57358798980712890  12.2353401184082030
B o EOsc i Respones Sete.. 398713623900  5.2923078536987305  12.2313280105590820
| o01{ Validation * 586230933000  5.5644450187683105  12.2273168563842770
| 01-{5E 1dentity Duplicate Cases... 473633003600  5.8365821838378910  12.2233047485351560
| 01{ 3 1dentity Unusual Cases... 388739753040 6.1087193489074710  12.2192926406860350
__| o Compare Datasets.. 346752793600  6.3077316284179690  12.2152805328369140
01- 172782604000  6.0742130279541020  12.2112693786621100
— () Sort Cases..
- D58340910700  6.2793656395507810 12.2123937606811520
SortVariables... K
| o 591692115000  6.0364079475402830  12.2533969679150390
_ | o1{RiTranspose.. D48362149260  5.8574786186218260 12.2944002151489260
B o et " B30082370960  6.0850696563720700  12.3354034423828120
| 014 Restructure.. 358398694700  6.1554503440856930  12.3764066696167000
~ | ot{ RakeWeignts.. 791132017000  6.2258310317993160  12.4174108505249020
BB 01{ Propensily Score Makhing.. 503409301200 6.3429356621337890  12.4584140777587890
= X e — D05797247040  6.7477374076843260  12.4994173049926760
| o 373315000180 6.5956001281738280  12.5404205322265620
EE1 Agaregate...
0 TS R 765368215400  6.4434628486633300  12.5814237594604500
o . | 026386911840 6.2603383064270020  12.6224269866343360
B o] OfeocnaiDesim 42224911300 6.0272130966186520  12.6634302139282230
~ | 01 s CopyDataset o TOTTI T 12.7044343948364260
-~-] . 5 (13 29
e 3. Click “Select Cases
FH select Cases...
&= weight Cases... [1BM SPS



Part A. Split dataset

@ Select Cases X
~Select |
o Select the “If conditi
& Response @ If condition is satis 2 = SULLLLL
5:‘6319‘1”;'59‘&:’;’000[ - B is satisfied” and click
nput 1 [Inp
& Input 2 [Input2) © Random sample of cases “If...” button.
ﬁ Input 3 [Input3] ‘.§arnple__, \ Approximately 80% of the cases
S 4'[Input4] © Based on time or case range
&b Approximately 80% ... =
Range... |
© Use filter variable:
we B

~Output
@ Filter out unselected cases

© Copy selected cases to a new dataset
Dataset name

© Delete unselected cases

Current Status: Filter cases by values of filter_$

[ Reset ][ cancel | Help |




Part A. Split dataset

Ié a Select Cases: If

|

[
g ﬁ‘nme v filter_|
1 Response |
;j & sts:n:e-woooo o \ :
| Plitten - Anew wind o 2. Th “=1”
B it ; new window pops out. . cn type =1 .
g - 1. Double click the new / v
B E created variable at the
5 . _
! filter_$=1|
) L left side as before. | N = i
1‘ D \ + 0 IResponse’m{mOO [ -
3 & Input1 Input1] Function group: ,
& Input 2 [Input2) ‘ _ i S -1 Al = |
8 & Input 3 Inputa] u HH HHH Arithmetic
4 { | & nput4 nputa) 0 , CDF & Noncentral CDF
4 &> Approximately 80% ... u wu uwu Conversion
2 : Current Date/Time
8l u HH uuw Date Arithmetic
) 1 o ' ‘ Date Creati
: __ | W e
:_ HM“ 1 H Hw M Functions and Special Variables: |
3
4
6
1
4
2]
B!

3. Click “Contin

o

ue’ —— @m

T




Part A. Split dataset

2

M SPSS Statistics Data Editor
#fa  Transform  Analyze DirectMarketing Graphs Utilities Add-ons Window Help

M~ ~ %3 B M HE BT 200 %

Now the training set is created.

&8 *untitl

File  Edit
H=—WE |

|Visible: 8 of 8 Variables

Time Response Response 100000 ‘\ Input1 Input2 H Input3 ] Input4 h

. 1 01-Oct-2008 -0003535419957635 35.3541995763512300 5.7272653579711910 12.2393522262573240 -4781374831994374  -29.3236083984375000

2 01-Oct-2008 .0003817622656483 38.1762265648344000 5.7358798980712890 12.2353401184082030 -.4781445364157359 -31.3377075195312500

3 01-Oct-2008 .0004901928987136 49.0192898713623900 5.2923078536987305 12.2313280105590820 -.4781515896320343 -31.1883449554443360

4 01-Oct-2008 .0004253186862309 42 5318686230933000 5.5644450187683105 12.2273168563842770 -4781586428483327 -22.2278347015380860

5 01-Oct-2008 .0003716644736330 37.1664473633003600 5.8365821838378910 12.2233047485351560 -.4781656960646312 -25.4763774871826170

6 01-Oct-2008 -0003280453887398 32.8045388739753040 6.1087193489074710 12.2192926406860350 -4781727691491445  -35.8977241516113300
| 7 01-Oct-2008 .0003090853467528 30.9085346752793600 6.3077316284179690 12.2152805328369140 -4781798223654429  -26.1010131835937500

8 ] 01-Oct-2008 .0003585741727826 35.8574172782604000 6.0742130279541020 12.2112693786621100 -4781868755817413 -14.6254701614379880

9 01-Oct-2008 .0003358370583409 33.5837058340910700 6.2793655395507810 12.2123937606811520 - 4781939287980397 -25 8846435546875000

10 01-Oct-2008 .0003907306916921 39.0730691692115000 6.0364079475402830 12.2533969879150390 -4782009820143382  -22.4881954193115230

1 01-Oct-2008 .0004415300483621 44 1530048362149260 5.8574786186218260 12.2944002151489260 -.4782080352306366 -3.8344509601593018
|\ 12 01-Oct-2008 -0004039063300824 40.3906330082370960 6.0850696563720700 12.3354034423828120 - 4782150884469350 5.9199233055114750

13 01-Oct-2008 .0003848553583987 38.4855358398694700 6.1554503440856930 12.3764066696167000 -4782221416632335 16.8376522064209000

14 01-Oct-2008 .0003667757911329 36.6775791132917000 6.2258310317993160 12.4174108505249020 -.4782291948795319 1.2255277633666992

15 01-Oct-2008 000344 1899034093 34.4189903409301200 6.3429355621337890 12.4584140777587890 - 4782362580299377 -3.7134051322937010

16 01-Oct-2008 .0003022158733150 30.2215873315000180 6.5956001281738280 12.5404205322265620 - 4782503743966420 -.2330269664525986

17 | 01-Oct-2008 .0003285147653682 32.8514765368215400 6.4434628486633300 12.5814237594604500 - 4782574276129405 -8.3876247406005860

18 01-Oct-2008 .0003629734263869 36.2973426386911840 6.2603383064270020 12.6224269866943360 -.4782644907633464 -4.0000000000000000

19 01-Oct-2008 -0004120962422249 41.2096242224911300 6.0272130966186520 12.6634302139282230 - 4782715439796448 -4.0000000000000000

