CSE 512 - Data Visualization
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Last Time:
Data & Image Models



The Big Picture

task
questions, goals
assumptions

processing
data algorithms image
physical data type > visual channel
conceptual data type hical ’
: graphical marks
mapping
domain visual encoding
metadata
semantics

conventions




Nominal, Ordinal & Quantitative

N - Nominal (labels or categories)
- Operations: =, #
O - Ordered
- Operations: =, #, <, >
Q - Interval (location of zero arbitrary)
- Operations: =, #, <, >, -
+ Can measure distances or spans
Q - Ratio (zero fixed)
- Operations: =, #, <, >, -, %

- Can measure ratios or proportions



Visual Encoding Variables
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Bertin’s “Levels of Organization’
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Choosing Visual Encodings

Assume k visual encodings and n data attributes.
We would like to pick the “best” encoding among
a combinatorial set of possibilities of size (n+1)k

Principle of Consistency
The properties of the image (visual variables)
should match the properties of the data.

Principle of Importance Ordering
Encode the most important information in the
most effective way.



Design Criteria [Vackinlay 86

Expressiveness

A set of facts is expressible in a visual language if
the sentences (i.e. the visualizations) in the
language express all the facts in the set of data,
and only the facts in the data.

Effectiveness

A visualization is more effective than another
visualization if the information conveyed by one
visualization is more readily perceived than the
information in the other visualization.



Design Criteria Translated

Tell the truth and nothing but the truth
(don't lie, and don't lie by omission)

Use encodings that people decode better
(where better = faster and/or more accurate)



Effectiveness Rankings [Iackinlay 86]
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Effectiveness Rankings [Iackinlay 86]
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Effectiveness Rankings [Iackinlay 86]
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A1 Review



A1 Submission Designs

Fields: Sunshine, Latitude, Precipitation,
Temperature, Physical Activity, Mental Health, ...

Transforms: Sums, Averages, Differences,
Percentages, Proportions, Filter

Chart Types: Line, Area, Bar, Scatter, Heatmaps,
Maps, Radial, Compositions



Design Considerations

Title, labels, legend, captions, source!

Expressiveness and Effectiveness

Avoid unexpressive marks (lines? gradients?)

Use perceptually effective encodings

Don't distract: faint gridlines, pastel highlights/fills
The “elimination diet” approach - start minimal

Support comparison and pattern perception
Between elements, to a reference line, or to totals

Use reader-friendly units and labels
Statistical soundness (regression, interpolation)



Design Considerations

Transform data (e.g., filter, log, normalize)
Group / sort data by meaningful dimensions

Reduce cognitive overhead

Minimize visual search, minimize ambiguity
Appropriate size, aspect ratio, legible text
Avoid legend lookups if direct labeling works
Avoid color mappings with indiscernible colors

Be consistent! Visual inferences should
consistently support data inferences.



Line Charts



Avg Hours of Sunshine per Month In US cities
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Average Hours of Sunshine
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averaged hours of sunshine (h)
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Hours of Sunshine in Seattle vs. Other US Cities
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What is the sunlight deficit of tomato plants in our six cities?
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How Does the Range of Sunshine Hours Vary by Month Across Select US Cities?
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Total sunshine during Month (Hour)

Is Seattle really not sunny?
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Which city has the most sunshine (in general and per month)?
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Average Jedy houss of sunlighl

Docs latitude predict average daily heurs of sunlight?
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How do time and latitude contribute to the amount of sunshine?
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Hours of Sunshine at Different Latitudes and Longitudes
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Hours of Sunshine at sach month for each major U.S. clty
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Hours of Sunshine per month
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Line Charts
(+ Precipitation)



Seasonal weather of six U.S. cilies
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Are Sunsghine Hours and Precipitation Caorrelated?

