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Interactive Data Visualization

Practical information
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B Teams registration

ms: lets check the actual situation

__Geowp 10 1D-1 Name-1 D-2 Namae-2 10-3 Name-)
GO 45380 Luls Mguel Frade Fermara Mosteko S048T  Batera nla Bento Gaspar Lopes 5104 Mguel Agpleton Femandes
G2 45088  Andrd Huy %o Vale S083T  Caros Pedro Leal Boras 456804  Nexandru Adn Casarrida
G0 56028 Ralacia Carmeira Eloutino Geegino da Cruz S6060  Andrd Fige Neves Basics S5T213 Carcina Pwio Perera Musle Goldston
G0s STH20  Masuel Luis Lopes Gongaives S685Q2  Anard Fipe Aben Pedanho 56861  Jodo Pedro Marques Camacho
GOsS S0A2Y  Joara Sofa Rodngues Bavadas 50433 Dwogo Aasanare Freve da Siva 498 Jodo Pedro Femmoia Femandes
GG 417X Anand Amionio da Veige 4178 Dogo Migued Aves Mortosa 4057 Ricardo Naaw
Go7 8051 Arvemans Wischas S0 Robert Braca 02 Aoon Gaden
Goa SO450  Ana Maria 2o Siva Cratho 0210  Sofa Frederco de Sousa Braz 43008  Rodngo de Almelda Gracas
Go9 S8022  Miguel Verissimo Matias Altino SES8T  Mieo Pacaiso Mosments ST168 Nuno Filpe Beaz Ecantic
G10 45303  Ana Sofa Lopes Alonso 47872  Sara Jarden Fermmandes
an S6856  Inds Sartos Gomes 47427  Angelo Miguet Vaz Duane 45305  Ancve Filipe Branco Resado
G12 S0970  Wiguel Teodoro Morera 47316 Renan Gongaves Pwio SOTAZ  Anoré Avtunes Rodrigues
G13 57255 Duarte Miguel da Sivera 56956 Naeks Anouchia Olweowra Loges 4766  Wend Nambd Francisco de Carvaino
G14 S2406  Anard Jorge Martns Sousa S2N6 David Mranda Rbevro Morowa 59082  Gustavo de Souza Morod)
G15 STH2  ANonso Nanuel Cunha Margues S804 Emanusl Krysaton L DA Menrigue Femandes Perera
G116 45067  Andrd Margues @0 Carvaiho Forreles Victores 48078 Duarte Pinto Luls Extoves SO488  Mguel de Sousa Lowrenco
G117 S482T  Lus Fipe Moss Dus ST179 Pedro Maruel dos Santos Margues 44817  Matven Patrick Borges Margues
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Teams: lets check the actual situation

® Notin any team!

43368 | Ricardo Manuel Rodrigues Amaral MIEI
48157 |Joao Carlos Raposo dos Reis MIEI
57024 | Pedro Carlos Estévao Laranjeira MAEBD
57918 |Kamil Trojnar MIEI
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Shared folder on Google Drive
h
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Shared folder on Google Drive

B You have received access to a shared folder:
¢ VID-19-20-GNN
—  Where GNN is your group ID

— If not please let me know
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Shared folder on Google Drive

® You have received access to a shared folder:

¢ VID-19-20-GNN
— Where GNN is your group ID
— If not please let me know

¥ Proposed organization for your folder

¢ Data and Workbooks
¢ Papers and PDFs
¢ Project Paper
— Name the files like VID-GNN-2020.MM.DD-Paper.pdf
¢ You may use overleaf to work on the paper

¢ Goggle Docs to share drafts
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Interactive Data Visualization

Never Forget !
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What is the Goal of Data Visualization?

«‘\@\ “Data visualization is not just about seeing data !

Is about UNDERSTANDING data,

and being able to make decisions based on the data”

by John C. Hart
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\What is the core idea of Interactive Data Visualization?
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\What is the core idea of Interactive Data Visualization?
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\What is the core idea of Interactive Data Visualization?

Question(s) / Task
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\What is the core idea of Interactive Data Visualization?
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\What is the core idea of Interactive Data Visualization?

e
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‘ Human Perception
0 And Information Processing
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\What is the core idea of Interactive Data Visualization?
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Human Perception
e S And Information Processing
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Interactive Data Visualization

What |Is Perception?
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What is perception?

_
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What is perception?
N

B Most define perception as the process of:
¢ recognizing (being aware of);
¢ organizing (gathering and storing);

¢ and interpreting (binding to knowledge) sensory information.
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What is perception?
[

B Most define perception as the process of:

¢ recognizing (being aware of);
¢ organizing (gathering and storing);

¢ and interpreting (binding to knowledge) sensory information.

W Perception is the process by which we interpret the world around us, forming

a mental representation of the environment.
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What is perception?
—

B Most define perception as the process of:

¢ recognizing (being aware of);
¢ organizing (gathering and storing);

¢ and interpreting (binding to knowledge) sensory information.

W Perception is the process by which we interpret the world around us, forming

a mental representation of the environment.

B The brain makes assumptions about the world to overcome the inherent

ambiguity in all sensory data, and in response to the task at hand.
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The brain makes assumptions !

Figure 3.1 (Matthew Ward, et. all)
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E brain makes assumptions !

Two seated figures, making sense at a higher, more abstract level, but still dis-
turbing. On closer inspection, these seats are not realizable. (Image courtesy

N. Yoshigahara.) Figure 3.1 (Matthew Ward, et. all)
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The brain makes assumptions !

Four # three. As in Figure 3.1, this object would have a problem being built (there
are four boards on the left and three on the right).

Figure 3.2 (Matthew Ward, et. all)
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The brain makes assumptions !

_
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Figure 3.3 (Matthew Ward, et. all)

A more complex illusion: there are two people drawn as part of the face.
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brain makes assumptions !

Figure 3.4
(Matthew Ward, et. all)

Photomosaic of Benjamin Franklin using images of international paper money or
bank notes. (Photomosaic® by Robert Silvers, http://www.photomosaic.com.)
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i brain makes assumptions !

Figure 3.5 ' P
(Matthew Ward, et. all) ©

Close-up view of the eye in Figure 3.4. (Photomosaic® by Robert Silvers, http://
www.photomosaic.com.)
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The brain makes assumptions !

B Our vision system is, foremost, not static, and secondly, often not under our

full control.

The Hermann grid illusion: (a) illusionary black squares appear over the complete
image as you gaze at it; (b) similar to (a) but even more dynamic and engaging.

Figure 3.6 (Matthew Ward, et. all)
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The brain makes assumptions !

N

® When we visualize data, we need to make sure that no such interferences are
present that would impede the understanding of what we are trying to convey

in the visualizations.
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The study of perception

¥ The study of perception is to identify the whole process of perception, from

sensation to knowledge.
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The study of perception
-

¥ The study of perception is to identify the whole process of perception, from
sensation to knowledge. What is causing the lines not to appear perfectly

straight?

Figure 3.7
(Matthew Ward, et. all)
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The study of perception
-

¥ The study of perception is to identify the whole process of perception, from
sensation to knowledge. What is causing the lines not to appear perfectly

straight?

Figure 3.7
(Matthew Ward, et. all)
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The study of perception
-

¥ The study of perception is to identify the whole process of perception, from
sensation to knowledge. What is causing the lines not to appear perfectly

straight?

Figure 3.7
(Matthew Ward, et. all)
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The study of perception

B The study of perception is to identify the whole process of perception, from

sensation to knowledge. What is causing the triangle to stand out?

Figure 3.7
(Matthew Ward, et. all)

N/
¢ 3
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The study of perception

® Two main approaches to the study of perception: One deals with measures,

and the other with models. Both are linked.

c Ef‘gcr\lucﬁ%[éET[éENOLom A Human Perception and Information Processing - 27
UNIVERSIDADE NOVA DE LISBOA



The study of perception

® Two main approaches to the study of perception: One deals with measures,

and the other with models. Both are linked.

¢ Measurements can help in the development of a model, and in turn, a model
should help predict future outcomes, which can then be measured to validate the

model.
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The study of perception

S—
® Two main approaches to the study of perception: One deals with measures,

and the other with models. Both are linked.

