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Background & Goals

Modelling a binary outcome (buy/look, payoff/default,
go/nogo or male/female) requires logistic regression.
Doing logistic regression in Excel requires Solver. “Since
its introduction in .. 1991, ... Excel Solver has become the
most widely distributed — and almost surely the most
widely used — general-purpose optimization modeling
system.” www.utexas.edw/courses/lasdon/design3.htm

This presentation uses college student data: pulse.xls.
This demo models gender (male) based on height.

Goals: Create graph on slide 17.
Determine if slopes are statistically significant.
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Outline of Approach:
Four Steps

1) Prepare data for logistic MLE regression
Insert desired intercept

2) Use Solver to solve for intercept and slopes
3) Test for statistical significance

4) Generate graph

To do: Get data at www.StatLit.org/Excel/
2015-Schield-Logistic-MLE1C-Excel2013-Data.xlsx
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Use Height (A) and Weight (B)
to predict Gender (col C)
Column B: 0=Female, 1 = Male (circled)
Ave Heights: HE’:;M MS,e
M: 70757 62% g
69
F: 65.3” 38% 72 |
86
Difference: g: d
5.35” 7 @
715
62 ]
65 0
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1a) Load Data;

Find Mean(Y). Set Intercept

Enter formula for F21 and F22.
19 E B G
20 GENDER & INTERCEPT #1
21 Male-Pctg 062 =AVERAGE(C3:C9%4)
22 Intercept#!  0.4877 =LN(F21/(1-F21))

Copy value from F22; Paste in E3
Row E E G

2 | Intercepy | SlopeHt| SlopeWt
3 04877 | 0.0000 | 0.0000

VoD

1b) Enter formula for I3-M3
Select I3:M3. Pull to row 94.

Row E F G H | J K L M

2 | Intercept |SlopeHt] SlopeWt Logit Odds ProbY=1 ProbOK LnLHOK
3| 04877 Jo0.0000] 0.0000 | 049 163 082 0.3 097
4

5 [Suminlk | -097 JFSUM(M3M94)

6  SumLnLk1 Sum #1: Manual

7 SumlLnLk2 Sum #2: Solver MLE

8 ChiSqg 000 =2%F&FT)

9  P-Value 1 =CHISQ.DISTRT(F8,1)

11 FORMULAS & TEXT: Enter, Copy Down

12 Logit 13 =ES3+FS3A34GS3'B3
13 Qdds 13 =ExP()
14 ProbY=1 K3 =3ii43)

5 ProbOK L3 =IF(C3=1K3.1K3)
6 LnlHOK M3  =LNL3)
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1c) Results are as expected.
oge
Probability of male =/(\).62
Row E F G H 1 J L M
2 | Intercept |SlopeHt] SlopeWt Logit Odds Prob OK Ln-LH-OK
3| 04877 Jooooo | ooo00 | 049 163 038 097
4 049 163 0.38 097
5 =SUM(M3:1M94) 049 163 038 097
6 Sum LnLk1 Sum #1: Manual 049 163 0.38 -0.97
7 Sumlnlk2 Sum #2: Solver MLE 049 163 0.38 -0.97
Chi-Sg 000 =2%FB-F7) 049 163 038 097
9 P-Value 1 =CHISQ.DIST.RT(F8,1) 049 163 0.38 -0.97
10 043 163 0.38 097
11 FORMULAS & TEXT: Enter, Copy Down 049 163 0.38 -0.97
12 Logit 13 =ES3+F33°A3+G53B3 049 163 0.38 .97
13 Odds J3 =EXP(3) 049 163 0.38 .97
14 ProbY=1 K3 =J3(14J3) 043 163 0.38 -0.97
15 Prob OK L3 =IF(C3=1K3.1K3) 049 163 0.38 097
16 LnlHOK M3  =LN(L3) 049 163 0.38 0.97
17 043 163 0.38 097
13 043 163 038 097
VoD 2016 Soied Logitc MLE 1C Excol2013 Sdes 9

