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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 graphs on slides 4 and 22.
Determine if slope is statistically significant.

V1A Excel2013 Modsl Logi 3

This demo uses Height (col C)
to predict Gender (col H)

Column H: 1=Male, 0 = Female (circled)
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To Do: Model Gender by Height
Show Trend-line and Equation

This trend-line does not satisfy the least-squares
assumptions and it goes outside the valid range.

Excel 2013 Trend line: OLS

Gender by Height

Intuitive idea of solution

This shape handles all heights: even if negative.

Gender by Height
100%
Men
80%
60%

40%

Probability (Male)

20%
0% Women

Pulse.xls Raight (inchiss) Schield

. A i} c D £ F G M
Ave Helghts: 1 [Tulsel Pulse2 Height Weight Actiity Run? Smokes: Male?
rd 48 L L1 150 1 0 1 1
2oy IR 0 1 1
. 4| 4 s0 | s9 | B0 | 2 0 0 1
M' 70'75 62A) 5 58 mn 72 145 2 1 o 1
6|56 | 68 | &6 | 135 | 3 0 ] d)
» 7| 58 55 | 67 | 15 2 0 0
F: 65~3 38% B B0 76 Lal 170 3 1 o 1
9| 60 62 | T | 155 | 2 0 0 1
. 10 B0 n s 164 2z o 1 1
Difference: 1| 60 66 | 62 | 120 2 q [] 9
' 12| 61 70 | 655 | 10 | 2 0 0
5.35 13| &2 76 738 160 3 1 1 T
ul & 7 | 72 [ 185 2 1 0 1
5 e 58 | 72 |15 3 1 0 1
16 B2 100 BB 120 2 1 o
w| 6 | % [ea?s| 12 | 2 1 1
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Outline of Approach:
Five Steps

