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REDUCING VISUAL CROWDING,
INCREASING ATTENTION AND
IMPROVING VISUAL SPAN

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a U.S. national stage applica-
tion claiming the benefit of International Application No.
PCT/US2012/061099, filed on Oct. 19, 2012, which claims
priority from U.S. Provisional Application No. 61/550,122,
filed Oct. 21, 2011, the entire contents of which are incor-
porated herein by reference in their entirety.

GOVERNMENT RIGHTS

This invention was made with government support under
Grant No. RO1 EY04432 awarded by the National Institutes
of Health. The government has certain rights in the inven-
tion.

BACKGROUND

Most people have the impression that they read by gliding
their gaze across the page. However, in fact, it has been
known since around 1900 that we read by taking 0.2 second
static glimpses (fixations) separated by quick jerks (sac-
cades). The brain integrates the information from the
glimpses over time to create the illusion of taking it all in at
once, as we glide across the page.

The visual span, or the uncrowded window, is the number
of characters that the observer can take in without moving
his eyes. This limits how much the observer can perceive
during each fixation. Letters beyond the visual span are too
crowded to be recognized. Each successive glimpse
advances to the right by about one visual span. Reading
speed is equal to the product of saccade rate and saccade
size. The saccade rate is about four per second for most
readers across a wide range of conditions. The saccade size
is approximately the visual span. This suggests that increas-
ing the visual span would increase reading speed, by the
same proportion. However, conjectured methods for increas-
ing the visual span depend on assumed the theory for what
limits the visual span.

An object that is surrounded by other objects (clutter) may
be hard to identify. One sees only a jumble. This is crowd-
ing. Acuity sets a minimum letter size. Crowding sets a
minimum letter spacing. Like acuity, crowding gets worse
with increasing eccentricity. The maverick theory is that
visual span is limited by crowding (i.e. required letter
spacing) not acuity (i.e. required letter size). The required
letter spacing is negligible at fixation and grows in propor-
tion to distance from fixation. For uniformly spaced text, the
letters near fixation will be far enough apart to be read.
Letters too far from fixation will be spaced less than the
critical spacing apart and will not be readable. The
uncrowded window, centered on fixation, is the visual span.
Reducing crowding may increase the visual span and speed
up reading.

Most attempts to alleviate crowding rely on the fact that
crowding depends on similarity. Increasing the difference
between objects (in this case, letters) reduces crowding and
increases saliency. For example, in a pair of letters, both
black, on a blank field, the letters crowd each other, but in
a different pair, one black and one white, the letters do not
crowd each other, because of the color difference. However,
in a line of many letters, alternately black and white,
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adjacent characters do crowd each other. This is because of
grouping. Crowing is the result of grouping. In a pair of
characters, the visual system groups letters of the same color
together, so they crowd. An isolated unlike pair does not
group and does not crowd. In the long line of alternating
characters, the regular alternation of color is perceived as a
pattern (stripes) that groups, so there is crowding. The trick
to reduce grouping and crowding is to increase the differ-
ences without creating patterns. This also results in increas-
ing saliency, which increases attention. Reduced crowding
and increasing attention can increase the visual span and
speed up reading.

SUMMARY

In general, one aspect of the subject matter described in
this specification can be embodied in methods for capturing
an image that includes a visual representation of at least one
eye of an observer. A location of the eye(s) of the observer
in the image is determined. A gaze location is determined
based at least upon the location of the eyes in the image,
wherein the gaze location identifies a location within dis-
played text. A nominal span is estimated. The nominal span
comprises a plurality of characters, and the location of the
nominal span is based upon the gaze location. One or more
visual characteristics of the displayed text are altered based
at least upon the nominal span. The alterations to the one or
more visual characteristics of the displayed text reduce
crowding so as to increase the visual span of an observer.
Other implementations of this aspect include corresponding
systems, apparatuses, and computer-readable media, config-
ured to perform the actions of the method.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative aspects, implementations, and features described
above, further aspects, implementations, and features will
become apparent by reference to the following drawings and
the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present disclosure
will become more fully apparent from the following descrip-
tion and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings
depict only several implementations in accordance with the
disclosure and are, therefore, not to be considered limiting of
its scope, the disclosure will be described with additional
specificity and detail through use of the accompanying
drawings.

FIG. 1 illustrates a gaze contingent system for reducing
crowding of text in accordance with an illustrative imple-
mentation.

FIG. 2 illustrates a flow diagram of a process for reducing
crowding of text in accordance with an illustrative imple-
mentation.

FIG. 3 illustrates unaltered characters of text.

FIG. 4 illustrates altering color of characters to reduce
crowding and increase attention in accordance with an
illustrative implementation.