2a) Solve for Slope and Intercept
From Data\n menu, select Solvelr

I PAGELAYOUT FOF!MUIAS‘DATA REVEW  VIEW  ACROBAT
halysis

Y & ar E"fﬂ [E7 Flash Fil B gg| Epa
I B-ARemove Duplicates E - Py Solver
Sort  Filter Text to Outline
Vo dvanced  gumns S Data Validation = -
Sort & Filter Data Tools Analysis
e
' E E G H 1 ] K L M
| Intercept |SlupeHﬂ Slupeth Logit Odds ProbY=1 Prob OK Ln-LH-OK
| 04877 Jooooo] 00000 | 049 163 062 038 0.97
043 163 062 0.38 0.97
=SUM(M3:1194) 049 163 062 038 097
SumLnLkl -61.11 Sum#1: Manual 049 163 0.62 0.38 -0.97
Sum Ln Lk2 Sum #2: Solver MLE 049 163 0.62 0.38 0.97
Chi-Sq  122.23 =-2*(F6-F7) 049 163 062 0.38 0.97

P-Value 2E-28 =CHISQDISTRT(F8,1) 049 1863 0.62 0.38 0.97
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2c) Results: All constraints &
conditions satisfied. Press OK

I E F G
[Tntercept [SlopeH{ SlopeWt |
I=rsert {oeer7 ] 01746 |

=SUM(M3:l
Sum Lnlk1 -61.11 Sum#1: Mz
Sum Ln Lk2 Sum #2: Sc
Chi-Sq | 122.23 =-2*(F6-F7
P-Value 2E-28 =CHISQ.DI

Solver Results

Solver has converged to the current solution
Constraints are satisfied.

{2 Restore Original Values

[ Return to Solver Parameters Dialog

FORMULAS & TEXT: Enter, Cc¢

Logit 13 =E53+F53*A oK Cancel
Odds J3 =EXP(3)
Prob Y=1 K3 =J3/(1+J3) Solver has converged to the current solution.

2015-Schield-Logistic-MLE1C-Excel2013-Slides.pdf
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1d) Copy “Value? of F5 onto F6

Row E FE G H
2 | Intercept |SlopeHt| SlopeWt
3 04877 0.0000 | 0.0000
4
5 | SumLnlk | -81 11 ]=SUM(3:1194)
6 SumLnLk! -81.11¥ Sum #1: Manual
7 Sum LnLk2 Sum #2: Solver MLE
8 Chi-Sqg 12223 =-2*(F6-FT7)
9 P-Value 2E-28 =CHISQDIST.RT(F8,1)

To add Solver to the Excel Data menu in the Analysis section:
1) Select File, Options and Add-Ins.  Select “Solver Add-in”.
2) Under “Manage” menu, select “Excel Add-ins” Press GO.
3) Insert Check in “Solver Add-In” check box. Press OK.
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2b) Set Solver Parameters.
GRC Nonlinear. Press Solve

Select Objective Cell (F5) and Variable Cells (E3:G3)
Row E: E G H

2 [ntercept [SlopeH{ Slopewt]
3 | 02877 _|00000] 00000 |
4 T —
5 [Guminik] ora1] et Objective: SFS5 )
6 SumLnlkl 6111
7 SumlLnlLk2
8 ChiSq 12223 . )
9 Pvale 2828 | 19 (®) Max ) Min
“GRC
Non-Linear” By Changing Variable Cells:
is default
method | 5E53:5G53 D
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3a) Copy Value of F5 onto FZ

Row E F G H

2 | Intercept |SlopeHY] SlopeWt

3 [ 413971 03817 ] 0.1146

4

5 [Sum LnLk [ -23.45 J=SUM(M3:M94)

6 SumLnLkl -61.11] Sum #1: Manual

7T SumblnLk2 -2345Y Sum #2: Solver MLE

8§ ChiSq 7533 =2%F6-F7)

9 P-Value CHISO_DIST_RT{FBJ)

Ready for test of null hypothesis: Slopes are zero
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3b) Hypothesis test:
Slopes statistically significant?

Conduct right-tail Chi? test with 1 degree freedom

Sum Ln Lk2 -23.45 Sum #2: Solver MLE
Chi-Sq 7533 =2%F6-F7)
P-Value C4E-18)=CHISQ.DIST.RT(F8,1)

Slopes are statistically significant:
P-value < 0.05

Note: 4E-18 means move the decimal point
18 places to the left: 0.000000000000000004
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4a) Setup 08:025 and RS.
Enter formula R8:T8. Pull down

VoD 2015 Schield Logistic MLE 15

4b) Graph Logistic Regression
of Gender by Height.

