WO OOn7760 PCT/ AUOCQ 00661 SYSTEM FOR ENHANCEMENT OF NEUROPHYSI OLOG CAL
PROCESSES BACKGROUND OF THE INVENTION 5 This invention relates to a system
for the enhancenent of the neurophysiol ogical processes of a person, in
particul ar those processes associated with reading, witing and speech.
The invention was conceived in the context of treating reading, witing

and speech disorders but has far broader applications including the

treat ment of 19@&'25”0“ on Deficit Hyperactivity D sorder ( n /@&91 t he
enhancenent of on's perception of nmovenent required for exanple, by
sportspeopl e or defence force personnel. %i nce the late nineteenth century
it has becone increasingly noticeable that 'a 15 substantial percentage of

t he popul ati on possess no abnormalities in conventional vision, hearing or
ntelligence, vet di sRhRtrifRoRNHAREEMENY OF NEUROFIRAgiOLDGIUAL I N9 and
speech. Al though there’is a connection between these different types of

di sorders, reading 20 disorders have atRRQEEEES he nost concern and
attention and are thought to afflict up to 15% of the world's popul ation.
Readi ng di sorders are psychol ogically and economically damaging to a
person, are |ar geB&CK@Eé’&NQ@l}%H IQ}en considered to be incurable.
25 A growi ng bgdy of neuroscientific research has |inked many of such
~disorders with neural debilitation's in different eas olf1 tg)e. ain.
geferal groups of Teinsprtipaelatastq 4 y8tem forrrahiporpimt p B thﬁiti c
techni ques such gecesddotd RRsh, ilbiiialat tobaraRRBR RsARA With rdafiiblwriting

Posi tron Em ssion Tonography 30 (PET)  have found SI%}[]elﬁf.l cant di fferences
ign brain activityandispeegy eanyentionwas congefved ip the gontexf,p “nfggagiﬁga%tglgwith t he
perception of NDOVgIERPech Hisdridetut ha@E®drodtdérpplRAibnd Hclddiapthd eesmen df t hose
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perception of movement required for example, by sportspeople or defence force

personnel.

Since the late nineteenth century it has become increasingly noticeable that a

15  substantial percentage of the population possess no abnormalities in conventional
vision, hearing or intelligence, yet display debilitating disorders of reading, writing
and speech.

Although there is a connection between these different types of disorders, reading

20  disorders have attracted the most concern and attention and are thought to afflict up to
15% of the world’s population. Reading disorders are psychologically and
economically damaging to a person, are largely hereditary and have been considered

to be incurable.

oy

25 A growing body of neuroscientific research has linked many of such disorders with
peural debilitation’s in different areas of the brain.

L]

Several groups of scientists utilising modem non-invasive diagnostic techniques such
as functional Magnetic Resonance Imaging (fMRI) or Positron Emission Tomography

30 (PET) have found significant differences in brain activity, in particular in areas of the
brain associated with the perception of movement, between those with reading

disorders and those without,



eye. Photoreceptor cells known as rods and cones are stinulated by this
light to produce electrical inpulses. These inpulses travel fromthe
retinal ganglion cells via their axons and ultinately connect with the
visual centres of the brain, in particular the 5 visual cortex. The
connecti on between the retina and the visual cortex includes a snal

m dbrain nodule called the |ateral geniculate body. This body is divided

into two |ayerg, ?qﬂ,gﬁ of which is part of the magnocel | ul apcpabéwaeé and t he
ot her a part of parvocel | ul ar pat hway. The divided signal fromthese

vi sual pathways continues to the visual cortex and the extrastriate visual
cortex at the back of the brain to 10 undefgo a nultiplicity of conplex
processes to energe as a perception of sight. The nagnocellul ar and

parvocel | uar sysfrﬁé\ilﬁe.&P@omalp,t%glhméﬁism%ge@wnﬁak e ¢ Qink kGRd bacP 8t thyvay

system The nmagnocel | ul ar has evolved to be able to process rapid
novenents of |omﬁﬁoﬁb@tmeptonﬁ@’émwaémiam@ngsaaerstqudlbwﬂh%@é°but with

