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administrivia . . .
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-sign-up for design critiques 	

- they start next week!	

-also, register on the class forum



last time . . .
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visualization 
1. uses perception to point out interesting things.
2. uses pictures to enhance working memory.



-record information	

!

-analyze data to support reasoning	

!

-confirm hypotheses	

!

-communicate ideas to others

VISUALIZATION GOALS
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today . . .
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-FOUR LEVELS OF VISUALIZATION DESIGN	

!

-TUFTE’S PRINCIPLES	

- integrity	

- design	


!
-CRITIQUES
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THE FOUR LEVELS OF 
VISUALIZATION DESIGN
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NESTED MODEL
Munzner 2009

domain situation 
data/task abstraction

encoding/interaction technique
algorithm

design model: describes levels 
of design inherent to, and that 
should be considered in, the 
creation of a visualization



12

NESTED MODEL
Munzner 2009

domain situation 

domain situation 
describing a group of target users, their domain of interest, their 
questions, and their data	
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NESTED MODEL
Munzner 2009

domain situation 

data/task abstraction 
abstracting the specific domain questions and data from the domain-
specific form into a generic, computational form	


data/task abstraction
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NESTED MODEL
Munzner 2009

domain situation 

encoding/interaction technique 
decide on the specific way to create and manipulate the visual 
representation of the abstraction	


data/task abstraction
encoding/interaction technique
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NESTED MODEL
Munzner 2009

domain situation 

algorithm 
crafting a detailed procedure that allows a computer to automatically 
and efficiently carry out the desired visualization goal	


data/task abstraction
encoding/interaction technique

algorithm
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NESTED MODEL
Munzner 2009

domain situation 
data/task abstraction

encoding/interaction technique
algorithm
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NESTED MODEL
Munzner 2009



TUFTE
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design excellence
“Well-designed presentations of interesting data are 
a matter of substance, of statistics, and of design.”	


Design Excellence
• “Well-designed presentations of interesting data are a 

matter of substance, of statistics, and of design.”

-Edward Tufte
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Edward Tufte
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Mark Goetz



TUFTE’S LESSONS 
!

practice: graphical integrity and excellence 
theory: design principles for data graphics
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1. GRAPHICAL INTEGRITY
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Clear, detailed, and thorough labeling 
should be used to defeat graphical 
distortion and ambiguity.

Tufte’s integrity principles
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Clear, detailed, and thorough labeling 
should be used to defeat graphical 
distortion and ambiguity.

Tufte’s integrity principles

The representation of numbers, as physically 
measured on the surface of the graphic itself, 
should be directly proportional to the numerical 
quantities represented.
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Clear, detailed, and thorough labeling 
should be used to defeat graphical 
distortion and ambiguity.

The Lie Factor =
size of effect shown in graphic 

size of effect in data

Tufte’s integrity principles

The representation of numbers, as physically 
measured on the surface of the graphic itself, 
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quantities represented.
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DISTORTION

30 Tufte 2001
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The Lie Factor =
size of effect shown in graphic 

size of effect in data
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5.3 - 0.6	

0.6 X  100%  =  783%GRAPHIC

The Lie Factor =
size of effect shown in graphic 

size of effect in data
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27.5 - 18.0	

18 X  100%  =  53%DATA

5.3 - 0.6	

0.6 X  100%  =  783%GRAPHIC

The Lie Factor =
size of effect shown in graphic 

size of effect in data



783	

53 =  14.8LIE FACTOR  =

31

27.5 - 18.0	

18 X  100%  =  53%DATA

5.3 - 0.6	

0.6 X  100%  =  783%GRAPHIC

The Lie Factor =
size of effect shown in graphic 

size of effect in data
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Clear, detailed, and thorough labeling 
should be used to defeat graphical 
distortion and ambiguity.

Tufte’s integrity principles

The representation of numbers, as physically 
measured on the surface of the graphic itself, 
should be directly proportional to the numerical 
quantities represented.
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Show data variation, not design variation.



http://peltiertech.com/WordPress/bad-bar-chart-practices-or-send-in-the-clowns/
34

UNINTENDED SIZE CODING
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2. GRAPHICAL EXCELLENCE
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Clear, detailed, and thorough labeling 
should be used to defeat graphical 
distortion and ambiguity.

Tufte’s integrity principles

The representation of numbers, as physically 
measured on the surface of the graphic itself, 
should be directly proportional to the numerical 
quantities represented.

37

Show data variation, not design variation.

