INTRODUCTION TO

GRAPHS, MAPS, AND VlSUALlZATlON

SIC PARVIS MAGNA

IAA 2021
s 2 O 2.0 2 1

CHRISTOPHER G. HEALEY
INSTITUTE FOR ADVANCED ANALYTICS
DEPARTMENT OF COMPUTER SCIENCE
NORTH CAROLINA STATE UNIVERSITY

HEALEY@NCSU.EDU
HTTP:/WWW.CSC.NCSU.EDU/FACULTY/HEALEY


mailto:healey@csc.ncsu.edu
http://www.csc2.ncsu.edu/faculty/healey

OVERVIEW

. Present an overview of graphs and maps
+ graphs and guidelines on usage

+ thematic maps and guidelines on usage

. Discuss perceptual foundations that underlie some of these
methods

+ color, texture, motion
+ visual attention

+ visual memory

. Describe methods in the context of application domains
similar to those participating in the proposal

+ marine biology, astrophysics, elections



GRAPHS

® Traditional method for comparing data attributes

+ E.g., line chart, bar chart, scatterplot, histogram

® Different graphs are used for different tasks:
+ tracking changes (line graph)
+ correlations, relationships (X-Y plot)
+ correlations, clustering (scatterplot)
+ category comparison (bar chart)
+ distributions (pie chart)

+ uniqueness and overlap (Venn diagram)

® Graph elements can represent multiple attribute values



LINE CHART
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U.S. UNEMPLOYMENT LINE CHART

U5: UNEMPLOYED, DISCOURAGED, MARGINALLY ATTACHED
U6: UNEMPLOYED, DISCOURAGED, MARGINALLY ATTACHED, PART TIME SEEKING FULL TIME




LINE CHART

States with Unemployment Rate above Certain Levels

7%+ e=——8% + e=—9% + 10% + e==11% +

8

w
(%}

w
o

(7]
Q
-
s
wv
S
° 25
Q
e
£
=]
=

20

[y
(¥,

\_\

.

T T
Jan-07 Jan-08 Jan-10 Jan-11 Jan-13 Jan-14

http://www.calculatedriskblog.com/

LINE CHART OF NUMBER OF STATES ABOVE 2006 UNEMPLOYMENT LEVEL BY QUARTER
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STACKED BAR CHART OF DECEMBER 2015 UNEMPLOYMENT BY STATE



HISTOGRAM
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Data source: http:/fwww.census.gov/hhes/www/cpstables/032011/hhinc/new06_000.htm

HISTOGRAM OF 2013 US HOUSEHOLD INCOME BY $5000 BINS




IULATIVE HISTOGR/

2017 Budget Expedictures
Cumulative Histogram

CUMULATIVE HISTOGRAM OF 2017 FEDERAL BUDGET EXPENDITURES




SCATTERPLOTS

IRIS PLANT DATABASE
PETAL LENGTH — X, PETAL WIDTH —> Y
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SCATTERPLOTS

IRIS PLANT DATABASE
PETAL LENGTH — X, PETAL WIDTH — Y, SEPAL WIDTH — COLOUR, SEPAL LENGTH — SIZE, CLASS — SHAPE
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(NUMBER OF SEPALS ON A FLOWER IS ITS MEROSITY)



GRAPH SELECTION

Independent variable quantitative?
Quahtatiy \),uantitative

One independent variable? Independent variable ordinal?
No l l Nes
grouped Ordinal
e bar graph
One independent variable? One independent variable?
No Yes No l l N
See local trends? See local trends? multi-line graph line graph,
bar graph
No l l \CS
Iti-1i h S EEPy No Yes
multi-line grap R
line graph,

See individual data points?