¢ Measurements can help in the development of a model, and in turn, a model

should help predict future outcomes, which can then be measured to validate the

model.

¢ We can measure low-level sensory perception (which line is longer) or higher

level perception (can you recognize the bird in this scene?).
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Interactive Data Visualization

Summary

Q&A
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What you should know

® What is perception.

W Process the sensorial information of the world around us, forming a mental

representation of the environment
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What you should know

® What is perception.

W Process the sensorial information of the world around us, forming a mental

representation of the environment
¥ The notion that the brain makes a lot of assumption in the process.

B Why it seems reasonable and necessary. Examples.

c E?ECNUCH%%ETEENOLOG A Human Perception and Information Processing - 29
UNIVERSIDADE NOVA DE LISBOA



What you should know

® What is perception.

W Process the sensorial information of the world around us, forming a mental

representation of the environment
¥ The notion that the brain makes a lot of assumption in the process.
B Why it seems reasonable and necessary. Examples.

® The role of measurements and theories in the study of perception.
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Interactive Data Visualization
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Interactive Data Visualization

Physiology
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Physiology

B Visible Spectrum

B Anatomy of the Visual System

® Visual Processing

® Eye Movement
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Isible Spectrum

® The range is very much dependent on the individual.

« Increasing Frequency (v)

ot 10 o™ 1" o™ ' ' ' ' w1t 1w vl
| | ' ) | ' i 1 | ) | | [ ]
¥ Xy | UV IR Microwave I-MI IAN Long radio waves
Radio waves
| i | . | | ' o} ) | l ’ | | |
w* w"* w9 " w* ! ‘w* i i i wr Ty w* w 1wt b {m)

Increasing Wavelength () —

400 SO0 o0 700
Increasing Wavelkength (4) s nm ~»

Figure 3.8 - (Matthew Ward, et. all)
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iiiible Spectrum

® The range is very much dependent on the individual.

« Increasing Frequency (v)

o' 10 o™ 10" w* " 10" 10" w0 0" w2
| | ' | ' | ! | | | ) '
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' | ' | | R | ' | ' | | |

.

T w"* 1w ™ w* ! 11 I 1) r 113 ot wt 1t b (m

---------- Increasing Wavelength () —
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B Color blindness and total blindness in humans are the result of an individual

not responding to certain wavelengths.
Figure 3.8 - (Matthew Ward, et. all)

Fc t Efé%}cﬁgls\%ETlgENOLoel A Human Perception and Information Processing - 33

UNIVERSIDADE NOVA DE LISBOA



Anatomy of the Visual System
| .
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Anatomy of the Visual System
| e

Connected to the head and brain by six
motion control muscles and one optic

nerve.

S1x muscles are generally considered as
motion controllers, providing the ability to
look at objects in the scene. Tend to
maintain the eye-level with the horizon
when the head is not perfectly vertical and in

stabilization of images.
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Anatomy of the Visual System
_

Pupil

Iris Cornea

Posterior chamber Anterior chamber

Zonular (aqueous humour)

fibres
Ciliary muscle

Suspensory
_ ligament
Retina

Choroid — Vitreous

humour
Sclera

-~

-

‘\\\
““Hyaloid
canal

Optic disc

Optic nerve

Retinal
blood vessels
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Anatomy of the Visual System
h

Pupil

Iris Cornea

Posterior chamber

Zonular
fibres

O —Ciliary muscle

Retina

Choroid
Sclera

Vitreous
humour

Hyaloid
canal

Optic disc

Optic nerve

Retinal
blood vessels

Anterior chamber
(aqueous humour)

Suspensory
ligament

> |the exterior cover of the front of the eye:

QO acting as a protective mechanism
against physical damage to the internal

structure

QO it also serves as one lens focusing the
light from the surrounding scene

onto the main lens
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Anatomy of the Visual System
h

Pupil >

Iris Cornea a circular hole in the iris, similar in

Posterior chamber Anterior chamber function to an aperture stop on a

Zonular (aqueous humour)

fibres photographic camera

Ciliary muscle

Suspensory
. ligament
Retina

Choroid = Vitreous

humour
Sclera

Hyaloid
canal

Optic disc
Optic nerve
Retinal
blood vessels
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Anatomy of the Visual System
h

Pupil >

Iris Cornea

Posterior chamber Anterior chamber

Zonular (aqueous humour)

fibres :
O —Ciliary muscle

Suspensory
. ligament
Retina

Choroid — Vitreous

humour
Sclera

Hyaloid
canal

Optic disc

Optic nerve

Retinal
blood vessels

a circular hole in the iris, similar in
function to an aperture stop on a

photographic camera

The iris is a colored annulus containing
radial muscles for changing the size of

the pupil opening
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Anatomy of the Visual System
h

Iris

Pupil

Cornea

Posterior chamber

Zonular

(aqueous humour)

Anterior chamber

fibres

Retina

Choroid
Sclera

Vitreous
humour

Hyaloid
canal

Optic disc

Optic nerve

blood vessels

B —Ciliary muscle

Suspensory
ligament

The third major component is the lens,
whose crystalline structure is similar to

onion skin.

Surrounded by the ciliary body, a set of
muscles, the lens can be stretched and
compressed, changing the thickness and
curvature of the lens and consequently

adjusting the focal length of the optical

system.
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Anatomy of the Visual System
h

Pupil

Iris Cornea

Posterior chamber

Zonular

), (aqueous humour)

Anterior chamber

fibres

Retina

Choroid
Sclera

Vitreous
humour

Hyaloid

Optic disc

Optic nerve

blood vessels

B —Ciliary muscle

- Suspensory
ligament

The third major component is the lens,
whose crystalline structure is similar to

onion skin.

Surrounded by the ciliary body, a set of
muscles, the lens can be stretched and
compressed, changing the thickness and
curvature of the lens and consequently
adjusting the focal length of the optical

system.

The elasticity of the lens determines the
range of shape changes possible, which is

lost as one ages, leaving the lens in a

slightly stretched state
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Anatomy of the Visual System

h

Iris

Pupil

Cornea

Posterior chamber Anterior chamber

Zonular (aqueous humour)

fibres

Ciliary muscle

Suspensory
ligament

Choroid = Vitreous

humour
Sclera

Hyaloid
canal

Optic disc

Optic nerve

Retinal
blood vessels

Once the light has passed through this
lens system, the final light rays are
projected onto the photoreceptive layer,

called the retina.
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tomy of the Visual System: Retina
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Anatomy of the Visual System: Retina
h

® Two types of photosensitive cells: rods and cones

¥ Rods are primarily responsible for intensity perception. They are associated with
scotopic vision, night vision, operating in clusters for increased sensitivity in very

low light conditions.

Human rod (left) and cone (right).
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Anatomy of the Visual System: Retina

_

® Two types of photosensitive cells: rods and cones

¥ Rods are primarily responsible for intensity perception. They are associated with
scotopic vision, night vision, operating in clusters for increased sensitivity in very

low light conditions.

® Cones for color perception

¥ Rods are typically ten times more

sensitive to light than cones Rods

Human rod (left) and cone (right). (Image © ColourdFree.)
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Anatomy of the Visual System: Retina

Cornea

Posterior chamber Anterior chamber

Zonular (aqueous humour)

fibres
Ciliary muscle

Suspensory
. ligament
Retina

Choroid — Vitreous

humour
Sclera

~Hyaloid
canal

Optic disc
Optic nerve
Retinal
blood vessels
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Anatomy of the Visual System: Retina

_

Iris

Pupil

Cornea

Posterior chamber Anterior chamber

Zonular (aqueous humour)

fibres
Ciliary muscle

Suspensory
. ligament
Retina

Choroid — Vitreous

humour
Sclera

~Hyaloid
canal

Optic disc

. The structure of the retina is roughly
Optic nerve
radially symmetric around the fovea.
Retinal
blood vessels
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Anatomy of the Visual System: Retina
[ —

The structure of the retina is roughly

radially symmetric around the fovea.