FIG. 5 illustrates altering size of characters to reduce
crowding and increase attention in accordance with an
illustrative implementation.

FIG. 6 illustrates altering character color and size to
reduce crowding and increase attention in accordance with
an illustrative implementation.
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FIG. 7 illustrates the reading speed of five observers in
accordance with an illustrative implementation.

FIG. 8 illustrates the reading speed of five observers
measured for varying lengths of simultaneously altered
characters in accordance with illustrative implementations.

FIG. 9 illustrates changes to various visual characteristics
of characters and the resulting changes in reading speed
based on a single observer in accordance with illustrative
implementations.

FIG. 10 is a block diagram of a computer system in
accordance with an illustrative implementation.

Reference is made to the accompanying drawings
throughout the following detailed description. In the draw-
ings, similar symbols typically identify similar components,
unless context dictates otherwise. The illustrative implemen-
tations described in the detailed description, drawings, and
claims are not meant to be limiting. Other implementations
may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter
presented here. It will be readily understood that the aspects
of the present disclosure, as generally described herein, and
illustrated in the figures, can be arranged, substituted, com-
bined, and designed in a wide variety of different configu-
rations, all of which are explicitly contemplated and made
part of this disclosure.

DETAILED DESCRIPTION

Increasing reading speed can be accomplished through
increasing the visual span of a reader and/or increasing the
attention of the reader. Changes to text that increase the
difference between characters (thereby increasing saliency),
without creating patterns, can increase the visual span. For
example, alternating the color of characters along the whole
line of text produces a perceptual pattern, which is grouped.
One way to reduce crowding is to introduce differences
between letters, without producing a perceptual pattern. In
addition to reducing crowding, the changes can increase the
attention of the reader.

The visual span can be increased by relieving the crowd-
ing of one or more characters in text. As the visual span is
a physical property of an observer, an estimate of an
observer’s visual span is needed. A nominal span is a
parameter in a model of the observer and is the assumed
visual span of the observer for normal unaltered text. In one
implementation, visual characteristics of the characters
within and/or outside of the nominal span can be altered. For
example, the characters immediately outside of the nominal
span can be altered. In another embodiment, characters
within the nominal span and the characters immediately
outside of the nominal span can be altered. In yet another
embodiment, characters outside of the nominal span can be
altered. For example, characters outside of the nominal span
that are not immediately outside of the nominal span can be
altered.

The alteration of the text can reduce crowding of the
characters beyond the nominal span, which can increase the
visual span of the observer. For example, the altered char-
acters can be a different color compared to the unaltered
characters. The size of a normal visual span might be ten
characters. In one implementation, characters to the left and
to the right of the nominal span can be altered. In another
implementation, the characters to the left and to the right of
the nominal span and the characters within the nominal span
can be altered. Altering text can result in reduced crowding
in characters that are just beyond the observer’s visual span.
This increases the size of the observer’s visual span. If the
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saccade rate is unchanged then reading speed will increase
in proportion to the size of the increased visual span.
Reducing crowding widens the visual span, which results in
larger saccades (eye movements), since each glimpse takes
in more letters through the increased visual span. This
increases reading speed.

FIG. 1 illustrates a gaze contingent system for reducing
crowding of text in accordance with an illustrative imple-
mentation. Text can be displayed on display 108. The text
can include characters or other objects, such as but not
limited to, images, symbols, etc. Each character has visual
characteristics that can be used to display the character. For
example, a character can have a size, a font, a font color, a
background color, an orientation, a bold indicator, an italic
indicator, an underline indicator, etc. A processor 106 can be
used to determine how the characters of the text are to be
displayed. The processor 106 can control or send informa-
tion to the display 108 to have the text displayed based upon
the visual characteristics of the characters.

The text can be displayed to an observer 102. The
observer 102 looks at the display 108 to view the text. A
gaze-capture component 104 determines where on the dis-
play 108 the observer 102 is looking. Gaze capture is known
by those of skill in the art. For example, the gaze capture
component 104 can include a camera. The camera can track
a pupil location of an observer. In some implementations,
the camera can be integrated into another device, such as,
but not limited to, a computing device, a tablet computing
device, a cell phone, a personal digital assistant, etc. In some
implementations, a calibration routine can be used to cali-
brate a coordinate system displayed on a screen with the
location of an observer’s pupils. For example, a calibration
routine can request that an observer look at each of the four
corners of a display. The location of the observer’s pupils at
each corner can be used to calibrate a coordinate system
associated with the screen. This coordinate system, in con-
junction with the pupil location, can be used to calculate a
gaze position of the observer. The gaze position indicates
where an observer is looking on the screen. The camera can
continually track the observer’s pupils and calculate a gaze
position.

