Lecture 3: Data Visualization

INFO 1998: Introduction to Machine Learning

@ CDS Education



Agenda

abkobdb-=

Why Data Visualization is Important
Data Visualization Libraries

Basic Visualizations

Advanced Visualizations
Challenges of Visualization



Announcements

1. A1 Due Last Wednesday!
o Please post on Ed about extenuating circumstances that prevented
submission
2. A2released!
o Due Monday, 03/03/25
3. Ed > Emails




Coming Up

Assignment 2: Due tonight at 11:59pm!
Assignment 3: Due next Wednesday (10/02) at 11:59 PM
Next Lecture: Fundamentals of Machine Learning

Web Scraping Workshop

Check ED before writing emails! Post Questions on ED!

@ CDS Education



The Data Pipeline

We are also here!

Problem
Statement
Summary and
visualization
Statistical
Raw data Usable data and - Meaningful
predictive output
results
Data cleaning, Data analysis,
imputation, predictive
normalization modeling, etc. Debugging, Solution
improving
models and
analysis

https://towardsdatascience.com/5-steps-of-a-data-sci
ence-project-lifecycle-26c50372b492



Why is Data Visualization Important?




We don’t understand this.

| amphitheaters.csv - Notepad = O X
File Edit Format View Help
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@ https://manifold.net/doc/mfd9/images/eq formats csv01 01.png



https://manifold.net/doc/mfd9/images/eg_formats_csv01_01.png

Why is Data Visualization Important?

Informative
Appealing
Universal

Predictive




Why is Data Visualization Important?
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https://flowingdata.com/2017/05/02/summary-stat/

Data Visualization Simple Example: Ratings on Yelp

AVG(stars) var
AVG(stars) 1.00 -0.43
var -0.43 1.00

-
Question: What do you

notice? What trends do you

see?
\_

variance

'S
1

averageStars
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Data Visualization Libraries

* matplotlib
* Python data visualization package
* (Capable of handling most data visualization needs
* Simple object-oriented library inspired from MATLAB
* (Cheatsheet

* seaborn

* Another visualization package built on matplotlib

11


https://s3.amazonaws.com/assets.datacamp.com/blog_assets/Python_Matplotlib_Cheat_Sheet.pdf

Seaborn vs MatplotLib

Seaborn

Easier syntax

e Built for working
with Pandas DF

e High level
functions for

more robust

visualizations

Superset of
matplot

Python libraries
for data
visualizations!!

MatplotLib

Syntactically
more complex

e Harder to work
with for DF

e Use for basic
graphs

12



@ CDS Education

Lecture 3: Data Visualization

INFO 1998: Introduction to Machine Learning

Attendance Form!
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Data Visualizations
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Bar Graph

* Represent magnitude or

frequency of discrete
variables

* Allows us to compare
categorical features

[
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Usefulness of fingers in traffic
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Source
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http://www.pmslweb.com/the-blog/wp-content/uploads/2012/03/46-usefulness-of-fingers-in-traffic-graph.gif

Histograms

Frequency

Histogram of Monthly Salary
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Source

Used to observe
frequency distribution of
continuous variables

Data split into bins
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https://www.spss-tutorials.com/histogram-what-is-it/

Iris setosa

Iris versicolor

Iris virginica
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Histograms: Different Bin Sizes
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https://spss-tutorials.com/img/histogram-bin-width.png

Density Plot

Density

MPG Distribution by Car Cylinders
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Like a histogram, but smooths the

shape of the distribution

Source
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http://www.statmethods.net/graphs/density.html

Histogram vs Density Plot

Probability
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Histogram of Ozone Pollution Data with Kernel Density Plot
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https://chemicalstatistician.files.wordpress.com/2013/07/histogram-and-kernel-density-plot1.png?w=480&h=480

Boxplot (a.k.a box and whisker plot)

Summary of data

Shows spread of data

Gives range, interquartile range, median, and outlier information

Interquartile Range

(IQR)

Outliers | | Outliers
c{ |oo
"Minimum" "Maximum"
(Q1 - 1.5*IQR) Q1 Median Q3 (Q3 + 1.5*%IQR)
(25th Percentile) (75th Percentile)

-3 =3 ] 0 1 2 3

Source
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https://miro.medium.com/max/1400/1*2c21SkzJMf3frPXPAR_gZA.png

Violin Plot

* Combination of boxplot and

density plot to show the
spread and shape of the data

* (Can show whether the data is

normal (i.e. is distributed
normally)

Sepal Features Violin Plot

Sepal Length

Sepal Width
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Scatterplot .
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More Scatterplots!

