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Pattern processing™

Pattern perception —

where the bottom-up processes of feature processing
meet the requirements of active attention

— Objects are extracted from patterns of features

Learning is important

— “priming” ; once we recognize a pattern it is easier to spot later.
Some patterns are easier to spot than others.

Understanding pattern perception provides abstract design
rules to tell us how we should organize data so that
important structures will be perceived.

— If we can map information structures to readily perceived
patterns, then those structures will be more easily interpreted.

*Chapter 6, Information visualization: perception for design, by Colin Ware



Space

e We livein a 3D world....

... but all dimensions are not equal!

) u.p-down Actually more like 2.5
* sideways dimensions, where the
0.5 is the away
dimension depth

or even 2.05 dimensions!




Space again

To get information in up-down and sideways
planes, we can rapidly sample with our eyes

* But to get information about depth, we need to
move.

Image plane sampling is 10-100x more efficient
than depth sampling

e Pattern processing in the brain is mostly devoted
to the image plane.

— This section focuses on 2D pattern perception



Higher level order: Patterns

Human visual system is a powerful pattern seeker

* ideas+ physical evidence = pattern

— We locate pattern with rapid visual searches
patterns are the essence of visual thinking

— often to perceive a pattern is to gain an insight or solve a problem
‘what’ pathway — processes patterns to ultimately identify objects

— Contours,texture, regions, motion

— the building blocks of objects

— or relationships between objects
e understanding how patterns are formed can inform the task of

organising space:
— unambiguous and clear
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Pattern examples

e [shown on board]



Generalized Contour

our brains have a contour extraction mechanism

Many different
kinds of boundaries

activate a
generalized
contour

This is why line
drawings are so
effective.




Number of animals
killed for food
Worldwide, 2009
1.7 million camels

24 million water buffalo

293 million cows

398 million goats

Contours

518 million sheep

¥ 111,.

633 million turkeys

Source: National Geographic

1.1 billion rabbits

1.3 billion pigs

IS

*And they're edible.
Ants are a good source
of protein and are

considered a delicacy in
many parts of the world.

ART: NIGEL HOLMES. SOURCE: FAD
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Texture regions

* Texture is distinguished in the same way as
single objects — primary factors are grain size,
orientation and contrast



Textures that are easy to distinguish
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grain size

Textures that are easy to distinguish



Textures that are easy to distinguish

curved versus straight



Textures that are easy to distinguish

sharp versus blur



Landscape with the Wall of a Farm by Vincent Van Gogh -
www.vangoghgallery.com 750 x 507



z ; W

x 31 cm., 1888, Los Angeles County Museum



)

. Fish.in'g Boats at Saintes-Maries-de-la-Mer by Vincent Vaﬁ:Gogh, pen and
ink and pencil, 24.4 x 31.9 cm Saint Louis Art Museum



Hard-to-discriminate texture pairs

e when low-level feature differences not
present, we find it hard to discriminate
between textures

* for design purposes, only basic texture
differences should be used to divide space



Hard-to-discriminate texture pairs
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Hard-to-discriminate texture pairs

Where is the
border between
textures?

spikes orientated
differently, but
field of orientation
IS same




Hard-to-discriminate texture pairs

spikes orientated

ssssss
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orange circles and
blue squares
versus blue circles
and orange
squares




Screenshot of nowCOAST Viewer, showing detailed view of the Lake Superior OFS Surface Water
Currents. The background colors shown indicate Sea Surface Temperature.
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Distance to nearest grocery store
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Lines start at regular intervals and end ’ r -
at the nearest grocery store, according ~

to Google. Longer lines represent

longer distances to travel.



Interference




Interference: compare




Interference: compare 2

text on a background
containing similar
feature elements will be
difficult to read, even if
it is in a different colour



Feature-level tuning




Feature-level tuning for overlapping
regions

* Representing overlapping regions is an
interesting design problem

— e.g. a map that shows both mean temperature,
differing vegetation types etc.

— Goal is to support variety of queries based on
temperature zones, vegetation zones or both.