In another implementation, the gaze capture component
104 can include near-infrared illuminators that can generate
a corneal reflection from an observer. A camera can capture
an image that includes the observer’s eyes. The image of the
eye can then be used to detect the position of the pupil and/or
iris and identify the reflections from the illuminators. Based
upon these data and/or the image, the location of the
illuminators can be calculated. A mathematical model of the
eye can be used to calculate the observer’s eye’s position in
space and the gaze location. The gaze location can be
calculated to a coordinate system corresponding to a screen
based upon calibration data.

The gaze capture component 104 can provide gaze loca-
tion information to the processor 106 regarding the location
of the gaze of the observer 102. For example, the gaze
capture component 104 can determine a position of an
observer’s eyes. The position of the observer’s eyes can then
be used to calculate a gaze position on a screen. For
example, the gaze position can be an (x,y) coordinate of
where on the screen the user is looking. In one implemen-
tation, only a single eye is required to be tracked. In this
implementation, the gaze position can be calculated based
on the determined position of the single eye. The gaze
capture component 104 can continuously monitor an observ-
er’s gaze to determine where the observer is currently
looking. Based upon this monitoring, visual characteristics
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of the characters within the text can be changed to increase
the attention and the visual span of the observer.

Previously acquired gaze location information can be
used to artificially represent the current eye position of the
observer 102. For example, if the camera loses the tracking
of the observer’s eyes (for example due to a blink) the last
reliable gaze location can be used to maintain text alterations
until reliable tracking resumes. In another example, if the
observer looks outside of a predetermined region, the last
reliable gaze location within the predetermined region can
be used to maintain text alterations until the observer’s eyes
return to the predetermined region. In another example, if
the device is turned off, when it is turned back on, the stored
gaze location information can be used to automatically alter
the last previously viewed region, thereby directing the
observer’s attention to that location (acting as a bookmark).

In another implementation, there is no gaze capture com-
ponent. Instead, the visual span moves at a predetermined
rate over the text. This rate can be configurable by a user to
approximate the user’s reading speed. A user interface can
provide a user with the ability to decrease and increase the
reading speed or to gradually change speed over time. In
addition, the user interface can allow the user to pause, fast
forward, rewind, etc. in the text.

FIG. 2 illustrates a flow diagram of a process for reducing
crowding of text in accordance with an illustrative imple-
mentation. The process 200 can be implemented on a
computing device. In one implementation, the process 200 is
encoded on a computer-readable medium that contains
instructions that, when executed by a computing device,
cause the computing device to perform operations of the
process 200.

The process 200 includes determining a gaze location
within a text that a observer is currently viewing based upon
gaze location information (202). A nominal span can be
obtained (204). In one implementation, the size of the
nominal span of an observer can be determined by measur-
ing the visual span of the observer. For example, an observer
can fixate on a point on the screen and three characters can
be flashed at varying distances from the fixation point. The
observer can be asked to identify the middle letter as the
triplet gets further from the fixation point. Eventually, the
observer will not be able to identify the middle letter and the
size of the visual span can be measured based upon the
largest distance from the fixation point that the observer was
able to identify the letter. Any other method for measuring
visual span of an observer known in the art can also be used
to measure the visual span size. In another implementation,
the assumed nominal visual span size can be based upon an
average visual span size of a population. For example, the
initial visual span size can correspond to the average visual
span size of literate adults. In one implementation, the
nominal span size is ten characters, which corresponds to the
number of characters a typical observer can process in a
single fixation.

Visual span, whether measured directly, or assumed, can
be set to intelligently change over time based on observer
performance. Visual span size can be very small for observ-
ers who are unfamiliar with a particular display, but have an
otherwise normal/large visual span. Examples include any-
one learning to read (children or learners of foreign lan-
guages), anyone learning to view a new type of image
display, and people with visual impairments. The span can
be altered to isolate smaller units of the image. In one
implementation, parts of a word can be isolated so that the
span size varies depending on syllable length. For example,
for the word “children,” isolations can include “child” and
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“ren” and then the two units can be shown in conjunction to
isolate the entire word “children.”

Visual span can also be manipulated based on grammar.
For example, though the visual span may be set to 10
characters, this number can be flexible and increase or
decrease depending on word and grammar breaks. In one
example, if a small word such as “the” appears immediately
outside a set span size of 10 characters, it can be added to
the span size to increase it to 13 characters. Span size can
also be based on grammatical units so as to not break
sentences between meaningful units.

The nominal span includes one or more characters of the
text. Crowding within text can be reduced and saliency
increased by altering visual characteristics of characters
within the text. Reducing crowding can result in enlarging
an observer’s visual span (206) and increasing the attention
to a particular portion of the text. In one implementation, one
or more visual characteristics of a character to the left and
a character to the right of the nominal span are altered. More
characters can be altered, for example, more than two or
more characters, a word, or one or more syllables, etc. to the
left and right of the nominal span. In addition, in some
implementations any partially altered word is completely
altered. Any number of characters can be altered to reduce
crowding an increase the visual span of an observer. For
example, two, three, five, etc. characters can be altered that
are to the left and right of the nominal span.

