Data Visualization (ClIS 490/680)
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EXpressiveness and tffectiveness

e EXxpressiveness Principle: all data from the dataset and nothing more shoulo
be shown

- Do encode ordered data in an ordered fashion
- Don’t encode categorical data in a way that implies an ordering

o ffectiveness Principle: the most important attributes should be the most
salient

- Saliency: how noticeable something is
- How do the channels we have discussed measure up?
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Perception Studies Summary

Cleveland & McGill’'s Results
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[Munzner (ill. Maguire) based on Heer & Bostock, 2014]
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Ranking Channels by Effectiveness

(® Magnitude Channels: Ordered Attributes ® Identity Channels: Categorical Attributes
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i [Munzner (ill. Maguire), 2014]
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Discriminability

vikDataSetReader

What is problematic here” /

vtkimageClip

vtkimageDataGeometryFilter

4

vtkimageResample

vtkimageReslice

vtkWarpScalar

vikElevationFilter
vitkOutlineFilter

vtkColorTransferFunction
vtkLookupTable

PythonSource

vtkPolyDataNormals vtkPolyDataMapper vtkProperty

vitkCamera

vtkDataSetMapper vtkScalarBarActor vtkActor

‘ vikLODActor \

vikCubeAxesActor2D

vikRenderer

L [Koop et al., 2013]
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Separable or Integral?

READING, i |
AND EARNING MONEY : :
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http://magazine.good.is/infographics/america-s-richest-counties-and-best-educated-counties

Separable or Integral?

READING, sy x
AND EARNING MONEY iz o

.

f,
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The map atright is a product of overlaying the three sets of data. The
variation in hue and value has been produced from the data shown
above In general, darker counties represent a more educated, better
paid population while lighter areas represent communities with fewer
graduates and lower incomes.
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Arrange lables

(® Express Values ® Layout Density
—f—> > Dense > Space-Filling
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[Munzner (ill. Maguire), 2014]
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Express Values: Scatterplots

e Data: two quantitative values
¢ [ask: find trends, clusters, outliers

Fish Prices over the Years

450 -

400- . e How: marks at spatial position in horizontal

350 - and vertical directions
o300—
S 250- -
%o e Correlation: dependence between two
QY] O :
Sl & attrioutes

100 - Positive and negative correlation

207 e - Indicated by lines

0 L. L . L S A .

0 50 100 150 200 250 300 350 400 450 @ (Goordinate system (axes) and labels are
important!
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List Alignment: Bar Charts

e Data: one quantitative attribute, one
categorical attribute

e [ask: lookup & compare values

e How: line marks, vertical position
(quantitative), horizontal position (categorical)

e \What about length?

e Ordering criteria: alphabetical or using
guantitative attribute

e Scalability: distinguishability
- bars at least one pixel wide

- hundreds Animal Type
[Munzner (ill. Maguire), 2014]

Avg Weight (lbs)

Avg Weight (Ibs)
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Streamgraphs

¢ |nclude a time attribute Sinek

the Third Pirates of the Caribbean:

e Data: multidimensional table, one oot . { [ AvwordsEnd
guantitative attribute (count), one ordered
key attribute (time), one categorical key

attribute

e + derived attribute: layer ordering Aoy 1408
(quantitative)

e [ask: analyze trends in time, find (maxmial) S
outliers <

e How: derived position+geometry, length, S
color

[Byron and Wattenberg, 2012]
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Assignment 3

e Same stacked bar chart visualization
® [hree tools

- Tableau (free academic license)

- Vega-Lite

- D3
e -or Vega-Lite, use the online editor

e [For D3, use the template files so the data is
oroperly loaded

¢ |(CS 490] Only need to do a standard bar
chart in D3
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http://faculty.cs.niu.edu/~dakoop/cs680-2019fa/assignment3.html

Project Proposal

e Find an interesting subject or dataset

- see List of lists of datasets |B. Keegan]
e Understand the data available (format, types, semantics)
e Figure out some Interesting questions and tasks
e Start brainstorming about visualizations and interactions
® |nspiration:

- Information Is Beautitul Awards

- MBTA Viz
e Due Friday, October 11, 2019
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http://faculty.cs.niu.edu/~dakoop/cs680-2019fa/project.html#proposal
https://medium.com/information-expositions/list-of-lists-of-datasets-c9bf52370755
https://www.informationisbeautifulawards.com
http://mbtaviz.github.io

Dot and Line Charts

N
-

e Data: one quantitative attribute, one ordered
attribute

e [ask: lookup values, find outliers and trends
e How: point mark and positions

—
U1

Cat Weight (lbs)
o wu O

N
-

e | ine Charts: add connection mark (line)

e Similar to scatterplots but allow ordered
attribute

Cat Weight (lbs)
n o n

[Munzner (ill. Maguire), 2014]
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Proper Use of Line and Bar Charts
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[Adapted from Zacks and Tversky, 1999, Munzner (ill. Maguire), 2014]
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Proper Use of Line and Bar Charts

60 60
fc, 40 %C, 40
= 30 — 30
C £
2 20 o 20
) )
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0 . 0 .

Lion Antelope Lion Antelope

¢ \\V\hat does the line indicate?
e Does this make sense?

[Adapted from Zacks and Tversky, 1999, Munzner (ill. Maguire), 2014]
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Aspect Ratio

® [rends In line charts are more apparent because we are using angle as a
channel

® Perception of angle (and the relative difference between angles) is important

* |nitial experiments found people best judge differences in slope when angles
are around 45 degrees (Cleveland et al., 1988, 1993)
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Multiscale Banking
Aspect Ratio = 3.96
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[Heer and Agrawala, 20006]

D. Koop, CIS 680, Fall 2019 Northern Illinois University 17



Multiscale Banking
Aspect Ratio = 4.23
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Expanding the Study

e Cleveland et al. did not study the entire

space of slope comparisons and 45 degrees o y/ // // / / / /
was art1 t)he low end of their study (blue marks 6s% = i / // y7ayy / /
on right o
oo L
e [albot et al. compared more slopes anad
found that people do better with smaller o7 Ay SR I
:Ope‘?’ S = / Lol
e Baselines may aid wi S
oL
e // // | /
9° 18> 30° 45°  60° 8
Mid—-angle (6,,)

rralbot et al., 2013]
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Heatmaps

e Data: Two keys, one quantitative attribute Fast-Pitch Softball
e Task: Find clusters, outliers, summarize Slugging Percentage
 How: area marks in grid, color encoding of ] St":es ,

guantitative attribute

e Scalability: number of pixels for area marks ’
(millions), <12 colors .
e Red-green color scales often used =
- Be aware of colorblindness! P

[fastpitchanalytics.com]
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http://fastpitchanalytics.com

Bertin Matrices

e Must we only use color?
- What other marks might lbe appropriate”?

[C.Perrin et al., 2014]
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Bertin Matrices

e Must we only use color?
- What other marks might lbe appropriate”?
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Bertin's Encodings
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[C.Perrin et al., 2014]

Northern Illinois University 22

D. Koop, CIS 680, Fall 2019




-

\ ‘ G\Cr\_ .08

s MBER OF Lo
™
ORGANIZATS

a
\

[Bertin Exhibit (INRIA, Vis 2014), Photo by Robert Kosara]
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Cluster Heatmap
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Cluster Heatmap

e Data & Task: Same as Heatmap

e How: Area marks but matrix is ordered by cluster hierarchies
o Scalability: limited by the cluster dendrogram

e Dendrogram: a visual encoding of tree data with leaves aligned
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Scatterplot Matrix (SPLOM)

o Data: I\/tany quantitative attributes Iris Data (red=setosa,green=versicolor,blue=virginica)
e Derived Data: names of attributes N I ”},}
e [ask: FInd correlations, trends, outliers Sepal Length "A:p ; ﬁ -

R Tl WA

e How: Scatterplots in matrix alignment
e Scale: attributes: ~12, items: hundreds?