— if different regions are display to be as distinct as

possible in terms of simple features, the result will
be easy to interpret



Feature-level tuning for overlapping
regions: example

heterogeneous
channel-based

approach



What are the best patterns?

 The what pathway identifies patterns, which

are increasingly complex the further we move
up the hierarchy

* There is no current experiment that will
determine which, of a possible infinite
number, patterns a neuron responds to best

— all researchers can do currently is find out by trial
and error which patterns humans respond to well



What are the best patterns?

p

e spikes

e convexities and concavities*

* boundaries between
texture regions

 Tand X junctions



Natural selection for symbols? e
*spikes ‘

econvexities and concavities -
*boundaries between texture regions

*T and X junctions




Symbols

ease of sharing

http://www.rethinkcanada.com



The importance of experience

* As we move up the “what” pathway to more
complex patterns, the effects of individual
experience become apparent
— much of the training in V1 happens in babies
— higher up the pathway is later life training



Meaning of patterns- Gestalt Laws

PROXIMITY: items close together are grouped together.
SIMILARITY: similar items are grouped together.
CONNECTEDNESS: items connected are related.

CONTINUITY: we are more likely to construct visual objects out of
elements that are smooth and continuous.

SYMMETRY: symmetry connects items into entities.

CLOsSURE: aclosed contour tends to be seen as an object. When an
object is incomplete or a space is not completely enclosed we percieve
the whole by filling in the missing information.

RELATIVE sI1ZE: smaller components of a patterns tend to be
perceived as objects.

FIGURE AND GROUND EFFEcTsS: figure is that perceived as
foreground, ground is behind the figure.

Rubin's Vase is a popular optical illusion used to illustrate differences
in perception of figure-ground stimuli.

Figure source: “Introducing the Perception Process.” Boundless Psychology. Boundless, 20 Aug. 2015



Semantic meaning of patterns
Basic patterns

small shapes with closed contour :

— object, idea, entity, node

Spacial ordered graphical objects:

— related information or a sequence {7
(left-to-right) »

Objects in proximity or with same

colour/texture:

— similar concepts, related
information

Size or height of object:

— Magnitude, quantity, importance,
2D location




Semantic meaning of patterns
More complex patterns

Mandela’s

Shapes connected by contour; ~ “#

— related entities, path between . iy

entities

Thickness of connecting contour: ) (&) BX 10 O

— strength of relationship e G @ M -
Colour and texture of connecting @ @S-Gl &
contour: e T Y.

— type of relationship = @

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Shapes enclosed by a contour/
texture/colour:

— contained entities, related entities
Nested/partitioned regions: wsarss ] o7/ Semanics
. . Progress XML / Data Representation\
— hierarchical concepts / \
TCPI/IP Network
Attached shapes: /T omrome\
— parts of a structure

Operating System

Trust

Pragmatics
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Depily

* Egocentric space consists of up-down,
sideways and towards-away dimensions

e 2.5 dimensions

— for every one of the million brain pixels recording

up and sideways information, there is only, at
best, one point of depth information

* depth cues are pictorial and non-pictorial



Depily

* When viewing a
graphic, we
simultaneously
see the flat, 2D
picture plane
and the 3D
picture space

Diego Rodriguez de Silva 'y
Velazquez, Las Meninas, c. 1656,
oil on canvas, 125 1/4 x 108 5/8
in. (Museo Nacional del Prado,
Madrid)




Pictorial Depth, Cues

 pictorial (or monocular) depth cues can be
reproduced in a photograph or painting
— defined by the projection of points on a plane
— need only one eye to see them



Pictorial Depth, Cues

e pictorial depth cues do not have to be defined
in an all-or-nothing fashion: they can be
applied according to goals of design

— choice is not 2D or 3D, but which of the depth
cues to apply

— each have unique properties that support
different kinds of visual query



Pictorial Depth Cues

strongest depth cue

— if placed in competition with
another, such as size
constancy, occlusion wins

e objects near to us block or
visually occlude objects
further away.

e an object that occludes
another appears closer

: Oc\uusmn

talent |
hard work T




Pictorial Depth Cues: Oc\uusmn

a method and metaphor for
ranking ordered information
— most important partially
occlude less important
* very important to ensure
that the occluded object can
still be identified

talent |
hard work T




rictorial depth cues: Perspective

* Size gradients: more distant objects are
smaller on the picture plane than similarly
sized nearby objects