No | J Yes

line graph,

bar graph

multi-line graph bar graph



MAPS

® Traditional method for presenting geographic and
geospatial data

+ E.g., topographic, planimetric, base

® Different maps are used for different
tasks:

+ choropleth (charting value distributed by
region)

+ isarithmic (contour lines)
+ proportional symbol (point location data)

+ dot (presence or absence of a feature)

® Maps can be extended to visualize |
multidimensional data Topographic map from Indiana

Jones and the Last Crusade



NAPOLEAN’S MARCH ON RUSSIA

Map representing the losses over time of French army tro;)];s d?m'rf:g the Russian campaign, 1812-1813.
Constructed by Charles Joseph Minard, Inspector General of Public Works retired.
Paris, 20 November 1869

The number of men present at any grven time is represented by the width of the grey line; one mm. indicates ten thousand men.
Figures are also wntten besides the lines. Grey designates men moving into Russia ; black , for those leaving. Sources for the data
are the works of messrs. Thiers, Sequr, Fezensac, Chambray and the unpublished diary of Jacob. who became an Army Pharmacist
on 28 October. In order to visualize the army's losses more cleartly, 1 have drawn this as if the units under prince Jerome and
Marshall Davoust (temporarily seperated from the main body to go to Minsk and Mikilow, which then joined up with the main
army again), had stayed with the army throughout.
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CHARLES JOSEPH MINARD, 1869, FLOW MAP OF NAPOLEAN’S MARCH ON RUSSIA




HANNIBAL’S MARCH ON ROME

Legend,
I'he numbers of men remaining with Hannibal are represented
Figurative Map of the succemsive losses in men of the army that Hannibal led from Spain by the width of the colored rones at a rate of one millimeter
10 luly while cromsing the Gauls (according 1o Polyblus). for tem thousand men; they are further writtes acroas the rones.
Drawn up by M, Minasd, Impector General of Bridges and Roads in retirement There i no final opinion oo the poist where Hannibal croased
Paris, November 30, 1869 the Alps; | bave adopted that of Laross without pretending to justify it
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2010 CENSUS VACANCY RATE CHANGE

Percentage point
difference in vacancy
rate by county

MOTOAE e
U LTS

4.0 or more
2.41t0 3.9
0.0t0 2.3
-10.0 to -0.1
fucrazsa i B | 0ss than =10.0
Comparable data
not available

US. change 2.4 -

Source: U.S, Census Bureau,
2010 Census Summary File ).
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DATA COURTESY UK DAILY MAIL

HTTP://WWW.DAILYMAIL.CO.!



http://www.dailymail.co.uk/news/article-2176433/Revealed-The-10-emptiest-U-S-cities.html

2007-2014 HOUSEHOLD INCOME CHANGE

Percent Change in Median Household Income
of the Total Population by County:
2007 to 2014

Percent Change in
Median Household
Income Between
2007 and 2014

by County

B 35110 713
129to 35.0
0.1to 128
— -40to 0.0
MODEL-BASED ESTIMATES -104to0 -4.1
The data provided are indirect estimates produced 9= -27.710-10.5
by statistical model-based methods using sample o' - : ’
survey, decennial census, and administrative data
sources. The estimates contain error stemming
from model error, sampling error, and nonsampling
error. The percent change was adjusted for inflation
using the national Consumer Price Index.

Source: U.S. Census Bureau, Small
Area Income and Poverty Estimates
(SAIPE) Program, Dec. 2015

——— State

U.S. Department of Commerce Economic and Statistics Administration U.S. CENSUS BUREAU

DATA COURTESY REBOOT ILLINOIS
HTTP:!/WWW.REBOOTILLINOIS.cOM/2016/03/10/WHATS-HOT/KEVIN-HOFFMANREBOOTILLINOIS-COM/TOP-30-COUNTIES-
WITH-THE-LARGEST-DECLINE-IN-MEDIAN-HOUSEHOLD-INCOME=-IN-ILLINOIS-FROM-2000-2014/53994/



