WO 01/ 47463 PCT/ |1 BOO/ 02052 SYSTEMS AND METHODS FOR | MPROVI NG VI SUAL
PERCEPTI ON FI ELD OF THE | NVENTI ON The invention relates generally to the
field of woei@nes 5 i mprovenent and, nore specifically, to pégmgdofo¥ssdg and

i nproving visual perception and acuity abilities, and inproving the visual
perception process and neural perfor mance of a per son over a conmunication

networ k. 10 BACKGROUND | NFORVATI ON Human esi is a Egﬁr{oduct of two
separ at e pr ocEsSEdS g WH@Q%QF&%&MRP@ B¥m % FRrCRP'ESon to
'see. One of these processes, herein referred to as the physical

conponent, concerns the physical structure of the various 15 el enents of
the eye EIRLIh@Y i THOMNENTIIE is mani pul ated and processed by the eye.

Defects in t shape of. the cornea, the tinal_wal r t tic nerve
can i npair oPﬁ‘ e]sr?‘feorﬁ/tjt% lf?ﬂnactt?%n%?lf‘?@a%f t%e?}%%n%%ejgf}e gn}ﬁl hts i npai r
or eld ming@ddie@bidid Y ddrPes et VeI ¢NBOLS . £ &0of el &) yng 28ndef ects in the
cornea of a person can be corrected through the use of glasses, contacts,

or surgérﬂip@}éwgaswl%see]r p%?%%ani@@w%% abfef eeteSi n2Rfe retina of a
person alrnﬁ) trl’?é)avllsqgcjxféé/rcs J@@eé{ dIP Qfess involved in
g umans erred t

al l owi n 0 See ges i1s ere| nre 0 as the neurol ogi cal
conponenter £ okuas a0 NP ree N e 100 T erVESE MNEe urahmyot Deeissdmgnettwohle. brai n and how
the brain analyzes information sent fromthe eyes to produce an imge. A
person can |ikew se have a nunber of defects in this conponent of the

vi suag presessHmevcivEsMaOrig@gduced vi sual acuity, reduced sensitivity for
spatial contrast, reduced vernier acuity, spatial distortion, abnornal

spati al i nt edastEromysfidlithpas redrwitdurct daiecisrarrate processes

"

that work together to form images for a person to “see.
One of these processes, herein referred to as the thsical
component, concerns the physical structure of the various
15 elements of the eye and how incoming light is manipulated
and processed by the eye. Defects in the shape of the
cornea, the retinal wall, or the optic nerve can impair or
destroy the functionality of a person’s eye and thus impair
or eliminate the ability to perceive images. Fortunately,
20 defects in the cornea of a person can be corrected through
the use of glasses, contacts, or surgery such as laser
keratotomy. Likewise, defects in the retina of a person are
often repairable by surgery.
The second process involved in allowing humans to see
25 1images is herein referred to as the neurological component.
This component concerns neural processing in the brain and
how the brain analyzes information sent from the eyes to
produce an image. A person can likewise have a number of
defects in this component of the visual process, such as
30 reduced visual acuity, reduced sensitivity for spatial
contrast, reduced vernier acuity, spatial distortion,
abnormal spatial interactions and impaired contour

detection.



1 WO 01/47463 PCT/ 1 BOO 02052 The physical conponent and the neurol ogi cal
conponent work together to forminmages that a person sees, or nore

preci sel WOPNAN46A person perceives. The term "perceives" i BCTBf02¢52ed
because, although the physical conponent may 5 capture certain details,
defects in the neurol ogi cal conmponent may distort and destroy these

details, therﬂi&rﬁa%sfﬁai%@gﬁﬁ&% ér?d"%§rﬁelpzyof[<§§i<? { SOBmPBYfot be

exactly what 1s “captured e eyes. Consequent e I nage that S
per cei vedbrray adidtflerr i to dibban | ifages ttheat mageetdant $sed) seemoby t he eyes.
Thus, the over process of human eyesight js herein referred fo.as the

[
visual pISERT ol Proce LRI ST YHE netifol oyt Ral Pebnpbhent b a
person’ rafsiald PRICARE O PIIRSESS Cad Ny becd Enestheshéht ough the use 15

of corrective lenses or surgery. Therefore, alternate technjques nust be
enpl dyedarms- wiq edfEtEiprder et dekrrts deflded snewrehedhedt ol ogi cal

componentoBlofReNaan’ & S Sial o n PULEPIL O PLOCESS A FPL SXAIPL Lo, COmon

defect i the neuro gica conponent "of the visual perception process is
a condi tiren inkrwtlest andl yope@’ Thitshe Soar et cepy | oot ded eexawbkye t he
brain incorrectl é i _nlE ercfr ets and processes visual. information it receives

from t he'"&fess HY 1t ¥¥Rf- (PP CaY sttt 1Pe9%f TRk eyes

may be und Mpaided e Yhen, 29 addr essidg: ambl yoph achd chiddrenat ong approach
to correcting defects ’in the neurological conponent is to occlude the non-
amblyopisserdid ridm «es andldsr cdte il orecawkeot gemaer use of the

anbl yoPlg, e 8 RARI2GH, AERELAl Ly L Stendhens the, anblygpi ¢ eye and
Vi sual acuity. " But a significant s comng of this
approachrcscess.
Defects in the neurological component of a person’s

visual perception process cannot be remedied through the use

15 of corrective lenses or surgery. Therefore, alternate
techniques must be employed to alleviate or correct visual
defects in the neurological component of a person’s visual
perception process.

For example, a common defect in the neurological

20 component of the visual perception process 1is a condition
known as amblyopia. This is a perception defect where the
brain incorrectly interprets and processes visual
information it receives from the eyes, despite the fact that
the physical structure of the eyes may be unimpaired. When

25 addressing amblyopia in children, one approach to correcting
defects in the neurclogical component is to occlude the non-
amblyopic, dominant eye and “force” the brain to make
greater use of the amblyopic eye. This approach generally
strengthens the amblyopic eye and increases its visual

30 acuity. But a significant shortcoming of this approach is
that this method is typically only useful in children under
the age of nine, and beyond that age the method generally

provides insignificant results. Furthermore, occlusion of
2



that this nethod is typically only useful in children under the age of
ni ne, and beyond that age the nethod generally provides insignificant
resul ts. whousiv4rggnor e, occl usion of 2 WO 01/ 47463 PCT/ | BOO/i20fBd0/03i08€
non- anbl yopi ¢ eye is acconplished through the use of an unsightly eye
patch, and this often results in social and enotional problens for
children, The eye patch may cause skin.irritation, as well. 5 Anblyopic

obser veF8esiPPepTPHLETRHENFYSr 18 PCGP™PHe ShFeur-a Syial-ife & £étt i oned
above, syghyasitedyeet\isualnacwity orteduced sensiitd Wd 1o spat i al
contrast, reduced “vernier acuity, spatial distortion, abnormal spatial

i nt er acemonsoand prpdilesd domt ot ldercsct | dine Avs yopas: may IGusdsso have
abnornalkg high.gegr%gs %f M% ﬁinsic noi se, which may formthe basis of
their aBfioFmaf Teoatrast §&ndiTtivity function. 3 WO 01/47463 PCT/ | BOQ 02052
SUWBRY COF Thilnbh WYENE QN sSysienrs sarfd eretthes nfzory evalalat iofg,crguanti fyi ng
and inproving a person's visual perception capabilities are provided. 5

I n one BRBEALREAESL1aIS)SCEM JERELINES FPOTECe£3i%h 35t TesIcE &d sHadual
percept Lon; Lgsk LARGES QL -ARESARL AN 13 8 2 1P Rba AN FRERIES
respective 1hputs fromthe person“based “on the person's perception of each
i mage, whenéen asubsequeptltyagedesabed liomagebrarselaseditdtall east in part on
10 the ?e son'gﬁgerce tion _of. _one or nore pEev%Qust r égnted i_mages. The
gener at FBhSAAA - ADHCT PESt 0K 0F SPnEq8s Ohds 88 T E 4 he p RSP i's
repeat ed1ypt hkvat abeashaong nebar aebeekst b ahchhesper si'se ,Vivtdah

perception _ . o
may form the basis of their abnormal contrast sensitivity

function.



capabilities is adequately evaluated, inproved to a desired 15 level, or
both. O her and further aspects and advantages of the invention wll
becone appanesissi romthe foll owi ng detailed description apdrasmasanyi ng
drawi ngs. 4 WO 01/ 47463 PCT/ 1 B00/ 02052 BRI EF DESCRI PTI ON OF THE DRAW NGS
In the figures of the acconpanying drawi ngs, like reference nunbers
correspond to like elenents, in which: Figure 1 illustrates one enbodi nent
of a Vi sSUAIMAR P& bt o EREH . YFrage. Figure 2 illustrates a second

embodi nent  ofgaMdsdlaling ReGeRid oo Taska 1 i@geng Fi @ue: Br 1 hyshrat es further
enbodi nents of" Visual Perception Task I nmages. 10 Fi gures 4A through 4D

i |1 ustr dreol o di IR’ ©fviisabe Peeriepdl ovpdzeksit Fegures 4E and 4F
illustrate a,nci)et&er enbodi ment of a Visual Perception Task. Figures 5A

t hr ough B 19Ustrate four nore enbodinents 15 of Visual Per ception Tasks.
Fi gurees 6A t hroughe 6hhbdd irsdritat ea taws et egetdosl e nd ssuate ¥ soml oPer cepti on
Tasks. Figures 7A through 7D il]Justrate two nore enbodi nents, of Visual

Per cept iOh eSS VB RPEPHIOR G DI TTIE of FgrRirf DRt 1 At e Aet - based

system fﬁrg&ﬁnta{ﬁaﬂf&em@@tﬂé%@&w@ 1APE YT Ny sal pe PescephE0A
abilities of a person, in accordance with the invention. Figures 9 and 10
are flowharts mepiotishgaemtdwdsot vt @&ch demdd yiwierepmant i fyi ng and
inprov“g%ﬁgéaﬁgné¥§(§a&éfgked images are based at least in part on
10 the person’s perception of one or more previously presented
images. The generation and modification of images based on
the person’s input is repeated until at least one
characteristic of the person’s visual perception
capabilities is adequately evaluated, improved to a desired
15 1level, or both.
Other and further aspects and advantages of the

invention will become apparent from the following detailed

description and accompanying drawings.



abilities of a person fromthe perspective of a host server in the system
of Figure 8. Figure 11 is a flowhart depicting nethods for identifying,

quant i f yivwe caagkes nprovi ng vi sual perception 30 abilities graghRgsen from
t he perspective of a client termnal in the systemof Figure 8 Figure 12

illustrates an enbodi nent of a system configured to carry out nethods for
identifying uantif¥in8 5 WD 01/47463 PCT/ 1 BOO' 02052 and i nprovi ng
visual pRREEPLYBRCRBFTFNeSTof s BRAESNCS| n  accordance with the invention.

6 WO 01/474631PCTAL 02082 r DERA! LED-RESCR R 1 N G JEE PREEERRED
EMBODI MENTS TERM NOL As used herein, " the term "Visual Perception Task

| mage" SeberéndT humpgersrebpersspondntpnbagkegehemansed. f on wkechn testing,
treating, or inproving. erson’s visual rceptio pr,ocess. As used
erei n. the toIRIES Suht TRer caperon  Tacke g FERLEE pBVIFERT, 2vi'sual

per cept iparéestion Task empLeying 10 one or nore VPT inmages in order to
measure or inprove a person's visual perception_process. As used_herein,
the term " Vi siE¥UPer¢ept 1 BALTAERS Ze88FORE BFPOYPTeBEsSfoA" Viéiers to a

plurality.of VPIs,that, anggpresented to a person to test or inprove their
vi sual 15 perception procesS. Each VPT Session is generally designed to

target a speciigeraspectlostrheeyi SuathpereepodomenpeocésyisvhBUAL
EEFEEE?} $Fgg%l%é£#¥§§k29m§§gépnlng with Figure 1, an exenplary Visua

10 Figures 4A through 4D illustrate two embodimentg of
Visual Perception Tasks.

Figures 4E and 4F illustrate another embodiment of a
Visual Perception Task.
Figures 5A through 5D illustrate four more embodiments

15 of Visual Perception Tasks.

Figures 6A through 6D illustrate two more embodiments
of Visual Perception Tasks.

Figures 7A through 7D illustrate two more embodiments
of Visual Perception Tagks.

20 Figure 8 is a simplified diagram of an internet-based
system for identifying, quantifying and improving visual
perception abilities of a person, in accordance with the
invention.

Figures 9 and 10 are flowcharts depicting methods for

25 identifying, quantifying and improving visual perception
abilities of a person from the perspective of a host server
in the system of Figure 8.

Figure 11 is a flowchart depicting methods for
identifying, quantifying and improving visual perception

30 abilities of a person from the perspective of a client
terminal in the system of Figure 8.

Figure 12 illustrates an embodiment of a system

configured to carry out methods for identifying, quantifying
5



Task I mage (VPT Image) is shown. The VPT Image 100 of Figure 1 conprises a
single target Gabor patch 102 designed to activate neurons in the visual
cortex. IwoviQwed be noted that the VPT Inage 100 can takecqhgodeos of any
visual 25 stinulus, and is not limted to Gabor patches. The Gabor patch
102 is a lum nance pattern defined by a collection of odd (sine) and even

(cosine) wave functions wth limted spatial extent (and/or tenporal

ext ent ) . 2FHesBPTPYUAELI BASUaHe PREFEPFEATt §Pas 1866 FFuRcPEGFE™ THE Gabor 30
fU”Ct'OnéchEEHHEeVQEkﬁbk%% thatndeseribe the pattern orientation,

wavel ength (width of a single black-white cycle) and spread of t he

Gaussi an envelope 7 WD 01/ 47463 PCT/ 1 BOO 02052 Gabor functions are
significant because they have been shown to efficiently describe the shape
of receptive fields in the mammalian visual system Neurons in the primary
visual cortex receive retinal inputs with weights 5 distributed over space
in a shape that fits the Gabor function. In humans, it has been shown that
visual pattern detection is performed by nmultiple |ocalized filters, each
covering a range of retinal space, orientations and wavel engths. The
filters weigh visual input by a function 10 that fits the Gabor function,
each filter having its own paraneter set (location, orientation

wavel ength). These detectors underlie both pattern detection and
segnentati on. Another VPT Inage 100 is illustrated in Figure 2, this tine
conprising a central target Gabor patch 102 flanked by 15 two nore Gabor
patches 104 of simlar orientation and spatial frequency placed laterally
of the central Gabor patch. In this enbodi nent, the target Gabor patch 102
preferably coincides with a fixation point of an observer



(the target patch 102 being fovean) sitting a distance of 20 about 0.5 -
2.5 neters froma display screen presenting the VPT inmage. The Gaussi an
envel ope Ve 8847363 = X = 0. 15) nmay be such that at | east oneCEHNIE2052 wit hin
a range of a from the Gaussian center. The carrier spati al frequency of
the Gabor patches nmay be 6.6 cycles per degree (a, 0.15) and 25 mask

contrast, TRy L]iﬁﬁ/o T ist #@é%ﬁh 4 ﬂ@éNTgabor patch 102 and
t he flaml ng L%%c e“@;sCRllgtiffrjrdaﬁ %20%1% e |15h|r@\|’[ @contrasts of the patches
may be in the range of 8- 50% for exanple. In short, each visual inage is

characterized by a paraneter conprising at |east one of a 30 contrast, a
spat i al FFREFAEHESY a di stance between the images, a local and gl obal

orientation, jpresen atd QA1 Mhe @ PosSdbly Bt ReLpPasAMBLEk STAsgael | . 8
WO 01/ 47463 PCT/ 1 B00/ 02052 1t should be noted that the invention

cont énplaat eYRB dmagfe’a Triffet tof  tievann | IRNLPo P su9f the VPT | nages

100. ThIS |s becau ) Qn q; c each
defi ci ency ger‘?e‘r%]isy '{52‘% réezzulglllpd!p? f er%n% se %?@%\%ﬁ[ ng%;{eéégi%g&?o best
identifytdregparticul ar deficiency and work to inprove it. Therefore, the
i nvention conterrpl at es usi ngma | ar ge nunber of different VPT Inmages 100

to identify & 4sfst § fléiiEnt {yPEl dfeRF RGO pqé?‘%}épt?lén
defi ci engjgs. Hheses ddctfaerﬁrgua\i%é  J00 dise d0 changespi vy paganmeters

such as contrast, contours, spatial frequency, di stance between the
i mges, drecalr armi/eorV@r @b@lgesnrllremmi&mn%o ofea$iere neigesnpaede ok her

attributes to ,devel o rrenrovecd neur.ol oegS i cal function. Because the VPT
RpeErce 4} broc

| mages TSR E tvylpl 1IIy co generasf ed images, they may also be 15
either stati mg)ruggmamfelfurﬂﬁwrmne vt e AP TP d regesi i00Tasle not

restricted to
Session” or “WPT Session” refers to a plurality of VPTs that
are presented to a person to test or improve their visual
15 perception process. Each VPT Session is generally designed
to target a specific aspect of the visual perception

process.