20 01-Oct-2008 .0002794256691670 27.9425669167011180 6.8901643753051760 12.7044343948364260 -4782785971959432 -4.4861187934875490
| 21 EE 01-Oct-2008 .0003922854038970 39.2285403897000650 6.1874928474426270 12.7454376220703120 -.4782856504122416 -7.6124124526977540 ] IE
| _ 3

i [IBM SPSS Statistics Processor is ready f \

|Unicoge:on | | |




art B. Simple Linear Regression

Application 1: Check the linear relationship

A. Compute Correlations

énalyze irect Marketing  Graphs  Utilities Add-ons  Window Help
| Reports » h :ﬁﬁ 3 B "‘» :j Al @
Descriptive Statistics > T M) Bl T a4 D
32034 Taples ,
. R » Input1 Input2
1. Click “Analyze” tab )0 Ziﬁi::i:::;ode, » 17600 7.1575§muo4s1sso 17.36813‘-;0816650400
0 Erribedieatiodds b 19660 9.2056762313842770  19.5079156494140620
T (. , 19500 8.9122705459594730 19 5440826416015620
- Se-=59073486330  19.4902496337890620
; : 85002136230 18.3722763061523440
Regr : artial... 65 ' i )
0 o ewor . Besenes. B 3 Click “Bivariate”
_ 6400 8.7089443206787110  18.6906909942626950
2. Click “Correlate” " | " 8600  101771297454833980  19.9072399139404300
JU  DFmansionfiomicion " 1260 10.1041145324707030 19 3486595153808600
ool jas. " lsas0 8.7552623748779300 18 .6338386535644530
ool HEondacaic et " loos0 8.6200866699218750  17.3237552642822270
oo  Forecasting * jes00 8.2210998535156250  17.1752586364746100
oo  Survival * L4400 8.6732320785522460 17.1253852844238280
00,  Multiple Response P 7100 7.5828623771667480 17.3601074218750000
00| [ Missing Value Analysis... 7100 8.0207948684692380  16.9656524658203120
00|  Multiple Imputation » 5900 8.2677745819091800  17.1853485107421880
00 Complex Samples » 9800 7.7124676704406740  17.5111103057861330
00} BB, Simulation... 0500 7.7221465110778810  17.4387435913085940
00 Quality Control » 5560 8.4138078689575200  19.4264602661132800
00 o s s 0700 8.9186391830444340  19.6547069549560550
[e—— e ——————————




Part B. Simple Linear Regression

Application 1. A: Compute Correlations

W &as
1
1. Drag “Response*100000”, ' .

) 2 Options...
“I 1. “I P o] 3> E—— Response*100000
JEUL s HL P2, T D0s "% | & Response & Input 1 [Input1] Style...
“Input4” from the left column 1 | & Approximately 80% ... & Input 2 [Input2)
to the right column 5 & Input 3 [Input3] "

- Input 4 [Inputd]
3
3
£

14  Correlation Coefficients

¥ -[Pearsog | Kendall's tau-b || Spearman

)% Test of Significance
¢ | © Two-tailed © One-tailed

Sf « Flag significant correlations
2. Click “OK” —&
r ok ) esste | mese ) [cancel o

13135R978TRYNA00 T 17771481107 T8RRI 17 438743797130854940



Part B. Simple Linear Regression

Application 1. A: Compute Correlations

Output of Correlations

% Correlations

Correlations
Response*10
0000 Input 1 Input 2 Input 3 Input 4
Response*100000 Pearson Correlation 1 356 485 - 667 124"
Sig. (2-tailed) .000 .000 .000 .000
N 48059 48059 48059 48059 48059
Input 1 Pearson Correlation 356 1 869 -.388 056
Sig. (2-tailed) .000 .000 .000 .000
N 48059 48059 43059 48059 48059
Input 2 Pearson Correlation 485 869 1 -694" 095
Sig. (2-tailed) .000 .000 .000 .000
N 48059 48059 48059 48059 48059
Input 3 Pearson Correlation -667 -388 -694" 1 -136
Sig. (2-tailed) .000 .000 .000 .000
N 48059 48059 48059 48059 48059
Input 4 Pearson Correlation 124" 056 095 -136 1
Sig. (2-tailed) .000 .000 .000 .000
N 48059 48059 48059 48059 48059

** Correlation is significant atthe 0.01 level (2-tailed).




Part B. Simple Linear Regression

Application 1: Check the linear relationship

B. Observe the relationship 1n a scatter plot.
1. Click “Graphs” tab

ies  Add-ons

File Edit View Data Transform Analze Direct Marke

[FHHE e~ 84, =

Graphs window  Help

H A0®

il Chart Builder...
Graphboard Template Chooser...

Compare Subgroups

| i SONRRD Respol  egression Variable Plots BN o
1 01-Oct-2008 0003535419957635 35.354 12 2303E29969673240 -4781374831994374  -29
2 01-Oct-2008 0003817622656483 38.17§ Bar.. -4781445364157359  -31
4940192898713623900 5.2923078536987305( (LIl 3-D Bar... -4781515896320343  -31
2, Cllck “Legacy Dialogs” 42.5318686230933000 5.5644450187683105( [ Line... -4781586428483327  -22
- e U PO Y 37.1664473633003600 §.8365821838378910) i Area... -4781656960646312  -25
6 01-Oct-2008 0003280453887398 32.8045388739753040 6.1087193489074710| g pie _ -4781727691491445  -35
i 01-Oct-2008 0003090853467528 30.9085346752793600 6.3077316284179690 High-Low.. . « ’s
8 01-Oct-2008 0003585741727826 35.8574172782604000 6.0742130279541020 _ 3 . Cllck Scattel‘/ DOt
9 01-Oct-2008 0003358370583409 33.5837058340910700 6.2793655395507810| E B -410 1333201 I0UIT1 -£o
10 01-Oct-2008 0003907306916921 39.0730691692115000 6.0364079475402830| X Emor Bar.. -4782009820143382  -22
11 01-Oct-2008 0004415300483621 44 1530048362149260 5.8574786186218260| ] Population Pyramid, - 4782080352306366 3
12 01-Oct-2008 0004039063300824 40.3906330082370960 6.0850696563720708 - 4782150884469350 5
13 01-Oct-2008 0003848553583987 38.4855358398694700 6.1554503440856930 o3 - 4782221416632335 16
14 01-Oct-2008 0003667757911329 36.6775791132917000 6.2258310317993160 - 4782291948795319 1
15 01-Oct-2008 0003441899034093 34.4189903409301200 6.3429355621337890 12 4584140777587890 - 4782362580299377 3
16 01-Oct-2008 0002949460057972 29.4946005797247040 6.7477374076843260 12.4994173049926760 - 4782433112462362 1
17 01-Oct-2008 0003022158733150 30.2215873315000180 6.5956001281738280 12.5404205322265620 - 4782503743966420 s
18 01-Oct-2008 0003285147653682 32 8514765368215400 6.4434628486633300 12.6814237594604500 - 4782574276129405 ]
19 01-Oct-2008 0003629734263869 36.2973426386911840 6.2603383064270020 12.6224269866943360 - 4782644907633464 4
20 01-Oct-2008 0004120962422249 41.2096242224911300 6.0272130966186520 12.6634302139282230 - 4782715439796448 4




Part B. Simple Linear Regression

Application 1. B: Draw a scatter plot

1. Drag
Response*100000 to
the box of Y_Axis

X

Options...

9

I c—
| (€ ot TTopuss) b

l

{
7 Inpu Set Markers by:

a

¢ Inp
[ | ¢ Input 3 Input3) |

l

I Input 4 [Input4
& inp " (—]“ Label Cases by:
r

l

2. Drag Inputl to the

box of X Axis pas:

Columns:

Template

Use chart specifications from:

[ Reset ] [Cancel] [ Help ]

4 o

il

) g e

L = | & Time

| & Response
1 & Input 2 [Input2)
7 & Input 3 [Input3]
re & Input 4 [Input4]
[e

[e

[€

I8

?_

I

[€

MM & & @\ ™ o\ m ;| | ;|

Template

1

Take Inputl and Response*100000 as example

Y Axis:

| & Response*100000 [Response...|

X Ais:
| & Input 1 input1]

2 |

2 |

Panel by

@

|

Set Markers by:

|

Label Cases by:

)

Rows:

B

Columns:

3. Click “OK”

Use chart specifications fromy,
= ‘@l' Paste ][ Reset ][Cancel][ Help ]

-

Options...

