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CHECKING IN



GOALS FOR TODAY: LEARN HOW...

..task analysis can lead to multiple designs
...to find visual idioms and ideas for inspiration.

...to effectively use color as a channel for visual encodings including
different colormap types.

...individual color differences (i.e., colorblindness) should be
accommodated in visualizations.

...Interactions can occur between colors and with lighting.

...lllusions and tricks can affect perception.



TASK ABSTRACTION — VISUAL
ENCODING



Analysis

What? What data is shown?
DATA ABSTRACTION

TASK ABSTRACTION

How? How is the data presented?
VISUAL ENCODING

Why is the user analyzing / viewing it?




Hierarchical Task Analysis Task Abstraction

Imagine a 10-year-old kid, who has been diagnosed with type 1 diabetes...

Zhang et al., 2018
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Hierarchical Task Analysis Task Abstraction

Imagine a 10-year-old kid, who has been diagnosed with type 1 diabetes...

" Continuous
" B e R Glucose Monitor
& (CGM)

Glucose
Meter

Insulin

H Injection

Zhang et al., 2018
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Hierarchical Task Analysis Task Abstraction

Imagine a 10-year-old kid, who has been diagnosed with type 1 diabetes...

" Continuous
/. R e E Glucose Monitor
B (CGM)

Glucose
Meter
Diabetes Logbook
: : . :
f x £
N/ /\ O% — |
Sickness Food Exercise Insulin
H Injection

Zhang et al., 2018
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Hierarchical Task Analysis Task Abstraction

During a clinical visit ...

Zhang et al., 2018
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Task Abstraction

Hierarchical Task Analysis

During a clinical visit ...
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Hierarchical Task Analysis Task Abstraction

During a clinical visit ...
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Hierarchical Task Analysis Task Abstraction

During a clinical visit ...

Zhang et al., 2018 14
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Increasing Task Specificity

0

Develop a treatment plan and educate patients

Plan 0: do 1, then iteratively do 2-3, then

, then 5.

1.
Collect and display the
patient’'s data

2

Overview the
patient’'s data

3

Reason about patient
blood glucose levels

Plan 1: do 1.1 and 1.2 in any order.

1.1
Download and
display data

1.2
Open logbooks

Plan 2: do 2.1-2.2.

4.
Educate patients and
caregivers

Plan 3: do 3.1- 3.4 in any order.

5.
Make a treatment plan

3.1
Examine event details

3.2
Examine glucose level
patterns post events

3.3
Examine the interplay
between events

3.4
Evaluate treatment,
adjust constants for

2.1

ldentify and compare
glucose trends,
patterns, and outliers

2.2
Investigate data quality

Plan 2.1: do 2.1.1 then 2.2.2.

Plan 2.2: do 2.2.1 and then do 2.2.2 - 2.2.3 if missing/ uncertain/ erroneous data identified.

2.1.1

Identify "good” days
(blood glucose levels
are mostly in range)

2.1.2
ldentify "bad” days
with more outliers or

intervals out of range

2.2.1

Examine data quality
e.g., missing, uncertain,
erroneous

222

Reconstruct missing
data in discussions

with patients/caregivers

2.2.3

Discount erroneous
data and explainable
abnormalities

Plan 3.4: do 3.4.1,3.4.2, 3.4.3 in any order.

sub-day time intervals

3.4.1

Determine the overall
distribution of insulin
administered

3.4.2

Determine the interval
distribution of food
administered

3.4.3

Determine the interval
distribution of insulin
administered

Zhang et al., 2018 15
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0.
Develop a treatment plan and educate patients

Plan 0: do 1, then iteratively do 2-3, then . then 5.
1. 2. 3. 4, d.
Collect and display the Overview the ——» | Reason about patient Educate patients and Make a treatment plan
patient’s data patient’s data -s— | blood glucose levels caregivers
Identify Main Cause
Plan 1:do 1.1 and 1.2 in any order. _
| Plan 3: do 3.1- 3.4 in any order.
2 1.1 1.2 3.1 3.2 3.3 3.4
O Download and Open logbooks Examine event details Examine glucose level Examine the interplay Evaluate treatment,
t= - adjust constants for
O display data patterns post events between events J
D sub-day time intervals
Q.
n Plan 2: do 2.1-2.2. Examine related data to understand observation Describe Observation
X R | EEE—————— —
n
o 2.1 2.2
@) Identify and compare Investigate data quality
C glucose trends,
% patterns, and outliers
o Compare Entities Discover Observation
C " E— " e S E— " E—
- Plan 2.1:do 2.1.1 then 2.2.2. Plan 2.2: do 2.2.1 and then do 2.2.2 - 2.2.3 if missing/ uncertain/ erroneous data identified.
2.1.1 2.1.2 2.2.1 2.2.2 2.2.3
Identify “good” days |dentify “bad” days Examine data quality Reconstruct missing Discount erroneous
(blood glucose levels with more outliers or e.g., missing, uncertain, || data in discussions data and explainable
are mostly in range) intervals out of range erroneous with patients/caregivers abnormalities
| Iteratively Identify attribute differences | Examine attributes for | Plan 3.4:do 3.4.1,3.4.2,3.4.3 in any order.
and similarities between populations unusual observations
| s popd L | | [ 341 3.4.2 3.4.3
Determine the overall Determine the interval Determine the interval
distribution of insulin distribution of food distribution of insulin
administered administered administered