Excellence
• Graphical excellence is that which 

• gives the viewer the greatest number of ideas 

• in the shortest time 

• with the least ink 

• in the smallest space 

A. Einstein, “An explanation should be as simple as 
possible, but no simpler.”
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Anscombe’s Quartet

Graphs in Statistical Analysis. F. J. Anscombe. The American 
Statistician, Vol. 27, No. 1. (Feb., 1973), pp. 17-21.  
http://www.sjsu.edu/faculty/gerstman/StatPrimer/anscombe1973.pdf
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3. DESIGN PRINCIPLES
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(or how to achieve integrity and excellence)



Data-ink Ratio =
data-ink 

total ink used in graphic
maximize the
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Data-ink Ratio =
data-ink 

total ink used in graphic
maximize the

43Tufte 2001



COUNTER-POINT
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EXPERIMENT

-asked participants to 
choose box plot with 
largest range from a set	


-varied representation	

-measured cognitive load 
from EEG brain waves

45



EXPERIMENTAL RESULTS

46

-paper focused on cognitive load as an evaluation 
method	


- studies showed that the simplest box plot is 
hardest to interpret
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AVOID CHART JUNK
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AVOID CHART JUNK
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AVOID CHART JUNK
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redesign exercise . . .

Nigel Holmes, TIME Magazine



COUNTER-POINT
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EXPERIMENTAL QUESTIONS

1)whether visual embellishments do in fact cause 
comprehension problems	


2)whether the embellishments may provide additional 
information that is valuable for the reader

55



EXPERIMENTAL RESULTS
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EXPERIMENTAL RESULTS

1) No significant difference between plain and image 
charts for interactive interpretation accuracy

56



EXPERIMENTAL RESULTS

1) No significant difference between plain and image 
charts for interactive interpretation accuracy

2) No significant difference in recall accuracy after a 
five-minute gap

56



EXPERIMENTAL RESULTS

1) No significant difference between plain and image 
charts for interactive interpretation accuracy

2) No significant difference in recall accuracy after a 
five-minute gap

3) Significantly better recall for Holmes charts of 
both the chart topic and the details (categories and 
trend) after long-term gap (2-3 weeks).

56



EXPERIMENTAL RESULTS

1) No significant difference between plain and image 
charts for interactive interpretation accuracy

2) No significant difference in recall accuracy after a 
five-minute gap

3) Significantly better recall for Holmes charts of 
both the chart topic and the details (categories and 
trend) after long-term gap (2-3 weeks).

4) Participants saw value messages in the Holmes charts 
significantly more often than in the plain charts.

56



EXPERIMENTAL RESULTS

1) No significant difference between plain and image 
charts for interactive interpretation accuracy

2) No significant difference in recall accuracy after a 
five-minute gap

3) Significantly better recall for Holmes charts of 
both the chart topic and the details (categories and 
trend) after long-term gap (2-3 weeks).

4) Participants saw value messages in the Holmes charts 
significantly more often than in the plain charts.

5) Participants found the Holmes charts more attractive, 
most enjoyed them, and found that they were easiest 
and fastest to remember.
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What Makes a Visualization Memorable?
Michelle A. Borkin, Student Member, IEEE, Azalea A. Vo, Zoya Bylinskii, Phillip Isola, Student Member, IEEE,

Shashank Sunkavalli, Aude Oliva, and Hanspeter Pfister, Senior Member, IEEE

Fig. 1. Left: The top twelve overall most memorable visualizations from our experiment (most to least memorable from top left to
bottom right). Middle: The top twelve most memorable visualizations from our experiment when visualizations containing human
recognizable cartoons or images are removed (most to least memorable from top left to bottom right). Right: The twelve least
memorable visualizations from our experiment (most to least memorable from top left to bottom right).

Abstract—An ongoing debate in the Visualization community concerns the role that visualization types play in data understanding.
In human cognition, understanding and memorability are intertwined. As a first step towards being able to ask questions about impact
and effectiveness, here we ask: “What makes a visualization memorable?” We ran the largest scale visualization study to date using
2,070 single-panel visualizations, categorized with visualization type (e.g., bar chart, line graph, etc.), collected from news media sites,
government reports, scientific journals, and infographic sources. Each visualization was annotated with additional attributes, including
ratings for data-ink ratios and visual densities. Using Amazon’s Mechanical Turk, we collected memorability scores for hundreds of
these visualizations, and discovered that observers are consistent in which visualizations they find memorable and forgettable. We
find intuitive results (e.g., attributes like color and the inclusion of a human recognizable object enhance memorability) and less
intuitive results (e.g., common graphs are less memorable than unique visualization types). Altogether our findings suggest that
quantifying memorability is a general metric of the utility of information, an essential step towards determining how to design effective
visualizations.

