Visual tools for understanding your data

ICME Fundamentals of Data Science - Summer Workshop Series
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Workshop Plan:

Data visualization in Python
Taking you through the experience of starting with a new data set to
communicating your insights

e Primarily focusing on tabular data
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Workshop Plan: Day 1 - Why Data Visualization and

Exploratory Data Analysis

Intros and Course Plan
Python as a tool for data visualization
Exploratory Data Analysis (EDA)

(@)

o O O O

@)

What is it? Why is it important?

Nominal, Ordinal, and Quantitative data
Python data profiling tools

EXERCISE: Applying these tools to sample data
Missing values and outliers

Exploring correlations with pair plots

Plotting basics in Python

T

13



Workshop Plan: Day 2 - Data Visualization for

Communication
e Human perception and data visualization
e Improving on basic plots in Python
o  EXERCISE: Develop day 1 visualization
e Data visualization evaluation
o  Good and bad data visualization examples
o  EXERCISE: Peer feedback on visualizations
e Wrap up and additional resources

T
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"~ Demo Code and Data + Exercise Code and Data

e Linkison course website
e Demo codeis available for reuse
e You’ll be applying what | show to a new dataset

N
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~ What do you notice about this data?

v
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Property Value Accuracy
Mean of x 9 exact
Sample variance of x : 3,2( 1 exact
Mean of y 7.50 to 2 decimal places
Sample variance of y : sf, 4.125 +0.003
Correlation between x and y 0.816 to 3 decimal places
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It’s really hard to understand your data without
visualization.

The human brain is exceptionally good at pulling
out patterns visually - take advantage of that!

Key Use #1:
Analyzing Data

I
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Visualization also plays an important role in communicating
data insights.

Just like it’s easier for you to understand data
by seeing it, the same holds true for others.

Key Use #2:

Data Communication

Additional considerations for designing for others - must be able to stand alone

without the contextual understanding you gained from using the data
23




Visualization




‘ﬂ
T

Why Python is good for data visualization

G
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Convenience: You’re
likely already using
Python for your data
science needs

Speed: There are built-in ~ Versatility: There are

functions that help plot ~ Packages for most of your
data quickly data visualization needs

25




Python’s data visualization shortcomings

11

Aesthetics: Less beautiful ~ Customizability: Not as
defaults than R customizable as

JavaScript/D3

Interactivity: Poor at
sharable interactive plots

T
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Our plotting packages: Matplotlib and Seaborn

- The bread and butter of Python
m a p g& ' visualization (built-in package)

import matplotlib.pyplot as plt

S e a b O r n Add on package for better aesthetics
and more plotting functionality

import seaborn as sns
sns.set theme ()

T
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Our data handling package: Pandas

[l pandas

visualization tools!

Data handling library in Python for
tabular data

import pandas as pd

28
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You’re starting a new data-driven project.

e Ultimate goal might be:
o  Finding new business opportunities by leveraging patterns in data
o  Building a machine learning model
o Developing a new research hypothesis

e You've just acquired a new data set.

T
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How do you begin to work with a new dataset?

Understand what data
you actually have

Conclusions can be

000

Ask and answer

questions with the Find meaningful
data patterns

or wrong if you do not understand your data well.

31



The exploratory data analysis process

Start

Open-ended
Exploration A// \\\‘;
" YY)

’. “- mEmy ..a ..
< &
s QA
0/ 0’0’0
.
A : C c C
- - v

Question B e c

Answering

Focused

Figure from Hari
Subramonyam,
adapted from
Hullman

e
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The exploratory data analysis process

STEP 1
Develop
Questions

STEP 3
Update Mental
Model/Theory

STEP 2
Create Visualizations
to Answer Questions

Data visualizations
here don’t have to
be pretty or
sophisticated -
they’re just for you
to understand your
data.
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We’re going to go through these

exercises with some data on
weather anomalies.

United States weather from 2013

Randomly sampled 5,000 points from
throughout the year

34




~ What does the data look like?

date

0 2013-09-11

1 2013-07-16

2 2013-10-04

3 2013-11-28

4 2013-06-30

5 2013-07-01

6 2013-05-14

station_name

HARTFORD BRAINARD FLD
BOISE LUCKY PEAK DAM
WINTHROP UNIV

WHITING FLD NAS
TIMPANOGOS CAVE
SEWARD AP

LOGAN UTAH ST UNIV

degrees_from_mean
20.35

6.92

7.42

-12.15

10.43

-4.90

11.26

longitude
-72.6506
-116.0542
-81.0317
-87.0167
-111.7075
-149.4167

-111.8033

latitude

41.7361

43.5253

34.9381

30.7167

40.4447

60.1283

41.7456

e
<
M

max_temp min_temp type

34.4

37.8

30.0

21.7

21.1

13.9

20.0

8.9

13.3

Strong Hot
Weak Hot
Weak Hot
Weak Cold
Weak Hot
Weak Cold

Weak Hot

35
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Data Dictionary - What do the columns mean?

