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In order to determine defective magnocellular pathway in the visual system of a subject (3), a series of patterns of spatially
varying light intensity, such as checkerboard patterns, are presented to a subject’s eye (3). Each pattern provides a different de-
gree of contrast between areas of varying light intensity. The display (5) of each checkerboard pattern is alternated with the dis-
play of its inverse pattern at a frequency between approx. 0.5 Hz and 15 Hz. The response of the eye (3), such as the visually
evoked potential (9), is measured as the pattern is being displayed (5). The measured responses are compared (19) to a predeter-
mined range of standard/normal responses for the given displayed patterns. Measured responses falling outside of the predeter-
mined range of standard/normal responses indicate a magnocellular pathway defect, and hence dyslexia.
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DETERMINING PHATOLOGIC CONDITIONS, IN PARTICULAR DYSLEXIA

Background of the Invention
In general, the human visual system is formed of two

major processing pathways referred to as the magnocellular
pathway and the parvocellular pathway. These two
subdivisions or pathways remain largely segregated and
independent throughout the visual system. The two
pathways begin in the retina but are most apparent in the
lateral geniculate nucleus (LGN). In the LGN, cells in
the ventral or magnocellular layers are larger than cells
in the dorsal or parvocellular layers. In the retina and
LGN, the magno and parvo subdivisions differ
physiologically in four major ways: color selectivity,
contrast sensitivity, temporal resolution, and acuity.

In particular, fast, low contrast visual information
is carried by the magnocellular subdivision or pathway,
and slow high contrast information is carried by the
parvocellular subdivision/pathway. This functional
segregation, begun in the retina, continues throughout the
visual system, possibly even up through higher cortical
association areas. Therefore, a problem specific to the
magnocellular pathway could originate at any level from
the retina to prestriate visual cortical areas, and it
would be difficult, using behavioral tests, to localize
such perceptual defects.

For example, development dyslexia is the selective
impairment of reading skills despite normal intelligence,
sensory acuity, motivation and instruction. Several
perceptual studies have suggested that dyslexic subjects
process visual information more slowly than normal
subjects. The flicker fusion rate, which is the fastest
rate at which a contrast reversal of a stimulus can be

seen, is abnormally slow in dyslexic children at low
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spatial frequencies and low contrast. When two visual
stimuli are presented in rapid succession, the two images
fuse and appear as a single presentation. The temporal
separation necessary to distinguish two presentations
measures visual persistence, and for dyslexic children the
temporal separation is a hundred milliseconds longer than
for normal children, particularly for low spatial
frequency stimuli. Dyslexic subjects also have trouble
distinguishing the order of two rapidly flashed visual
stimuli. 1In contrast, dyslexics perform normally on test
having prolonged stimulus presentations.

Thus, past perceptual studies suggest that the fast
functioning part of the visual system is slowed down in
dyslexia. Tests using behavioral methods have been unable
to more specifically detect or localize the perceptual
defects involved in dyslexia. On the other hand, further
studies have been made to more accurately determine
dyslexia using visually evoked potentials in response to
stimuli at low spatial frequency (see "Factor Scores
Derived From Visual Evoked Potential Latencies
Differentiate Good and Poor Readers", by James G. May et
al., Clin. Vision Sci., Vol. 7, No. 1, pages 67-70, 1992)
and visually evoked potentials in response to background
flicker (see "The Effects of Uniform Field Flicker on
Visual Evoked Potentials in Children With Reading
Disability" by Steven Lehmkuhle et al., Investigative

Opthomology and Visual Science, Supplement, Vol. 33
(1992), page 718.

Summary of the Invention
The foregoing perceptual studies suggest an

abnormality in dyslexia affecting some part of the visual

- system that is fast and transient and has high contrast

sensitivity and low spatial selectivity. Exactly, these
properties characterize the magnocellular pathway of the
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visual system. Accordingly, Applicants in a physiological
study measured the visual temporal resolution and contrast
sensitivity of normal and dyslexic subjects, and
correlated these physiological results with anatomical
observations in autopsy specimens. As a result,
Applicants have discovered a correlation between defects
in the magnocellular pathway and dyslexia. Specifically,
Applicants found that dyslexic subjects showed diminished
visually evoked potentials to rapid low contrast stimuli
but normal responses to slow, high-contrast stimuli. Such
abnormalities in the dyslexic subject’s evoked potentials
were consistent with defective (reduced size) cells found
in the magnocellular pathway. Further details and
discussion of this study are presented in "Physiological
and Anatomical Evidence For a Magnocellular Defect in
Developmental Dyslexia" by Margaret S. Livingstone et al.,
Proc. of the National Academy of Sciences USA, Vol. 88,
page 7943-7947, September ’91.