Index Terms—Visualization taxonomy, information visualization, memorability

1 INTRODUCTION

The Visualization community has recently witnessed a divide over the
value and impact of excessive chart annotation and decoration (i.e.,
“chart junk”). The conventional view, promoted by visualization ex-
perts such as Edward Tufte and Stephen Few, holds that visualizations

• Michelle A. Borkin is with the School of Engineering & Applied Sciences,
Harvard University. E-mail: borkin@seas.harvard.edu.

• Azalea A. Vo is with the School of Engineering & Applied Sciences,
Harvard University. E-mail: azalea@post.harvard.edu.

• Zoya Bylinkii is with the Computer Science and Artificial Intelligence
Laboratory at the Massachusetts Institute of Technology. E-mail:
zoya@mit.edu.

• Phillip Isola is with the Department of Brain and Cognitive Sciences at the
Massachusetts Institute of Technology. E-mail: phillipi@mit.edu.

• Shashank Sunkavalli is with the School of Engineering & Applied
Sciences, Harvard University. E-mail: sunkavalli@post.harvard.edu.

• Aude Oliva is with the Computer Science and Artificial Intelligence
Laboratory at the Massachusetts Institute of Technology. E-mail:
oliva@mit.edu.

• Hanspeter Pfister is with the School of Engineering & Applied Sciences,
Harvard University. E-mail: pfister@seas.harvard.edu.

Manuscript received 31 March 2013; accepted 1 August 2013; posted online
13 October 2013; mailed on 4 October 2013.
For information on obtaining reprints of this article, please send
e-mail to: tvcg@computer.org.

should not include chart junk and should show the data as clearly as
possible without any distractors [13, 14, 37, 38]. This view has also
been supported by psychology lab studies, which show that simple and
clear visualizations are easier to understand [11, 24]. At the other end
of the spectrum, researchers have published that chart junk can pos-
sibly improve retention and force a viewer to expend more cognitive
effort to understand the graph, thus increasing their knowledge and
understanding of the data [4, 8, 19]. However, the findings of these
studies have been widely debated [13, 14].

What researchers agree on is that chart junk is not the only factor
that influences how a person sees, interprets, and remembers a visual-
ization. Other aspects of the visualization, such as graph type, color,
or aesthetics, also influence a visualization’s cognitive workload and
retention [8, 19, 39]. To disentangle these confounding factors we set
out to answer the basic question: “What makes a visualization mem-
orable?” Clearly, a more memorable visualization is not necessarily a
more comprehensible one. However, knowing what makes a visual-
ization memorable is a step towards answering higher level questions
like “What makes a visualization engaging?” or “What makes a vi-
sualization effective?”. Recent work has shown that memorability of
images of natural scenes is consistent across people, suggesting that
some images are intrinsically more memorable than others, indepen-
dent of an individual’s contexts and biases [20]. We are interested in
understanding if these findings hold for visualizations, and what key
factors make some visualizations intrinsically more memorable than
others.

Here, we designed and executed a study to measure the memora-

COUNTER-POINT
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TAKE-AWAY

1) intuitive findings: color and human recognizable objects 
enhance memorability	


2)unintuitive findings: common graphs are less 
memorable than unique visualization types

58
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take away . . .  
CHART JUNK? IT DEPENDS
-persuasion

-memorability

-engagement

-unbiased analysis

-trustworthiness

- interpretability

-space efficiency
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MULTIFUNCTIONING  
ELEMENTS

Tufte 2001 61



62

MULTIFUNCTIONING 
ELEMENTS

scented widgets

Willett et al 2007
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MULTIFUNCTIONING 
ELEMENTS

interactive legend
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LAYERING
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Data Density =
number of entries in data array 