Column Field Description
date The date of the weather anomaly. (Date)
degrees_from_mean The number of degrees that the temperature was above or below the monthly mean temperature. (Float)
longitude The longitude of the weather station where the anomaly was recorded. (Float)
latitude The latitude of the weather station where the anomaly was recorded. (Float)
max_temp The maximum temperature (C) recorded at the weather station on the date of the anomaly. (Float)
min_temp The minimum temperature (C) recorded at the weather station on the date of the anomaly. (Float)
station_name The name of the weather station where the anomaly was recorded. (String)
type The type of anomaly, either high or low temperature. (String)

36




 Data Attributes Types
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Type Definition Example
. Labels or categories Cat, Dog, Hippo
Nominal & & PP
ordinal Ordered values that don’t tell you more than | Agree, Somewhat Agree,
rdina order Somewhat Disagree, Disagree
titati A number that gives you information about 5 miles, 75% correct
Quantitative differences (interval) or proportions (ratio)

37



columns of our weather
anomaly data?

]

QUIZ: What types are the I
-
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What data type is "max_temp", the
maximum temperature recorded at the
weather station on the date of the
anomaly?

0 Click Present with Slido or install our Chrome extension to activate this
poll while presenting.
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What data type is "station_name’, the
name of the weather station where the
anomaly was recorded?

0 Click Present with Slido or install our Chrome extension to activate this
poll while presenting.
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What data type is "type’, the
type of anomaly, either high or
low temperature?

0 Click Present with Slido or install our Chrome extension to activate this

poll while presenting.
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What data type is "date”, the
date of the weather
anomaly?

0 Click Present with Slido or install our Chrome extension to activate this
poll while presenting.
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What types are the columns of our weather anomaly data?

Column

Data Attribute Type

date

Quantitative (interval)

degrees_from_mean

Quantitative (interval)

longitude Quantitative (interval)
latitude Quantitative (interval)
max_temp Quantitative (interval)
min_temp Quantitative (interval)
station_name Nominal
type Ordinal

Why do we care?

The types of visualizations we
can create depend on the type
of the data.

43



Coffee Break

15:00
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http://www.youtube.com/watch?v=1gQJUjgCqrU

ICME
A Pandas Crash Course

df.columns - to see list of columns
df [“column A”] -to selecta single column

o df[[“column A”, “column B”, “column A”]] -toselect multiple
columns

e df.loc[df[“column A”] < 100] -tofilterbyacolumnvalue

<Code Demo >
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A quick overview of your data - profiling packages

e Provide a quick overview of your
data with minimal effort
e |dentifies: Y D
Missing/invalid data O -I-O
Duplicates

Data quality alerts
Univariate patterns
Correlations

O O O O O

a . PANDAS
Formerly C)i PROFILING

<Code Demo >

46



T

M
Try it yourself!

Exercise Notebook available on
course website or
bit.ly/icme-vis-exercisel

Hint: The demo notebook is also
on the website - feel free to copy
the syntax from there!

Airline Delays measured by the US Bureau of
Transportation Statistics

47
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. Cre ati n g yo ur persona l () & daylexercises SWS10_data vizipynb

File Edit View Insert Runtime Tools Help Changes will not be saved

CO py . +4 Locate in Drive

New notebook

Q L Open notebook 88 /Ctrl+0
Upload notebook

{x}

O

Save a copy in Drive

Save a copy as a GitHub Gist
Save a copy in GitHub ileReport
Save 38 /Ctrl+S
N
Download >

Print #/Ctr+P thubusercontent.com/tsor

Tl



One small workaround

Click on the play button
or click on the cell and
run Cmd+Enter (Mac)

or Ctrl+Enter
(Windows)

{x}

s
<
mi

& day1_exercises_SWS10_data_viz.ipynb

lFiIe Edit View Insert Runtime Tools Help Cannot save changes ]

+ Code + Text # Copy to Drive
~ Set Up
ol !pip install --upgrade Pillow

S2s
!pip install ydata profiling

[» Requirement already satisfied: Pillow in /usr/local/lib/python3.10/dist-packages (8.4.0)

Collecting Pillow
Downloading Pillow-10.0.0-cp310-cp310-manylinux 2 28 x86_64.whl (3.4 MB)
3.4/3.4 MB 45.2 MB/s eta 0:00:00

Installing collected packages: Pillow
Attempting uninstall: Pillow
Found existing installation: Pillow 8.4.0
Uninstalling Pillow-8.4.0:
Successfully uninstalled Pillow-8.4.0
Successfully installed Pillow-10.0.0
WARNING: The following packages were previously imported in this runtime:

[PIL]
You must restart the runtime in order to use newly installed versions.

