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J—— What is Data Vis? And Why?

* Representing data and numbers with graphics

Cross between mathematics, art, and communication

* Uses:
* Communicate findings
e Explore data
* Aid in analysis and discovery

Why not just show the numbers, or give to a computer?
* People are great at finding patterns in images. Less so with raw numbers
* Computers are great at comparing numbers at once. But they need strict requirements.



Built on correct data and calculations

Provides an answer to a question your
audience has

Designed in a language the audience will
understand

* Choose charts you don’t have to explain

Summarizes data in an intuitive way
* Make the data seem simpler than it is

Brings attention to what’s important
* Highlight the main point; hide the irrelevant
* Gray can hide less important details
e “10 Second Rule”

‘What’s Good Data Vis?

Renewables overtake fossil fuels
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"Europe's Power Sector in 2020", published by Ember and Agora Energiewende on 25th January 2021.

Jones, D. (2021, January 2021). EU power sector in 2020. Retrieved April 19, 2021, from https.//ember-
climate.org/project/eu-power-sector-2020/. (CC BY-SA 4.0 © Ember)
https://creativecommons.org/licenses/by-sa/4.0/



https://ember-climate.org/project/eu-power-sector-2020/
https://creativecommons.org/licenses/by-sa/4.0/

G What’s Bad Data Vis?

Misleads or takes an answer out of context Amblent Temperature Data |
This chart shows temperature
* Careful on zooming and summarization readings of three sensors at NASA
: —1s_1 | Langley Research Center. If we
° “ ” i ___=-2| zoom in too much, the blue sensor
Ensure an “apples to apples” comparison WWW“MV\M | zoomin too much, the be sen
the others...even though the
difference is only one degree.
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* Don’t try to fit too many answers in one chart

* Hard to interact with; not color blind friendly;
doesn’t work on XYZ device #

Interactivity not properly planned
* Need to ensure interactivity helps not hinders

Both tree maps show the same random data, generated by the Viz Palette

project. They compare how two different people (one with no color

deficiencies, and one with Deurteranopia) would see the same chart. Try it

out yourself at https://projects.susielu.com/viz-

palette?colors=["#008d0a", "#dale00"] 5



National Aeronautics and Space Administration

Chart Building Blocks/Terminology

Www.nasa.gov Office of the Chief Information Officer .



,AT'hi.nk‘ingAbout Your Data

Concept of “Items” (records) and “Attributes” (describes the record)
Quantitative versus Qualitative

Ordered? Sequential versus Diverging versus Cyclic

Tabular? network? Hierarchal?

Static versus Dynamic

Record ID Date Temperature (F) Color Location

1 12-2-2022 62 Green Austin > Travis > Texas

2 12-3-2022 75 Yellow  San Marcos > Hays > Texas

3 12-4-2022 O White Kyle > Hays > Texas

4 12-5-2022 -12 White Cocoa Beach > Brevard > Florida




Mark: the representation of the item.
* Example: a dot on a scatter plot
Channel: the representation of an
attribute value.
* Example: location along the x/y
coordinates; size of dot, color of dot

Can use multiple channels for multiple
attributes....but be careful!

Not all channels are equal, and some will
clobber others.

Marks and Channels

Marks as Items/Nodes
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Channels: Expressiveness Types and Effectiveness Ranks
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Position on common scale '—H'
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Visualization Analysis and Design. Tamara Munzner, with illustrations by Eamonn Maguire. A K Peters
Visualization Series, CRC Press, 2014. (CC BY 4.0 © 2015 by Taylor & Francis Group, LLC) [1]

https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

* Consider ways to simplify your data for ease of communication.

* Aggregation: averaging, adding, binning
 Filter: remove unimportant items or attributes

* Embed: hover text/annotations for interesting
additional attributes

e Careful of simplifying too much; you may miss
out on interesting features.