area of data graphic
maximize the



67

g1
m2
g4
m3
g5
g6
g7
m4

g12
g13
m7

g16
g17
g18
g19
g20

g22
g23
g24
g25

g28

g31
g32

g34

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g1

-5.2

 8.3

m2

-8.0

 2.3

g4

-5.0

 2.8

m3

-8.0

 2.3

g5

-3.2

 2.6

g6

-4.3

 4.3

g7

-2.3

 9.5

m4

-6.7

 3.0

g13

-6.0

 6.1

g12

-6.0

 3.9

m7

-5.6

 2.8

g16

-4.6

 3.3

g17

-4.8

 7.5

g18

-5.4

 5.0

g20

-6.9

 4.3

g19

-5.2

 5.0

g18

-5.4

 5.0

g22

-5.0

 8.1

g23

-6.2

 8.1

g24

-4.6

 3.6

g25

-4.6

 5.1

g28

-4.1

 1.9

g31

-5.1

 6.4

g32

-5.7

 4.9

g34

-6.2

 3.4

-6.9

 7.7

-8.0

 9.3

-6.4

 5.4

-5.4

 9.5

-5.4

 5.1

-6.9

 5.0

-6.0

 7.8

-6.5

 6.0

-7.2

 8.5

-5.5

 6.6

-5.5

 5.5

-3.5

 1.8

-7.7

 2.0

-6.4

 9.1

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

SHRINK THE GRAPHICS

Meyer et al 2010



67

g1
m2
g4
m3
g5
g6
g7
m4

g12
g13
m7

g16
g17
g18
g19
g20

g22
g23
g24
g25

g28

g31
g32

g34

m1

m18

P1

m18P2

m2

m33

P3

m13

m30

P4

c

d

m7

m10

a

b

m2

m10

B1

g30

m28

-0.50 1.00

-0.50 1.00

KEY Genes
forward reverse bidirectional

Metabolites Metrics
PearsonSubgroup1
PearsonSubgroup2
PearsonALL

g1

-5.2

 8.3

m2

-8.0

 2.3

g4

-5.0

 2.8

m3

-8.0

 2.3

g5

-3.2

 2.6

g6

-4.3

 4.3

g7

-2.3

 9.5

m4

-6.7

 3.0

g13

-6.0

 6.1

g12

-6.0

 3.9

m7

-5.6

 2.8

g16

-4.6

 3.3

g17

-4.8

 7.5

g18

-5.4

 5.0

g20

-6.9

 4.3

g19

-5.2

 5.0

g18

-5.4

 5.0

g22

-5.0

 8.1

g23

-6.2

 8.1

g24

-4.6

 3.6

g25

-4.6

 5.1

g28

-4.1

 1.9

g31

-5.1

 6.4

g32

-5.7

 4.9

g34

-6.2

 3.4

-6.9

 7.7

-8.0

 9.3

-6.4

 5.4

-5.4

 9.5

-5.4

 5.1

-6.9

 5.0

-6.0

 7.8

-6.5

 6.0

-7.2

 8.5

-5.5

 6.6

-5.5

 5.5

-3.5

 1.8

-7.7

 2.0

-6.4

 9.1

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12

s13

s14

PATHLINE A TOOL FOR COMPARATIVE FUNCTIONAL GENOMICS
PATHWAY METRIC OVERVIEW SPECIES CURVEMAP OVERLAYS

SHRINK THE GRAPHICS

SMALL MULTIPLES

Meyer et al 2010



68

SHRINK THE GRAPHICS

Bertin 1967
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SHRINK THE GRAPHICS

SPARKLINES
Tufte 2006



MAXIMIZE AMOUNT  
OF DATA SHOWN

70
Steve Chappel and Reebe Garofalo 	

in Rock 'N' Roll is Here to Pay: The History and Politics of the Music Industry, 1977
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Science Express: How Science and Technology change our life. 
Herausgegeben von der Max-Planck-Gesellschaft
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COUNTER-POINT
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ILLUSIONS OF VISUAL 
BANDWIDTH 
!

people over-predict what they will see and 
become aware of
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-overestimate of breadth 
- belief that viewers can take in all (or most) of 
the details of a scene at once	


- adding extra visual features makes it harder to 
find specifics bits of information
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-overestimate of breadth 
- belief that viewers can take in all (or most) of 
the details of a scene at once	


- adding extra visual features makes it harder to 
find specifics bits of information

-overestimate of countenance 
- belief that user will attend to a higher 
proportion of the display than they do	


- users typically have expectations about where 
in a display to look

-overestimate of depth 
- belief that attending to an object leads to more 
complete and deep understanding than is the 
case



Tufte’s design principles
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-maximize the data-ink ratio	


-avoid chart junk (sometimes)	


-use multifunctioning elements	


- layer information	


-maximize the data density	

- shrink the graphics	

-maximize the amount of data shown (sometimes)



CRITIQUES
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http://www.guardian.co.uk/technology/blog/2008/jan/21/liesdamnliesandstevejobs77

http://www.guardian.co.uk/technology/blog/2008/jan/21/liesdamnliesandstevejobs


U.S. SmartPhone Marketshare

RIM
Apple
Palm
Motorola
Nokia
Other
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Delta Sky 
Magazine

http://msp.imirus.com/Mpowered/book/vds2014/i1/p30

// CALIFORNIA'S 
NATURAL WONDERS

// TALK SHOW WITH 
FITZ & THE TANTRUMS

// LA: 1 CITY 5 WAYS

JANUARY 2014

Los  Angeles
State of Mind
Where to go, who to know and 
how to roll in the City of Angels.