As such, the present invention provides apparatus and
method of determining defective magnocellular pathway or
subdivision of the visual system. 1In particular, the
present invention provides apparatus and method for
determining dyslexia.

In general, the present invention presents to a
subject eye a series of patterns of spatially varying
light intensity. Each pattern provides a degree of
contrast between areas of varying light intensity, and
different patterns have different degrees of contrast
between respective areas of varying light intensity. For
each pattern as presented, the present invention measures
response of the eye and compares the measured response to
a predetermined range of standard/normal responses. That
is, the standard responses are indicative of a non-
defective magnocellular pathway, and measured responses
which fall outside of the predetermined range indicate a
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magnocellular pathway defect. Likewise, measured
responses which fall outside of the predetermined range
are deterministic of dyslexia.

In a preferred embodiment, the series of patterns
that are presented to the subject eye are checkerboard
patterns. Within the series, each checkerboard pattern
provides a certain respective degree of contrast between
areas of spatially varying light intensity. To that end,
different checkerboard patterns provide different
respective degrees of contrast. Also for each
checkerboard pattern of the series, the checkerboard
pattern is alternately displayed with a corresponding
contrast reversed pattern. That is, the light and dark
areas of the checkerboard pattern are swapped to form the
corresponding contrast reverse pattern. The degree of
contrast between the light and dark areas however is the
same in the checkerboard pattern and its corresponding
contrast reverse pattern. Preferably, the alternating
display between a checkerboard pattern and its contrast
reverse pattern is at a frequency between about 0.5 Hz and
15 Hz.

The preferred embodiment measures response of the eye
to the patterns by obtaining a visually evoked potential
of the eye for each pattern. Multiple visually evoked
potentials per pattern are averaged to provide a working
measured response of the eye to the respective pattern.
The working measured response is then digitized for
comparing to standard responses.

Brief Description of the Drawings
The foregoing and other objects, features and

advantages of the invention will be apparent from the
following more particular description of preferred
embodiments of the drawings in which like reference
characters refer to the same parts throughout the
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different views. The drawings are not necessarily to
scale, emphasis instead being placed upon illustrating the
principles of the invention.

Figure 1la is a block diagram of apparatus embodying

5 the present invention.

Figure 1b is an illustration of a graphical output of
the apparatus of Figure 1la showing evoked potentials of a
subject in comparison to the predetermined range of normal
responses.

10 Figures 2a-2c are schematics of spatially varying
patterns along an x axis, y axis and both axes
respectfully.

Figures 3a-3c are schematics of a contrast reversal
of the pattern of Figure 2c and the pattern of Figure 2c

15 1in different contrast levels.

Detailed Description of the Preferred Embodiments
Illustrated in Figure la is apparatus embodying the

present invention for detecting magnocellular pathway
defects and hence, dyslexia in a subject 3. The apparatus
20 21 includes a computer 7, display unit 5 coupled to
receive output from the computer, electrode assembly 9
coupled to subject 3, and a signal averager 11 connected
in series between electrode assembly 9 and computer 7 for
providing input to the computer. Preferably, computer 7
25 1is of the minicomputer, PC or similar type digital
processor. Display unit 5 is a monochrome, raster scan
monitor or of similar CRT (cathode-ray tube) type.
Electrode assembly 9 is the type common in the art for
measuring visually evoked potentials. And signal averager
30 11 is for example, a Grass Bio-response averager, model
BA10CD or the like.
In more particular terms, computer 7 generates a
series of patterns spatially varying in light intensities
and displays the patterns before the subject 3 on the
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screen of display unit 5. The displayed series of
patterns serve as visual stimuli to subject 3. In the
preferred embodiment, a series of checkerboard patterns is
employed. As used herein a "checkerboard pattern” is a
pattern having rows and columns formed of a series of
adjacent rectangular areas. Every other rectangular area
along the rows and columns are of one light intensity
while every odd rectangular area along the rows and
columns are of another (especially a contrasting) light
intensity. In particular, each pixel of a rectangular
area is mathematically defined and such definition is
repeated for like rectangular areas.