1) Prepare data for logistic MLE regression
2) Insert desired intercept

3) Use Solver to solve for intercept and slope
4) Generate various graphs

5) Test for statistical significance

To do: Get data at www.StatLit.org/xls/
Model-Logistic-MLE-1Y1X-Excel2013-Data.xlsx
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l1a) Load Data; 1b) Select M2:Q2. Pull/ to 93
Hide columnsj; Enter formula Copy/Paste Value of J4 onto J5
Z
. —1. — c H 1 J N [+] P Q
Hlde COlllmIlS A'B and D'G Let 12_1, J2_0 1 Height Male [intercept| Siope | Logit Odds Prob Y=1 ProbOK LnLH.OK
. 2| &8 1 [ 100 | ooo | 100 272 03 0Ty Bk
Enter formula in MZ-QZ and J4 3| & 1 10 272 om [XE] on
= » . 1| € 1 v 100 272 om | om0
: = = 5| 72 1 Ongnal 4302 10 272 o7 om  4M
e H J K i M N O -] a & [ 1 Imescept 100 272 073 073 031
1 Helght  Malke Logit  Odds Prob Y=1 Prob OK LnLH.OK n ?: ? Ful :Eg ;{; g;; g;; ;;:
‘Il :: Ir m 2L Lz Lt ai : al 1 100 ?:'? 073 073 031
ioe suAtaz 059 IR 0 51 on  ow 3
5 1 Crginal 12| 655 0 Proby=t 02 N21+NZ) 100 272 073 027 1.3
5| B 1| lipscept 13| 738 1 ProbOK | P2 SFMZS1020-02) 100 272 073 0.3 EE]]
o e 1 1 lnlmOK Q2 -lNPZ) 10 272 om  om  O%
mn 1 FORMULAS . .
WiHs v L tee T et Odds = Prob(Y=1)/[1-Prob(Y=1)] Range: 0 to infinity
LS L 8 PubVell ©F NN il Logit = LN(Odds). Range: -infinity to +infinity.
o B I S s Logistic regress: Logit = Intercept + Slope*Height
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- 2a) Calculate Intercept2
1c) Review/Analyze ) . P
Paste Value into 12
Intercept of 1 gives P(Y = 1 = male) = 73%. c | H X L M N 0
But 62% of these students are male. ”:g"‘ ""‘1‘"1 ;"f: ‘:‘L‘;’ P’:"Gr‘
Step 2: Adjust intercept so P(Y=1) = 62%. : = :
p d p ( ) A) 69 1 0.49 1.63 0.62
L4 H ! J K L M L} o L L] 62 1 Sum LnLk =SUM(Q2:Q93) 0.49 1.63 0.62
1 Height  Male [Intercept] Slope | Logit  Odds Prob Y=1 Prob OK Lol HOK m \ )
PN ST T T e 72 1 Original \ -63.82 049 163 082
3| oo 1 100 272 07 073 0 -] 1 Intercept 0.49 1.63 0.62
4 €9 1 [Suminik] 5382 J=sumioz-ooy 100 272 073 073 0.3 67 0 Full 0.49 1.63 0.62
5 T2 1 Original ~ -6J.82 1.00 | 272 0.73 073 0n 71 1 0.49 1.63 0.62
6| 88 1 Intercept 100 272 073 o7 .03
7 B7 L] Full 100 272 073 ozr 13 71 1 0.49 1.83 0.62
el n 1 100 272 073 073 0.3 7.5 1 | CALCULATE INTERGEPT (Slope=0) 043 1863 0.62
I e R R G 0 |syhe om\ EGEHER) | 049 163 082
0| 715 o4 z g ; k e :
1| B2 [] (IlkJIl:. [IF] EXPME] 100 272 | 073 027 131 65.5 0 lpwroapr | 0,488 aLN{M2R1-M02)) 0.49 1.63 0.62
12| 655 0 ProbY=1 02 =N2i1s+NZ) 100 272 0.73 0ar 1N 735 1 0.49 1.63 0.62
13| 735 1 ProbOK | P2 =F(H2=102102) 1.00 272 0.7} o7 03
14 2 1 LnlHOK Qz LN[F2) 100 272 073 073 031
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2b) Results are as expected: 2c) Copy sum of Ln-Lk-OK
Probability of Male = 62% Copy J4; Paste value into J6
If we must select a single value to predict the outcome, Copy “Sum LnLk” from J4 to clipboard.
it would be the percentage of students who are men. Paste-Special Value in J6
H ! J K 1 L H 0o P Q 1 ||ef he u:m [imercept] mJ 8 ) 7 fr pm:\f-l Pm: oK Ln-LiI_‘i-OK
1 Height  Male [ Intercept] Siope | Logit  Odds Prgb Y=1 Prob OK LnLH-0H = a: g (7T (17 1683 | e 0 Ty
2| 68 1t [ o4 | ow | 049 183 062 -0.48 3 1 163 062 | 0%2 048
3| &9 1 048 183 062 062 048 4 1 [sumink] #1191 J=sumczoos 049 163 062 062 048
4| @ 1 [SumLaLk] €111 J=sUmMin2.093) 049 163 062 0.62 048 1 Ongindl | 63.82 04% 153 062 062 .48