RESTART RUNTIME l
CoITecting ydata profiling

Downloading ydata profiling-4.3.1-py2.py3-none-any.whl (352 kB)
353.0/353.0 kB 5.0 MB/s eta 0:00:00

Requirement alreadv satisfied: scipv<1.11,>=1.4.1 in /usr/local/lib/pvthon3.10/dist-packaaetd




10:00

2.

Your Task

1. Get Google Colab notebook running.
Make a ydata_profiling report for the airline delay data.
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[_D Audience Q&A Session

0 Click Present with Slido or install our Chrome extension to show live Q&A
while presenting.
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What if we had missing values?

e Options:

o Omission - Potential bias

o Imputing values (filling with mean, median, etc.) - may not make sense

o Visually representing missing values (e.g., in another color) - potentially distracting
e Rememberto look for column values that could indicate missing values, like

“NULL” or “NaN”

General Rule: Think about why the data is missing before you decide
how to handle missing values!

T
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~ What if we had outliers?

w
<
11

longitude
Real number (R)

Distinct
Distinct (%)
Missing
Missing (%)
Infinite
Infinite (%)

Mean

2128

42.6%

0.0%
0
0.0%

-97.967102

Minimum -166.5433
Maximum 144.7961
Zeros 0

Zeros (%) 0.0%
Negative 4987
Negative (%) 99.7%
Memory size 39.2 KiB

53



Dig in to weird features you see in the visualization.

© df.loc[df.longitude > 0]

603
988
1027
1
1412
1525
1833
2338
2752
3081
3215
3732

4460

date station_name degrees_from mean longitude latitude max_temp min_temp

2013-04-17
2013-03-30
2013-04-13
2013-04-16
2013-03-17
2013-05-14
2013-06-03
2013-06-29
2013-07-29
2013-05-15
2013-11-07
2013-07-25

2013-04-09

GUAM INTLAP
GUAM INTLAP
GUAM INTL AP
GUAM INTL AP
GUAM INTLAP
GUAM INTLAP
GUAM INTL AP
GUAM INTLAP
GUAM INTL AP
GUAM INTLAP
GUAM INTLAP
GUAM INTLAP

GUAM INTLAP

1.79
3.38
511
239
2.53
4.12
3.38
3.38
6.56
4.12
297
4.35

2.89

144.7961
144.7961
144.7961
144.7961
144.7961
144.7961
144.7961
144.7961
144.7961
144.7961
144.7961
144.7961

144.7961

13.4836
13.4836
13.4836
13.4836
13.4836
13.4836
13.4836
13.4836
13.4836
13.4836
13.4836
13.4836

13.4836

32.2
31.7
32.2
32.8
32.2
32.2
32.8
32.2
33.3
32.8
31.1
32.8

33.3

25.0
26.1
26.7
25.0
24.4
27.8
27.2
27.2
27.2
27.8
26.7
27.8

26.1

type
Weak Hot
Weak Hot
Strong Hot
Weak Hot
Weak Hot
Weak Hot
Weak Hot
Weak Hot
Strong Hot
Weak Hot
Weak Hot
Weak Hot

Weak Hot

i

M

=
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~ Pair plots are useful
for determining
pairwise
relationships.

sns.pairplot (df)
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1CME
Once you have an idea about the structure of your variables,
you can dig in to specific relationships.

e Visualization type depends on (1) the number of variables and (2) the type of

variable(s)
o 1Variable:
m  Quantitative: histogram
m  Nominal: bar chart
o 2Variable
m  Quantitative: scatter plot or line plot
m  Nominal: heatmap

<Code Demo >
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Your Homework

<
11

Explore the Airline Delay
dataset using the tools you
learned today.

Create a scatter plot of
departure delay vs arrival
delay. How correlated are the
two? What does this suggest
about why flights are delayed?
Develop 1-3 candidate ideas for
a visualization to polish
tomorrow.
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Example with Weather Data February has few

anomalies
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anomalies
=
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type
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Your Homework

See you tomorrow at 1 pm PT!

Questions?
kmentzer@stanford.edu

_ME

Explore the Airline Delay
dataset using the tools you
learned today.

Create a scatter plot of
departure delay vs arrival
delay. How correlated are the
two? What does this suggest
about why flights are delayed?
Develop 1-3 candidate ideas for
a visualization to polish
tomorrow.