- Each checkerboard pattern provides a degree of
contrast between areas of spatially varying light
intensity. The degree of contrast is preferably in the
range of about 2% (very low contrast) to about 50% (high
contrast). This degree of contrast differs from
checkerboard pattern to checkerboard pattern within the
series. Also for each checkerboard pattern, computer 7
displays the pattern for a length of time and then
displays the contrast reversal of that pattern. Various
contrast reversal rates and temporal frequency throughout
the series of patterns are used. Further details of the
series of patterns employed by the present invention are
discussed below.

The subject eye responds to each pattern displayed on
display unit 5 in the form of generating a voltage
potential across the visual cortex. This is known as the
visually evoked potential. The visual system does not
respond instantaneously but responds to the displayed
pattern with a characteristic length of time of about .1
second or greater. When the visual cortex responds, the
electrode assembly 9 which has an occipital electrode
connected to the visual cortex of subject 3 generates a

voltage signal. The voltage signal is a measurement of
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the visually evoked potential and is indicative of the
response of the brain to the pattern that has been
displayed prior to that time. The voltage signals (or
measurements of visually evoked potentials) are
transmitted from the electrode assembly 9 through lines 13
to signal averager 11.

Signal averager 11 is synchronized or phase locked to
the presentation of the patterns on display unit 5. For
each pattern signal averager 11 stores and adds the
voltage signals received from the eye’s response to the
pattern. The sum of received voltage signals is divided
by the number of voltage signals stored and added for a
displayed pattern, to provide an average voltage signal of
the eye to the particular pattern. The average of voltage
signals serves to (a) improve the signal-to-noise ratio in
the electrode assembly 9 detection scheme, and (b) time
lock the detected responses to each visual stimulus
(displayed pattern).

For a given displayed pattern, signal averager 11
passes the average voltage signal to computer 7. In turn,
computer 7 relates the response of the eye as indicated by
the average voltage signal to the generated and displayed
pattern which caused the response. This is accomplished
as follows. At 15 in Figure la, computer 7 digitizes the
received average voltage signal by employing an
analog-to-digital converter device or similar digitizing
board/card as common in the art. Computer 7 then passes
the digitized signal (indicative of averaged response of
the eye to a displayed pattern) to a Fourier transform
routine 17. The purpose of the Fourier transform routine
17 is to quantify and separate energy from noise in the
digitized signal/averaged response. As such, for each
displayed pattern, the Fourier transform routine 17
provides a measurement of power of the averaged response
to that pattern.
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Details of the Fourier transform routine 17 used in
the preferred embodiment are found in "Numerical Recipes
in C" by William H. Press et al., Chapter 12, pages 407-
408 and 411-412 (1988). 1In particular, software code
(written in €) for a fast Fourier transform which computes
the discrete Fourier transform of N points is given on
pages 411-412 of that reference and is herein incorporated
by reference (copy attached).

The Fourier transform measurements of responses by
subject 3 to the series of displayed patterns are plotted
against a predetermined range of standard (normal)
responses to the patterns. The predetermined range of
standard responses is established from the Fourier
transform measurements of a group of control subjects
(i.e., subjects without magnocellular pathway defects and
hence non-dyslexic). As a result of the foregoing
plotting, a comparative graph 19 is provided on output of
computer 7.

In a preferred embodiment, the Fourier transform
measurements of responses by subject 3 with respect to
that of control subjects are provided in a Fourier
spectrum analysis of evoked potentials at different
degrees of contrast and different stimulation frequencies
of the displayed patterns. Figure 1b is illustrative of
such a Fourier spectrum analysis. The ordinate (y-axis)
indicates the power of the Fourier spectrum at the same
frequency as the contrast reversal rate (two times the
stimulus cycle rate) of the visual stimulus (displayed
pattern). The orthogonal axis (x-axis) indicates the
contrast level within the displayed pattern where contrast
is expressed as a Michelson fraction (L., = Lg,)/(Ln, +
L,.) - Luminance L is the light intensities found in the

stimulus (pattern). The darkened circles and associated



WO 94/05202 PCT/US93/08213

10

15

20

25

30

35

40

-0 -

lines indicate the range of normal responses while the
unfilled circles indicate responses by the subject 3.