Sunshine Hours Pracipitation
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Line Charts
(Filtered)



Is there a correlation between hours of sunshine

and average precipitation in Seattle?
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How does latitude affect monthly sunshine in cities of

similar longitude?*
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Suishine (% of Monthly Hours)
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Average sunshine per day in hours
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Which Coastal US Cities get the most sunshine each month?
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Cumulative hours of sunshine (Averaged 1931-2010)
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Which U.S. city is the sunniest each month?
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Line Charts
(Normalized)



Q: Do different cities cycle from sunny to cloudy in different ways?
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4.5+
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Ratio of hours of sunlight per month compared to Seattle
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Sunny hours of the day (sunshine hrs/daylight hrs)
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Is Seattle the least sunny city?
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What percentage of the daytime was sunny 1981-20107?
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Line Charts
(Small Multiples)



Dalty Hours of Sunshine
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The elffect of latiiude on daily hours of sunshine across during a year
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Sumshine Thiration (hnars)

IIow does Sunshine Duration Change in a Year in Major U.S. Cities?
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How much sunshine do US cities receive on an average all year round (low to high)?
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Area Charts



AVERAGE HOURS PER DAY (CUMULATIVE)

SUNSHINEIN THE CITY: AVERAGE DAILY DOSE
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Below the Horizon

Behind the Clouds

—— Shining
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Where is the sun?
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When to visit Chicago
From Seattle, Maximising Sunshine

-9

~ AON

120

- dag

Bny

-1nf

Month

~unf

- AeN

-0y

~JEP]

go4

- ue(

f
e~
i

I I | 1

T T
w o o ~ o wn = m ~ —

(eouiayiq) Aeq 4ad sanoH auysuns ‘Bay



Bar Charts



Average hours of sunshine

Monthly variation of hours of sunshine of six major U.8. cities, roughly covering the edges of the continental United States
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avyaraqge qoLrs of surshine

average 1oz of sLrehine

How amount of sunshine changes in a city over time?
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How Could Latitude Have an Impact en the City Monthly Sunshine Hour?

City Monthly Sunshine Curve Relative City Sunshine Ratio
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Where should a sun-chaser vacation?

Month
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Averacge hours of sunshine between 1981 and 2010 (size of bar) broke1down by mothvs city. Cities are ordered by total hours of sunlight per
year (highest to lowest) on average between 19821 ard 2010.



Which city hac more sunchine? y Annual Sunshina Hours
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Noaths

Average Nonthly Sunshine Hours n Major US Cities

£

int =

Ju -

&

Arre

Mar-

-

(o]

[}
.

<

&

1£00
Average Sunshine Fours 1981-2C10 (k)

Cities (In Cescending Latiludes!
Suallk
Chizago
MNew Yok

. San Franclec:

. Hoston
- Miamn

.
500



Sunshine Distribution: the Ric-=r,
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How does the amount of sunshine differ between Seattle and other cities by season?
spring summer fall winter
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How many more days of sunshine each month, compared to Seattle, for:

Winter (December-February) Spring (March-May)
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Does Seattle have the Gloomiest Seasons?
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Annual average hours of sunshine per city
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total hours of sunshine

US cities compared for sunshine: San Fransico shines above all!
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Average hours of sunshine in a month

Which city experiences the largest fluctuation in sunlight across months?

Chicago Houston Miami New York San Francisco Seattle
Cities



Difference in Sunlight in Seattle from Miami
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-20%
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When is Seattle Sunnier than Miami?

I Seattle is more sunny
| 0 Seattle is less sunny

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
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Which City Is Tha Sunniest?
Hours of Sunishing Per Lay Aross America. From Northern 1G Scutharn Latitudes
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Monthly Hours of Sunshine

Irregularity in Monthly Sunshine Increases with Latitude
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Which is the "sunniest" city?
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Hours aof Sunshine

Is Seattle Actually the Least Sunny Major City in the US?
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Is Seattle actually as dreary as its reputation? Yes.
Percent of daylight hours that are sunny, by month and annually, for six US cities.
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Average monthly hours of sunshine

How rainy and sunny are different cities in winter and summer?

P O ® e city
@ Chicago
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O @ Miami
@ San Francisco
® Seattle
200
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Average monthly rainfall (in)
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Seattle Chicago San Francisco
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Which city in which month has more sunshine?
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Hours of sunshine per month, averaged over 1981-2010 Scate for hours of sunshive

A comparsion of six US cities: Seattle has the greyest winters
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Lotitude

Seattle |

Chicago -

New York -
San Francisco -

Houston -

Miami -

How to escape dark Seattle winters?
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Percentage of daylight hours with sunshine for 6 U.S. cities, according to month
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Latitude (°)

The effect of latitude on daily hours of sunshine during a year
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latitude

How does latitude affect the range of hours of sunlight?