‘ Iteratively identify attributes at an aggregate level ‘

Zhang et al., 2018 16
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Hierarchical Task Analysis Task Abstraction

Design Requirements

 DR1. Composite Visualization of Integrated Data
 DR2. Visualization of Folded Temporal Data

* DR3. Alignh and Scale Temporal Data

 DR4. Summary Statistics

Zhang et al., 2018 17
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Hierarchical Task Analysis Task Abstraction
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Hierarchical Task Analysis

Breakfast Lunch Snack Dinner

Di Bartolomeo et al., 2020 19



https://osf.io/mq2wt/

Hierarchical Task Analysis Task Abstraction

completion time correctness
mean ratio proportion difference
mean (s) In(SeqBr/IDMVis) proportion of correct responses IDMVis - SeqBr
. The average time spent Estimates of per participant The amount of correct Estimates of per participant
@ Sequence Braiding e answering egch %ues ion, in effect sizepon%min p responses. 1.0 would mean effect size or’? cof')rectngss
IDMVis e seconds. calculated as the natural that all the questions calculated as IDMVis-SeqBr.
logarithm of SeqBr/IDMVis. have been answered correcily.
examples 0 50 100 150 Lo 05 0.0 0 10 0.6 08 , 05 0.0 05
How many days did the : : : ! ! E ! ] ! ! ! E !
atient skip lunch? 0 0 0 i 0 0 0 i 0 ~ C 0 0
elementary P P St : N | | == : : ; o : ===
lookup ! —— ‘ ‘ | | . | ! ‘ —_— | . ‘
i adjuste;I p-value?.' 0.78 E E E : E E adjusjted p -value: : .00 E : E
How many lunches had very E E
high blood glucose? | 0 D D I d 0 0 ] 0 0 0 - D
slementary 9 9 . : - | : | 4 e :
direct o : : : : : : : : : s I : : I-I-I
comparison i i i i i i ' i | i i i ' i
| adjusted p-value: <0.01 | : . adjusted p-value: 1.00 : <
What is the percentage of : : : : : : E : : : : : E :
very high blood glucose lunches? 0 D D ] 0 0 0 i 0 0 0 D D
elementary o 'O 9 L= ) . | == : ) e B : Q)
|nVerSe 1 1 1 1 1 1 n 1 1 1 1 1 n 1
comparison | e ; ; i i 5 i ! ; . ¢ ! . ‘
| adjusted p-value: 0.04 | i i : i . adjusted p-value: 1.00 i : i ¢
On days in which the : : : ! ! E ! ] ! ! ! E ! C
. patient had normal blood glucose [ S | I ; ] ! ~ C L — 0
Siggggg at lunch, what percentage of | ! ' ' ! ! ' ! ! ' : : 0 0 m
behavior comparison the days did they remain | I I | I i I I : D i : |
normal at the next meal? ! ! ! ! ! ' ' ] ! 0 0 0 0
| adjusted p-value: 0.05 | i g : i . adjusted p-value: 1.00 i : i
: ] : : : ] : ] : : ] ] : : e
On days in which the | : : : ; : : : : : : : : :
patient had a normal blood | 0 0 0 ] d 0 0 ] 0 C o C ~ 0 O
relglt?&esn(-:t‘g%n glucose at lunch, what was - ! ' ' ! -.:- ' ! ; ' : : . J
¢ the most common blood glucose | == 0 0 ! I 0 I ] 0 ] | 0 0
level at dinner? | ' . . ; ; . ; ; . ' | . !
' adjusted p -value: <0.01 | ; | : i . adjusted p -value: 1.00 i : ;
Which one had the most ' ' - - ' ' E ' ' ' ' ' E '
) occurrences of very high blood | I 0 0 ] 0 0 0 i 0 0 e 0 :
sy?’%%ttlc glucose in the meal after -.:- 0 0 'E‘- : 0 : ; 0 I P I 0 0
behavior comparison @ nhormal blood glucose lunch? | I . | I 5 I I I | | . i
| adjusted p -value: <0.01 | | i : i . adjusted p -value: 0.05 i : i
Which of the marked intervals E E
. has the most days where | - 0 0 ! ® 0 : : 0 | ° | - |
patt erﬁ%ggﬁﬁﬁc ation blocd glucose was lower at | ! C C : ! g ! ; C | | : :
the end of the interval | C 1 ! C 0 C ] 0 — | 0 0
than at the start? | I 0 0 ! C 0 C ] 0 | | 0 0
' adjusted p -value: <0.01 | ! ] : ] . adjusted p -value: 1.00 ' : :
SeqBr better IDMVis better SeqBr better IDMVis better
How confident did you
. feel while answering?
(&) % 4 . ; Which design is the most Error magnitude on questions
% 4% 3% 52% @ useful to digsplay trends? ® with quantifiable errors
“II“II“"“I“II“I" Sequence Braiding gohAnswer Magnitude of errors per task
! ther
| . 0.0 0.5 1.0
ARRRCRNARRRNARRANANINN  rowvis | ; '
16% 8% 60% 12% I ]
How easy were the tasks? | e