By way of illustration and not limitation, example
ranges of normal responses of various contrast levels of
checkerboard patterns and stimulation frequencies are
outlined in Table I below.

TABLE I
Normal Checkerboard stimulus Contrast
Responses|Contrast Frequency| Reversal Rate
(Fourier | (Michelson
Power) Fraction) (Hz) (Hz)
4 -17 .01 2.5 .5
8~-11 5 5
6-8 7.5 10
.02 2.5 .5
5 5
6-7 7.5 10
.15 2.5 .5
5 5
10-12 . 7.5 10

It is understood that other contrast patterns besides
or in addition to checkerboard patterns may be used as
stimuli. 1In cases of othér contrast patterns used as
stimuli, the ranges of normal responses may be different
than those shown in Table I above.

Turning to the specifics of the series of display
patterns (stimuli) and in particular the preferred
checkerboard pattern employed by apparatus 21 of Figure
la, Figures 2a-2c and 3a-3c are illustrative. Figure 2a
shows a pattern spatially varying in light intensity along
the x-axis. The pattern changes from a light column or
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area to a dark column or area and back to a light column
or area from left to right. 1In a like manner, Figure 2b
illustrates spatial variance in light intensity along the
y-axis. This time the pattern changes from a light row to
a dark row to a light row from bottom to top. Figure 2c
illustrates a pattern spatially varying in light intensity
along both the x and y-axes. Hence, the changing from
light to dark to light areas occurs both from left to
right and from top to bottom.

Also, the changes from light to dark areas in the
patterns of Figures 2a-2c are abrupt. This may be
described as a square wave, spatial variance in light
intensity.

To generate the pattern spatially varying in light
intensity along both x and y-axes, and hence the
checkerboard pattern of Figure 2c, computer 7 of Figure la
executes a graphics routine as follows. The graphics
routine first determines the dimensions (i.e., width and
height) of each square or rectangular area of the
checkerboard pattern. This is accomplished be determining
the number of pixels wide and the number of pixels high
the screen of display unit 5 is. The graphics routine
then divides the determined screen width by the desired
number of squares per row and divides the determined
screen height by the number of rows desired in the
checkerboard pattern. The graphics routine next paints
the screen a first color or brightness (referred to as the
background color). Then according to calculated
dimensions of each checkerboard square, the routine fills
every other square of that size with a contrasting color
(referred to as foreground color) along a row. The
routine repeats the square filling step along other rows

in a staggered manner to produce the checkerboard pattern.
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Pseudo code illustrating the above graphics routine

producing a checkerboard pattern of 10 rows with 15

squares per row follows.

*CHECKERBOARD GRAPHICS ROUTINE*

SgWdth = (screenright - screenleft)/15
Sght = (screenbtm - screentop)/10

X=y=0
color = bkgnd color=1l

Fcolor = 0
color*
for j = 0 to 9 do

for i = 0 to 14 do

color = [(i+j)mod 2)+Fcolor

setfillstyle (SOLID_FILL, color)

bar(x,y,x+sgWdth, y+sght)

x=x+SqWdth+1

end (*of column loop*);
x=0
y=y+Sght+1
end (*of row loop*)

flicker();

end.

*get width of
single checker-
board square*

*get height of
single checkerboard
square*

*start in screen
upper corner*

*begin with 1lst
color*

*set foreground

*for each of 10 rows*

*for each of 15
columns in a given
row*

*for every other
column set color to
foreground color and
for every odd column
set color to back-
ground color*

*set color of given
square*

*draw the square*

*advance to next
column*

*go to lst column*

*go to next row*

*present for desired
time and contrast
reversex
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Alternative to the above described graphics routine,
the series of checkerboard patterns may be generated by a
Grass visual pattern generator or similar software
executable by computer 7. And the contrast reversal of
checkerboard patterns may be generated by similar
software. For example, an alternative graphics routine
provides columns of equal width, alternating between a
certain fixed light and dark intensity, in the pattern of
Figure 2a. The alternative graphics routine overlays or
superimposes on that pattern, the pattern of Figure 2b
with each row having a height equal to the column width of
the pattern of Figure 2a, and with rows alternating
between the same fixed light and dark intensities as the
pattern of Figure 2a. For each of the light rows of the
pattern of Figure 2b, the alternative graphics routine
AND’s together the light intensity of that row with the
light intensities of the row area of the pattern of Figure
2a on which it is superimposed. As such, corresponding
areas (the area of the pattern of Figure 2a under the area
of the pattern of Figure 2b) in which both patterns are
light result in a light rectangular area. And
corresponding areas in which the patterns are different
(i.e., one light and one dark) are made to result in a
dark rectangular area. The resulting rectangular areas
form the pattern of every other row of the desired
checkerboard pattern of Figure 2c.