VISUAL PERCEPTION TASK IMAGES
20 Beginning with Figure 1, an exemplary Visual Perception
Task Image (VPT Image) is shown. The VPT Image 100 of
Figure 1 comprises a single target Gabor patch 102 designed
to activate neurons in the visual cortex. It should be
noted that the VPT Image 100 can take the form of any visual
25 stimulus, and is not limited to Gabor patches.

The Gabor patch 102 is a luminance pattern defined by a
collection of odd (sine) and even (cosine) wave functions
with limited spatial extent (and/or temporal extent). These
functions are referred to as Gabor functions. The Gabor

30 functions include variables that describe the pattern
orientation, wavelength (width of a single black-white

cycle) and spread of the Gaussian envelope.



Gabor patches, but rather any kind of visual image, including straight
lines, curved lines, or other shapes. The particular VPT |Inmage 100 used is
sel ect edwbagd@6apon 20 whi ch neurol ogi cal functions requi PETIRpra9Enent .
Accordi ngly, the enbodi nents shown in Figures 1 and 2 are for purposes of
illustration only, and are not nmeant as limtations on the invention.

Variations o : S L gur n al b ed. For
exanpl e, ano% %$§v§$§8 ?%ﬁgo?g%h§5%g4%§F%ﬁgegi§8ﬂg¥ Eﬁggrgg%en%§%20nsist of
sequentslablvy addefigionentdy deserfibankhngsBaber opatehepti®@4é tthatldar e

simlar in appearance to the target Gabor patch,102, And for the VPT
| rage 190 6?6F§@UW@1??naV%§PP$t?8 ChRRy cHﬁ§$§PSanr5P§tPﬁém§6ythe | ocal

ori entations) ofot-hexGabekipat ebesni02;apdc 404 taSwewghtsas their gl obal
orientation. Exanples of alternate variations of the VPT |Images are shown

in P guiesBriguveioera7468aPETANBO0LDRDE2 L hYF SUAL SPEREERTPON TASKS A Vi sual
e Pt b el VBN nfRURL) 528 808 BLelDLEoPlnbIR0Te 190LITLAe, oo

pr esent person I n sequence, east one of “the
100 gengsodtyibni nel pdesoamtar et muAsipsedlibeneinedt helter®, " kakcget” refers
to a specific portion of the VPT Image that the person is _expected to

f ocus OFPBRYHRE eRt T2REBNCESTECERBOr SBAFEN BF1eBbAE1BEReA A sual stimul us.

When two. 0L, ORLEnYPT +1Bges1100 aneiysedikiad YREur B0 gergnaklyyl ess than
all of the VP I mages 100 used will “contain the target. For exanple, if

t wol /PTchaegest 400har @absedfunnei¥RPT kaabhefidOewi hhvhageisst awget that the

person is expected tg dgg ctnmhikeekpgtother Vggléﬁagﬁ)looTﬁkgE not. And
when a RPTEONDTi 885 SnP ohe vPT TRRGET 168, YRS Cha

detectors underlie both pattern detection and segmentation.
Another VPT Image 100 is illustrated in Figure 2, this

time comprising a central target Gabor patch 102 flanked by

15 two more Gabor patches 104 of similar orientation and
spatial frequency placed laterally of the central Gabor
patch. In this embodiment, the target Gabor patch 102
preferably coincides with a fixation point of an observer
(the target patch 102 being fovean) sitting a distance of

20 about 0.5 - 2.5 meters from a display screen presenting the
VPT image. The Gaussian envelope size (6 = A = 0.15°) may be
such that at least one cycle is within a range of *¢ from
the Gaussian center. The carrier spatial frequency of the
Gabor patches may be 6.6 cycles per degree (A = 0.15° and

25 mask contrast may be 40%. The distance d between the target
Gabor patch 102 and the flanking patches 104 may be 1.5A.
The initial contrasts of the patches may be in the range of
8-50%, for example. In short, each visual image is
characterized by a parameter comprising at least one of a

30 contrast, a spatial frequency, a distance between the
images, a local and global orientation, presentation time,

and possibly other parameters as well.

8



15 person is generally expected to detect sone characteristic of the

i mge, such as whether a target Gabor patch is offset fromflanking Gabor
pat ches, VW 0Mf¥déher a contour can be seen. The one or nor BCY/BPOO0MRges 100
are shown to a person 20 during the VPT, and the person is then asked to
performthe VPT by identifying the target or the characteristic of the

i mage. The VHIs g WS, dhes e %%?e air?&élgéfoﬁt%&ﬁ€e%lag¥ga@@ VPT

| mage used in a , or there may be two or nore VPT Inmeages displayed in
sequencef 2b rAfrilesr tdie a/RTexsa pies esmtled ittdret perSonheé sVASkedages provi de a

response (or "input'") b d hi s, ti f.the., VPT |
100 For Seanpiiiie (e S Tah Db SEke Vo Tridl Sht - REL FEE AR or ohe.

perceived: e 4ad g8lch Ue el besy thendag rasubeen af fsetetenm fl ankers.
30 The person can provide this input through a variety of _nechanisns, for

i nst ancesddy ST | Fep e s esd ho-questt ofdert 1 fil thpl R2ERDBFEe2Euest i on, a
true/ fal quest | | I stion, siaLl pons. 10
V0 01/ a7 B TR0t DA i S e oLL 00 Hr PHAEE DLfle B BHERLL TR,
devi ce sttt easlan el Btg keyboage mumbetisef O hbereénpuVPieamggessuch as
voi ce recognition, touch-screens, joysticks trackballs, conpute ens, or
t ouch- pad¥’ deh Jéiesréflb“g‘/ .l‘Sp]P%Yé s%‘?‘%y fexeRh B¥PEROS {’TEEF?Lgp

per cept i.Qn- Qf ,COMN QU S; o3 d e d HPULTHEYe N1 £ BS-&nf e8PPNSRaOsal guiestéon, but

rather, ~ the person may indicate a perceived contour formed by the inmages
usi rgp a gousEeds cirowdFanectens contbuas Rt Shprecrpiher YPISiate then

gener at &0 ALl PIESSLEL L0 LHE Palson, haved, Alclasha)BrPaileatipon the
person' s Tesponse to the precedl ng : r 1y, Tt the

orientations of the images, and other attributes to develop
improved neurological function. Because the VPT Images 100
are typically computer-generated images, they may also be

15 either static or dynamic.

Furthermore, the VPT Images 100 are not restricted to

Gabor patches, but rather any kind of wvisual image,
including straight lines, curved lines, or other shapes.
The particular VPT Image 100 used is selected based upon

20 which neurological functions require improvement.
Accordingly, the embodiments shown in Figures 1 and 2 are
for purposes of illustration only, and are not meant as
limitations on the invention.

Variations of the VPT Images of Figures 1 and 2 may

25 also be used. For example, another variation of the VPT
Image 100 of Figure 1 may consist of sequentially adding one
or more flanking Gabor patches 104 that are similar in
appearance to the target Gabor patch 102. And for the VPT
Image 100 of Figure 2, a variation may consist of rotating

30 the local orientations of the Gabor patches 102 and 104, as
well as their global orientation. Examples of alternate

variations of the VPT Images are shown in Figure 3.



person correctly perfornmed the preceding VPT and detected what was
expected, the further VPT can be configured to be nore difficult. O if

t he per sadYO0H4746habl e to performthe 15 precedi ng VPT, theP€TERO0®ROSYPT can
be configured to be easier to perceive for the person. Alternately, and
particularly when the level of difficulty is at or near the person's

t hreshol d, t:$§§6ﬂ£h§ﬁR%§%T§§ﬁ bg-gdesigned to maintain the sane |evel of

difficulty. s taxes person's visual perception process and
further worksAathiesuperBencaptite Thsleshobds obmbrsses hee wirsmakeperception

abilities. These further. VPTs are refer&blg generated, until the person is
no Iongéﬁqhﬂﬁ?%F%r%éQeEEaFna¥%epﬁ TEFCUT arCt FeBERERT $BsSFBHE"SS  More

particulgidyeid her fLEL BET o VPTSE aF I8 GEDEr BhEGe HY1 0¥ ag¥haga0Ne Or nore
paranmeters associated with the VPT Inmages 100. These paraneters may

i ncl ude, ibukudee motargehi t elistesedontrast, Shat farmf Fequeacy, rdfsrance
bet Mgl ga?%eée(fi%é"p%ﬁ%%o f"t}?é'\?ﬁ‘fairh%%eéﬂgttgﬁegéé%bﬁni fos0tine

an i mag played. i nat1 ons of para rs m mani pul’at ed as
wel |, sushpastednts asbcandorxposdeeectduraticiona of at beb¥PTphtageoct00. As
expl ained in greater, de{ail,herein, t hese paraneters are quantified and

expr essetPM Y/ WAGRT PETHTBOO? 02052 in numerical terms to allow for
anal ysi s and ydy PUbAtd Lo MS| BT SBEd 8L €, §ONE 2k N, Bgaf YACLT oBg, and
algorithns for this purpose. The VPTs can be adm nistered in different
waysL0 5 geppal 1y epersionn usks ®botthheyésT wheagper 1 0P nitagdt Hel VPTs.
Loyl e TELIG0S A0Sy D S0 | WL ER Replogdot gl 1
St er eosaHu L, Wrsd OVPTaImdge deyvelwped have a target that the person

is expected to detect while the other VPT Image 100 will

not. And when a VPT comprises only one VPT Image 100, the

15 person is generally expected to detect some characteristic
of the image, such as whether a target Gabor patch is offset
from flanking Gabor patches, or whether a contour can be
seen.

The cne or more VPT Images 100 are shown to a person

20 during the VPT, and the person is then asked to perform the
VPT by identifying the target or the characteristic of the
image. The VPTs vary, thus there may be a single static or
dynamic VPT Image used in a VPT, or there may be two or more
VPT Images displayed in sequence.

25 After the VPT is presented, the person is asked to
provide a response (or “input”) based upon his or her
perception of the VPT Images 100. For example, the person
can be asked to indicate whether he or she perceived the
target, or whether the target has been ocffset from flankers.

30 The person can provide this input through a variety of
mechanisms, for instance by answering a yes/no question, a
multiple choice question, a true/false question, a

right/left gquestion, or other similar guestions.
10



using both eyes. This technique is nore adapted for use in 10 adults.
Further, especially in the case of children, entertaining content can be
added to wo dhudirdes into the VPTs to keep their interest |eyelr/By@idosVPT
Exanple 1 15 Turning now to Figures 4A and 4B, an exanple of a VPT is
shown where a person's contrast sensitivity is addressed. In this exanple,

the VPT conprises two VPT I mages 100, .one. in Figure 4A and the other in
Figure 4B. The YFTShegT nBT oW 8%5 tB@réBHuFoEﬁéPﬂgaBnlﬁpPEr gV1&Fea, which

is generghly 29 fheoggnter RE,LOerdi SPI @%u8er eedrhSeMenbar Muebnaar ker may
be di splayed prior to the VPTyIna es 100 being shown to aid the person in

focu5|ngm@ﬁhth% Y@ig@tra¢@gnlhbﬂﬂ, tpechwacryPms| nhgestioBsare shown to a

per son 11 segyence. The YT Lorge 400, of i guce 4happear s ongareen for a

short 25 HUFation: bf nnob rmage I's hort ~“duration of
time,s arebf i s&ahé yvbhe, VEUbhnagetnésElguselﬁg psrcsbamnnfef aosheutrsduration
of tinme. One of the two inmages contains the "target" that the person is

expect edc1® bareei vay ?%Febetﬁer?%P@%Feabﬁeargu?ﬁ tRB- sBEbndafFhEge, 30

whi ch i sl QW £ 4B. mdPei REL SQPe NQVLPLON deg aBnt BRUt rbPnibRdALGat gewhi ch VPT
| mrage 100 contained the target. Again, the appropriate user “input in this

exanpl e \wades besing agknowsedge thatinhethe V@ﬁDQﬁH7463 PCT/ 1 BOO/ 02052
second |nage Flgure 4B eoptain Qea£e gﬁen Lhe er.son inputs a
response, % [T her %&ﬁgls g%%ere?ed and prese%?eﬁ ?g ?h% erson. If the
per spm ftﬂlseﬁ@Wécﬂieﬂoatlﬁ@rpéﬁéoﬁEB@@élﬁﬁ 40 1best5ivPlaet, FupuheshdA and 4B,
the next successive VPT will preferably be slightly nore dlfflcult By way
of exanﬁy%rson s response to the preceding VPT. Normally, if the
person correctly performed the preceding VPT and detected
what was expected, the further VPT can be configured to be
more difficult. Or if the person was unable to perform the
15 preceding VPT, the further VPT can be configured to be
easier to perceive for the person. Alternately, and
particularly when the level of difficulty is at or near the
person’s threshold, the further VPT can be designed to
maintain the same level of difficulty. This taxes the
20 person’s visual perception process and further works the
person at the thresholds of his or her visual perception
abilities. These further VPTs are preferably generated
until the person is no longer making progress in the
particular treatment session.
25 More particularly, the further VPTs are generated by
varyling one or more parameters associlated with the VPT
Images 100. These parameters may include, but are not
limited to, contrast, spatial frequency, distance between
images, local and global orientation, and the duration of
30 time an image is displayed. Combinations of parameters may
be manipulated as well, such as contrast and exposure
duration of the VPT Image 100. As explained in greater

detail herein, these parameters are quantified and expressed
11



this may be acconplished by decreasing the contrast of the VPT Inmages 100.
As shown in Figures 4C and 4D, the new VPT Images 100 have a | ower

cont rast wa ¢ig47¢6%y nmaki ng the target 10 nore difficult to pRETHI0E205The VPT
| mages 100 of Figures 4C and 4D can then be presented as a VPT for the
person to perform This decreasing of contrast |evel then continues as

t he person_suc foul erfor j -l tgngj RELSan. 1 S | onger

abl e tolﬁlernélér}e\%gsc'%&e tt%r”%ett.o M%@Xﬁ}%a&@éﬁhse V Irragéehs 10%9?3 random
whi ch | sigdhy sidfe werrdercaaft dibe P TE Urmegiesnd rarfd guiragese UGmmesndf D ttars es from
that of Figures 4A and 4B. And in the event the person provides an

i ncorr e TPES/sonse, the contrast |evel can be increased to make the target

easier to perggl \&T2QMme il ationsf thesMlsrafc Figps es 4A through 4D
are possible. For instance, the nunber of Gabor patches wused in each VPT

| magé 10@rsas Mar . DRI mae sc ot s aswvheyPPe megjesi 190 hané?es one VPT

| mage 1 has _a singl e bor tc t I AN has no
Gabor p eSSt %,h%gleé:g%s Soviamrpqans))l}i%&%es%éq{a&nérh%%h@%g#gg% conpri se
two VPTyugammaes 00 dvkerg ona nVBhillyrage HE: as Hlowrr Gaposr patedreisng and t he
ot her VPT Iréggle 100 has five Gabor patches. An ot hg@r nrfgn\?ﬁe}ﬁo of . Gabor

pat ches t&n B&eFs &7 F-or RS FHFFEGICORHST, Vg8 Fo i as®orfe® R%hge 100 of

the VPT 33,4 %ot30 e%%tsqhesﬂhi@(%é&ﬁlﬂfd@risy%eﬂ@%m "sod upatghes. This
ensures that the VPT can be used to determ ne whether a person can detect

a tanogetd@iier. patetthent, shvpdaddid nctredhe tvssd fof MW MEITER, using a
plurality of Gabar patches, the 13 1{ 47463 RCIT/.BO 0 et Gabor
e ey 0 ChE Al HEE St R ot Dndibedartty” nave B9

patch c oes n necessar have e the
center pa redf thhgd MagerET 1IRxaIpleiah .

