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learn to drive change using data visuals and narrative

No one ever made a decision because
of a number. They need a story.

Daniel Kahneman, psychologist,
behavioral economist, and author

/Data Anayses\

Narratives

Explain

Engage

Scott Spencer / ()

Enlighten

Visuals

“Data! Data! Data!” he cried
impatiently. “I cant make

bricks without clay”

Sherlock Holmes by Sir
Arthur Conan Doyle, author

The greatest value of a picture is
when it forces us to notice what
we never expected to see.

John W Tukey, mathematician
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general course deliverable timeline

Individual Work Group work

For learning data visualization For building graphics and narrative
and written narrative techniques into interactive communications
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next deliverables, individual homework three and group proposal

Individual Work

For learning data visualization
and written narrative techniques

Homework 1 Homework 2 Homework 3
graphics graphics writing
10% 10% 10%

1 ScottSpencer/ ¢) oo

Group work

For building graphics and narrative
into interactive communications

Interactive Communication

20%

€ scott.spencer@columbia.edu

Multimodal communication

15%
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note! — all design concepts for static data-driven,
visual narratives apply to interactive commumnications




examples of interaction with data-driven, visuals



examples of interaction, follow the citation to the original, interactive version
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examples of interaction, follow the citation to the original, interactive version
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What’s Really Warming the World?

By Eric Roston W and Blacki Migliozzi W |June 24, 2015

Skeptics of manmade climate change offer various natural causes to explain why
the Earth has warmed 1.4 degrees Fahrenheit since 1880. But can these account
for the planet’s rising temperature? Scroll down to see how much different
Hotter factors, both natural and industrial, contribute to global warming, based on
+2F findings from NASA’s Goddard Institute for Space Studies.

Observed

woeot010 N\ /\ ~ /\V\ . A /\/\'\ 0N
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\/u \f This line shows the measured, or

"observed," land-ocean temperature

1880-2014

-2F

Colder

Is It the Earth’s Orbit?

The Earth wobbles on its axis, and its tilt and orbit change over many thousands
of years, pushing the climate into and out of ice ages. Yet the influence of orbital
changes on the planet’s temperature over 125 years has been negligible.

Hotter

+2'F

Observed

1880-1910
Average

@ Orbital Changes

This band shows where temperatures >

fall in 95% of climate simulations

1880-2005

oFd 95% Confiden

Colder

Is It the Sun?

The sun’s temperature varies over decades and centuries. These changes have
had little effect on the Earth’s overall climate.

Hotter

+2'F

Observed

1880-1910
Average |

1880-2005

95% Confidence

Colder
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examples of interaction, follow the citation to the original, interactive version

So If It’'s Not Nature, Is It Deforestation?

Humans have cut, plowed, and paved more than half the Earth’s land surface.
Dark forests are yielding to lighter patches, which reflect more sunlight—and
have a slight cooling effect.

Hotter
+2'F

Observed

*B:z::;s’\ql\,\/\/\\/.v/\vj\f\,

1880-2005

95% Confide

2
Colder
Or Ozone Pollution?
Natural ozone high in the atmosphere blocks harmful sunlight and cools things
slightly. Closer to Earth, ozone is created by pollution and traps heat, making the
climate a little bit hotter. What'’s the overall effect? Not much.
Hotter
+2F
1880-1910
Average HERI, S
1880-2005
2 95% Confidence
Colder
No, It Really Is Greenhouse Gases.
Atmospheric CO, levels are 40 percent higher than they were in 1750. The green
line shows the influence of greenhouse gas emissions. It's no contest.
Hotter Greenhouse Gases
+2°F
Observed
1880-1910
Average [ NG 7

2°F- 95% Confidence

Colder
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examples of interaction, follow the citation to the original, interactive version

A 3-D View of a Chart That Predicts
The Economic Future: The Yield Curve

By GREGOR AISCH and AMANDA COX MARCH 18, 2015

® OO0OO0OO0OOO0OO0ODO0

Back Next ]

Yield curve 101

The yield curve shows how much it costs the federal
government to borrow money for a given amount of time,
revealing the relationship between long- and short-term interest

rates.

It is, inherently, a forecast for what the economy holds in the
future — how much inflation there will be, for example, and
how healthy growth will be over the years ahead — all
embodied in the price of money today, tomorrow and many
years from now.
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examples of interaction, follow the citation to the original, interactive version

s It Better to Rent or Buy?

By MIKE BOSTOCK, SHAN CARTER and ARCHIE TSE

The choice between buying a home and renting one is among the biggest financial
decisions that many adults make. But the costs of buying are more varied and
complicated than for renting, making it hard to tell which is a better deal. To help you
answer this question, our calculator takes the most important costs associated with
buying a house and computes the equivalent monthly rent. RELATED ARTICLE

_ =QUIVALENT If you can rent a similar
Home Price - home for less than ...

A very important factor, but not the -
only one. Our estimate will improve $ PER
as you enter more details below. | 1 7207 MONTH

... then renting is better.

$1,207 _ ¢ Costs after 4 years Rent Buy

$259,000 v Initial costs $1,207  $62,160
RSP $250k 41 _ Recurring costs $60,919  $72,559

Opportunity costs $3,284 $12,639

Net proceeds -$1,207 -$83,154

Total $64,204 $64,204

How Long Do You Plan to Stay?

Buying tends to be better the longer you stay because the upfront -0U
fees are spread out over many years ENT How to Read the Charts Charts that are relatively

— ¢4 flat indicate factors that are not particularly
important to the outcome. Conversely, the factors
$1,207 - that have steep slopes have a large impact.

4 years

U

4
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we can make interactive graphics in RStudio; but is RStudio some kind of interactive graphic?

RStudio is a web browser application with a graphical user interface. We can “interact”
with it by entering text (code), clicking buttons, etc. In response, RStudio

changes the view of the data graphic we see. s this an interactive graphic?

(V)"

text entry

https://www.rstudio.com/products/rstudio/

back, next, zoom

Console Terminal Jobs p— Files \ots Packages Help Viewer !

-s

~/Documents/GitHub/20211APANS800KH02/ (@ /9 Zoom ) - Export ~

> library(ggplot2)
> str(airquality)
'data.frame': 153 obs. of 6 variables:
$ Ozone : int 41 36 12 18 NA 28 23 19 8 NA ...
$ Solar.R: int 190 118 149 313 NA NA 299 99 19 194 ...