Anscombe’s Quartet
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Plot from “Visualization Analysis and Design”. Tamara Munzner. [1]
Anscombe, Francis J. (1973) Graphs in statistical analysis. American Statistician, 27, 17-21.
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Example: Scatter Plots

_n
Mark The dot 2
% 12
Channels X and Y position
g '
Uses Comparing quantitative data where the points don’t g'z
necessarily have an order to them (ex non-temporal) . _
O LNEIN:CLERIM Size channel for ordered quantitative b l
Color channel for qualitative - :
Design Ideas For many dots, consider adding dot border and alpha ém l i
Other Notes Have a lot of attributes and need some EDA? Why £, i |
not a scatter plot matrix (SPLOM)? 5 |
g b
Scatter Plot of ash and alcohol g ! |
22
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Choose X Axis Feature: Choose Y Axis Feature:

: : Charts exploring the Wine dataset provided by the UCI Machine Learning Repository [2]. On the
ash v alcohol v . . . .
! right, an interactive scatter plot made that allows users to choose the features to view. Above, a 1 1
scatter plot matrix that can view 9 features at once.



EX-a'mpIe: Line Charts

NASA Steadily Adds More Donut Launches Each Year

According to completely fake data, NASA adds an average 2 new donut launches to the
schedule every year, surpassing all other space agencies by 2041.

The dot and line

Channels X and Y position
20 1
Uses Show one quantitative attribute and one ordered !
attribute (ex: signal over time) 70 | The Great Donut NASA's Yearly Donut
| Exodus of 31 Launches
(oI J{L L EIW:GL[I{L I3 For multiple trends, show multiple lines. 60 !
For many trends, consider a small multiples ;
. I . a0 I
Design Ideas Highlight one trend from many with bold color and |
|
make the rest gray 40 |
Other Notes Can add on top of other charts like bar charts or 20 :
histograms to show raw data versus cleaned :
]
Donut Launches Per Year, by Agency 20 1
Most space agencies saw a modest spike in donut launches during the Great Donut Exodus of '31 :
NASA ISRO CSNA 10 I
80 i i |
| | |
60 | : 0 1
20 \.,-J\,«/V\-*—N i 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049
0 | |
0 ! !
JAXA CSA
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0 ! 5 ’ 12
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Example: Bar Charts

Average Departure Delays By Origin Airport

Mark The bar .
Channels Length and position
Uses Comparing categorical data
(o] Ji[IEIW:GCLIT I Group several bars into categories T 287 min
Use stacked bars to show parts of a whole RIC 9.72 min
10.50 min

Design Ideas Try a horizontal layout for long labels STC
Sort by bar height for easier comparisons
Color only for grouped/stacked bars or highlights

These two charts were built using data
compiled and hosted by Google Cloud
Platform for training purposes. The
Fruit Counts by Year - dataset stores information about US
: ° : =0 = =0 =5 -0 flights in 2015. [5]
2015 . 2016 . 2017 Avg. Dep Delay (minutes)

How Often Do Late Departures “Catch Up”?
How many flights that left late get to the destination on time?

el ,

Apples Pears MNectarines Plums Grapes Straw berries

K

# of Flights

Bokeh Contributors. Bar_dodged.py, retrieved April 5, 2022 from
https://docs.bokeh.org/en/latest/docs/gallery/bar dodged.html. (BSD 3 Clause)
https://qithub.com/bokeh/demo.bokeh.org/blob/main/LICENSE.txt

13



https://docs.bokeh.org/en/latest/docs/gallery/bar_dodged.html
https://github.com/bokeh/demo.bokeh.org/blob/main/LICENSE.txt

MW Examples: Histograms & Boxplots

-

R —

Histogram
Mark

Channels

Uses

Optional
Additions

Design Ideas
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Bar: represents a “bin” of data (bin is a range, ex 1-2)

Length = # of values within the bin
Position on x axis = value of the bin

Showing/comparing distributions of quantitative data

For 2-3 distributions, graph them all on same axes and have
different color for each distribution

For multiple distributions, add an alpha to see all them
Adjust bin size as needed (too big and you miss the
interesting; too small and noise takes over)

For far outliers, consider removing and adding annotations.

Comparing Distributions With Histograms

We use Matplotlib and random data from 3 different distributions to illustrate multiple traces.

Normal (mean = 0}
Normal {mean = -1)
Tiangle (0,1,5)

Box and Whiskers/Boxplot

Channels

Uses

Optional
Additions

Design Ideas

The box-whiskers-dots glyph

Box = interquantile range. Midline is median; bottom and
top are Q1 and Q3 (respectively)

Whiskers/lines = rest of data excluding outliers

Dots = outliers

height & location of box; whisker length; dot locations
Showing/comparing distributions of quantitative data

For multiple distributions, chart side by side for easy
comparison

For far outliers, consider removing and adding annotation.