Any number or combination of changes to the visual
characteristics of the characters of the text can be done to
decrease crowding and increase saliency. Examples of alter-
ing visual characteristics of characters include, but are not
limited to, changing the font, color, orientation, brightness,
background color, size, and/or spacing. Various combina-
tions of characters can have their visual characteristics
altered. For example, in one implementation, characters
immediately to the left and right of the nominal span are
altered. In another implementation, characters immediately
to the left and right of the nominal span and the characters
within the nominal span are altered. In another embodiment,
characters immediately to the left and right of the nominal
span and the characters within the nominal span are altered.
In addition, characters outside this region can also altered,
although these characters are altered differently then those to
the left and right of the nominal span and the characters
within the nominal span. In some embodiments, the altera-
tions to the text will not be uniform to all characters. For
example, characters within the nominal span can be alerted
differently from characters outside of the nominal span.

The text can also be altered based upon the location of the
nominal span. For example, the line currently being read can
have space added above and below the line. In one imple-
mentation, one or more blank lines are added above and
below the line currently being read. Once the characters of
the text have been altered, the altered text can be displayed.
The text can be displayed on the display of a computing
device, such as but not limited to, e-book readers, desktop
computing devices, tablet computing devices, personal digi-
tal assistants, telephones, cell phones, notebook computing
devices, etc.

The location of an observer’s gaze location can be con-
tinuously monitored while reading the text. The location of
the nominal span can change based upon the observer’s gaze
location. For example, the nominal span can be always
centered on the observer’s gaze location. In one implemen-
tation, the location of the nominal span is changed based
upon the observer’s gaze location moving along a line of
text. For example, once the gaze location has moved beyond
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a predetermined tolerance threshold, the nominal span loca-
tion can be updated. The nominal span location can be
updated such that the nominal span is centered on the current
gaze location. The characters of the text can also be con-
tinuously altered based upon the location of the nominal
span. Accordingly, the characters within the text will change
based upon the observer’s current gaze location as the text
is read.

As the characters within the text change based upon the
gaze location, unwanted jitter can occur. Jitter can occur for
instance if the gaze location changed rapidly from two lines
of characters. If this occurs, the nominal span and the
alterations of the characters would switch back and forth
between the two lines. Jitter can be reduced based upon the
flow of the language being read. For example, in English text
is read from left to right and top to bottom. Jitter can be
reduced by not allowing the nominal span to move back-
wards in the flow of text. For example, jitter can be reduced
by not allowing the nominal span to advance to the next line
of text until the nominal span reach the end or near the end
of the current line of text. In addition, jitter can be reduced
by not allowing the nominal span to move to a previous line
of text. In addition, the nominal span can be required not to
skip any unread words. For example, if a new gaze location
was calculated to be three lines further in the text, this gaze
location can be ignored. To allow a user to skip ahead or
reread a previous portion of text, a user can provide an input
that allows the nominal span to move backwards or skip
ahead. For example, a user can select a nominal span unlock
icon, look at a nominal span unlock icon, or look at a
particular point of the document for a predetermined period
of time, etc. As a more detailed example, a user can skip
ahead in text by looking at text for a predetermine span of
time, such as 2 seconds, 3 seconds, 5 seconds, etc. Once the
gaze location has not changed for the predetermined amount
of time, the nominal span can be moved to the gaze location.

The movement of the nominal span can be recorded as the
text (or other image) is viewed. This movement can be
compared to known reading speeds/patterns to ensure that an
image was in fact viewed in its entirety.

Altering visual characteristics of characters within the text
reduces the crowding of the characters outside of the nomi-
nal span. The reduction of crowding can increase an observ-
er’s visual span. FIG. 3 illustrates unaltered characters of
text. In the illustrated text 300, the visual characteristics of
the characters are the same. For example, the background
color is gray and the font color is black, while the font type
and the font size are constant across the characters. A
nominal span 302 without any alterations to the visual
characteristics can be difficult to read. The border around the
nominal span 302 is for illustrative purposes only and is not
part of the displayed text. The observer, therefore, does not
see a box around the nominal span 302.

Alterations to the text based upon the nominal span can be
modified using a user interface. Using the user interface, an
observer or another user can select how characters within
and outside of the nominal span are to be altered. In addition,
the amount of text that is displayed is configurable. For
example, a user can choose to display a page, a paragraph,
or a line at a time. Once the user reaches the end of the
displayed text, the next portion of text is displayed based
upon the preferences associated with the observer.