52% 36%

4% 4%
DEARRRRRNANAARNDNNNNNNN sequence Braiding
IHimnmmnm IDMVis
8%

i

IDMVis | adjusted p -value: 0.60

R S—

counting the dots eseee | 0
focusing on color seesee ' adjusted p-value: 0.38
finding meals with triangles o

budget socoe o pollution levels
school grades «

20% 64% 4% i

; adjusted p -value: 1.00 :

@ What strategy did you

@ What other data would you use to read the chart? i I I
h v I : :

track using Sequence Braiding? Sequence Braiding - | |
healtcare devices understood patterns from the lines soe ' o -

blood pressure eeee performance / power management focus on color esesee . - -
diet/calorie count eee data usage use position to discern information ee ' adjusted p -value: 0.38 |
physical activity ee security applications follow the lines oo : : :
sleep @ use length to discern information @ I 0 0

mood e environment count lines oo I 0 0

© weather changes find meals with labels ® —— 0 0

habits o rent price tracking . : o—. 0
productivity eee oo traffic IDMVis | ' '

Fig. 9: Results of our evaluation comparing SEQUENCE BRAIDING vs. IDMVis || (A) Completion time and correctness per task. Each row
corresponds to the task at left, which is classified based on Andrienko & Andrienko [3]. The specific question instantiating that task for the study

is in the second column. (B) Participants’ Likert scale responses regarding confidence and ease of use. (C) Participants’ answers when asked what

other types of data would they use with SEQUENCE BRAIDING. @ Participants’ reported strategies used. @ Participants’ preference for which Di B a r t O / O m e O e t a / 2 0 2 0 20
°Z

method was most useful for displaying trends. (F) Error magnitude per task, for those which are quantifiable.
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Hierarchical Task Analysis Task Abstraction

completion time correctness

mean ratio proportion difference Q-I
mean (s) In(SeqBr/IDMVis) proportion of correct responses IDMVis - SeqBr
S Braidi The average time spent Estimates of per pamc;pant The amount of correct Estimates of per participant Q)
@ €équence braiding e answering each question, in effect size on timin responses. 1.0 would mean effect size on correctness —
IDMVis o seconds. calculated as the natural that all the questions calculated as IDMVis-SeqBr. C
logarithm of Squr/fDMV:s have been answered correctly. Q
examples {IJ 5|0 1?0 1?0 I-ll.D DI.E DJU 0i5 1]0| Diﬁ DiB . -0|.5 D]D 0]5 | g’
Which one had the most E E D)
occurrences of very high blood - ; ; o ; . | ; : : ® —o :
S%i?r%%ttlc glucose in the meal after i : : | : v : ! | | | ‘ :
behavior comparison @ hormal blood glucose lunch? : ——— | | - | s | : |
- adjusted p -value: <0.01 i i : i . adjusted p -value: 0.05 i : |
Which of the marked intervals E E
, has the most days where - : : : —— : : : : : —_——— : ——— :
patt erﬁ%&‘gﬁﬁﬁ cation blood glucose was lower at : | | | | : | | | | | : |
the end of the interval i —— | | ‘ | | | R : |
than at the start? | . | ; ; : | : ' ' : : :
- adjusted p -value: <0.01 | ! ; i - adjusted p -value: 1.00 ! ; !
- . = et . s
SeqBr better [IDMVis better SeqBr better [IDMVis better
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Interview Advice

Have a designated note-taker and designated leader

Be prepared. (Have some questions prepared in advance.)
Start slow, safe, and personal.

Coax, don’t hammer.

Make some questions open ended.

Ask what you don’t know.

Let the interviewees wander a bit—but be careful.

Listen, really listen.

For software, look for “work arounds” and hacks.

Make sure to write down your thoughts and impressions immediately
after the interview.

You are the visualization expert — don’t ask them what vis they want,
don’t think too early about what vis to build.