$ Wind hum 7.4 8 12.6 11.5 14.3 14.9 8.6 13.8 20.1 8.6 ...

$ Temp : int 67 72 74 62 56 66 65 59 61 69 ... 150 -
$ Month : int 5555555555 ...

$ Day :dint 12345678910 ...

> ggplot(airquality) +

+ geom_point(
+ mapping = aes(
+ X = Wind,
+ y = Temp
+ )
+ )
> ggplot(airquality) +
+ geom_point(
+ mapping = aes(
+ x = Wind, 100 -
+ y = Ozone,
+ color = as.factor(Month)
+ ) g
+ ) 8
Warning message: o
Removed 37 rows containing missing values (geom_point).
> ggplot(airquality) +
+ geom_point(
+ mapping = aes(
+ x = Temp,
+ y = Ozone,
+ color = as.factor(Month) 50 -
+ )
+ )
Warning message:
Removed 37 rows containing missing values (geom_point).
>
O_

60

0 y 45, Publish ~

as.factor(Month)
5

6
7
8
9

70 80 90
Temp
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examples of interaction, we can make interactive graphics in Tableau; but is Tableau some kind of interactive graphic?

Tableau is a software application with a graphical user interface. We can “interact” with

it by dragging and dropping, clicking buttons. In response, Tableau changes the view

of the data graphic we see. Is Tableau an interactive graphic?

(V)"

https://www.tableau.com/products/desktop

| BON |

e = & & -
Data Analytics <
o bea_gdp

Search oY B~
Tables

Abc  Industry

Abc Quarter

Abc  Measure Names

# Percent.Change

# bea_gdp.csv (Count)
# Measure Values

] -
Pages
Filters
Industry =
Marks
nl Automatic v
H &
Color Size Label

0

Detail Tooltip

M Industry =

Percent.Change

= Rows

0.05

0.00

-0.05

-0.10

-0.15

-0.20

-0.25

-0.30

-0.35

| Tableau - bea_gdp

§i} (IR I=y J ~ T: Jr | Standard v g - TJ <
il Colurns industry =

SUM(Percent.Change)

Real Value Added by Selected Industries

Quarter / Industry
2019:Q4 2020:Q1

Industry: Accommodation and food services
Quarter: 2020:Q1
Percent.Change: -0.2780
Financeand Health care and Arts, Accommodation| Financeand Healthcare and Arts, Accommodation
insurance  social assistan.. entertainment.. and food servi.. insurance  social assistan.. entertainment.. and food servi..

= Show Me

Industry

B Finance and insurance

¥ Health care and soci..

[ Arts, entertainment,..
Accommodation and ..

B Data Source Sheetl | [ H O

8marks 1rowby8columns SUM(Percent.Change):-0.7210  Highlighting on Industry [ |
'
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examples of interaction, we can make interactive graphics in Lyra2; but is Lyra2 some kind of interactive graphic?

Lyra2 is a web browser application with a graphical user interface. We can “interact” with
it by dragging and dropping, clicking buttons, similar to Tableau but free, open-
source, and based on the powerful Vega / D3 javascript languages. In response,

Lyra2 changes the view of the data graphic we see. Is this an interactive graphic?

(V)"

http://vega.github.io/lyra/

GROUPS WIDGET 1 DATA PIPELINES cars * New
SELECTIONS Accelera... 12 11.5 11 Displace... 307 350 318
Range Origin USA USA USA Miles_pe... 18 15 18
¥ Group1 ® Horsepo... 130 165 150 Year 1970 1970 1970
GUIDES Year Weight_i... 3504 3693 3436 Cylinders 8 8 8
Name chevrole... buicksk... plymout...
Y Axis Comparator; == B
1-20 of 406 >
X Axis
APPLICATIONS
Color Legend %01 ® USA i RECT
Europe
MARKS 45 - ©® Japan ¢ SYMBOL
T TEXT
¢ Symbol 1 o
INTERACTIONS  + 1’ LINE
3 - AREA
% Interaction 1 @
WIDGETS 30- & INTERACTION
% Widget 1 o 2,! o c
20 .
Selected P
(eile @ Origin
Unselected
fill 10-
SCALES
5_
) sews
widget_Year 0 : —@ : — 00 ® O 0 O : : :
0 20 40 60 80 100 120 140 160 180 200 220 240
Year
(1982
Scott Spencer / ) @ 14
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how we interact, what’s interactivity? — “human in the loop” of executing and evaluating

Goal

HUMAN

>| Intend

EXECUTION PHASE

Plan

EVALUATION PHASE

Scott Spencer / €)
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we can make interactive graphics in RStudio; but is RStudio some kind of interactive graphic?

RStudio is a web browser application with a graphical user interface. We can “interact”

with it by entering text (code), clicking buttons, etc. In response, RStudio

changes the view of the data graphic we see. s this an interactive graphic?

(V)"

- source code editing
scripting commands

graphical interface

direct manipulation

+ direct touch

c++ / graphics.h
r / rstudio / ggplot2
buttons, sliders, text boxes

graphical element touched by pointer
irected with mouse or trackpad

graphical element
touched by finger on screen

Console Terminal Jobs

~/Documents/GitHub/20211APAN5800KH02/

> library(ggplot2)

> str(airquality)

'data.frame': 153 obs. of 6 variables:

$ Ozone : int 41 36 12 18 NA 28 23 19 8 NA ...

$ Solar.R: int 190 118 149 313 NA NA 299 99 19 194 ...

$ Wind hum 7.4 8 12.6 11.5 14.3 14.9 8.6 13.8 20.1 8.6 ...
$ Temp : int 67 72 74 62 56 66 65 59 61 69 ...
$ Month : int 5555555555 ...

$ Day :int 12345678910 ...
> ggplot(airquality) +
geom_point(
mapping = aes(
X = Wind,
y = Temp
)
)
ggplot(airquality) +
geom_point(
mapping = aes(
x = Wind,
y = Ozone,
color = as.factor(Month)

+ 4+ + + + + V o+ o+ o+ o+ + 4+

)
+ )
Warning message:
Removed 37 rows containing missing values (geom_point).
> ggplot(airquality) +
+ geom_point(
mapping = aes(
x = Temp,
y = Ozone,
color = as.factor(Month)

+ o+ o+ o+ o+

)

+ )

Warning message:

Removed 37 rows containing missing values (geom_point).
>

p— Files Plots Packages Help Viewer

150 -

100 -

Ozone

50 -

-s

/Y Zoom - Export v ©

60

\\/

70

— |
(—!