relatively 15 pogiatcRleRetica Ghisildes. VItkde imphSds Gavel irbe ttia%tuﬁp@hguun%ensw hvvay
processes fine stationary _detail in conditions of br| tnessﬁg@&a!me
e

greater col our sﬁﬁgﬂquﬁq’é@%%?ﬁW&é%Wcﬂ?&i“ﬁm aip, 48 R
parall el procsssvﬁm&f&keﬁﬁedomeeﬁdﬁ%m&xmd@méQﬁltﬁwnsmctoﬁuﬁhamng an acute

ki nd of depth perceptjon_ called, stereop (o]o} |.ar systemis
reedponsi bl e for FBHB b‘él“é’f’é‘é?)%ﬁn%‘} gF’%C“& b&fiyfmns%?’ﬁéi‘ "éldﬂff’ng. The
parvocel | ul ar SYﬁﬁ(ﬂMoﬂe‘iﬁm{%ﬁE@aﬂof‘ﬁénﬁﬁ@i:ﬂlﬁlaﬁﬁﬂivﬁ?ﬂﬁd&eoﬁeﬁam&mci es in
ei t her pat hway Cﬁqg affeﬁt st ereopsi s \AA&Q g_rg |l ead to :@)l nabi of a
person to propePeyaRrsilapathvay, sthediugsd sign Tgﬁlﬁef‘ﬁ‘é‘w ﬁyfc‘ﬁlg een
suggested in Sorrtbtheeﬁﬁﬁrcbhe:thﬂtthetdmasdﬁtudlsuhlabﬁmtmfebamme‘bmtocel | fields
in the magno | ul pat this a aIIeI roces stemto

del i ver m stl “’?ﬂ%@ﬂ W%‘er& e"t}g e g ,"it has been

hypot hesi sed, causes | nstabl lity of viewed text in sone patl ents resul ting
!sgst grenI |rs :)regggrr:]%rl\an %%Q el éreﬁg @%ﬁﬁ%%(d%ggﬁg%@é@g%ggﬁfgﬁcé?e visual
Hol di ng a st eadypzfﬂm(aartsysmm OFheanaghcselblarpathwast has svalved &t ahlstto process 19pid.  When a
steady fixationyloSe|RYFRE doftra indR8 ifloRiHons offowMitinlce biRAR rLiBRE
15  poor colour sensitivity, whereas the parvocellular pathway processes fine stationary
detail in conditions of brightness and with greater colour sensitivity.

Research has shown that both pathways are parallel processing systems involved in
developing and sustaining an acute kind of depth perception called stereopsis. The
20  magnocellular system is responsible for motion stereopsis, which is vital for normal
reading. The parvocellular system is responsible for static stereopsis. Deficiencies in
either pathway can affect stereopsis which can lead to an inability of a person to

properly process visual images.

2 25  Furthermore, it has been suggested in some research that the debilitation of receptive
cell fields in the magnocellular pathway causes this parallel processing system to
deliver mistimed visual information to the visual cortex. This, it has been

o)

hypothesised, causes instability of viewed text in some patients resulting in their
reading disabilities.
30



5 Ccul ographi ¢ recordi ngs have denonstrated three types of eye novenents
that occur during fixation: mcrosaccades, (small, high-speed adjustnents
of fixation), fixation drift and high frequency trenors. Saccades used in
normal vision bring items of visual interest into the foveal area of 10
the retina for exam nation under conditions of maxi mum acuity.

M crosaccades are simlar to saccades, except that the anplitudes are
smal ler. M crosac occur about 2 to 3 tines per secondp ith a
sl ow fixation gﬁ?ﬁagﬁémhlch i n conmbination prevent fading o?ﬁkﬁﬁﬂgﬁ%ina

i mage. The manner in which 15 nlcrosaccadgf and fixation drifts are

i nterposed i s dependent upon an i ndividual opt oki netic control. Such
control is in turn influenced by neurophysi ol ogical debilitations that are