VPT Example 1

15 Turning now to Figures 4A and 4B, an example of a VPT
is shown where a person’s contrast sensitivity is addressed.
In this example, the VPT comprises two VPT Images 100, one
in Figure 4A and the other in Figure 4B. The VPT begins
with a person focusing on a target area, which is generally

20 the center of the display screen. Some form of marker may
be displayed prior to the VPT Images 100 being shown to aid
the person in focusing on the target area. Next, the two
VPT Images 100 are shown to a person in sequence. The VPT
Image 100 of Figure 4A appears on screen for a short

25 duration of time, then no image is shown for a short
duration of time, and finally the VPT Image of Figure 4B is
shown for a short duration of time. One of the two images
contains the “target” that the person is expected to
perceive. Here, the target appears in the second image,

30 which is Figure 4B.

The person now provides an input to indicate which VPT

Image 100 contained the target. Again, the appropriate user

input in this example would be to acknowledge that the
12



5 Turning to Figures 5A through 5D, four nore VPTs are shown that address
vernier acuity. Here, each VPT conprises a single VPT Inage 100 that

cont ai ns WPE¥4€6abor patches and is exposed to a person fRET/EB08ZNSE
duration of tinme. In each of these VPTs, the person is asked to indicate
whet her 10 the central Gabor patch is offset to the left or right of the

fl ankin r. hes.. Fi.gur, QUG il at Ts-:i.n descendi ng
or der o%egiggpi (::Lﬁ]%t%e e(%\rlg:r%%r e%t%egt%rftt%ﬁ eastt%(gf ftsaefrlb%z)t;' tﬁjen\é%czcn}%é;r Gabor

pat ch. Teesehornepukisgw ecshdrsd he dagitéstr VPT 1S gfertdmatfairgndnd Fi gure
5D is the nost %:ffi |t. As a person correctly perforns the VPTs, the
of f set PEFEC todggﬁﬁeéjsegsto&vards what is shown in Figure 5D and beyond

until the pqrfsmec?f@wbrﬂ@ia%ctp@w@fe@%t cofddf ddpisab dimcorrectly
answers VPTs, the offset will head in the 20 direction of Fllg];re SA and

beyohd. V7dr 4t FGREITER tHhe aPPTSBof thegmeed SAqaessugte 5BTarvel Llal so possi bl e.
For ins f.f : i op tch

i nst ead%%%%t%ﬁéaygzl nt(:?)eer %%L}g%%ﬁagﬁgﬁe dEn :acrllllg:riot (h%rr vé}r ?%.@t %%?{ID'L pég' t hree
Gabor pahdkesmagabebecZoniplnethadp bdi dganalalsy nor ther icocontraddty dstread of
vertically as is the case in Figures 5A through 5D. VPT Exanple 3 Turning
now to EFgur8@96& thPoughSeB IR 1rore SVEFS éFg angh 40 5 4190 (3 gures

6A/ 6B argasbbe fiohshaVRTa akfhde GWresasd 8R! hRkserpnd/RRrgdiere, each
VPT conpriSes two VPT 1mages 100 where one VPT I mage has three Gabor

pat éResmamg JALREicUREr tkaperweivei-ni Thae VE@TFiIgwoes 4R % mfodylowEs The 14 WO
2.1/ 47463 PQE@' %Wc%%o‘%%.endibfef grr%%%%t%%t ‘é%e;% %%S%a\ép-ghle €5, nq L hose of
igures 4A  tThrough 4D i's t'hat here, one of the or patches 1s of fset
perform. This decreasing of contrast level then continues
as the person successfully performs the VPTs until the
person is no longer able to perceive the target.

15 The order of the VPT Images 100 is random, which is why
the order of the VPT Images in Figures 4C and 4D varies from
that of Figures 4A and 4B. And in the event the person
provides an incorrect response, the contrast level can be
increased to make the target easier to perceive.

20 Many variations of the VPTs of Figures 4A through 4D
are possible. For instance, the number of Gabor patches
used in each VPT Image 100 can vary. A VPT may comprise two
VPT Images 100, where one VPT Image 100 has a single Gabor
patch and the other VPT Image 100 has no Gabor patches. Or,

25 as shown in Figures 4E and 4F, the VPT can comprise two VPT
Images 100 where one VPT Image 100 has four Gabor patches
and the other VPT Image 100 has five Gabor patches. Any
other number of Gabor patches can be used for this type of
VPT, as long as one VPT Image 100 of the VPT has “x”

30 patches, and the other VPT Image has “x-1” patches. This
ensures that the VPT can be used to determine whether a
person can detect a target Gabor patch. It should be noted

that if the VPT is using a plurality of Gabor patches, the
13



fromthe others. In Figures 6A and 6B, the center Gabor patch is offset.
And in Figures 6C and 6D, the top Gabor 5 patch is offset. The offsetting
of one ofw@br4M@sbor patches tends to change how a person pergaBiowees2t he

i mge. This is because the flanking Gabor patches tend to either
facilitate or suppress detection of the target Gabor patch. Whet her they

10faC|I|tateo ess ends on a act or ncl udi ng

cont rast Tovet ST PEP T aRERS, ai SP%neh bRt Rt P anpers SFFonrPhe Lar get,

and the rp@jé@émslwsw@beabblbélese cdhter phtsat bifnghenemeket.ne Gabor

pat ches, as done here, creates VPTs that differ than those of Figures 4A

through 15 4D. In these VPTs, the person is again required to detect

whi ch VR4 I} 0 has the target patch. In the VPT of Figures 6A and 62,

the center or patch is the target. In the VPT of Figures 6C and 6D, the
bot t oBn Gabor PpatwingstohBiglfesabfethr¥RFhEXANpLeud Torel WFTsowreo Fi gures

7A through 7D, V anot her _type are_shown that dress _contrast
censi 1 VISP A S D AT er 8l YRR BT ScEFORGY - HoPE Eha ABoY harOEE L8PE af vays
al i gned,a b.#i[n ayet ef saguChoastHh 6t abgeabgbWeBRekbNEapBICREE chaRd ag@nt I ast
can be varie Each VPT conprises two VPT | nmages 100 where again one VPT

| mage 106 HIRSEArget 2 pREEROn Tor makehent @’PI§tﬁf§F1eOél fimeul t I0eit her the
cont stefaycls i, oumLect,0rpben phagge et peen e (oL s oes
Fi gures thfe arsht7fh Ar@alconf pguckediwheffsde tdi Shandefbebweerngpat clies i s
increas%ﬂkf%%gMifgé4g§g§rpgg/l800/02052
Figures 5A through 5D illustrate VPTs in descending
order of difficulty, from greatest to least offset of the
center Gabor patch. Therefore, Figure 5A is the easiest VPT
15 of the four, and Figure 5D is the most difficult. As a
perscon correctly performs the VPTs, the offset level will
decrease towards what is shown in Figure 5D and beyond until
the person cannot detect an offset. And if the person
incorrectly answers VPTs, the offset will head in the
20 direction of Figure 5A and beyond.
Variations of the VPTs of Figures 5A through 5D are
also possible. For instance, the offset can occur in the
top or bottom Gabor patch instead of the center Gabor patch.
And in another variation, the three Gabor patches can be

25 1lined up diagonally or horizontally instead of vertically as

is the case in Figures 5A through 5D.

VPT Example 3
Turning now to Figures 6A through 6D, two more VPTs are
30 illustrated (Figures 6A/6B are the first VPT, and Figures
6C/6D are the second VPT). Here, each VPT comprises two VPT
Images 100 where one VPT Image has three Gabor patches and

the other has two, similar to Figures 4A through 4D. The
14



As explained in greater detail herein, as a person progresses through the
VPT Session, the paraneter being nmanipulated, whether it is contrast |evel
or anot hewo oparaset er such as offset, will reach a val ue tpatrhg/@hese 5 to
the person's threshold or visual Ilnltatlon and will tend to stabilize
around an average value. This value, referred to herein as the "stabilized
val ue", can be used for oses, including to anal ze the person's
perfornﬁﬁhgf%ﬁ%ncﬁobﬁéwﬁénm%ﬁﬁﬁ%r Phelpapesnapd ﬁﬁ?@vpﬁg 1PRSSi fAfor mat i on

10 is al sg-ysed Lp ggn&hgerhegef%Héeovp'{ﬁef egbwepaeaﬁge i sARQLERer usef ul
value that is related to a VPT and used for analySis I's a combination of

t he st abfreomethgabbbeand t he FVEHrexpééuaeddaBattbn.C$heeVPGa@mposure
duration refers to_.how lo each_VPT_ I ma 10 S es n.screen
during tRa-CH5*¥PttRGr - |n§$gn%3 FHAYTRE %gTaggaﬁﬁreE%? EI % &5°4A t hr ough
4D, assuphtighthe persen.successfully performs the VPTs, the contrast of

the Gabor patches will decrease until a stabilized value is reached. This
stabilized valge, Oﬁé?@ttQUQr@fa@PﬁgO?othﬁeGﬁﬁPésHéFéhéénF?§§ﬁ #&l ue where

the per sofnGanshi Ll oBerssi verLhe,Lar oeL, s hsqusedrphen; evabualing a

person' s perfornmance P Anot use data itemrel ate this type of VPT
is a conhhaafl@nkmﬁgtG@bsrapatched vahdetoandthhe faaméleapesame durati on.

25 In the VPT exa e o res 5A through 5D, if e on successful
per f or ns° R V&Y n %eﬁﬁh??y ¢ f%ﬁger eBPToP2Ff 'ceWB@F @5b5%’5atch y

wi |11 glecrease; tatel on sﬁﬁalabéés Z@@Ipcyﬁ&igeohsar gacbed, ohergceskating to the
threshold where the person can still detect an offset of one of the 30

pat ches. ipghi®ing hfansradt | + oedl vaf vehesfhselerfendiavanaat PAgticper son' s
perfornaﬁ%%% %PQ apakh euégégétﬁaéﬁd LLeMbeLsLl § :600P1 0athop; ok the

stabilize e and t
Thus, offsettlng one of the Gabor patches, as done here,

creates VPTs that differ than those of Figures 4A through
15 4D.

In these VPTs, the person is again reguired to detect
which VPT Image 100 has the target patch. In the VPT of
Figures 6A and 6B, the center Gabor patch is the target. 1In
the VPT of Figures 6C and 6D, the bottom Gabor patch is the

20 target.

VPT Example 4
Turning now to Figures 7A through 7D, two VPTs of
another type are shown that address contrast sensitivity and
25 lateral interactions. Here the Gabor patches are always
aligned, but parameters such as distance between the patches
and contrast can be varied. Each VPT comprises two VPT
Images 100 where again one VPT Image 100 has a target patch.
To make the VPTs more difficult, either the contrast level
30 1is lowered, or the distance between the Gabor patches
increased, or both. Figures 7C and 7D illustrate how the
VPT Images 100 of Figures 7A and 7B are configured when the

distance between patches is increased.
15



frame exposure duration. 16 WO 01/47463 PCT/1BOJ 02052 VPT Sessions The
adm nistration of simlar VPTs designed to target a specific aspect of the
vi sual peVOddMi4¥A process is referred 5 to as a VPT Sessi @€I/IBoN0285anpl e,
VPTs designed to inprove a person's vernier acuity are referred to as a VPT
Session for vernier acuity. Different VPT Sessions are designed to target

all of the d'ﬁéeéﬁﬁﬁaéﬁQECEﬁ BEeEE%rVBéHéhlpﬁé9%9h'OBs Brg%%%%m.and

preferred systens and nmethods~utilize all of 10 thése different VPT
SeSS|onsprdgnesaeSythGQUghonbeayﬁécSeeE1oa pehsopagaveseal bpemgepti on
process is targete Wé ﬁbn? enment %% E'EE ccordin Y, one VPT

Sessi on T'&" 1?9%?8% ryvaam'hister &8 SP" 48R ¥ Fhig T HEME dependi ng on
tinme Congéféthétér aushngkec¥YPEeSes&iion @@aclaeal&saad@i Bhsteried covek t he
course of two or nore sittings. Each VPT Session is made up of several

seri e3 ofoVATS. pemﬁpﬁoﬁgﬁhrﬁéhvwsOéoﬁﬁa}lﬁédlmléaéh%eﬁpés vidrld ey
simlar téngw}—ﬁégﬁi?%é %pguﬁé %{9895 af véfﬂﬁepef%gs Efé'lﬁga' reg%&g%&“ on

process, each series variation from e ot her
exanpl e, tonhéhei VPas bheFPguabslAAedhvamgh" 4Pant he wvaedatfioon mamyeach

series can be the distance betweenl t he genter Gabor g %ch and the fIanklng
Gabor paPthelSeAs TPhede Rer FB8s BRLVBETs P aFePSHRPRI St BFEG T8RN &M es wi l |

generat ecbt§a @90 shabhkizeHeVakugonand therstahili zedivakuesrddthibam each
series are then used to evaluate the person. NI CATI ON NETWORK

ARCH TECTRREL SRrweag 16 FPghreusingr éﬂé\dr@dVPﬁﬁl érenthei erRgsen -t he

| nvent | on g, be, perfor Jed ust 0.2 DOSLL SELUCL 800y AAd a0 30.ol et

t er m nal server O1s aco system evi ce on a
net wor k amhd hyses ves softmairaBOdn of the stabilized value and the

VPT exposure duration. The VPT exposure duration refers to
how long each VPT Image 100 was present on screen during the

15 VPT.

For instance, in the VPT example of Figures 4A through
4D, assuming the person successfully performs the VPTs, the
contrast of the Gabor patches will decrease until a
stabilized value is reached. This stabilized wvalue, here

20 relating to the threshold contrast value where the person
can still perceive the target, is used when evaluating a
person’s performance. Another useful data item related to
this type of VPT is a combination of the stabilized value
and the frame exposure duration.

