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“My wife and mother in law”, W.E. Hill 
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Did you see the dolphin?
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from:http://web.mit.edu/persci/people/adelson/checkershadow_illusion.html
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Human eye

http://www.cea1.com
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from: http://lumenistics.com/what-is-full-spectrum-lighting/

Visible light spectrum
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Human sensitivity to color

from: http://hyperphysics.phy-astr.gsu.edu/hbase/vision/colcon.html
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Eye movement

Conjugate eye movements
also called pursuit movements

eyes maintain the same angle from a normal to the face

Vergence eye movements
eyes move at different angles (going cross-eyed)

Saccadic eye movements
fast movement to switch targets (25 ms to move)

suppression occurs between targets

http://bodyinmovement.se/?pid=60&sub=41&sub2=37
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How many threes?

45929078059772098775972655665110049836645
27107462144654207079014738109743897010971
43907097349266847858715819048630901889074
25747072354745666142018774072849875310665
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Is there a red circle?

http://www.csc.ncsu.edu/faculty/healey/PP/
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Is there a boundary?

http://www.csc.ncsu.edu/faculty/healey/PP/
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Preattentive vs Attentive

pre-attentive attentive
<=250 ms >250 ms

parallel serial

(Findlay & Gilchrist, 2005), so prior attention is part of the phenomenon. Still, although
the term is misleading, we shall continue to use it because of its widespread adop-
tion. In any case, the phenomena described by the term are very real and of critical
importance.

A typical experiment conducted to find out whether some pattern is preattentively dis-
tinct involves measuring the response time to find a target among a set of other symbols
called distractors—for example, finding the 3s in a set of other numbers. If processing is
preattentive, the time taken to find the target should be equally fast no matter howmany
distracting nontargets there are. So, if time to find the target is plotted against number of
distractors, the result should be a horizontal line. Figure 5.10 illustrates a typical pattern
of results. The circles illustrate data from a visual target that is preattentively different
from the distractors. The time taken to detect whether there is a red digit in the array
of digits shown in Figure 5.9 is independent of the number of black digits. The Xs in
Figure 5.10 show the results from processing a feature that is not preattentively distinct.
In this case, time to respond increases with number of distractors suggesting sequential
processing. The results of this kind of experiment are not always as perfectly clear cut
as Figure 5.10 would suggest. Sometimes there is a small, but still measurable, slope in
the case of a feature that is thought to be preattentive. As a rule of thumb, anything that
is processed at a rate faster than 10 msec per item is considered to be preattentive. Typical
processing rates for nonpreattentive targets are 40 msec per item and more (Treisman &
Gormican, 1988).

Why is this important? In displaying information, it is often useful to be able to show
things “at a glance.” If you want people to be able to instantaneously identify some
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Figure 5.10 Typical results from a pattern of preattentive processing. The circles show
time to perceive an object that is preattentively distinct from its surroundings. In this case,
time to process is independent of the number of irrelevant objects (distractors). The Xs
show how time to process nonpreattentively distinct targets increases with the number
of distractors.
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Uses for preattentive processing

target detection: is a target present? where is it?

counting: count the number of targets

boundary detection: identify regions where the elements have a 
common visual property

tracking: following a target as it moves in time and space
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Preattentive features

mark on a map as being of type A, it should be differentiated from all other marks in a
preattentive way. There have been literally hundreds of experiments to test whether
various kinds of features are processed preattentively. Figure 5.11 illustrates a few of
the results. Orientation, size, basic shape, convexity, concavity, and an added box
around an object are all preattentively processed. However, the junction of two lines
is not preattentively processed; neither is the parallelism of pairs of lines, so it is more
difficult to find the targets in the last two boxes in Figure 5.11.

The features that are preattentively processed can be organized into a number of
categories based on form, color, motion, and spatial position.

● Line orientation

● Line length

● Line width

Orientation

Shape

Curved/straight

Juncture (not pre-att)Addition Parallelism (not pre-att)

Light/dark

Size

Convex/concave

Shape

Enclosure

Color

Figure 5.11 Most of the preattentive examples given here can be accounted for by
the processing characteristics of neurons in the primary visual cortex.