Shel Israel, 2012 22
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VISUALIZATION IDEAS



Visualization Taxonomy

In order to address the variety of visualization types in the MassVis database, we created a taxonomy for static (i.e., non-interactive) visualizations. The
taxonomy classifies static visualizations according to the underlying data structures, the visual encoding of the data, and the perceptual tasks enabled
by these encodings. It contains twelve visualization categories and several popular subtypes for each category. In addition, we supply a set of properties
that aid in the characterization of the visualizations. This taxonomy was created originally to classify the , and we continue to use this

terminology in our . For more information about the taxonomy, please read this document:

If you use this taxonomy, please cite this paper:

http://massvis.mit.edu

Borkin, M., Vo, A., Bylinskii, Z., Isola, P., Sunkavalli, S., Oliva, A., & Pfister, H., 2013, "What Makes a Visualization Memorable?", IEEE
Transactions on Visualization and Computer Graphics (Proceedings of InfoVis 2013), 19, 12, 2306-2315.

24


http://massvis.mit.edu/
http://vcg.seas.harvard.edu/publications/what-makes-visualization-memorable

More visualization “catalogs”

What kind of data do you have? Pick the main type using the buttons below. Then let the

decision tree guide you toward your graphic possibilities.

Data to Viz

https://www.data-to-viz.com

HISTOGFAM BOX PLOT CONNECTED

SCATTER PLOT

@®

BOXPLOT STACKED BOXFLOT
AREAPLOT

DEMSITY HISTOGRAM DENSITY VIOLIN VIOLIN
PLOT FLOT PLOT FLOT
- ) )
SCATTER SCATTER. WITH LINE BUBELE RIDGE
PLOT MARGINAL POINT FLOT PLOT LINE
2D DENSITY 3D BCATTER
FLOT OF. SURFACE

CORFELOGEAN

DENDEOGEAM


https://www.data-to-viz.com/

More visualization “catalogs”

DataVizProject The Data Visualization Catalogue
http://datavizproject.com http://www.datavizcatalogue.com
Alluvial Diagram Matrix Diagram Matri m (Roof Shaped) Search by Function View by List

b e
G

FFFFFFF

agram Hive Plot Pictorial fraction ¢
X Y
o - @ A

26
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More visualization ideas

https://matplotlib.org/qallery.html

https://qgithub.com/d3/d3/wiki/Gallery

https://plot.ly/python/

Plotly Python Open Source Graphing

A

Library

Plotly's Python graphing library makes interactive, publication-quality graphs online. Examples of how to make

line plots, scatter plots, area charts, bar charts, error bars, box plots, histograms, heatmaps, subplots, multiple-

axes, polar charts, and bubble charts.

Search

Search Plotly's Python Docs

Plotly Fundamentals

Dash -
Interactive
Python Apps

Basic Charts

B N

4

Static Image
Export

T

%

P

~

Updating
Plotly Graphs

B %
E-

2
Jupyter
Notabook More Plotly
: Fundamentals
Tutorial

O This repository

Pull requests Issues Marketplace Explore

Hd3/d3

Code Issues 2

Gallery

kgbvax edited this page 13 days ago - 1276 revisions

Wiki » Gallery

want to share or view live examples try vida.io.
Visual Index

Box Plots Bubble Chart

Non-contiguous
Cartogram

Population Pyramid
2000 i}

. &

oy il
) “t°‘

-

Circle Packing

Nod E,"L"_‘”!k Tree

Sunburst

@ Watch~ = 3,611

Pull requests 0 Wiki Insights

Welcome to the D3 gallery! More examples are available on bl.ocks.org/mbostock. If you want to

share an example and don't have your own hosting, consider using Gist and bl.ocks.org. If you

Bullet Charts Calendar View

— R

m— IBICNER

sustomers

Dendrogram Force-Directed
- Graph
Stacked Bars Streamgraph

7

Voronoi Diagram
TR T

Treemap
= Gl | E—

W Unstar | 72,156 % Fork = 18,630

b Pages (3

Data-Driven
Documents

* Home
e Gallery
* Examples
* Tutorials

® Plugins

Help

e Stack Overflow
e Slack
* Google Group
e Gitter

API Reference

matpl

lib

Lines, bars, and markers

- ‘ -
barh demo fill_ demo
line_styles reference linestyles

A A
BR

fill demo features

S L L ] L L
- e L L L L
¥ ® L] L L L
L L * * L

® ® ® e L

marker _fillstyle reference

line_demo dash control

marker_reference
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Visual Perception and Cognition

Pre-Attentive Processing

e Automatic Height of students
e | asts < 1 second

Workin Short-Term Memor

Frequency
o T S L T A O Y = I

e Conscious
e Limited (information retained for seconds)

Height {cm)

Long-Term Memory

e Storage of repeated working memory tasks
e Can be consciously retrieved

Boundless 29



http://kolibri.teacherinabox.org.au/modules/en-boundless/www.boundless.com/statistics/textbooks/boundless-statistics-textbook/describing-exploring-and-comparing-data-5/central-tendency-22/the-average-and-the-histogram-112-517/images/the-normal-distribution/index.html

Color = Wavelength

Increasing wavelength

Increasing energy

| | | | | | | | | | Wavelength (m)