To form every odd row of the desired checkerboard
pattern, the alternative graphics routine similarly
processes each of the dark rows of the pattern of Figure
2b. Specifically for each of the dark rows of the pattern
of Figure 2b, the graphics routine NAND’s together the
light intensity of that row with the light intensities of
the row area of the pattern of Figure 2a on which it is
superimposed. As such, corresponding areas (the area of
Figure 2a under the area of Figure 2b) in which both
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patterns are dark result in a light rectangular area. And
corresponding areas in which the patterns are different
(one light and one dark) are made to result in a dark
rectangular area.

In effect, the foregoing alternative graphics routine
provides the light rows of the Figure 2b pattern to be
transparent such that the light intensity of the Figure 2a
pattern underlying those rows shows through, i.e., remains
the same light intensities in the resulting checkerboard
pattern. And the dark rows of the Figure 2b pattern
effectively invert (reverse) the light intensities of the
Figure 2a pattern underlying those rows to provide every
odd row in the resulting checkerboard pattern. To that
end, to generate a contrast reversal pattern of a produced
checkerboard pattern, the light rows of the Figure 2b
pattern are used as the inverting (reversing) rows and the
dark rows of the Figure 2b pattern are used as the
transparent rows in combining (NANDing and ANDing
respectively) the patterns of Figures 2a and 2b. The
resulting contrast reversal pattern of'Figure 2c 1is
illustrated in Figure 3a, generated by swapping the
inverting and transparent functionality of the rows of the
Figure 2b pattern.

As noted above, the preferred checkerboard pattern
has an abrupt spatial variance in light intensity. That
is, changes between light and dark intensities in a
checkerboard pattern are made without intermediate areas
of gray intensities. As such, each checkerboard pattern
provides a certain respective degree or level of contrast
between the light and dark rectangular areas forming the
checkerboard pattern.

In the preferred embodiment, the level or degree of
contrast changes between each checkerboard pattern in the
series of patterns displayed in the apparatus 21 of Figure
1a. In the above described alternative graphics routine

PCT/US93/08213
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this changing of contrast level from one checkerboard
pattern to the next is accomplished by changing the fixed
value of light and dark intensities in the Figure 2a and
2b patterns used by the alternative graphics routine in
generating the checkerboard patterns. For example, on a
gray scale of zero (whitest) through 127 (darkest) light
intensities, one checkerboard pattern in the series of
displayed patterns comprises every other rectangular area
of whitest (zero) light intensity and every odd
rectangular area of darkest (127) light intensity. A
second or succeeding checkerboard pattern in the series
has every other rectangular area of medium white (e.g.,
grayscale 25) and every odd rectangular area of medium
dark/gray (e.g., grayscale 100). A following or third
checkerboard pattern in the series has every other
rectangular area of light gray (e.g., grayscale 60) and
every odd rectangular area of medium gray (e.g., grayscale
90); and so on.

In the foregoing example, the degree or level of
contrast changes from a highest degree of contrast in the
first pattern to a barely contrasting checkerboard pattern
in the third pattern, the second pattern being of an
intermediate level of contrast. The patterns of Figures
2c and 3b-3c are illustrative, where the checkerboard
pattern of Figure 2c is representative of a highest degree
of contrast, the checkerboard pattern of Figure 3b is
representative of an intermediate degree of contrast, and
the checkerboard pattern as Figure 3c is representative of
a low degree of contrast. It is understood, that other
checkerboard patterns of intermediate levels of contrast
are similarly used in the series of patterns displayed to
subject 3.