MULTIDIMENSIONAL GLYPHS

® Method to visualize high
dimensional data

+ Data samples represented as a geometric
glyphs

+ Samples’ attribute values used to vary
their glyphs’ appearance

® Human visual perception used to
select “salient” properties of colour,

texture, and motion

® Harness visual system’s ability to
rapidly, accurately, and effortlessly
perform high-level analysis tasks

California voting patterns for Presideht,
Senate, House, and Governor by
Congressional district

http://www.csc.ncsu.edu/faculty/healey/US_election
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DATA COURTESY CLIMATIC RESEARCH UNIT, UNIVERSITY OF EAST ANGLIA



DATA COURTESY CLIMATIC RESEARCH UNIT, UNIVERSITY OF EAST ANGLIA



DATA COURTESY CLIMATIC RESEARCH UNIT, UNIVERSITY OF EAST ANGLIA
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TEMPERATURE — COLOUR, WIND SPEED — GREYSCALE, CLOUDS — SIZE, PRESSURE — DENSITY, RAINFALL — ORIENTATION
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AUGUST MONTHLY AVERAGES
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TEMPERATURE — COLOUR, WIND SPEED GREYSCALE, CLOUDS — SIZE, PRESSURE — DENSITY, RAINFALL — ORIENTATION
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TEMPERATURE — COLOUR, WIND SPEED — GREYSCALE, CLOUDS — SIZE, PRESSURE — DENSITY, RAINFALL — ORIENTATION



“PREATTENTIVE” FEATURES

® Certain basic visual features are detected by our low-level
visual system

+ detection is rapid, usually in one “glance” of 100-250 msec
+ can determine presence or absence, possibly amount

+ unique features can capture our focus of attention

@® |nitially proposed as an automatic, bottom-up phenomena
+ Treisman’s feature map theory

+ Feature hierarchies

® Combined bottom-up and top-down models also exist

+ Wolfe’s guided search

+ Huang et. al’s boolean maps



HUE TARGET



http://www.csc2.ncsu.edu/faculty/healey/PP

HUE TARGET



http://www.csc2.ncsu.edu/faculty/healey/PP

CURVATURE TARGET



http://www.csc2.ncsu.edu/faculty/healey/PP

CONJUNCTION TARGET



http://www.csc2.ncsu.edu/faculty/healey/PP

CONJUNCTION TARGET



http://www.csc2.ncsu.edu/faculty/healey/PP

PREATTENTIVE FEATURES

DENSITY CURVATURE



http://www.csc2.ncsu.edu/faculty/healey/PP

PREATTENTIVE FEATURES

INTERSECTION

LUMINANCE



http://www.csc2.ncsu.edu/faculty/healey/PP

PREATTENTIVE FEATURES



http://www.csc2.ncsu.edu/faculty/healey/PP

FEATURE INTEGRATION

BoTTOM-UP MODEL
individual feature maps
rod luminance

green & V) orientation

vellow ' s size
, s =

.0

blue contrast

master
map

focus of attention



http://www.csc2.ncsu.edu/faculty/healey/PP

GUIDED SEARCH

BoTTOM-UP AND TOP-DOWN MODEL

Ereen oreen

shallow


http://www.csc2.ncsu.edu/faculty/healey/PP

BOOLEAN MAPS

SEARCH FOR A BLUE HORIZONTAL TARGET

PRESENT ABSENT


http://www.csc2.ncsu.edu/faculty/healey/PP

BOOLEAN MAPS

SEARCH FOR A RED VERTICAL TARGET

ABSENT PRESENT


http://www.csc2.ncsu.edu/faculty/healey/PP

FEATURE HIERARCHY

IDENTIFY ORIENTATION OF BOUNDARY

HUE BOUNDARY

SHAPE BOUNDARY



http://www.csc2.ncsu.edu/faculty/healey/PP

ENSEMBLE CODING

IDENTIFY WHICH COLOR HAS LARGER AVERAGE SIZE

ALL GREEN CIRCLES > ALL BLUE CIRCLES MORE LARGE BLUE CIRCLES



PERCEPTUAL GUIDELINES

® Choice of data-feature mapping guided by knowledge of
human visual perception

+ Color is subdivided into hue, saturation, luminance, and/or
chromaticity (hue + saturation)