parti al |y non- vi fafehib SNl GRedo R AUEANAE] BAHAbIEIRD A Bailigun t hat

during reading a stereotyped "stalr attern e novenents
occurs, cons.st|Hgdmgam®rﬁmqnmgamdmwaw§ecbwmleo eppst&#4Yon. Duri ng
the pauses, semaglkc, %ﬂﬁﬂ&édflﬁgﬁf;ér%ryaﬂﬁvﬁ&?%%yd&q of characters is
t hought to occur. Eac saccade noves the fovea (the portion of vision with
the greatest acuity), about eight characters to the right. At the end of a

line, a larges s@&fichiiphicRechiifngdBilleAhatBirld thidtyBEYTT elid MéveRtetsihat ceodt t he
behavi our is repeated. 25 An optokl net | c defl CI cou d !g ‘i’fé readl ng

dt sorders if it §wiagSxtionimigosseades rmall b R r ed
speed ‘and endur ageand &3l flefuchty RnRYLNt S f| xation dr| ft to be controlled

w th enough endurance. 1f this deficit is conpounded by sone | anguage or
phonol ogi cal inpairnment, then semantic recognition, an essential link in
tﬁhe/read} ng 30 Sdé@dd&usﬁ@iﬂnb@aﬁ\ﬁ@i&ém{gﬁteﬂxkﬁf\hﬁﬂ1htefe€tmﬁﬂie&‘d\EalMoﬁOI77760 f
PCT/ AUOO/ 006 4 Dyr nore.rapi.d no ng or t iew ng o
more conpl ex%i S'B‘éfetmﬁ Fgwinatioprinder con é‘?&ﬁ’%{}“ ‘ggfl % SS%ca static

st ereopsi s ( dept impehcapiaiegxcepd that thegdnplinsledre smalles’ . They pause at very
small tinme intervals and | ook directly at what the brain considers are the

nore inportant visual elenents and deduces what is in 5 between. 13
Microsaccades oceur about 2 to 3 times per second, along with a slow fixation drift,

which in combination prevent fading of the retinal image. The manner in which
15  microsaccades and fixation drifts are interposed is dependent upon an individual’s
optokinetic control. Such control is in turn influenced by neurophysiological

:»

debilitations that are partially non-visual in source.

Oculographic recordings have shown that during reading a stereotyped “staircase”
20  pattern of eye movements occurs, consisting of alternating saccades and periods of
fixation. During the pauses, semantic identification and recognition of characters is
thought to occur. Each saccade moves the fovea {the portion of vision with the
greatest acuity), about eight characters to the right. At the end of a line, a large
saccade to the beginning of the next line occurs and the behaviour is repeated.

ay

25
An optokinetic deficit could lead to reading disorders if it prevents microsaccades
from occurring at the required speed and endurance, and if it prevents fixation drift to
be controlled with enough endurance. If this deficit is compounded by some language

or phonological impairment, then semantic recognition, an essential link in the reading

(4]

30 chain, can be even more difficult to achieve.



It has been suggested that sone normal readers enploy a strategy that uses
"habitually preferred" patterns stored in their nmenory. This involves an
initial visual scanning phase described as to "look w thout seeing” in
which an internal nodel is formed in 10 order to then "see w thout
l'ooking". Finally, there is a rapid nodel verification phase to "look and
see". This requires rapid saccades to nove the high acuity area of the
fovea to the salie eatures for verification. An ability ip.BYdsfe t he
required sacca%%',’op’%@&trol of fixation drift, recognition O?P 15 semanti cs,
stereopsi s and an adequate visual working nory, are essential
prerequi sites for good readi ng. Furthernore, because of the relationship
within the brain of the nagnocellular and parvocellular pathways wth
ot her neurophysi j Sdi Q%Eu R ndptst vGA
ki naest heti c andﬁg%%atﬁ%ééﬁgd(g@ﬁﬁ%?ocegg%aoﬂ na ﬁ(l%?‘;/ to properly process
visual images caimageutheeyes¢mploy dbeaithy motionand staficratareoprisdenth eercepip)id t he
arge number's of gf pAdMudl el Bhusd & 58 BRI RE AkARIEAA 10b€ Wrlkay & vilal TP o
, u

to search for curative solutio par ) ased on visual causes, in
the belief that thebraingonsidesy ase the mopimppriantvisug tsipd dedpees phatds #i sor der
associ ations gndygyey of the scientific comunity still support this view
The begi nnings of a visual based curative approach comenced with the

cevel opment of a sinple apparatus called the CAM visual stinulator,

devel oped in Canfihiclae, #3dsRa iafdbncRotiie etk skl stritbgy thdlbes thabithalliyor was
devel oped not for the treatnent of reading disorders, but for the