Jimmy 
Kimmel

Making a 
living being 

a smart 
aleck

//  How do you want to make 
Los Angeles better? 
One, I want to reduce our city’s 
unemployment rate and make this 
a business-friendly city—a place 
where you can’t aff ord not to do 
business; a place where the best-
trained workforce exists; a place 
where the 
best infra-
structure is 
built; and a 
place that 

you feel is your platform. Two, I want to 
make city government work again. I’m 
a high-tech guy, and I want to build a 
high-tech city hall that’s focused on the 
basics, like customer service and fi xing 
potholes, but which brings government 
to you in an unexpected way—whether 
it’s smartphone apps or by sharing data 
about your city with the public. In my 
fi rst 100 days, I launched a new website 
that has performance metrics so that 
people can actually track what we’re 
doing well and what we’re not doing well.

//  Talk about your transportation 
initiatives. 
I think this is a kind of golden age of transportation in LA. The 
voters passed measures in recent years to build out what is 
now the third-largest public transportation system in the coun-
try, to improve the roads and highways and to reduce traffi  c. 

But what I would like to see is a Los Angeles where you don’t 
need a car—where you can get to a neighborhood via various 
modes of transport, but then you can walk around that neigh-
borhood, shopping, eating, going to farmers markets. In the car 
capital of America, if we can show a reduction in pollution and 
a reduction in traffi  c by a combination of technology and other 
disruptive forces like new car-share enterprises, I think people 
will say: If LA can do it, we can do it, too. 

//  What are some attributes that 
people might fi nd surprising 
about your hometown?
Our economy is one of the most diverse 
and refl ects the most creative people. 
It’s not just Hollywood and TV. We’ve 
got three top-25 universities here—no 
other city has that. We have a collection 
of incredible neighborhood “villages,” 
where people are inventing food in a 
new way, mashing up cultures so that 
Korean short rib tacos are the latest 
craze. I think also that a lot of people 
don’t realize how much Los Angeles 
has become the art capital of the world. 
There are more artists that live and 
create here—almost what happened to 
New York in the ’70s and ’80s is going 
on in LA now, because artists still can 
aff ord to live here. People would be very 

surprised at how many of our neighborhoods are walkable, are 
bikeable. The cliché that you’re going to come out here and be 
stuck in your car in traffi  c the whole time is not as true as it 
used to be. —Gene Rebeck

Eric Garcetti envisions a Los Angeles where you don’t need a car to live well. No car? In LA? 
Seriously? But the city—and its new mayor—off ers many surprises. Elected in May 2013 
and assuming the mayor’s offi  ce in July, Garcetti is a fourth-generation Angeleno whose 
background—Mexican and Jewish—befi ts an ethnically complex city where 220 languages 
are spoken. A Rhodes Scholar, the 42-year-old served on the city council for more than 
a decade, representing the district that includes Hollywood, before becoming the city’s 
youngest mayor in a century. 

28    JANUARY 2014   deltaskymag.com

Las Vegas, January 4–6—Digital 
content creators will meet to talk about boosting their visibility 
and better monetizing their industry. Rio All-Suites Hotel & 
Casino, nmxlive.com/2014-lv

New Media Expo Davos Klosters, Switzerland, January 
22–25—This famed skull session brings 
together global celebrities in business, 
politics, academia and media. Multiple 
venues, weforum.org/events

World Economic Forum 

Annual Meeting

Conference Call //

The cliché that you’re going to 
come out here and be stuck in 

your car in traffi  c the whole time 
is not as true as it used to be. 

—Eric Garcetti
Five Minutes With //

Eric Garcetti  Mayor of Los Angeles 

iFX Expo Asia

Macau, January 22–23—
The currency-trading world 
comes together to talk shop and learn what’s 
next for the sector’s future. The Venetian 
Macao, ifxexpo.com/macau2014

Los Angeles Population By Race 

Source: United States Census Bureau, 2012 
estimates. Note: The concept of race is separate 
from the concept of origin; 48 percent of 
respondents identifi ed themselves as “Hispanic 
or Latino” but fall into one of the above groups.
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