“s, Publish ~

as.factor(Month)
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6
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why we interact with data-driven visuals



reveal all the relationships

“A graphic is not ‘drawn’ once and for all; it is ‘constructed’ and
reconstructed until it reveals all the relationships constituted by
the interplay of the data. The best graphic operations are those

carried out by the decision-maker himself.”

Scott Spencer / ) 2


https://ssp3nc3r.github.io
mailto:scott.spencer@columbia.edu

why we interact, typical goals in interaction with data visuals

Scott Spencer / ()

Mark something as interesting
Show me something else

Show me a different arrangement
Show me a different representation
Show me more or less detail

Show me something conditionally
Show me related things

Let me go back to where I’ve been

8
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how we interact with data-driven visuals



SCROLLING

SWIPING

common interfaces and actions

CLICKING

PINCHING, SPREADING

Scott Spencer / ()

PRESSING

ROTATING

8

POINTING, HOVERING

k

DRAGGING

ot

GESTURES WITH
MULTIPLE FINGERS
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our actions can trigger events on elements like widgets or

CLICKING DRAGGING
text entry button radio-button drop-down slider range bars
group list

— —— AR
enter text @ ~ ! o .
— ] DB , %o .

o— =5 W Pyt
""""" r

... where the elements listen to events and react by changing data or attributes to responsive visual encodings.

Scott Spencer / ) @)


https://ssp3nc3r.github.io
mailto:scott.spencer@columbia.edu

how we interact, common visualization and manipulation tasks

Data and view Speciﬁcation ...............................................

Visualize data by choosing visual encodings

EFilter out data to focus on relevant items
: Sort items to expose patterns
: Derive values of models from source data

View manipulation ...............................................................

Select items to highlight, filter, or manipulate

: Navigate to examine high-level patterns and low-level detail
Coordinate views for linked exploration
: Organize multiple windows and workspaces

Process and Provenance ....................................................... ;

Record analysis histories for revisitation, review, and sharing

: Annotate patterns to document findings
: Share views and annotations to enable collaboration

: Guide users through analysis tasks or stories

Scott Spencer / ()
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ordering interactions, one approach — overview first, zoom and filter, then details-on-demand

10,744 “Gain an overview of
the entire collection.”

“Overview first, zoom and filter, then details-on-demand.”

cumulative “Zoom in on items of interest.

citations Filter out uninteresting items”

“Select an item or group and

819 get details when needed.”

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Scott Spencer / ) 2]
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what’s an overview?

OE D Oxford English Dictionary uick search: ([ GTTN

The definitive record of the English language
Lost for Words? A

Back to Results | Next » Help on Dictionary Entry | Print | Save | Email | Citg

OVerVieW, n. Text size: A A

View as: Outline | Full entry Quotations: Show all | Hide all Keywords: On | Off

Pronunciation: * Brit. (/'auvevju:/, U.S. )/ ouver vju/
Forms: see over- prefix and VIEw n.
Frequency (in current use): eeeoe
Origin: Formed within English, by conversion. Etymon: ovERVIEW v.

Etymology: < ovERVIEW v.

T1. Inspection; overseeing, supervision. Obsolete. Thesaurus »

(Hide quotations)

2, Originally U.S. A general survey; a comprehensive review of facts or ideas; a concise statement or (T:“:sa“f“s »
. . . . ategories »
outline of a subject. Also: a broad or overall view of a subject.

(Hide quotations)

(Hide quotations)
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THE

ORIGIN OF SPECIES

BY MEANS OF NATURAL SELECTION,

OR THE

PRESERVATION OF FAVOURED RACES IN THE STRUGGLE
FOR LIFE. 5

overview first, can a book’s table of contents be an overview?

s

. By CHARLES DARWIN, MA, FRS, &0

SIXTH EDITION, WITH ADDITIONS AND CORRECTIONS. .

(ELEVENTH THOUSAND.)

T4 IR ¢

LQNDON:-hl B
JOHN MURRAY, ALBEMARLE STREET.
1872, s

CONTENTS.

ANAAANAANANAANANANAY

ADDITIONS AND CORRECTIONS, TO THE SIXTH EDITION .. Page xi-xii
HISTORICAL SKETCH . xiiti-xxi
INTRODUCTION .. .. v o oh ev vh e ee e s 14

CHAPTER I

VARIATION UNDER DOMESTICATION.

Causes of Variability — Effects of Habit and the use or disuse of Parts —
Correlated Variation — Inheritance — Character of Domestic Varieties
— Difficulty of distinguishing between Varieties and Species — Origin
of Domesti¢ Varieties from one or’more Species— Domestic Pigeons,
their Differences and Origin — Principles of Selection, anciently fol-
lowed, their Effects — Methodical and Unconscious Selection — Un-
known Origin of our Domestic Productions — Circumstances favour-
able to Man’s power of Selection e 0-32

CHAPTER IIL

VARIATION UNDER NATURE.

Variability — Individual differences — Doubtful species — Wide ranging, |

much diffused, and common species, vary most — Species of the larger
genera in each country vary more frequently than the species of the
smaller genera— Many of the species of the larger genera reserhble
varieties in being very closely, but unequally, related to each other,
and in haviag restricted ranges .. ee .. 33-47

CHAPTER III

STRUGGLE FOR EXISTENCE.

Its bearing on natural selection — The term used in a wide sense—Geome-
trical ratio of increase — Rapid increase of naturalised animals and
plants — Nature of the checks to increase — Competition universal—
Effects of climate — Protection from the number of individuals —
Complex relations of all animals and plants throughout nature —
Struggle for life most severe between individuals and varieties of the
same species: often severe between species of the same genus — The
relation of organism to organism the most important of all rela-
tions .. .. .. L Ll eh s ee ee e e ee 4861

&
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ORIGIN OF SPECIES.

INTRODUCTION.

WHEN on board H.M.S. ‘Deagle,” as naturalist, I was much struck
with certain facts in the distribution of the organic beings inhabit-
ing South America, and in the geological relations of the present to
the past inhabitants of that continent. These facts, as will be scen
in the latter chapters of this volume, scemed to throw some light
on the origin of species—that mystery of mysteries, as it has been
called by one of our greatest philosophers. On my return home, it
occurred to me, in 1837, that something might perhaps be made out
on this question by patiently accumulating and reflecting on all

sorts of facts which could possibly have any bearing on it. After -

five years’ work I allowed myself to speculate on the subject, and
drew up some short notes ; these I enlarged in 1844 into a sketch
of the conclusions, which then scemed to me probable : from that
period to the present day I have steadily pursued the same object.
I hope that I may be excused for entering on these personal details,
as I give them to show that I have not been hasty in coming to a
decision.