* visual metaphor for relative importance

— advantage that less |mportant mformatlon takes
up less space ‘ |

http://art.nmu.edu/



rictorial depth cues: Perspective

* Size gradients: more distant objects are
smaller on the picture plane than similarly
sized nearby objects

* visual metaphor for relative importance

— advantage that less |mportant mformatlon takes
up less space ‘ |

I

http://art.nmu.eauy




rictorial depth cues: Perspective

J

http://art.nmu.edu/



rictorial depth cues: Perspective

N::vz::;t::re Mean \IEI‘SUS Individual . therefore universal
peak

divid | evululmnaru pusitively tas
nesgﬁsgﬂts ma E data tEStEd ;]ta“;;[il;[‘d [;[]I[][‘s experimen :s fllntd k prifﬂ“"“““ prefer foliage twice
WElghts Ghmese difference brain ppefeppe BlOW g Figure blug s

different

green ™

populations natural

identification Res ﬁltatmns GU|uur' WhEI‘EaS alone
give

GUI‘VESWS consistent " d
Wemht population s

E n G eaaatﬁssza SUbjects = Suplemental "<

4 a"e"aﬂﬂ smnlflcantluwmmnents i
iz BMAIES B S e %ggntﬁast e
tasks o tee I."M fem a | e eight sub-population u e rapidly

{oward Sex background ang mau
factors gyl theory ViSiON lightness Vamance U Hﬁhéugh subgroup Male Weehting " saturation '™

nnter ggross  DIuish trichromacy  fudamentd  opponen uhserverst WO Ooservers
sigificant /s colecting  eyolved ~ seconds
evidence radians

differ
Appl
three

within

stimuli
honed

f

faster rghygt patterns

wordle tag cloud for
“Biological components of sex
differences in color preference
Anya C. Hurlbert and Yazhu
Ling



Pictorial depth cues: Perspective

Texture gradients:
texture elements reduce
in size and increase in
density with distance

Provide a size reference
for objects

but usually less effective
than a grid for making
size judgements

also, fine textures usually
not reproduced on
computer displays




Pictorial depth cues: Linear
perspective ///
* Projections of parallel lines converge on the
picture plane
e grid of parallel lines used often in 3D layouts

of scientific objects to provide a reference
plane for layout and size measurement

visualization of a
severe supercell
thunderstorm

o
-‘@“ -x’f""'ﬁ"_"i.' £

S ala0e




Pictorial depth cues: Shading and Cast
Shadows

» surface of objects reflect

more or less light depending g 4
on how they are oriented to (J Q (D
a light source

http://art.nmu.edu/

* The shadow cast by one object on another
provides information about the distance
between them



Pictorial depth cues: Dropped
shadows




Pictorial depth cues: Dropped
shadows




Pictorial depth cues: Height on the
picture plane

* objects higher up the visual field are generally

seen as further away

http://art.nmu.edu/

Georges Seurat

A Sunday Afternoon on the Island of La
Grande Jatte

1884-86, oil on canvas



Pictorial depth cues: Depth of focus

* The human eye
focuses objects at a
specific distance:

— objects closer or

further away are
blurred

— degree of blur can be
used to direct
attention



Depth of focus

* Miniature faking, also known
as diorama effect or diorama
illusion, is a process in which
a photograph of a life-size
location or object is made to
look like a photograph of a
miniature scale model.

* Blurring parts of the photo
simulates the shallow depth
of field normally encountered
in close-up photography,
making the scene seem much
smaller than it actually is.

