
Data Visualization

Visual tools for understanding your data
ICME Fundamentals of Data Science – Summer Workshop Series
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Put in the chat where youʼre joining from today!



Iʼm Kaleigh Mentzer
ICME Summer Workshop Instructor

hello!

Iʼm Thanawat Sornwanee
ICME Summer Workshop Assistant
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Introductions
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Your Instructor: Kaleigh Mentzer
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Your Workshop Assistant: Thanawat Sorwanee
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Course Website and Resources
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bit.ly/icme-vis
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Course Plan
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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
● Primarily focusing on tabular data
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Day 2: Data Visualization for 
Communication

Day 1: Why Data Visualization and 
Exploratory Data Analysis



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)

○ 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
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Workshop Plan: Day 2 – Data Visualization for 
Communication
● Human perception and data visualization
● Improving on basic plots in Python

○ EXERCISE: Develop day 1 visualization

● Data visualization evaluation
○ Good and bad data visualization examples
○ EXERCISE: Peer feedback on visualizations

● Wrap up and additional resources
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Demo Code and Data + Exercise Code and Data

● Link is on course website
● Demo code is available for reuse
● Youʼll be applying what I show to a new dataset
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Why Data 
Visualization?
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What do you notice about this data? 
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Image source: Wikipedia

Anscombeʼs 
Quartet
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https://en.wikipedia.org/wiki/Anscombe%27s_quartet


Image source: https://jumpingrivers.github.io/datasauRus/ 21

https://jumpingrivers.github.io/datasauRus/


Itʼs really hard to understand your data without 
visualization. 

Key Use #1: 
Analyzing Data
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The human brain is exceptionally good at pulling 
out patterns visually – take advantage of that! 



Visualization also plays an important role in communicating 
data insights.
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Key Use #2: 
Data Communication

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

Additional considerations for designing for others – must be able to stand alone 
without the contextual understanding you gained from using the data



Python Data 
Visualization
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Why Python is good for data visualization

Convenience: Youʼre 
likely already using 

Python for your data 
science needs

Speed: There are built-in 
functions that help plot 

data quickly

Versatility: There are 
packages for most of your 
data visualization needs
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Pythonʼs data visualization shortcomings

Aesthetics: Less beautiful 
defaults than R

Customizability: Not as 
customizable as 

JavaScript/D3

Interactivity: Poor at 
sharable interactive plots
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Our plotting packages: Matplotlib and Seaborn

The bread and butter of Python 
visualization (built-in package) 

Add on package for better aesthetics 
and more plotting functionality

import matplotlib.pyplot as plt

import seaborn as sns
sns.set_theme()
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Our data handling package: Pandas

import pandas as pd

Data handling library in Python for 
tabular data

 

Has some built in data 
visualization tools!
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Exploratory Data 
Analysis

29



Youʼre starting a new data-driven project.

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

● Youʼve just acquired a new data set.

What do you do first?
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How do you begin to work with a new dataset? 

Understand what data 
you actually have

Ask and answer 
questions with the 

data

Find meaningful 
patterns

Conclusions can be misleading or wrong if you do not understand your data well. 
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The exploratory data analysis process

32

Figure from Hari 
Subramonyam, 
adapted from 
Hullman



The exploratory data analysis process

Data visualizations 
here donʼt have to 

be pretty or 
sophisticated – 

theyʼre just for you 
to understand your 

data. 

STEP 1
Develop 

Questions

STEP 2
Create Visualizations 
to Answer Questions

STEP 3
Update Mental 
Model/Theory
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Weʼre 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
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What does the data look like?
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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)
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Data Attributes Types

Type Definition Example

Nominal Labels or categories Cat, Dog, Hippo

Ordinal Ordered values that donʼt tell you more than 
order 

Agree, Somewhat Agree, 
Somewhat Disagree, Disagree

Quantitative A number that gives you information about 
differences (interval) or proportions (ratio)

5 miles, 75% correct
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QUIZ: What types are the 
columns of our weather 

anomaly data?

38



What data type is "max_temp", the 
maximum temperature recorded at the 
weather station on the date of the 
anomaly? 

ⓘ
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? 

ⓘ
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? 

ⓘ
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?

ⓘ
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.
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Coffee Break
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http://www.youtube.com/watch?v=1gQJUjgCqrU


A Pandas Crash Course

● df.columns - to see list of columns
● df[“column_A”] - to select a single column
● df[[“column_A”, “column_B”, “column_A”]] - to select multiple 

columns
● df.loc[df[“column_A”] < 100] - to filter by a column value

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

● Provide a quick overview of your 
data with minimal effort

● Identifies:
○ Missing/invalid data
○ Duplicates
○ Data quality alerts
○ Univariate patterns
○ Correlations 

Formerly

< Code Demo >
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Try it yourself! 

Airline Delays measured by the US Bureau of 
Transportation Statistics

Exercise Notebook available on 
course website or 

bit.ly/icme-vis-exercise1
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Hint: The demo notebook is also 
on the website - feel free to copy 

the syntax from there!



Creating your personal 
copy
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One small workaround 

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

or Ctrl+Enter 
(Windows)
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1. Get Google Colab notebook running.
2. Make a ydata_profiling report for the airline delay data. 

Your Task
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http://www.youtube.com/watch?v=DcvtwlM1aIE


Audience Q&A Session

ⓘ
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?

● Options:
○ Omission - Potential bias
○ Imputing values (filling with mean, median, etc.) – may not make sense
○ Visually representing missing values (e.g., in another color) – potentially distracting

● Remember to 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!  
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Thereʼs no universal answer here.



What if we had outliers?
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Dig in to weird features you see in the visualization. 

54



Pair plots are useful 
for determining 
pairwise 
relationships. 

sns.pairplot(df)
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Once you have an idea about the structure of your variables, 
you can dig in to specific relationships. 
● Visualization type depends on (1) the number of variables and (2) the type of 

variable(s)
○ 1 Variable:

■ Quantitative: histogram
■ Nominal: bar chart

○ 2 Variable
■ Quantitative: scatter plot or line plot
■ Nominal: heatmap

< Code Demo >
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Your Homework

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

2. Create a scatter plot of 
departure delay vs arrival 
delay. How correlated are the 
two? What does this suggest 
about why flights are delayed?

3. Develop 1-3 candidate ideas for 
a visualization to polish 
tomorrow. 
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Example with Weather Data
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February has few 
anomalies

September has 
many Weak Hot 

anomalies
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Your Homework

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

2. Create a scatter plot of 
departure delay vs arrival 
delay. How correlated are the 
two? What does this suggest 
about why flights are delayed?

3. Develop 1-3 candidate ideas for 
a visualization to polish 
tomorrow. 
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See you tomorrow at 1 pm PT!

Questions? 
kmentzer@stanford.edu


