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Exercise: Logistic regression |

* Open the dataset “Default.csv” in JASP

—>Sample of mortgage loans from 200 borrowers. For each loan, it is given whether the loan
defaulted or not and some information on the borrower:

+ Age
Years of education
Employed (yes, no)
Married (yes, no)
Ratio of mortgage to income

» Conduct a logistic regression analysis

. Wt[lat tfactors predict occurrence of a default—and how? Also interpret the odds ratios in the JASP
output.

« Calculate the predicted probability of a default of a $235,500 loan by a 48 year-old, employed, and
married borrower, who has an annual income of $70,090 and 16 years of education.

« Do the same for a 47 year-old borrower of a $ 367,300 loan, who is employed and unmarried, and
has an annual income of $115,880 and 12 years of education.
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Edit Data Descriptives T-Tests ANOVA Mixed Models Regression Frequencies Factor Machine Learning Meta-Analysis Power  Reliability
v Logistic Regression Q0006 Results ¥
Dependent Variable I Jre g
# Obs 1z Logistic Regression v
& ncome s & Default
& Morgage Method
Enter v Model Summary - Default
Model Deviance AIC BIC df AX? p McFadden R* Nagelkerke R* Tiur R* Cox & Snell R*
Covariates
4 & VeEduc Mo 227105 229105 232403 199 0.000 0.000
¢ i M. 190.269 202 269 222058 194 36.836 =001 0.162 0248 0.182 0.168
# Ratio ]
’ °
: 4 Age : Note. M. includes YrsEduc, Ratio, Age, Employed, Married
Coefiicients
Factors.
Wald Test
L Employed il
playe:
& Married Model Estimate Standard Error Standardized™ Qdds Ratio z Wald Statistic df p
M (Intercept) -1.072 0162 -1.072 0342 -6.600 43673 1 =.001
M: (Intercept) -2 466 1.832 0.909 0085 -1.511 2282 1 0131
YrsEduc -0.055 0.079 -0.129 0.946 -0.703 0.495 i 0.482
Ratio 1318 0.309 0.900 3.736 4.267 18.209 1 <.001
» Model Age 0.025 0.022 0.214 1.026 1.166 1.360 1 0243
Employed (1) -1.685 0.566 -1.685 0.185 24978 8.870 1 0.003
¥ Statistics Married (1) -0.265 0.433 -0.865 0.421 -1.998 3.993 ! 0.046
Note Defauit level *1" coded as class 1
Descriptives Performance Diagnostics * Standardized estimates represent estimates where the confinucus predictors are standardized (X-standardization).
< Factor descriptives Confusion matrix <
Cosflicients Performance Metrics Multicollinearity Diagnostics
Estimaloe Ay Tolerance VIF
From (5000 |b AUC
YrsEduc 0.969 1.032
Standardized coefficients Sensitivity / Recall Ratio 0.948 1.054
e Age 0.967 1.035
4 Odds rati fi
B s et S Employed 0.05 1017
Confidence intervals Precision Married 0991 1.009
F-measure
Odds rafio =: Brier score < o
Performance Diagnostics ¥
Robust standard errors H-measure
Vovk-Sellke maximum p-ratio Confusion matrix
Multicollinearity diagnostics b
Observed a 1 % Correct
° | Residuals H
. . 0 142 7 95302
Casewise diagnostics 1 38 13 25.490
Overall % Correct 77.500
Note. The cut-off value is set 10 0.5
Leverage Parformance metnics
My Value
Append residuals to data Accuracy 0.775
Colt
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Predicted probability of default

Regression equation (predicted log odds)

( p(defaul) )
lo

g = —2.466 — 0.055 X YrsEduc + 1.318 X Ratio + 0.025 X Age — 1.685 X Employed — 0.865 X Married
p(no default)

YrsEduc = 16 Ratio = 235,500/70,090 = 3.36 Age =48 Employed = 1 Married = 1

Exponentiated regression equation (predicted odds)

p(defaul) — —2466—0.055X16+1.318%3.36+0.025x48~1.685x1-0.865Xx1 — ,~0.268 — 745
p(no default) '
The person has a 43% chance of
Predicted probability from predicted odds not being able to pay back the loan.
S 765
p(default) = m = 43
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Predicted probability of default

Regression equation (predicted log odds)

( p(defaul) )
lo

g = —2.466 — 0.055 X YrsEduc + 1.318 X Ratio + 0.025 X Age — 1.685 X Employed — 0.865 X Married
p(no default)