The fovea contains only cones, and

linearly, there are about 147,000 cones per

macula oxye
millimeter.

perifovea
The fovea is the region of sharpest vision.

| foveal.avascular zone

FAZ

foveola
L Qnta
B N

\ | I | I

Jio—l
G+
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Anatomy of the Visual System: Retina
[ —

¥ There is an overall distribution of all cells across the retina, with the highest
concentration occurring at the center of our visual field in the fovea and

reducing in coverage toward the edges.

macula

perifovea

N - R
M foveal.avascular zone
“FAZ

foveola
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Anatomy of the Visual System: Retina
-

¥ There is an overall distribution of all cells across the retina, with the highest
concentration occurring at the center of our visual field in the fovea and

reducing in coverage toward the edges.

B The fovea consists of only cone receptors,

and no rods, for highly detailed and exact vision. macula

perifovea
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Anatomy of the Visual System: Retina
-

¥ There is an overall distribution of all cells across the retina, with the highest
concentration occurring at the center of our visual field in the fovea and

reducing in coverage toward the edges.

B The fovea consists of only cone receptors,

and no rods, for highly detailed and exact vision. macula

perifovea

B The parafovea with an outer ring of 2.5-mm diameter,

with significantly more rods than cones.
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Anatomy of the Visual System: Retina
-

¥ There is an overall distribution of all cells across the retina, with the highest
concentration occurring at the center of our visual field in the fovea and

reducing in coverage toward the edges.

B The fovea consists of only cone receptors,

and no rods, for highly detailed and exact vision. macula

perifovea

B The parafovea with an outer ring of 2.5-mm diameter,
with significantly more rods than cones.

FAZ
¥ The perifovea with an outer ring of 5.5- mm diameter

| ':;;‘:' .4 ‘
- ‘.‘ "' " ;
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a foveola
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|
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Anatomy of the Visual System: Retina
-

¥ There is an overall distribution of all cells across the retina, with the highest
concentration occurring at the center of our visual field in the fovea and

reducing in coverage toward the edges.

B The fovea consists of only cone receptors,

and no rods, for highly detailed and exact vision. macula

perifovea

B The parafovea with an outer ring of 2.5-mm diameter,
with significantly more rods than cones.

FAZ
¥ The perifovea with an outer ring of 5.5- mm diameter

| ':;;‘:' .4 ‘
- ‘.‘ "' " ;
fn_..
a foveola
. 1@
MY
|

The peripheral retina, covering approximately 97.25%

of the total retinal surface and consisting largely of

rods.
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Anatomy of the Visual System: Retina - Rods

B Rods are the most sensitive type of photoreceptor cells available in the retina.
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Anatomy of the Visual System: Retina - Rods

N

¥ Rods are the most sensitive type of photoreceptor cells available in the retina.

® As these cells are thought to be achromatic, we tend to see objects at night in

shades of gray.
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Anatomy of the Visual System: Retina - Rods

B Rods are the most sensitive type of photoreceptor cells available in the retina.

B As these cells are thought to be achromatic, we tend to see objects at night in

shades of gray.

¥ Rods do operate, within the visible spectrum between approximately 400 and

700 nm.
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Anatomy of the Visual System: Retina - Rods

B Rods are the most sensitive type of photoreceptor cells available in the retina.

B As these cells are thought to be achromatic, we tend to see objects at night in

shades of gray.

¥ Rods do operate, within the visible spectrum between approximately 400 and

700 nm.

® It has been noted that during daylight levels of illumination, rods become

hyper-polarized, or completely saturated, and thus do not contribute to vision.
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Anatomy of the Visual System: Retina - Cones
-

B Cones provide photopic vision, i.e., are responsible for day vision.
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Anatomy of the Visual System: Retina - Cones
-

B Cones provide photopic vision, i.e., are responsible for day vision.

B There are three types of cones in the human eye: S (short), M (medium), and L

(long) wavelengths.

B The three types have been associated
with color combinations using R (red),

G (green), and B (blue).

Normalized cone response (linear energy)

s R TR T

400 450 500 550 600 650 700
Wavelength (nm)
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Anatomy of the Visual System: Retina - Cones
-

B Three types of cones: S (short), M (medium), and L (long) wavelengths.

¢ There are considerably fewer S cones, compared to the number of M and L cones

s

400 450 500 550 600 650 700
Wavelength (nm)

Normalized cone response (linear energy)
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Anatomy of the Visual System: Retina - Cones
-

B Three types of cones: S (short), M (medium), and L (long) wavelengths.

¢ There are considerably fewer S cones, compared to the number of M and L cones

¢ Humans can visually perceive all the colors within the standard visible spectrum

8

400 450 500 550 600 650 700
Wavelength (nm)

Normalized cone response (linear energy)
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Anatomy of the Visual System: Retina - Cones
-

B Three types of cones: S (short), M (medium), and L (long) wavelengths.

¢ There are considerably fewer S cones, compared to the number of M and L cones
¢ Humans can visually perceive all the colors within the standard visible spectrum

B Cones are not sensitive over a large fixed wavelength range but rather over a small
moving-window-based range.

Cones tend to adapt to the average wavelength where there is sensitivity above and

below their peaks, and a shift in their response curve
occurs when the average background wavelength

changes.

8

400 450 500 550 600 650 700
Wavelength (nm)

Normalized cone response (linear energy)
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Anatomy of the Visual System: blind spot

Figure 3.12 - (Matthew Ward, et. all)
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ﬁtomy of the Visual System: blind spot

B Where the optic nerve meets the retina, a blind spot occurs, due to the lack of

photoreceptive cells

| 1 2 9 & 9 ©

"

Blind spot discovery by identifying disappearance of target.

Figure 3.12 - (Matthew Ward, et. all)
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Visual system
h

B Because the human eye contains a limited number of rods and cones (about
120 million rods and 6 million cones), it can only manage a certain amount of

visual information over a given time frame.

Figure 3.8 - (Matthew Ward, et. all)
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Visual system
|

B Because the human eye contains a limited number of rods and cones (about
120 million rods and 6 million cones), it can only manage a certain amount of
visual information over a given time frame.

® The optic nerve only contains about one million fibers; thus the eye must
perform a significant amount of visual processing before transmitting

information to the brain.

Figure 3.8 - (Matthew Ward, et. all)
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Visual system

-
B Because the human eye contains a limited number of rods and cones (about

120 million rods and 6 million cones), it can only manage a certain amount of
visual information over a given time frame.

¥ The optic nerve only contains about one million fibers; thus the eye must
perform a significant amount of visual processing before transmitting
information to the brain.

¥ Additionally, the information transferred from these two types of cells is not
equivalent. The eye contains separate systems for encoding spatial properties
(e.g., size, location, and orientation), and object properties (e.g., color, shape,

and texture).

Figure 3.8 - (Matthew Ward, et. all)
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Visual Processing
L

¥ The Retina is complex layer of many neurons and photoreceptive cells
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image information to the brain.
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Visual Processing

B Each Brain hemisphere receives visual information from both eyes, possibly

to help with the perception of depth.

® As there is so much visual processing performed at both the eyes and within

the brain, these linked organs form an integral visual system.
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Eye Movement

B There are a variety of eye movements performed for scene interpretation:
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Eye Movement

B There are a variety of eye movements performed for scene interpretation:
B Smooth pursuit movements: the eyes move smoothly instead of in jumps.

¢ The angles from the normal to the face are equal (left and right as well as up and

down).

¢ For example, to make a pursuit movement, look at your forefinger at arms’ length

and then move your arm left and right while fixating on your fingertip.
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Eye Movement

B There are a variety of eye movements performed for scene interpretation:
B Smooth pursuit movements: the eyes move smoothly instead of in jumps.

¢ The angles from the normal to the face are equal (left and right as well as up and

down).

¢ For example, to make a pursuit movement, look at your forefinger at arms’ length

and then move your arm left and right while fixating on your fingertip.

B Vergence eye movements: moving a finger closer to the face and staring at it

will force the eyes inward, resulting in vergence movement. Defocusing to

merge depths in illusions is another example.
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Eie Movement

B Saccadic eye movements: these result from multiple targets of interest (not

necessarily conscious).