The text can be in numerous formats/encodings. For
example, the text can be ASCII encoded text or text within
a word processing document. In another embodiment, the
text can be located within an image. Characters within the
text can be identified and the characters of the text can be
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modified as described above in respect to a nominal span. In
addition to characters, objects within an image can be
modified based upon a gaze location. For example, an area
in an image around a gaze location can be modified. For
example, the area can be magnified, the contrast can be
changed, etc. In addition or alternatively, the area in the
image outside of the area can be changed. For example, the
area can be changed to black and white, can be blurred, the
contrast can be altered, etc.

In another implementation, a component of text can be
altered to increase attention to the component. A component
can be, but is not limited to, a word, a syllable, a phrase, etc.
For example, a reading program can alter a syllable of a
word that is currently being read. The current syllable can be
deduced from the gaze location in a similar manner as
determining the location of a visual span within text.
Instead, however, of a visual span, the current gaze location
is used to determine a location in text. This location in the
text can then be used to determine where in a particular word
a user is looking. The location and the word can then be used
to determine what syllable the user is viewing. The visual
characteristics of the characters in the current syllable can
then be altered to increase the observer’s attention to the
syllable. For example, the syllable can be highlighted and/or
have its size increased. In addition or alternatively, the
characters that are not part of the current syllable can be
changed. For example, the color of these characters, size,
background color, etc., can be changed.

In one implementation, a gaze contingent display, for
example display 108, can display altered characters in text
that are being viewed by an observer. FIGS. 4, 5, and 6
illustrate examples of altered characters in text in accor-
dance with illustrative implementations. In FIG. 4, the
characters within the nominal span and immediately to the
left and right of the nominal span 302 have a different color
compared to the other characters. Other visual characteris-
tics can be altered. FIG. 5 illustrates altering the size of
characters to reduce crowding. In one implementation, the
characters within and immediately to the left and right of the
nominal span 302 can have an increased size compared to
the other characters. The size of the other characters can also
have their sizes reduced to further increase the difference in
sizes between the characters. Multiple visual characteristics
can be altered to reduce the crowding of characters within
the displayed text. FIG. 6 illustrates altering color and size
to reduce crowding in accordance with an illustrative imple-
mentation. In addition to the illustrated examples, other
visual characteristics can be altered to reduce crowding. For
example, the foreground and background colors can be
altered to reduce the contrast of characters outside the visual
span. Such changes in visual characteristics of characters
decrease crowding and increase the visual span of an
observer. As the viewing span is increased in size, the
reading speed of an observer can also increase.

EXAMPLES

The present gaze contingent display and methods can be
understood more readily by reference to the following
example, which is provided by way of illustration and is not
intended to be limiting in any way.

Example 1: Altering Text within and Beyond the
Nominal Span

Five observers were shown paragraphs of text on a gaze
contingent display. Their gaze was tracked (continuously
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measured). Observers were asked to silently read the para-
graphs as quickly as possible while maintaining comprehen-
sion. The amount of simultaneously altered characters was
varied. In the control condition (indicated on the plot by ‘0’)
observers were shown black text on a gray background. The
text was not altered while the observer read the paragraph.
The control condition corresponds to an observer’s normal
visual span.

The background was gray. In test conditions, most of the
text was white except for the length of simultaneously
altered characters, where the text was black. This change is
similar to the change illustrated in FIG. 4. Each observer was
tested on 4 trials of each condition. Trials and text content
were randomly intermixed. No observer ever read the same
text more than once. The amount of time required for the
observer to read each paragraph was measured. Based upon
the number of words within a paragraph, the reading speed
of each observer was measured for each condition. Reading
speeds increased in the test condition, compared to the
control condition. FIG. 7 illustrates the reading speed of five
observers (each plotted separately) as a function of span
size: 0 and 18. The unmodified paragraph corresponds to
zero altered characters. All observers increased their reading
speed when 18 characters at a time were altered.

Example 2: Reading Speed as a Function of Span
Size

There may be no single optimal visual span size across
observers. Five observers were shown paragraphs of text on
a computer display. Their gaze was continuously measured.
Observers were asked to silently read the paragraphs as
quickly as possible while maintaining comprehension. The
number of simultaneously altered characters was varied. In
the control condition (indicated on the plot by ‘0”) observers
were shown black text on a gray background. The text was
not altered while the observer read the paragraph. The
control condition corresponds to an observer’s normal visual
span.