Average Flight Times from Hampton Roads to ATL

15 flights > 145 min 39 flights > 145 min 41 flights > 145 min
(max 326) (max 505) (max 615)

Avg. Flight Time

14

Lakshmanan et al., 2018 [5]



oo | . Exam ple: Parallel Coordinates

-

Comparison of Wine Features

130

A line spanning the axes
Line denotes a single record, and “zigs” along the - 7 LI\ =~ - 1 s
parallel axes to denote the records value for each ; > P
attribute o e
248 (e PR s S L
Channels Location on “Y” = magnitude i;j £
Location on “X” = attribute o RN A
Uses EDA; visualizing many quantitative attributes at once \:\\\\‘
Compare correlation between attributes 173 7 WA
Finding the range of attributes across the population
(ol LA IEIN:GCLIIIM For “groups” of data (ie multiple samples of a 1 £ oo 7 0% - o
species), use color to categorize the lines - ik T
Design Ideas Highlight and bold interesting lines 1 :

Compare auto scaled axes or shared axes to see
which is more legible

Example charts created to view features in the Wine Dataset [2]. Both show the same data, =
but the first scales each axes, while the second shares axes across features. 15

ash alcohol total_phenols 0d280/0d315_of diluted_wines flavanoids malic_acid color_intensity



Example: Vector Fields

Mark Arrow/directional glyph/line

Channels Location in grid
angle/curvature = direction
length of glyph = magnitude

Often associated with fluid dynamics/velocity
While complex charts, can be good at showing

“sinks”, “sources” and other interesting features of
complex datasets

(oI LI EIN:GL I I Color to denote additional features

Design Ideas Try different glyphs to see which works best
Add a sequential colormap to emphasize high/low
Match “intuition”; ex “up/down” goes alongy, and
“side to side” goes along x

Sub view of the Flat Map Ocean Current Flows with Sea Surface Temperatures by NASA Goddard, created
using model output from Estimating the Circulation and Climate of the Ocean, Phase Il (ECCO2). The view
shows both current and sea surface temperatures in the Americas for January 2005

NASA/Goddard Scientific Visualization Studio, MIT/JPL [6]




Pie/Donut “slices”

Channels Color = category
Area/Angle/Arc Length of slice = percent of whole

Uses Showing parts of a whole (categorical data)
o[ MILLEIN.GLIIGI I Hover text/text labels for specific numbers

Design Ideas Keep to only a few categories

An ordered color map can indicate sequence

To highlight one category, use shades of gray for all
other categories, and color for highlight.

OR: only show the highlight (and all else is “other”)

# of Collections in Each State

State
® Processing
® Scheduled
12 Migrating
\ ®\alidating
- ® COMPLETE An overview of collection status during a
==WIERETE migration project. While there were 5 states,

a diverging color map hints at “incomplete”
(67 390) and “complete/near completion”.

34

§3.2 ' : : ' :

£28
S 2.6
224 }
€22

NN

Figure 5: Mean absolute error and 95% confidence intervals for
conditions IRy to IRy in Experiment 2. Mean absolute error of IR4
is significantly larger than the other conditions.

“Simkin and Hastie studied the spontaneous response of 200
undergraduate students to different types of chart. The results showed
that most people make comparisons when presented with bar charts
and make proportion judgments when presented with pie charts,
indicating that people have certain expectations for the use of these
charts and the information conveyed by them.” (Cai et al., 2018) [7]

17
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e ————

eSIgnmg Charts and Dashboards

Get a use case/general set of questions.
Find some data, a data dictionary, and any info you can.
Make some specific questions/do Exploratory Data Analysis (EDA) to further refine.

Sketch out some charts that could answer those questions.
* For dashboard: sketch out a layout using the chart sketches.

Make a first draft (in the tool of your choice).
Validate calculations and visualizations.

Reiterate as needed.

19



cancellation rate (%)

0.15

Cancellation Rates Per Airline
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Choosing an Airport from Hampton Roads to Atlanta, Georgia

Our user lives in the Hampton Roads area of Virginia and often finds themselves flying to Atlanta, Georgia to visit family and friends. We'd
like to provide this user some recommendations on which airports they should use to fly.