(b)

(a) The face used to study eye tracking. (b) The results of the tracking
gaze,
Figure 3.15 - (Matthew Ward, et. all)

Fc t E%%Jchgé%ETEENOLOGl A Human Perception and Information Processing - 55
UNIVERSIDADE NOVA DE LISBOA



Eye Movement

_

B Saccadic eye movements: these result from multiple targets of interest (not
necessarily conscious).

® The eye moves as much as 1000 degrees per second, bringing the gaze on

those targets within 25 msec.

(a) (b)

(a) The face used to study eye tracking. (b) The results of the tracking
gaze,
Figure 3.15 - (Matthew Ward, et. all)
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Eye Movement
_

B Saccadic eye movements: these result from multiple targets of interest (not

necessarily conscious).

® The eye moves as much as 1000 degrees per second, bringing the gaze on
those targets within 25 msec.

¢ It holds its position once on target.

¢ Selected targets are determined in the

frontal part of the cerebral cortex.

(a) (b)

(a) The face used to study eye tracking. (b) The results of the tracking
gaze,
Figure 3.15 - (Matthew Ward, et. all)
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Eye Movement
h

B Saccadic eye movements: these result from multiple targets of interest (not

necessarily conscious).

® The eye moves as much as 1000 degrees per second, bringing the gaze on

those targets within 25 msec.

¢ It holds its position once on target.

¢ Selected targets are determined in the
frontal part of the cerebral cortex.

¢ The selection is discriminatory, dependent

on a variety of parameters, and somewhat

(a) (b)

random.
(a) The face used to study eye tracking. (b) The results of the tracking

gaze,

Figure 3.15 - (Matthew Ward, et. all)
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Eye Movement

B Saccadic masking or suppression occurs during two states between saccadic

views.
¢ The gap produced is ignored (some say blocked).
¢ A continuous flow of information is interpreted, one that makes sense.

¢ The higher-level visual system filters out the blurred images acquired by the low-

level one, and only the two saccadic stop views are seen.
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Interactive Data Visualization

Summary

Q&A
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What you should know

¥ The visible spectrum, its composition the relation with color and many forms of

blindness.
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What you should know

¥ The visible spectrum, its composition the relation with color and many forms of

blindness.
® The eye main components and their role in the human vision system
® The motion control muscles; cornea, pupil, iris and the crystalline;

B Retina: Rods and cones; the differences, the roles, the placement, the relative

guantities.

c E’?@CNUCH%%ETIEENOLOG A Human Perception and Information Processing - 58
UNIVERSIDADE NOVA DE LISBOA



What you should know

¥ The visible spectrum, its composition the relation with color and many forms of

blindness.
® The eye main components and their role in the human vision system
® The motion control muscles; cornea, pupil, iris and the crystalline;

B Retina: Rods and cones; the differences, the roles, the placement, the relative

guantities.
® The eye main components and their role in the human vision system
® The optical nerve

B The information compression from optical system to the brain
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What you should know

¥ The visible spectrum, its composition the relation with color and many forms of

blindness.
® The eye main components and their role in the human vision system
® The motion control muscles; cornea, pupil, iris and the crystalline;

B Retina: Rods and cones; the differences, the roles, the placement, the relative

guantities.
® The eye main components and their role in the human vision system
® The optical nerve
B The information compression from optical system to the brain

¥ What is the blind spot. How to detect.
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What you should know

¥ The visible spectrum, its composition the relation with color and many forms of

blindness.
® The eye main components and their role in the human vision system
® The motion control muscles; cornea, pupil, iris and the crystalline;

B Retina: Rods and cones; the differences, the roles, the placement, the relative

guantities.
® The eye main components and their role in the human vision system
® The optical nerve
B The information compression from optical system to the brain
¥ What is the blind spot. How to detect.

B Type of eye movements
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Interactive Data Visualization
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Interactive Data Visualization

Perceptual Processing
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Perceptual Processing

¥ Preattentive Processing

B Theories of Preattentive Processing

B Feature Hierarchy

® Change Blindness
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“Preattentive” properties
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(a) Target is present in a sea of blue circle (b) Target is absent.

distractors.

An example of searching for a target red circle based on a difference in hue.
Figure 3.18 - (Matthew Ward, et. all)
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“Preattentive” properties
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(a) Target is present in a sea of blue circle (b) Target is absent.

distractors.

An example of searching for a target red circle based on a difference in hue.
Figure 3.18 - (Matthew Ward, et. all)
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“Preattentive” properties
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(a) Target is absent in a sea of red square (b) Target is present.
distractors.

An example of searching for a target red circle based on a difference in curvature.

Figure 3.19 - (Matthew Ward, et. all)
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“Preattentive” properties
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(a) Target is absent in a sea of red square (b) Target is present.

distractors.

An example of searching for a target red circle based on a difference in curvature.

Figure 3.19 - (Matthew Ward, et. all)
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Perceptual Processing: “preattentive” properties
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Perceptual Processing: “preattentive” properties
| .

B A limited set of visual properties that are detected very rapidly and accurately
by the low-level visual system. These properties were initially called

preattentive, since their detection seemed to precede focused attention.

c E%%Ucﬁgé%ETEENOLOQ A Human Perception and Information Processing - 64
UNIVERSIDADE NOVA DE LISBOA



Perceptual Processing: “preattentive” properties

e

B A limited set of visual properties that are detected very rapidly and accurately
by the low-level visual system. These properties were initially called

preattentive, since their detection seemed to precede focused attention.

¢ We now know that attention plays a critical role in what we see, even at this early

stage of vision.
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Perceptual Processing: “preattentive” properties

N

B A limited set of visual properties that are detected very rapidly and accurately
by the low-level visual system. These properties were initially called

preattentive, since their detection seemed to precede focused attention.

¢ We now know that attention plays a critical role in what we see, even at this early

stage of vision.

¢ Typically, tasks that can be performed on large multi-element displays in less than

200 to 250 milliseconds are considered preattentive.
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Perceptual Processing: “preattentive” properties

e

B A limited set of visual properties that are detected very rapidly and accurately
by the low-level visual system. These properties were initially called

preattentive, since their detection seemed to precede focused attention.

¢ We now know that attention plays a critical role in what we see, even at this early

stage of vision.

¢ Typically, tasks that can be performed on large multi-element displays in less than

200 to 250 milliseconds are considered preattentive.

¢ This suggests that certain information in the display is processed in parallel by

the low-level visual system.
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“Preattentive” properties

_

An example of a conjunction for a target circle.
Figure 3.20 - (Matthew Ward, et. all)

Fc t E'IL\ECNUCLIRQ%ETIIJEENOLOG A Human Perception and Information Processing - 65
UNIVERSIDADE NOVA DE LISBOA



“Preattentive” properties
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(a) Target is absent in a sea of red square (b) Target is present.

and blue circle distractors.

An example of a conjunction for a target circle.
Figure 3.20 - (Matthew Ward, et. all)
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“Preattentive” properties

_

S Distractor
1stracior
= ] =
B / @ & = B ® e ° &
® o & " e
e g B e N ]
® B
o " o & Hg® o  ®
m
* " o m, om ® gofF
® Em = =
O
(a) Target is absent in a sea of red square (b) Target is present.

and blue circle distractors.

An example of a conjunction for a target circle.
Figure 3.20 - (Matthew Ward, et. all)
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“Preattentive” properties

_

N Distractor Target
.E/a:r.‘\,. m ®eol® F
e gm® & o _ _EH\e .
o ¢° " 5 m gm o)\, =
e ™ o m, oem® go*
i) ® & @ N .‘ = = @ -

(a) Target is absent in a sea of red square (b) Target is present.

and blue circle distractors.

An example of a conjunction for a target circle.
Figure 3.20 - (Matthew Ward, et. all)
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“Preattentive” properties
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(a) Target is absent in a sea of red square (b) Target is present.

and blue circle distractors.

An example of a conjunction search for a target red circle.

Figure 3.20 - (Matthew Ward, et. all)
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“Preattentive” properties

N

® A unique visual property in the target (e.g., a red hue or curved form) allows it

to “pop out” of a display.
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“Preattentive” properties
| .