In practice, each checkerboard pattern is about 24 x
18.5 centimeters and consists of 36 rectangles, each 4 x 3
centimeters, presented at a viewing distance of 60
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centimeters. Spatial frequency is thus about 0.16 cycle
per degree vertically and 0.12 cycle per degree
horizontally. For each checkerboard pattern in the series
of patterns displayed by apparatus 21 of Figure 1, the
checkerboard pattern is displayed for about 1 second and
is then reversed in a counterphase square wave temporal
pattern at 0.5 Hz (1 contrast reversal per second). Other
frequencies for contrast reversing each of the
checkerboard patterns are also suitable, for example in
the range of about .5 Hz through 15 Hz. After alternating
between a checkerboard pattern and its corresponding
contrast reversal for a total of about 2 seconds, the next
checkerboard pattern in the series is displayed in a
similar fashion. That succeeding checkerboard pattern is
of a different level or degree of contrast than the first
displayed checkerboard pattern. Preferably, a series of
checkerboard patterns is presented 32 times, each pattern
within the series and it’s contrast reversal being
displayed for about 1 second or less each. Thus, the rate
at which the checkerboard patterns having different
respective degrees of contrast in the series are displayed
is preferably between about 30 patterns per minute and
hundreds of patterns per minute.

While the invention has been particularly shown and
described with reference to a preferred embodiment
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
therein.

For example, the electrode assembly 9 of Figure 1la
may include an electrode placed on the eye that produces
the electroretinogram (ERG) response of the eye to each
displayed pattern. Alternatively, a magnetoretinogram
(MRG) or other response may be used. Further, the
electrode assembly 9 may comprise a head band coupled to
the necessary electrodes and conveniently worn about the
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head of the subject 3. It is understood by those skilled
in the art that other configurations for coupling the
electrodes to the subject 3 are suitable.

Also a preamplifier may be used in combination with
the signal averager 11 (Figure la) as needed. Further,
any such preamplification and signal averaging (including
synchronization or phase locking to the timing of the
stimuli) may be accomplished within computer 7 by
hardware, software or a combination thereof. Other
combinations or configurations of the functions served by
a preamplifier, the signal averager and computer 7 as
described above in Figure l1la are understood by those
skilled in the art to be within the scope of the present
invention. ‘
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CLATMS

A method of determining defective magnocellular
pathway in a visual system of an eye, comprising the
steps of:

presenting to a subject eye, a series of
patterns of spatially varying light intensity, each
pattern providing a degree of contrast between areas
of varying light intensity and different patterns
having different degrees of contrast between
respective areas of varying light intensity;

measuring for each pattern, response of the eye;
and

using computer means, determining defect in the
magnocellular pathway in the visual system of the
eye, by (a) comparing measured responses to a
predetermined range of standard responses to the
patterns, the predetermined range of standard
responses being from target visual systems having
non-defective magnocellular pathways, and (b) for
measured responses outside of the predetermined

range, indicating a magnocellular pathway defect.

A method as claiméd in Claim 1 wherein the step of
presenting a series of patterns includes presenting a
series of checkerboard patterns, each checkerboard
pattern having a certain degree of contrast between
areas of spatially varying light intensity such that
each checkerboard pattern provides a different degree
of contrast than the other checkerboard patterns in

the series.
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3. A method as claimed in Claim 2 wherein the step of
presenting a series of patterns further includes for
each checkerboard pattern, alternating display of the
pattern with its contrast reversed pattern.

5 4. A method as claimed in Claim 3 wherein the step of
alternating display of a checkerboard pattern is at a
frequency between about .5 Hz and about 15 Hz.

5. A method as claimed in Claim 1 wherein the step of
presenting a series of patterns includes presenting a
10 | series of temporally varying patterns.

6. A method as claimed in Claim 1 wherein the step of
measuring response of the eye includes obtaining a
visually evoked potential of the eye.

7. A method as claimed in Claim 1 wherein the step of
15 measuring response of the eye includes for each
pattern, averaging multiple responses of the eye to
provide the measured response of the eye to the

pattern.
8. A method as claimed in Claim 1 wherein the step of
20 comparing measured responses includes digitizing the

measured responses.