5| 72 1 Ongnal 162 049 163 062 | 062 048 1 | lwcep | 6101 b 163 082 64 04
6 66 1 e 049 163 062 052 048 ¢ . M SRR R T T
L4 L] Full 048 | 163 | 062 0.38 0.7 1 FORMULAS 045 181 0B 0E 048
a n 1 049 163 062 06z 048 1 Logt M2 1§24 J52°C2 04% 183 0.62 062 048
3| n 1 FORMULAS 049 163 062 0.62 048 0 Odds | N2 =EXPM2) 043 163 062 038 097
0| Ms 1 Logit M2 1824482702 048 163 082 0 &2 048 0 Prob Y=1 Q2 =N2i1+MZ) 043 163 062 038 297
1| &2 o Cidds NZ  =EXPMZ) 049 | 163 062 038 047 : I”r:‘“{’)’i 5‘; =:I|i P‘»’;‘ 02 103) ::Z : F‘: :lr-; g:_i; -gilr:
12| 655 0 Prb¥=1 02 f{1+NZ) 049 163 062 0.36 047 L By " . A
13| T3e 1 PmbOK P2 =F(H2-102.002) 049 163 082 062 048 ! W | ] wee: | wsar |
L s B S T T Now solve for the slope in logistic regression
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3a) Solve for Slope and Intercept
) p P 3b) Set Solver Parameters
From Data meniil, select Solver
“ ) o ; Select Intercept and slope (12:J2) in “Changing Variable Cells”.
HOME  INSERT PAGE LAYOU FORMULAS  DATA Miko A 5
! _\ o 46 Y : HOME INSERT ~PAGELAYOUT FORMULAS DATA REVIEW VIEW
Get Dternal  Refresh I rt Filrer uthne
Data = Al - - &
W Lon 1 tions - St ] C\IJ‘. Ansiysis o 12 - fe Solver Parameters
3 [::] 1 048
1| &8 1 [Bumintk] 8111 J-sumiaz a3 048 C H | J
2 Ig:?cl'::t fau T 1 | Height Male Slope Set Objective: 5154
7. &7 [] Full 097 2 63 1 m 0.00
BN 1 & SOLVERXNLAM 048 3 59 1 To: @ Max ) Min
9l 1 ~ FORMULAS Te - 048 = £ ;
0 NS5 1 Logit M2 =E2+J52°C2 - e — 048 o'l
62 0 Odd Nz =EXPMZ 049 163 08 0.38 097 3 == Qﬁv Changing Variable Cells:
:z @5 0 Fovyel 0z =|'|2-'-ZI1+IJJZJ 049 163 062 038 097 = 72 1 Original |~ -63.82 -
1 735 1 ProbOK P2 12=102102) 049 163 062 06 048 6| 66 1 Intercept  -61.11 S5z4042
1 T2 1 Ln-LH-OK Q2  =LN{PZ) 048 1.63 062 06z 048 T 657 0 Full
15| 72 1 049 1.63 062 o6z D48 = i R e S e A e
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3c) Results: All constraints 3d) Error in row 6: short guy.
and conditions are satisfied Classified galsin 7,11 & 12 OK
C H L O P
Solver Results 1 | Height Male Prob Y=1 Prob OK
- 2| 68 1 0.61 0.61
| J Solver found a solution. All Constraints and optimality 3 69 9 077 0.77
+ [intercent m conditions are satisfied Reports ~ =
Answer 4 69 1 0.77 077
UNER | {2} Keep Solver Solution Sensitivity 5 72 i 0.97 0.97
| Limits - - . .
ol S0 | O Restore oviina voss ——&p 66 1 024 | Misclassified
Original ~ -63.82 7 67 ] 041 059
Intescepts .-6101 [ Return to Salver Parameters Dialog [ Outline Reps 8 n 1 0.94 0.94
il 9| 71 1 0.94 0.94
FORMULAS | oK Cancel Save Scenz 10| TS 1 0.96 0.96
Logit M2 1 62 0 0.01 0.99
Odds M2 Solver found a solution. All Constraints and optimality conditions are 12 655 ] 0.18 0.82
Brobet) o satisfed. 13| 735 1 0.99 0.99
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3e) Prepare to test slope
< e- s e 4a) Prepare data for Graphs
for statistical significance
From J4, copy “Sum LnLk” to clipboard. Start Ht-Graph at minimum of height in S2
Paste-Special Value onto J7. Enter formulas for Logit, Odds and Prob(Y=1).
C H | J K E 2 . fo | =g
1 | Height Male | Intercept] Slope e woie [Mmep g ] i
2] @ 1 6100
2 68 1 -53.32 0.79 3|7 9 i s
1 ® 1 =5Una2 093)
3| 6 | 1 HE SRar &
4| 69 1 |suminik] -3055 |=sumiqz:qa3) Tyl e
e s 9 [k} 1 FOHMULAS
5 12 1 Original -63.82 WISl M2 ResEC2
e e
6 66 1 Intercept  -61.11 s 0 Py o2
7 67 0 Full -3065 —m o L e @
8| ™ 1 Blate! 0| o Y
7 1 Preb¥st W2 =U3iisus)