25 In the VPT example of Figures 5A through 5D, if the
person successfully performs the vernier acuity VPTs, the
offset of the center Gabor patch will decrease until a
stabilized value is reached, here relating to the threshold
where the person can still detect an offset of one of the

30 patches. Again, this stabilized value is used when
evaluating a person’s performance, and another useful data
item here is a combination of the stabilized value and the

frame exposure duration.
16



configured to receive and answer requests for information. Typically,
conputer system 802 is also dedicated to storing 17 WO 01/ 47463

PCT/ | BOOMIR@BZ463dat a fil es and nanagi ng net wor k resour ces,PGTA00/0105Z)
network traffic. Conputer system 802 or device generally includes a
processor 804 and a data storage device 806, and is typically connected to
a gl obal conmmuni cation network, such 5 as the Internet 840. Host server
800, through processor 804, has access to software 808 conpri sing
sequenc&®TOoBekBibrusct i ons that cause processor 804 to performa nunber of

acts in accordance wth the preferred. net described herein. In an
al ternative Tg‘eeﬁﬁl&}m@ﬁtr,atﬁc?ﬂ osfeﬁ}ér}ﬂ@(fo%%g{srf’ é%eessolgﬁh T 4 web

page dabaesteragesgewce 8ihd Ralsiean pelrdiep diedxdedarks Adrd.anguage
(HTM.) docunents defining web pages for ~conmmunicating W th persons,
i ncl adi fg EHFMe ¥EEuUmERESS orgendioat ekl &t h&/ RAST dafigEed 000 W Piye dat a

oo ogeaiBedBubes B0 U0 ) G SRR RIOULAM S Webd Qo gonerate

web pages®using an erve ages specification or Conmon
Gat eway fbat eefrade r( Gau) t yspediiffifeateanan VETo Ste sseirorer 800 ddssigrieas @ccess to
a client database 20 812 that stores infor ion concerning per.sons of the

syst em CRRP&L Afldr Rkt 67 Sart HSTadESPRGTHS I o 194t or Bi-dit dat a

rel ating 1,03 sPeL$EN b3 HUITRRGR enflUlEng matodP LiSesisionsi1 IdF al ternate
enbodi nents, client “database 812 nay reside outside host server 800, such

as ap 2beecki dnf feaemtn NPT S@ssdionent Canansdll 8201y e miAReterdf nal
that praovides _an interface fortgcgp

Lormi hal BR0SFE By SEarTy SRRl Ty Reom 20 B dan e o oo o
improvement at a time, accordingly, one VPT Session is
typically administered at each sitting. However, depending
on time constraints, a single VPT Session can be

15 administered over the course of two or more sittings.

Each VPT Session is made up of several series of VPTs.
Although the VPTs contained in each series are very similar
and address the same aspect of the person’s visual
perception process, each series has a slight variation from

20 the others. For example, in the VPTs of Figures 4A through
4D, the wvariation in each series can be the distance between
the center Gabor patch and the flanking Gabor patches. As
these series of VPTs are administered, each series will

generate its own stabilized value, and the stabilized values

25 from each series are then used to evaluate the person.

COMMUNICATION NETWORK ARCHITECTURE
Turning to Figure 8, preferred implementations of the
invention may be performed using a host server 800 and a
30 client terminal 820. Host server 800 1s a computer system
802 or device on a network with server software 801
configured to receive and answer requests for information.

Typically, computer system 802 is also dedicated to storing
17



that is conmunicatively coupled to host server 800 by a 30 conmuni cation
network, such as the Internet 840. Conputer system 822 generally includes
a procesS¥P08%U63 3 data storage device 826, a display scrBEWIB®E204AN i nput
device 830, and software 827 that conprises sequences of 18 WO 01/47463
PCTI 1 BOO 02052 instructions that cause processor 824 to perform a nunber

of actsyd{d, accardance Méﬁggixkg et hods described, h?ﬁ@iﬂdié?. nExgapkary
conputer systemfor use in either the host server 800 or crient term nal
820 is descriied bebropuvet hsysfemedte o5 devigugendlal ADM NEBIERENS VI SUAL

PERCEPTI ON TASKS A | CATI ON _ NETWORK 1 T SERVER- S| DE Tur ni ng
to Fi guEFYsHH (%ﬁa?‘?éa%p%%? Ny & PFeferred ??ngﬁ% t4fi on of a nethod
of the imueddion, i Sosheorted The afdoyedardomhbtstsat 6s hewwbhr, netiberd is

carried out at host server 800. Starting with step 900, host server 800
firstd 13% dded Vet reguest- fromclient ternminal 820 for access to a VPT

Session. Thi uest éls SEMt 15519 }lli d 1N 82 t rver 800
over a com’rumcgz%?i on Yletwor?:', sucﬁlis Et(jllﬂgec ?eén(?}er%ge%' 8%%8 %%Egggsggof
ref erencyfivieerd M@t nebtmpwrl $ihe sedneemomsrunt catsonmuoet vos kthef ecensed. |t

shoul d be noted, 20 however,_that many other types, of co nicatio

et vor kXA G111 FoPBETHE 3 MU oror HAES Sbh VT BOO%EaR HakB | t sel
accessi e fiofe iche @ mdaestadsompdd edrd &5 M neh 820 byeproVigbng an
Internet website. Persons can visit the Internet website using a web 25

br owser sstRstiliaeNet dteffe MINYatDI0 (Faaid i d1zife InRE PRt seapevebn) or

gﬂpggfgﬂp;aglfgbe %Stesd"%v%bé) fc(ﬁ)ev\xélgér’eaiéfcp'&atatcé’wwé@%% O$0bd +€OM MOk 2
Up Language {(HTML) documents defining web pages for
communicating with persons, including HTML documents
generated for the VPT Images 100. Web page data storage

15 device 810 can also store computer program scripts to

generate web pages using an Active Serxrver Pagesg (ASP)
specification or Common Gateway Interface (CGI)
specification.

Host server 800 also has access to a client database

20 812 that stores information concerning persons of the
system. This information can include identification
information and data relating to a person’s performance
during past VPT Sessions. In alternate embodiments, client
database 812 may reside outside host server 800, such as at

25 client terminal 820.

Client terminal 820 is a remote terminal that provides
an interface for a person to access host server 800. Client
terminal 820 is typically a computer system 822 or device
that is communicatively coupled to host server 800 by a

30 communication network, such as the Internet 840. Computer
system 822 generally includes a processor 824, a data
storage device 826, a display screen 828, an input device

830, and software 827 that comprises sequences of
18



may be used to access the site. Persons can then directly request access
to a VPT Session fromhost server 800. 30 In step 902, an authentication
routi ne meopesMes ned to determ ne whether the request frorriBeentoster m nal
820 is wvalid. In other words, host server 800 determ nes whether the
person that is trying to access a VPT Session is 19 WO 01/47463
PCT/ 1 BOQ/ 02052 aut horized to do so. Cenerally, host_server 800 does this
by Sendifig S Eda e GHEY RESRe T 1 SR KAt HaIS BT or a

user nang -aRd ;RASSWIHankhe Halia dihenmd@cpiyeatbsdramelienid ermmal 820 in
response to the usernane and 5 password request is typically transmtted to

host serwermp8Ery CVIPUIRE |MtsdiatettdTh Bae et raAdthar fErametos lorsaisT iy
certifigates,. Veg%%mtprteemnqsalur% Hlog]lgeesdcﬁ%éoo@e%m%% %@&dé . dat a.

Movi ng to stép upon recei ving € uséernane an passwor ata from
client termiralres32®,. host server 800 conpares that data to usernane and
password data stored in client database 812. If host server 800 determ nes

that the person is authentic, the process continues at step 906. If the

person ig\deeetHiqd s ManIAuRHI o TRISAGS/ES S et el dent
term nal 820 inform ng the person that access to the VPT Sessions is

deni ed, NE§WOREWN in step 918. At that point, the person can be allowed to
re-enter his or her wusernanme and password i nformati on a nunber of tines.
General ly, the nunber of tines the person is permtted to 20 re-enter the
usenpamgbpas SWRVERFI@Emtion is linmted to prevent persons fromtrying to
gai n unaut horized access.. After a predeterm ned nunber of fajled

aut hent i cat | GHTTaferit 1ROt Servért OV 1 199R/5i T P iRFrior e ¥&A t her
request § . f,n MA@ JMNale B2% T @ driedrigrmed |engid  The

flowchart illustrates how the method is carried out at host
server 800. Starting with step 900, host server 800 first

15 receives a request from client terminal 820 for access to a
VPT Session. This request is sent from client terminal 820
to host server 800 over a communication network, such as the
Internet 840. For ease of reference, the Internet will be
the communication network referenced. It should be noted,

20 however, that many other types of communication networks may
be utilized by the invention.

Host server 800 can make itself accessible for such a
request from client terminal 820 by providing an Internet
website. Persons can visit the Internet website using a web

25 Dbrowser such as Netscape Navigator (available at
www.netscape.com) or Microsoft Internet Explorer (available
at www.microsoft.com), or a specially developed web browser
may be used to access the site. Persons can then directly
request access to a VPT Session from host server 800.

30 In step 902, an authentication routine is performed to
determine whether the request from client terminal 820 is
valid. In other words, host server 800 determines whether

the person that is trying to access a VPT Session 1is
19



25 of tinme. In step 906, after host server 800 determ nes that the

usernanme and password supplied are genuine, a VPT Session is selected and
an initi aVosUE47#8 VPT Sessi on paraneters are generated. TyHSITAB00/02052 hese
paraneters are defined in 30 advance. The VPT Session is sel ected according
to the nethods described below wth reference to Figure 10, and the VPT

Sessi on parapeisLs aneqgener at ed as expl akned below wghh Jefenence to step
916. The VPT Session paraneters define 20 WD 01/47463 PCT/1B00/ 02052 itens

such as bpnseadingewekegoentoorsy $peat fakefrneguéencylieditsttante rigdt ween

obj ect s, %@rget | acenent Iogal and/ or gégbal %ri gﬁationsv and

present afFOn P ne For 8alh 8t RESSYRTE  and VPT2f fa §n16§Cﬁ3Wﬁ§‘used to
test or Epphoyeiéhe bevisHall peoncept reBppheeess eheaupersemme MM Ng to step
908, the initial VPT Session parameters are then delivered to client

t er mi hal PB2OWeY@r rEAESFht éFnEYP 1820 1 YSsrenarnatEedi §enbosn EsrevE &0 na

820 is Cﬁ?ékgHﬂngnEQrﬁ EeEMeth%8§?§ﬁgg§§$§?m$§ra t%%%g d use themto 10

dynam cally generate VPT | mages é VPT sion paraneters
transm t tedt tAncheeencwiptbdprevenan useutbertizéicatespntorfrsecurity

pur poses SO no person can intercept the data. Once the paraneters are
del i ver e§r ¥ Hes %&ﬁ'@%&@ton can be carried out solely at client term nal

820 15 wﬁthoumg&hﬁgnggdste% boLt hepohnt-eractiiag whthubeshaser weg 800. This
preferred conflguratlon allows the VPT Session to be admnistered to the
per sbh wpapoubrdefiaya of rpnt et tapti BArMARRer RAPi vBPYL BREVERT 888ssi on

paramet eL s eDe 580 3,85 WED,DAORSEN Al BLOBESHCAARS LR HPEL- Text
Mar kup 2% Ténguage %Qﬂ%f? format. ﬁ%e meg pgges sent mn?l general%y be
full screkbepagéstaeasenpasgsi ngft hesensereeyi evabletaredanes that the
person is authentic, the process continues at step 906. If
the person is deemed to be non-authentic, a message is sent
15 to client terminal 820 informing the person that access to
the VPT Sessions is denied, as shown in step 918. At that
point, the person can be allowed to re-enter his or her
username and password information a number of times.
Generally, the number of times the person is permitted to
20 re-enter the username/password information is limited to
prevent persons from trying to gain unauthorized access.
After a predetermined number of failed authentication
attempts, host server 800 will typically ignore further
requests from client terminal 820 for a predetermined length
25 of time.

In step 906, after host server 800 determines that the
username and password supplied are genuine, a VPT Session is
selected and an initial set of VPT Session parameters are
generated. Typically, these parameters are defined in

30 advance. The VPT Session is selected according to the
methods described below with reference to Figure 10, and the
VPT Session parameters are generated as explained below with

reference to step 916. The VPT Session parameters define
20



of the display screen rather than appearing within a frane of a web
browser. In another alternative configuration, admnistration of 25 the
VPT SessMsh0lciA6e carried out prinmarily by host server SUOU/IRORQ2052
requiring data to be transferred back and forth between host server 800
and client terminal 820 during the session itself. Mving to step 910,

after the VBT Sessian has bean 30 Administsened tébéﬁﬁijf)gﬂ;f&%%erw,t server

800 receives a set of person perfornance data fromc m'nal 820.
The perdsenapers dreraese ddtiedts datearged] gtlianpnant hel geakand/oper f or mance,
which primarily conprises the stabilized values 21 01/ 4746

PCT/ | BO@lg%éz oL fgg}aatileodﬁ’oraneéaéﬁ esseernlece""st oft %lﬂ’lmse aél\% n?asctélkér%é WFing a VPT
Sessi onypard sg@n valTs aridtd dde s e iy Wwdd afo thestiser imgdee tlecei ved by
client termnal 820. The person performance data is generated by client

t er mMPnalvig2e lame nArdt SEhtPERESES B ¢ Ms¥tSTerver 800 over the Internet

840. This daja.qaR & SQ 48 KNCT WHLd 40 peuant dnaut fori zed, pessons from

viewi ng the data. JIn step 912, 'host server 800 stores the person
per f or mamee téhata detl irveorid/ e falomrd itentmiterimiatdl @20 thee InCeperson

f dat g i I t . dat t devi . h
Ol ont | @4Pabace H1P e AR ACOn A TVOry e 4l of B OF U1 &1 or age

devi ce 806 cThii%e alHernnat iseesdimh heRreferedmhane fidied nsd ance, the
personal information and nedical records of clients are to 15 be kept on a

rel adi vevpasecaldy stesredge deliTedmasss 190 saphrdies f r oth® heP'5t or age devi ce

that i satQsiR0 ben ol LGl Al d3elcd Y Snclih el @ st Aagq,devi ce 806
is fur? 8F *desEribed below wi th reference to Il—:}g e 12.
certificates, for security purposes SO Nno person can
intercept the data. Once the parameters are delivered, the
VPT Session can be carried out solely at client terminal 820
15 without the need for further interaction with host server
800. This preferred configuration allows the VPT Session to
be administered to the person without delay or interruption.
Alternatively, the VPT Session parameters can be sent
as web pages in a format such as the Hyper-Text Markup
20 Language (HTML) format. The web pages sent will generally
be full screen pages, encompassing the entire viewable area
of the display screen rather than appearing within a frame
of a web browser.
In another alternative configuration, administration of
25 the VPT Session can be carried out primarily by host server
800, thus requiring data to be transferred back and forth
between host server 800 and client terminal 820 during the
session itself.
Moving to step 910, after the VPT Session has been
30 administered to the person, host server 800 receives a set
of person performance data from client terminal 820. The
person performance data is data relating to the person’s

performance, which primarily comprises the stabilized values
21



Moving to step 914, the host server 800 next analyzes 20 the person
performance data to reveal any visual perception deficiencies, and to
det er mi nwa ¢id7Hedvel of performance of the person's vi sual PGRBHSPIGSDHN
process. Software 808 provides instructions and data for processor 804 to
carry out this analysis. This is done by conparing the person 25

Perfornancergggg %8rd% %hpggk%%%e%ffb@%gf%r %ﬁé@e d'@%fyﬁ é”?#f”hn

e, based” on generally ‘acceptable | evels o performance for each of the
di ff er eptsaspeact anaf cbhe alissudhnclpekec epicomrprddess, tlile ciechelippugauge t he

person's |l evel of performance. The processor 804 perfor this conparison
30 usi n§eH&E Y FePyt 6d1C5 % & ™o B%@rn&l%§b§€?§5%fp%ﬁﬁg%mﬁﬁfestored in
data stgrage;deyice 806a Wenitike VREsneentaisn of laankicne Cakeit patghes, it
is also determned if the flankers tended to suppress or 22 WD 01/ 47463

PCT/ EB00H0R0B2 skavili Bale oderethicoRnderiied Bdlget Toadlfordasadt GR1 | n

addition, it.is preferred ' dical d
2nd hi SRBRY. ProsreyBEE R S s e B R R o e for the

gener al vpepthat tbe Heteonsidered in 5 the analysis. Mving to step 916,
new VPT Session paraneters are %enerated for use_in the next VPT Session

based at | easP PREPpALE upestt KETHEL s SN p&ELFETardE #E8That was recei ved

by  hosl.$eLyREn8Q04,20d ihasedat cseaston 1R WReMiMhE H}ranalns s
conduct 8 upon the person performance data by processor 804. These new

paraﬁetpessagapnrdgtmﬁ@pgpé@tﬁids vﬁpewﬁééqs?I@Geéh@nVPTﬁaW@-further
T 0ve L0888 380 3 V248 B°LSORLOR ALY dhased oAl e o s

alternatively be stored on data storage device 806. This
alternative may be preferred when, for instance, the
personal information and medical records of clients are to

15 be kept on a relatively secured storage device that is
separate from the storage device that is storing the
collection of user inputs. The data storage device 806 is
further described below with reference to Figure 12.