My work is now (1859) ncarly finished ; but as it will take me
many more years to complete it, and as my health is far from
strong, I have been urged to publish this Abstract. “I have more
especially been induced to do this, as Mr. Wallace, who is now
studying the natural history of the Malay archipelago, has arrived
at almost exactly the same general conclusions that I have on the
origin of species. In 1858 he sent me a memoir on this subject,
with a request that I would foyward it to Sir Charles Lyell, who
sent it to the Linnean Society, and it is published in the third
volume of the Journal of that Society. Sir C. Lyell and Dr. Hooker,
who both knew of my work—the latter having read my sketch of
1844—honoured me by thinking it advisable to publish, with Mr.
Wallace’s excellent memoir, some brief extracts from my manu-
scripts.

This Abstract, which I now publish, must necessarily be im-
perfect. 1 cannot here give relercnces and authorities for my

B

EJ-

8ing some
crept in,
r to good
lusions at
ut which,
e sensible
il all the
prounded ;
ware that
fhich facts
s directly
It can be
and argu-
[possible.

the satis-
h I have

[nally un-

s without
the last
irge stores

[ic ‘beings,
stribution,
b the con~

Iss, such a
r, until it
thls vmrld
struemm

overview first, can a booK’s introduction be an overview?

Bblo that

, but had -

Faturglists
food, &e., "
sense,,os,
terous w-'

Introduction. 3

of external conditions, or of habit, or of the volition of the plant
itself.

It is, therefore, of the highest importance to gain a clear insight
into the means of modification and coadaptation. At the commence-
ment of my observations it seemed to me probable that a careful
study of domesticated animals and of cultivated plants would offer
the best chance of making out this obscure problem. Nor have
I been disappointed ;in this and in all other perplexing cases I
have invariably found that our knowledge, imperfect though it be, of
variation under domestication, afforded the best and safest clue. I
may venture to express my conviction of the high value of such
studies, although they have been very commonly neglected by
naturalists.

From these considerations, I shall devote the first chapter of this
Abstract to Variation under Domestication. We shall thus see that
a large amount of hereditary modification is at least possible ; and,
what is equally or more important, we shall see how great is the
power of man in accumulating by his Selection successive slight
variations. I will then pass on to the variability of species in a
state of nature; but I shall, unfortunately, be compelled to treat
this subject far too briefly, as it can be treated properly only by
giving long catalogues of facts. 'We shall, however, be enabled to
discuss what circumstances are most favourable to variation. In
the next chapter the Struggle for Existence amongst all organic
beings throughout the world, which inevitably follows from the
high geometrical ratio of their increase, will be considered. This is
the doctrine of Malthus, applied to the whole animal and vegetable X
kingdoms. As many more individuals of each species are born than
«can possibly survive; and as, consequently, there is a frequently
recurring struggle for existence, it follows that any being, if it vary -
however shcrhtly in any manner profitable to itself, under the com-
plex and sometimes varying conditions of life, will have a better - -
chance of surviving, and thus be naturally selected. From the
strong principle of inheritance, any’g, selected variety will tend te
propagate its new and modified form.*

This fundamental subject of Natural Selection will be treated at
some length in the fourth chapter; and we shall then see how
Natural Selectlon #lmost inevitably causes much Extinction of the
less improved forms of life, and leads to what I have called Diver-
gence of Character. In the next chapter I shall discuss the complex.
and little known laws of variation. In the fivé succeeding chapters,
the most apparent and gravest difficulties in accepting the theory .
will be given : namely, first, the difficulties of transitions, or how a .

B2 g

8
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Ve
4" Introduction.

simple being or a simple organ can be changed and perfected into
a highly developed being or into an elaborately constructed organ g
sccondly, the subject of Instinet, or the mental powers of animals ;
thirdly, Hybridism, or the infertility of species and the fertility of
varieties when intercrossed ; and fourthly, the imperfection of the
Geological Record. In the next chapter I shall consider the geo-
logical succession of organic beings throughout time ; in the twelfth
and thirteenth, their geographical distribution throughout space; in
the fourteenth, their classification or mutual aflinities, both when
mature and in an embryonic condition. In the last chapter I shall
aive a brief recapitulation of the whole work, and a few concluding
remarks.

No one ought to feel swrprise at much remaining as yet un-
explained in regard to the origin of species and varieties, if he make
due allowance for our profound ignorance in regard to the mutual
relations of the many beings which live around us. Who can ex-
plain why one species ranges widely and is very numerous, and
why another allied species has a narrow range and is rare? Yet
these relations are of the highest importance, for they determine the
present welfare, and, as I believe, the future success and modification
of every inhabitant of this world. Still less do we know of the
mutual relations of the innumerable inhabitants of the world during
the many past geological epochs in its history. Although much
remains obscure, and will long remain obscure, I can entertain ne.
doubt, after the most deliberate study and dispassionate judgment
of which I am capable, that the view which most naturalists until
recently entertained, and which I formerly cntertmned—name}y,
that each species has been mdopmdently created—is erronecai
I am fully convinced that species are not immutable ;- butihe
those belonging to what are called the same genera are: i
descendants of some other and generally. extinct specxes,d'! {
same manner as the acknowledged varieties of any one spemoe jro
the descendants of that species. Iurthermoré, I am conwn&&
that Natural Selection has been the most important, but not.:tﬂu

exclusive, means of modification. Vi
-‘\ '
#
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overview first, can a single view of every word in a book, color-coded by date added to edition, be an overview?

oN THE ORIGIN OF SPECIES 7The Preservation of Favoured Traces Reset
I 11 11 IV v VI VII VIII IX X X1 XII X111 XIV XV
First Edition (1859) M Second Edition (1860) W Third Edition (1861) M Fourth Edition (1866) M Fifth Edition (1869) Sixth Edition (1872)

8
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how we interact, what’s an overview, what should it do?

“A vis idiom that provides an overview is intended to give the user a broad

awareness of the entire information space. A common goal in

overview design is to show all items in the dataset simultaneously,

without any need for navigation to pan or scroll. Overviews help the user find

regions where further investigation in more detail might be productive”

Scott Spencer / ()

8
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how we interact, what’s an overview, what should it do?