Excel2013-Model-Logistic-MLE-1Y 1X-Slides.pdf 3
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4b) Prepare X and Y data.
X is Height. Y is Prob (Y=1)

Select T2:V2. 5 T u v

Drag down 1 TOW HT-Graph Logit Odds ProbY=1
61.00 510 0.0 1%

6150 | 471 | 0.04 1%

Select S2:V3 6200 431 001 1%
6250 -392 002 2%
Drag to bottom 6300 | 352 | 003 3%

63.50 -3.12 0.04 4%
64 .00 273 0.07 6%
Select columns S & V' &5 233 010 9%

Sept 2015 V1A

V1A B 20

4c) Graph Logistic Regression
of Gender by Height.

Excel 2013 Logistic Regrassion

Gender by Height

1

Logistic data
Marker No; Line Yes

0.75
0.5

0.25 Marker Yes; Line Ng

Original data ol en

L ] L & L ] - L ] L ]

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
Height (inches)

Probability (Male)

0

Pulse.xls Schield

Original data: Col C & H; Logistic data: Col S & V

L 65.00 -1.94 014 13%
for logistic graph. i e
66.00 -1.15 0.32 24%
66.50 -0.75 0.47 32%
67.00 -0.36 0.70 41%
B7.50 0.04 1.04 51%
68,00 043 1.54 £1%
VIA xcetora ol Logac WLE 111X s 21

5) Hypothesis test: Is non-zero
slope statistically significant?

Calculate difference with ‘full’; multiply by -2.

Conduct a right-tail Chi? test with 1 degree freedom.
| (i, | J K L

1 Height Male|intercept] Siope |

2[ e | 1

3 ] 1

4 89 1 |Sumlnik| -30.55 |=sum(Q2:Qg)
| s 72 1 Original -83.82 Manual paste
G 66 1 Intercept  -61.11  Manual paste

7 67 1] Full -30.535 Manual paste

8 71 1 Difference -30.56 =J6-J7

1

: 8 & DegFree Manual entry
[10 715 1 Pvae (G35E-15)=CHISQ.DISTRT(-2"J8.J9)

Sldpe is statistically significant: P-value < 0.05

Excel2013-Model-Logistic-MLE-1Y 1X-Slides.pdf
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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 graphs on slides 4 and 22.
Determine if slope is statistically significant.
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This demo uses Height (col ©)
to predict Gender (col H)

Column H: 1=Male, 0 = Female (circled)

_ A B C D E : G H
Ave He|ght5: 1 [Pulsel| Pulse2 Height Weight Activity Run? Smokes? Male?
2| 48 | 54 | 68 | 150 1 0 1 1
3] 54 | 56 69 | 145 2 0 1 1
- 7" RD04 4| 54 50 69 160 2 0 0 1
M: 70.757 62% 5| 58 | 70 72 | 145 2 1 0 1
6] 58 @ 58 66 | 135 3 0 0 @
: 7 7| s8 | s | 67 | 125 | 2 0 0
F: 65.3"7 38% ;| « %6 | 71 | 10 | 3 1 0
9| 60 62 71 | 1865 2 0 0 1
: _ 1| 60 70 | 715 164 2 0 1 1
Difference: 11| 60 6 62 | 120 2 0 0
N 12| 61 70 655 120 2 0 0
5.35 13 6 | 76 | 735 | 160 | 3 1 1
| 62 | 75 | 72 | 196 | 2 1 0 1
15 62 | 88 | 72 75 | 3 1 0 1
16| 62 100 66 120 2 1 0 9
17| 62 | 98 6276 112 | 2 1 1
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To Do: Model Gender by Height
Show Trend-line and Equation

This trend-line does not satisfy the least-squares
assumptions and it goes outside the valid range.

Excel 2013 . Trend line: OLS
Gender by Height
1 ® & @ S e e See .08 @
y = 0/0953x|- 5.9282 .

_— f R*=0.5102 o

o 0.8

= 0.6 )

= -

e

o 0.4 - "
® ‘\ﬁure Height of All: 68.7
o 62% are men

L 0.2

Women
0 & e8-"88 & & & 8 & @& @& @
61 B2 63 64 65 w1 6/ 68 69 70 1 72 73 M 75

Height (inches)

Pulse.xls Schield
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Intuitive idea of solution

This shape handles all heights: even If negative.