X rays Infrared Microwaves Radio

10" 10 10®° 10® 107 10® 10° 10* 10° 10° 10T 1 10" 102 10°
|
rays E

|
|
:
|
Gamma |
|
|
:
|

E.

o

Q
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Paschos & Bentley, 2019 30



https://link.springer.com/book/10.1007/978-3-319-92193-8

WAVELENGTH — SIGNALS

~. Red
Cone) Green
Blue

~Rod

Epithelial
cells

5@

trichromacy = possessing three independent channels
for conveying color information

Ask a Biologist 31



https://askabiologist.asu.edu/rods-and-cones

RoDS & CONES

http://i.stack.imgur.com/wlbcE.jpg
Dubuc, 2002 >?



http://thebrain.mcgill.ca/flash/a/a_02/a_02_m/a_02_m_vis/a_02_m_vis.html
http://i.stack.imgur.com/wIbcE.jpg

VARIABLE ACTIVATION

4 )
This is why darkness (lightness)

420 nm 498 nm 534 nm 564 nm is an effective encoding
Green  Red channel!
Blue cones Rods  cones  cones S -
100 RO - , T
o Rods:120 million

Cones: 5-6 million

50 _
.0’..' - '.-. 4 )
~ ’ ‘ This is why we are so
. Medium \ Long Cones: P sensitive to red! )
0 64% red-sensitive
i — I | 700 329 green-sensitive

Violet Blue Cyan Green Ye

2% blue-sensitive.

Wavelength (nm)

Witcombe, 2014 33



http://arthistoryresources.net/visual-experience-2014/visual-experience-2014-images/red-green-blue-wavelengths+rods-big.jpg

Modeling Color with RGB
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Modeling Color with RGB

Wikimedia 3>



https://en.wikipedia.org/wiki/File:RGB_Cube_Show_lowgamma_cutout_a.png

Modeling Color with RGB: Problematic

Simmon, 2014 3°



https://www.youtube.com/watch?v=DjJr8D4Bxjw

Color Vocabulary and
Perceptual Ordering

Darkness (Lightness) . . .

Saturation

Based on Slides by Miriah Meyer, Tamara Munzner 37



Modeling Color with HSL or HSV
HSL HSV

Saturation o Saturation

d.

Still Imperfect

Lightness
—>

Wikimedia 38



https://en.wikipedia.org/wiki/HSL_and_HSV#/media/File:Hsl-hsv_models.svg

"...avolding catastrophe becomes

the first principle In bringing color

to iInformation: above all, do no harm.”
-Edward Tufte

Tufte, “Envisioning Information” 39



Color Maps

Color Map = map between value (domain) and color (range)
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Bostock, 2018 matplotlib 49



http://matplotlib.org/mpl_examples/color/colormaps_reference_05.png
Bostock, 2018

Encode » Map

® Color

= Color Encoding

> Hue = Saturation = Luminance
HEN ] ]
=Darkness
> Color Map (Lightness)
- Categorical
HEN
- Ordered
> Sequential > Diverging
e <—I—>

= Bivariate

<_I_.

(® Size, Angle, Curvature, ...

- Length S

|/
l..

2> Angle

= Area

=> Curvature

= Volume

(® Shape

+ O 0 A

(® Motion

= Motion @ o ©

Direction, Rate, ®
¢ Co
Frequency, ...

VAD Chapter 10 41



Color Maps

THREE MAIN [YPES:

Categorical Does not imply magnitude differences
— el (categorical/nominal data)
poen Distinct hues with similar emphasis
Sequential Best for ordered data that progresses from low
= Fadagomy to high (ordinal, quantitative data)
Darkness (lightness) channel effectively employed

Diverging For data with a “diverging” (mid) point

e (quantitative data)

I 28.0t03222

Equal emphasis on mid-range critical values and
it extremes at both ends of the data range

Brewer, 1994 42



http://www.personal.psu.edu/faculty/c/a/cab38/ColorSch/SchHome.html

Color Maps

ALSO...
Bivariate Displays two variables

Combination of two sequential color schemes

These are very difficult to design effectively, make
Intelligible, and be color blind friendly.

= o
=
e,
2
e
o
N E
0=
Low > High Low » High Low »Hiah
Variable One Variable Two Variable Two
S - | R ;;_’.%»
l
=

Stevens, 2015 43



http://www.joshuastevens.net/cartography/make-a-bivariate-choropleth-map/
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Bostock, 2018 44



https://observablehq.com/@d3/color-schemes

Darkness (Lightness) Channel

* No edges without darkness difference

* No shading without darkness variation
* Has higher spatial sensitivity than color channels
* Contrast defines legibllity, attention, layering

* Controlling darkness is primary rule of design

Based on Slide by Hanpseter Pfister 45



"Get it right in black and white.”
-Maureen Stone



http://www.stonesc.com/wordpress/2010/03/get-it-right-in-black-and-white/
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http://web.archive.org/web/20191022172247/http:/www.stonesc.com/wordpress/2010/03/get-it-right-in-black-and-white/

Understanding your medium
matters




Nacenta et al., 2012 .,

d J ‘ B a
al /sl J? 4 )
8| /8] /9] /&1 /0

gg
9] /9] /2

DD

2

g X, HIH DX - . &r[a £ D O
47 DEEE LV L Lﬁl 2
"9/) /9/‘) /.x G

Amplitudes were clipped at 99cm.