“A vis idiom that provides an overview is intended to give the user a broad

without any need for navigation to pan or scroll. Overviews help the user find

regions where further investigation in more detail might be productive”

Scott Spencer / ()

> What?! — But some datasets have many variables! How
can we show high-dimensional space in a single view?

8
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what’s an overview, what should it do? — CitiBike example, measured and some available variables

shown available, not shown
geographic boundaries station id ;ngzﬂgSHONESBGQUﬁ““
station latitude number bikes | station, date, time

station longitude number spaces | station, date, time

station empty ride number

station full sex | rider

time of day | empty birthdate | rider o
time of day | full subscriber | rider

average rate rides | time temperature | date, time, location

sunrise | time humidity | date, time, location

sunset | time rain | date, time, location

wind speed | date, time, location
wind direction | date, time, location
traffic rate | date, time, location
subway entrances | location

e | ‘//Ez//'
Sive 1! ‘,/Ez//,ngmm

/2 ‘V
T o2l

Color

VARIABLES OF THE IMAGE

XY |2 dimensions of the plane

N
[
.

1
Qi

\-

Orientation

Shape Scott Spencer / () @
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what’s an , what should it do?

v
“What constitutes an of an information space may differ
depending on whether the task is a monitoring task, a navigation
task, a planning task, or the user has some other focus.”

Scott Spencer / ) 2
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how we interact, what’s an overview, what should it do?

Overview 1S —

— an awareness of

— acquired by

— useful for

— provided by a

— the content
—— the structure

— the changes

— pre-attentive cues
—— information reception

—active creation

— monitoring
— navigating
—— exploring

— understanding

— planning

— geometrically shrunken

—semantically shrunken

Scott Spencer / ()

— with —

of an information space

when 1itiating a task

throughout a task

good performance

subjective satisfaction

static visualization
dynamic visualization

manipulable visualization

33
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how we interact, Overview? Zoom and filter? Details-on-demand? — example using pointing, hovering k

oN THE ORIGIN OF SPECIES The Preservation of Favoured Traces Reset

I I LA LAV \ AVA | VII VIII IX X X1 XII XIII

relation to man's power of selection. But the
expression often used by Mr. Herbert Spencer of
the Survival of the Fittest is more accurate, and is
sometimes equally convenient. We have seen that
man by selection can certainly produce great

SRR

First Edition (1859) M Second Edition (1860) M Third Edition (1861) M Fourth Edition (1866) M Fifth Edition (1869)

8
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XIV XV

B Sixth Edition (1872)
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Explorable differences between umpire calls
and modeled probabilities of strikes

Below, we can explore the percentage difference between the umpire calls and modeled
probabilities of those calls, with corresponding video footage. Circles O in the top row
represent called pitches (ball, strike) and lightness of the color represent how close € our
modeled strike probability was to the actual call {0, 1} for each handedness (throw-stand)
matchup {LL,LR,RL,RR}.

Circles O in the bottom row represent the corresponding estimate of runs saved from that
variation.

Hovering a pointer over a circle O links O—O pitches in top and bottom rows, and provides
more details of the play in a tooltip. Clicking a pitch loads its game video:

lost +Pr(strike) — added

G B )
-1.0 -0.5 0.0 0.5 1.0
Pitcher L Pitcher R Pitcher R
Batter R Batter L Batter R
(@] O
O
o o g ®
O o (@))
o ® o

gave +E[runs] — saved
G e
-1.0 -0.5 0.0 0.5 1.0

Clicking one of the above observed pitches loads its video:

@ ’ @ 0:08 ) -(): 00 ‘))) m

Of note, the graphics
below only show pitches
where the differences of
called ball or strike from
modeled probatility of
strikes exceed + 0.10.

Explorable differences between umpire calls
and modeled probabilities of strikes

Below, we can explore the percentage difference between the umpire calls and modeled
probabilities of those calls, with corresponding video footage. Circles O in the top row
represent called pitches (ball, strike) and lightness of the color represent how close € our

Of note, the graphics

below only show pitches
where the differences of
called ball or strike from

do1 g L_siiis £

how we interact, Overview? Zoom and filter? Details-on-demand? — example using pointing, hovering, clicking

modeled strike probability was to the actual call {0, 1} for each handeq
matchup {LL,LR,RL,RR}.

Circles O in the bottom row represent the corresponding estimate of
variation.

Hovering a pointer over a circle O links O—O pitches in top and bott
more details of the play in a tooltip. Clicking a pitch loads its game vid

lost +Pr(strike) — added

[ B )
-1.0 -0.5 0.0 0.5 1.0
Pitcher L Pitcher R
Batter R Batter L

Game state: ---

Balls: 0 S
Pitch type: CB
Ump call: ball

Pitcher: lan Kennedy
Batter: Yadiel Hernan:

gave +E[runs] — saved
G e
-1.0 -0.5 0.0 0.5 1.0

Clicking one of the above observed pitches loads its video:

v Cm
_2Th
ot ¥

i

‘.——Wﬁ":ft‘éﬁﬁ;’:_i:i
O I & 000 o

Game state: ---:0

r_k;_Balls: O Strikes: 1

Pitch type: CB
Ump call: ball

\Lpr(strike): 0.13

A Pr(strike) + avg: 0.01
Elruns saved]: -0.006

Pitcher: lan Kennedy
Batter: Yadiel Hernandez

j

/
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how we interact, on zooming (e.g.

) — raster and vector graphics

8
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which actions should we link to zooming, filtering, and showing details?

“Overview first, zoom and filter, then details-on-demand.”

Scott Spencer / ) 2
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which actions should we link to zooming, filtering, and showing details?

“Overview first, zoom and filter, then details-on-demand.” “Readers just want to scroll. . . . If you make the reader click or do

anything other than scroll, something spectacular has to happen.”

Scott Spencer / ) 2
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“scrollytelling” — an abstract example based on scrolling

Mauris dapibus nisi a quam rutrum, ut efhicitur neque
ullamcorper. Nullam tincidunt enim quis ligula maximus
commodo. Aenean sapien lorem, bibendum et tincidunt sed,
imperdiet nec odio.

Fusce egestas aliquet tortor, vitae aliquet dolor varius faucibus.
Duis aliquet in lorem dictum maximus. Fusce a orci felis. Cras
porttitor facilisis nisi in dapibus. As the reader scrolls, this text
narrates and describes the graphic to the right. Integer
maximus tristique lorem, vel imperdiet ante mollis id.
Suspendisse at purus molestie, iaculis mi eget, pulvinar orci.
Pellentesque habitant morbi tristique senectus et netus et
malesuada fames ac turpis egestas. Morbi convallis tellus tortor.