MLE-1C . Logistic Regression
Model Gender by Height
Control for Weight (Set at Average)

1 : . ® o o ®ee oce ece
Series name: mMen

="115A52 Series name:

5 .
Series ¥ values: ="1'I5P57

="1'1SA53:5A594 -
Series X values:

="1"15P58:5P525
Series ¥ values:
Women . ="1"18558:55525

® e o0 © o0 o o o
58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

Series ¥ values:
="1"15C53:5C554

Probability (Male)
o
w

e
N
a

Height (inch
Pulse.xls eight (inches) Schield

o P Q R S T U
2 | Q8 Enter X manually R8 =E$3+F33*P6+G53*Z56
3 | S8 =EXP(Q6) T8 =R6/[1+R6)
4
5  Wt-Average 14515 =AVERAGE(B3:B94)
6
i X-Ht Logit Odds ProbY=1
8 58.00  -263 0.07 7%
9 5900 -2.25 0.11 10%
10 60.00 -1.87 0.15 13%
1 61.00 -1.48 0.23 18%
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4c¢) Graph Logistic Regression
Format Data Series

MLE-1C . Logistic Regression
Model Gender by Height
Control for Weight (Set at Average)

1 ® © o ece oce oo
Men

ogistic data P(male):
Marker No; Line Yes

Original data (0 or 1):
Marker Yes; Line No

Women
®© 0 0 o 000 o o o o
58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
Pulse.xls Height (inches) Schield
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4c¢) Graph Logistic Regression
Format Data Series

MLE-1C . Logistic Regression
Model Gender by Height
Control for Weight (Set at Average)

1 ® © © ece oece oo
Men

o
N
ol

ogistic data P(male):
Marker No; Line Yes

Probability (Male)
o
w

Original data (0 or 1):
Marker Yes; Line No

e
N
a

Women
o ® e o0 © o0e o o o o
58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
Pulse.xls Height (inches) senield

Acknowledgment
and Reference

ACKNOWLEDGMENT:

This presentation closely follows the Carlberg
(2012) presentation in Chapter 2: pages 21-52.

These slides present the how — step by step —
of logistic regression for a single case.
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Background & Goals

Modelling a binary outcome (buy/look, payoff/default,
go/nogo or male/female) requires logistic regression.
Doing logistic regression in Excel requires Solver. “Since
Its Introduction in .. 1991, ... Excel Solver has become the
most widely distributed — and almost surely the most
widely used — general-purpose optimization modeling
system.” www.utexas.edu/courses/lasdon/design3.htm

This presentation uses college student data: pulse.xls.

This demo models gender (male) based on height.

Goals: Create graph on slide 17.
Determine if slopes are statistically significant.



Use Height (A) and Weight (B)
to predict Gender (col ©)

Column B: O=Female, 1 = Male (circled)

Ave Heights: H;;,m MZE
M: 70.75” 62% e
69 1
F: 65.37 38% 72 \;/
bb 1
Difference: fj
5.35” 71
1.5
62 0

63.5 0
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Outline of Approach:
Four Steps

1) Prepare data for logistic MLE regression
Insert desired intercept

2) Use Solver to solve for intercept and slopes
3) Test for statistical significance

4) Generate graph

To do: Get data at www.StatLit.org/Excel/
2015-Schield-Logistic-MLE1C-Excel2013-Data.xlsx
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l1a) Load Data;
Find Mean(Y). Set Intercept

Enter formula for F21 and F22.

19 E F &
20 GENDER & INTERCEPT #1

21 Male-Pctg 0.62 =AVERAGE(C3:C94)
22 Intercept#l 04877 =LN(F21/(1-F21))

Copy value fromt F22; Paste in E3
Row = - e




Row

2
3

oD =] D M =

10
1
12
13
14
15
16
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1b) Enter formula for 13-M3
Select I3:MJ3. Pull to row 94.