Several span sizes of characters were tested: 4, 14, 16, 18,
20 and 30. Each observer was tested on 4 trials of each
condition. Trials and text content were randomly intermixed.
No observer read the same text twice. The amount of time
required for the observer to read each paragraph was mea-
sured. Based upon the number of words within a paragraph,
the reading speed of each observer was measured for each
condition. Reading speeds increased with span size, up to a
span size of 18, and then decreased. FIG. 8 shows the
average reading speed of all 5 observers as a function of
span size. The control condition corresponds to zero altered
characters, i.e., ordinary reading. Each observer has an
optimal span.

Example 3: Various Changes to Visual
Characteristics

Crowding can be decreased and/or attention increased by
changing one or more visual characteristics of characters
within text. FIG. 9 illustrates changes to various visual
characteristics of characters and the resulting changes in
reading speed for one observer. The observer silently read 56
paragraphs (4 for each of 14 conditions) as quickly as
possible, while maintaining comprehension. Span sizes and
alterations to visual characteristics of the text were varied. In
all conditions, all of the altered characters were 8 point,
black, Times New Roman. In this way, only the background
text was altered among conditions. In the control condition
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(indicated on the plot by ‘0’) the observer was shown black
text on a gray background. The text was not altered while the
observer read the paragraph.

We tested black text within a span size 14 on a white
background, black text within a span size 18 on a white
background, black text within a span size 22 on a white
background, black underlined text within a span size 18 on
a black background, an entire black column of text within a
span size 18 on a white background (so a column the height
of text, and the width of the span that moved left and right
with gaze position), black text within a span size 18 on a
black background with white characters on each end of the
span size (to separate the span group from the background),
black text size 8 point font within a span size 18 on a black
size 4 point font background, black Times New Roman font
text within a span size 18 on a black Walkway SemiBold
font background, black high contrast (100%) text within a
span size 18 on a black low contrast (40%) background,
black text within a span size 18 on a black italicized
background, black text within a \span size 18 on a black bold
background, black text within a span size 18 with an
additional white span of 4 (totaling a span of 22) on a black
low contrast (40%) background, and black text within a span
the size of the entire line length on a white background (so
the entire line of text being read is black).

Computing Devices

FIG. 10 is a block diagram of a computer system in
accordance with an illustrative implementation. The com-
puter system or computing device 1000 can be used to
implement a device that includes the processor 106 and the
display 108, the gaze capture component 104, etc. The
computing system 1000 includes a bus 1005 or other com-
munication component for communicating information and
a processor 1010 or processing circuit coupled to the bus
1005 for processing information. The computing system
1000 can also include one or more processors 1010 or
processing circuits coupled to the bus for processing infor-
mation. The computing system 1000 also includes main
memory 1015, such as a random access memory (RAM) or
other dynamic storage device, coupled to the bus 1005 for
storing information, and instructions to be executed by the
processor 1010. Main memory 1015 can also be used for
storing position information, temporary variables, or other
intermediate information during execution of instructions by
the processor 1010. The computing system 1000 may further
include a read only memory (ROM) 1010 or other static
storage device coupled to the bus 1005 for storing static
information and instructions for the processor 1010. A
storage device 1025, such as a solid state device, magnetic
disk or optical disk, is coupled to the bus 1005 for persis-
tently storing information and instructions.

The computing system 1000 may be coupled via the bus
1005 to a display 1035, such as a liquid crystal display, or
active matrix display, for displaying information to a user.
An input device 1030, such as a keyboard including alpha-
numeric and other keys, may be coupled to the bus 1005 for
communicating information and command selections to the
processor 1010. In another implementation, the input device
1030 has a touch screen display 1035. The input device 1030
can include a cursor control, such as a mouse, a trackball, or
cursor direction keys, for communicating direction informa-
tion and command selections to the processor 1010 and for
controlling cursor movement on the display 1035.

According to various implementations, the processes
described herein can be implemented by the computing
system 1000 in response to the processor 1010 executing an
arrangement of instructions contained in main memory



US 9,672,788 B2

11

1015. Such instructions can be read into main memory 1015
from another computer-readable medium, such as the stor-
age device 1025. Execution of the arrangement of instruc-
tions contained in main memory 1015 causes the computing
system 1000 to perform the illustrative processes described
herein. One or more processors in a multi-processing
arrangement may also be employed to execute the instruc-
tions contained in main memory 1015. In alternative imple-
mentations, hard-wired circuitry may be used in place of or
in combination with software instructions to effect illustra-
tive implementations. Thus, implementations are not limited
to any specific combination of hardware circuitry and soft-
ware.

Although an example computing system has been
described in FIG. 10, implementations of the observer
matter and the functional operations described in this speci-
fication can be implemented in other types of digital elec-
tronic circuitry, or in computer software, firmware, or hard-
ware, including the structures disclosed in this specification
and their structural equivalents, or in combinations of one or
more of them.