Morbi tincidunt lacus et justo sodales, ut tempor nibh molestie.
Integer metus nisl, suscipit eu pretium malesuada, sagittis at

purus. Class aptent taciti sociosqu ad litora torquent per conubia

This section, which may be a data graphic, stays in

place while the text to the left scrolls up or down.

But you can change this graphic as you scroll based
on an anchor in the document and you can do

things like add or remove layers within this graphic.

Scott Spencer / ) 2]
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which actions should we link to zooming, filtering, and showing details?

“Overview first, zoom and filter, then details-on-demand.” “Readers just want to scroll. . . . If you make the reader click or do

anything other than scroll, something spectacular has to happen.”

Interactivity lets readers dig deeper, explore more
views of data, and re-build trust through transparency.

“Knowing that the majority of readers doesn’t click buttons does not mean you shouldn’t
use any buttons. Knowing that many many people will ignore your tooltips doesn’'t mean
you shouldn’t use any tooltips. All it means is that you should not hide important

content behind interactions” like “mak[ing] the user click or hover to see it.”

Scott Spencer / ) 2
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(limited) grammar of graphics functions
mapped to Tableau — introduction & use case



basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

r

@ O Tableau - Book 1
i o & 8- [ - g - Standard v 8~ TJ =" Show Me
Data Analytics <| Pages lii Columns

Connect to Data ‘= Rows
Tables '
Sheet 1
Marks
Automatic v
< || o read csv() ...
Color Size Text
(|
Detail Tooltip
B Data Source Sheet1l [} H Ok
|

8
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

e < [ fl ﬁl' '“+'@@

Data Analytics

(J Sample - Superstore

O Y E v
Tables

v B Orders

Abc  Customer Name
& Location

£ Order Date

Abc  Order ID

& Product

Ah.  Profit (bin)

Abc  Segment

= Ship Date

Abc  Ship Mode

(@ Top Customers by Profit

>

Discount

Profit

Quantity

Sales

Orders (Count)

v B People
Abc  Regional Manager

People (Count)

v B Returns

Abc  Returned

Returns (Count)

Abc  Measure Names
Profit Ratio
Latitude (generated)
Longitude (generated)

Measure Values

Parameters

Profit Bin Size

Top Customers

(. <)

\_ J

Pages

Filters

Marks

[T] Automatic

. &
Color Size

°
000

Detail Tooltip

lii Columns

‘= Rows

Sheet 1

Text

Tableau - Book1

J ~ Standard  ~ g~ TJ

data :

B Data Source Sheet 1

by B TG

gogplot(data

) or geom_<type>(data

== Show Me

Scott Spencer / ()
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

2o & E a ﬁl' '“+'b@

Tableau - Book1

Standard  ~ s~ TJ

== Show Me

Data Analytics < Pages Ciii Columns

)

(9 Sample - Superstore = Rows

2 Y 2 v Fiters Sheet 1

Tables

v B Orders
Customer Name

> & Location Ll
B9 Order Date r] Automatic v
Abc  Order ID

> & Product
ah. Profit (bin)
Abc  Segment 000 CJ
= Ship Date Detail Tooltip
Abc - Ship Mode
(@ Top Customers by Profit

&

Color Size Text

Discount

Profit

Quantity

Sales

Orders (Count)

v B People

Regional Manager

People (Count)

v B Returns

Returned

Returns (Count)

Measure Names

Profit Ratio
Latitude (generated)
Longitude (generated)

Measure Values

Parameters

Profit Bin Size

Top Customers

B Data Source Sheetl [ HH 0O}

X-axXx1s

geom_<type>( mapping = aes(x

Scott Spencer / ()
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

Tableau - Book1

i & = & &8 - il -l J ~ Standard  ~ s~ TJ = ShowMe

Data Analytics < Pages ili Columns

(9 Sample - Superstore CEE Rows )

LY B Y Filters

Sheet 1

Tables

v B Orders
abe  Customer Name

> & Location Marks

y-axis : geom_<type>( mapping = aes(y

B9 Order Date r] Automatic v
Abc  Order ID

> & Product
ah. Profit (bin)
Abc  Segment 000 CJ
= Ship Date Detail Tooltip
Abc - Ship Mode
(@ Top Customers by Profit

&

Color Size Text

Discount
Profit
Quantity

Sales
Orders (Count)

v B People

Regional Manager

People (Count)

v B Returns

Returned

Returns (Count)

\be  Measure Names

Profit Ratio
Latitude (generated)
Longitude (generated)

Measure Values

Parameters

Profit Bin Size

Top Customers

B Data Source Sheetl [ HH 0O}

8
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

- ) |
[ Tableau - Book1
1 & = &8 8 - m - [ @ - 85 J ~ T. &  Standard v gl ~ TJ S = Show Me
—
Data Analytics < Pages iii Columns v \
(e Sample - Superstore = Rows | Filter... | \
7| [ Show Filter :
je HEEN 4 Fil
rers Sheet 1 Format...
Tables  Show Header
v B Orders D v/ Include in Tooltip
Abc  Customer Name OK 2K . . ( 12K 14K 16K 18K 20K 22K 24K 26K 28K 30K 32K 34K 36K 38K
; . Marks Dimension
> & Location Attribute Quantity
B9 Order Date nl Automatic v v/ Measure (Sum) > ‘ sSum
Abc  Order ID . ) Average
> & Product & DISCI:ete Mvedian
o Color Size Label v/ Continuous
ah. Profit (bin) Count
Abc  Segment 000 L Edit in Shelf Count (Distinct) summar ise e geom_<type> ( data =____ )
B Ship Date Detall | [ Tooltp Add Table Calculation... Minimum
Abc - Ship Mode Quick Table Calculation ~ »  Maximum
@ Top Customers by Profit Percentile > Where
Discount Remove Std.Dev
Profit Std.Dev (Pop.) ) )
. Variance Dimension ldentit raw data
Quantity Variance (Pop.) ( y / )
Sales — ’
Ord C .
raers (Count Measure data = summarise( <see below> )
v BE People
Abc  Regional Manager
People (Count) S um sum ( )
v B Returns Average mean( )
Abc  Returned Med 1an med lan( )
Returns (Count) CO unt n ( )
A Measure Names Count (Distinct) n distinct()
| Minimum min()
Latitude (generated) .
Longitude (generated) M aximum Mmax ( )
Measure Values Percentlle quantlle(pl"ob - ___)
Std Dev sd()
Parameters Std Dev (Pop) sd() = sqrt( ( n() -1 ) / n() )
Profit Bin Size Variance var()
Top Cust 1
op bustomers Variance (Pop) var(y) = ( n() - 1) / n()
B Data Source Sheet1l [} HL O
1mark 1lrowby1column SUM(Quantity): 37,873

