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A Measure of Perceptual Reality
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Palette Design

2D Projection
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Palette Design
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Visual Embedding:
A Model tor Visualization



Visualizations as Functions

Data f-XY Visual
Points ‘ Primitives
X Y
quantitative color
ordinal size
nominal shape
orientation

texture



Visual Embedding

Yio
y,et small

Visual Y.

Primitives :
large

Yii

f:X=Y

N
>

Y

guantitative color

ordinal size

nominal shape
orientation

texture




Visual Embedding

quantitative

ordinal
nominal

f:X=Y

N
>

Ve
yzs}small

Visual
Primitives :
large
Vi

Y

color

size

shape
orientation
texture

15



Visual Embedding
) N

X e
Vot small
Xz'féma// 2 |
Data fX% Y Visual Y.
Points X > Primitives}/
. (large
Yii

Y

quantitative color

ordinal size

nominal shape
orientation

NOT NEED TO BE METRIC fe%“”e

16



Rank Correlations

0 O a

@

A O
= &y
O Ovﬁ\

A

v N
o8 A o
OB
AC D A
o0 H O X
A B C D
A 1.00 0.75 0.67 0.59
B 1.00 0.81 0.77
C 1.00 0.87
D 1.00



Rank Correlations

O A

OB

AC

VvV D

A B C D

A 1.00 0.75 0.67 0.59
B 1.00 0.81 0.77
C 1.00 0.87
D 1.00



Rank Correlations

O A

OB

AC

VvV D

A B C D

A 1.00 0.75 0.67 0.59
B 1.00 0.81 0.77
C 1.00 0.87
D 1.00



Rank Correlations

O A

OB

AC

v D

A B C D

A 1.00 0.75 0.67 0.59
B 1.00 0.81 0.77
C 1.00 0.87
D 1.00



Rank Correlations

O A

OB

AC

v D

A B C D

A 1.00 0.75 0.67 0.59
B 1.00 0.81 0.77
C 1.00 0.87
D 1.00



Rank Correlations

O A

OB

AC

v D

A B C D

A 1.00 0.75 0.67 0.59
B 1.00 0.81 0.77
C 1.00 0.87
D 1.00



Cluster Connectivity

(((((

Encode community

MISER ABLES
VICTOR HUGO

clusters in a character

co-occurrence graph.







CONTRIBUTIONS



CONTRIBUTIONS

Estimate perceptual kernels
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CONTRIBUTIONS

Compare alternative judgment types
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Assess using existing models

Stevens’ Power Law CIELAB Garner’s Integrality

CIEDE2000
Color Names
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Study Overview
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Univariate Perceptual Kernels
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Bivariate Perceptual Kernels
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Judgment Tasks

Pairwise rating on 5-point scale (L5)
Pairwise rating on 9-point scale (L9)
Triplet ranking with matching (Tm)
Triplet ranking with discrimination (Td)

Spatial arrangement (SA)



Judgment Tasks

1. Pairwise rating on 5-point scale (L5)

symbol pair to be rated
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a rating can be selected
by clicking on it or by
typing the number directly
on the keyboard

matrix is filled as
ratings are entered

}
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Judgment Tasks

1. Pairwise rating on 5-point scale (L5)

How different does a given symbol pair look?

We are going to show you 55 pairs of symbols and your task is to rate how visually different they look to you!

You will enter your rating as a number between 0 and 5 (valid entries: 0, 1, 2, 3, 4, 5). The following picture shows a
snapshot of the task interface.

matrix is filled as

symbol pair to be rated ratings are fantered
7
advances to next I8 ]
D D symbol pair n
0
o]
[
2

[2]
\ 2]
a rating can be selected n
by clicking on it or by
typing the number directly
on the keyboard

A rating of 0 means that there is NO DIFFERENCE between the two symbols (they are the SAME).

1 means that the two symbols look VERY SIMILAR.

5 means that the two symbols look VERY DIFFERENT (for example, 5 times as different as a very similar symbol pair).
Any rating between 1 and 5 should reflect the degree of visual difference between the symbols.

Complete each task as accurately and guickly as possible.

startktraining



Judgment Tasks

2. Pairwise rating on 9-point scale (L9)

matrix is filled as
symbol pair to be rated ratings are entered

/ l
advances to next
<> <> symbol pair E
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*) 0 (identical) next

2
3
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6

- a rating can be selected by
clicking on it or by typing
the number directly on the
keyboard



Judgment Tasks

3. Triplet ranking with matching (Tm)

Which is more similar to reference, a or b?