E F G H | J K L I
| Intercept |SlopeHt]| SlopeWt | " Logit Odds ProbY=1 Prob OK Ln-LH-OK
049 163 0.62 0.38 0.97
=SUM(M3:M94)
Sum LnLk1 Sum #1: Manual
Sum Ln Lk2 Sum #2: Solver MLE
Chi-5q 0.00 =-2%F6-F7)

P-Value 1 =CHISQDIST.RT(F8,1)

FORMULAS & TEXT: Enter, Copy Down
Logit |3 =Eb3+F33"A3+GH3"B3
Odds J3 =EXP(3)

Prob Y=1 K3 =J3/(1+J3)
Prob OK L3 =IF(C3=1K3,1K3)
Ln-LH-OK M3 =LN(L3)
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1c) Results are as expected.

2015 Schield Logistic MLE 1C Excel2013 Slides

Probability of male = 0.62

E

I:

& H

| Intercept |SlopeHt| SlopeWt |

| 04877

| 00000 | 0.0000 |

'Sum Lk | 61.11 |=SUM(M3:M94)

Sum LnLk1
Sum Ln LkZ
Chi-5q
P-Value

0.00
1

Sum #1: Manual

Sum #2° Solver MLE
=-2*(F6-F7)
=CHISQ.DIST.ET(F8.1)

FORMULAS & TEXT: Enter, Copy Down

Logit
Odds
Frob Y=1
FProb OK
Ln-LH-OK

13
J3
K3
L3
M3

—E$3+F53*A3+G53°B3
=EXP(13)

=J3/(1+J3)
=IF(C3=1.K3,1K3)

=| N(L3)

Logit
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49

Odds
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63
1.63

L 1]
Prob OK Ln-LH-OK
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
0.38 -0.97
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1d) Copy “Value” of F5 onto F6

How E = (3 H

_Intercept | SlopeHt] SlopeWt
0.4877 | 0.0000 | 0.0000

2

h

4

g =SUM(M3:M94)

6 Sum bLnbLkl -61.11Y Sum #1: Manual

i Sum Ln Lk2 Sum #2: Solver MLE

g Chi-5q 12223 =-2*(F6-FT)

G F-\Value ZE-28 =CHISQ.DIST.RT(FE. 1)

To add Solver to the Excel Data menu in the Analysis section:
1) Select File, Options and Add-Ins. Select “Solver Add-in”.
2) Under “Manage” menu, select “Excel Add-ins” Press GO.

3) Insert Check in “Solver Add-In check box. Press OK.
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2a) Solve for Slope and Intercept
From Data menu, select Solver

PAGE LAYOUT FORMULAS ATA REVIEW VIEW ACROBAT
- ‘Y E’E [=" Flash Fill f= &g | &9 Datfhalysis
Reanol i . 5 B~ ? |
- Eie Reapph e H_ ?Remwe Duplicate EIJ' Outline & >olver
¢ Advanced  cqjumns =o Data Validation ~ -
Sort & Filter Data Tools Analysis
Jx
r E F G H | J K L M
| Intercept |SlopeHY SlopeWt | Logit ©Odds Prob Y=1 Prob OK Ln-LH-OK
| 04877 | 00000 0.0000 | 049 163 0.52 0.38 0.97
0.49 1.63 0.62 0.38 -0.97
| Sum LnLk ] -61.11 |=SUM{M3:MM94) 049 163 0.62 0.38 -0.97
Sum LnLk1l -61.11 Sum #1: Manual 0.49 1.63 0.62 0.38 -0.97
Sum Ln Lk? Sum #2: Solver MLE 0.49 1.63 0.62 0.38 -0.97
Chi-Sq 12223 =-2*(F6-F7) 049 163 0.62 0.38 -0.97

P-Value 2E-28 =CHISQ.DIST.RT(F8,1) 043 163 0.62 0.38 -0.97
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2b) Set Solver Parameters.
GRC Nonlinear. Press Solve

Select Objective Cell (F5) and Variable Cells (E3:G3)

Row = = & H
2 | Intercept |SlopeHy SlopeWt
3
4 = = P
5 et Objective:
6 SumbLnlk1l -61.11
7 Sum Ln Lk2
8 Chi-5q 122.23 , :
o Pvale 2628 | 1O (@) Max () Min
“GRC | |
Non-Linear” By Changing Variable Cells:

IS default
method
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2¢c) Results: All constraints &
conditions satisfied. Press OK

~E F G
_Intercept |SlopeHt SlopeWt
413971 J03817] 01146

Sum LnLk | -23.45 |=SUMM3: N
Sum Lnlk1l -61.11 Sum #1: Mz

Sum Ln Lk2 Sum #2; 5S¢
Chi-5q 122 23 =-2*(F6-FT;
F-Value 2E-28 =CHISQ DI

FORMULAS & TEXT: Enter, Cc
Logit I3 =E$3+F33*A
Odds J3  =EXP(I3)

Frob Y=1 K3  =J3/({1+J3)

Solver Results

Solver has converged to the current solution.
Constraints are satisfied.

{O Restore Original Values

Return to Solver Parameters Dialog

OF Cancel

Solver has converged to the current solution.
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3a) Copy Value of F5 onto ¥Z7

Row
IMEEEEIEEEEEE
413971 103817 ] 0.1146
_ -23. 45 1=5SUMIM3M94 )

Sum LnLk1l -61.11| Sum #1: Manual
Sum bLn LkZ2 -23.45Y Sum #2: Solver MLE
Chi-5g fa.33 =2%FG6-Fr)

P-Value GHISEJ DIST RT(F8.1)

Ready for test of null hypothesis: Slopes are zero

2
3
A
5 | Sum LnLk
G
7
8
0
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3b) Hypothesis test:
Slopes statistically significant?

Conduct right-tail Chi? test with 1 degree freedom

Sum Ln LkZ2 -23.45 Sum #2: Solver MLE
Chi-5g f5.33 =-2%F6-FT)

P-Value C4E-18D=CHISQ DIST.RT(F8,1)

Slopes are statistically significant:
P-value < 0.05

Note: 4E-18 means move the decimal point
18 places to the left: 0.000000000000000004
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da) Setup 08:025 and RS.
Enter formula R8:T8. Pull down
= Q R S T U

(A8 Enter X manually R& =E33+F33*Po+GH3"236
S8 |=EXP{Q6 T8 =R6/1+R6

14

X-Ht Logit Odds Prob Y=1
58.00  -2.63 0.07 7%
5900 | -2.25 011 10%

10 60.00  -1.87 0.15 13%
11 61.00 -1.48 0.23 18%

)
2
3
4
5  Wi-Average 14515 =AVERAGE(B3:B34)
b
7
o
9
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4b) Graph Logistic Regression
of Gender by Height.

Logistic Regression

Ve Model Gender by Height

Control for Weight (Set at Average)
o o o ® o ® o ® o @

1 1 1
Series name: Men

=113A%2 Series name:

> Series X values:
oy = ' ="1"1SPS7
= ="1"15A53:5A5584 _
£ 0.5 _ Series X values:
= Series ¥ values:
S —q" :
= ="1'15C53:3C594 = 1 3P33: P55

0.25 .
5eries ¥ values:
Women ="1"15558:55525
o ® e oo e oo o ® ® ® ®
58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
Height (inches)
Schield

Pulse.xls
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4c) Graph Logistic Regression
Format Data Series

Logistic Regression

Ve Model Gender by Height

Control for Weight (Set at Average)
o o o ® o ® o ® O

1
Ven

ogistic data P(male):
Marker No; Line Yes

0.75

Probability (Male)
o
0

Original data (0 or 1):

0.25
Marker Yes; Line No
Women
(0] ® e oo ® ® oo ® ® o ®
58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

Height (inches) hield
Schie

Pulse.xls
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4c) Graph Logistic Regression
Format Data Series

Logistic Regression

Ve Model Gender by Height

Control for Weight (Set at Average)
o o o ® o ® o ® O

1
Ven

ogistic data P(male):
Marker No; Line Yes

0.75

Probability (Male)
o
0

Original data (0 or 1):

0.25
Marker Yes; Line No
Women
(0] ® e oo ® ® oo ® ® o ®
58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

Height (inches) hield
Schie

Pulse.xls
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