® A unique visual property in the target (e.g., a red hue or curved form) allows it

to “pop out” of a display.

m A target made up of a combination of non-unique features (a conjunction

target ) normally cannot be detected preattentively.

c E%%Ucﬁgé%ETEENOLOQ A Human Perception and Information Processing - 68
UNIVERSIDADE NOVA DE LISBOA



“Preattentive” properties
.

® A unique visual property in the target (e.g., a red hue or curved form) allows it

to “pop out” of a display.

m A target made up of a combination of non-unique features (a conjunction

target ) normally cannot be detected preattentively.

® Ared circle target is made up of two features: red and circular.
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“Preattentive” properties
| .

® A unique visual property in the target (e.g., a red hue or curved form) allows it

to “pop out” of a display.

m A target made up of a combination of non-unique features (a conjunction

target ) normally cannot be detected preattentively.

® Ared circle target is made up of two features: red and circular.

B One of these features is present in each of the distractor objects (red squares and

blue circles).
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“Preattentive” properties

B A unique visual property in the target (e.g., a red hue or curved form) allows it

to “pop out” of a display.

B A target made up of a combination of non-unique features (a conjunction

target ) normally cannot be detected preattentively.

® Ared circle target is made up of two features: red and circular.

B One of these features is present in each of the distractor objects (red squares and

blue circles).

® The visual system has no unique visual property to search for when trying to

locate the target. If a viewer searches for red items, the visual system always

returns true. Similarly, a search for circular items always sees blue circles.
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“Preattentive” properties

B Visual features that have been identified as preattentive:

® length, width, size, curvature, number, terminators, intersection, closure, hue,
intensity, flicker, direction of motion, binocular luster, stereoscopic depth, 3D

depth cues, and lighting direction.
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“Preattentive” properties

B Visual features that have been identified as preattentive:
® length, width, size, curvature, number, terminators, intersection, closure, hue,
intensity, flicker, direction of motion, binocular luster, stereoscopic depth, 3D
depth cues, and lighting direction.
¥ The key perceptual attributes associated with the above include luminance and
brightness, color, texture, and shape
¢ Luminance is the measured amount of light coming from some place.
¢ Brightness is the perceived amount of light coming from a source (is a nonlinear
function of the amount of light emitted by the source) [Paper # Screen].

¢ Texture is the characteristic appearance of an area or surface.
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“Preattentive” visual tasks
h

B Target detection.

® Users rapidly and accurately detect the presence or absence of a “target” element

with a unique visual feature within a field of distractor elements.
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“Preattentive” visual tasks
o

B Target detection.
® Users rapidly and accurately detect the presence or absence of a “target” element
with a unique visual feature within a field of distractor elements.
B Boundary detection.

¢ Users rapidly and accurately detect a texture boundary between two groups of

elements, where all of the elements in each group have a common visual.
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B Boundary detection.

¢ Users rapidly and accurately detect a texture boundary between two groups of

elements, where all of the elements in each group have a common visual.

Fc t E&%UCHRQ%ETEENOLOG A Human Perception and Information Processing - 70
UNIVERSIDADE NOVA DE LISBOA



“Preattentive” visual tasks
.

B Target detection.
® Users rapidly and accurately detect the presence or absence of a “target” element
with a unique visual feature within a field of distractor elements.
B Boundary detection.

¢ Users rapidly and accurately detect a texture boundary between two groups of

elements, where all of the elements in each group have a common visual.
B Region tracking.
¢ Users track one or more elements with a unique visual feature as they move in

time and space.
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“Preattentive” visual tasks
N

B Target detection.
® Users rapidly and accurately detect the presence or absence of a “target” element
with a unique visual feature within a field of distractor elements.
B Boundary detection.
¢ Users rapidly and accurately detect a texture boundary between two groups of
elements, where all of the elements in each group have a common visual.
B Region tracking.
¢ Users track one or more elements with a unique visual feature as they move in
time and space.
B Counting and estimation

¢ Users count or estimate the number of elements with a unique visual feature.
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Theories of Preattentive Processing

B Feature Integration Theory (Anne Treisman)
® Texton Theory
® Similarity Theory

B Guided Search Theory

B Postattentive Vision
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Feature Integration Theory (Anne Treisman)

W She starts by studying two important problems:

® she tried to determine which visual properties are detected preattentively;
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Feature Integration Theory (Anne Treisman)

N

W She starts by studying two important problems:

® she tried to determine which visual properties are detected preattentively;

® she formulated a hypothesis about how the human visual system performs

preattentive processing
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Feature Integration Theory (Anne Treisman)
h

W She starts by studying two important problems:

® she tried to determine which visual properties are detected preattentively;

¥ she formulated a hypothesis about how the human visual system performs

preattentive processing

¥ Treisman ran experiments using target and boundary detection

Fc " ElIL\ECNUcLIE‘é%ETE(E:NOLoel A Human Perception and Information Processing - 73
‘ UNIVERSIDADE NOVA DE LISBOA



Feature Integration Theory (Anne Treisman)

® Measuring preattentive task performance:
B response time:

Viewers are asked to complete the task (e.g., target detection) as quickly as

possible while still maintaining a high level of accuracy.
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Feature Integration Theory (Anne Treisman)

® Measuring preattentive task performance:
B response time:

- Viewers are asked to complete the task (e.g., target detection) as quickly as

possible while still maintaining a high level of accuracy.

The number of distractors in a scene is repeatedly increased
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Feature Integration Theory (Anne Treisman)

® Measuring preattentive task performance:
B response time:
- Viewers are asked to complete the task (e.g., target detection) as quickly as
possible while still maintaining a high level of accuracy.
The number of distractors in a scene is repeatedly increased

- If task completion time is relatively constant and below some chosen threshold,

independent of the number of distractors, the task is said to be preattentive.

Time 4

~ 200 msec

* preattentive

>
N° distractors
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Feature Integration Theory (Anne Treisman)

® Measuring preattentive task performance:
B response time:
- Viewers are asked to complete the task (e.g., target detection) as quickly as
possible while still maintaining a high level of accuracy.
The number of distractors in a scene is repeatedly increased

- If task completion time is relatively constant and below some chosen threshold,

independent of the number of distractors, the task is said to be preattentive.

: A
Time non preattentive

~ 200 msec

* preattentive

>
N° distractors

c E%CNU&%%ETEENOLOG A Human Perception and Information Processing - 74
UNIVERSIDADE NOVA DE LISBOA



Feature Integration Theory (Anne Treisman)

® Measuring preattentive task performance:
B accuracy:

- the display is shown for a small, fixed exposure duration, then removed from

the screen (200 to 250 msec).
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Feature Integration Theory (Anne Treisman)
L .

® Measuring preattentive task performance:
B accuracy:

- the display is shown for a small, fixed exposure duration, then removed from

the screen (200 to 250 msec).

> The number of distractors in a scene is repeatedly increased
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Feature Integration Theory (Anne Treisman)
L

® Measuring preattentive task performance:

B accuracy:

- the display is shown for a small, fixed exposure duration, then removed from

the screen (200 to 250 msec).
> The number of distractors in a scene is repeatedly increased

> If viewers can complete the task accurately, regardless of the number of

distractors, the feature used to define the target is assumed to be preattentive

Accuracyt
————~—— ~—— ~—— . preattentive

>
N° distractors
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Feature Integration Theory (Anne Treisman)
N

® Measuring preattentive task performance:

B accuracy:

- the display is shown for a small, fixed exposure duration, then removed from

the screen (200 to 250 msec).
> The number of distractors in a scene is repeatedly increased

> If viewers can complete the task accurately, regardless of the number of

distractors, the feature used to define the target is assumed to be preattentive

Accuracyt
—— —~— ~— ~—— . preattentive

non-preattentive

>
N° distractors
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Feature Integration Theory (Anne Treisman)

W List of visual features that are detected preattentively
B Some of these features are asymmetric:
- A sloped line in a sea of vertical lines can be detected preattentively

A vertical line in a sea of sloped lines cannot be detected preattentively
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Feature Integration Theory (Anne Treisman)