L e R R = = = e R s o e = = R e = = A R R R



Part B. Simple Linear Regression

Application 1. B: Draw a scatter plot

Result:

% Graph

1000.0000000000000000

0000000000000000 h o

It would be good to use -1000.0000000000000000

linear regression if the

shape IOOkS llke a line. -2000.0000000000000000

Response*100000

-3000.0000000000000000-

-4000.0000000000000000]

0000000000000000 '~
0000000000000000 5

0000000000000000°0 b~
0000000000000000°S I
0000000000000000 02+
0000000000000000° 52



Part B. Simple Linear Regression

Application 2: Conduct simple linear regression, using
Inputl as independent variable and Response*100000

as dependent variable.

1. Open “Data_train’

b

2. Click “Analyze” tab

t View Data Transfo Analyze  Dily®Marketing  Graphs  Utilities Add-ons  Window  Help
= o 3 =Pl o
ﬁ (=l g K - ! I el T g D 9
1 Descriptive Statistics » -
utt 412298250198364  Taples >
J Time R Compare Means » Input1 Input2 Input3
01-Oct-2008 00|  General Linear Model » 2300 5.7272653579711910 12.2393522262573240 -4781374831994374  -29
01-Oct-2008 000  GeneralizedLinear Models ~ » 4000 57358798930712890 12.2353401184082030 -4781445364157359 31
01-Oct-2008 00 NiksdModels » 13900 5.2923078536987305 12.2313280105590820 -4781515896320343  -31
01-Oct-2008 00 . 13000 5 5644450187683105 12.2273168563842770 -4781586428483327  -22
01-Oct-2008 ~ 12.2233047485351560 -4781656960646312  -25
inear Modeling...
01-Oct-2008 o 12.2192926406860350 -4781727691491445  -35
< fud Linear.. 12.2152805328369140 -4781798223654429 26
. 174 . 99 Neural Networks » B C Eetmati
3 Clle RegreSSlon #1-Oct-2008 ey \ Curve Estimation... 12.2112693786621100 -4781868755817413  -14
01-Oct-2008 00 [ Partial Least Squares... 12.2123937606811520 -4781939287980397  -25
Dimension Reduction »
01-Oct-2008 00 2 , | EBinary Logistic. 12.2533969879150390 -4782009820143382  -22
|
01'06['2008 00 cﬂ e H Mulhnon-"al Loglshc \ 40 ANAANNNAC 440N EN l’o"\.’\80352306368 _3
01-Oct-2008 pol  Monpaiametic less ol = ' . 73 i 99 50884469350 5
St ; Ordinal... '
01-Oct-2008 g Fowecang i B probi 4 : Cth Linear 21416632335 16.
01-Oct-2008 off Swal O | 12.4174108505249020 -4782291948795319 1
01-Oct-2008 oo] Multiple Response » | B Noniinear.. 12.45841407775875890 - 4782362580299377 3
01-Oct-2008 00| B2 Missing Value Analysis [ weight Estimation. 12.5404205322265620 - 4782503743966420
01-Oct-2008 00 Multiple Imputation r | B3 2-Stage Least Squares... 12.5814237594604500 - 4782574276129405 -8
01-Oct-2008 00 Complex Samples » Optimal Scaling (CATREG)... 12.6224269866943360 -.4782644907633464 4
01-Oct-2008 00| B2, simulation... 1300 b UZ/ZT3U966TB65207 12.6634302139282230 - 4782715439796448 4.
01-Oct-2008 000 Quality Control » 1180 6.8901643753051760 12.7044343948364260 - 4782785971959432 4
01-Oct-2008 00| B Roc curve... 0650 6.1874928474426270 12.7454376220703120 - 4782856504122416 7

M

B



Part B. Stmple Linear Regression
[

A window pops out.
1. Drag “Response*100000” to
Dependent:

the box of “Dependent” —
£ ¢ porsem— > |

N/
N\
-~ ' —

m M M M mM

~Block 1 of 1 m
j q Previous Next m
2. Drag “Inputl” to the box of @ —
“Independent”
Method:

Selection Variable:
&l [C
@ Case Labels:

@ WLS Weight:
| |

T T W T W T N T N T N T N T W T N T T W T N T YT T WY
m mMm M M M M M ™M M M M M




Part B. Stmple Linear Regression

1. Click “Statistics...”

@ Linear Regression

Time

& Response

& Input 1 [Input1]
& Input 2 Input2]
& Input 3 [Input3]
& Input 4 [Input4]

&> Approximately 80% ... @

Dependent:
- | & Response*100000 [Respon... |
rBlock 1 of 1
— nen |
Independent(s):

& Input 1 [Input1]

Selection Variable:
3 (Rt
@ Case Labels:
|
@ WLS Weight:
I |

2. In the new window, we check on
“Estimates”, “Confidence intervals”
- and “Model fit”

A

#3 Linear Regresflon: Statistics X

| Rsquared change

| Descriptives

| Part and partial correlations
ECo!Iinean‘ty diagnostics

Covariance matrix

~Residuals

|| Durbin-Watson
Casewise diagnostics
@ Outliers outside

@ All cases

standard deviations

—

3. Click “Continue”
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@ Linear Regression

&2 Time

f Response

& Input 1 [Input1]

& Input 2 [Input2)

& Input 3 [Input3]

f Input 4 [Input4]

&> Approximately 80% ...
f Unstandardized Pre...
f Unstandardized Pre...

1. Click “Plots...”

Dependent:
& Response*100000 [Respon... |
~Block 1 of 1
Previous [ nex |
Independent(s):

)

& Input 1 [Input1)

Method:
Selection Variable:
o (e
Case Labels:

) |
@ WLS Weight:
| |

2. In the new window, we check on
“Histogram” of Standardize Residual

DEPENDNT  /

I

*ZPRED
*ZRESID
*DRESID
*ADJPRED
*SRESID
*SDRESID,

~Scatter 1 of 1

Previous

- Plots | !
29.3236083984375000 1 -32.41892
i1.3377075195312500 / 1 -32.21420
>@ Linear Regressiorf Plots X

Next

|

Standgfdized Residual Plots

| Normal probability plot

~8.3876247406005860°
_‘4.00000nnnnnnnnnnn

] Produce all partial plots

400000 3. Click “Continue”

(Lo J

-15.39852"
-19.75047
-25.29068
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2. In the new window, we check on
x & &il._CIifk “Save...” % @%" “Unstandardized” of Predicted Values

= [ENSEENTY R | [EEmaetl

\ <* = e rResiduals

[¥/| Unstandardizg [] Unstandardized

™ i 4
Linear Regression ST ETEEIee Standardized
Dependent W ] Adjusted [] Studentized
Time b rl Response*100000 [Respon.\ o= [7] SE. of mean predictions [7] Deleted
If Response | ~Block 1 of 1 W [7] Studentized deleted
‘g :ﬁ;m E—— w rDistances rInfluence Statistics
& Input 3 [Input3] ) i = : ] Mahalanobis [ DfBeta(s)
ilnpid oy 3 Input 1 [input1] [] Cook's [ standardized DfBeta(s)
&> Approximately 80% .. P E et voieas 1 DFit
~Prediction Intervals——— | [_] Standardized DfFit
Metnos [Enter  ~ ] Mean [] Individual B Covaiance ko
Confidence Interval: 95| %
Selection Variable:
@ | I Rule ~Coefficient statistics
Caaniahais ["] Create coefficient statistics
| | @ Create a new dataset
Dataset name
WLS Weight -

| I @ Write a new data file

=) File 3. Click “Continue”
e e ———— e — ~Export model information to XML file S
6.8901643753051760 121 343948364260 -4782785971959432
Eﬁ‘g | ___~ ] el