154 Visual Salience and Finding Information

Others
spatial position
intensity
closure
intersection
3D depth cues
flicker
motion direction
motion velocity
lighting direction
3D orientation

Ware, “Information Visualization: Perception for Design”

Thursday, February 20, 14



Impact of distractors

depended on the saturation (vividness) and size of the color patch, as well as the degree of
difference from surrounding colors. So it is not just a question of color versus orientation,
but exactly how the color differs from other colors in the set. Similarly, the preattentive-
ness of line orientation depends on the length of the line, the degree to which it
differs from surrounding lines, and the contrast of the line pattern with the background.
Figure 5.12 shows how an oblique line stands out from a set of vertical lines. When the
same oblique line is in a set of lines of various orientations it is much more difficult to
see, even though the difference in orientation between the target and the distractor set
is just as large or larger. One thing that is clear from this example is that preattentive
symbols become less distinct as the variety of distractors increases. It is easy to spot a
single hawk in a sky full of pigeons, mostly because it has a different motion pattern,
but if the sky contains a greater variety of birds, the hawk will be more difficult to see.

Studies have shown that two factors are important in determining whether something
stands out preattentively: the degree of difference of the target from the nontargets
and the degree of difference of the nontargets from each other (Quinlan & Humphreys,
1987; Duncan&Humphreys, 1989). For example, yellow highlighting of text works well
if yellow is the only color in the display besides black and white, but if there are many
colors the highlighting will be less effective.

[G5.7] For maximum popout, a symbol should be the only object in a display that
is distinctive on a particular feature channel; for example, it might be the only
item that is colored in a display where everything else is black and white.

Highlighting and Asymmetries

Another issue relating to making targets distinctive comes from research that has
revealed asymmetries in some preattentive factors; for example, adding marks to high-
light a symbol is generally better than taking them away (Treisman & Gormican,
1988). If all of the symbols in a set except for a target object have an added mark, the
target will be less distinctive. It is better to highlight a word by underlining it than to
underline all the words in a paragraph except for the target word. Another asymmetry

d t d
t

Figure 5.12 On the left, the right-slanted bar pops out; on the right, it does not. Yet, most
of the distractors on the right have an orientation that is more different from the target
orientation than the distracters on the left.
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Preattention conjunctions

Most conjunctions are not preattentive
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Preattention conjunctions

Color and shape Color and position
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Integral - Separable attributes

here. The point of showing it is to illustrate how the color-mapped variables tend to be
seen integrally and independently (separably) from the shape variables, which also
tend to be viewed holistically, making up the lozenge shapes.

Integral–Separable Dimension Pairs

The preceding analysis presented integral and separable dimensions as if they were
qualitatively distinct. This overstates the case; a continuum of integrality–separability
more accurately represents the facts. Even between the most separable dimension
pairs, there is always some interference between different data values presented using
the different channels. Likewise, the most integral dimension pairs can be regarded
analytically to some extent. We can, for example, perceive the degree of redness and
the degree of yellowness of a color—for example, orange or pink. Indeed, the original
experimental evidence for opponent color channels was based on analytic judgments
of exactly this type (Hurvich, 1981).

Figure 5.23 provides a list of display dimension pairs arranged on an integral–
separable continuum. At the top are the most integral dimensions. At the bottom are

red-green yellow-blue

Dimension pairs
Integral
dimension pairs

Separable
dimension pairs

x-size y-size

orientation

shape, size, orientation

shape, size, orientation

size

color

color

color

motion

motion

group
location

Figure 5.23 Examples of glyphs coded according to two display attributes. At the top are
more integral coding pairs. At the bottom are more separable coding pairs.

Integral and Separable Dimensions: Glyph Design 167
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Preattention conjunctions

Conjunctions that can be preattentive
space + color

motion + shape

motion + color

stereoscopic depth + color

convexity/concavity + color

light direction + color
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Preattention theories

Texton Theory

Feature Integration Theory

http://www.csc.ncsu.edu/faculty/healey/PP/
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Preattention theories

Guided Search Theory
Similarity Theory

high N-N similarity

low N-N similarity

http://www.csc.ncsu.edu/faculty/healey/PP/
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Preattention theories

http://www.csc.ncsu.edu/faculty/healey/PP/

Boolean Map Theory
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Gestalt laws of grouping
Proximity: things that are close to one another are grouped