Moving to step 914, the host server 800 next analyzes

20 the person performance data to reveal any visual perception
deficiencies, and to determine the level of performance of
the person’s visual perception process. Software 808
provides instructions and data for processor 804 to carry
out this analysis. This is done by comparing the person

25 performance data to data collected from persons with “normal
vision,” i.e., based on generally acceptable levels of
performance for each of the different aspects of the visual
perception process, which helps gauge the person’s level of
performance. The processor 804 performs this comparison,

30 using data related to that of a “normal observer,” which is
stored in data storage device 806.

When the VPTs contain flanking Gabor patches, it is

also determined if the flankers tended to suppress or
22



anal yses and determ nations. The software uses the person's perfornmance
data, and in particular the stabilized values generated for each series of
VPTs in QINEAGPT Session. These stabilized val ues are REEIBPOYS? ded as
i nput for one 20 or nore algorithnms for generating new VPT Session
paranmeters. First, the algorithn(s) use the stabilized values to determ ne
I the person' s RETYQIIANGS, ik held 65,00 M0Ls8, - tharkyt he pst recent

previ ouggggsg'lton. I%et e person's 25 ap%ef ormancre was better than the

previ ousidsiessioon, itheirs tohes £ eadmgol iddig sSJuddetas il pdradre’ parsorrral
performance has . reached . a "normal"” |evel o er f e. If it has, then
t he al gH‘rethlﬁr?(%s)daﬁai HoRHY 'orfetsdﬁﬁ:sdﬁgf eg%(ﬁ_t C{{fﬁrgc“;’sgesslsolIcl)sn’. rﬁgt he
person’ grperfermenceidias ot el Jeached B0l aNiiide d@veldetd® in
algorithn(s) increase the session difficulty. If on the other hand the
persén' $hsepingrliy@ice has worsened or is the same since the |ast session,
the 23 WO 01/ RCT/ $£2052 .2l idhndss) al - whether the
person’s perilv[g%ég%cqusé%t%?npreove O & Series oﬁ sessions, or if this
may | userleaa dderfpor arge docurtreencext P He grercon’ e et far neeet hais  not

i nproved over the course of several sessions, the 5 algorithn(s) are

confi guP&d &R%\/éﬁ}?n R %k ORBT S 5% Dohi S g“%%%hﬂ%% Rome
persons yudd Jeeed otdiry, AsPesisedlad heldstvisiadapenga iome process

i nproved before they will show inprovenent on particular VPT Sessions. The
per $6n carltivds UsdeEd (U arhi 16/ PR 1SS i T r st h 3299 BY ne.

O herwi se, the al i the(s), wi]l i ff4ca - VPTs and
admi ni sE&EPTHE Osra%e%rélVPTr&( ée)sssel éﬁe.w %%%E:ae t egs%%aq%lo%i%ﬁﬁs%’ a(?/ée leée/n run and
t he nextyP¥PTmages 100 and VPTs to further improve the person’s

visual perception ability based upon the person’s level of

performance.
15 Host server 800 uses software 808 to make these
analyses and determinations. The software uses the person’s

performance data, and in particular the stabilized values
generated for each series of VPTs in a given VPT Session.
These stabilized values are then provided as input for one

20 or more algorithms for generating new VPT Session
parameters.

First, the algorithm(s) use the stabilized values to
determine if the person’s performance is better or worse
than the most recent previous session. If the person’s

25 performance was better than the previous session, then the
algorithm(s) determine if the person’s performance has
reached a “normal” level of perfofmance. If it has, then
the algorithm(s) trigger moving on to a different VPT
Session. If the person’s performance has not yet reached a

30 “normal” level, the algorithm(s) increase the session
difficulty.

If on the other hand the person’s performance has

worsened or is the same since the last segsion, the
23



Sessi on paraneters are set and stored until the person requests another VPT
Session. It should be noted that the 15 new VPT Session paraneters are
gener al | ywoot/4af3t he person's thresholds. Instead, the di bErgrdoiagedevel of
the new VPT Session is lowered in order to allow the person to ease into
the new VPTs that are at his or her thresholds. In one enbodi nent, an "n

over 1"€flt ai rcase, nethod is , 20 ermrlb%)ye when maki ngj changes to a
par amet ,9o(ré.t§‘.m G Rt e R S tHE ST S9age s 00- ?eﬂ?ﬁ‘% means
is that R RSP RIS XL Y IR & RET fIdB{dhs VRS refiaies adyvanphag to a

more difficult VPT. The value of "n" preferably ranges from two to five.
However bs ta diimparakes OqaulnRints ectl i ddpois@s 25 1 derisennanee stappi ng

back and, deqreasing: e ) vl Ol () il of Lhe neg VL Preferably

the val e o one. I S approach ensures pérson nust truly
make 5 aGQuicatie HefCe pinconsorifii aret o pregresd teugietthev®™PT  Sessi on.
If the persaon is sinply guessing and getting only 30 50% of the responses

correct SeSEAO st i AHSy e RfcaRe WIS REISPRE e adieSthdP t e VPTs wil |

becone gagiel begause in- X1 Mai1Usidigd ) RIS S-EAS Bpe BoRET SON
cannot rr[)acl‘?;'ee forward iln thle \?P'?%Sessiﬂcﬁloby randeom yl gpﬁllessi ng.e24 WO

01/ 47463 hrQTMiBAOSOR0S5 2 Mpifsrentdhe (ay ST tpraoviade P 'Sexsyees - r éBponses, a
0111 CuPEZ2SH P & it abier s it A0 CorPradts S Shaw CUNTFA par amet er
i s qal cilialead waihrgwike f ahailagdrRanerst eri INFWLCONERASTtHEVEL = Par anet er
OLD CONTRAST LEVEL / k where the paraneter contrast |levels are defined in
numer i c&L Efiends vad toe (VPTS @6§$ﬁdé‘ilé‘rﬁ5tte€ Oifp &t /ForSesFtedin 10
effects on adpeis s PRI TRRGE Wil Al NI AL 19 d Neexe ver
Segsion parameters are set and stored until the person
requests another VPT Session. It should be noted that the
15 new VPT Session parameters are generally not at the person’s
thresholds. Instead, the difficulty level of the new VPT
Session is lowered in order to allow the person to ease into
the new VPTs that are at his or her thresholds.
In one embodiment, an “n over 1” staircase method is
20 employed when making changes to a parameter, (e.g. contrast
level), of the VPT Images 100. What this means is that a
person must correctly perform “n” VPTs before advancing to a
more difficult VPT. The value of “n” preferably ranges from
two to five. However, it only takes “m” incorrect responses
25 to resgult in stepping back and decreasing the level of
difficulty of the next VPT. Preferably, the value of “m” is
one. This approach ensures that the person must truly make
accurate perceptions in order to progress through the VPT
Session. If the person is simply guessing and getting only
30 50% of the responses correct, statistically he or she will
only step back and the VPTs will become easier because n >

m. Using the “n over 1” staircase, a person cannot move

forward in the VPT Session by randomly guessing.
24



person's visual perception or acuity abilities. Alternatively, when the
person provides "m' incorrect responses, the next VPT is designed to be

| ess di f W@ oi/dr463 han the VPT that the person fail ed. Agai npgsisgsipt r ast
15 level as the paraneter to be changed, the new paraneter for contrast
| evel is calculated using the fornula: Paranmeter NEW CONTRAST LEVEL =
Paramet er OLD CONTRAST LEVEL * k 20 where, again, the paraneter contrast
level s are défisFediis PHIRRN iREPV I Fs BnFOKeTls ZeTReRFFRi et to

CONMPENSRE o C I AL OFECli Ul & RET-SOM:i% RELd L SBRLEe WhC ndke

unr el at to the person's visual™ perception or acuity abilities. 25

Not abl y VRThewora we fdfiquhle " k"Scoeff iximtaniaren, Pachtizal apnpesason amay be
derived enpiricall e.g., .based on neral popul ation_studjes, but is
pref er aﬂegpicr?&%\ﬁat%alqafga‘%ee & i hed agcaefl b“?sa 1'é%lato € ahCoRgof hg basis for
every person. It's purpose is to conpensate for certain effects 30 on a
person's performance that are unrelated to the person's visual perception
or acui BRIABIEteE es, costiehuas 25 3T AT AT 463-0RSF 1880/0%052 1) Unusual |y
hi gh or | ow standard devi ati on. The gap between a person's best and wor st
performance may be quite large. 2) Wariness. A person's results are

fr equenthereucihes deatamert eat ddvec e vl Dfare sesSimed t remtosaicsl t he

end. 3) Suppressjqn., Certain shapes on the screen may_ disturb.a particular
per son' SSHTE GRC 4Y Fad 14 (RS O ¢ FPBYI T P SHUHE i oreSoRE Vi sual | 10

i Mage) OR e rECIREM PR d SO 19F RBKSE Svhiked fOfdBNeL=1ated to the
person’s visual perception or acuity abilities.
Alternatively, when the person provides “m” incorrect
responses, the next VPT is designed to be less difficult
than the VPT that the person failed. Again using contrast
15 1level as the parameter to be changed, the new parameter for

contrast level is calculated using the formula:
Parameter NEW CONTRAST LEVEL = Parameter OLD CONTRAST LEVEL * k

20 where, again, the parameter contrast levels are defined in
numerical terms and “k” is a coefficient to compensate for
certain effects on a person’s performance which are
unrelated to the person’s visual perception or acuity
abilities.

25 Notably, the wvalue of the “k” coefficient for a
particular person may be derived empirically, e.g., based on
general population studies, but is preferably individually
determined and calibrated on an ongoing basis for every
person. It’s purpose is to compensate for certain effects

30 on a person’s performance that are unrelated to the person’s

visual perception or acuity abilities, such as

25



5) Inconstancy. A person may nmake m stakes on very easy tasks that are
unlikely for the particular person to fail, given his or her tested

ability. wdolMrss®9me enbodi nents, a person nmay be assigned perapo204P Of
persons having simlar performance characteristics and effects, and adopt

a value for the "k" coefficient set for the entire group. In another
enbodi nent, when increasing or decreasing 20 the difficulty of a VPT

Session, the FolFoiuRY Weilgte®r feicStendes LY 435 ‘@8ti vel HewWHar amet er s:
Paranmet er NEW VBL Q38| Nz Rl amelle NORMRlo s Pl afa (URRENT) e k 25

Not ably, the parameter can be any of the ones nentioned herein, such as
contrast |evel, qoritdegreemeof offset. In enbodi ments of the invention where
several perso S wi_l.l be accessi ng qne client ter m'{lal 8(32rl 1suclpcﬁs at a
clinic, client’ VEARAE®820 c&F “§SnIS04d 5éssi on S0 paraneters for a
number of persomstaterone thEe bdo@hniimstcnee,sadd @it drerdn maka 829 tey be in
comuni cation with host server 800 for a period of tinme, for exanple in
the norning, t&"downl oad VPT Session parameters for a number of 26 WO

01/47463 PCT/{ )B%%/P%é%%%io%e.rs%§‘tayﬁe%%a%ss%§ Gah he-nersens who have

schedul ed appoin ts to access client ‘termnal 820 during that day.
Thi s el i m nat esdilbseurded fPertdondtantearsdr’egquergicon-|ine  comuni cati ons,

d I | i_m _nat, h for. 5 individ d. d
For porsons. a0 ERG LREREy o an kPG {EREEL G ChiHendl: (AR who has

access. In thisiepbedicienhe hecsel m=0f iR ReJigmNee data generated
during the nunerous VPT Sessions admnistered to all of the persons can
t hen be upl oade®Std HESCSer ver 800 10 at one tine. The data upl oad can

take place anyﬁ&%%bngg%ncy. A person may make mistakes on very easy
tasks that are unlikely for the particular person to
fail, given his or her tested ability.

15 In some embodiments, a person may be assigned to a
group of persons having similar performance characteristics
and effects, and adopt a value for the “k” coefficient set
for the entire group.

In another embodiment, when increasing or decreasing

20 the difficulty of a VPT Session, the following weighted

function is used to derive new parameters:
Parameter ,m, ver sgssion = (Parameter o... — Parameter  geme:) * K

25 Notably, the parameter can be any of the ones mentioned
herein, such as contrast level, or degree of offset.
In embodiments of the invention where several persons
will be accessing one client terminal 820, such as at a
clinic, client terminal 820 can download VPT Session
30 parameters for a number of persons at one time. For
instance, client terminal 820 may be in communication with
host server 800 for a period of time, for example in the

morning, to download VPT Session parameters for a number of
26



exanpl e during off peak hours, or even the next norning during the sane
period of time when new VPT Session paraneters are bei ng downl oaded for
t hat daywe ®adnedul ed persons. It should be noted that the@PBOKMRAY and 15
downl oadi ng of data may take place at any tinme of the day. Notably, in
various enbodi ments, the algorithn(s) may be different when working on

different aLhiibuhfs abilibies And-avep Ml Dip $Red I ahirddute,
assum n8 a°differént ~ state defined by "'the setup paranmeters - such as the
20 conbkpabianmehtsmagesceieze, cdiispltay eduriatilos2 todueritat itdmt dggbor patch
shape, etc. |n another eg%odi ment, the VPT | nmages 100 are preforned and
sel ect edn1FafhEFIPRER ShEPRg TGENe Fa e & B TaM c &I 3.relqui1enstuc —gﬁréenbodi nent ,

the VPT SgsshoBaPabalet ehs CoMPLIER themdbasreeHd el dgmges 100
t hensel ves, rather than defining the images. SELECTING A VPT SESSI ON TO

ADM Bl STERiTVdAnRAgUSe TFRgEse 210, PaSEMOWEIFarfeT ISR Bt ' Hatt 130
gg rsns) In 3; %ﬁtgggpgg\é/ % ¥I§L)-£ e%%s %'e%i'n% 1S @a%c tc%%t r-gie LAATR st W - éc KL of VPT

bl'e, "an "eval'uation phase to ascertain a person's visual
perception abihl thys ambodimeneat nirt sehase it pangoro e tiermpereondatai sual
perception. 27 WD 01/47463 PCT/ 1 B00/ 02052 ~Accordi ngy[ ,_.as sho in step
1000, tHENEFRSEdsARp A L6 SSFEEE VBT SESSIONS S et e€riiihe” Whet her

the peré@p ofasndndergone the evalllald epiphasd dd rkevdlitatd aodias  not
been conpleted, the next step in the process is to nove 5 on to step 1002.

O hepwi se, ohketfimewchdihe @eltlh cedtiafuead tadeeplBEED arsttams ngf W th t he
v e LolaPE R ndart R BUUR RS RN IR ndie Al g T on to
during the same period of time when new VPT Session
parameters are being downloaded for that day’s scheduled
persons. It should be noted that the uploading and
15 downloading of data may take place at any time of the day.
Notably, in various embodiments, the algorithm(s) may
be different when working on different attributes abilities
and even within a specific attribute, assuming a different
state defined by the setup parameters - such as the
20 combination of images size, display duration, orientation,
gabor patch shape, etc.
In another embodiment, the VPT Images 100 are preformed
and selected, rather than being generated dynamically. 1In
such an embodiment, the VPT Session parameters comprise the

25 specific VPT Images 100 themselves, rather than defining the

images.