Q thoptic treat nisterred” naserpoosed in hsirmsmons rihysjnvolyes WRtiel A SERETPE i xat i on
errors of the eygmsédvsiBed 280 Bbal Withodt Jedi@Uh which Aiinterdal modedis Torimed fiheet  Has

Been Replaced 11111111 h ill 111111 III 0/ 7.7760. PCT. 0661 5
domi nant eye !8ndoeerie c?cfegﬂﬁ%q”éé’gégg gﬁéﬂ\’/’\g” ?W’%ﬁé@%ﬁf&m%&e
stimulator conpioisRR aiddeat!, iThE: rEquey ragitl SaBadesrs aroselthehigh apuity atea df the at i ngs

i ntended for visuyal tinulation. _ Thi aratus gai ned wide interest and
exposure. for thg’vfﬁ?ﬁ'ﬁﬁg?e&tagewrgﬁf%ﬂ’%cgggbcul ar fixation disorders but
wth limted success. 5
An ability to provide the required saccades, control of fixation drift, recognition of
15  semantics, stereopsis and an adequate visual working memory, are essential

prerequisites for good reading.

Furthermore, because of the relationship within the brain of the magnocellular and
parvocellular pathways with other neurophysiological processes such as speech,
20  hearing and kinaesthetic and somatosensory processes, an inability to properly process

visual images can lead to disorders in these other processes.

From the large numbers of reading disorder treatment providers, few have attempted
to search for curative solutions, particularly based on visual causes, in the belief that
25  cures are not possible. Indeed most reading disorder associations and much of the

8%

scientific community still support this view.

)

The beginnings of a visual based curative approach commenced with the development
of a simple apparatus called the CAM visual stimulator, developed in Cambridge

30  England in the mid 1970s. The CAM stimulator was developed not for the treatment
of reading disorders, but for the orthoptic treatment of pathologic binocularity, a
condition where fixation errors of the eyes cause the brain to favour signals from a



Anot her version of the CAM apparatus was developed in Australia in the late
1970s, and conprised sinmtar—rotating dirscs with painted gratings, but
with the addition of a diffuse |ight source from between the gratings.
This second version of the “**w eplacedias t he subj ect of Australian
patent application no. 70697} 10 Lawson. It was al so concei ved
and originally used for the il Pt of pathologic binocularity,

al t hough | ater Sorngd for treatnent of visual dyslexia. p¥Wausdoodshese
prior art apparatus achieved some success in treating the fixation

di sorders for which they were designed, thgir success in treating reading
di sorders was 15 limted due to the conplex nature of the
retino-genicular-cortical pathways and the very limted range of

stimul ations thaﬁoﬁﬂ@nt%ﬁéﬁﬁkéﬁﬂst@k%&s%aﬂﬁBBPcHéQ@aker Ae8sudlor t he
stripes that provided e visual cues to the patlent ad_a constant | ocus
of novenent, th&mprispdwgtatingpapen disay coperedwithypainteheritings Btendrd foqial or 1 ect
stinulation to asnﬂlmmoheq*mwmﬁ,sg&n&%xh&nte&sttameeﬁﬁomfm&em@pnand for a

brief period of tine as_the e’@g assed throg&qapartlcular

ori entation. Theteapeatghequiar fixsHon disardres bt it fagt achi eved by
changing the gisc to one with a different spacing and wi dth of stripes.
This variation could not, be Chl eved w t hou rupti o ient's
tg eat nent. The pPEGETESioRE ?PWWW%“{?Y& ﬁgpé‘ﬁﬁ‘giaé’?@gﬁg%@a’h%t hod
wherein a patlenhnmmpa&drsﬂﬁmman@gm&mtﬁ PaTRe@ bratinps ibudivitsthe additivhiofns t han