6.1874928474426270 76220703120 -.4782856504122416
—— .
4. Click “OK”
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ﬁ *Qutput2 [Document?2] - IBM SPSS Statistics Viewer
File Edit View Data Transform Format Analyze DirectMarketing Graphs  Ulilites Add-ons Window  Help

AHGR M e~ BFLT 00 S PR
<« += BB Cho

Insert

=] Output
8 Log Variables Entered/Removed®
& {&] Regression - -
Title Variables Variables
______ Notes Model Entered Removed Method
L[ Active Dataset 1 Input 1° .| Enter
""" L{g variavles Entered a. Dependent Variable: Response*1 00000
g mgc:,IASummary b. All requested variables entered.
-+[§ Coefficients
- {4 Residuals Statisti RS
Adjusted R Std. Error of
Model R / R Square Square the Estimate
1 .356\ 126 126 177.5520380
=
i a. Predictors: (Cons —> R Square 0.126
b. Dependent Variable: Response*1 00000
ANOVA®
Sum of S
Model Squares df Mean Square F Sig. >
1 Regression | 219376790.1 1 | 219376790.1 | 6958.88N] 000
Residual 1514983767 48057 31524.726
Total 1734360557 48058
a. Dependent Variable: Response*100000 I
b. Predictors: (Constant), Input 1 Sig < 0.05
M— ] ...
i Result is significant
=] ] [ .|
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Sig < 0.05
The regression coefficients
are significant.

a. Dependent Variable:

Response*100000

Coefficients® |
Standardized
an ized Coefficients Coefficients 95.0% Confidence Interval for B
= | Model m Std. Error Beta t Sig. Lower Bound | UpperBound
1 -168.527 2.278 -73.972 .000 } -172.993 -164.062
.285 .356 83.420 .000 23.207 24.323
a. Dep#Mdent Variabl 100000
Regression coefficients
Residuals Statistics®
Minimum Maximum Mean Std. Deviation N

Predicted Value -159.021133 | 330.7330322 | 9.110077238 | 67.56355491 48059

Residual -3249.54614 | 318.6692505 .0000000000 | 177.5501907 48059

Std. Predicted Value -2.488 4,760 .000 1.000 48059

Std. Residual -18.302 1.795 .000 1.000 48059
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Histogram

Dependent Variable: Response®100000

Mean = -1.55E-16
15,000+ Std. Dev. =1.000
N = 48,059

According to the
assumption of the linear
regression, residuals should
be normally distributed.
You can check the results
by this plot. 5,000

10,0004

Frequency

0 T T T T
-20 -15 -10 -5 0 5

Regression Standardized Residual
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Scatterplot
Dependent Variable: Response*100000

1000.0000000000000000

0000000000000000 h o

-1000.0000000000000000+

-2000.0000000000000000-

True Value
Response*100000

-3000.0000000000000000-

-4000.0000000000000000-]

T T T T
-4 -2 0 2 4 6

Regression Standardized Predicted Value

Standardized Predicted Value
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*Untitled4 [Data train] - IBM SPSS Statistics Data Editor

File Edit View Data Transform Analyze DirectMarketing Graphs Utiliies Add-ons Window  Help

Ll N SN

=

1

HHE -
9: |

M QA “®
/

\
\

fut1 1 Input2 Input3 | Inputd | fiters | / PRE_1
1 553579711910 12.2393522262573240 -AT81374831994374  -29.3236083984375000 1 -32.4189
| 2 '93980712890  12.2353401184082030 -4781445364157359  -31.3377075195312500 1 32.21420
| 3 78536987305  12.2313280105590820 -4781E4E90629024> 24 4002440cE 4442000 1 42.75567
| 4 |i50187683105  12.2273168563842770 -4 Move back to the -36.28834
5 321838378910  12.2233047485351560 -478 ) ) 29.82101
| 6 193489074710 12.2192926406860350 473 Data_train, the pl‘edlcted -23.35368
7 316284179690  12.2152805328369140 78 yalues are computed as -18.62417
8 130279541020  12.2112693786621100 -478 - i 2417372
s ssassorsi0 12212397e0estiszo -a7s Pre 1 at the far right side. 1929828
10 79475402830  12.2533969879150390 -ATB2009B20143382  -22.4881954193115230 25.07216
11 86186218260  12.2944002151489260 -4782080352306366  -3.8344509601593018 -29.32441
12 596563720700  12.3354034423828120 -4782150884469350  5.9199233055114750 2391572
| 13 03440856930  12.3764066696167000 -4782221416632335  16.8376522064209000 2224312
| 14 310317993160 12.4174108505249020 -4782291948795319  1.2255277633666992 -20.57053
15 155621337890  12.4584140777587890 -4782362580299377  -3.7134051322937010 17.78755
16 01281738280  12.5404205322265620 - 4782503743966420 - 2330269664525986 11.78298
17 28486633300  12.5814237594604500 -4782574276129405  -8.3876247406005860 1 -15.39852
18 383064270020  12.6224269866943360 -4782644907633464  -4.0000000000000000 1 19.75047
19 130966186520  12.6634302139282230 -A782715439796448  -4.0000000000000000 1 25.29068
20 43753051760  12.7044343948364260 -4782785971959432  -4.4861187934875490 1 47826
21 \??474426270 12.7454376220703120 -4782856504122416  -7.6124124526977540 1 21.481
.

Data View, Vaaleview,

IBM SPSS St:
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Make prediction based on the current model for test set

1. Move to “Data_test”

ew Dat Transform  Analyze  DifwgtMarketing  Graphs  Utilities Add-ons  Window  Help

=

= Compute Variable...

EELEEFTLE

ol Programmability Transformation...
e [ count values within Cases...

L Shift Values... o
0100t 20 . 512300
. a . 2 info Same Variables... 244000
2 : Cth the TranSform 2 into Different Variables... 623900

o 113 )
tab and click “Compute ticRecode.. 933000
. 29 Dummy Variables 003600
Variable
N Elnr“ng 753040
01-0ct-20{ B optimal Binning.. 793600
sk Prepare Data for Modeling s
01-Oct-20 910700
B4 Rank Cases...

01-Oct-20 115000
01-Oct.20( & Date and Time Wizard... 149260
01-Oct-20( [ Create Time Series... 370960
01-Oct-20{ 2 Replace Missing Values... 694700
01-Oct-20{ @ Random Number Generators... 917000
01-Oct-20 ® 301200
01‘0ct‘20JU UUUZLZISFISF0OUUITIT L LI F3IF0UUUIT :’f2470‘40
01-Oct-2008 .0003022158733150 30.2215873315000180
01-Oct-2008 .0003285147653682 32.8514765368215400
01-Oct-2008 0003629734263869 36.2973426386911840
01-Oct-2008 0004120962422249 41.2096242224911300

Input1
5.7272653579711910
5.7358798980712890
5.2923078536987305
5.5644450187683105
5.8365821838378910
6.1087193489074710
6.3077316284179690
6.0742130279541020
6.2793655395507810
6.0364079475402830
5.8574786186218260
6.0850696563720700
6.1554503440856930
6.2258310317993160
6.3429355621337890
6.7477374076843260
6.5956001281738280
6.4434628486633300
6.2603383064270020
6.0272130966186520

Input2
12.2393522262573240

12.2353401184082030
12.2313280105590820
12.2273168563842770
12.2233047485351560
12.2192926406860350
12.2152805328369140
12.2112693786621100
12.2123937606811520
12.2533969879150390
12.2944002151489260
12.3354034423828120
12.3764066696167000
12.4174108505249020
12.4584140777587890
12.4994173049926760
12.5404205322265620
12.5814237594604500
12.6224269866943360
12.6634302139282230

Input
- 478137
-478144
-478151
- 478158
- 478165
-478172
- 478179
- 478186
-478193
-478200
- 478208
- 478215
- 478222
-478229
- 478236
- 478243
- 478250
- 478257
- 478264
- 478271
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S L We put i Prel dnto [

Target Variable.