Your task is to select the symbol that looks more similar to the reference. You Shortcut Keys:
can make your selection by clicking on the symbol or by using the keyboard key. a - select the symbol a
Complete each task as accurately and quickly as possible. b - select the symbol b

enter or space bar - advance to next task

\

instructions

next

reference _,*
symbol
1 T
shows next progress bar
symbol triplet

\. J
Y

candidate symbols; user can select the symbol that
looks more similar to the reference by clicking on it or
by using the keyboard key
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Judgment Tasks

3. Triplet ranking with matching (Tm)

Which symbol looks more similar to the reference?

In a series of tasks, we are going to show you a reference symbol and two other symbols. Your job
is to decide which one of the two symbols looks more similar to the reference (see the task
interface below).

instructions

reference _;*
symbol
I \
shows next progress bar
symbol triplet

\ /

candidate symbols; user can select the symbol that
looks more similar to the reference by clicking on it or
by using the keyboard key

Complete each task as accurately and quickly as possible.
We will start with a short training session to get you familiarized with the task interface. Click the
button below to continue with the training session.

start tkraining
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Judgment Tasks

4. Triplet ranking with discrimination (Td)

Which one looks the most different, a or b or ¢?
Your task is to select the symbol that looks the most different from the other two. Shortcut Keys:
You can make your selection by clicking on the symbol or by using the keyboard a - select symbol a

, . b - select symbol b
key. Complete each task as accurately and quickly as possible. e
next

T enter or space bar - advance to next task
instructions
symbol triplet D
1 T
shows next progress bar
symbol triplet

IL./I

t

user can select the symbol that is visually the most
different from the rest by clicking on the symbol or by
using the keyboard key
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Judgment Tasks

5. Spatial arrangement (SA)

instructions

|

= Arrange the shapes on the right so that similar symbols
are nearer each other and dissimilar symbols are farther
away from each other.

« The final layout should accurately reflect your sense of

the visual similarities and differences among the shapes. advances
» Drag and drop the shapes to change their position. X to next
« Please perform the task as accurately and quickly as v —|— stage
possible. When you are done, click the next button.
« Consider the example below. Here, we have placed each l
color such that similar colors are near each other and
dissimilar colors are farther apart. Your task is to O next
construct a similar layout for shapes.

example:

‘ex/ample * A

I

layout area, where shapes can be
arranged with drag and drop



Judgment Tasks

5. Spatial arrangement (SA

* Arrange the shapes on the right so that similar symbols
are nearer each other and dissimilar symbols are farther

away from each other. I -
* The final layout should accurately reflect your sense of the

visual similarities and differences among the shapes.
* Drag and drop the shapes to change their position.

* Please perform the task as accurately and quickly as *
possible. When you are done, click the next button. 4

* Consider the example below. Here, we have placed each
color such that similar colors are near each other and
dissimilar colors are farther apart. Your task is to

construct a similar layout for shapes.

example: O D
L3

next



Perceptual Kernels &
Models of Perception
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Consistent with Stevens' Power Law!



Stevens’' Power Law
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Stevens' Power Law Fit
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Stevens' Power Law Fit
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CONTRIBUTIONS

Assess using existing models

Stevens’ Power Law CIELAB Garner’s Integrality
CIEDE2000
\Color Names /
v

details are in the paper




Which

Judgment

Task to
Use?

How different does the color pair look to you?
y 0 5 by clicking

umber

0

® 0 (no difference)
1
2
3
4

5 (very different)

next

sponding radio button or by

iping the number directly on

upin
down - m

enter or space bar -

Which is more similar to reference, a or b?

Your task is to select the symbol that looks more similar to the reference. You
can make your selection by clicking on the symbol or by using the keyboard key.
Complete each task as accurately and quickly as possible.

Shortcut Keys:

a - select the symbol a

b - select the symbol b

enter or space bar - advance to next task

next

_l

Arrange the circles on the right so that similar circles are
nearer each other and dissimilar circles are farther away
from each other.

The final layout should accurately reflect your sense of the
visual similarities and differences among the circles.

Drag and drop the circles to change their position.
Please perform the task as accurately and quickly as

possible. When you are done, click the next button. O

Consider the example below. Here, we have placed each O
color such that similar colors are near each other and
dissimilar colors are farther apart. O

example:

O
O
)
o
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»  Triplet matching (Tm)

lowest variance, most robust, shortest unit

eeeeeeeee

Triplet comparisons (Tm & Td)

longest experiment time, highest cost

> O = D Pajrwise Likert ratings (L5 & L9)

faster & cheaper than triplet comparisons

Manual spatial arrangement (SA)
worst &@\O fastest, cheapest

i high variance, high sensitivity



Perceptual Kernels
operational model

Use ordinal triplet matchin
CONGLYSIONS

Avoid manual spatial arrangement

Read the paper
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Data Processing

Pairwise judgments
Produce a distance matrix directly
|dentical pairs to detect spammers
Triplet judgments
Generalized non-metric multidimensional scaling

Use triplets with two identical elements to detect
spammers

Spatial arrangements
Align to a reference and filter-out the outliers

Planar Euclidean distances produce a distance matrix



Palette Design
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What About Context?



