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There are different types of models

Use the patterns in my data to make predictions

Supervised learning

Predicting
numerical
values

Regression

Linear Regression,

Decision Tree,
Random Forest,

| Gradient Boosting
Tree

Predicting
categories

Conversion No conversion

Classification

Logistic Regression,

Decision Tree,
Random Forest,
Gradient Boosting

Tree

Tell me what patterns exist in my data

Unsupervised learning

Clustering
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Breakdown of variables into their types

Predicting Predicting
numerical values . categories

[ all variables }

Quantitative \Qualitative

numerical [ categorical ]
discrete continuous [ nominal ] [ ordinal ]
Values don't include fractions Values can include Levels have no order Levels have an order
fractions
(like 1.5,2.3, ..)

Source: Cetinkaya-Runde ardin (2021) i
source: Getinkaya-Rundel & Hardin (2021) Prof. Dr. Jan Kirenz



Predicting a category for some given input

Binary classification

-
\7 \%

Conversion

No conversion

Multiclass classification (3 or more)

@g d \+®;] = a

2 or more One conversion No conversion
conversions
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Apple \_J

Your Apple ID will Be disable Because of Some Violated Policies

Please update your

vour Apple 10 were 208 payment details
that your appears to be invalid and
unverified. Hi Dear,

We're having some trouble with your current biling
try again, but in the meantime you
fate your payment details.

We need to verify your account information in order for you to continue using
your Apple ID Account
You need to sign and verfy it as soon as possible, you should do this soon because

disabled accounts are eventually deleted along emails, iCloud, and other data stored
with Apple

NT N

you should change your password as s00n as possible from your Apple ID account

it by A3 Cenlre or contact us now.
page at hilps//appleid. apple.com,

- Your friends at Netfix

Please verity your identity, we recommend that you go to_Verify Now

Sincerely,
Apple Support

Thank You for submitting your claims. This email acknowledges receipt of your details.

The NC COVID-19 VACCINE LOTTERY drawings are part of Gov. Roy Cooper’s push to get more people vaccinated against COVID-19.
Currently, 49% of people in Mecklenburg County have had a least one dose of the vaccine.

North Carolina’s lottery drawings are performed with a random number generator in which your number was selected.

We have been appointed a personal CLAIMS CONSULTANT to help facilitate your claims ASAP, You are advised to contact your claims consultant immediately
with the followiing recommended info/documentation to initiate your claims.

1. Winning Reference Number

2. Full Name

3. Date Of Birth

3. Address

4. Mobile #:

5. Occupation

6. A Copy of your Identification (Drivers Licence, Passport or State LD)

Contact your Clams Consultant below with the above requested informations:
Consultant Name: Ryan Roge:

After validation of your details requested above, Your personal CLAIMS CONSULTANT with NCDHHS officials will reach out to you via email or phone. Validatic
process can take from 24-72hrs after submitting of your IDENTIFICATION DOCUMENT to your claims concultant.

Find more details about NC COVID-19 VACCINE LOTTERY HERE

NC COVID-19 VACCINE LOTTERY.

NETFLIX

here if you need i, Vsit the Holp

PayPal
Your access has been limited

Dear Client,

Our technical support and customer department has recently suspected activities in
your account.

Your Paypal account has been limited because we've noticed significant changes in

your[acountactivity. As|Your payment processor.jwe need to understand these change

better”

We're always concerned about our customers security so please help us recover your
account by following the link below.

Restore Payment To PayPal

Copyright © 1999-2020 PayPal. All rights reserved

Amazon.com sent you an Amazon Gift Card!

Fromfimon com G Cr g amat oz |

amazon

amazon
N—

We are delighted to enclose a $100 Amazon
gift card as our way of saying Thank You.

Ordered on November 25, 2020
Order #639-7040364-3240366

$100.00

al
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Price
Trigger phrase

. '

Time is runnirig oul&ave 50% on all thgfbest moments! - 50% Off|Photo Purchase,|$3.99|T

All caps

ove you to try our delicious snacks | graze claim your

PROOF: Diabetes Revgrsed 100% Naturally - To receive this email in your inbox and activate t ?

Exclamation point Attachment

Picture: Williams (2018) Prof. Dr. Jan Kirenz



Predicting spam mails

New mail

| | Training data

Observation:

Labels:

Features: # of words, # of capital letters, price included,
all caps, # of exclamation points ...

Géron (2019)
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Predicting spam mails

Feature 2

[ =/
= [
B
| =)
Lo
Feature T
Observation:
Labels
Features: # of words, # of capital letters, price included,
all caps, # of exclamation points ...
Source: Géron (2019) Prof. Dr. Jan Kirenz



Predicting spam mails

1: “positive class”

Spam

Model

4% 0: "negative class’
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Confusion matrix: visualizing the performance of a
classification model (binary classification)

Predicted: 1  [Som Predicted: 0

Actual: 1 Spam

Actual: 0
Spam
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Confusion matrix: visualizing the performance of a
classification model (binary classification)

Predicted: 1  [Som Predicted: 0

Actual: 1 Spam True Positive (TP)

Actual: 0
Spam
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Confusion matrix: visualizing the performance of a
classification model (binary classification)

Predicted: 1  [Som Predicted: 0

Actual: 1 Spam True Positive (TP)

Actual: 0 True Negative (TN)
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Confusion matrix: visualizing the performance of a
classification model (binary classification)

Predicted: 1  [Som Predicted: 0

Actual: 1 Spam True Positive (TP)

Actual: 0 False Positive (FP) True Negative (TN)
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Confusion matrix: visualizing the performance of a
classification model (binary classification)

Predicted: 1  [Som Predicted: 0

Actual: 1 Spam True Positive (TP) False Negative (FN)

Actual: 0 False Positive (FP) True Negative (TN)
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Decomposing predictions

True Positives (TP): The number of True Negatives (TN): The number of
positive instances correctly classified negative instances correctly classified
as positive. as negative.

False Positives (FP): The number of False Negatives (FN): The number of
negative instances incorrectly positive instances incorrectly

classified as positive. classified as negative.

Source: Wilber (2022) Prof. Dr. Jan Kirenz



Decomposing predictions

True Positives (TP): The number of True Negatives (TN): The number of
positive instances correctly classified negative instances correctly classified as
as positive. negative.

- E.g., predicting an email as spam - E.g., predicting an email is not spam

when it actually is spam. when it actually is not spam.

False Positives (FP-): The number of False Negatives (FN): The number of
negative instances incorrectly positive instances incorrectly classified
classified as positive. as negative.

- E.g., predicting an email is spam - E.g, predicting an email is not spam

when it actually is not spam. when it actually is spam.

(o) \
Source: Wilber (2022) Prof. Dr. Jan Kirenz



Classification (decision) thresholc

Translate our numeric model predictions
(e.g. 0.6) into distinct categories (e.g.

Or no spam).

We need to define a threshold (e.g. 0.5)

Threshold: 0:5 S~ 1: “positive class”

Model output for a /

particular mail: 0.6

T | | mm 0: "negative class”
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Classification threshold

For example, if our
classification threshold is
0.5

- welll classify any email
with a probability
greater than 0.5 as
being spam

- and any mail with a
probability less than 0.5
as being no spam

Source: Wilber (2022)

- aE X

| =5 d=h L=}
- a e

0.0

0.1

02 03 04
classify no spam <-

0

5 06 07 08 09 1.0
-> classify spam

No
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_Iterature
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