+ Texture is subdivided into size, orientation, density, regularity of
placement

+ Motion is subdivided into flicker, phase, direction, and velocity

® Feature “hierarchies” control order of data-feature mapping

® Luminance dominates hue, color dominates texture,
regularity is perceptually weak, so:

+ most important data attributes are assigned to luminance,

+ then hue or chroma,

http://www.csc.ncsu.edu/faculty/healey/PP
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POSTATTENTIVE AMNESIA

® If viewers are allowed to preview a scene, will they be faster
to answer questions about the details of the scene?

@® Intuition suggest they will

+ Implies viewers have the ability to extract

detail throughout a scene, access it rapidly
on demand

@® Various experiments have shown that

human vision does not work in this
manner

s . ' 2 Priming image
+ Vision is not a camera that can “snapshot
a full-detail representation of a scene

+ Results suggest that detail is only available at the most recent focus of
attention



POSTATTENTIVE AMNESIA

® If viewers are allowed to preview a scene, will they be faster
to answer questions about the details of the scene?

@® Intuition suggest they will

+ Implies viewers have the ability to extract

detail throughout a scene, access it rapidly
on demand

@® Various experiments have shown that

human vision does not work in this
manner

+ Vision is not a camera that can “snapshot”
a full-detail representation of a scene

PURPLE
OBLIQUE "

Search image

+ Results suggest that detail is only available at the most recent focus of

attention



SEARCH WITH NO PRIMING
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VERTICAL




SEARCH WITH NO PRIMING




PRIMED SEARCH




PRIMED SEARCH




CHANGE BLINDNESS

® Visual system has limited memory for detail, often
restricted to focus of attention

® Visual disruption (e.g., eye
saccade) can render us
“blind” to changes in a
scene

® Common example:
hewspaper game, find
differences between
two images

® Original experiments
conducted at Nissan’s
Cambridge Basic Research

Find four differences between the two images



FIND FIVE DIFFERENCES




FIND FIVE DIFFERENCES

bee’s stripe colours reversed

eyes tilted up

extra leaf

patch on knee

extra flower



CHANGE BLINDNESS

-

DATA COURTESY RON RENSINK, DEPARTMENT OF PsycHoLoGY, UBC



CHANGE BLINDNESS

DATA COURTESY RON RENSINK, DEPARTMENT OF PSYCHOLOGY, UBC
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CHANGE BLINDNESS MODELS

® Overwriting

+ current image overwritten
by new one

@® First impression

4+ initial view abstracted

® Nothing is stored

+ scene abstracted with no
details

® Feature combination

Main actor changes across movie cut

+ previous and new views
combined

® Everything is stored, nothing is compared

+ details cannot be accessed without external stimulus



DETERMINE ARM ORIENTATION

Determine the orientation
of the longer arm of the cross:

-

horizontal or vertical




INATTENTIONAL BLINDNESS

Determine the orientation
of the longer arm of the cross:

-

horizontal or vertical




GREY SQUARE IN FRAME




INATTENTIONAL BLINDNESS

® During an attention-demanding task, viewers are “blind” to
significant change in a scene

® These same change is easily identified when scene is viewed
without any task

® Hypothesis: visual system has a limited amount of “visual
attention” it can deploy over a scene

® Classic example, counting basketball passes

+ Two teams, black and white, viewer asked to count passes for one of
the teams

+ During the passing, a woman in a gorilla suit walks through the scene

+ More than half the viewers did not notice the gorilla



SALMON MIGRATIONS

® Track salmon migration patterns in the Northern Pacific

® Migration patterns affected
by:

+ sea surface temperature
+ plankton density

+ ocean current direction and
velocity

® Approach determines which
strait holds the bulk of the
salmon run

@® Estimations critical to setting

Migration occurs north through Strait of
Georgia or south through Juan de Fuca Strait

http://www.csc.ncsu.edu/faculty/healey/HTML_papers/plankton/plankton.html


http://www.csc2.ncsu.edu/faculty/healey/PP




INTERPOLATED PLANKTON DENSITIES

JANUARY

PLANKTON DENSITY — LUMINANCE

DATA COURTESY KEITH THOMPSON, DEPARTMENT OF EARTH AND OCEAN SCIENCES, UBC



DATA MINED PLANKTON DENSITIES

JANUARY

—

PLANKTON DENSITY — LUMINANCE

DATA COURTESY KEITH THOMPSON, DEPARTMENT OF EARTH AND OCEAN SCIENCES, UBC
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PAINTERLY VISUALIZATIONS

-

® Can we build aesthetically beautiful
visualizations?

@ Orientation versus engagement

+ Engage a viewer, promote increased recall

for detail
+ Motivate a more detailed examination of Original
images hurricane image

+ Highlight important properties of a dataset

® Enhance a visualization

+ highlight important data properties
+ remove extraneous detail

+ harness artistic techniques to convey
difficult-to-visualize details

Boundaries enhanced

Case Study on Visualizing Hurricanes Using lllustration-Inspired Techniques, 2009. Alark Joshi, Jesus Caban,
Penny Rheingans, Lynn Sparling, IEEE Transactions on Visualization and Computer Graphics 15, 5, pp 709-718.


http://www.csc2.ncsu.edu/faculty/healey/PP
http://www.csc2.ncsu.edu/faculty/healey/PP
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FLow DIRECTION — ORIENTATION, MAGNITUDE — COLOUR, DENSITY — SIZE

DATA COURTESY JOHN BLONDIN, DEPARTMENT OF PHYSICS, NC STATE UNIVERSITY



FLOW DIRECTION — ORIENTATION, MAGNITUDE — COLOUR, DENSITY — SIZE, PRESSURE — ASPECT RATIO

DATA COURTESY JOHN BLONDIN, DEPARTMENT OF PHYSICS, NC STATE UNIVERSITY



NONPHOTOREALISM RESULTS

® Nonphotorealistic visualizations
have capabilities similar to
glyph-based visualizations

® Visual complexity can be varied
to systematically change perceived
aesthetic

® In terms of enhancement:

+ more aesthetic visualizations produce

improved memory for detail Wind Speed — Hue,
i 2 2 ; Minimum Temperature = Luminance,
+ the most aesthetic visualizations have Radiation — size,
similar memory for detail to Precipitation — Orientation

glyph-based visualizations

Data courtesy Climatic Research Unit, University of East Anglia


http://www.csc2.ncsu.edu/faculty/healey/PP

U.S. ELECTION PATTERNS

® “Red” versus “Blue” states

@® Visualize election patterns
throughout the country

® How do participants vote
for different elected offices?

+ President
+ U.S. Senate
+ U.S. House

+ Governor

® Subdivide cou ntry into 2008 continuous red-bluePresidential map
congressional districts
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NC CONGRESSIONAL DISTRICTS
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NC CONGRESSIONAL DISTRICTS

President —$ Ji Senate

Governor 41 t— House
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NC CONGRESSIONAL DISTRICTS

incument loss
(textured X's)




NC CONGRESSIONAL DISTRICTS
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NC 3D DISTRICT MAP




UNITED STATES

HTTP:/WWW.CSC.NCSU.EDU/FACULTY/HEALEY/US ELECTION



http://www.csc2.ncsu.edu/faculty/healey/US_election

EARMARKS

carmarks per person
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MAJORITY EARMARK PARTY — HUE, DOLLARS PER PERSON — SATURATION, ABSOLUTE DOLLARS — HEIGHT

HTTP:/WWW.CSC.NCSU.EDU/FACULTY/HEALEY/US ELECTION
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