Similarity: similar objects are seen as belonging together

Connectedness: physical connections to form relationships

Continuity: we construct visual entities from smooth, continuous visual 
elements

Symmetry: symmetric objects are perceived as being part of a whole

Closure: a closed contour is seen as an object

Relative size: smaller components of a pattern are perceived as 
objects

Common fate: objects that move together are perceived as being 
grouped
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Gestalt laws - proximity
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Gestalt laws - similarity
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Gestalt laws - connectedness
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Gestalt laws - continuity
(a) (b)

(c) (d)

Figure 6.5 Connectedness is a powerful grouping principle that is stronger than
(a) proximity, (b) color, (c) size, or (d) shape.

(a) (b) (c)

Figure 6.6 The pattern on the left (a) is perceived as a smoothly curved line overlapping a
rectangle (b) rather than as the more angular components shown in (c).

(a) (b)

Figure 6.7 In (a), smooth continuous contours are used to connect nodes in the diagram;
in (b), lines with abrupt changes in direction are used. It is much easier to perceive
connections with the smooth contours.

184 Static and Moving Patterns
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Gestalt laws - continuity

Wikimedia Commons
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Gestalt laws - symmetry

Symmetry

Symmetry can provide a powerful organizing principle. The symmetrically arranged
pairs of lines in Figure 6.8 are perceived more strongly as forming a visual whole than
the pair of parallel lines. A possible application of symmetry is in tasks in which data
analysts are looking for similarities between two different sets of time-series data. It
may be easier to perceive similarities if these time series are arranged using vertical sym-
metry, as shown in Figure 6.9, rather than using the more conventional parallel plots.

To take advantage of symmetry the important patterns must be small. Research by Dakin
and Herbert (1998) suggests that we are most sensitive to symmetrical patterns that are
small, less than 1 degree in width and 2 degrees in height, and centered around the fovea.
The display on the right in Figure 6.9 is far too large to be optimal from this point of view.

We more readily perceive symmetries about vertical and horizontal axes, as shown
in Figure 6.10(a, b); however, this bias can be altered with a frame of reference provided
by a larger-scale pattern, as shown in Figure 6.10(c) and (d). See Beck et al. (2005).

[G6.4] Consider using symmetry to make pattern comparisons easier, but be sure
that the patterns to be compared are small in terms of visual angle (<1 degree
horizontally and <2 degrees vertically). Symmetrical relations should be arranged
on horizontal or vertical axes unless some framing pattern is used.

Figure 6.9 An application designed to allow users to recognize similar patterns in different
time-series plots. The data represents a sequence of measurements made on deep
ocean drilling cores. Two subsets of the extended sequences are shown on the right.

Figure 6.8 The pattern on the left consists of two identical parallel contours. In each of
the other two patterns, one of the contours has been reflected about a vertical axis,
producing bilateral symmetry. The result is a much stronger sense of a holistic figure.
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Gestalt laws - closure

Wikimedia Commons

Wikimedia Commons

When the boundary of a contour-defined region becomes complex, what is inside
or outside may become unclear. In such cases, using color, texture, or Cornsweet con-
tours (discussed in Chapter 3) will be more effective (Figure 6.13). Although simple
contours are generally used in Euler diagrams to show set membership, we can effec-
tively define more complex sets of overlapping regions by using color and texture in
addition to simple contours (Figure 6.14). Figure 6.15 shows an example from Collins
et al. (2009) where both transparent color and contour are used to define extremely
convoluted boundaries for three overlapping sets.

[G6.5] Consider putting related information inside a closed contour. A line is ade-
quate for regions having a simple shape. Color or texture can be used to define
regions that have more complex shapes.

A

B

C

D

Figure 6.12 An Euler diagram. This diagram tells us (among other things) that entities can
simultaneously be members of sets A and C but not of A, B, and C. Also, anything that
is a member of both B and C is also a member of D. These rather difficult concepts are
clearly expressed and understood by means of closed contours.

(a) (b)

Figure 6.11 The Gestalt principle of closure holds that neural mechanisms operate to find
perceptual solutions involving closed contours. In (a), we see a circle behind a rectangle,
not a broken ring as in (b).
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Gestalt laws - closure

Figure and Ground

Gestalt psychologists were also interested in what they called figure–ground effects.
A figure is something objectlike that is perceived as being in the foreground. The
ground is whatever lies behind the figure. In general, smaller components of a pattern
tend to be perceived as objects. In Figure 6.17(a), a black propeller is seen on a white
background, as opposed to the white areas being perceived as objects.