Figure 8: Maximum wave amplitudes for the Japan

2011 tsunami.
Data adapted from NOAA: http://www.noaa.gov/.



https://dl.acm.org/citation.cfm?id=2254636

Rainbow Color Map (Hue)




Rainbow Color Mar
)

Borkin et al. 2011




Rainbow Color Map
(b)

* No darkness variation (obscures detalls)
* Viewers percelve sharp transitions in color as sharp transitions in the
data, even when this is not the case (misleading)

Borkin et al., 2011 >





https://doi.org/10.1109/MCG.2007.323435

Rainbow Color Map (Hue)

NO pérceptual ordering (Confuéing)

?
YY SR o T )
000 00 0

(a) (b)

Borland & Russell, 2007 54



https://doi.org/10.1109/MCG.2007.323435

Rainbow Color Map

Rainbow: Diverging:
3D: 39% 3D: 71% (A +31%)
2D: 62% How many diseased 2D: 91% (A +29%)

regions found?

| s - Isr
[ I_i L\' \J E \—' 3
i ,m o D - j-
3
,
M 3
Shear l
Stress (Pa) O
ESS (Pa)
3.00
.2.25
!1.50
—0.75
l0.00

Borkin et al., 2011 ss



https://doi.org/10.1109/TVCG.2011.192

"Get it right in black and white.”

39% Diseased Regions Found Borkin et al., 2011 s



https://doi.org/10.1109/TVCG.2011.192

"Get it right in black and white.”

Borkin et al., 2011 57



https://doi.org/10.1109/TVCG.2011.192

"Get it right in black and white.”

91% Diseased Regions Found Borkin et al., 2011 sg



https://doi.org/10.1109/TVCG.2011.192

"Get it right in black and white.”

Borkin et al., 2011 59



https://doi.org/10.1109/TVCG.2011.192

"Get it right in black and white.”

How Much Warmer Was Your City in 20167

By K.K. REBECCA LAI JAN. 18, 2017

Last year is the hottest year on record for the third consecutive year.
In a database of more than 5,000 cities provided by AccuWeather,
about 9o percent recorded annual mean temperatures higher than
normal. Enter your city below to see how much warmer (or cooler) it was.

Boston, Mass.

Temperature Average: 53.4° A 1.9° above normal
DF UC
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Tied Record
100®

ap°

&0?

Bars represent range
between the daily high

' and low.
20° R Hi
eoard Hgh i Actual high
Mormal range [M:tual o
0® Recard Low
January February March April May June July August
. Record
20 low: -9°

Precipitation Total: 32.7" v-11.2" less

B
Actual: 3.3 _ Record
g ig —~ E0W: . )
4| Norm: . 3.1 4}“ 2.9 2.8 = '
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1.3 0.4

Cumulative monthly precipitation, in inches, compared with normal. Precipitation totals are rainfall plus the liguid equivalent of any frozen precipitation.
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-20°

2.7 3.2

NY Times, 2017 60



https://www.nytimes.com/interactive/2017/01/18/world/how-much-warmer-was-your-city-in-2016.html#bos

"Get it right in black and white.”

How Much Warmer Was Your City in 20167

By K.K. REBECCA LAI JAN. 18, 2017
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https://www.nytimes.com/interactive/2017/01/18/world/how-much-warmer-was-your-city-in-2016.html#bos

"Get it right in black and white.”

Estimated Heat Accumulation

Ocean
Ice Melt
Land

B Atmosphere

200

100 zettajoules

1980 1990 2000 2010
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"Get it right in black and white.”

Estimated Heat Accumulation

Ocean
Ice Melt
Land

I Atmosphere

200

100 zettajoules

1980 1990 2000 2010
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Rainbow Color Map (Hue)

Why this color map Is a poor choice for quantitative data...
* No perceptual ordering (confusing)
* No darkness variation (obscures detalls)
* Viewers percelve sharp transitions in color as sharp
transitions in the data, even when this Is not the
case (misleading)

Borland & Russell, 2007 64




Color Maps

Rogowitz & Treinish, 1996 65



https://web.archive.org/web/20160304034504/https:/www.research.ibm.com/people/l/lloydt/color/color.HTM

Color Maps

Rogowitz & Treinish, 1996 66



https://web.archive.org/web/20160304034504/https:/www.research.ibm.com/people/l/lloydt/color/color.HTM

Color Maps

.‘o}
>
|
Sequential (possibly wrong) Diverging

Sequential rainbow (wrong!) Rogowitz & Treinish, 1996 67



https://web.archive.org/web/20160304034504/https:/www.research.ibm.com/people/l/lloydt/color/color.HTM

Roos, 2015
68



https://mrgris.com/projects/oilslick/



https://mrgris.com/projects/oilslick/

IN-CLASS EXERCISE



In-class exercise: Qilslick
10m

INSTRUCTIONS:

® Working individually, go to https://mrgris.com/projects/oilslick

® Experiment with the different layers, different zoom levels, and
different locations

® Think of answers to these questions:

What areas are particularly interesting?
Which layer / color scale works best, and for which tasks?