9. A method as claimed in Claim 1 further comprising the
step of determining dyslexia, where the measured
response is outside the predetermined range.
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Apparatus for determining magnocellular pathway
defects comprising:

a series of patterns spatially varying in light
intensity, each pattern providing a degree of
contrast between areas of varying light intensity,
and different patterns having different degrees of
contrast between respective areas of varying light
intensity;

display means for presenting to a subject eye,
the series of patterns;

means for measuring, for each pattern, response
of the eye, said means providing signals indicative
of the responses of the eye; and

computer means coupled to the measuring means,
said computer means being responsive to the signals
in a manner which relates the signal indicated
responses to the corresponding patterns and compares
the signal indicated responses to a predefined range
of standard responses for the corresponding patterns,
the predefined range of standard responses being from
target subjects having non-defective magnocellular
pathways, such that upon the computer means finding
signal indicated responses outside of the
predetermined range, the computer means generates an
indication of a magnocellular pathway defect in the
visual system of the subject eye.

Apparatus as claimed in Claim 10 wherein the series
of patterns includes a series of checkerboard
patterns, each checkerboard pattern having a certain
degree of contrast between areas of spatially varying
light intensities such that each checkerboard pattern
provides a different degree of contrast than the
other checkerboard patterns in the series.
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12. Apparatus as claimed in Claim 11 wherein for each
checkerboard pattern, the display means alternately
displays the pattern with a corresponding contrast

reverse pattern.

5 13. Apparatus as claimed in Claim 12 wherein the display
means alternates display between a checkerboard
pattern and its contrast reverse pattern at a
frequency between about .5 Hz and about 15 Hz.

14. Apparatus as claimed in Claim 10 wherein the series
10 of patterns further vary temporally.

15. Apparatus as claimed in Claim 14 wherein the temporal
frequency is greater than about 30 patterns per
minute.

16. Apparatus as claimed in Claim 10 wherein the means
15 for measuring includes means for obtaining a visually
evoked potential of the eye.

17. Apparatus as claimed in Claim 10 further comprising a
signal averager receiving signals from the measuring
means and providihg to the computer means an average

20 of the signals for each pattern.

18. Apparatus as claimed in Claim 10 wherein the computer
means include a digitizer for digitizing the signals
from the measuring means.

19. A method of detecting dyslexia comprising the steps
25 of:
providing a series of temporally varying
patterns of spatially varying light intensity, each
pattern providing a certain degree of contrast
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between areas of varying light intensity and
different patterns having different degrees of
contrast between respective areas of varying light
intensity;
5 presenting to a subject eye the series of
patterns;
for each pattern, measuring response of the eye,
including obtaining a visually evoked potential of
the eye; and
10 using computer means comparing measured
responses to a predetermined range of normal
responses to the series of patterns, the
predetermined range of normal responses being from
non-dyslexic target visual systems, said comparing
15 providing a working comparison; and
for measured responses found by the working
comparison to be outside of the predetermined range,

indicating a determined case of dyslexia.

20. A method as claimed in Claim 19 wherein the step of
20 providing a series of patterns includes providing a
series of checkerboard patterns, each checkerboard
pattern having a certain degree of contrast between
areas of spatially varying light intensity such that
each checkerboard pattern provides a different degree
25 of contrast than the other checkerboard patterns in

the series.

21. A method as claimed in Claim 20 wherein the step of
providing a series of checkerboard patterns further
includes for each checkerboard pattern, alternating

30 display of the pattern with its contrast reversed
pattern.
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A method as claimed in Claim 21 wherein the step of
alternating display of a checkerboard pattern with
its contrast reverse pattern is at a frequency
between about .5 Hz and about 15 Hz.

Apparatus for determining dyslexia comprising:

a series of temporally varying patterns of
spatially varying light intensity, each pattern
providing a certain degree of contrast between areas
of varying light intensity, and different patterns
having different degrees of contrast between
respective areas of varying light intensity;

display means for presenting to a subject eye
the series of patterns;

for each pattern, means for measuring response
of the eye including at least a visually evoked
potential of the eye. the means for measuring
providing signals indicative of the responses of the
eye; and |

computer means coupled to the measuring means
and responsive to the signals from the measuring
means in a manner which relates the signal indicated
responses to the corresponding patterns and compares
the signal indicating responses to a predefined range
of normal responses for the corresponding patterns,
the predefined range of normal responses being from
target subjects having non-defective magnocellular
pathways, such that upon the computer means finding
signal indicated responses outside of the predefined
range, the computer means indicates existence of

dyslexia.
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Apparatus as claimed in Claim 23 wherein the series
of patterns includes a series of checkerboard
patterns, each checkerboard pattern having a certain
degree of contrast between areas of spatially varying
light intensity, each checkerboard pattern providing
a different degree of contrast than the other
checkerboard patterns in the series.