Figure 6.15 Both contour- and color-defined regions have been added to make clear
the distribution of hotels (orange), subway stations (brown), and medical clinics (purple).
(From Collins et al. (2009). Reproduced with permission.)

Gestalt Laws 189

Collins, Penn, Carpendale, “Bubble Sets: Revealing Set Relations with Isocontours over Existing Visualizations”, 2009 
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Gestalt laws - relative size

The perception of figure as opposed to ground can be thought of as part of the funda-
mental perceptual act of identifying objects. All of the Gestalt laws contribute to creat-
ing a figure, along with other factors that the Gestalt psychologists did not consider,
such as texture segmentation. Closed contour, symmetry, and the surroundingwhite area
all contribute to the perception of the two shapes in Figure 6.17(b) as figures, as opposed
to cut-out holes. But, by changing the surroundings, as shown in Figure 6.17(c), the
irregular shape that was perceived as a gap in Figure 6.17(b) can be made to become
the figure.

[G6.7] Use a combination of closure, common region, and layout to ensure that
data entities are represented by graphical patterns that will be perceived as figures,
not ground.

Figure 6.16 Closed rectangular contours strongly segment the visual field. They also
provide reference frames. The positions and sizes of the enclosed shapes are, to some
extent, interpreted with respect to the surrounding frame.

(a) (b) (c)

Figure 6.17 (a) The black areas are smaller and therefore more likely to be perceived as
an object. It is also easier to perceive patterns that are oriented horizontally and vertically
as objects. (b) The green areas are seen as figures because of several Gestalt factors,
including size and closed form. The area between the green shapes in (c) is generally
not seen as a figure.
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Figure 6.18 shows the classic Rubin’s Vase figure, in which it is possible to perceive
either two faces, nose to nose, or a green vase centered in the display. The fact that
the two percepts tend to alternate illustrates how competing active processes are
involved in constructing figures from the pattern; however, the two percepts are
driven by very different mechanisms. The vase percept is supported mostly by sym-
metry and being a closed region. Conversely, the faces percept is mostly driven by
prior knowledge, not gestalt factors. It is only because of the great importance of faces
that they are so readily seen. The result is a competition between high-level and mid-
level processes.

More on Contours

We now return to the topic of contours to discuss what recent research tells us about
how they are processed in the brain. Contours are continuous, elongated boundaries
between regions of a visual image, and the brain is exquisitely sensitive to their
presence. A contour can be defined by a line, by a boundary between regions of differ-
ent color, by stereoscopic depth, by motion patterns, or by the edge of a region of a
particular texture. Contours can even be perceived where there are none. Figure 6.19
illustrates an illusory contour; a ghostly boundary of a blobby shape is seen even
where none is physically present (see Kanizsa, 1976). Because the process that leads
to the identification of contours is seen as fundamental to object perception, contour
detection has received considerable attention from vision researchers, and contours
of various types are critical to many aspects of visualization.

A set of experiments by Field et al. (1993) proved to be a landmark in placing the Gestalt
notion of continuity on a firmer scientific basis. In these experiments, subjects had to
detect the presence of a continuous path in a field of 256 randomly oriented Gabor
patches (see Chapter 5 for a discussion of Gabor functions). The setup is illustrated sche-
matically in Figure 6.20. The results showed that subjects were very good at perceiving a
smooth path through a sequence of patches. As one might expect, continuity between
Gabor patches oriented in straight lineswas the easiest to perceive.More interesting, even
quite wiggly paths were readily seen if the Gabor elements were aligned as shown in

Figure 6.18 Rubin’s Vase. The cues for figure and ground are roughly equally balanced,
resulting in a bistable percept of either two faces or a vase.
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Gestalt laws - shared fate
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Gestalt laws - shared fate
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Change blindness

http://www2.psych.ubc.ca/~rensink/flicker/download/
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Selective attention

http://www.youtube.com/watch?v=Ahg6qcgoay4

http://www.youtube.com/watch?v=ubNF9QNEQLA
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