YrsEduc = 12 Ratio = 367,300/115,880 = 3.17 Age =47 Employed = 1 Married = 0

Exponentiated regression equation (predicted odds)

pldefaul) ;) 466-0.055x12+1.318x3.17+0.025x47—1.685x1-0.865%0 _ ,0.542 _
=e e 1.720
p(no default)
The person has a 63% chance of
Predicted probability from predicted odds not being able to pay back the loan.
default) = — 0 = 63
pldefault) =1=—-75 =
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Exercise: Sample-size considerations

Assess whether in the dataset “Default.csv” the sample-size
considerations discussed in the lecture are fullfilled

 How many cases are there for the different levels of the dependent
variable and which level occurs less frequently?

* What is the minimum number of cases given the number of predictors
in the dataset?
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Edit Data Descriptives T-Tests ANOVA Mixed Models Regression Frequencies Factor Machine Learning Meta-Analysis Power  Reliability
v Logistic Regression (R - NoN Xx] Results ¥
Dependent Variable i :
& Obs 1= S Logistic Regression v
& Income & Default
4 Mortgage o
e — Model Symmay - Default
e Model  Deviance AIC BIC di A% P [ R TurR Cox & Snell R
< /' YrsEduc Mo 227105 229105  232.403 199 ) 0.000 0.000
# Rato M 190269 202280 222059 194 36.836 <001 0.162 0248 0.182 0168
. °
- 4 hge - Note. M. includes YrsEduc, Ratio, Age, Employed, Married
Coefficients
Faclors
\Wald Test
Ld & Employed . : T
& Maried Model Estimate  Stendard Emor  Standardized”  Odds Ratio z Wald Statistic ~ df P
Mo (Intercept) -1.072 0.182 -1.072 0342 -6.609 43.673 1 <001
M (Intercept) -2.466 1,632 0.909 0085  -151 2282 1 0
YrsEduc -0.055 0.079 -0.120 0945  -0.703 0.495 1 0482
Ratio 1318 0.309 0.900 3736 4267 18200 1 <.001
» Model Age 0.025 0022 0214 1028 1186 1380 1 0243
Employed (1) -1.685 0.566 -1.685 0185  -2978 8870 1 0003
v Statistics Married (1) -0.865 0433 -0.885 0421 -1.998 3.993 1 0.046
Note_ Defauit level 1" coded as class 1.
Descriptives Performance Diagnostics " Standardized estimates represent estimates where the predictors are (%
» Factor descriptives Confusion matrix <
Caefficients Performance Metrics Mutticollinenty Diagnostics
Esiniies Acoumoy; Tolerance  VIF .
From (5000 | booistraps AUC
vetwe o 1o cases without purnou
Standardized coeficients Sensitivity / Recall Ralio 0948 1.054 I
Age 0.967 1.035 .
i th burnout (51 > 5*10
Confidence intervals Precision Married 0991 1.009 Cases WI u rnou ) SO
Interval (950 | % F-measure . . . .
oot - A the basic requirement is fullfilled
Performance Diagnostics ¥
Robust standard errors H-measure
Uk Sallv At vk Confusion matrix
i Multicollinearity diagnostics il
- % Correct
2 | Residuals
H . 0 42 7 5.3
‘Casewise diagnostics 1 38 25.480
St residual > |3 DFBETAS Overall % Correct
Cooks dist > DFFITS st lits
Al Cov rafia
Leverage Performance metrics
Mahalanobis Value
Append residuals to data. Accuracy 9775
Column name |e g . residuals
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Exercise: Logistic regression |l

* Open the dataset “Burnout.csv® in JASP

- Burnout among academics predicted by

erceived internal locus of control (high value=low control!), perceived stress from
eaching activities, perceived stress from research activities, perceived stress from
pastoral care

« Conduct a logistic regression analysis

« What factors predict occurrence of burnout—and how? Also interpret the odds
ratios in the JASP output.

« Compare models with different numbers of predictors in terms of AIC and BIC
to observe the trade-off between model fit and model complexity.

» Use the_.best-Berforming model (in terms of AIC) to calculate the predicted
probability of burnout for a person with scores on perceived internal control of
18, stress from teaching of 60, stress from research of 52, and stress from
pastoral care of 55.