Sepal.Width

"s

5@,

Petal.Length

e \/isualizations In a visualization: at high level,
marks are themselves visualizations...

"‘s v

L

Petal.Width

45 55 65 7.5 1 2 3 4 5 6 7

[Wikipedia]
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http://commons.wikimedia.org/wiki/File:Anderson's_Iris_data_set.png#Creation

Spatial Axis Orientation

e S0 far, we have seen the vertical and
horizontal axes (a rectilinear layout) used to
encode almost everything

e \What other possibilities are there for axes”

[Munzner (ill. Maguire), 2014]
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Spatial Axis Orientation

e S0 far, we have seen the vertical and
horizontal axes (a rectilinear layout) used to
encode almost everything 100

e \What other possibilities are there for axes” Zg -

- Parallel axes 70
6

Math  Physics Dance Drama

e
1Y

[Munzner (ill. Maguire), 2014]
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Spatial Axis Orientation

e SO far, we have seen the vertical and
horizontal axes (a rectilinear layout) used to

encode almost everything 100
e \What other possibilities are there for axes” Zg =
- Parallel axes 70

_ Radial axes °

Math  Physics Dance Drama

e
1Y

[Munzner (ill. Maguire), 2014]
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Radial Axes

90°

2770°
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Radial Axes

90°
120° | 60°
150° 30°
OO S | | | . | I OO
210° 330°
240° | 300°
270°

e Polar Coordinates (angle + position along the
ine at that angle)

o \\Vhat types of encodings are possible for
tabular data in polar coordinates?

D. Koop, CIS 680, Fall 2019
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Radial Axes

90°
120° 60°
150° 30°
OO S | | | . | I OO
210° 330°
240° | 300°
270°

e Polar Coordinates (angle + position along the

ine at that angle)

o \\Vhat types of encodings are possible for
tabular data in polar coordinates”?

- Radial bar charts
- Ple charts
- Donut charts

D. Koop, CIS 680, Fall 2019
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Part-of-whole: Relative % comparison”?

65 Years and Over

35M —
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25 to 44 Years
18 t0 24 Years
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25M —
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15M —
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[Stacked Bar Chart, M. Bostock, 2017]
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https://bl.ocks.org/mbostock/3886208

Normalized Stacked Bar Chart
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65 Years and Over
90% —
80% —
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20% —
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0% —

UT TX ID AZNVGA AKMSNMNE CAOKSD COKSWYNCAR LA IN IL MNDE HI SCMOVA |IA TN KY ALWAMDNDOH WIOR NJ MT Ml FL NY DC CT PA MAWV RI NHME VT

[Normalized Stacked Bar Chart, Bostock, 2017]
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https://bl.ocks.org/mbostock/3886394

Ple Chart

[Pie Chart, Bostock, 2017]
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https://bl.ocks.org/mbostock/3887235

Ple Charts

¢ vs. bar charts [Munzner's Textbook, 2014]
- Angle channel Is lower precision then position in bar charts
e \\Vhat about donut charts”
* Are we judging angle, or are we judging area, ... or arc length?

- "Arcs, Angles, or Areas: Individual Data Encodings in Pie and Donut
Charts”, D. Skau and R. Kosara, 2016

- "Judgment Error in Pie Chart Variations”, R. Kosara and D. Skau, 2016
- Summary: "An lllustrated Study of the Pie Chart Study Results”

D. Koop, CIS 680, Fall 2019 Northern Illinois University 32



https://eagereyes.org/blog/2016/an-illustrated-tour-of-the-pie-chart-study-results

Arcs, Angles, or Areas”

[R. Kosara and D. Skau, 2016]
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Study Setup

® [hree studies
e 80-100 participants each
e Fach answered ~60 questions

0 R
e Computed results using 95% Confidence 05% C|
Intervals
_2 -
Mean

[R. Kosara and D. Skau, 2016]
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Signed Error
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[R. Kosara and D. Skau, 2016]
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Absolute Error
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[R. Kosara and D. Skau, 2016]
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Absolute Error Relative to Pie Chart