SELECTING A VPT SESSION TO ADMINISTER
Turning to Figure 10, a flowchart is illustrated that
30 demonstrates how a VPT Session is selected. There are two
forms of VPT Sessions available, an evaluation phase to
ascertain a person’s visual perception ability, and a

treatment phase to improve the person’s visual perception.
27



condition of the person's visual perception process. This 10 data al |l ows
generation of effective VPTs that target the person's visual perception
defi ci enoyvevi/aidszal so allows for a baseline set of data tecgagémuet her
the person's visual perception is inproving over the course of a
particular VPT Session and over tinme. The eval uation process can be 15
performed as often as necessary or desired. Vi to step 1004, user

i nput s é\ﬁ:ﬂ:oﬁéirlfr@ﬁﬁn(?eg dsﬁoé“’nf%r/rbrﬁtp%%tl% esi%%ss%r%t%ﬁﬁajr?zed. This data
provi dess e iddfanptd apt hadsdsoisef Wo fare astahl | whi e PaF REeb&F Sok hat

sel ect VPT Imageés 100 and VPT Sessions to use to evaluate 20 the person's
vi sual persceptdestgorRortimstemiomt idn pdraseul aff aprabuatienehiperson' s
vi sual perception, have .recentl een _.eval yat VPT sjon_is ected
that evalates h CocrlulaqvlTeetreeaﬁ’t ntahsélpergﬁxét C?rteigfl Jtl{ﬂete}gés rlp?%és%% si%%gﬁn %ﬁg VPT
Sessisonsrshewddat 1tdve percaretvwi gef itdient] dwrleaparti Tul @n2bnaspect  of
their visual perception, a VPT Session may be selected for further

eval uat i¥¢R H& %arti cul ar aspect to deternine whether there has been

i nprovement Qi 5, 48LRS L ATA! i ML £ el 008 S ML Session is
selected froma 30 Tirst group of potential VPT Sessions. VPTs within each
VPT Sessimmoranedesgbeasn Wot leectlwdtior riomarad perasreregardiggthei f f er ent

aspects of the per .S visual perception process 28 WO 01/47463.
PCT/ | BOGP@?%&GDI} (?nge NS PR stetive é?eoracne etplhci/%i%%?c%srs heufkéjrs def ect s.

VPTS car ga4sed 1t1oviL erfdifabitih ae eAfeddiad times fudow agget regkiced vi sual
acuity, abnormal contrast sensitivity functions, 5 reduced vernier acuity,
spatialHﬁﬁﬂQﬂ%ﬁ(ﬂisual perception deficiencies. It also allows for
a baseline set of data to gauge whether the person’s visual
perception is improving over the course of a particular VPT
Session and over time. The evaluation process can be
15 performed as often as necessary or desired.

Moving to step 1004, user inputs and performance data
from past VPT Sessions are analyzed. This data provides
information that is useful for establishing parameters that
select VPT Images 100 and VPT Sessions to use to evaluate

20 the person’s visual perception. For instance, if particular
aspects of the person’s visual perception have recently been
evaluated, VPT Session is selected that evaluates a
different aspect. Or if the user inputs from past VPT
Sessions show that the person is deficient in a particular

25 aspect of their visual perception, a VPT Session may be
selected for further evaluating that particular aspect to
determine whether there has been improvement or
deterioration.

Moving to step 1006, a VPT Session is selected from a

30 first group of potential VPT Sessions. VPTs within each VPT
Session are used to collect data from the person regarding

different aspects of the person’s visual perception process
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abnormal spatial interactions, inpaired contour detection, abnormally high
degrees of intrinsic noise, 10 as well as other aspects of the person's

vi sual PP EEHMPDON. Moving to step 1008, once the VPT SessPORIBIA®205¢en

sel ected, paraneters for the VPT Session are generated. These paraneters
define the VPT | mges 100 and VPTs that are 15 to be presented to the

person,t%ﬂ@éﬂ%d%”éﬂéﬂéﬁy COMd Qs the, ﬁHJJﬂé&ﬂtd&(ﬁe&fﬁi\@5§e@§sme|| as
ot her characteristics. Again, data from'past VPT Sessions, including VPT

Sessi on VRIa amst ex%dgetwertaﬂsetd for avvordeEnce Wilth sf eﬁdﬁ@l@blommjr e 9
above, can be %ﬁ cin settln thse parameters. 20 Mving to step 1010, a
treat nent phase ﬁlzﬁ i nprovi ng various aspects of the visual
per ception pramﬁﬁﬁsnalofcomwﬁors@mita]dlw atmot issed , perception
deficiencies. The flow of the treatnment phase is al most identical to that
of t e evaIuéﬁQﬂ?ﬁﬂn¥ﬁ¥n%E¥WﬂﬁH%R¥¢C)step 1012, user inputs from past VPT
Sessions ar g analyized. s Nextio,as shown in step 1014, a VPT Session is
selected froma second group of VPT Sessions. This second group of VPT
Sessions is eibfoerent srwentalhelrgrangrtdessyi bed for the eval uation phase.

Here, the second of VP SSIOHS conprises the followng: a
| at er al naskl %%%éﬁﬂ%ﬂﬂtQﬁﬁ”%%s§% o an acuity treatnent VPT Session, an

el ongat ed st iaMlorrtangat meh G rSeeSidm,intd9 ndR D MHH3 PCT/ 1 BOO/ 02052 a
st ereoscopi c treatment VPT Session, and other treatnent VPT Sessi ons.

Movildg to st &S Yole, ods AASH REReASE fodr e RREAUMLT ohisual

perception.

Moving to step 1008, once the VPT Session has been
selected, parameters for the VPT Session are generated.
These parameters define the VPT Images 100 and VPTs that are

15 to be presented to the person, and in particular control the
difficulty of the VPTs as well as other characteristics.
Again, data from past VPT Sessions, including VPT Session
parameters generated in accordance with step 916 of Figure 9
above, can be used in setting these parameters.

20 Moving to step 1010, a treatment phase is initiated for
improving various aspects of the visual perception process
of a person and alleviate visual perception deficiencies.
The flow of the treatment phase is almost identical to that
of the evaluation phase.

25 Moving to step 1012, user inputs from past VPT Sessions
are analyzed. Next, as shown in step 1014, a VPT Session is
selected from a second group of VPT Sessions. This second
group of VPT Sessions is different than the group described
for the evaluation phase. Here, the second group of VPT

30 Sessions comprises the following:

a lateral masking treatment VPT Session,

an acuity treatment VPT Session,

an elongated stimuli treatment VPT Session,
29



phase, once a VPT Session has been sel ected, paraneters are 5 generated
whi ch, again, define the VPT Inages 100 and VPTs that are to be presented
to the p®GOM74Gat a from past VPT Sessions can be used i rPQeBep/al0shg t hese
paranmeters, including VPT Session paraneters generated in accordance wth
step 916 of Figure 9 above. 10 CLI ENT TERM NAL-SI DE METHODS Figure 11 is a

f1 owchart i'guggg%%!o@go@% preferied et hods,are carried out at client

term nal 820. artin with step 1100, client terminal 820 receives a
request for andibcYPErSessiaamehitoWPad Perssamnstor exanpl e, a person can

arrive at client termnal 820 and enter request,. for _.a VPT _Session usin
an i nput devl@&1T8uck 85k Réyboals, Y&t (F?iee 5§ & IS @’ﬁlhﬁ%elopﬂ' ocess °

of requggtiRg an¥RT ;Sessi @R ssdenehalsl Y eeMYd1%RE ol Sigdrithed aRD 5id e, such
as a hone page 20 or authentication page provided by host server 800, and
ent ebi ngeacuseedamiisgid passwor defthe st Warle Tegtes rldfuests e user nane

and pas d y.be.lo ei.th ervey, 80 ignty;4-er m nal
820. Nb\%l}q%é ?%%sggpbflgggggﬁg%#%sggsei g%srtrsgzlljest aatndqtfg;mu eérsﬁtar}]e% password
i nf or magegBibassenn beomseld eént geeemandng &2@ g0 grostnesemeer 800 over a
communi cation network, such as the Internet 840.. Again, the Internet wll

be usediRELBAANIaY PSS PEAETEN et WEFIEL 2FCs Y &TSNSETSIE of data can

be encryptgd oL use sCoft ifigeates LeoRkevent others from 30 accessing the
usernane and password information. In step 1104, client term nal 820

recébPves a response from host server 800 that either allows or denies

8;;:3;26%8E’%@Fl\/gggﬁg%%ggID‘ghﬁE&%Bgnse is transmtted over the 30 WO

Figure 11 is a flowchart illustrating how preferred
methods are carried out at client terminal 820. Starting
with step 1100, client terminal 820 receives a request for a

15 VPT Session from a person. For example, a person can arrive
at client terminal 820 and enter a request for a VPT Session
using an input device, such as a keyboard, at client
terminal 820. The process of regquesting a VPT Session
generally comprises visiting a web site, such as a home page

20 or authentication page provided by host server 800, and
entering a username and password. The software that
requests the username and password may be located on either
host server 800 or client terminal 820.

Moving to step 1102, the VPT Session request and

25 username/password information is sent from client terminal
820 to host server 800 over a communication network, such as
the Internet 840. Again, the Internet will be used herein
as the communication network. This transmission of data can
be encrypted or use certificates to prevent others from

30 accessing the username and password information.

In step 1104, client terminal 820 receives a response
from host server 800 that either allows or denies access to

a VPT Session. The response is transmitted over the
30



Internet 840 and is sent after host server 800 has determned if the
usernane and password supplied are authentic. As shown in step 1106, if

t he per sdMO¥474834it hentic and access is granted, the procesBCE@B030REs at 5
step 1108. Alternately, if host server 800 determ nes that the person is
not authentic, access to a VPT Session is denied and the process ends with

a message 9 fhe per sy ANULA i4¥ d:he danial-pf 3reess,s Mving now to

step 1108, VPT Session paraneters for the 10 current VPT Session are
del i ver e tiegmgineents i ¢y nale8Rne farombwostwasal \arp8i0ied Brese VPT Sessi on

paraneters.are .used to.define the VR an PT | nmages 100, that are
pr esent @al%ht 61%tlﬁe' pg‘rssﬁmowfhelrbr%ceéjssﬂo 6’gelgfe¥z§e| Ag The VPT Session

par anet efs haas iexplini nedtcaovies Witdhdef erenc @ tdaradepsofiinids amd 916 of
Figure 9, and steps 1008 and 1016 of Figure 10. dient term nal 820 has
sof t war 6tessildiofy oftliterredstlivguridd R tadifniisst €10 Ve tSugRin®s ®#Pa person,

and generally-onl v J equi rex VRT 1Session paranel efsry fanm 1ost; s server 800

to deliver the VPT Session. The software can be 20 sent to client term nal
820 in deyield armurdier pofoomsses endsnotiudi rig s dageerorett idoweosel; or via
installatign off of a ymgnetic or optical disk. In step 1110, the person's
visual pEPEEFTIET it EoNBrated 2 i sual perception ability of a person
can 25 varyMovamgdayw @ dayasad on v adRibrofpdratial srs uedr ashst ress,
energy level, fatigue, previous neals, time spent in front.  of a conputer
scréén eurEenéyiVETofesgi®rmadE SteHdreredrier efldraait dfwimabre2tests of the

Person & (fstidlsr RELERNLIN ar @R &/Ablaeddind Qefddeddelie istial 30
perception abilTity is dimnished due to these types o Factors. Wovi ng to
steps 1112 daerfdntlihe tiPgscolarectved Images 100, that are presented
to the person. The process of generating the VPT Session
parameters was explained above with reference to steps 906
15 and 916 of Figure 9, and steps 1008 and 1016 of Figure 10.
Client terminal 820 has software residing on it
configured to administer VPT Sessions to a person, and
generally only requires VPT Session parameters from host
server 800 to deliver the VPT Session. The software can be
20 sent to client terminal 820 in any of a number of ways,
including by Internet download, or via installation off of a
magnetic or optical disk.
In step 1110, the person’s visual perception is
calibrated. The visual perception ability of a person can
25 vary from day to day based on a variety of factors such as
stress, energy level, fatigue, previous meals, time spent in
front of a computer screen or television, and many others.
Therefore, one or more tests of the person’s wvisual
perception are preferably run to see if their visual
30 perception ability is diminished due to these types of
factors.
Moving to steps 1112 and 1114, the collected

calibration data is stored and the updated VPT Session
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calibration data is stored and the updated VPT Session 31 WO 01/47463
PCT/ 1 BOO/ 02052 paraneters are downl oaded during step 1108. The paraneters
ar e updawedi1tda46Bonpensate for any di m ni shed visual perchSTIBAV/GAF] ity
detected during the calibration step 1110, thereby making the current VPT
Session nore effective 5 and efficient. For instance, it the person's

vi sual erception_abiliti e.di.m ni ce i t he VPT
Ses§<mp%%ﬁ%%£ %ﬁsa%%nd%%nféaggéddg59%£a?p§§n£¥o§hou%%gtgaggﬁ%gﬁggte for
the di W sheshvésuad pemnpepthoa fabi hhyydidOnbMbiedgvieusfiep 1116, the VPT
Session is started. The VPT Session selected duilgg t he sel ection phase
descri BRRFFPT FPyurel 1oty sdgseatefndertRg 1428, C8hePoRtABFe SVBY | nages 100

usi ng tgf%ﬁ¢”£hé¥@§§Oﬂaﬁéﬁ%ﬂﬁhéréuﬁfsngevﬁfaS§Qsiéﬁaheretaef@@tav@ters 15
provi ded by host server 800 nmay be used to generate the VPT |nages 100 on

t he %1 yand ne ot hent enbBdi nenstapeef ot redhe/Prereangésvieagay be used.

Moving to step 1120, .after t or_or eV .10 b
gener SUETESTREY Ar S LA UEPR ACVRTOARIRR ST 30 broSentad (B RS person. The

t echni ques wsedséss VETSpues@etexpl ahnede abovereAf ber thhe WBEei s present ed,
as shown in step 1122, an input fromthe person is received, .which
indicat@%ovm%th%rCO%Peﬁé@t?hEOBeFQ%ndEEF?éEP?g ﬁé??@ﬁnﬁ&rFﬁ8t99?. As

expl ai ngd. 25 ?bove, these inputs are used to gauge the person's visual

per ception é% ity and to anal yze the person's perfornmance over one or
nmoreo VPT Sessoonisg Thestuser 1ihput shar €PEl Sessiusadisosadjrist -t heh¥PT Sessi on

paranet§£% ggggiég gg gggggnéurygg Lﬁgggéléggion phase described in
Figure 10 1is used.

In step 1118, one or more VPT Images 100 using the VPT

Session parameters are generated. Again, the parameters

15 provided by host server 800 may be used to generate the VPT
Images 100 on the fly. In another embodiment, preformed VPT
Images 100 may be used.

Moving to step 1120, after the one or more VPT Images
100 have been generated, they are used in a VPT which is

20 presented to the person. The techniques used in VPTs were
explained above.

After the VPT is presented, as shown in step 1122, an
input from the person is received, which indicates whether
or not the person correctly performed the VPT. As explained

25 above, these inputs are used to gauge the person’s visual
perception ability and to analyze the person’s performance
over one or more VPT Sessions. The user inputs are also
used to adjust the VPT Session parameters used in subsequent
VPT Images 100.