8
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

Tableau - Book1

Standard  ~ g~ TJ

R é B El Eﬂ - 'I|+ - L@
Data Analytics Pages ili Columns
(J Sample - Superstore -
LY =y Filters
Sheet 1
Tables
v B Orders
Abc  Customer Name
> & Location Marks
B9 Order Date [T] Automatic v
Abc  Order ID N
> & Product . .
) ) Color Size Text
Al Profit (bin)
abc  Segment 080 CJ
i  Ship Date Detail Tooltip

Abc  Ship Mode
@ Top Customers by Profit
Discount
Profit
Quantity
Sales
Orders (Count)

v B People

Abc  Regional Manager

People (Count)

v B Returns

Abc  Returned

Returns (Count)

Abc  Measure Names

Profit Ratio
Latitude (generated)
Longitude (generated)

Measure Values

Parameters

Profit Bin Size

Top Customers

B Data Source Sheet 1

by B TG

color or f1ill

geom_<type>( mapping = aes(color

== Show Me

Scott Spencer / ()
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

# € > @8 8- mis 2 -

Data Analytics < Pages ili Columns

(J Sample - Superstore = Rows

LY =y Filters

Sheet 1

Tables

v B Orders

Abc  Customer Name
Marks

o

> & Location

£ Order Date [T] Automatic v

Tableau - Book1

Standard v g~ TJ

Abc  Segment 080 ]
= Ship Date Detail  Tooltip
Abc - Ship Mode
@ Top Customers by Profit

Discount

Profit

Quantity

Sales

Orders (Count)

v B People

Abc  Regional Manager

People (Count)

v B Returns

Abc  Returned

Returns (Count)

Abc  Measure Names

Profit Ratio
Latitude (generated)
Longitude (generated)

Measure Values

Parameters

Profit Bin Size

Top Customers

B Data Source Sheetl [ HL O}

Abc  Order ID .
> & Product o t - - -
il Profit (bin) NS size : geom_<type>( mapping = aes(size

== Show Me

Scott Spencer / ()
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

Tableau - Book1

2o & ] ﬁ ﬁ. - iy ~ [ J ~ Standard M gl - TJ == Show Me

Data Analytics < Pages ili Columns

(J Sample - Superstore = Rows

LY =y Filters

Sheet 1

Tables

v B Orders

Abc  Customer Name
Marks

o

> & Location
B Order Date (T] Automatic -
Abc  Order ID X

> & Product &
Al Profit (bin)
Abc  Segment 080 ]
= Ship Date Detail  Tooltip
Abc - Ship Mode

(@ Top Customers by Profit

Color Size

label : geom_text( mapping = aes(label = ) )

Discount

Profit

Quantity

Sales

Orders (Count)

v B People

Abc  Regional Manager

People (Count)

v B Returns

Abc  Returned

Returns (Count)

Abc  Measure Names

Profit Ratio
Latitude (generated)
Longitude (generated)

Measure Values

Parameters

Profit Bin Size

Top Customers

B Data Source Sheetl [ HL O}

8
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

Data Analytics

(J Sample - Superstore

0 Y Ez
Tables
v B Orders

Abc  Customer Name
> & Location
£ Order Date
Abc  Order ID
> & Product
Al Profit (bin)
Abc  Segment
= Ship Date
Abc  Ship Mode
(@ Top Customers by Profit

Discount

Profit

Quantity

Sales

Orders (Count)

v B People

Abc  Regional Manager

People (Count)

v B Returns

Abc  Returned

Returns (Count)

Abc  Measure Names

Profit Ratio
Latitude (generated)
Longitude (generated)

Measure Values

Parameters

Profit Bin Size

Top Customers

B Data Source Sheet 1

W € =l G G -

v

] -
Pages iii Columns
‘= Rows
Filters
Sheet 1
Marks
[T] Automatic v
. &
Color Size Text
080

J ~ Standard v

Tableau - Book1

g - oI

Detail Tooltip

by B TG

~ group / group_by :

geom_<type>( mapping = aes(group
or data = group_by() %>% summarise()

== Show Me

Scott Spencer / ()
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

Data Analytics

(J Sample - Superstore

LY ¢
Tables
v B Orders

Abc  Customer Name
> & Location

£ Order Date

Abc  Order ID
> & Product

Al Profit (bin)

Abc  Segment

= Ship Date

Abc  Ship Mode

Discount

Profit

Quantity

Sales

Orders (Count)

v B People

Abc  Regional Manager

People (Count)

v B Returns

Abc  Returned

Returns (Count)

Abc  Measure Names

Profit Ratio
Latitude (generated)
Longitude (generated)

Measure Values

Parameters

Profit Bin Size

Top Customers

B Data Source Sheet

e < =] ﬁ ﬁl N iy

-
Pages iii Columns
‘= Rows
= Filters
Sheet 1
Marks
[T] Automatic v
. &
Color Size Text
ogo Q

Detail Tooltip

(@ Top Customers by Profit

Tableau - Book1

J -~ Standard  ~ g~ TJ

filter : geom <type>( data =

filter() )

== Show Me
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basics of Tableau, Tableau mapped to grammar of interactive graphics functions (ggplot2 + tidyverse + ggiraph)

I Tableau - Book1
i & = & 8 - m - [l J ~ Standard v g~ TJ = Show Me
Data Analytics < Pages ili Columns
(J Sample - Superstore -
LIV IE Y | Fit
o Sheet 1
Tables
v B Orders
Abc  Customer Name
> & Location Marks
B9 Order Date [T] Automatic v
Abc  Order ID .
> & Product &
o Color Size . . . : .
i Profit (bin) tooltip : geom <type> interactive( mapping = aes(tooltip = ) )

Abc  Segment o ]
= Ship Date Detail \| Tooltip

Abc  Ship Mode
@ Top Customers by Profit
Discount
Profit
Quantity
Sales
Orders (Count)

v B People

Abc  Regional Manager

People (Count)

v B Returns

Abc  Returned

Returns (Count)