& Bumou Regression ) - o x
o o @ Bumout* (! _Regression i) — o X
v v v v m v v v v
= R L A S . i T
Edit Dat Descript TTests ~ ANOVA  Mixed Models Regression Fi Factor  Machine Leaming ~ Meta-Analyst = = - . +
it Data escriptives  T-Tes i els Regression Frequencies  Factor fachine Leaming ~ Meta-Analysis
2 - 2 & EditData  Descriptives  T-Tests ANOVA  Mixed Models Regression Frequencies  Factor  Machine Leaming ~Meta-Analysis
Name: BumOut Long name: BumOut T |
- o v Logistic Regres 0@© 0O | Resuisy
escripton:
Dopendent Variable L )
< & il Logistic Regression v
Labol Editor | .
s . Method
e : ok . I—
., ‘i wou  |mumon Covatates Mode _ Deviance ___AIG BIC d % b MoraddenR  NageleeR  TIrR: _ Cox& SnellRY
- > N IntemalControl Ho 50107 sa2107 5254 dto
v ‘“" BurntOut | NotBureon /\ A stessTeaching ™ 449524 450324 480.055 42 80784 <.001 0.152 0234 0.179 0.159
 stressResearch
\ stressPastoral
Goeffcents ¥
e Viald Test
eee > Estmate  StendardEmor  z  WadSwisic o p
Y & Bumou 8 £ 8 « + b - bt (intercept) 4560 0.909 5017 26170 1 <001
IntemalControl  -0.065 001 5634 sz 1 <ot
1 Bumtout 12.04117647 45.45454545 5208333353 s1MM stressTeaching  -0.011 0012 -0.30 oes 1 0382
o 0.008 049 1 0480
2 Bumtout 2235204118 54.54545455 5208333333 57.40740741 ss 1 <001
3 Bumtout 1470586235 6181818162 6450333333 537037037 > Model
4 Bumtout 1470588235 49.00090909 3541566667 5555555556 S
5 Bumtout 2235204118 6363636364 54.58333333 6851851852
> Plots
6 Bumtout 12.04117647 ar2nzrznz 50 4250250250
7 Bumtout 12.04117647 727227273 8541556667 57.40740741 A .
8 Bumtout 1411764706 4545454545 6875 53.7037037 .
9 Bumtout 11.76470568 6727272727 5416666667 50
10 Bumtout 3058823529 5090908091 77.08333333 5185185185
11 Bumtout 1470586235 4181818182 4583333333 462962963
. 705 asag 2
e R—— r———— @sumourt  Regresson 1) R
v v v v v v sele v v v v v v om v v v
= B B B B X = A EBF < + = (| I R |13 A 7~ A P R M Y
- EdtData | Descripives T-Tests  ANOVA  MixedModels Regression Frequencies  Factor  Machine Leaming Meta-Analysis EditData  Descriptives  T-Tests ~ ANOVA  Mixed Models Regression Frequencies  Factor  Machine Learning  Meta-Analysis
Name: BumOwt Long name: BumOut (x) v Logistic Regression Q0009 Results ¥
Description:
Dependent Variablo - .
= & Logistic Regression ¥
Label Edior . o
: o = Model Summary - BumOut
il —— Model _ Deviance __AIC BIC ot X P McraddenR  NegekeeR' _ TWrR' _ GoxdSnellRt
v e Notgumt 0wt > \ IntemalControl He 530107 552107 536254 466
v Gumou | Bumtout / & stressTeaching He 449324 450324 480.055 462 80784 <.001 0152 0234 0179 0.159
 stressResearch
“, stressPastoral
Coeficients
e Wald Test
i > Estmate  StandardEmor  z  WadStlsic _df __ p
Intercept) -4.560 0909 5017 28170 1 <001
BumOut > « {
Y |& e AY S S S « InternalControl 0085 0011 5634 a2 1 <001
1 Bumtout 1294117647 4545454545 5208333333 st stressTeaching 0,011 0012 0380 oses 1 03%2
stressResearch 0008 -0.706 0% 1 0480
2 | Bumtout 2235204118 54.54545455 52.08333333 57.40740741 — 0035 - 3305 s 1 <001
el Burnt OuF coded a5 ciass 1
3 Bumtout 1470588235 6181818162 6458333333 537037037 > Model
4 Bumtont 1470588235 49.00090909 35.41666667 5555555556 ¥ St
5 | Bumtout 2235204118 6363636364 64.58333333 6851851852 -
> Plots
6 | Bumtout 1204117647 aranararzr 50 4250250250
7 | Bumtout 1294117647 72722273 85.41666667 57.40740741 . :
:
8 | EBumtout 1411764706 4545454545 6875 53.7037037 .
9 | Eumtout 11.76470588 6727212727 54.16666667 50
10| Bumtout 3056823520 50.90909091 77.08333333 5185185185
M| Bumtout 1470588235 4181818162 4583333333 452062063
12 s 2784705882 2 44 Eranirieal lg} t d 1 P h