Implementations of the observer matter and the operations
described in this specification can be implemented in digital
electronic circuitry, or in computer software, firmware, or
hardware, including the structures disclosed in this specifi-
cation and their structural equivalents, or in combinations of
one or more of them. The observer matter described in this
specification can be implemented as one or more computer
programs, i.e., one or more modules of computer program
instructions, encoded on one or more computer storage
media for execution by, or to control the operation of, data
processing apparatus. Alternatively or in addition, the pro-
gram instructions can be encoded on an artificially-gener-
ated propagated signal, e.g., a machine-generated electrical,
optical, or electromagnetic signal that is generated to encode
information for transmission to suitable receiver apparatus
for execution by a data processing apparatus. A computer
storage medium can be, or be included in, a computer-
readable storage device, a computer-readable storage sub-
strate, a random or serial access memory array or device, or
a combination of one or more of them. Moreover, while a
computer storage medium is not a propagated signal, a
computer storage medium can be a source or destination of
computer program instructions encoded in an artificially-
generated propagated signal. The computer storage medium
can also be, or be included in, one or more separate
components or media (e.g., multiple CDs, disks, or other
storage devices). Accordingly, the computer storage medium
is both tangible and non-transitory.

The operations described in this specification can be
performed by a data processing apparatus on data stored on
one or more computer-readable storage devices or received
from other sources.

The term “data processing apparatus” or “computing
device” encompasses all kinds of apparatus, devices, and
machines for processing data, including by way of example
a programmable processor, a computer, a system on a chip,
or multiple ones, or combinations of the foregoing. The
apparatus can include special purpose logic circuitry, e.g., an
FPGA (field programmable gate array) or an ASIC (appli-
cation-specific integrated circuit). The apparatus can also
include, in addition to hardware, code that creates an execu-
tion environment for the computer program in question, e.g.,
code that constitutes processor firmware, a protocol stack, a
database management system, an operating system, a cross-
platform runtime environment, a virtual machine, or a
combination of one or more of them. The apparatus and
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execution environment can realize various different com-
puting model infrastructures, such as web services, distrib-
uted computing and grid computing infrastructures.

A computer program (also known as a program, software,
software application, script, or code) can be written in any
form of programming language, including compiled or
interpreted languages, declarative or procedural languages,
and it can be deployed in any form, including as a stand-
alone program or as a module, component, subroutine,
object, or other unit suitable for use in a computing envi-
ronment. A computer program may, but need not, correspond
to a file in a file system. A program can be stored in a portion
of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), in a single
file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules,
sub-programs, or portions of code). A computer program can
be deployed to be executed on one computer or on multiple
computers that are located at one site or distributed across
multiple sites and interconnected by a communication net-
work.

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read-only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing actions in accor-
dance with instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices
for storing data, e.g., magnetic, magneto-optical disks, or
optical disks. However, a computer need not have such
devices. Moreover, a computer can be embedded in another
device, e.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio or video player, a game console, a
Global Positioning System (GPS) receiver, or a portable
storage device (e.g., a universal serial bus (USB) flash
drive), to name just a few. Devices suitable for storing
computer program instructions and data include all forms of
non-volatile memory, media and memory devices, including
by way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

To provide for interaction with a user, implementations of
the observer matter described in this specification can be
implemented on a computer having a display device, e.g., a
CRT (cathode ray tube), LCD (liquid crystal display) moni-
tor, or LED (light emitting diode) monitor, for displaying
information to the user and a keyboard and a pointing
device, e.g., a mouse, a trackball, or a touchpad, by which
the user can provide input to the computer. Other kinds of
devices can be used to provide for interaction with a user as
well; for example, feedback provided to the user can be any
form of sensory feedback, e.g., visual feedback, auditory
feedback, or tactile feedback; and input from the user can be
received in any form, including acoustic, speech, or tactile
input.

While this specification contains many specific imple-
mentation details, these should not be construed as limita-
tions on the scope of any inventions or of what may be
claimed, but rather as descriptions of features specific to
particular implementations of particular inventions. Certain
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features described in this specification in the context of
separate implementations can also be implemented in com-
bination in a single implementation. Conversely, various
features described in the context of a single implementation
can also be implemented in multiple implementations sepa-
rately or in any suitable subcombination. Moreover,
although features may be described above as acting in
certain combinations and even initially claimed as such, one
or more features from a claimed combination can in some
cases be excised from the combination, and the claimed
combination may be directed to a subcombination or varia-
tion of a subcombination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain cir-
cumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system
components in the implementations described above should
not be understood as requiring such separation in all imple-
mentations, and it should be understood that the described
program components and systems can generally be inte-
grated in a single software product or packaged into multiple
software products.