@ Compute Variable

115

_”Target Variable’ B aaiassaan e

A pren )] - reeser23765 Inputi

G :
i Time e 1
[ g“espmse - 2. According to the results, Intercept is

= Response*100000 ... - g |

| & Input 1 input1] -168.527 and the coefficient of Inputl =

s I Input 2 [Input2] o . .

P heieriae 1S 23.7 65, put in the regression R

7 | & Input4 [Inputd] equation. .

3 imately 80% ... = = 1z 1l ST

| R ) i i i i i e

| l I_I I I || I l | - iill ,l Date Creation =

= | oy | l : || II I | HII" I @ Functions and Special Variables:

3. Click “OK”
@(opﬁonal CASE £ e cmnrs corrmragrs

EMMWW

| Y | S | Y | I |

MEETETET®! | 2TO ATOT N DT TOTETS T

f




/" \

Visible: 9 of 9 Variables

\
| filterS / Prel  \

Part B. Stmple Linear Regression
3|

out3 | Inputd
374831994374 -29.3236083984 375000 1 -32.42
445364157359 -31.3377075195312500 1 -32.21
515896320343  -31.1883449554443360 1 4276 .
586428483327 -22.2278347015380860 1 -36.29 The p redlCted Values are
656960646312 -26.4763774871826170 1 -29.82 Computed as Prel at the
727691491445 -35.8977241516113300 1 2335 . .
798223654429 -26.1010131835937500 1 -18.62 far rlght Slde,
868755817413 -14.6254701614379880 1 -24 17
939287980397 -25.8846435546875000 1 -19.30
009820143382  -22.4881954193115230 1 -25.07
080352306366 -3.8344509601593018 1 -29.32
150884469350 5.9199233055114750 1 -23.92
221416632335  16.8376522064209000 1 2224
291948795319 1.2255277633666992 1 -20.57
362580299377 -3.7134051322937010 1 -A7.79
433112462362 -1.2015984058380127 0 -8.17
503743966420 -2330269664525986 1 11.78
574276129405 -8.3876247406005860 1 -15.40
644907633464 -4.0000000000000000 1 -19.75
715439796448 -4.0000000000000000 1 -25.29
785971959432 -4.4861187934875490 1 478
\ ] 1D

\

|IBM SPSS Statistics Processor is re: { \ nicode:ON [Filter On [ |
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[

*Untitled2 [DataSet1] - IBM SPSS Statistics Data Editor (] X
File Edit View Data Transform Analze DirectMarketing Graphs Utiliies Add-ons  Window Help
. = e = & A
SHe M« BHFA HEYE BLE 1909
| Name H Type | Width \ Decimals\ Label | Values | Missing H Columns | Align H Measure H Role |
i Time Date 1 0 None None 1 = Right f Scale “ Input
2 Response Numeric 17 16 None None 17 = Right & Scale N Input
3 Response1 .. Numeric 17 16 Response*1000... None None 17 = Right & Scale “ Input
4 Input1 Numeric 17 16 Input 1 None None 17 = Right & Scale N Input
5 Input2 Numeric 17 16 Input 2 None None 17 = Right & Scale ™ Input
6 Input3 Numeric 17 16 Input 3 None None 17 = Right & Scale N Input
7 Input4 Numeric 17 16 Input 4 None None w = Right & Scale N Input
8 filter_$ Numeric 1 pproximately ... None None 10 = Right &5 Nominal N Input
9 Pre1 Numeric 8 None None 10 = Right & Scale N Input
10|
11 . .
B 2. Set this decimals to be
13 .
1 greater, like 7.
15 . . .
-~ So, put in 7 in this cell.
17
18
19
20 . « . . 99
= 1. Click “Variable View
-
TH
IBM SPSS Statistics Processoris ready | | |Unicode:ON |FitterOn | |

3. Click “Data View” to move back.
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19®

\Visible: 9 of 9 Variab
LN . -

Inputd | fiter§ |

29 3236083984375000 1 f24185388
-31.3377075195312500 1 [322138142 More decimal places
-311883449554443360 1 [ 42755303 can be shown.
22 2278347015380860 1 | -36 2879641
25 4763774871826170 1| 208206284
-35.8977241516113300 1] 233532847
26.1010131835937500 1| -18.6237579
14.6254701614379880 1| -24 1733274
25 8846435546875000 1| 192978780
22 4881954193115230 | 250717651
3 8344509601593013 | -29 3240206
5.9199233055114750 1| 23915319
16.8376522064209000 | 222427226
12255277633666992 1| -20 5701255
3.7134051322937010 1\ 177871364
1.2015984058380127 o\ 81670208

- 2330269664525986 1\ -117825630
8.3876247406005860 1\ -15 3981054
-4.0000000000000000 1\ -19.7500601
4.0000000000000000 1 \25 2902808
4 4861187934875490 1 7822436

3

A

IBM SPSS Statistics Processoris ready | |  |Unicode:ON |FilterOn | |
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Application 3: Conduct simple linear regression, using
Input2 as independent variable and Response*100000

as dependent variable.

1. Open “Data_train’

b

2. Click “Analyze” tab

t View Data Transfo Analyze  Dily®Marketing  Graphs  Utilities Add-ons  Window  Help
= o 3 =Pl o
ﬁ (=l g K - ! I el T g D 9
1 Descriptive Statistics » -
utt 412298250198364  Taples >
J Time R Compare Means » Input1 Input2 Input3
01-Oct-2008 00|  General Linear Model » 2300 5.7272653579711910 12.2393522262573240 -4781374831994374  -29
01-Oct-2008 000  GeneralizedLinear Models ~ » 4000 57358798930712890 12.2353401184082030 -4781445364157359 31
01-Oct-2008 00 NiksdModels » 13900 5.2923078536987305 12.2313280105590820 -4781515896320343  -31
01-Oct-2008 00 . 13000 5 5644450187683105 12.2273168563842770 -4781586428483327  -22
01-Oct-2008 ~ 12.2233047485351560 -4781656960646312  -25
inear Modeling...
01-Oct-2008 o 12.2192926406860350 -4781727691491445  -35
< fud Linear.. 12.2152805328369140 -4781798223654429 26
. 174 . 99 Neural Networks » B C Eetmati
3 Clle RegreSSlon #1-Oct-2008 ey \ Curve Estimation... 12.2112693786621100 -4781868755817413  -14
01-Oct-2008 00 [ Partial Least Squares... 12.2123937606811520 -4781939287980397  -25
Dimension Reduction »
01-Oct-2008 00 2 , | EBinary Logistic. 12.2533969879150390 -4782009820143382  -22
|
01'06['2008 00 cﬂ e H Mulhnon-"al Loglshc \ 40 ANAANNNAC 440N EN l’o"\.’\80352306368 _3
01-Oct-2008 pol  Monpaiametic less ol = ' . 73 i 99 50884469350 5
St ; Ordinal... '
01-Oct-2008 g Fowecang i B probi 4 : Cth Linear 21416632335 16.
01-Oct-2008 off Swal O | 12.4174108505249020 -4782291948795319 1
01-Oct-2008 oo] Multiple Response » | B Noniinear.. 12.45841407775875890 - 4782362580299377 3
01-Oct-2008 00| B2 Missing Value Analysis [ weight Estimation. 12.5404205322265620 - 4782503743966420
01-Oct-2008 00 Multiple Imputation r | B3 2-Stage Least Squares... 12.5814237594604500 - 4782574276129405 -8
01-Oct-2008 00 Complex Samples » Optimal Scaling (CATREG)... 12.6224269866943360 -.4782644907633464 4
01-Oct-2008 00| B2, simulation... 1300 b UZ/ZT3U966TB65207 12.6634302139282230 - 4782715439796448 4.
01-Oct-2008 000 Quality Control » 1180 6.8901643753051760 12.7044343948364260 - 4782785971959432 4
01-Oct-2008 00| B Roc curve... 0650 6.1874928474426270 12.7454376220703120 - 4782856504122416 7