Apparatus as claimed in Claim 24 wherein for each
checkerboard pattern, the display means alternates
display of that pattern with a corresponding contrast
reversed pattern.

Apparatus as claimed in Claim 25 wherein the display
means alternates display between a checkerboard
pattern and its contrast reverse pattern at a
frequency between about .5 Hz and about 15 Hz.



WO 94/05202

PCT/US93/08213

A e normals
151 o dysinxlos
N
g -
© jof #
O .
2P
a
i o 8
O | 1 |
00l 002 O0lI5
checkerboard contrast
)
§ B normals l
‘g 15 dysinxlos
e [ +
'g 10 +
3 =
E \ 8
% b5F
B :
S o
$ 0 . . )
g ISHz IOHz 5SHz

19
Z

» Fig. Ib




WO 94/05202 PCT/US93/08213

2/3
yA
?J ﬂﬂm% Fig. 2a
v A
Fig. 2b
y 4

Fig. 2c

X



WO 94/05202

3/3

PCT/US93/08213

Fig. 3a

Fig. 3b

Fig. 3¢




INTERNATIONAL SEARCH REPORT" Int

donal Application No

PCT/US 93/08213

. CLASSIFICATION OF SUBJECT MATTER

A
IPC 5 A61B5/0484  A61B5/0496

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 5 A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

X PROCEEDINGS OF THE NATIONAL ACADEMY OF 1-6,
SCIENCE (USA) 9-16,
vol. 88 , September 1991 19-26
pages 7943 - 7947
M.S. LIVINGSTONE ET AL. 'Physiological and
Anatomical Evidence for a Magnocellular
Defect in Developmental Dyslexia'
cited in the application
X US,A,4 926 969 (G.D. WRIGHT ET AL.) 22 May 1,3-5,7,
1990 8,10
X see column 3, line 43 - column 6, line 18 12-15
X see column 8, line 6 - line 27 17,18,
21-23,
25,26

m Further documents are listed in the continuation of box C.

m Patent family members are listed in annex.

° Special categories of cited documents :

“A" document defining the general state of the art which is not
considered to be of particular relevance

E" carlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"0 document referring to an oral disclosure, use, exhibition or
other means

“P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X* document of particular relevance; the claimed invention
cannot be considered nove! or cannot be considered to
involve an inventive step when the document is taken alone

“Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
;neglts, such combination being obvious to a person skilled
in the art.

‘&" document member of the same patent family

Date of the actual completion of the international search

29 December 1993

Date of mailing of the international search report

27,01 %

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Rieb, K

Form PCT/1SA/210 (second sheet) (July 1992)

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Intk  ional Application No

PCT/US 93/08213

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

EP,A,0 256 738 (WESTINGHOUSE ELECTRIC
CORP.) 24 February 1988
see column 5, line 30 - column 7, line 13

US,A,4 528 989 (L.S. WEINBLATT) 16 July
1985
see column 3, line 41 - column 5, line 22

EP,A,0 199 218 (WESTINGHOUSE ELECTRIC
CORP.) 29 October 1986
see page 4, line 30 - page 8, line 14

> > > > > >

1-4,
10-13
15,20-26

1,5,6,9,
10,14
16,19,23

1-3,5,6,
10-12
14,16,
20,21,
23-25

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

Int  ional Application No

PCT/US 93/08213

Patent document Publication Patent family Publication
cited in search report date member(s) date
US-A-4926969 22-05-90 CA-A- 2003275 18-05-90
EP-A- 0444150 04-09-91
JP-T- 4503171 11-06-92
Wo-A- 9006080 14-06-90
EP-A-0256738 24-02-88 Us-A- 4861154 29-08-89
JP-A- 1040028 10-02-89
US-A- 4953968 04-09-90
US-A- 5052401 01-10-91
US-A-4528989 16-07-85 NONE
EP-A-0199218 29-10-86 UsS-A- 4697598 06~10-87

JP-A- 61249433 06-11-86

Form PCT/ISA/210 (patent family annex) (July 1992}




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