30 Moving to step 1124, it is then determined whether the
input demonstrates that the person has reached a predefined
goal. This goal is set based on a variety of factors,

including how the person has performed in previous VPT
32



30 Moving to step 1124, it is then determ ned whet her the input
denonstrates that the person has reached a predefined goal. This goal is
set basedv@NAl/474¢hri ety of factors, including how the persoPCHEBIOWO0Eor med
in previous VPT 32 WO 01/47463 PCT/1BOQ 02052 Sessions and during

eval uati on phases. An exanple of a goal can be to adm nister VPTs to the

person yabLh oas0esly e ienele.oh JIRIOY GBI as e AL e odint i1 @
certai n nunmber of i ncorrect responses has been received. 5 Myving to step
1130, i tahhkegoal akas niet-ched®Tretto néw pPpERFEdmages 1160 drssimpeher at ed f or

use in subsequent VPT, again based on.the VPT Sessi.on paraneters, which
can be LRSELS Ped EDTEHETTET 8ESs PoRTI & ARkt Sed e MR VBT | mmges

100 ar epgeBerably inabrad@nse@ibdnke sprew deenVRECE vdmges 100, wherein
paranmeters such as contrast, distance between objects, color, shape, size,

or obher par¥awiads tar étephdAgdd. iFhélre@opdr avet @0F LAeTVASE t FEV _
dlfflCUb%% Eg&%gs g%ptg%evggn%g% elss &SEE%VQ%za9%ﬂ§$i§jﬁ%zﬁ@%&ﬁtat lleast in

part upon’t €rson'’s i nputs and perfornmance over precedi ng one or
nor e VPZgaib@nbeaskhe onewhpavameiSerss iane pathkoeerr o, etwlirining o kst ep 1118, the

next set of VPT Inmages _100 are displayed., Noving to step 1126, after the
goal ha?oﬁééﬁeﬁeééhgg? VEHe SERSICS &P 2ERE T TAT i nESSVBESE on

resul t synafds 200P8E80BRPRAEANFARGE 1Rt dnisS FenelatedviFigsergesul ts can
| ater be anal yzed to ascertain'the condition of the person's visual

per éépt LoAIpEOEEYs, wasdedat prmenetaist kech esi contmmsevi I8 sranasyr essi ng.
NN R RhER AT, LRutheT sUShE MR S B B ST
t he stabhkhged.valrhesnamdparameters can vary the difficulty level
of the VPT that is displayed, generally based at least in
part upon the person’s inputs and performance over the
15 preceding one or more VPTs. Once the new parameters are
chosen, returning to step 1118, the next set of VPT Images
100 are displayed.
Moving to step 1126, after the goal has been reached,
the inputs are accumulated into VPT Session results, and
20 person performance data is generated. These results can
later be analyzed to ascertain the condition of the person’s
visual perception process, and determine whether it is
improving or regressing.
Moving to step 1128, it is then determined whether the
25 entire VPT Session has been completed. If so, the person
performance data, including the stabilized wvalues and
accumulated user inputs, are sent to host server 800 over
the Internet 840 as shown in step 1132, and this particular
VPT Session is ended. The person performance data can be
30 sent to host server 800 in an encrypted format, or using
certificates, to prevent unauthorized persons from viewing

that individual’s input data. If the VPT Session has not
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accunul ated user inputs, are sent to host server 800 over the Internet 840
as shown in step 1132, and this particular VPT Session is ended. The
person pavdorgmese data can be 30 sent to host server 800 poaTABvoaRes2Y Pt ed
format, or using certificates, to prevent unauthorized persons from
viewing that individual's input data. If the VPT Session has not 33 WD

01/ 47463 PCT/1B0Q/ 02052 been conpleted, returning back to step 1118, new
VPT | mgEET SO0PARE andibiaditd GO i I Ul ren bt b sates
HARDWARE o VERY! BWh2 rRitGld @ cl2dnt ikl adle divgarain ofprarsaxsigi ary conput er
system 1200 upon which preferred nethods of the invention are inplenented.

The conputer system of Figure 12 can be used for host server 800, and/or
for Cliﬁﬂth?&%i%@E w Conputer system 1200 includes a bus 1202, or other
10 comruni cati on mechani sm for conmunicating information, and a processor
12045s5coupl edragurebue 1202 dodhr ddessiang ofi rfroravadrdre ryCotmuiiere sy st em

1200 al so includes a nmain_. nenory 1206,  suc s a random access nenory
(" RAM') SYSFEBt he© d%?élmwéllng]r P"‘ééleétrielde'“)etgioa%&eg cVLHui e Pt bus
1202. 13pfphemeBiBamemahy L2QQusler @s dcrh0JTatHE i, and J neld ucd ionsy execut ed

by processor 1204 during execution. Miin nmenory 1206 al so stores tenporary
var i abl ésrohostheerivereB®edi ane/ ornfformutliicm tdireumng rede @4 on of

instructions_.b raoce ro. 1 ~ 2 ter ,syst 20Q. further includes a
read only neﬁ%%?gt%%R%%%feT2ég%8rlgfﬁggggta 3%3%(§EH2éef§i§#%ﬁ%m) st orage
device cé6emgnicEtASH, mR2ROMniERPROM cettuhiceudlred itnF die thi2e2. athe a ROM
1208 stores static information and instructions for processor 1204. It is
wort h nBFPﬁﬁsﬁﬁétlgﬁé GPURBEE Wanksboe égoﬁeﬁﬁﬁyF€§WQ§ﬁﬁﬂﬂse ROM 1208. A

storage; deyi-fg:1210, SWaB1R3r system 1200 also includes a main

memory 1206, such as a random access memory (“RAM”), or other
dynamic (or “volatile”) storage device, coupled to bus 1202.

15 The main memory 1206 stores information and instructions
executed by processor 1204 during execution. Main memory
1206 also stores temporary variables or other intermediate
information during execution of instructions by processor
1206.

20 Computer system 1200 further includes a read only memory
("ROM”) 1208 or other static (or “persistent”) storage device
(e.g., FLASH, PROM, EEPROM, etc.) coupled to bus 1202. The
ROM 1208 stores static information and instructions for
processor 1204. It is worth noting that one or more banks of

25 memory can comprise ROM 1208. A storage device 1210, such as
a magnetic disk or optical disk (or “hard disk”, or “hard
drive”), or another form of persistent storage device, is
coupled to bus 1202. The storage device 1210 uses a computer
readable medium to store information such as data structures

30 and instructions, for example, accumulated user input data
from completed VPT Sessions, processor executable
instructions (i.e. software) configured to carry out the

methods described above with reference to host server 800 and
34



a magnetic disk or optical disk (or "hard disk", or "hard drive"), or

anot her form of persistent storage device, is coupled to bus 1202. The
storage degiogg745210 uses a conputer readable nmediumto stopgrhpfedksBti on
such as data structures 30 and instructions, for exanple, accunulated user
input data fromconpleted VPT Sessions, processor executable instructions

(i.e. software) configured to carry out the nethods described above with
[ ef o7 ened LEH T GEETEE et 2800 28 034 SNEUSH A F PEHBOGIOIT ol | ent

term nal, 820, ;aRA/Qs 34 Wet lérg%a irc%'tqtamgﬁo%fahfﬁs QR8T &fd NG ;gyst em or

application programnms that use'the oper g system nputer system 1200
i s prefepabbyicguglyedeni.a bus 1202 5 to a display device 1212, such as a

cat hode ray tube ("CRT" or active sive-matrj x display,_ The
Grspray 1532 oBRub e EuRnedba 05 S SN CE S UPT K08 00, An
i nput devi gedidpday Behudiend 2abphanurerdC and oy K8y Tuds (caupled to

bus 1202. The input device 1214 communi cates 10 informati on and command
sel ect i Bis a0 2FEBEEs £67 PEPGA Ve -ARGIHer diyFpd 2o udde sl adevide i s cursor

control g%t%é@mg;s%Q?iagn%iogg&as%né@%@% 1o 0 G $QIr dif.ectd o keys,, for

I
conmmuni I'ng rec ormati on and ‘comman Se|ECtIO§§EtO processor
1204 andnpor denticel [12ag , cunsdudinge pephaomundirdp and HEhEX XevEhi sid nput

device 1214 _typicall two_degrees of. freedomin two axes, a first axis
(oo BAGUn CobRd ahrs  Foce B AL S Egts CHEVEARAEES o Speci Ty

posibi ORsfbRmAtiBhaBed AcrRkaldNgeclie &N RsPee bdhedmventd on, the
processor 20 1204 in the conputer system 1200 executes one or nore

sequenc@sobhernsypPacPifolsefi liapusofenare 1205 rsesncantedli A2ifai n nenory
1206. Sgﬁghlggtguﬁghg@§ %EQC&EQQILHBQ %%Egor direction keys, for

communicating direction information and command selections to
processor 1204 and for controlling cursor movement on display
15 1212. This input device 1214 typically has two degrees of
freedom in two axes, a first axis (e.g., x) and a second axis
(e.g., y), that allows the device to specify positions in a
plane.
According to an aspect of the invention, the processor
20 1204 in the computer system 1200 executes one or more
sequences of instructions (i.e. software 1205), contained in
main memory 1206. Such instructions are read into main
memory 1206 from another computer-readable medium, such as
storage device 1210 or ROM 1208. The instructions can be
25 executable object code or interpreted code that is processed
by a run-time engine (e.g., Javascript).
Execution of the sequences of instructions contained in
main memory 1206 causes processor 1204 to perform the
methods of the invention as described herein, such as the
30 methods described with reference to host server 800 and/or
client terminal 820 above. In alternative embodiments,
hard-wired circuitry can be used in place of or in

combination with software instructions to implement the
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menory 1206 from anot her conputer-readabl e medium such as storage device
1210 or ROM 1208. The instructions can be 25 executabl e object code or

i nterpretM@oueded that is processed by a run-tine engi ne (BCHIB00/02052
Javascript). Execution of the sequences of instructions contained in main
menory 1206 causes processor 1204 to performthe nethods of the invention

as described _herein ch t j i erence to
host serl\r/“e’?ngbffnanng?l%’cle?hgbr?t %ee?l%lgr:gjltfhgg% g%i’\(;ereﬂ.%%r%l \é%%é;r#fggti ve
enbodi meats redhabdaniyr @geciirfdu tagmbdam thenusdd Hardwaace ofroritiry
conbination with software instructions to inplenent the 35 WO 01/47463
PCT/ | BOBRE2653EWAkFent i on. Thus, embodi ments of the invention are not

limted to apySpech i\\%o@@mie&a_tﬂéaraa@leha{éma{ne Gid Qidd Yhe@dith sof tvare.
The term "conputer-readabl'e nedi um as used herein 5 refers to any nedi um

t hat Spareiferpatesany preciivdi rdati ptycticetse st o prFcssisbing 204 f or
execution. ,Such.a_nmedium__can tak ny- for ji.ncludi t limted
er mond A5 HEr i B el Bl S JBME D LR, LA Masaell

vol ati | eapedhaci Aahydesrnfqr iexdanplieg eptd ealt drimagretice, Mbrdi sks, such as
storage device 1210. Vol atile nedia includes dynamc nenory, such as main
menory Y20stiFeafnefiissi o lRtdil® Mflidde £ LRSS ‘E%%‘p?e‘r W¥E  and

fiber opbhgs,ibnpkuding niNedud esdhal GomR,i %ﬁ)ltglb%llzcgnz-maég{@@jﬁﬁ ssion

n
medi a can al so take the form of acoustic or 1571ight waves,” such as those
genepat édsd#sar, i sgchadisoswaregendeviimfer 42dd -.datVa ledrimiminesdionsiclCsiaton f or ns

of corrpgter-r.eadabl e me%i ahi ncl ude, a nilrgzpppéo%i sk, a flexible disk, a hard
di sk, a®¥HgGR&E BMEpe; S5 afy StHér “ighet i€ media, a CD-ROM any ot her

opti cal Transmission media includes coaxial cables, copper wire
and fiber optics, including the wires that comprise bus 1202.
Transmission media can also take the form of acoustic or

15 1light waves, such as those generated during radio-wave and
infrared data communications.

Common forms of computer-readable media include, a
floppy disk, a flexible disk, a hard disk, a magnetic tape,
or any other magnetic media, a CD-ROM, any other optical

20 media, punchcards, a paper-tape, any other physical media
with patterns of holes, a RAM, a ROM, a FLASH, or any other
memory chip or cartridge, a carrier wave as described
hereinafter, or any other media from which a computer can
read.

25 Various forms of computer-readable media can be
involved in carrying one or more sequences of one or more
instructions to processor 1204 for execution. For example,
the instructions can initially be carried on a magnetic disk
of a remote computer. The remote computer can load the

30 instructions into its dynamic memory and send the
instructions over a telephone line using a modem. A modem
local to computer system 1200 can receive the data on the

telephone line and use an infrared transmitter to convert
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20 nedi a, punchcards, a paper-tape, any other physical nedia wth patterns
of holes, a RAM a ROM a FLASH, or any other nenory chip or cartridge, a
carrier Wov@/4463descri bed hereinafter, or any other nedi PGVIBHHIITh a
conputer can read. 25 Various forns of computer-readabl e nedia can be
involved in carrying one or nore sequences of one or nore instructions to

processol. 1204, 1P EHeGHELRD.qFR] gRXaP! gy ;hRe.Las! puetipas can initially
be carried on a ragnetic drsk  of “a rénote conputer. The renote conputer
can | oagbtiheed0tbnbtisutbONsahntecet sedyhaniletaemeryiadd isendet he

instructions over a tel ephone line using a nodem _A node I I, to
ponpute%n§§§¥%ﬁ1ﬁ?@@aiaﬁggegiﬁ9§ Fhe éaga gn gHé 1@8?2ph§h5 ﬁ%ﬁg and use an
infrared,trapsnmhtenatq €onMgih mdRoWP 02647463RCHAIBEOLRRR2sdrhe data to
an infrared signal. An infrared detector coupled to bus 1202 can receive

t he ®at&2¢arreéedieveshandi akeguedsskpainahguptaeastheTég&t a on bus 1202.
Bus 1202 carrjes the data t.0 L0 2 fr i I or 5 1204
retrievERSHhEC %8gﬁt5§cﬁﬁge§nggﬁh§ ﬁgﬁ§&¥¥%eggpﬁsF%&L?&gggn%éggfééd by main
menory d286egapnoptbenakl yebecestoredbefiostobage fdevi eexet2tGdnefogr e or
after execution b processor 1204. Conputer system 1200 al so includes a

comuni BEPFORS2D xﬁpérface 1218 coupl ed to bus 1202. Conmuni cati on

interface 1@&%@{8% 465t &mt YWy May) Hat & Comami £ atdnurbioulidig to a
network |ink 1220 that”is connected to a |local network 1222. For exanple,
contrini tatéenfadat 821 diceoupls can s drR03 nt dpmanuwd Sdridne dft@irgiacal  net wor k

S 0 Bal oS Tl Syl B ey Rt n £anect o o 2

network link 1220 that is connected to a local network 1222.
For example, communication interface 1218 can be an
integrated services digital network (“ISDN”) card or a modem

15 to provide a data communication connection to a corresponding
type of telephone line. As another example, communication
interface 1218 can be a local area network (“LAN”) card to
provide a data communication connection to a compatible LAN.
Wireless links can also be implemented. In any such

20 implementation, communication interface 1218 sends and
receives electrical, electromagnetic or optical signals that
carry digital data streams representing various types of
information.

Network link 1220 preferable provides data

25 communication through one or more networks to other data
devices. For example, network link 1220 can provide a
connection through local network 1222 to a host computer
1224 or to data equipment operated by an Internet Service
Provider (“ISP”) 1226. ISP 1226 in turn provides data

30 communication services through the Internet 1228. Local
network 1222 and Internet 1228 both use electrical,
electromagnetic or optical signals that carry digital data

streams. The signals through the various networks and the
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interface 1218 can be a |l ocal area network ("LAN') card to provide a data
communi cation connection to a conpatible LAN. Wreless |links can al so be
i mpl emenw@R1/47463any such 20 i npl enent ati on, comruni cati on AGIYIBP4/62962 1218
sends and receives electrical, electromagnetic or optical signals that
carry digital data streans representing various types of information.