M

B
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3|

2. Drag the Input2 to < I
the box of Independent
wependent
&2 Time | ™ [ & Response*100000 Respon... | \
$R9590"59 ~Block 1 of 1 i Nnear Regression X b
In i
¢ &m”"p"&} [P | Previous @ L Dependent: |
& putsTopd || - - P : | Sutistcs...
| : L Time | & Response*100000 [Respon... |
p s mput 1 fnputt] )| #R _Pos. |
& Approximately 80% ... - sRp—h ~Block 1 of 1
& Unstandardized Pre... w = j Input 1 {Input1] @ r
| & input2 input2) Previous | Nex | G |
1. Drag back Inputl Method: |Entes |4 o 3oy i 2 —
. g p & Input 4 Inputd] T (_stye.. |
to the left column )n Variable: i &Approﬁmatgtyso%... N - m |
- | | Rule... - | ¢ Unstandardized Pre... H
Case Labels: I
W l I 1 Method:
@ VA5 Welght i Selection Variable:
| | L | | | Rule...
W w M M w L Case Labels:
e ————] et e, E————e et 1 - I I
= WLS Weight
3. Then click “OK” ~ | |
(o)) () () i)

e e e e T — P S —
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% Regression

Variables Entered/Removed®

Variahles Variables
Model Entered Removed Method
1 Input 2" . | Enter

a. Dependent Variahle: Response*1 00000

h. All requested variahles entered.

Model Summary”
Adjusted R Std. Error of

Model R R Square ﬁm&n\ the Estimate

1 485° 235 | 235 | 166.1675083
a. Predictors: (Constant), Input 2 \f —> R Square =0.235
h. Dependent Variahle: Response*100000
ANOVA®
Sum of

Model Squares df Mean Square F / Sig.
1 Regression | 407427933.7 1 | 4074279337 | 14755.658 \\M\

Residual 1326932623 48057 27611.641

Total 1734360557 | 48058 Sig < 0.05

Result is significant

a. Dependent Variable: Response*1 00000
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Sig < 0.05
The regression coefficients
are significant.

Coefficients® |
Standardized
Unst}ud-a-rdizgd Coefficients Coefficients 95.0% Confidence Interval for B
Model / B “\Std. Error Beta t Sig. ower Bound | Upper Bound
1 (Constant) -312.114 2.751 -113.459 .000 -317.506 -306.722
21.348 A76 485 | 121.473 .000 21.004 21.693

Input 2
a. Delee: RWOO N—’

Regression coefficients

Residuals Statistics®
Minimum Maximum Mean Std. Deviation N
Predicted Value -312.114166 128.2289276 | 9.110077238 | 92.07517525 48059
Residual -3156.21338 311.7413330 | .0000000000 | 166.1657795 48059
Std. Predicted Value -3.489 1.294 .000 1.000 48059
Std. Residual -18.994 1.876 .000 1.000 48059

a. Dependent Variable: Response*100000
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Histogram
Dependent Variable: Response*100000
Mean = -2.94E-15
20,000 Std. Dev. =1.000
N = 48,059
15,000
o
o
=
Q
b=}
o
@ 10,000+
'
5,000
0 T T

-20 A5 10 5 0 5
Regression Standardized Residual
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Scatterplot
Dependent Variable: Response*100000

1000.0000000000000000-
0000000000000000- W
]
(o] o o o o
o
-1000.0000000000000000
[o) o

True Value
Response*100000

-2000.0000000000000000- % f
-3000.0000000000000000-
2 o]

-4000.0000000000000000-]

T T T T T T
-4 -3 -2 -1 0 1 2

Regression Standardized Predicted Value

Standardized Predicted Value
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Make prediction based on the current model for test set

1. Move to “Data_test”

Transform  Analyze\Direct Marketing  Graphs  Utilities Add-ons Window Help
= Compute Variable, === rb B Al ) A
EEEDEREL X
ability Transformation... -
E Count Values within Cases...
Shift Values... Input3 Inputd filter_$
- 4782433112462362 -1.2015984058380127
. < ”9 code into Same Variables...
2. Click the “Transform o 7 - 4783138732115428 7160657644271851
C 1 RG0S e Wt st -4783914784590403  11.4929151535034180
tab and click Compute omatic Recode... -4784549772739410  -26.9283237457275400
1 2 rate Dummy Variables -.4784973065058391 9.5104637145996100
ariapice
ra wioUal BiNNING... -4785396357377370  27.3015270233154300
B Optimal Binning.. -4786736766497294  9.0846290588378900
P ) -4787160158157349 21.3739318847656250
Prepare Data for Modeling ¢
-.4787442286809285 6.1931562423706055
B Rank Cases...
= -.4787724514802297 -.2918875217437744
@ Date and Time Wizard.. -4788077274958293 -8 2967834472656250
[ create Time Series... -.4788359502951304 -14.5526952743530270
@l Replace Missing Values... -.4788641631603241 16.3462047576904300
@ Random Number Generators... -.4788994491100311 13.6158351898193360
® -.4789065023263295 12.1683092117309570
rOUTZJOS0UT TZ0JTU F I L009T JIFHIIITTLZU - 4789135555426280 5 7832922935485840
6.9199404716491700 14.4847478866577150 -.4789276619752248 4.8986506462097170
6.8154144287109375 14.2013788223266600 - 4789770444234212 -.2087526321411133

T OANAATOL AL ANATAN

44 OAANATANTTTIONAAN

ATONAL ADCONTTAC A

A 4annAracrceanTaAAn
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S L Weputin Pre2 as the [

Target Variable.

@ Compute Variable

— — .
) | = (i-312.144+21.348'|nput21 > B
&2 Time ¢

ﬁﬁiiﬁﬁﬁiiqooooo L. 2. According to the results, Interceptis
g::ﬁ;ﬂ:szg{ [ -312.144 and the coefficient of Input2 i
& Input 3 [Input3 | is 21.348. Put in the regression OF ,
& Input 4 [Input4] .