Repect . the | nveRERBdkeRse Eop e WWRY o ot AR EAM 30

neur ophysi ol ogi cqipmmmsmembwamﬂianmatmaﬂpu&umgnd [70697/8V bg AM. di spl ay
means for aid patient.a ut e Qcessin S produci ng
an output to § ggvs\yﬁ Eéﬁ ?} scﬁfl‘?fiy%%qngﬁ%’éfﬁég?gwg@p eé'%legﬁ&gal d di splay
means, said di spbabola»gmlhnmbnlagtdeithmgBIrmMakhsd Be ¢reatiRentlofivigu] dyslegiaWWO 00/ 77760
PCT/ AU00100651 6 at |least one visual cognitive exertion exercise and at

| east one visual stinmulation image including a plurality of noving visual
di spl ay el ement s Whilktdhesé prics ait eppaiasis adhieved some|sadcess n ¢ Exadamabl e of

br oV di ng vi Sual ySbh gLk Owble RAlE e Hudoal P lang Ry ordefs was

perform ng said cognitive exer
15  limited due to the complex nature of the retino-genicular-cortical pathways and the

very limited range of stimulations that the rotating discs could provide. The edges of

the stripes that provided the visual cues to the patient had a constant locus of
movement, that being a circular path, and only provided the correct stimulation to a
limited number of cells in the visual cortex and for a brief period of time as the edge
20  passed through a particular orientation. The only variatioﬂ in the stimulation was
achieved by changing the disc to one with a different spacing and width of stripes.
This variation could not be achieved without disruption to the patient's treatment.

The present invention seeks to provide apparatus and method wherein a patient can

2%

25  receive a more complete set of stimulations than was possible with the prior azt.

SUMMARY OF THE INVENTION

7]

In a first aspect, the invention resides in apparatus for the enhancement of
30 neurophysiological processes of a patient including first visual display means for
viewing by said patient and computer processing means producing an output to said

visual display means to cause a display on said display means, said display including



5 The invention also resides in a nethod of enhanci ng neurophysi ol ogi cal
processes of a patient including_Lng_gleE?_gi_gegggatlng an output from
conput er processing nmeans to cause a display on ual display neans, said
di splay including at |east one VI$ma$ma 'H&Veﬁgxertlon exerci se and at

| east one visual stimulation imge] SEN g0 plurality of moving
visual display elements, wherein s M sIfnul ation i nage provides
visual stinul atggpedmosSai d patient

Mhatient is gRYfRoiResd said
visual cognitive exertion exercise. The present invention can provide many
benefits to a patient not possible with th 15 prior art treatnent systens
I ncluding a visual stinulation imge that can be varied to provide the
stinmulation required by the patient and in particular can be varied w thout
a discontinuity 'aﬂleﬁﬁ@n%ﬂ%&u@veteﬁﬁﬁ&mmse Eﬁaraft &4t HﬁUﬁsuBl*L%mYﬂaﬁb@imaQé spl ay

el enents can be generate as direct ght objects which are far nore
effective in sti ﬁ%ﬂl%mﬁgwrﬂéyefémwngrmwl&speve ments, stherais said viseal| o- corti cal

pat hway systemt f&&ﬂuﬁm ik %efly Sabllé &ﬁﬁo&&ﬁgﬁﬁiﬁl seRufafi o B phiRBWHilsh&uid Ot at i ng

striated discs of |or ar In_a further enbodi nent the invention resides
in apparatus for pet: RerErRiEg s copuitive eXsrtingIRETisH ogi cal processes of a
patient including fi rst visual display means for view ng by said patient
and conputer pro ssl n rreans r oduci ng‘yan out put to, sai,d,25 visual  display

neans to cause a 8o esificy e wpth ghyological procrstesaf 4y at
| east one visual pﬁﬁ&ﬂmeludwg lﬁ&ﬁéﬁsloﬂQeneﬁﬁﬁﬁgidnso@tpafﬁbnﬂéorﬂpﬁ&ﬁﬁroﬁ%ﬁng/mmb