Digitally blurred miniature fake of Jodhpur

Original photo of Jodhpur



Depth of focus




Pictorial depth: reference to known
objects

* objects of known size are a reference against
which other objects are judged

— absolute size

— knowledge-based, but one of the most important
cues to distance

We see the duck
as closer than the

elephant

http://art.nmu.edu/



Pictorial depth: Degree of contrast

* Because air and water are not completely
transparent, the contrast between an object
and its background is reduced as distance

Increases
e “atmospheric perspective"

TH:

http://art.nmu.edu/cognateé/concepts/175_depthcues.htmI



Non-pictorial depth: stereoscopic

depth

Not captured in a static
Image

V1 has mechanisms to
extract small differences in
Images on two eyes to get
distance information

stereoscopic information is
used for guiding our hands

for objects at nearly the
same depth

i

The diagram indicates a left and
right eye. Both eyes converge on
a box but due to retinal disparity,
the angle of viewing is slightly
different for each eye. The brain
combines the two images to
create the perception of a three-
dimensional object.



Non-pictorial depth: stereoscopic
depth




Non-pictorial depth: depth from
motion

* better depth from steropsis

* brain takes advantage of series of views to
interpret depth information




2.5 design

treat depth very differently from other two
dimensions:

— depth cues used selectively to support design
goals

— objects laid out with minimum of occlusions —
minimize depth

— ensure critical information not occluded — use
transparency where necessary

— display text in the image plane



2D or 3D?

 when deciding whether as
display should be 2D or
3D, the nature of what is
displayed is very
Important:

— some data already has 3D
spatial properties
 architectural designs and
physical and biological data



2D or 3D?

* many other kinds of data are not inherently
spatial
* business statistics, social networks, abstract concepts
* some people have tried to use three
dimensional representations for these, with
the justification that, as we live in a 3D world,
3D must be better than 2D



2D or 3D?

e BUT —we don’t perceive 3 dimensions
— 2.5D or, more realistically, 2.05 D

* The cost of getting a good viewpoint in 3D is
almost always higher than clicking to follow a
hypertext link or zooming in 2 dimensions

* eye movements are the lowest cognitive cost
method we have for getting information on
our environment



Mountains Out of Molehills
A timeline of media-inflamed fears 33?? Q?Hﬂ?ﬁlﬁh

“BRITAIN PREPARES FOR 65,000

INTENSITY (no. of news media mentions) DEATHS FROM SWINE FLU”

CATASTROPHIC THREAT OF
BIRD FLU”

“SARS QUARANTINE
IN CHINA”
“Y2K APOCALYPSE!”

DEADLY MERS “CAMEL FLU”

“BATTLE OVERVIOLENT
MAY BE AIRBORNE”

VIDEO GAMES HEATS UP”
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Jesign & concept: David McCandless iINformationisbeautiful.net source: Googe Trends, Googe News Timeline // data retrieved 31st Dec 2015



Salt Mountains
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Colours In Culture

A Western / American 1 Anger

B Japanese
C Hindu

D Native American

E Chinese
F Asian

G Eastern European

H Muslim
| African

J South American

37 Growth

38 Happiness
39 Healing
40 Healthy

41 Heat

42 Heaven
43 Holiness
44 lliness

45 Insight

46 Intelligence
47 Intuition
48 Religion
49 Jealousy
50 Joy

51 Learning
52 Life

53 Love

54 Loyalty

Yellow
Gold

Grey
Silver

2 Art/ Creativity
3 Authority

4 Bad Luck

5 Balance

6 Beauty

7 Caim

8 Celebration
9 Children

10 Cold

11 Compassion
12 Courage

13 Cowardice
14 Cruelty

15 Danger

16 Death
17 Decadence
18 Deceit

65 Luxury
56 Marriage
57 Modesty
58 Money
59 Mourning
60 Mystery
61 Nature
62 Passion
63 Peace
64 Penance
65 Power

66 Personal power

67 Purity

68 Radicalism
69 Rational
70 Reliable
71 Repels Evil
72 Respect

19 Desire

20 Earthy

21 Energy

22 Erotic

23 Eternity

24 Evil

25 Excitement
26 Family

27 Femininity
28 Fertility

29 Flamboyance
30 Freedom
31 Friendly
32 Fun

33 God

34 Gods

35 Good Luck
36 Gratitude

73 Royalty

74 Self-cultivation
75 Strength

76 Style

77 Success

78 Trouble

79 Truce

80 Trust

81 Unhappiness
82 Virtue

83 Warmth

84 Wisdom