& Approximately 80% ... L equation.

f o u uu Hu Date Creatic?n =

I ™~ I I . H " I l nll. I Q Functions and Special Variables:

— 3 Chck “OK”
opuonal case -
™ R

(o) (paste ) (mese] (coner e | -




Part B. Stmple Linear Regression

/\ Visible: 10

Input3 Inputd filter_$ PRE_1 RRE2 \| v |
1573240 .A781374831994374  -29 3236083984375000 1 -32.41892 -50.8241
082030 -A781445364157359  -31.3377075195312500 1 -32.21420 -50.90983
1590820 -4781515896320343  -31.1883449554443360 1 42 75567 50 99548
1842770 .A781586428483327  -22 2278347015380860 1 -36.28834 51.08111
1351560 - 4781656960646312  -25 4763774871826170 1 29.82101 51.16676
1860350 _A781727691491445  -35 8977241516113300 1 -23.35368 51.25241
1369140 -ATB1798223654429  -26.10101318359% Tho predicted values are -51.33807
621100 -4781868755817413  -14 625470161437 2 51.42370
: shown as Pre2 at the far
811520 .4781939287980397  -25 884643554687 . , 8 -51.39969
1150390 _4782009820143382  -22 488195419311 Tight side. 6 5052434
489260 -4782080352306366  -3.8344509601593018 1 -29.32441 49 64899
1828120 - 4782150884469350 5.9199233055114750 1 2391572 48 77364
1167000 -4782221416632335  16.8376522064209000 1 2224312 4789829
1249020 - 4782291948795319 1.2255277633666992 1 -20.57053 4702292
587890 -4782362580299377  -3.7134051322937010 1 17.78755
1265620 - 4782503743966420 - 2330269664525986 1 11.78298
604500 .AT82574276129405 -8 3876247406005860 1 -15.39852
1943360 -4782644907633464  -4.0000000000000000 1 19.75047 :
1282230 -4782715439796448  -4.0000000000000000 1 -25.29068 41.77081
1364260 _A782785971959432 -4 4861187934875490 1 4.78268 40 89544
1703120 -4782856504122416  -7.6124124526977540 1 2148163 4002009




Part C. Multiple Linear Regression

Application 4: Conduct simple linear regression, using
Inputl and Input2 as independent variables and
Response*100000 as dependent variable.

1. Open “Data_train” 2. Click “Analyze” tab

t View Data Transfo Analyze  Dily®Marketing Graphs  Utilities Add-ons  Window  Help
j D) e REDOMS ’ 3 Bl SN © Al (3 @B A8
HE Uy e M Bl T D Y
1 Descriptive Statistics » -
wtd 4.12298250198364 Tables »
J Time R Compare Means Input1 Input2 Input3
01-Oct-2008 00| cansratliriesrMode) 2300 57272653579711910  12.2393522262573240 -4781374831994374 29
01-Oct-2008 00 Generalized Linear Models 4000 57358798980712890  122353401184082030 -4781445364157359  -31
01-Oct-2008 T e 3900 52923078536987305  12.2313280105590820 - 4T81515896320343  -31
01-Oct-2008 00 c 3000 5.5644450187683105 12.2273168563842770 - 4781586428483327 -22
01-Oct-2008 Regression et Modetng.. 12.2233047485351560 - 4781656960646312 -25
01-Oct-2008 N . 12 2192926406860350 - 4781727691491445 -35
oof < fi Linear.. 12.2152805328369140 -4781798223654429 26
. 174 . 99 Neural Networks B C Eetimati
3 Cllck RegreSSlon 00 Classify Lurve Estimation... 12.2112693786621100 - 4781868755817413 -14
01-Oct-2008 00 @ Partial Least Squares... 12.2123937606811520 -.4781939287980397 -25
Dimension Reduction
01-Oct-2008 00 e E Binary Logistic.. 12.2533969879150390 -.4782009820143382 -22
01-Oct-2008 00 = I Multinomial Logistic ) SREERYRTPESTIVERETT 17279080352306366 -3
01-Oct-2008 po| HeoweramemcTocts =5 ' ; “y e 99 50834469350 5
St Ordinal... '
01-Oct-2008 po  Foresasing _ 4 . Cth Llnear 21416632335 16
Survival E Probit...
01-Oct-2008 00 = 12 4174108505249020 - 4782291948795319 1
01-Oct-2008 00 Multiple Response E Nonlinear... 12.4584140777587390 - 4782362580299377 -3
01-Oct-2008 00 @ Missing Value Analysis... ﬁ Weight Estimation. 12.5404205322265620 -.4782503743966420
01-Oct-2008 00 Multiple Imputation E 2-Stage Least Squares... 12.5814237594604500 - 4782574276129405 -8
01-Oct-2008 00 Complex Samples Optimal Scaling (CATREG)... 12.6224269866943360 -4782644907633464 4
01-Oct-2008 00{ B Simulation... 1300 b.UZ7Z73096bT865207 12.6634302139282230 -4782715439796448 4.
01-Oct-2008 00 Quality Control 1180 6.8901643753051760 12.7044343948364260 - 4782785971959432 4
01-Oct-2008 00 B o Cunm 0650 6.1874928474426270 12 7454376220703120 -4T82856504122416 -7

M

B



Part C. Multiple Linear Regression

2. Click “Statistics”

L. Drag Inputl and

L e

~ Input2 to the box of
Independents
Dependent:
&2 Time & Response*100000 [Respon... |
&R ~Block 1 of 1
< Input 1 [Input1]
Input 2 [Input2] Previous
g :"p”:4[' - N Independent(s):
nput 4 [Inpu
| 1 1
&> Approximately 80% ... ¢ Input 1 (input1]

@ & Input 2 [Input2]

& Unstandardized Pre...
f Unstandardized Pre...

@ Selection Variable:

() Case Labels:

| Rule.

5. Click “OK”

A w Im_SWeignt
o Pesme ) moset camn i

" 3. Also checkon . s
\ - 15890787839 “Collinearity 0
( — COLLL24N22 . . 29 .
Gatstis D ., I1ASMOSHCS
~Regression Coefficients| [/ Model fit
'/ Estimates [7] R \guared change
[/ Confidence intervals | | DesYriptives
Level(%): |95 ["] Part a§d partial correlations
7] Covariance matrix ‘(¥ Collinearity diagnostics

~Residuals

[ Durbin-Watson

["| Casewise diagnostics
@ Outliers outside 1 standard deviations

L tee |

J2000 1 19400 19.40UDZ0Y0T 209 190U
4. Click “Continue” 27.7009601593017580
20.2195758819580080

PIUSST TUVUIIISD



Part C. Multiple Linear Regression

[Data_train]

Variables Entered Removed®

Variahles Variables
Model Entered Removed Method
1 | 2,1
1nbput +Input Enter

a. Dependent Variable: Response*1 00000
b. All requested variables entered.

Model Sum

Adjusted R Std. Error of

Model R R Squar Square stimate .
— - Adjusted R

1 503 253 \r‘ye‘;.zunez — g N
a. Predictors: (Constant), Input 2, Inp quare = Y.

b. Dependent Variable: Response*1 00000

Sig < 0.05
Result 1s significant
ANOVA®
Sum of

Model Squares df Mean Square F Sig.
1 Regression | 438001981.6 2 | 2190009908 | 8118.36 000",

Residual 1296358575 48056 26975.998

Total 1734360557 48058




Part C. Multiple Linear Regression

Regression coefficients

Sig < 0.05
The regression coefficients

& —_ Coefficients®  are significant. N\
Standardized
nstandardizqd Coefficients Coefficients 95.0% Confidence Interval for B CollinearityfStatistics
Model B n Std. Error Beta t \-ower Bound | UpperBound | Tolerance VIF
1 (Constant) -332.688 2.787 -119.376 -338.151 -327.226
Input 1 -17.944 533 -.269 -33.666 -18.989 -16.900 244 4.091
Input 2 31.630 .351 718 90.025 30.941 32.318 244 4.091
a. Dependent Variablew 00000 /\/
Collinearity Dj stics®
p A _ VIF =4.091< 5
oA it Variance Proportions . .
ndition
Model Dimension | Eigenvalue fndex (Constant) | Input1 Input 2 Ther-e 1S yery .hkely to be
i 1 2.920 1.000 01 00 00 multicollinearity.
2 .068 6.535 65 16 .01
3 012 15765 )] e If condition index 1is

a. Dependent Variable: Response*1 00000 \./

84 99
\ greater than 30, strong

multicollinearity may

Residuals Statistics® exist.