Gender by Height

100%

Men

£0
=
&

T
)
=

A40%

Probability (Male)

20%

0% Women

Pulse.xls Height {inchies) Schield
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Outline of Approach:
Five Steps

1) Prepare data for logistic MLE regression
2) Insert desired intercept

3) Use Solver to solve for intercept and slope
4) Generate various graphs

5) Test for statistical significance

To do: Get data at www.StatLit.org/xls/
Model-Logistic-MLE-1Y1X-Excel2013-Data.xlsx



V1A Excel2013 Model Logistic MLE 1Y1X Slides 7

l1a) Load Data;
Hide columns; Enter formula

Hide columns A-B and D-G. Let 12=1; J2=0
Enter formula in M2-Q2 and J4

M2 b F || =1S2+152*C2
L. H I J K L M M O P Q
1 | Height Male | Intercept] Slope Ln it Odds ProbY¥Y=1 Prob OK Ln-LH-OK
2 68 1 1.00 0.00 1 00 E 72 0.73 0.73 -0.31
3 69 1
4 69 1 Sum LnLk] -0.31 [=SUM{Q2:Q93)
b 72 1 Criginal
b b6 1 Intercept
7 67 0 Full
8 71 1
9 71 1 FORMULAS
10| 715 1 Logit M2 =$2+J52*C2
11 62 0 Odds M2 =EXP(M2)
12| 655 ] Prob Y=1 02 =MN2/(1+N2)
13| 135 1 Prob OK P2 =IF{H2=1,02 _1-
14 72 1 Ln-LH-0kK Q2 =LMN(P2)
1

15| T2
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1b) Select M2:02. Pull | to 93
Copy/Paste Value of J4 onto J5

C H | J K L Iy N 0 = Q
1 | Height Male [ Intercept| Slope | Logit ©Odds Prob¥=1 Prob OK Ln-LH-OK
2 | 68 1 | 1.00 000 | 1.00 | 2.72 0.73 0.73 -0.31
3| 69 1 1.00 | 272 0.73 0.73 -0.31
4| 69 1 |Sum LnLk] -63.82 #0M{Q2-Q93) 1.00 | 272 0.73 0.73 -0.31
5| 72 1 Original =~ -63.82 100 | 272 0.73 0.73 -0.31
6| 66 1 Intercept 160 | 272 0.73 0.73 -0.31
T | &F 0 Full 100 | 272 0.73 0.27 431
58| T 1 100 | 272 0.73 0.73 -0.31
9| T 1 FORMULAS 160 | 272 0.73 0.73 -0.31
10| 715 1 Logit M2  =I$2+J52°C2 100 | 272 0.73 0.73 -0.31
11| 62 0 Odds N2 =EXP(M2) 1.00 | 272 0.73 0.27 -1.31
12| B5.5 0  ProbY=1 02 =N2/1+N2) 100 | 272 0.73 0.27 -1.31
13| 735 1 Prob OK P2 |dFH2=1,02102)| 100 | 272 0.73 0.73 -0.31
14| 72 1 LnlHOK Q2 =LN(P2) 1.00 | 272 0.73 0.73 -0.31

Odds = Prob(Y=1)/[1-Prob(Y=1)] Range: 0 to infinity
Logit = LN(Odds). Range: -infinity to +infinity.
Logistic regress: Logit = Intercept + Slope*Height
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1c) Review/Analyze

Intercept of 1 gives P(Y = 1 = male) = 73%.

But 62% of these students are male.

Step 2: Adjust intercept so P(Y=1) = 62%.