20 ® ® city
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45 .
(O Chicage
@ @
40 - i 0 © New York
o ® () San Francisco
35 - @ Houston
Miami
30 - 0 1
25 -
20 -
15+
10 -
5 -
0 1 | | | 1 | |
50 100 150 200 250 300 350

haurs of sunshine



Annual Average Sunshine of US Cities with Different Latitude
250
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What is the relationship between latitude and hours of sunshine in U.S. cities?
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Hours of Sunshine

How does monthly sunlight correlate with latitude in US cities?
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Do hours of sunshine correlate with latitude in majer US cities?
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How does latitude affect the hours of sunshine per season for coastal cities in the US?

Cit es (ordered North to South)
Seat<le (lat =47 61)
Chirago (Iat = 41 8R)

New Yark (lat = 40 73)
SanFrancisco (lat = 37.73)
Houston (lat = 29.75)
Miami (lat = 25.76)

0 10C 200

Scason

B Fall (September - Novembar)
B Winrer (December - Fehruary)
B Spring (March - May)

B Summer (Juna - August)

300

400 500 300
Total Sunshine (hours)
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How does the amount of sunshine change with the seasons?
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How does the average amount of sunshine (in hours) compare
(ereater, equal, or less than) between Seattle and other U.S. cities across seasons?
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Is Seattle always the gloomiest city?

Average hours of sunshine per month
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How polarized is the annual weather throughout the continental United States?

Which regions have the most consistent weather? Which are the most varied?
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®
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San E"EQD

Averagqhours of sunshine

West Coast Best Coast? Does the West Coast have more sunshine than the rest of the country?

West Coast
® nn

]

.

™M

[

m

=

&

J Yi

=t Chicago New. pR
~ P

= |

=H s, 0 s

. .:_1.‘::':: . Jars -

™ ’ ..

| '\
<
j ]

/
C'D =k 2C5 Dafg 2y ".'
FEEZEFA33 3838 :
Month : \
Houston
@
Miami



Which city shoud | (a sunshine and hikirg lover) choose to live?
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Temperature



Average Temperature(C)
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Correlation between average temperature and average hours of sunshine
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Averge Temperature Averaged Between 1981-2010 (F)

Which City's Average Temperature Changes Drastically During the Year?

city
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O Miami

() New York

(O San Francisco
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Is there a relationship
between my iOS health data (steps, elevation)

.« and average sunshine in Seattle?
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AIG TOTAL MRS OF SUMHINE (1481-2010)

A TW-YEAR TIREUNE QF RUNS [WhwS AS A CASE STUDY OF
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Mental Health



Annual Prevalence of <14 Poor Mental Health Days=

Do Sunnier Cities Have Better Mental Health?
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sunshine -

heppe Index-

Cormrelogram of mental health and yezrly average sunshine

for six major LIS cites
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Does the amount of sunshine correlate with mental health issues in large city?
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Suicidal ideation rate (percent)

Is annual sunshine correlated with suicidal ideation?
46—
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Do correlations between variability in sunniness, latitude
and rates of suicide attempt in adults exist?
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Does the number of suicides increase in sunnier months?

Number of Suicides
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What is the relation§4hip (if any) betwesn happiness and the amounrt of sunshine in American cities?
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PURPOSE
Liking what you do each day and being
motivated to achieve your goals
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What Crimas in NYC Are Mare Like'y on Sunany Days?
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Da sunnier summers carrelate with higher crime?
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Melanoma



Sunnier cities have more cases of melanoma.

Tetal anrua averace
haurs o7 sunshine
(1987 2010)

21530 NEN >.500

.”J I,l(,’_“,‘

Totelarnual nurber
ol melanamea ceses

o, (2001 2010)
™\ () 193,632

! 400,000

A | Suo.00u
T . | 326,464

Maxico



High rates of melanoma in Seattle may be attributed to a high variation in
sunlight throughout the year along with a larger “at-risk” population
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A Hours of Sun in 5 U.S. Cities B Winter months exhibit most variance in sun hours
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What months exhibit the most variance in hours of sun across US cities?
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Haurs of Sunshine for Six Major U.E. Cities
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How does sunlight compare across six major US cities over the course of months?

January
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W wriarni
February
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May December

June November
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How do major US cities compare in terms of daily sunshine hours?
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Comparison of changes in sunlight by month for 6 major cities
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rapresantation ¢f changes in hours of sunlight by month within the yaar.