Minimum Maximum Mean Std. Deviation N
Predicted Value -445.279083 147.8716431 9.110077238 9546742114 48059
Residual -3157.23145 444 3707275 .0000000000 164.2402986 48059
Std. Predicted Value -4.760 1.453 .000 1.000 48059
Std. Residual -19.223 2.706 .000 1.000 48059




Part C. Multiple Linear Regression
T .

Histogram

Dependent Variable: Response*100000

Mean = -4 74E-15
20,000+ Std. Dev.=1.000
N = 48,059

15,000

¥
Frequency
S
g

5,000

-20 A5 10 5 0 5
Regression Standardized Residual



Part C. Multiple Linear Regression
T .

Scatterplot
Dependent Variable: Response*100000

1000.00000000000000004

0000000000000000- M
(o) @ o)

-1000.0000000000000000

-2000.0000000000000000 % f
-3000.0000000000000000
$ o]

-4000.0000000000000000-

Response*100000

T T T T
-4 -2 0 2

Regression Standardized Predicted Value



Part B. Simple Linear Regression

Make prediction based on the current model for test set

1. Move to “Data_test”

Transform  Analyze\Direct Marketing  Graphs  Utilities Add-ons Window Help
= Compute Variable, === rb B Al ) A
EEEDEREL X
ability Transformation... -
E Count Values within Cases...
Shift Values... Input3 Inputd filter_$
- 4782433112462362 -1.2015984058380127
. < ”9 code into Same Variables...
2. Click the “Transform o 7 - 4783138732115428 7160657644271851
C 1 RG0S e Wt st -4783914784590403  11.4929151535034180
tab and click Compute omatic Recode... -4784549772739410  -26.9283237457275400
1 2 rate Dummy Variables -.4784973065058391 9.5104637145996100
ariapice
ra wioUal BiNNING... -4785396357377370  27.3015270233154300
B Optimal Binning.. -4786736766497294  9.0846290588378900
P ) -4787160158157349 21.3739318847656250
Prepare Data for Modeling ¢
-.4787442286809285 6.1931562423706055
B Rank Cases...
= -.4787724514802297 -.2918875217437744
@ Date and Time Wizard.. -4788077274958293 -8 2967834472656250
[ create Time Series... -.4788359502951304 -14.5526952743530270
@l Replace Missing Values... -.4788641631603241 16.3462047576904300
@ Random Number Generators... -.4788994491100311 13.6158351898193360
® -.4789065023263295 12.1683092117309570
rOUTZJOS0UT TZ0JTU F I L009T JIFHIIITTLZU - 4789135555426280 5 7832922935485840
6.9199404716491700 14.4847478866577150 -.4789276619752248 4.8986506462097170
6.8154144287109375 14.2013788223266600 - 4789770444234212 -.2087526321411133

T OANAATOL AL ANATAN

44 OAANATANTTTIONAAN

ATONAL ADCONTTAC A

A 4annAracrceanTaAAn



Part B. Stmple Linear Regression
FEE

1l Il 1l | | il 1 1l il 1l il 1i 1l il | Y /S | = || Il ]

i |

1. We put in Prel2 as the

@ Compute Variable Target Val‘iable.

Target Variable

Pre12 /
Time
& Response

& Response*1000001[...
& Input 1 [Inputi]

& Input 2 [Input2)

& Input 3 [Input3]

& Input 4 [Inputd]

& Approximately 80% ...
& Pre1

& Pre2

«

N/
f |

— - —
-332.688 - 17.944 * Input1 + 31630 * Input?]__D

[

2. According to the results,

n group:

Intercept is  -332.688,  the
coefficient of Inputl is -17.944 and

Noncentral CDF

the coefficient of Input2 is 31.630. sion
Put in the regression equation. e

IDate Creation

-

i

Functions and Special Variables:

= ) o

3. Click “OK”

@(opﬁonal case selection conditipn)

(Baste J| Reset J[ Cancel | Help |




Part B. Stmple Linear Regression
FEE

1l Il 1l | | il 1 1l il 1l il 1i 1l il | Y /S | = || Il ]

i |

1. We put in Prel2 as the

@ Compute Variable Target Val‘iable.

Target Variable

Pre12 /
Time
& Response

& Response*1000001[...
& Input 1 [Inputi]

& Input 2 [Input2)

& Input 3 [Input3]

& Input 4 [Inputd]

& Approximately 80% ...
& Pre1

& Pre2

«

N/
f |

— - —
-332.688 - 17.944 * Input1 + 31630 * Input?]__D

[

2. According to the results,

n group:

Intercept is  -332.688,  the
coefficient of Inputl is -17.944 and

Noncentral CDF

the coefficient of Input2 is 31.630. sion
Put in the regression equation. e

IDate Creation

-

i

Functions and Special Variables:

= ) o

3. Click “OK”

@(opﬁonal case selection conditipn)

(Baste J| Reset J[ Cancel | Help |




Part C. Multiple Linear Regression
T .

@ =~ B N

u B&

19D ® b

-13.618131149291969 /A\
[ Input2 | Input3 | Inputd | fiterS Pet |  Pre2 | [ Pre12 \| va
260 12.4994173049926760 -4782433112462362  -1.2015984058380127 0  -81670205 4531 58.4
280  12.9199161529541020 - 4783138732115428 7160657644271851 0  -14.0068715 -36.3 40.70
730 13.0335521697998050 -4783914784590403  11.4929151535034180 0  -12.4848885 33 -38.26
320  12.7729568481445310 -4784549772739410  -26.9283237457275400 0  -235529551 -39, -38.14
580  12.5610017776489260 - 4784973065058391 9.5104637145996100 0 -21.2716125 43p9 4657
150  12.8111324310302730 -4785396357377370  27.3015270233154300 0  -244258618 -38f5 -36.28
330 12.5912876129150390 - 4786736766497294 9.0846290588378900 0 -315729083 4 -37.83
230 13.2391061782836910 -4T87160158157349  21.373931884765¢ T predicted values are 2 3523
120 13.5111141204833980 - 4787442286809285 6.193156242370 2 2176
D50  13.5423336029052730 - A787724514802297 _201ae7s21743. Shown as Prel2 at the far ,
290  13.7622613906860350 - 4788077274958293 -8.296783447265¢ right side.
340 13.5562973022460940 -4788359502951304  -14 5526952743530/ v U -.1004100 .
740  13.2583360671997070 -4788641631603241  16.3462047576904300 0  -21.0153499 29|11
760  14.1494235992431640 -4788994491100311  13.6158351898193360 0 43971697 -10)ps
320  14.3734378814697270 -4789065023263295  12.1683092117309570 0 11.0110210
310 14.5428647994995120 - 4789135555426280 §.7832922935485840 0 9.8824750
700  14.4847478866577150 - 4789276619752248 4.8986506462097170 0 40746147
375 14.2013788223266600 - 4789770444234212 - 2087526321411133 0  -65586761
710 14.8219470977783200 -4790264368057251  -3.1222536563873290 0  18.0091873
340 15.3820934295654300 -4790758192539215  -2.8295378684997560 0 214065540
330 16.5982074737548830 -4791322648525238  -6.3681745529174805 0 37.1308066




Exercise

1. Split the dataset to training set (60%) and test set
(40%).

2. Based on Ex.1, do Simple Linear Regression using
Input3 as X, Response*100000 as Y. Then make
predictions for the test set.

3. Do Multiple Linear Regression using Input3 and
Input 4 as X, Response*100000 as Y. Then make
predictions for the test set.



End of Lab 3

Please let me check your work,
then you can leave.

See you 1n the next Lab.