Abc  Measure Names

Profit Ratio
Latitude (generated)
Longitude (generated)

Measure Values

Parameters

Profit Bin Size

Top Customers

B Data Source Sheetl [ HL O}

8
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basics of Tableau, beyond basic aggregations, transformations are generally impractical in Tableau (use R, Python, SQL, . . .)

r ) |
Tableau - Book1
/ == Ll - (i Standard g ~ T Show Me
/ Data Analytics \:\Sageg Columns
(5 Sample - Superstore Rows
Search LI | E B Flters
Create Calculated Field... Sheet 1
Create Parameter...
Group by Folder
v/ Group by Data Source Table Marks
v/ Sort by Name Automatic
Sort by Data Source Order 7
[T]
Hide All Unused Fields o Size Text
Show Hidden Fields i -
— Calculationl X All ABS (number)
Expand All Detail = Tooltip Search
Collapse All ABS Returns the absolute value
P e of the given number.
\ Top Customers by Prgfi ACOS
Discount AND Example: ABS(-7) = 7
Profit AREA
Quantity ASCII
ASIN
Sales ATAN
Orders (Count) ATAN2
= People ATTR
Regional Manager AVG
People (Count) BUFFER
= Returns
Returned
Returns (Count)
Veasure Names If data reshaping is required for you to work with a dataset
Profit Ratio . . . . . .
Lattud (senerated) in Tableau, you can reshape it prior to connecting—which is
Longitude (generated)
peasure Valies my personal preference. ..
Parameters
Profit Bin Size
Top Customers
Data Source Sheet 1
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basics of Tableau, Tableau mapped to grammar of graphics functions (ggplot2 + tidyverse)

Tableau - Book2

o < E g~ L‘I] e ~ §f§ Z N T '7)? Standard M gln] ~ @ 0<8 == Show Me
/Fo:atFont lii Columns
/ A =% H = Fields ~ ‘= Rows
—EE. Rows Columns — |Filters
Sheet 1
Default B
15
Worksheet: Tableau Bo..
| e Jeo
Pane: Tableau Bo.. AL mAxis...
00 - - Clear Axis Range
Header: Tableau Bo.. - futomate ﬂ | O CEp@OO O
o IS Select Marks
oo Jablean B0, | {Looer | Lsee | Lt E Format.. 0 @00
Title: Tableau Lig.. 6 2 | O | 9% Vv Show Header
Total sl | Uesully | [Eheles Add Reference Line @D @O
Pane: TableauMe..E3 10- QOO0
Header: Tableau BO.. 9- O OGRS OO O o
Grand Total theme : theme( )
2 8-
Pane: Tableau Me.. ‘g
< = Right clicking on things lets you access format features. This
Header: Tableau Bo.. . .. . . .
is similar to ggplot2 setting various non-data ink
6- elements using theme().
5- o O O O GO O s O O o o
4- O O O (D00 O © OO O O
3- OOOCEEENDO O OO0 O
2- O OGO Q1 OO0 O
1- O
O_
\ 7K 6K 5K 4K 3K 2K 1K 0K 1K 2K 3K 4K 5K 6K 7K 8K 9K
\ Clear Profit
B Data Source Sheetl [ HL Ok
7620 marks 1 row by 1 column [l
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basics of Tableau, organizing multiple graphics, Tableau dashboards mapped to R functions (e.g., ggplot2 + patchwork)

r ) |
Tableau - Book1

Ll - g J ~ gl ~ T Q Show Me

¥ o ) n -
@ard Laym
/ Default

Phone

Device Preview

Size

Desktop Browser (1000 x 8... ¥

layouts : libraries patchwork and/or flexdashboard
— e, ( p1 | p2 | p3 ) / p4

DD Horizontal |:] Blank

% Vertical Ckxl Navigation
A Text [-+ Download
Image 5% Extension

@ Web Page @ Ask Data

\ Show dashboard title
O Date-Sewsee Shee FH Dashboard 1 = Y3 H Of
Cl
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practice with Citi Bike rebalancing study



individual homework four check-in, questions?

N

10
11+
12
1L
14
15
16
17
18
19
20
21+
22
23

24
25

26
27

28
29
30

B2,
8BS
34
35

36
37
38~
39
40
41
42
43
44
45 =
46
47
48

49
30:1

Console

@ | homework 4.rmd

bR Knit on Save v Q. & Knit ~ -

google_analytics: UA-123500360-1

" {r setup, include=FALSE} 4
knitr::opts_chunks$set(

eval = TRUE,

echo = TRUE,

error = FALSE,

message = FALSE,

warning FALSE

In our previous class demonstrations and homeworks, we practiced exploring CitiBike
ride data to gain insights into the bike share's rebalancing efforts. In the
process, we gained experience transforming data and mapping data to visual
encodings.

First, as a class we practiced using a workflow with CitiBike data to create a new
variable, an indicator whether bikes may have been rebalanced. Next, in homework
two, we practiced mapping CitiBike ride data onto the three attributes of color:
hue, saturation, and luminance. In the process we were able to explore how useage,
rebalancing efforts, or both may have changed between 2013 and 2019, and again
before and after the pandemic began. This exploration also helped us consider some
of the limitations of the particular visualization: it did not consider the effects
of rebalancing or bike and docking station availability.

In this assignment, we will try to account for those and other limitations in the
visualizations, and in the process gain practice with new data graphics and
xexplaining* our 1insights to others.

# Preliminary setup

Load libraries to access functions we'll use in this analysis. Of note, if you have
not installed these packages, do so outside of this “rmd" file.

N rry v )
library(tidyverse) # the usual

library(geojsonio) # for map data

library(broom) # for map data

library(patchwork) # for organizing multiple graphs

library(ggthemes) # collection of graph themes

theme_set(theme_tufte(base_family = 'sans'))

We'll use the same dataset as in our previous homework. Let's load our data and
rename variables (as before),

(Top Level) ¢

N - SRun v | 16~ | =

Preliminary setup

Question 1 --- measuring CitiBike interventions (data transformations)
Question 2 --- visualizing time between rides (visually encoding data)
Question 3 --- critical thinking

Question 4 --- critical thinking

Question 5 --- visualize location of interventions (visually encoding data)

Question 6 --- combine ride data with CitiBike interventions (data transformation)
Question 7 --- estimating number of bikes at stations (data transformation)

Question 8 --- critical thinking
Submission --- reproducibility

R Markdown =

=0
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