Which cities have the most sunshine year-round?

> Chicago hag 313 hours of > »
SUNENIngG I A

A 2504 Y A 2633 Y 4 2303 v
h-svea- rrsfmar 73 vaar

NEranrafrrom Carer

= oy rs parmenth

¢ Jan‘ g Jar. ‘ Miami nasThamrsr ® l.n‘
CHICAGO HOUSTON  2:2ioseiianen  MIAMI
» » »
A 2677 Y a 2950 Y A 2163 v
hrafyear hirsfyeet 5y
Sl el an e
avereyevl 52
hours of sunshiqe
r December
e AN ® _an+ ® I2na
NEW YORK SAN FRANCISCO SEATTLE

Data from hitlps.Huscimatedata.ccm/ Created by: Mali-da McClure Haughey




Re-Design Exercise



Re-Design Exercise

Task: Analyze and Re-design visualization
|dentity data variables (N/O/Q) and encodings
Critique the design: what works, what doesn't
Sketch a re-design to improve communication
Be ready to share your thoughts with the class

Break into groups with those sitting near you
(~4 people per group)



Effectiveness Rankings [Iackinlay 86]

QUANTITATIVE

Position
Length
Angle

Slope

Area (Size)
Volume
Density (Value)
Color Sat
Color Hue
Texture
Connection
Containment
Shape

ORDINAL

Position
Density (Value)
Color Sat
Color Hue
Texture
Connection
Containment
Length
Angle

Slope

Area (Size)
Volume
Shape

NOMINAL

Position
Color Hue
Texture
Connection
Containment
Density (Value)
Color Sat
Shape
Length
Angle

Slope

Area

Volume



Teacher Salarles: ii (Rl That 247

matiee) 2o Sz tearerages e K- LD Pabbe-3 oa  Beahe 5 ﬁcr ([ n CA
2% ia:zs%
UNITED STATES ‘ W
T A I
At [T CREYREITS CETIENN

e
S et 7 M K

Plblc Scled Tache S I6

Povdn 3 ool Tpp e 81 1S

Mg £330 5! 8% |.3’*o . 392%
MenBlitd - FAERARNL.. (BTN W) TR
"m0

-u- i

R
‘5: 4% i:ux 30 %

mmm

Cm FL 01X

o 32.9% W) 65.2%  19.0%
HEArEa ' - T T A-‘.'.._.
by e L | Lameey “

<
[l 51 =41 s e wicen
om - o WA
T ) 25 S"s 82%
mm (e S Vo |
2R MSEAPS Bl s adoen WSet S o Wucador 2l i IRINGE Porde s 4000 LA W OOPEIY T 4% B
SO TIMa i 1) B 2B VALC OB DN YR W LI A LAl Bad oalan o bl

Tyt

Source: Good Magazine

M ~ Rl

" MA
ﬂsam 37 % ‘mw 359\ 30.6% ;‘m}; L'ssm

OM AN 0 " VA
Qjﬁ:ﬁ'# ﬁau B% 53:.9‘:, T 3% "ZB.on r n-n
o wlr
J »
DI T mm % AL
AW 1 S n
1' mts \sn% sr" @B:! “35:% ﬂzsa~

CEEZE’Z_I) mmmmm

0, Ky ME VA W A AUl M NE
40.8% Wz_.n. 35.8% ‘4 3o K A15%  295%  40.8%
' .

CETID (CXNIITETD m L.n., LSRR Y s

QA o W W i 50
284% 43.|%};a.9'?5 2 311" jmw 32.2%

T /!




192 e

il 10 gea by Venphees 3o

d Poayor lime

1990 b Moz Becs

Dvice snd ¢ LLY, weeonsoe that

AbAT, B DS COCReT & 12w gy ety Babilis ewe

n u e

w vl neivverewh (ewigdemen - waphe b g w 5 by rwer e wrv e
foenthe et gesautnr "Wl

TR REs oot Mo o Joces of

Uz adow ol g vies oun
and corrse bo chand od

robde el Sote e oweo st
srect 2u "W in e

Coda W0 3

res ety

e )

¢ teenvd lven
ol bl Ly Ve Prodew 4 Gue
who odrratroe mic ndmr e
" oeye sovnoTh

LHE S

- T wles

i
SN dedews Red

Fanrs
DICLASSFIED

(TN TR

S ALLONS

Source: The Atlantic 300 no. 2 (September 2007)