What About Context?

What about it?



What About Context?

Which is more similar to reference, a or b?

\

instructions ):}
reg:‘;e:ece OOOQ Q

VOG5 o Bt -

D O O showls next progress bar

SNK

candidate shapes; user can select the shape that looks
more similar to the reference by clicking on it or by
directly typing its label (a or b) on the keyboard
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What About Context?

instructions:

reference color . reference color
—

reference

m [ —
m t |

shows next progress bar X shows next

color set color set

candidate colors; user can select the color that looks
more similar to the reference by clicking on it or by
directly typing its label (a or b) on the keyboard

candidate colors; user can select the color that looks
more similar to the reference by clicking on it or by
directly typing its label (a or b) on the keyboard
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Why Tableau?

Manually c

considerati

esigned with perceptual
ons in Mind

discriminability, saliency and naming

of colors, robustness to spatial

overlap of shapes

Provides

ecological validity and good baseline



What About
Individual Differences?
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Sensitivity
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Why SA Performs Poorly?



Why SA Performs Poorly?

Unstructured nature, leading to higher
variance across subjects

Expressivity limited to two dimensions
expression of perceptual structures.
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Why Tm Outperforms Td?

t involves a binary decision (vs. trinary)

Detects more fine-grained similarities



Why Tm Outperforms Td?

t involves a binary decision (vs. trinary)

Detects more fine-grained similarities

LI
.
.
.
.
.
.
.
.
.
.
.
.
.
LI
.
.
.
.,



Why Tm Outperforms Td?

t involves a binary decision (vs. trinary)

Detects more fine-grained similarities

task type=Td
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Why Tm Outperforms Td?
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Why Tm Outperforms Td?

t involves a binary decision (vs. trinary)

Detects more fine-grained similarities
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Why Tm Outperforms Td?

t involves a binary decision (vs. trinary)

Detects more fine-grained similarities

task type=Tm

S8
3 ................ -
B .............................
(A B)<d(A.C)
d(B,C)<d(A,C)
/

Td cannot elicit
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Bivariate Perceptual Kernels with MDS Projections
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Bivariate Perceptual Kernels with 3D MDS Projections
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kernel (L5)

CIELAB

CIEDE2000

Color
Names

kernel
(Tm)

CIELAB

CIEDE2000

Color
Names

kernel

CIELAB

CIEDE2000

Color Names

z(fg)”e' CIELAB  CIEDE2000
1.00 0.67 0.59
0.67 1.00 0.88
0.59 0.88 1.00
0.76 0.82 0.77
z(ﬁ;”)e' CIELAB  CIEDE2000
1.00 0.68 0.60
0.68 1.00 0.88
0.60 0.88 1.00
0.76 0.82 0.77
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Color
Names
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1.00

Color
Names
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kernel (L9)
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Color
Names

kernel (Td)
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Color
Names
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kernel
(L9)

1.00
0.77
0.66
0.79

kernel
(Td)

1.00
0.69
0.51
0.72

CIELAB
0.77
1.00
0.88
0.82

CIELAB
0.69
1.00
0.88

0.82

CIEDE2000
0.66
0.88
1.00
0.77

CIEDE2000
0.51
0.88
1.00
0.77

Color
Names
0.79 kernel (SA)
0.82 CIELAB
0.77 CIEDE2000
Color
1.00 Names
Color
Names
0.72
0.82
0.77
1.00
Tm

kernel
(SA)

1.00
0.23
0.09
0.45

CIELAB  CIEDE2000

0.23
1.00
0.88
0.82

0.09
0.88
1.00
0.77

Color
Names

0.45
0.82
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Comparison of Perceptual Color Kernels
with Color Models

O Kernel
0O Color Names
A CIELAB
¥ CIEDE2000
v o v AO v o v o v Ao
fs @ - oF Vo ‘5.7 A ‘® ovos o fg v a
o & & O ® v & v &
v o Vo v o o
39 @ oIt S S R
A
- &5 v el . 80 Iy - Iy v @
Hh oty Hh By JA H Ay A h oty a h Oy &
L5 L9 SA Tm Td

The palette shapes representing the models are chosen automatically with visual
embedding (using the triplet matching kernel). They reflect the correlations between the
variables. For example the correlation between the CIELAB and CIEDE2000 is higher than
the correlation between the perceptual kernels and color names and the assigned shapes
reflect this relationship perceptually.

All projections are aligned to the CIELAB projection in the plane using similarity

transformations 86
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Per-subject SAs: color
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Per-subject SAs: shape-color
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Per-subject SAs: size-color
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