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Edit Data Descriptives T-Tests ANOVA Mixed Models Regression  Frequencies Factor Machine Learning Meta-Analysis Power  Reliability
Results
v Logistic Regression 000 OO =
Dependent Variable Logistic Regression
> &, BumoOut
Method Model Summary - BurmnQut
Enter v
Model Deviance AIC BIC df iy 1] McFadden R* Nagelkerke R* Tiur R? Cox & Snell R*
Covariates
> # InlernaiCantrol Me 530.107 532107 536.254 466 0.000 0.000
2l M: 449324 459324 480.058 482 B0784 <001 0152 0234 0178 0159
’ Note. M; includes Int ICantral, st Pastoral, stressTeaching, stressRi h
. # stessTeaching ote. My includas InternalControl, stressPastoral, stressTeaching, stressResearc
s 4 stressResearch
Coefficients
ERgoR Wald Test
> e
Model Estimate Standard Error Standardized™ Odds Ratio z Wald Stafistic df p
Mo {Intercept) -1.073 0.106 -1.073 0342 =-10.105 102111
Ms {Intercept) —4.560 0.909 -1.242 0.010 =507 25170
InternalControl 0.065 0.011 0770 1.067 5634 31742
stressPastoral 0.035 0.010 0.469 1.035 3395 11523
» Model strassTeaching 0.011 0.012 0138 1.011 0830 0865
stressResearch —0.006 0.008 -0.086 0994 —0.706 0499
¥ Statistics Note. BurnQut level 'Bumt Qut' coded as class 1.
N ized esti represent where the il p are standardized (X-standardization).
Descriptives Performance Diagnostics .
A ligheniig Low internal control (note the
> Muiticollinearity Diagnostics . . '
Cosficents Peromance Merics Towans VF reversed coding of the variable!)
e gt InternalControl 0,824 1214 d h i h t |
From (5000 | bootsaps AUG e R S £ ana high pastoral care are
7} Standardizsd cosflicients Sensitivity / Recall Siipse eaching 0083 dual i i i
o v Srecneseartn 0953 1050 associated with a higher
©Odds ratios Specificity o
Confidence intervals Precision probablllty of burnout
Interval [25.0 s. F-measure Perfermance Diagnestics
Odds ratio scale Brier score Confusion matrx
Robust standard errors H-measure Predicted
Vovk-Sellke maximum p-ratio Observed Not Burnt Qut BumtOut % Correct
Multicollinearity diagnostics Not Burnt Out 328 20 94.253
™ Burnt Out 86 33 2773
8 | Reskiuais Overall % Correct 77.302
Casewise diagnostics Note. The cut-off value is setto 0.5
Stdresidual > |3 DFBETAS
Cooi's dist. > BFFITS R et
All Cov ratio Value
Laverage
Accuracy 0773
Mahalanobls —_—
Append residuals to data -
Column nama |e.g., residuals
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- Edit Data Descriptives T-Tests ANOVA Mixed Models  Regression  Frequencies Factor Machine Learning Meta-Analysis Power  Reliability
v Logistic Regression RY - NoN i Xx] Results *
Dependent Variable
4 stressTeaching 12 i o N
# stressResaarch e & BurnOut Logistic Regression v
Method
Enter v NMadel Summary - BurnOut
Covariates Model Deviance AlC BIC df v e p McFadden R* Nagelkerke R* Tiur R* Cox & Snell R*
<4
o otmalConkl Me 530107 532107  536.254 456 0.000 0.000
. # stressPastoral - M 450844 456844 450283 454 79263 =001 0150 0230 0177 0156
: : Note. M; includes InternalControl, stressPastoral
Factors Coefficients ¥
F Wiald Test
Model Estimate Standard Error Standardized™ Odds Ratio z Wald Statistic df 1]
Mo (Intercept) -1.073 0106 -1.072 0342 -10.105 102111 1 <.001
M: (Intercept} -4721 0592 -1.236 0.008 =973 63576 1 =.001
InternalConirol 0.070 0.010 0839 1073 6.710 45.021 1 =.001
» Model stressPastoral 0.040 0.009 0.543 1.041 4.487 20133 1 <.001
Nate. BurnOut level ‘Burnt Out' coded as class 1
¥ Statistics ~ Standardized estimates represent estimates where the conlinuous predictors are standardized (X-standardization)