W List of visual features that are detected preattentively
B Some of these features are asymmetric:
- A sloped line in a sea of vertical lines can be detected preattentively
- Avertical line in a sea of sloped lines cannot be detected preattentively

® Different types of background distractors may have a impact on the target feature
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Feature Integration Theory (Anne Treisman)

W List of visual features that are detected preattentively
B Some of these features are asymmetric:
- A sloped line in a sea of vertical lines can be detected preattentively
A vertical line in a sea of sloped lines cannot be detected preattentively

® Different types of background distractors may have a impact on the target feature

¥ To explain the preattentively features and processing they propose a “Feature

Integration Theory”
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Feature Integration Theory (Anne Treisman)

W List of visual features that are detected preattentively
B Some of these features are asymmetric:
- A sloped line in a sea of vertical lines can be detected preattentively
A vertical line in a sea of sloped lines cannot be detected preattentively

® Different types of background distractors may have a impact on the target feature

¥ To explain the preattentively features and processing they propose a “Feature

Integration Theory”

¢ A model of low-level human vision made up of a set of feature maps. Each feature

map registers activity in response to a specific visual feature

¢ and a master map of locations.
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Feature Integration Theory (Anne Treisman)
_

ndividual feature maps
blue ~ - | :  orientation
yellow I A contrast
green size

red : S\ / haramnance

the individual feature maps give no / ) e / master map
information about location, spatial _x of locations
arrangement, or relationships to

activity in other maps. altention

Treisman’s feature integration model for early vision; individual maps can be ac-

cessed to detect feature activity; focused attention acts through a serial scan of
the master map of locations.

Figure 3.22 - (Matthew Ward, et. all)
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Feature Integration Theory (Anne Treisman)

i
®m If the target has a unique feature, one can simply access the given feature map to see
if any activity is occurring
B Feature maps are encoded in parallel, so feature detection is almost instantaneous.

B A conjunction target cannot be detected by accessing an individual feature map.

mnclividual feature maps

blue : onentation
vellow / contrast
nreen ' s1ze
red , , luminance
nd ‘:t.',
\/ master map
A .
of locations
RN\
\
attenbion
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Feature Integration Theory (Anne Treisman)
| .

® Relaxing the strict dichotomy of features being detected as being either in parallel or

in serial
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Feature Integration Theory (Anne Treisman)
N

® Relaxing the strict dichotomy of features being detected as being either in parallel or
in serial
® For example, a long vertical line can be detected immediately among a group of

short vertical lines.
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Feature Integration Theory (Anne Treisman)
L

® Relaxing the strict dichotomy of features being detected as being either in parallel or
in serial
® For example, a long vertical line can be detected immediately among a group of
short vertical lines.
B As the length of the target shrinks, the search time increases, because the target

is harder to distinguish from its distractors.
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Feature Integration Theory (Anne Treisman)

® Relaxing the strict dichotomy of features being detected as being either in parallel or

in serial

® For example, a long vertical line can be detected immediately among a group of
short vertical lines.

B As the length of the target shrinks, the search time increases, because the target
is harder to distinguish from its distractors.

B At some point, the target line becomes shorter than the distractors. If the length
of the target continues to decrease, search time decreases, because the degree of

similarity between the target and the distractors is now decreasing.
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Feature Integration Theory (Anne Treisman)
[ m—

¥ Treisman extended feature integration to explain certain cases where conjunction

search is preattentive
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Feature Integration Theory (Anne Treisman)
L .

¥ Treisman extended feature integration to explain certain cases where conjunction
search is preattentive
® Conjunction search tasks involving motion, depth, color, and orientation have

been shown to be preattentive by Nakayama and Silverman !
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Feature Integration Theory (Anne Treisman)

N

¥ Treisman extended feature integration to explain certain cases where conjunction
search is preattentive
® Conjunction search tasks involving motion, depth, color, and orientation have
been shown to be preattentive by Nakayama and Silverman !
B Treisman hypothesizes that a significant target-nontarget feature difference would
allow individual feature maps to ignore non target information

- Example: green horizontal bar within a set of red horizontal bars and green

vertical bars. Wolfe showed that search times are independent of display size!
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Feature Integration Theory (Anne Treisman)

¥ Treisman extended feature integration to explain certain cases where conjunction
search is preattentive
® Conjunction search tasks involving motion, depth, color, and orientation have
been shown to be preattentive by Nakayama and Silverman !
B Treisman hypothesizes that a significant target-nontarget feature difference would
allow individual feature maps to ignore non target information
- Example: green horizontal bar within a set of red horizontal bars and green
vertical bars. Wolfe showed that search times are independent of display size!
If color constituted a significant feature difference, the red color map could
inhibit information about red horizontal bars. Thus, the search reduces to

finding a green horizontal bar in a sea of green vertical bars.
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Texton Theory (Bela Julesz)
h
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Texton Theory (Bela Julesz)

B He suggested that the early visual system detects a group of features called

textons, that can be classified into three general categories:

® elongated blobs (e.g., line segments, rectangles, ellipses) with specific properties

such as hue, orientation, and width;
B terminators (ends of line segments);

B crossings of line segments.
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Texton Theory (Bela Julesz)

B He suggested that the early visual system detects a group of features called

textons, that can be classified into three general categories:

¥ elongated blobs (e.g., line segments, rectangles, ellipses) with specific properties

such as hue, orientation, and width;
¥ terminators (ends of line segments);
B crossings of line segments.

B Julesz believed that only a difference in textons or in their density can be detected

preattentively.
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Texton Theory (Bela Julesz)

_

® Even when each appear very different in isolation, it may be difficult, if not

impossible, to differentiate any pattern when in a texture or grid.

Two simple textons, easily differentiable.
Figure 3.23 - (Matthew Ward, et. all)
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Texton Theory (Bela Julesz)

B Julesz used texture segregation
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Although the two objects look very
different in isolation, they are
actually the same texton. Both are
made up of the same set of line
segments, and each has two

terminators.

A target group of b-textons is difficult to detect in a background of a-textons when

a random rotation is applied.

Figure 3.24 - (Matthew Ward, et. all)
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Texton Theory (Bela Julesz)

_

B Julesz used texture segregation
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Although the two objects look very

different in isolation, they are

A target group of b-textons is difficult to detect in a background of a-textons when

d tation is lied.
a random rotation is applied Figure 3.24 - (Matthew Ward, et. all)
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Similarity Theory (Quinlan and Humphreys)
[ m—

¥ They investigated conjunction searches:
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¥ They investigated conjunction searches:

W Search time may depend on the number of items of information required to

identify the target
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Similarity Theory (Quinlan and Humphreys)
h

¥ They investigated conjunction searches:
W Search time may depend on the number of items of information required to
identify the target

® Search time may depend on how easily a target can be distinguished from its

distractors, regardless of the presence of unique preattentive features
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Similarity Theory (Quinlan and Humphreys)
-

B They investigated conjunction searches:
W Search time may depend on the number of items of information required to
identify the target
® Search time may depend on how easily a target can be distinguished from its
distractors, regardless of the presence of unique preattentive features
¥ Model:
¢ Assumes that search ability varies continuously, depending on both the type of

task and the display conditions
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Similarity Theory (Quinlan and Humphreys)
[ m—

¥ They investigated conjunction searches:
W Search time may depend on the number of items of information required to
identify the target

® Search time may depend on how easily a target can be distinguished from its

distractors, regardless of the presence of unique preattentive features
¥ Model:

¢ Assumes that search ability varies continuously, depending on both the type of

task and the display conditions
¢ Search time is based on two criteria:

— T-N similarity is the amount of similarity between the targets and nontargets
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Similarity Theory (Quinlan and Humphreys)
|

¥ They investigated conjunction searches:

W Search time may depend on the number of items of information required to
identify the target

® Search time may depend on how easily a target can be distinguished from its
distractors, regardless of the presence of unique preattentive features

¥ Model:

¢ Assumes that search ability varies continuously, depending on both the type of
task and the display conditions

¢ Search time is based on two criteria:

— T-N similarity is the amount of similarity between the targets and nontargets

— N-N similarity is the amount of similarity within the nontargets themselves
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Similarity Theory (Quinlan and Humphreys)

® The search time depends on T-N and N-N similarities:
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Similarity Theory (Quinlan and Humphreys)

® The search time depends on T-N and N-N similarities:

® As T-N similarity increases, search efficiency decreases and search time

increases;
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Similarity Theory (Quinlan and Humphreys)

® The search time depends on T-N and N-N similarities:
® As T-N similarity increases, search efficiency decreases and search time
increases;

® As N-N similarity decreases, search efficiency decreases and search time

increases.
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Similarity Theory (Quinlan and Humphreys)

N

® The search time depends on T-N and N-N similarities:
® As T-N similarity increases, search efficiency decreases and search time
increases;

® As N-N similarity decreases, search efficiency decreases and search time

Increases.
® T-N similarity and N-N similarity are related:

— decreasing N-N similarity has little effect if T-N similarity is low;
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Similarity Theory (Quinlan and Humphreys)

® The search time depends on T-N and N-N similarities:
® As T-N similarity increases, search efficiency decreases and search time
increases;

® As N-N similarity decreases, search efficiency decreases and search time

Increases.
® T-N similarity and N-N similarity are related:
— decreasing N-N similarity has little effect if T-N similarity is low;

— Increasing T-N similarity has little effect if N-N similarity is high.
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Similarity Theory (Quinlan and Humphreys)
_

=
. L

—

(a) High N-N (nontarget-nontarget) similar-
ity allaws easy ebection o targe L

Example of N-N similarity affecting search efficiency for a target shaped like the
letter L.

Figure 3.25 - (Matthew Ward, et. all)
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Similarity Theory (Quinlan and Humphreys)
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(a) High N-N (nontarget-nontarget) similar-
ity allaws easy ebection o targe L

Example of N-N similarity affecting search efficiency for a target shaped like the

letter L.

Figure 3.25 - (Matthew Ward, et. all)
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Similarity Theory (Quinlan and Humphreys)
_

average search |
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of 4.5 msec

per additional
distractor l
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(a) High N-N (nontarget-nontarget) similar-
ity allows easy detoction ol tamger =

Example of N-N similarity affecting search efficiency for a target shaped like the
letter L.

Figure 3.25 - (Matthew Ward, et. all)
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Similarity Theory (Quinlan and Humphreys)
_

.

—

(b) Low N-N similarity increases the diffi-
culty of detecting the tanget L.

Example of N-N similarity affecting search efficiency for a target shaped like the
letter L.

Figure 3.25 - (Matthew Ward, et. all)
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Similarity Theory (Quinlan and Humphreys)
_

.

L]

(b) Low N-N similarity increases the diffi-
culty of detecting the tanget L.

Example of N-N similarity affecting search efficiency for a target shaped like the
letter L.

Figure 3.25 - (Matthew Ward, et. all)
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Similarity Theory (Quinlan and Humphreys)
_

time increase

of 54.5 msec
per additional
distractor

L]

(b) Low N-N similarity increases the diffi-
Culty ot detecting the taget -

Example of N-N similarity affecting search efficiency for a target shaped like the
letter L.

Figure 3.25 - (Matthew Ward, et. all)
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Similarity Theory (Quinlan and Humphreys)
_

| I average search

average search time increase

time increase of 54.5 msec

of 4.5 msec I per additional
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distractor . L_ .
- L |

(a) High N-N (nontarget-nontarget) similar- (b) Low N-N similarity increases the diffi-
ity allaws eany Cebection oo taxget L culty ot catacting the targee 1

Example of N-N similarity affecting search efficiency for a target shaped like the

letter L.
Figure 3.25 - (Matthew Ward, et. all)
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Postattentive Vision

¥ Preattentive processing asks in part:
B What visual properties draw our eyes, and therefore our focus of attention, to a
particular object in a scene?
¥ An equally interesting question is:

® What happens to the visual representation of an object when we stop attending to

it and look at something else?
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Postattentive Vision

¥ Preattentive processing asks in part:
® What visual properties draw our eyes, and therefore our focus of attention, to a
particular object in a scene?
¥ An equally interesting question is:

® What happens to the visual representation of an object when we stop attending to

it and look at something else?

B The intuitive belief that a rich visual representation accumulates as we look at more

and more of a scene ...
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Postattentive Vision

¥ Preattentive processing asks in part:
® What visual properties draw our eyes, and therefore our focus of attention, to a
particular object in a scene?
¥ An equally interesting question is:

® What happens to the visual representation of an object when we stop attending to

it and look at something else?

B The intuitive belief that a rich visual representation accumulates as we look at more

and more of a scene ...

¢ Appears not to be true.
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Postattentive Vision

® Wolfe designed targets with two critical properties:

® The targets were formed from a conjunction of features (e.g., they could not be

detected preattentively).
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Postattentive Vision

B Wolfe designed targets with two critical properties:
® The targets were formed from a conjunction of features (e.g., they could not be
detected preattentively).

® The targets were arbitrary combinations of colors and shapes (e.g., they were not

objects that could be semantically recognized and remembered on the basis of

familiarity).
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Postattentive Vision

B Wolfe designed targets with two critical properties:

® The targets were formed from a conjunction of features (e.g., they could not be
detected preattentively).
® The targets were arbitrary combinations of colors and shapes (e.g., they were not
objects that could be semantically recognized and remembered on the basis of
familiarity).
® Wolfe initially tested two search types (response-time search)
¢ Traditional search: Text on a blank screen was shown to identify the target. This

was followed by a display containing 4, 5, 6, 7, or 8 potential target objects ina 3 x

3 array (formed by combinations of seven colors and five shapes).

¢ Postattentive search
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Postattentive Vision
_

B Traditional search

GREEN 20 GREEN
VERTICAL VERTICAL

N @ =

Search for color-and-shape conjunction targets:
- no preview of the scene is shown (although text identifying the target is shown prior to the search)
- in this case, the green vertical target is present

Figure 3.27 - (Matthew Ward, et. all)
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Postattentive Vision
_

B Postattentive search

O

o O o
-

> WHITE
OBLIQUE

Search for color-and-shape conjunction targets:
- a preview of the scene is shown, followed by text identifying the target;
- in this case, a white oblique target is not present

Figure 3.27 - (Matthew Ward, et. all)
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Postattentive Vision

B Postattentive search
® The display to be searched was shown to the user for a specific duration (up to
300 msec)
® Text identifying the target was then inserted into the scene

® Results showed that the postattentive search was as slow (or slower) than the
traditional search, with approximately 25-40 msec per object required for the

target present trials.
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Postattentive Vision
L.

B Postattentive search
® The display to be searched was shown to the user for a specific duration (up to
300 msec)
® Text identifying the target was then inserted into the scene

® Results showed that the postattentive search was as slow (or slower) than the
traditional search, with approximately 25-40 msec per object required for the

target present trials.

B Previewing the scene provides no advantage to the viewer for finding a

conjunction target ® O @ O
~ — OBLIGUE ~
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Change Blindness

B The goal of human vision is not to create a replica or image of the seen world

in our heads.
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Change Blindness

¥ The goal of human vision is not to create a replica or image of the seen world

in our heads.

® A much better metaphor for vision is that of a dynamic and ongoing
construction project, where the products being built are short-lived models of

the external world that are specifically designed for the current visually

guided tasks of the viewer.
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Change Blindness

¥ The goal of human vision is not to create a replica or image of the seen world

in our heads.

® A much better metaphor for vision is that of a dynamic and ongoing
construction project, where the products being built are short-lived models of
the external world that are specifically designed for the current visually

guided tasks of the viewer.