JFK
ORF
ATL
AUS

ORL
PHF

SLC
LGA

MSP
DEN

Flight Times fram Hampton Roads to Atlanta Average Flight Time

Avg.Flight_Time %

- =
=T

Average Airport Departure Delays

# of late departures

Avg across all: 10 minutes

Lakshmanan et al., 2018 [5]



Choosing an Airport from Hampton Roads to Atlanta, Georgia

Qur user lives in the Hampton Roads area of Virginia and often finds themselves flying to Atlanta, Georgia to visit family and friends. We'd like to provide this user some recommendations on which airports they should use to fly.

‘

\ 7
kS 4
//j‘?‘- g -
e RIC .
- = s S __ oRF_
21
P /-
.-/‘
)
-~
= o o W
| . i
(,/ LA b
B \
4
\\ i
~
ATL 1“

© 2021 Mapbox ® OpenStreetMap

Cancellation Rates by Carrier

=)
=1
[i5)

Cancellation Rate £

=)
=)
Il

©
©
&

o o = v = = = v ) = ) = = =
= =] w =] =] - = = = = o T = =

Average Flight Times from Hampton Roads to ATL

a00 ®
500 [ ]
£ 00 ®
s ® ]
= o
T 300 °
g [
= [ ]
100 JE—— JE—— — —
PHF ORF RIC

Average Departure Delays By Origin Airport

Avg. Dep Delay (minutes)

Average Flight Times from Hampton Roads to ATL

Avg.Flight Time

How Often Do Late Depatures "Catch Up”'?
How many flights that left late to get to the destination on time?

of Flights =
)
5
]

m

"
[
<
I5

21



Choosing an Airport from Hampton Roads to Atlanta, Georgia

Our user lives in the Hampton Roads area of Virginia and often flies to Atlanta, Georgia to visit family and friends. We'd like to provide some recommendations on which airports they should use to fly.

Cancellation Rates By Airport
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Cancellation Rates by Carrier

Cancellation Rate

Average Flight Times from Hampton Roads to ATL
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9| 15flights > 145 min
(max 326)

39 flights > 145 min
(max 505)

41 flights > 145 min
(max 615)

Avg. Flight Time
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Avg. Flight Time

How Often Do Late Departures "Catch Up”?
How many flights that left late to get to the destination on time?

# of Flights
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.fEampIeA:NX I\/Ii-g'ration Dashboard

NX Migration Project Tracking Dashboard

Dashboard to view status of the NX Migration. By default this | # Of Collections in Each State Destination of Collections

show: ALL jects, 2 i-select Y C @\ inli " - - -
;I;o _nE: E:;tfczuurs c|;1 ap[CI;«' ;;ISC b:: u;ﬁg;‘?ﬂgﬂ: csatle elcrrf;n" State @COMPLETE @Validating © Migrating ® Scheduled ®Processing
downs Spe area. a ele s
in charts will also filter across the dashboard.

Collection Name State

n
=

c

@ Processing

Al

Count
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Directorate o
" @ Validating

-
Al 0 - -
® COMPLETE PSR TR Ll - R
State ) ‘j‘cilc_-_-- ) \__:;;-.v 2 o
, 140 (67.3%)
Al . - inati
Destination
Collections Per Directorate SITE COLLECTION TITLE |
F
5 6 3 K 3 , 0 0 3 . 6 State @COMPLETE ®Validating © Migrating ® Scheduled @ Processing
50
Files Gigabytes of Data
40
31 53 .
S 30
Collections w/ ITAR/EAR Collections w/ SBU =
@
3 20
25K 46K -
ITAR/EAR Files SBU Files ’ I I I L I I
0 I I AnEEe m-=—

208

Total Collections Directorate

| 23




How to Learn More

* Government Guidelines
https://designsystem.digital.gov/components/data-visualizations/
https.//cfpb.github.io/design-system/quidelines/data-visualization-guidelines

* Explore different chart types
* https://datavizcatalogue.com

* Look at sources that have good data visualizations

* Look at sources that have bad data visualizations (and think about how
you might improve them)

 Ask for feedback (from a trusted source/stakeholders)
* Have a fresh set of eyes double check the charts make sense

* Practice, Practice, Practice!

24
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