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DSZOOQ!




Who are we?



Sarah Groves




My research: biomedical nhetwork science

acquires resistance to therapy

Transit
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NETWORKS traffic
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Make a name card!

*Your name

*Major

*Research interests, If any

*At least 1 of your interests/hobbies



Wwhat is
this class?




Course Learning Objectives:

* Understand the importance of data communication in various domains.

* Gain knowledge about various tools and techniques, including proficiency in using industry-
standard software for data visualization and reporting.

* Apply basic design principles to create visually effective and informative data visualizations.
* Develop storytelling arches to richly describe data alongside visualizations.
* Analyze how charts can misrepresent data.

* Critique the effectiveness of various data communication strategies and make informed decisions
about which techniques are best suited for specific communication objectives and target audiences.

* Can you interpret data visualizations critically?

* Can you produce data visualizations that are effective?
* For exploring data?

* For explaining something?



Teaching philosophy (based on scientific

smﬁﬁlrn best when they feel like they belong

and feel psychologically safe.
* We are all unique learners and we learn in our own

ways.
* Courses should provide students with employable

skills and experiences. ﬁppoca 9
* Learning experiences should be authentic (“real Momory @, 2~

world ”). Q XD

* Active learning promotes skill-development and
knowledge retention.

* Every student is capable of earning an “A”.
* Students can, and should, learn from their peers.
* Data scientists work better in teams.

* Data scientists-in-training should always be working
on their communication and collaboration skills.

Neocortex
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New concept a
student is learning
- > -

(Un)commonsense teaching: Beth Rogowsky and Barbara Oakley.

The concept after a student
has learned it very well

Learning how to learn, briefly

Building new links (synapses) is
physically hard!

Let’s make it more effective:

- Spaced retrieval practice

- Alternate focused and diffuse
thinking

- Deliberate practice with
feedback

- Visual, auditory, and hands-on
modes of delivery

- Desirable difficulties
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My expectations of each student:

* Show up
* Engage

®* Trust that the course structure and assessments are intentional
for your learning but ask me for my reasoning if it isn’t clear!

* Ask questions and reach out for help when you need it

* Give me feedback about how your learning is going and how we
can help

* Be patient with me as | teach this course for the first time

We have a social contract: | will teach to the best of my ability and you will learn to the
best of your ability. Neither of us can do our part without the other
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Student expectations of me & this class:

* Fairness in treatment and grading
* Availability

* Pacing of content

* Consistent communication



Al Policy: my expectations for you

- See the syllabus

- In general, you can use Al to help your learning, but don’t use Al to replace your
learning

- Al convinces your working memory octopus part of your brain that you know
something, without every encoding it in long term memory

- Using Al to do things for you handicaps the procedural learning process severely

- If you do use Al, cite it

Al: your expectations for me

Privacy
Don’t generate slides with Al
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Class Schedule

* Lectures (Mon | Wed) | |
Multiple modes of delivery
® AbOUt the ”What” and “Why” Focused and diffuse thinking
* Review theory, research, visualization examples
* In-class activities (e.q., critique good and bad visualization designs)
* Wednesday: in class quizzes; drop lowest 2
* | abs (Frl) Spaced retrieval practice
* About the "how,” with coding in Python
* | do, we do, you doO Desirable difficulties

* Weekly demos and in-class lab exercises, finish for homework & submitted by
Sunday @ m|dn|ght Deliberate practice with feedback
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Grading

* 30%: Labs
* 10%: In-class quizzes, drop lowest 2
* 20%: Attendance/participation

* 20%: Project 1: Exploratory data
analysis

* 20%: Project 2: Interactive Data App,
SciVis, or infographic

If you can’t make class,
please email me as
soon as possible
(preferably before
classl!)

M Projects ™ Quizzes WM Attendance/Participation I Lab Exercises
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By next class...

* Download anaconda (comes with its own version of
Python; advanced: any Python)

* Download VS code (advanced: any IDE you want)
* Fill out the pre-course survey on CANVAS



Wwhat is
data visualization?




How much data are we producing?

(1 exabyte = 1 million terabytes)

But what is in all this data”
What are the implications for society?

2016 - 16,100 exabytes
[IDC 17]

2010 - 1,200 exabytes 2013 - 4,400 exabytes
[Gantz 11] (Gantz 14]

2011 - 1,800 exabytes
2002 - 5 exabytes 2006 - 161 exabytes (Gantz 11] raby

[Lyman 03] [Gantz 07]

2020 - 44,000 exabytes
[IDC 20]
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Increasing abundance of data creates
a poverty of attention.




A poverty of attention

What information consumes is
rather obvious: it consumes the
attention of its recipients. Hence a
wealth of information creates a
poverty of attention, and a need to
allocate that attention efficiently
among the overabundance of
iInformation sources that might
consume It.