Descriptives Performance Diagnostics
> Factor descriptives Confusion matrix % Multicofliinearity Diagnostics
Coefficients Performance Metrics Inlemnos Al
Estimates Accuracy InternalControl 0.990 1.010
stressPastoral 0.990 1.010
From 500 boo AuC
Standardized coefficients Sensitivity / Recall
Odds ratios Specificity Performance Diagnostics
Confidence intervals Precision
Confusion matrix
Edaih Predicted
52680 Bl Brier score Observed NotBumtOut  BumtOut % Correct
Hobs: stacact snors hmeasin Net Burnt Out 329 19 94540
Vovk-Sellke maximum p-ratio Bumt Out 87 32 26.891
72 KAt ity dllanriosd Overall % Correct 77302
@ Mo nearly diagnosics Note. The cut-off value is set to 0.5
* | Residuals .
B -
Casewise diagnostics.
Performanice metrics
FBETAS
Value
Accuracy 0773
Al
Append residuals to data
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Edit Data Descriptives T-Tests ANOVA Mixed Models ~ Regression  Frequencies Factor Machine Learning  Meta-Analysis Power  Process Reliability
o BurnOut
L) Results ¥
Method
Ente: v s gs i
i Logistic Regression ¥
Covariates
> /" InternalControl
4 stressTeaching iodel Summary - BurnQut
4 stressResearch / Model Deviance AlC BIC df ax3 P McFadden R* Nagelkerke R* Cox & Snell R*
# stressPastoral
M 5301 532107 536254 466 0.000
\ M, 4508 456 844 469 283 464 79263 = 001 0.150
Factors : M: 4493 459324 480.055 462 1521 487 0152
L Note’ udes stressPastoral, InternalConirol
Note. M: includes’ foral, InternalControl, stressTeaching, siressResearch
Coefitcients
Wald Test
Model Estimate Standard Error Odds Ratio & Wald Statistic df P
e i Model 0 M: (Intercept) -1.073 0.108 0342  -10.105 102111 1 <001
4 stressTeaching M; (Intercept) —-4.721 0592 0.009 7973 63 576 1 =001
4 stressResearch = stressPastoral 0.040 0.009 1.041 4487 20133 1 =001
& stressPastoral InternalControl 0.070 0.010 1.073 6710 45021 =001
M: (Intercept) -4.560 0.909 0.010 -5.017 25.170 1 <.001
odel 1 stressPastoral 0.035 0.010 1.035 339 11.523 1 <.001
> P <4 InternalControl 0.065 0.011 1.067 5.634 31.742 1 <.001
. i \ stressTeaching 0.011 0.012 1.011 0.930 0.865 1 352
L4 # InlemalControl stessResearch  -0.006 0.008 0.994 -0.706 0499 1 480
Note. BumCut level 'Burni Out' coded as class 1
Multicollinearify Diagnostics
4 Tolerance VIF
4" stressTeaching
/' stressResearch stressPastoral 0.762 1312
InternalControl 0.824 1214
stressTeaching 0.683 1.463
stressResearch 0.953 1.050
Include intercept
Performance Diagnostics ¥
.| v statistics .
= - Confusion matrix
D ipti Performa Di ti
escriptives ) nne‘ mgﬁﬂé ics Erodided
Fckr dhsorinties Conhision max Observed NotBumiOut  BumiOul % Corect
Coaliciants Feremarcs Matics Not Bumt Out 328 20 9425
Estimates Accuracy Burnt Out 85 33 2773
Overall % Correct 77.30
From 100 | bootstraps AuC
Note. The cul-off value is set 10 0.5
Standardized coefficients Sensitivity / Recall
Odds ratios Specificity
Performance melrics
Confidence intervals Precision
e Value
bateet (BE I S
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Predicted probability of burnout

Regression equation (predicted log odds)

p(burnout) ,
log = —4.721 + 0.04 X stressPastoral + 0.07 X internalControl
p(no burnout)

stressPastoral = 55 internalControl = 18

Exponentiated regression equation (predicted odds)

p(burnout) — 4721+ .04X55+0.07X18 _ e~ 1261 — 2913 A person with a perceived
p(no burnout) internal control score of 18 and
a stress from pastoral care
Predicted probability from predicted odds score of 55 has a chance to
A 283 experience burnout of 22%
p(burnout) = 22

1+ 283
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