stimul ation image d|n ality o VISU el enent s,
wher ein said vi sﬁﬁ‘?sea qﬁuﬁlﬁ;‘ﬁp aﬁ/s atdaf@ép'é‘g ‘Wp ual
stinmulation to acagﬁﬁvelaie:ﬁdmdt&blssﬁﬂddt leaabne@mmlsﬁmﬁleﬁd‘nﬁﬂhﬁlga‘igclaﬁngh cognitive
exertion exergis erein.s ara us. 30 i ns.for varying
at | east one Iﬁam?m&%& 3?%%"&? F@Elg‘?a S’B’F“ﬁ‘ﬂ&?‘fﬁf“ag%lﬂgﬁ%&? 388 i nance,
contrast, col our prowfdwesuallsahmhubxytoamdpimmbﬁsaﬂmmaaperﬁfrms@saidpisuﬂal ity

of i sual di spl This Sheet, Has Been n wo oofl 7760
pcr/ AUOCOr 00661 %Xgnﬁvgexe?éoneﬁ%c %mbodi rrent the invention resides in

apparatus for the enhancenent ofthe neurophysi ol ogi cal pat hways of a

patient includi ngyfbkehe dibesitidl callproMadhaliPRRsh: ' patient not possible with the

15  prior art treatment systems including a visual stimulation image that can be varied to

provide the stimulation required by the patient and in particular can be varied without
a discontinuity in the patient's treatment. Furthermore the visual display elements can
be generated as direct light objects which are far more effective in stimulating the cell
fields of the retino-geniculo-cortical pathway system than the diffuse light sources

20 from between the rotating striated discs of prior art.

In a further embodiment the invention resides in apparatus for the enhancement of
neurophysiological processes of a patient including first visual display means for

viewing by said patient and computer processing means producing an output to said

a0

25  visual display means to cause a display on said display means, said display including
at least one visual cognitive exertion exercise and at least one visual stimulation image

»

including a plurality of moving visual display elements, wherein said visual
stimulation image is capable of providing visual stimulation to a patient whilst said
patient is performing said cognitive exertion exercise and wherein said apparatus

30  includes means for varying at least one, and preferably at least two, of spatial density,
luminance, contrast, colour, shape, velocity and locus of movement of said plurality of

visual display elements.



view ng by said patient and conputer processing neans produci ng an out put

to said 5 visual display neans t a display on said display neans,
said display including at |east one visual cognitive exertion exercise and
at | east one visual stimulation ind#d Q_a.giplurality of moving
vi sual display elements noving in aff§ Y@l | i near path, wherein
said visual stinulation inage is caoj ¥ ding visual stimulation
to a patient wh id patient is per #hi d cogniti jon 10
exercise. In a g@?Pragurther enbodi nent, the invention resi%%?ﬁ%ﬁ&%%paratus
for the enhancenent of the neurophysiologgcal pat hways of a patient
i ncluding first visual display neans for viewng by said patient and
conput er processing nmeans producing an output to 15 said visual display
means to cause a display on said display nmeans, said display including at
| east one visual cognitive exertion exercise and at | east one visual
stinul ation i magdnp fethersmbadimen) the iventipn eesidendy aprgrais Sordhe eahapseragpt efitetent s,
wherein said vi siabpistiblkica ohBaysSRE Faties: iARARY st Vsull dRYifnBhs Yorsual
stinulation to a patient ~whilst said patient 1's performng said cognitive
exertion exer ci s&evinghy said patient apd cormputerprasessing FEMIArATYCINEA NN sg@ner at i ng
an auditory cagn 'vlsbéd@isFP&?ﬁ:Teér@'ﬁo &X' disphy oh Sid GIAIMARE sBA dSNAEineHthd OF Y
signals related to at [east one of sard visual cognitive _exertian
exercises. |n yet™ 525 oferiusl capmideicration exemise ardhabliast ope viwa) Hmulefion WBgr at us
for the enhancengittudil a g&&d@@fﬁkﬁﬁﬁg@zﬁbﬁﬁ%ﬁs@iw%_ﬁa&m RodihyRuSuldtanfalpat i ent
i ncl uding first ¥|sual spgﬁy_neags.for, VI ew n qX sai d, atLené, conput er
p{ ocessi.ng means Bt wheremaid syl stipplation; igags i ¢app ﬁ?’g’ﬁ? WAS to cause
a display on sai dtiftilatinaya paiemsviilsicaid phtieaf ik pérfopiing s cophitive adestiofli spl ay
I ncl udi ng sug essive%y di spl ayed patient-interactive visual cognitive
exertion exerci s&&4Wd at | east one visual stimulation I mge including a 30
plurality of noving visual display el enents, wherein said visual
stimulation im | S. abl e .of providing visual sti lon t atient
whi |5t said pat i okt SigSARF fafodiner® Hiene rinded B apbapl Rl Pllwicinly
00/ 77760 PCT/ AUOOf O 8éitophikiolaliisppaiywenys aftagatidnt ineluding fitst visnabdigplayirwenand
}"ﬂ g Lte ! ][‘ ) gm” gg .t q ¢ gcgﬂe‘gﬂgﬁ‘g%y%éﬁﬁ DhtleRl ki $GHhSthe robbsing hotds B3kl ba WGHRQLSE LO an
15  said visual display means to cause a display on said display means, said display