B What we “see” when confronted with a new scene depends as much on our

goals and expectations as it does on the array of light that enters our eyes.
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Change Blindness

® New research in psychophysics has shown that an interruption in what is
being seen (i.e., a blink, an eye saccade, or a blank screen) renders us “blind”

to significant changes that occur in the scene during the interruption
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Enge Blindness

® New research in psychophysics has shown that an interruption in what is

being seen (i.e., a blink, an eye saccade, or a blank screen) renders us “blind”

to significant changes that occur in the scene during the interruption

Figure 3.30 - (Matthew Ward, et. all)
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Change Blindness

® New research in psychophysics has shown that an interruption in what is being
seen (i.e., a blink, an eye saccade, or a blank screen) renders us “blind” to

significant changes that occur in the scene during the interruption
m Alist of possible explanations for why change blindness occurs in our VS:

B Overwriting: information that was not abstracted from the first image is lost.
m First Impression: hypothesis that only the initial view of a scene is abstracted.

® Nothing Is Stored: after a scene has been viewed and information has been

abstracted, no details are represented internally.
® Everything Is Stored, Nothing Is Compared: only compared is requested

B Feature Combination: details from an initial view might be combined with new

features from a second view.
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Interactive Data Visualization

Summary

Q&A
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What you should know

¥ The concept of Preattentive Processing.
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What you should know

¥ The concept of Preattentive Processing.

® Why the name Preattentive is not completely correct?
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¥ The concept of Preattentive Processing.
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What you should know

¥ The concept of Preattentive Processing.
® Why the name Preattentive is not completely correct?
W Examples of visual properties

B Examples of tasks (Target detection, Boundary detection, Region tracking, ...)
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What you should know

¥ The concept of Preattentive Processing.
B Why the name Preattentive is not completely correct?
B Examples of visual properties
B Examples of tasks (Target detection, Boundary detection, Region tracking, ...)

B Time to performed on large multi-element displays in less than 200 to 250 milliseconds
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What you should know

¥ The concept of Preattentive Processing.
B Why the name Preattentive is not completely correct?
B Examples of visual properties
B Examples of tasks (Target detection, Boundary detection, Region tracking, ...)
B Time to performed on large multi-element displays in less than 200 to 250 milliseconds
B What is the meaning of conjunction target

m Kkey perceptual attributes: luminance, brightness, color, texture, and shape.
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What you should know

¥ The concept of Preattentive Processing.

Why the name Preattentive is not completely correct?

Examples of visual properties

Examples of tasks (Target detection, Boundary detection, Region tracking, ...)

Time to performed on large multi-element displays in less than 200 to 250 milliseconds
What is the meaning of conjunction target

key perceptual attributes: luminance, brightness, color, texture, and shape.

® How to Measuring preattentive task performance (response time and accuracy)
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What you should know

¥ The concept of Preattentive Processing.

Why the name Preattentive is not completely correct?

Examples of visual properties

Examples of tasks (Target detection, Boundary detection, Region tracking, ...)

Time to performed on large multi-element displays in less than 200 to 250 milliseconds
What is the meaning of conjunction target

key perceptual attributes: luminance, brightness, color, texture, and shape.

® How to Measuring preattentive task performance (response time and accuracy)

B Some of features that are detected preattentively are asymmetric
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What you should know

¥ The concept of Preattentive Processing.
B Why the name Preattentive is not completely correct?
B Examples of visual properties
B Examples of tasks (Target detection, Boundary detection, Region tracking, ...)
B Time to performed on large multi-element displays in less than 200 to 250 milliseconds
B What is the meaning of conjunction target
m Kkey perceptual attributes: luminance, brightness, color, texture, and shape.
® How to Measuring preattentive task performance (response time and accuracy)
B Some of features that are detected preattentively are asymmetric

® Different types of background distractors may have a impact on the target feature
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What you should know

B Some ideas from main perception theories and models
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What you should know

B Some ideas from main perception theories and models
B Some conjunction search tasks have been shown to be preattentive
B Search time is based on two criteria: T-N similarity and N-N similarity
—  T-N similarity * => Ef. v
— N-N similarity v => Ef. v
B Postattentive Vision

® Previewing a scene provides no advantage to the viewer for finding a conjunction target

Feature Hierarchy
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What you should know

B Some ideas from main perception theories and models
B Some conjunction search tasks have been shown to be preattentive
B Search time is based on two criteria: T-N similarity and N-N similarity
—  T-N similarity * => Ef. v
— N-N similarity v => Ef. v
B Postattentive Vision

® Previewing a scene provides no advantage to the viewer for finding a conjunction target

Feature Hierarchy
® Change Blindness

® Nothing Is Stored: after a scene has been viewed and information has been abstracted,

no details are represented internally.
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Interactive Data Visualization
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Interactive Data Visualization

Further Reading and Summary

Q&A
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Further Reading

® Pag 81 -117 from Interactive Data Visualization: Foundations, Techniques, and

Applications, Matthew O. Ward, Georges Grinstein, Daniel Keim, 2015
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What you should know

® What is perception.

W Process the sensorial information of the world around us, forming a mental

representation of the environment
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What you should know

® What is perception.

W Process the sensorial information of the world around us, forming a mental

representation of the environment
¥ The notion that the brain makes a lot of assumption in the process.

B Why it seems reasonable and necessary. Examples.
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¥ The visible spectrum, its composition the relation with color and many forms of
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What you should know

® What is perception.

W Process the sensorial information of the world around us, forming a mental

representation of the environment
¥ The notion that the brain makes a lot of assumption in the process.
B Why it seems reasonable and necessary. Examples.
® The role of measurements and theories in the study of perception.

¥ The visible spectrum, its composition the relation with color and many forms of

blindness.
® The eye main components and their role in the human vision system
® The motion control muscles; cornea, pupil, iris and the crystalline;

B Retina: Rods and cones; the differences, the roles, the placement, the relative

guantities.
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What you should know

® The eye main components and their role in the human vision system
® The optical nerve

® The information compression from optical system to the brain
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What you should know

® The eye main components and their role in the human vision system
® The optical nerve
® The information compression from optical system to the brain

¥ What is the blind spot. How to detect.
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What you should know

® The eye main components and their role in the human vision system
® The optical nerve
® The information compression from optical system to the brain

¥ What is the blind spot. How to detect.

® Type of eye movements
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What you should know

® The eye main components and their role in the human vision system
® The optical nerve
B The information compression from optical system to the brain
¥ What is the blind spot. How to detect.
® Type of eye movements
® The concept of Preattentive Processing.
® Why the name Preattentive is not completely correct?
B Examples of visual properties
B Examples of tasks (Target detection, Boundary detection, Region tracking, ...)
B Time to performed on large multi-element displays in less than 200 to 250 milliseconds
® What is the meaning of conjunction target

m Kkey perceptual attributes: luminance, brightness, color, texture, and shape.
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What you should know

® How to Measuring preattentive task performance (response time and accuracy)
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What you should know

® How to Measuring preattentive task performance (response time and accuracy)

B Some of features that are detected preattentively are asymmetric
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What you should know

® How to Measuring preattentive task performance (response time and accuracy)
B Some of features that are detected preattentively are asymmetric

m Different types of background distractors may have a impact on the target feature
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What you should know

® How to Measuring preattentive task performance (response time and accuracy)
B Some of features that are detected preattentively are asymmetric
m Different types of background distractors may have a impact on the target feature
B Some ideas from main perception theories and models
B Some conjunction search tasks have been shown to be preattentive

B Texton Theory (elongated blobs, terminators, crossings). Difference in textons or in their

density
B Search time is based on two criteria: T-N similarity and N-N similarity
—  T-N similarity * => Ef. v

— N-N similarity v => Ef. v
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What you should know

B Postattentive Vision

¥ Previewing a scene provides no advantage to the viewer for finding a conjunction target

Feature Hierarchy
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What you should know

B Postattentive Vision

B Previewing a scene provides no advantage to the viewer for finding a conjunction target

Feature Hierarchy
® Feature Hierarchy

B For certain tasks, the visual system seems to favor one type of visual feature over

another.

B A data-feature mapping should not produce visual interference
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What you should know

B Postattentive Vision

B Previewing a scene provides no advantage to the viewer for finding a conjunction target

Feature Hierarchy
® Feature Hierarchy

B For certain tasks, the visual system seems to favor one type of visual feature over

another.
B A data-feature mapping should not produce visual interference
® Change Blindness

B Nothing Is Stored: after a scene has been viewed and information has been abstracted,

no details are represented internally.
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Interactive Data Visualization
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