Thus, particular implementations of the observer matter
have been described. Other implementations are within the
scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order
and still achieve desirable results. In addition, the processes
depicted in the accompanying figures do not necessarily
require the particular order shown, or sequential order, to
achieve desirable results. In certain implementations, mul-
titasking and parallel processing may be advantageous.

What is claimed is:

1. A system comprising: a gaze capture component con-
figured to:

capture an image that comprises a representation of at

least one eye of an observer;
a processor configured to:
determine location of the eyes of the observer in the
image; calculate a gaze location based at least upon the
location of the eyes in the image, wherein the gaze
location identifies a location within text displayed on a
display;
estimate a nominal span, wherein a location of the nomi-
nal span is based upon the gaze location, and wherein
the nominal span comprises a plurality of characters;

alter one or more first visual characteristics of the plural-
ity of characters by changing a color of the plurality of
characters within the nominal span and to the left and
right of the nominal span to a first color; and

alter one or more second visual characteristics of charac-

ters outside of the nominal span by changing a color of
the characters outside of the nominal span to a second
color, wherein the first color and the second color are
different.

2. The system of claim 1, wherein the alterations to the
one or more visual characteristics of the displayed text
increase attention.

3. The system of claim 1, further comprising the display
configured to display the altered text.

4. The system of claim 1, wherein the processor is
configured to determine the nominal span by measuring a
visual span size of an observer.
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5. The system of claim 1, wherein a size of the nominal
span is based upon an average visual span size of a popu-
lation of observers.

6. The system of claim 1, wherein the processor is
configured to alter the first visual characteristics of charac-
ters by changing a size of the plurality of characters within
the nominal span and to the left and right of the nominal
span.

7. The system of claim 6, wherein the processor is
configured to alter the second visual characteristics of char-
acters by changing a size of the outside of the nominal span.

8. The system of claim 1, wherein the alterations of the
one or more visual characteristics of the displayed text
increases saliency compared to unaltered displayed text.

9. A method comprising:

capturing an image that comprises a visual representation

of at least one eye of an observer; determining location
of the eyes of the observer in the image;

calculating a gaze location based at least upon the location

of the eyes in the image, wherein the gaze location
identifies a location within displayed text;

estimating a nominal span, wherein a location of the

nominal span is based upon the gaze location, and
wherein the nominal span comprises a plurality of
characters;
altering one or more first visual characteristics of the
plurality of characters by changing a color of the
plurality of characters within the nominal span and to
the left and right of the nominal span to a first color; and

altering one or more second visual characteristics of
characters outside of the nominal span by changing a
color of the characters outside of the nominal span to a
second color, wherein the first color and the second
color are different.

10. The method of claim 9, wherein the alterations to the
one or more visual characteristics of the displayed text
increase attention.

11. The method of claim 9, further comprising displaying
the altered text.

12. A non-transitory computer-readable medium having
instructions stored thereon, the instructions comprising:

instructions to receive a gaze location, wherein the gaze

location identifies a location on a display of a user;
instructions to map the gaze location to a location within
text displayed on the display;

instructions to estimate a nominal span, wherein a loca-

tion of the nominal span is based upon the gaze
location, and wherein the nominal span comprises a
plurality of characters;
instructions to alter one or more first visual characteristics
of the plurality of characters by changing a color of the
plurality of characters within the nominal span and to
the left and right of the nominal span to a first color; and

instructions to alter one or more second visual character-
istics of characters outside of the nominal span by
changing a color of the characters outside of the
nominal span to a second color, wherein the first color
and the second color are different.

13. A system comprising:

a gaze capture component configured to capture gaze

information; a processor configured to:

determine a gaze location based on the gaze information

from the gaze capture component, wherein the gaze
location identifies a location within text displayed on a
display;
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estimate a nominal span, wherein a location of the nomi-
nal span is based upon the gaze location, and wherein
the nominal span comprises a plurality of characters;
and

alter one or more first visual characteristics of the plural- 5

ity of characters by changing a color of the plurality of
characters within the nominal span and to the left and
right of the nominal span to a first color; and

alter one or more second visual characteristics of charac-

ters outside of the nominal span by changing a color of 10
the characters outside of the nominal span to a second
color, wherein the first color and the second color are
different.

14. The system of claim 13, wherein a size of the nominal
span is based upon an average visual span size of a popu- 15
lation of observers.

15. The system of claim 13, wherein the alteration to the
one or more visual characteristics of the displayed text
increase attention to the displayed text in and to the left and
right of the nominal span. 20

16. The system of claim 13, wherein the processor is
configured to determine the nominal span by measuring a
visual span size of an observer.

17. The system of claim 13, wherein the processor is
configured to alter the first visual characteristics of charac- 25
ters by changing a size of the plurality of characters within
the nominal span and to the left and right of the nominal
span.