* Line of best fit
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More Scatterplots!

The Sepal Features
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Scatterplot - Overplotting

* Only sample a random selection
* Change dot form (eg. add transparency)
* Use heatmap

Sampled data, 400 points Plot w/ Transparency

Original data, 1500 points

Vot e

Plot as 2-d histogram
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Heatmap

Heatmap from Histogram

* Varying degrees of one metric
are represented using color

Sepal Width

* Especially useful in the context

of maps to show geographical
variation

4.5 5.0 5.5 6.0 6.5 7.0 7.5
Sepal Length
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Heatmap - Click Density / Website Heatmaps

m () Overview [ Playbacks | Heatmaps 5= Form Analytics = 3

My Home Page  Clicks Moves  Scroll  Attention  AreaStats Q) Sensitivity 3 Export ? Filters

1. Kaspersky
Kaspersky Anti-

2. Avira

FEDINN DR




Using Maps
e Map visualization — contextual information

O Trends are not always apparent in the data itself

O Eg. Longitudes + Latitudes — Geographical Map
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Correlation Plots P 2 § s & 33 2 238 £ % E
height -0.01 -0.13 -0.01 -0.08 -0.06 -0.13 0.17 0.01 -0.06 -0.05 0.01 -0.08 0.27 0.48 -0.02

hdl .03 . 0.23 -0.23 -0.03 -0.26 -0.26 -0.16 -0.18 -0.11 -0.19 -0.09 -0.14 -0.15

019 03 0.34 0.14 0.16 0.14 0.24 0.05 0.1 0.19

* 2D matrix with all variables on
each axis

0.18 0.31 031 015 0.2 0.21 0.24 0.11 0.18 0.21

cholesterol_total 0.24 0.13 0.14 0.02 0.05 0.15 0.14 0.03 0.05 0.11
Idl 0.23 0.22 0.22 0.08 0.11 0.19 0.21 0.07 0.11 0.16

age 0.29 0.23 -0.05 -0.01 0.21 0.27 0.19 0.15 0.24

* Entries represent the correlation st crc [ 015 019 024 ERRRESRRGER]

= o= H waist_hip_ratio 0.06 0.08 0.13 0.32 -0.01 0.33 0.38
coefficients between each pair of
insulin.o.os 026 0.16 0.1 0.7
Va”ables homa 0.26 0.29 0.2 0.5 0.21
10936925 0.87175416 glucose 0.19 0.22 0.23 0.25
: -0.4205161 -0. fat_pct
0.4205161 1. %
hip_circ
0.35654409 0.9627571
weight
Why are all entries on the diagonal ‘1°?
Source
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http://i.imgur.com/2dteVjT.png

Correlation Plots
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Demo
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Challenges of Visualization

Higher Dimension

Time Consuming

Non-Trivial

Hard to Show
Uncertainty

33



High Dimensional Data
¢ C(Color, time animations, or point shape

can be used for higher dimensions

® There is a limit to the number of

600 .
500 features that can be displayed
400

300 %0
200 .
100

Passin

Overall Score

4D Plot For Earthquake Data




Error Bars

®

® Show uncertainty
® Usually display 95 percent confidence interval

www.VADLO.com
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“Did you really have to show the error bars?”
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Data source: www.ChessGames.com | Author: Randy Olson (randalolson.com / @randal_olson)

2010
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Error Bars

Scatterplot Dot Plot

I R

Bar Chart Line Graph
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https://www.geeksforgeeks.org/errorbar-graph-in-python-using-matplotlib/



Residual Plot

e Values should be equally and randomly spaced on horizontal axis
e Regression line is called line of best fit

e Not optimal if data has outliers or is non-linear

Residual Plot
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Projects!

For your visualizations..
e C(Choose the proper visualization
e Don’t forget title, axis titles, etc.
1-3 people per project!

e Partner finding on Ed Discussion!
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Coming Up

Assignment 3: Due next Monday, 03/03
Next Lecture: Fundamentals of Machine Learning

Web Scraping Workshop

@ CDS Education
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