
Binary predictions
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• Challenge 5 ( logistic regression in Python) released



Types of research questions

So far, we have learned how to answer the following questions:

What is the relationship between the explanatory variable(s)
and the response?

What is a "reasonable range" for a parameter in this
relationship?

Do we have strong evidence for a relationship between these
variables?

What other kinds of research questions might we ask?
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+ what is the probability for observation i in the data
?

(fitting { interpreting model)

(confidence intervals)

(hypothesis testing

• How well will I predict on new observations? /

How well do I predict the response?

-
what model Shalo I use to predict the response? /

what variables are important?



Making predictions with the Titanic data

For each passenger, we calculate  (estimated probability of
survival)

But, we want to predict which passengers actually survive

How do we turn  into a binary prediction of survival / no
survival?
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Ii = {
' Ii ≥ as ← threshold

0 Di < 0.5



Confusion matrix

Actual

Predicted 344 70

80 220

Did we do a good job predicting survival?
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co
enegatis

←

Incorrect (
False
Negatives

① ← correct Ctnepositie

t
Incorrect (False positives)

Accuracy-_*¥%+I¥hE = tPnᵗ = 22%-3-14
= 0.79

If I randomly select an observation , what is the

probability my prediction is correct?

1- Accuracy = classification error



.An¥ [Dengue) :i-oa.IE?#Iiian:Pcy--i1i=D(PPV)

4^-4 |66|6
Accuracy : 3957+61 = 0.703 ≈ 70% d- the

patients don't
5720

have Dengue

problem .

. Accuracy is misleading with imbalanced data

How well oio weoo within grap?
= 0.039

pct -114=1) = 61
1631+66

= TpEN
-

= 1-1=0.984
%ᵗ?g,oTPI pet -01-1--03=54%7%60 TN+FP

specificities



Why a threshold of 0.5?
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Consider data (XM) ✗ C-Rd and YE{ 0,13

Fita model to estimate p(x)= p(4=11 ✗=✗)

we want binary predictions : j= {
1 PM ≥h

0 plx) 2h
Classification error : PCY ≠y^)

a-acaracy)_
Claim : h= 0.5 minimizes classification error

among aI binary
classifiers

p.ro#: Let CCX) be an arbitrary classification

function .
⇔ c-90,1} ,

I = CCX)



Ply -1-4) = PLY -1-4×7) = E[1{cc✗)≠Y}]

1A = {
' ✗ c- A

◦ ✗ * A
P(✗ C- A) = gftxdx =
00 A

/ FAD . 1AM ox
=E[ 1-1-47]

- N

expectations)
E- [1- { ccx)≠Y }] = E- [Etcc]

" '"'ed

=

{
E-[151--03] ccx)⇒

p(✗)=P(
4--11×7

E-[11-{-1--1}] ax)=0

= E-[ 1- { 4=03] (G) t E- [1/{4--1}] ( 1- CCXD

=
PCY -0) CCX) + PCY=D ( 1- CCXD

= (1- p(xD CH) + pct) ( 1- CCXD

⇒ petty)= E- [ (1- PUNCH + pct) (1-(1×7))



⇒ petty) = E- [ (1- pack) + pct) (1-(1×7))

=

f.[( 1- ptxccx) + pcx) (1- can)] f- (x) DX

✗

minimize PCY≠Y) : make 4-Phd)cCx) tpcxctccx) small !

If 1- pcx) L pcx) : ccx) = I

1- pcx) > pcx) : (G) = 0

pad ≥ as
1- pad ≤PhD

= {
'

to tpcx) > pad o pandas

⇒ to minimize e÷÷¥%¥r ,
choose a- as

¢



Changing the threshold

Using a threshold of 0.7:

Actual

Predicted 412 136

12 154

Using a threshold of 0.3:

Actual

Predicted 309 49

115 241
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Trade-off : increase threshold ⇒ sensitivity : ↓

specificity ↑
Accuracy= sensitivity PH=D +spec . PLY =D

sensitivity:#
290

specificity = 41-2
424

sensitivity :≈¥o

specificity : 301
424



ROC curve: consider all thresholds
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←
receiver operating characteristic

←
ideal if Roccuneis close to tap left

plots trade-off
between ←

random

classifier
sensitivity }

specificity
( random guessing)

assign 4=1 WI prob P

4=0 w/ prob 1-P

PCI -114=1) =p ⇒ Sens . =p

Pcf -014=4--1- p ⇒ 1- spec .

=p

Summarizing : Area under curve CAUC)

as ≤Auc ≤ 1
,
closer to 1 is better



Comparing models with ROC curves
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Problem: reusing data...

It is generally a bad idea to assess performance of a model on
the same data we used to train it. This can lead to over�tting.

What can we do instead?
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