Net vor I | i 250 PLELSLAD] £, 03] dles, dat 2, S5q dlALL oL r ough one or
nor e netiorks to other data devices. For exa | e, networ ?lnk 1220 can
provi de i excforgectd o9, twitotighcdocal tinetady ktdR22at® o hasd Cooputer 1224

or to data equi pnent operated by an Internef Service Provider ("ISP"
1226. ISPRYZ (VIR ot Qv d%jégd%}f%m E%rr#ﬁﬂfﬂ‘%a?fo‘ﬁa?&%%c‘égvéﬁroug% t he

I nt er ngt, 1228, - dacal chdet was kndZ2n and I nternet 1228 both use el ectrical,
el ectromagnetic or optical signals that carry digital data streans. The

s@gﬁa:s thr&MN@Qifﬁ}ﬂyﬂwmmiﬁﬁﬂMéﬁkssﬁﬁ@ k€ S3BR020Y/ 17463 VPCHAFBOO/ 02052
si gnal s._on net wor I i I face, 1218,
SR e ddln tedle Al I AN R3L) Ol pek BhEK, 298K

whi ch g _ to an rom conputer system 0, are
exenpl arpd eiits @fmntaridagri omaes ertfiears pansi.ngIhhehenforeahieon. 5 Conput er

system 1200 can send nessages and receive data, includi ag Er ogr am code,
0

e
t hr oug A et ordgET detilo MR IitnETa1886 taRGILGRREGH €8 °FneBrface

1218. 1 dihe ddt gl it RIS o RS 8hvernt23Q2akght sbr ansei t 1pegquest ed code
for an "ﬂ’%gﬁ cati onriﬁlr?r ogram t hru%ugh I nt gr net 1228, |1SP 1226, |ocal 10

netmor knek2&% kanid 220 mnehiccamivor datienf doger2age- 12£8r -exanpl exasbhg the FTP
DO 000k SRS L L MO0 008, SUED SAVRLOSERY
par ametgess dat erfiganaddhepmatiedion is executable software code

or computer configuration parameters that perform the methods

of the invention.

15 The received code can be executed by processor 1204 as
it is received, and/or stored in main memory 1206, storage
device 1210, or other non-volatile storage for later
execution. In this manner, computer system 1200 can obtain
application code in the form of a carrier wave.

20 Thus, methods and systems for analyzing and improving
the visual perception process of a person have been
disclosed. It should be noted that the disclosed methods
and systems are useful for improving the visual perception
of any person, no matter whether the person has normal or

25 abnormal visual perception. The invention can also be used
to diagnose and improve the vision of observers suffering
from problems such as amblyopia, myopia, hyperopia,
presbyopia, super-normal vision, or dyslexia. Even persons
with anatomical or functional problems, such as macular

30 degeneration, can improve what vision they have with the
methods and apparatus of the invention. 1In addition to
treating visual perception, the methods and systems of the

invention can also be used in diagnosing major depression.
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of the invention. 15 The received code can be executed by processor 1204 as
it is received, and/or stored in main nmenory 1206, storage device 1210, or
ot her noW@®l4Hé3 e storage for |ater execution. In this nmaffrEBOOEAR UL er
system 1200 can obtain application code in the formof a carrier wave. 20
Thus, nethods and systens for analyzing and inproving the visual

percept i on progess. 9t 3.ReeagBohAUaCheen (dischosad;okt nshaulitdbe noted
that the disclosed nmethods and systens are useful for inproving the visual
per cept sbownoéndngepersbagd, notnmatii ér behepbearenhie tpetboschakiddedalitor 25
abnornal vi sual ception invention I e o di agnose and
i nprove ChRed EFng £0P888§8P§e?gtgﬁﬁgéPFﬁgmg?r8%1%%gglgﬁg%gﬁhh as anbl yopi a,
nyopi a, 3By ReF ophas rofr esby 9pivantSwpeEoneepBk viresentedr haysliexi a. Even
persons Wwth anatom cal or functional problens, such as macul ar 30

degeher Beion, tbﬁnlpﬁﬁEBW@nwhﬁtn@FsF@nbﬁhéﬁmﬁéﬁé FFCRPENE™ net hods and

appar at géc%LdéH? ' nggt tﬂ@ fb@l@@‘%hg Q@atlgls Lheatheg Viespal emgepti on, the
nmet hods and systens of the 1 nvention can also be used i'n diaghosi ng maj or
depression. 38 WO 01/47463 PCT/1B00/ 02052 While various enbodi nents of the
i nventi on have been shown and described, it will be apparent to those
skilled in the art that nunmerous alterations nay be made w t hout

departing fromthe inventive concepts presented herein. 5 Thus, the
invention is not to be limted except in accordance with the follow ng
clainms and their equivalents. 39 WO 01/47463 PCT/1B00/ 02052 CLAIMS 1. A
nmet hod for identifying, quantifying, inproving
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or sone conbi nation thereof, the visual perception abilities of a person,
the nmethod conprising: 5 a) generating a first imge; b) receiving an input
from t he WeWO&dH6hased on the person's perception of the i REGEBINIGS2C)
based on the input, generating a further inmage. 10 2. The nethod of claim
1, wherein the further inmage is generated by nodifying one or nore
charact%ih§¥ics of the first image. 3. The nmethod of claim1l, further
conpri sing § repeating steps b) and c) one or nore tines, wherein the

i nput received i nReaeh hhogpdatred dstrep. fly)inics based iyomd heimdnotirer 1 mage
generated in the i diately preceding step ﬁ). 20 4. The nethod of claim
3, wher 8FnSSFEPSOBP ARG 1O HE TS epedtEd VTR AEHER Bhé St%eristic
of the persoRessov, Stdle RRLGRPL IMpEaRARIY.ities is adequately evaluated, is
inmproved to a desired |evel, or both. 25 5. The nethod of claim1, wherein
t he Pnput frém BRESTEELSSN 3 HdirEat é8'a@Fet her the person accurately

perceives a haract.er.i st i f edfirst.i . of claimb5,
wherein if tﬁg gg?%gﬁﬁgatg%'ﬁﬁﬁﬁg Fﬁ'ﬁb%?gg?%hgfﬁiﬁ%n%%fgﬁﬂ oes accurately
per cei veeasonhar aetrerpstion off the iimage,; then this sane characteristic in

the further ipmage i% conf'%%ned to be nore difficult for the person to
accurately p&f cBPFEY 2 1FPEAB3 SPEFFPEEGL0 2052 T FACTTHE R hod of cl ai m
5, wherein if the person's input indicates the person does not accurately
perceive a characteristic of the image, then this sane characteristic 5
in flAe furthér indhe Metbedf icfurcddito lhe whegsidi ffiec furthnr image

is generated by modifying one or more characteristics of the

first image.

3. The method of claim 1, further comprising
15 repeating steps b) and c) one or more times, wherein the
input received in each repeated step b) is based upon the
further image generated in the immediately preceding step

c).

20 4. The method of claim 3, wherein steps b) and c) are
repeated until at least one characteristic of the person’s
visual perception capabilities is adequately evaluated, is

improved to a desired level, or both.

25 5. The method of claim 1, wherein the input from the
person indicates whether the person accurately perceives a

characteristic of the first image.

6. The method of claim 5, wherein if the person’s
30 input indicates that the person does accurately perceive a
characteristic of the image, then this same characteristic
in the further image is configured to be more difficult for

the person to accurately perceive.
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the person to accurately perceive. 8 The nethod of claimb5, further
conprising emtting an auditory signal if the input fromthe 10 person

i ndi cat esvd bpi7abhe person did not accurately perceive a chatggdogpsti c of
the image. 9. The nmethod of claim 1, further conprising admnistering a
set of visual perception tasks to the 15 person to ascertain a visual
perception ability of the person. 10. The nethod of claim 2, wherein the
first image has a contrast |evel, and wherein the nodification results in
20 the further inmage hawing adiffenen, cairast |evehe ddrsdbesmethod of
claim2, wherein the first 1 mge has perceivable contours, and wherein the
modi fi camport reslildases rthheodugarhetod srayet avdwp itk I epentecontdurs. 25
12. The t hod of. claim2, wherein t first.imge has _a spati.al

f r equenCy' 2 T&T e\ﬁr%esrqce]icn ?%et}}ﬁ)dlin?a} St ihcglner% etéhjl ss?g”ﬁe The ?ﬁ% £ 1 Tmge

havi mg a rdicHcerrentc igpatimlgd rieguanciqded Io The neddhodi of i ebrd nE@r wherein
the first inmage has spacing attributes, and wherein the nodification
resul t s thg PERE FUth&CT e haRHFdifSerent spacing attributes. 41 WD
01/ 47463 PCT/1B00/ 02052 14. The method of claim2, wherein the first inage
has a certain orientation, and wherein the nodification results in the
further i mge.haviTig anedifdderehtclorirerit atiwrthdr 1&omdhes iy hod of cl ai m 2,

wherein the first inmage conprises one or, nmore objects, each object having
a certain oﬁ“&ﬁttd'ﬂgo%n Wdre H I f]l.fﬂ)tr{éé? Jfljh%léte %%%r&ees the sane
one 10" WA RDjiediSatde i Hicatdasdreslld ing: i fc@lrat €pgtpone=DRg ect in

the further image having a different
a characteristic of the image.

9. The method of claim 1, further comprising
administering a set of visual perception tasks to the
15 person to ascertain a visual perception ability of the

person.

10. The method of claim 2, wherein the first image has
a contrast level, and wherein the modification results in

20 the further image having a different contrast level.

11. The method of claim 2, wherein the first image has
perceivable contours, and wherein the modification results

in the further image having different contours.

25
12. The method of claim 2, wherein the first image has
a spatial frequency, and wherein the modification results in
the further image having a different spatial frequency.
30 13. The method of claim 2, wherein the first image has

spacing attributes, and wherein the modification results in

the further image having different spacing attributes.
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10 orientation. 16. The nethod of claim1l, wherein the first inmge
conprises a plurality of objects arranged to forma contour. 15 17. The
met hod oW@PHEI™R, wherein the characteristics conprise aRCT/E81025Re of
color, shape, and size. 18. A systemfor identifying, quantifying,
i nproving, or some conbination thereof, the visual perception abilities

20 of a person, t?ﬁe%ékﬁ%cssgpehémgz,a@hie 9g geperatar qoptigused to

generate selected 1 nmages; and a user interface configured to'receive
i nputs Aresrthen peisnnabasad endt heepeisonhs peddééptieonoof reseilitrages; 25

wherein the generated i mages. are based. | east in rt . on the person's
inputs.lEQ?h?h§u§§§F§nﬁ8ﬁgelQFHFTg,awﬁé?%?ﬁepﬁeOfﬁﬁggagdgﬁérator gener at es

a first image, receives an input from 30 the person based on the first
image, and then generates a further inmage by nodifying one or nore
characteristifs ofhetnethpespfi pagémbasensmeiRe th8cERVEF iILAFIE 42 WO

01/ 47463 PCT( L BQO/ 02052 20 Thesystenual, GL3Lm 19, 4her of nchhe, fomge

generatﬁ?mpaﬁggﬁs e generatro no i cation of images based on the
person' sriB8pvktibhi | aatl Waastianehecharabker isktige obuple sper $de s vi sual
perception 5 capabilities i s adequately eval uated, inproved to a desired
| evel , 8RMBoPRS 2%. "PRE §9§F€ﬁ?oftg?apﬁgié}C?GFPHeFegﬁ&%Fﬁﬁ Ag' fdans for

Storingléﬁgyténée8§5¥@9 fhophtheypehsenimiBe2avibig systiemedferel ai m 19,
wherein the input received fromthe person indicates whether the person
acclupat ekyentation.

16. The method of claim 1, wherein the first image

comprises a plurality of objects arranged to form a contour.

15 17. The method of claim 2, wherein the characteristics

comprise at least one of color, shape, and size.

18. A system for identifying, quantifying, improving,
or some combination thereof, the visual perception abilities
20 of a person, the system comprising:
an image generator configured to generate selected
images; and
a user interface configured to receive inputs from the
person based on the person’s perception of the images;
25 wherein the generated images are based at least in part

on the person’s inputs.

19. The system of claim 18, wherein the image
generator generates a first image, receives an input from
30 the person based on the first image, and then generates a
further image by modifying one or more characteristics of

the first image based on the received input.
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perceives a characteristic of the first imge. 15 23. The system of claim
22, wherein if the input indicates the person accurately perceives the
char act esvsbi/gr460f the first imge, then this same characteci/figo@2dsp t he
further image is configured to be nore difficult for the person to
perceive. 20 24. The system of claim 22, wherein if the input indicates

t he person does not accurate%¥ gﬁéceive th characteristic, then this sane

characteristf@&-i nTPReS¥§FFRe g8 i< cBAFFGaFed o BE9%ss difficult for
the per §QﬂeI:Qto%5re§égegvehe2§enwat%§t euohoal &l Fa22 orf Wit Nefage@npri si ng
a sound generator configured to emt an auditory signal if the input

i ndi catlessefiapnt hhepeeseandisdinptitageiiat ety leagtpengei ve t he
characteristic. 26, .The_s e f claim i . i mges have a
contras?h?ﬁ%gf?réﬁal§h§Fe¥ﬁgt 3958 i igg%?%%wggéﬁﬁpgagﬁ the 43 WO 01/47463
PCT/ $ BOBAP2P52it i ukt her atiragethayi Bgaaudiblier enbreooatr ast d eealirddan the
first image. 27. The system of claim 19, wherein the i mges have 5
perceivh%V%lcoﬁ¥oﬁ?§P-and wherein the nodification results in the further
i mage having different contours than the first image. 28. The system of
claim19, wherein the images have a spatial frequency, and wherein the
modi fi cati on2tesuThs Bpste® thecfaimheB. i fugshkayicegpy ldilfiemeansspat i al

[reaueney. Lhan, e, HLLL, LoRe 2o The pustamal clal 10, wherein the

i mages rern e nodification results in

10

22. The system of claim 19, wherein the input received
from the person indicates whether the person accurately
perceives a characteristic of the first image.

15 23. The system of claim 22, wherein if the input
indicates the person accurately perceives the characteristic
of the first image, then this same characteristic in the
further image is configured to be more difficult for the
person to perceive.

20

24. The system of claim 22, wherein if the input
indicates the person does not accurately perceive the
characteristic, then this same characteristic in the further
image is configured to be less difficult for the person to

25 perceive.

25. The system of claim 22, further comprising
a sound generator configured to emit an auditory signal
if the input indicates that the person did not accurately

30 perceive the characteristic.

26. The system of claim 19, wherein the images have a

contrast level, and wherein the modification results in the
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15 the further imges having different spacing attributes. 30. The system
of claim19, wherein the inages have a certain orientation, and wherein
t he nodi fwoatumwe3results in the further inmages having a detigs®nios2

orientation than the 20 first image. 31. The system of claim 19, wherein
the images conprise one or nore objects, each obj ect having a certain
orlentatlon and wher nthefut r{gg} rises t e253rreone or
mor e objfE S Es WK i \flr}ngE?g ]{ﬁeer Ton FESUI T FHY T at | east
one obj eGtrdth i3y urt her |mage havi ng a d| fferent orientation than in the
first inmage. 44
27. The system of claim 19, wherein the images have
5 perceivable contours, and wherein the modification results
in the further image having different contours than the
first image.
28. The system of claim 19, wherein the images have a
spatial frequency, and wherein the modification results in

10 the further image having a different spatial frequency than

the first image.

29. The system of claim 19, wherein the images have
spacing attributes, and wherein the modification results in

15 the further images having different spacing attributes.

30. The system of claim 19, wherein the images have a
certalin orientation, and wherein the modification results in
the further images having a different orientation than the

20 first image.

31. The system of claim 19, wherein the images
comprise one or more objects, each object having a certain
orientation, and wherein the further image comprises the

25 same one oOr more objects as the first image, the
modification resulting in at least one object in the further
image having a different orientation than in the first

image.
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