® Several of you will be asked to share your findings.


https://mrgris.com/projects/oilslick/

@90 % .ea o
Pt
SHao@inrte

Those with deuteranope color blindness (red/green) will have difficulty seeing the numbers.

72



Color Deficiencies (Color Blindness)

Person with faulty cones (or faulty pathways):

Protanope = faulty red cones Tritanope = faulty blue cones

Deuteranope = faulty green cones

T /
B ‘ /I
\ N
:
N\ : J B
5 " .
" .
.A N
Pt :
.
B
:

Based on Slides by Hanspeter Pfister, Maureen Stone 73



Color Deficiencies (Color Blindness)

Normal Protanope Deuteranope Lightness

Based on Slides by Hanspeter Pfister, Maureen Stone 74



Check your images/colormaps for issues!

Vischeck

Home

Vischeck
‘Run Images
Run Webpages

Daltonize
Examples
Downloads
Info & Links

FAQ
About Us

User quotes:
Fantastic! Keep up the
good work!!!

-Zoe N.

Web © Vischeck

Google Search

'T SUPPORT
)- WIKIPEDIA

Try Vischeck on Your Image Files

Select the type of color vision to simulate:

© Deuteranope (a form of red/green color deficit)
E Protanope (another form of red/green color deficit)

u Tritanope (a blue/yellow deficit- very rare)

Image file: chooseFile No file chosen Run Vischeck!

Notes:

» Vischeck accepts most common image formats. However, we recommend that
you use PNG or JPEG format for uploading large images as these tend to
transfer faster.

« For PowerPoint slides, you can save all your slides as PNG images with "Save
As..." and run Vischeck on each slide.

« If you have many images to process, consider downloading Vischeck to run on
your own computer.)

« Uploading a large file may take a while - please be patient!

Please read our terms of use before using Vischeck.

® (olblindor

Home+ CVD Essentials+v
Contact

Coblis —
Color Blindness Simulator

If you are not suffering from a color vision deficiency it is very hard to imagine how it looks
like to be colorblind. The Color BLIndness Simulator can close this gap for you. Just play
around with it and get a feeling of how it is to have a color vision handicap.

As all the calculations are made on your local machine, no images are uploaded to the
server. Therefore you can use images as big as you like, there are no restrictions. Be aware,
there are some issues for the “Lens feature” on Edge and Internet Explorer. All others
should support everything just fine.

So go ahead, choose an image through the upload functionality or just drag and drop your
image in the center of our Color BLIndness Simulator. It is also possible to zoom and move
your images around using your mouse - try it out, | hope you like it.

Drag and drop or paste your file in the area below or: Browse... No file selected.

Trichromatic view: Anomalous Trichromacy: Dichromatic view: Monochron

® Normal (O Red-Weak/Protanomaly (O Red-Blind/Protanopia (O Monoch
O Green-Weak/Deuteranomaly O Green-Blind/Deuteranopia O Blue Cc
O Blue-Weak/Tritanomaly O Blue-Blind/Tritanopia

Use lens to compare with normal view: No Lens  Normal Lens Inverse Lens
Reset View

. LW

"4 . s

You
[icoc}

Color Blindness Tests+ Color Tools v

Search

a%  your email

Subscribe

FREE Color Blind
Check

New kind of color

blindness test! Try - .
Color Blind Check . -~
and test type and = @
severity of your color ’ I gy

vision deficiency.

http://www.vischeck.com/vischeck/vischecklmage.php https://www.color-blindness.com/coblis-color-blindness-simulato7£5[


http://www.vischeck.com/vischeck/vischeckImage.php
https://www.color-blindness.com/coblis-color-blindness-simulator/

INTERACTIONS BETWEEN COLORS
AND WITH LIGHTING



‘Lightness Constancy”

: 'r

The perception that the apparent
brightness of light and dark surfaces
remains more or less the same under
different luminance conditions iIs called
darkness (lightness) constancy.

This is the same
gray as the center of

the O in OFF

O

This is the same gray
a5 the top part of the
S in GLOVES

77



"‘Darkness (lightnes ancy’

Adelson—>Pingstone, 2015 73



https://en.wikipedia.org/wiki/Checker_shadow_illusion

“Color
Constancy”

00000, ,99000
000000000000 990066066

0000000000000 0606000660
i3 dddccdsntnntdddd

Lotto, 2009 7°



https://www.ted.com/talks/beau_lotto_optical_illusions_show_how_we_see

‘Simultaneous Contrast’




‘Simultaneous Contrast’




‘Simultaneous Contrast’

Avoid gradients as backgrounds or bars!