C

H

J

Height Male [ Intercept| Slope |

Ga
63
69

72
6B
67
[k
[k
715
62
65.5
3.5
72

1

1
1
1
1
0
1
1
1
0
0
1
1

| 100

0.00

K |

ISum LnLk| -63.82 |=SUM(Q2-Q93)

Criginal -63.82
Intercept

Full

FORMULAS

Logit M2

Odds M2
Prob ¥=1 02
Prob OK P2
Ln-LH-OK Q2

=|52+J52°C2
—EXP(M2)
=N2/(1+N2)
=|F(H2=1.02.1-02)
=L N{P2)

V]
Logit
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

M

2.72
2.72
2.72

2.72
2.72
2.72
2.72
2.72
2.72
2.72
2.72
2.72
2.72

O P Q
Odds Prob Y=1 Prob OK Ln-LH-OK
0.73 0.73 -0.31
0.73 0.73 -0.31
0.73 0.73 -0.31
0.73 0.73 -0.31
0.73 0.73 -0.31
0.73 0.27 -1.31
0.73 0.73 -0.31
0.73 0.73 -0.31
0.73 0.73 -0.31
0.73 0.27 -1.31
0.73 0.27 -1.31
0.73 0.73 -0.31
0.73 0.73 -0.31
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2a) Calculate Intercept2
Paste Value into 12

10

C H
Height Male

68 1
69
69

2
66
67
71
T
.5
62
65.5
3.5

J

Intercept

Slope

0.488

0.00

Sum LnLk

-61.11

Original
Intercept
Full

-63.82

=SUM(Q2:Q93)

CALCULATE INTEREEPT (Slope=0)
Binary Ave:  0.620
Intercept2 0.488

=AVERAGE(H2:H93)
=LN(J42/(1-J42))

M

 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

N
Odds

1.63
1.63
1.63

1.63
1.63
1.83
1.63
1.63
1.63
1.63
1.63
1.63

O

Prob Y=1

0.62
0.62
0.62

0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62



If we must select a single value to predict the outcome,
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2b) Results are as expected:

Probability of Male = 62%

It would be the percentage of students who are men.

(s Bl = =T R 5 5 B TR S O T L [

E

H

J

Height Male | Intercept]| Slope |

6a
63
69

72
bb
b7
[k
71
715
b2
65.5
73.5
72
72

1

P = I = [ et A A = [ A O ¥

| 043

0.00

K L

[Sum LnLk] -61.11 |=SUM{Q2-Q93)

Crriginal -53.82
Intercept

Full

FORMULAS

Logit 2

Odds M2
Prob Y¥=1 02
Prob OK x5
Ln-LH-OK Q2

=1$2+J52"C2
—EXP(M2)
=N2/(14N2)
=IF(H2=1,02,1-02)
=| N(P2)

['.I-'
Logit
0.49
0.49
0.49

0.49
0.43
0.49
0.49
0.43
0.49
0.49
0.49
0.49
0.49
0.49

M
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

O

F

11

Q

Prob Y=1 Prob OK Ln.LH-OK
(062) 062 048

0.62
0.62

0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62
0.62

0.62
0.62

0.62
0.62
0.38
0.62
0.62
0.62
0.38
0.38
0.62
0.62
0.62

-0.48
-0.48

-0.48
-0.48
-0.97
-0.48
-0.48
-0.48
-0.97
-0.97
-0.48
-0.48
-0.48
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2¢c) Copy sum of Ln-Lk-OK
Copy J4; Paste value into J6

Copy “Sum LnLk” from J4 to clipboard.

Paste-Special Value in J6
E H I J K L 1 o H o
1 | Height Male | Intercept] Slope Odds Prob Y=1 Prob OK Ln-LH-OK
2 68 1 0.49 0.00 1.683 0.62 0.62 -0.48
3 69 1 1.63 0.62 0.62 -0.48
4 69 1 Sum LnLk] -61.11 J=SUM[{Q2:(293) 0.49 1.63 0.62 0.62 -0.48
5 72 1 Original -63.82 0.49 1.63 0.62 0.62 -0.45
6 66 1 Intercept  -61.11 0.49 1.63 0.62 0.62 -0.48
7 67 0 Full 0.49 1.63 0.62 0.38 -0.97
8 71 1 0.49 1.63 0.62 0.62 -0.48
) 71 1 FORMULAS 0.49 1.63 0.62 0.62 -0.48
10| T1.5 1 Logit M2 =152+J52"C2 0.49 1.63 0.62 0.62 -0.48
11 62 0 Odds M2 =EXP(M2) 0.49 1.63 0.62 0.38 -0.97
12| 855 ] Prob Y=1 02 =MN2/(1+N2) 0.49 1.63 0.62 0.38 -0.97
13| 735 1 Prob OK P2 =IF{(H2=1,02,1-02) 049 1.63 0.62 0.62 -0.48
14 72 1 Ln-LH-OK Q2 =LN(P2) 049 1.63 062 0.62 -0.48
15 [ 1 0.49 1.63 0.62 0.62 -0.48