' — "

erb Simon, Al pioneer and CMU fac:ultyi

H
ﬁcientific American September 1995
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visualization pictures
The purpose of computing is insight, not numbers.

- Richard Wesley Hamming
- Card, Mackinlay, Shneiderman



Why visualize things?

The Data Pipeline

The .—F_ﬁ__.
Real - PRE- PROCESSING POST-

Worild . PROCESSING

____________ The pipeline
begins and ends
at the same
place — the real
world

PROCESSING

-
-
-
-
—-—
-—
———_
_—
_—
__
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The Pipeline as Arc with Three Zones

PRE-
W, PROCESSING
The IIl PROCESSING
Real
World
WZ
POST-
PROCESSING

What do the pre- and post-processing phases have in common?



Design occurs at the interface
between the world and
and models

W, - M- W,

It fundamentally involves the work of representation
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Activities for Each Zone
Exploratory

The
Real ||||||||||||||||||
World
Explanatory— |
Interfaci Transferring
ng with information
the real between world and

world models

Model
s of the
world
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There are many kinds of visualization

Let’s look at some examples and identify them as
exploratory or explanatory
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Global warming / cooling rates over the past 2,000 years

1.5
™ Reconstructed warming
B Reconstructed cooling
1 4 —Instrumental measurements

Upper range of natural (pre-industrial) warming rates: —— Reconstructions — — Climate models

51-yr warming rate [°C per century]

| | |

800 1000 1200 1400 1600 1800 2000

Year CE

0 200 400 600
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using same two pairs of numbers---

: : FIRST
Pin Point WO,
The most common l%

4-digit PIN numbers "
B

most common least 80

/3
70
65
60
53
50
45
40
35

birth date in ! 30
DD/MM or MM/DD '
formats| 29

Al

15
10

05

00
00 05 10 15 20 25 30: 35 40 45 50 55 60 65 70 /75 80 8 90 9 99
e SECOND TWO DIGITS _ I People using their birth year (19xx)

most common

1234 0000 7777 2000 2oe] TR _.______27%0fa||
1111 1212 1004 4444 1010 : PIN numbers

least common
8557 8438 9539 /063 2 8093
9047 G439 8196 60693 8068

sources: 3.4 million PIN codes from several data breaches datagenetics.com / informationisbeautiful
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4 Strong Harris margin

B
+40 +30 +20 +10
or greater

Current map

Strong Trump margin »

I
+10 +20 +30 +40
or greater

Proposed map

i & ‘3‘1?41 i

42 @

48 25
an Diego”

NICK MOURTOUPALAS/THE WASHINGTON POST
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USGS Magnitude 2.5+ + g
Earthquakes, Past Day

33 earthquakes.

Only List Earthquakes Shown on

Map

Format Sort
Magnitude v Newest First ~
39 42 km SSW of Boca de Yuma, ...

' 2025-08-24 07:41:56 (UTC-04... 87.0 km
4.9 164 km ESE of Petropaviovsk...

’ 2025-08-24 07:04:29 (UTC-04.. 34.1km
26 26 km NNE of Ursine, Nevada

‘ 2025-08-24 06:56:20 (UTC-04:... 5.3 km
48 24 km WSW of Alausi, Ecuador

' 2025-08-24 06:50:33 (UTC-0... 101.1 km
4.9 169 km SSE of Vilyuchinsk, R...

’ 2025-08-24 06:21:53 (UTC-04.. 38.0 km

| 5000 km |

39 239 km SE of Chiniak, Alaska | 3000 mi | 87.319°S:121.641°E

2025-08-24 04:30:01 (UTC-04.. 10.0 km

https://earthquake.usgs.gov/earthquakes/map



https://earthquake.usgs.gov/earthquakes/map




Two Kinds of Visualization

dSc%me graphs are direct transformations of the ¢
ata

These are designed to describe and

Average Monthly Temperature in California

30°C L

29°C

explore data that has not be analyzed g 200
£ 15°c
We call these data visualizations g 1ooc
exploratory 2 sct
2 ooc - x
Others are highly embellished data
visualizations
These- are deSIQHGd -tO communicate and § . (.5Iobal warming / cooling rates over the past 2,000 years
explain results of analysis - e
o 1 -4 — Instrumental measurements
T_h eSe are _examples of storytelling with B, o sttt o el S SR e
visualization g
£ g
We call these explanatory :
&5
|nfographiCS, scientific figureS, etc. © & T 200 a0 | 60 | 800 1000 | 1200 1400 | 1600 1800 ' 2000

Year CE
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This structure of this course follows this
pattern

The first half will focus on exploratory
data visualization

The second half will focus on explanatory
storytelling and infographics



As you leave...

* When you walk around the data science building, notice the different visualizations
(and different medial)

* Are they explanatory or exploratory?
* What is the intent of the design? What insight do they enable?
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