‘Simultaneous Contrast”




‘Simultaneous Contrast”




‘Simultaneous Contrast”




‘Simultaneous Contrast”




‘Simultaneous Contrast”




‘Simultaneous Contrast”




‘Simultaneous Contrast”




‘Simultaneous Contrast”




‘Simultaneous Contrast”




‘Simultaneous Contrast”

Be careful with bars and scatter plot points - the colors may appear differently with different
background colors and neighboring colors!

Be aware that colors in legends may appear different than on the plot!

92



‘Simultaneous Contrast’

93



‘Simultaneous Contrast’

Griffin, 2015 94



https://www.independent.co.uk/news/science/what-colour-is-the-dress-blue-and-black-or-white-and-gold-whatever-you-see-says-a-lot-about-you-10074490.html

“von Bezold Spreading Effect”




“von Bezold Spreading Effect”

Be careful with colors in scatter plots!
Be aware of color changes when adding borders around bars and plots!
Be aware that colors in legends may appear different than on the plot!

96



Which area Is larger
(green or red)?

Figure 1. Stimulus From the High-Saturation Group

Cleveland & McGill, 1983°"



Which area iIs larger?

Areas are equal(!).

Study participants
favored red In the
highly saturated case
(left) but were more
correct with the
desaturated case

(right)

Figure 1. Stimulus From the High-Saturation Group Figure 2. Stimulus From the Low-Saturation Group

Cleveland & McGill, 1983 %3



https://doi.org/10.1002/j.1538-7305.1983.tb03504.x

PoOP-OUT EFFECTS

Healey, 2012 99



https://www.csc.ncsu.edu/faculty/healey/PP/index.html

The Patriots’ QB sneaks stand out

A auarterback sneak is a Qla}[ QB sneak success rate versus number of attempts on
, 1 , tvotball and 1- and 2-yard plays on third and fourth down, 2001-15
IN AMerican Tootdall an

Canadian football in which

New England
the quarterback, upon taking ° o © Patriots
the center snap, dives ahead e ©0°

: : : O o

while the offensive line " 0 O

. o %
surges forward. It is usually ” ° . o’

@ O
only used in very short S °
. . 7p
vardage situations. o &
https://en.wikipedia.org/wiki/Quarterback sn P © o ©
eak
- ~ @) ©
Which pop-out effects are
USEd 10 thlS example Number of sneak attempts
visualization?

Davis & Lopez, 2017 100



https://fivethirtyeight.com/features/the-patriots-are-even-sneakier-than-you-think/
https://en.wikipedia.org/wiki/American_football_plays
https://en.wikipedia.org/wiki/American_football
https://en.wikipedia.org/wiki/Canadian_football
https://en.wikipedia.org/wiki/Quarterback
https://en.wikipedia.org/wiki/Quarterback_sneak
https://en.wikipedia.org/wiki/Quarterback_sneak

Desaturated
background,
light blue

NASA/ESA/Hubble
Heritage Team (STSclI/AURA) /
Hester & Scowen



https://www.nasa.gov/content/goddard/hubble-goes-high-definition-to-revisit-iconic-pillars-of-creation
https://www.nasa.gov/content/goddard/hubble-goes-high-definition-to-revisit-iconic-pillars-of-creation
https://www.nasa.gov/content/goddard/hubble-goes-high-definition-to-revisit-iconic-pillars-of-creation

For Next Time

neu-ds-4200-f23.github.io/schedule/

Look at the upcoming assignments and deadlines

® Textbook, Readings, & Reading Quizzes—Variable days
® In-Class Activities—If due, they are due 11:59pm the
same day as class

Everyday Required Supplies:

® 5+ colors of pen or marker
®  White paper

® Laptop and charger

Use Slack for general questions, email codydunne-and-
tas@ccs.neu.edu for questions specific to you.

Week 5: Reduce and Embed; Spatial, 3D, and SciVis

Tue, Oct 03 Fri, Oct 06
Reduce and Embed
Required Readings:

Spatial, 3D, and scientific visualization

Required Readings:

1 VAD Chapter 13—Reduce Items and Attributes VAD Chapter 8—Arrange Spatial Data

) VAD Chapter 14—Embed: Focus + Context

i

Week 6: Networks and Trees, validation and evaluation

Tue, Oct 10 Fri, Oct 13
Networks and Trees Validation and evaluation

Required Readings: Required Readings:

1 VAD Chapter 9—Arrange Networks and Trees VAD Chapter 4—Analysis: Four Levels for Validation



https://neu-ds-4200-f23.github.io/schedule/
mailto:codydunne-and-tas@ccs.neu.edu
mailto:codydunne-and-tas@ccs.neu.edu
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