Number of Classified U.S. Documents

1995 Avodely 28
Choven st svmd o

foly 445000

onlplemo

woe e ‘marudadey

Mt ST asit oSN

Whar mceet

Wb

—a® 1]
e b e cnalis

10 wwie ey

220" < srumat
Dachailetion ey
RV IR D
el Bk TR
Ganve vl iy Aadwr |
MLACY © NNTC ST
IV age
W ANTROYT

vy

vd bas

R BTN

w bw, thew

wydo unale e
r, Lesdtoctan
SN rcxr 3 tilen

e




International Arrivals
Facility for Connecting
Pa

sSengers
(Lower Level) CONCOURSE C c28 CONCOURSE D

Cc2 C4 C6 C8 C12 C14 C16C18C20 C22C24C26 " D2 D4 D6 D8 D10 D14D16 D18 D20 D30
D1 D3

Cc1 C3 C5 C7T CHCn ci7C19C23 C27

A2 A4 AB
*

U
CONCOURSE A CONCOURSE B
C10m| )
BTz | =576 B4 845 847
Al A3 A5

TERMINAL T GATES

GATES 19 -T14
(LOWER LEVEL)

[ B ) iermatons

Arrivals Busich
MAIN TERMINAL p D"g Transportation to
m L ) International Arrivals
] ) Buslding for Washington
I 1 Passengers Only
Parking

. ; ) 2
’ /('llrur.'..'.’,\’ are connected by ."".':r.‘.’n. [

B United / TED Gate Area Z4 Lufthansa Check-in B Austrian Airlines Gate Area
United Premier Check-in Air Canada Gate Area B SAS Gate Area

% United Check-in | Air Canada Check-in ] BWIA Gate

& United International Check-in Mobile Lounge Dock [] South African Airways

M United Red Carpet Club ANA Check-in B US Airways Gates

B United First International Lounge ANA Fuji Lounge/Gate Area 77 United EasyCheck-in

I Lufthansa Gate Area Austrian Airlines Check-in % US Airways Check-in

EasyCheck-in Is available at this airport.

Washington Dulles Airport Map

Source: United Airlines Hemispheres



GEOGRAPHY

WHO STUDIES WHERE
Mary high achoolerns fran adieosd
study inthe US. for a semaster
or two. Far fewer U.S teens
vontere ovorsoas

AR

MBSO 00

COLOMBIA 45 =

OTHER
COUNTRIES

W7

4 FOREIGN-EXCHANGE
HIGH SCHOOL STUDENTS
N THE U S, 2007-08

4 ANERICAN-EXCHANGE
HIGH SCHOOL STUDENTS
A ABROZD, 2007-08
— GERMANY

— AFRICA

CrANA

Source: National Geographic, September, 2008, p. 22.
Silver, Mark. "High School Give-and-Take."




IT WAS A VERY
GOOD YEAR?

96

points, |t

Was a relatively

mocest vear jr;

2rms of yield from

the vineyards, and that
worked to the vintner's
advaniage, The resy|ts: s0me
of Napa’'s most cencentraled,

structured, long-hved winos, Built for
aging, they are rich, densely colpred

Source: Business Week, June 18, 2007

Robert Parker's ratings for

vintages of Napa Valle 1Y
cabernet Sauvignon

T ——

T= Still tannic, youthzyl,
or slow lo matura
R=Reary to drink
E=Early matutingr and
accoszibla
= Iregnlar
C= Caution, may be too gid




Pandemic Flu Hits the U.S.

A simulation created by researchers
from Los Alamos National
Laboratory and Emory University
shows the first wave of a pandemic
spreading rapidly with no vaccine or
antiviral drugs employed to slow it
down. Colors represent the number
of symptomatic flu cases per 1,000
people [see scale). Starting with 40
infected people on the first day,
nationwide cases peak around day
60, and the wave subsides after four
months with 33 percent of the
population having become sick. The
scientists are also modeling
potential interventions with drugs
and vaccines tolearniftravel
restrictions, quarantines and other
disruptive disease-control =03 =30

Symptomatic Flu Cases
strategies could be avoided. (per 1,000 people)

Preparing for a Pandemic

Source: Scientific American, 293(5). November, 2005, p. 50




Source: Wired Magazine, September 2008 Edition
Music: Super Cuts (page 92)