including at least one visual cognitive exertion exercise and at least one visnal
stimulation image including a phurality of moving visual display elements, wherein
said visual stimulation image is capable of providing visual stimulation to a patient
whilst said patient is performing said cognitive exertion exercise, said apparatus

20  further including means for generating an auditory cognitive exertion exercise
inchiding one or more auditory signals related to at least one of said visual cognitive
exertion exercises.

In yet a further embodiment, the invention resides in apparatus for the enhancement of

L]

25  the neurophysiological pathways of a patient including first visual display means for
viewing by said patient, computer processing means producing an output to said
visual display means to cause a display on said display means and patient input
means, said display including successively displayed patient-interactive visual
cognitive exertion exercises and at least one visual stimulation image including a

30  plurality of moving visual display elements, wherein said visual stimulation image is
capable of providing visual stimulation to a patient whilst said patient is performing a



The visual display elenments may be anything capable of stinulating the
receptive cells 5 fields al ong—ttheneurophysi ol ogi cal pat hways of a
patient, but will typically conprise sone formof points or edges of
contrast or picture el ements cofmbiathestHosBrei Replcedr edges of contrast. A
particul ar advantage of the pr aﬁi‘i i il 1 m t‘sf that it provides the nmeans

to vary 10 the visual stinulat® i { st the patient is performng
a cognitive exaydo@hreoexerci se. ThI's ensures that as nmany @criaveogssaepti ve
cell fields of the patient as are necessary or possible receive adequate
stimulation. The changes to the visual stigulation inage can be nade
abruptly by displaying a fresh inage or can be nade to occur by graded
changes so that a dynamic, constantly evolving visual stimulation 15 image
i s displayed. Thdisplayedgesitb@rexatidn exercise andiviherrit a wbixSaogyitivermyertiopeeraisatis s
focus on the coguiit] exertion exercise the patient is perform ng. The
vari ations that gié%ﬁ%e\é?nrﬁgpgg;ﬁtna Zﬁg as%g gnelng t he col our, shape,

contrast, |lum nance, spatial density, velocity or |ocus of novenment of the
novi ng vi sual di . I r. ef d ' t e Lavention
further incl udes%Rrr'%e‘gii%usaﬁlie #Igc}r iptrl%rwé?n%B%%y&%%%é%%of\%%@%%%eﬁgﬁcg% I mage
to each eye of afiglds dlengthemedtophysivigivs! Hathwapoaflapeiiant butoyil typically erenprisst ' s

eyes fromthe di éa%m ' | | Sk may be
varied. 25 In a ?dt}lr’t erl)gbroger@eor?reg%pg%gg@d#%ﬁgaﬁ?Hglx%ﬁsvééﬁtta?’gl pP%cs%Sdes a
second visual di 8§gesgfcontashs to be viewed by a therapist and therapist