Now solve for the slope in logistic regression
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3a) Solve for Slope and Intercept
From Data menu, select Solver

m HOME INSERT PAGE LAYOUT FORMULAS  DATA | REVIEW VIEW F Architect Milo ASc.. -

A .
E& @ [2] Al Y B-f =E ‘_;j Data Analys
Get Bxternal Refresh l:l Sort Filter Data Outline SN
Data - All = = Tr‘ Tools - v
Connections Sort & Filter Analysis
2 b 1 | 04% | 000 | Solver -0.48
3 69 1 -0.48
4| 69 1 |Sumlnlk] 6111 |=5UMm[Q2-:Q93) Ttlfl anf'}-'zi:%tctcl thatt ﬂTfLE the 048
S optimal value of a target cell by

: = : Lot i cEanging values in I:E-|I|E used to il
6 66 1 Intercept 61.11 calculate the target cell. 0.48
[ b7 0 Full -0.97
5| T 1 [5 SOLVERXLAM -0.48
5 [ 1 FORMULAS Tellme:mas -0.48
10| 715 1 Logit M2 =1$2+J52"C2 v oo e o -0.48
11 62 0 Odds M2 =EXP{M2) 0.49 1.63 0.62 0.38 -0.97
12| 6b5 0 Frob ¥=1 02 =MN2/{1+N2) 0.43 1.63 0.62 0.38 -0.97
13| 35 1 Prob OK P2 =IF(H2=1,02,1-02) 0.49 1.63 0.62 0.62 -0.48
14 72 1 Ln-LH-OK (12 =LM(P2) 0.43 1.63 0.62 0.62 -0.48
15 72 1 0.45 1.63 0.62 0.62 -0.48
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3b) Set Solver Parameters

Select Intercept and slope (12:J2) in “Changing Variable Cells”.

HOME INSERT PAGELAYOUT FORMULAS DATA  REVIEW VIEW

12 - £ | Solver Parameters
C H | J
1 | Height Male | Intercept] Slope | Set Objective: $J54
2 68 1y 045 ] 000 ]
3 59 1 To: @ Max ) Min
- G4 1 | SumLlnLk] -61.11 S
= S5k oy dNgINg variaile Lells;
5 [ 1 Onginal  -63.82 |
6 66 1 Intercept  -61.11 | s152:3)52
7 67 0 Full | | |
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3c¢) Results: All constraints
and conditions are satisfied

Je

I J
+ | Intercept] Slope _

53.32
Sum LnLk] -30.55 f

Criginal -63.62
Intercept  -61.11

Full

FORMULAS
Logit M2 3
Odds M2 :

#

Prob ¥=1 02

1 Solver Results

Solver found a solution. All Constraints and optimality

conditions are satisfied. Reports
Answer
{*} Keep Solver Solution Sensitivity
Limits

{2 Restore Original Values

] rReturn to Solver Parameters Dialog [C] outline Rept

OF Cancel Save Scenz

............................................

Solver found a solution. All Constraints and optimality conditions are
satisfied.
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3d) Exror in yow 6: short guy.
Classified galsin 7,11 & 12 OK

.*.

WD o0 =] | N L R =

=k |-==k
=k | B

12
13

C

Height

6a
6Y
6Y

72
6b
b7
71
[
15
b2
b5.5
3.5

H
Male

1

=% B g =k =k =k 5 =% =k =k =k

O P
Prob Y=1 Prob OK
0.61 0.61
077 077
077 077
0.97 0.97
Q2> [0
0.41 0.69
0.94 0.94
0.94 0.94
0.96 0.96
0.01 0.99
0.18 0.82
0.99 0.99

| Misclassified
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3e) Prepare to test slope
for statistical significance

From J4, copy “Sum LnLKk” to clipboard.
Paste-Special Value onto J7.