(00
[

Absolute Error relative to Pie (Precision)

e S

[R. Kosara and D. Skau, 2016]
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Donut Charts Width

N
'

Absolute Error relative to Pie (Precision)

PRI

[R Kosara and D. Skau, 2016]
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Pie Chart Variations
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Pie Chart Variations
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!. Kosara and D. Skau, 2016]
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Conclusion: We do not read pie charts by angle

[R. Kosara and D. Skau, 2016}
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Ples vs. Bars

e .. .but areais still harder to judge than position
e Screens are usually not round

D. Koop, CIS 680, Fall 2019 Northern Illinois University — 42



Color
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Color
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Color
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Color and Light

e Color is a perceptive property: color depends on the eyes and brain

* \isible light is a small portion of the electromagnetic spectrum which Is
composed of waves that at various frequencies (wavelengths), all traveling at
the speed of light

D. Koop, CIS 680, Fall 2019 Northern Illinois University 47



Electromagnetic Spectrum

Penetrates Earth's
Y N Y N
Atmosphere? Y Y
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 10° 107 107° 0.5x10 ° 107° 107 1° 10712

Approximate Scale
of Wavelength

Yy T

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

10* 108 10'? 10" 10'° 10'® 10%°

Temperature of
objects at which
this radiation is the

most intense
wavelength emitted

I I
1K 100 K 10,000 K 10,000,000 K

-272 °C -173 °C 9,727 °C ~10,000,000 °C

Wikimedia, NASA]
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http://commons.wikimedia.org/wiki/File:EM_Spectrum_Properties_edit.svg

Light Reflection & Absorption
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Wavelength (nm) [via M. Meyer]
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Color |= Wavelength
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Human Color Perception

e Humans do not detect individual
wavelengths of light

e Use rods and cones to detect light
- rods capture intensity
- cones capture color

[IN. Cuenca]
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http://www.retinalmicroscopy.com/mosaics.html

Human Color Perception

e Humans are trichromatic —we have three o
different types of cones 0|

- S (430nm): blue
- M (540nm): green
- L (570nm): "red"
e Note that the response curves overlap

e Spectra of visible light are "covered” by these o———r————"—=—
reSpPONSES

e [hree numbers -> color

06

04 F

02 f

[Vanessaezekowitz at en.wikipedia]
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http://en.wikipedia.org/wiki/User:Vanessaezekowitz
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Human Color Perception

Input stimulus Cone response curves Product > Response
Integrate
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lvia M. Meyer]

D. Koop, CIS 680, Fall 2019 Northern Illinois University 53



Vetamerism

1 l ] , , i . ® Same responses == same color
® Humans are not spectrometers
* Do not get the whole function
g /‘/””‘ e Three responses
8. %
Q
2
k=
&
0

500
Wavelength (nm)

SML

lvia M. Meyer]
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Color

e Cones respond to different areas of the visible light spectrum
e Cover all wavelengths but certain wavelengths generate greater responses

e Color is determined by calculations based on the responses from the
different cones

e Opponent Process Theory: three "opponent” channels
- Light/Dark

- Blue/Yellow
- Red/Green

e Opposite colors are not perceived together
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Opponent Process Theory

S
L

[Machado et. al, 2009]
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Color Blindness
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Color Blindness

o Sex-linked: 8% of males and 0.4% of females of N. European ancestry
e Abnormal distribution of cones (e.g. missing the S, M, or L types)

e Either dichromatic (only two types of cones) or anomalous trichromatic (one
type of cones has a defect)

- Protanopia (L missing), Protanomaly (L defect)
- Deuteranopia (M missing), Deuteranomaly (M defect) [Most Common]
- Tritanopia (S missing), Tritanomaly (S defect) [Rare]
e Dichromacy Is rarer than anomalous trichromacy
e Opponent process model explains why colors cannot be differentiated
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