C H | J K |
Height Male | Intercept] Slope

65 1 £3.32

69
69 1 [SumLnik] 3055 J=sumiaz-q93)
721 Onginal 6382

bb 1 Intercept -b1.11

57 0 Full 3055 ~

S
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1a) Prepare data for Graphs

Start Ht-Graph at minimum of height in S2
Enter formulas for Logit, Odds and Prob(Y=1).

12 ¥ F || =1524152*52
C H I J K L S5 T U v
1 | Height Male | Intercept]| Slope HT-Graph Logit Odds Prob Y=1
2 68 1 -53.32 0.79 61.00 -5.10 _l 0.01 1%
3 69 1 61.50
4 69 1 Sum LnLk] -30.55 J=SUM(Q2:Q33)
b 72 1 Original -63.82
b 66 1 Intercept  -61.11
7 67 0 Full -30.55
& 71 1
9 [ 1 FORMULAS
10| 715 1 Logit M2 =132+J52*C2
11 62 0 Odds M2 =EXP(M2)
12| &55 0 Prob ¥=1 02 =MN2/{1+MN2)
B SNETE 1 Prob OK P2 =IF(H2=1,02,1,02)
14 72 1 Ln-LH-OK Q2 =LN{F2)
15 72 1
16 66 0 Logit T2 =1$2+J52*52
17| &2 75 0 Odds U2 =EXP(T2)
18 74 1 Prob Y¥=1 V2 =U2/(1+U2)
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1b) Prepare X and Y data.
X is Height. Y is Prob (Y=1)

Select T2:V2. 5 T ! v

Drag down 1 row HT-Graph Logit Odds Prob Y=1
61.00 510 001 1%

61.50 471 0.01 1%

Select S2:V3. 6200 431 001 1%
2 50 -3.92 0.02 29
Drag to bottom 250 |2 oop | Z%

6350 | -312 | 0.04 4%
64 .00 @ -273  0.07 6%

Selectcolumns S &V 650 233 010 9%

P B G500 -1.94 0.14 13%
for logistic graph. T s i

66 00 | -1.15 | 0.37 24%
6650 | -0.V6 | 047 32%
67.00 -036 0.70 41%
67.50 0.04 1.04 51%
Ra.00 0.43 1.54 61%
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4c) Graph Logistic Regression
of Gender by Height.

Excel 2013 LogisticRegression

Gender by Height

1 8 8 a e 8 e & 8

Logistic data

'E' Series name:
— =DatalsC5| E&:| = Hei . -
C Marker No; Line Yes
E, =Datal3(52:5C593 B
Series ¥ values:
-I? =DatalSH52:5H533 Bl =1,1,1,1,1,.. Series name:
-_ =Datal5551 E®:| = HT-Graph
_ﬂ Series X values:
m =Data!s552:55530 E®| =61.00,61.50 ..
-E Series ¥ values:
nl: =Data!SV52:5V530 ERE| = 1%, 1%, 1%, 2%...
Cancel
0 e .
61 62 62 64 65 66 67 68 9 MO0 /1 /2 /3 M /5
Height (inches)
Pulse.xls Schield

Original data: Col C & H; Logistic data: Col S & V
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5) Hypothesis test: Is non=-zero
slope statistically significant?

Calculate difference with “full’; multiply by -2.

Conduct a right-tail Chi? test with 1 degree freedom.
C H I J K L

Height Male| Intercept| Slope
68 1 -53.32 .0.79
69
69 Sum LnLk| -30.55 |=sum(Q2:Q9)

1

1

72 1 Original -63.82 Manual paste
66 1 Intercept  -61.11 Manual paste
67 0 Full -30.95 Manual paste
71 1 Difference -30.56 =J6-J7

71 1 DegFree 1 Manual entry

10 715 1 P-value =CHISQ.DIST.RT{-2*JE.J9}

Slope is statistically significant: P-value < 0.05

O oo JoO o & W N =
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