I nput neans allowing a therapist to provide inputs to the conputer
pt ocessing neans to vary the display. In yet another enbodi ment, the

i nvention i ncl udéParticelatadviatage afthe prewel iaveRtiorse thelibprmyides i meropRIVERNt '
per f or mance tp tbﬁv&maaﬁoariﬁsg%&wmtmes&&ngyﬁagh%gaa@nmvebf&ﬁdﬁdes neans

for altering the display in response to said feedback in order to optimnm se
a patient's per f Gterafc dRis opsursdhatas gnyef thoteerpfivrrs feldnofthepatient 84477 o wi | |

now be descri bedndt¥ss¥p¥r fifssiblé adbivEadedqtale sBiGlatiérl ThE HaBfRRCBe Vidual t he
accompanyi NG 1 O o3 imsge can be aads Shripily by displaying & tesh image or can bé pade 1oy o
occur by graded changes so that a dynamic, constantly evolving visual stimulation
15  image is displayed. The changes can all occur without disrupting a patient’s focus on
the cognitive exertion exercise the patient is performing. The variations that can be
made include changes in the colour, shape, contrast, luminance, spatial density,

velocity or locus of movement of the moving visual display elements.

20  In apreferred embodiment, the invention further includes means for providing a
different visual stimulation image to each eye of a patient and/or means for occluding
one of a patient's eyes from the display. In this embodiment, the level of occlusion

may be varied.

Lt
(]
W

In a further preferred embodiment, the invention includes a second visual display
means to be viewed by a therapist and therapist input means allowing a therapist to
z provide inputs to the computer processing means to vary the display.

In yet another embodiment, the invention includes feedback means providing

30  feedback of a patient's performance to the computer processing means and preferably
includes means for altering the display in response to said feedback in order to
optimise a patient's performance.



Fig. 1 is an illustration of the apparatus of the present invention, Fig.
2' shows a side view of apparatus according to the invention, Fig. 3 shows a
di splay of a visual cognitive exertion exercise and visual stinulation
image, 10 Fig. 4 is an exanple of predom nantly non-cortical stinulation
elenments, Fig. 5is an exanple of predom nantly cortical stinulation

el ements, Fig. 6 shows curvilinear elenents, Fig. 7 shows a brick pattern
of elenents, Fi E@Tﬁ ows two rotating planes of stripes i Bciatlidoodds:
orientation, 1 I'g. 9 shows the stripe planes of Fig. 8 in a second
orientation, Fig. 10 shows the stripe plgpes in a third orientation, Fig.
11 shows the stripe planes in a fourth ori'entation, Fig. 12 shows the
different images generated by the rotating stripe planes, Fig. 13 is an
exanpl e of a COUfhd Gl be Bt G waf B rinple dfly RO Bftrebd 81 nal | ve
enbodi nent of the present i1nvention, Fig. 15 shows a cognitive exertion
exer ci se i ncor poth&escAyPINYing fighenesylescs W, Fig. 16 is a second auditory
cognitive exertion exercise, and Fig. 17 shows a flow chart for treatnent
according to the_invention. 25 DETAILED DESCRI PTI ON OF PREFERRED

EVBODI MENTS W t hBREFFDEHRIPTIONDE THE DRAWINGS us according to the invention
is showmn genegally at 10 and includes a conputer processor 11, a patient

console 18 including a patient visual display unit (VDU 12 and patient
ignput neans 16, E‘ﬂdlg’éa’ﬁﬂlé‘f‘?ﬂi’%‘?f W@@@E%éﬁd’?"ﬁm("ﬁg a therapist visual

display unit 13 pigch shbas aglictied ohupparibedttordifig toAhginvéndet, 14 s shown at the
patient console 18 ilst a.therapist 15 is shown at the.therapist console
19. The position 1§T3V\$‘ﬁ s pdisnlay aaﬁﬁém@“‘fﬁe @oﬁféﬁ“‘f%ﬁ‘?"g 5?}“@?1 P14 s
unabl e to WO 00/ ifagg0 PC77AUOCO 00661 10 view the VDU 13 of the therapi st
consol e whil vi.ew ng the patient VDU 12. |1 n 1h t he patient
consol e showi{j tiﬁfé‘\%‘égﬁlg’ﬁf’m{%ﬁtw& aﬁgyfl%n"g)ﬁ"cg{séc u}aﬁ%?{fe%xfsti ng pad whil st
t he therapi st i npigt%is améampltof predomisantly carticad stimudatiah elkmgdtoard 17. 5 In Fig.

;nan alternati vel_.ig‘rbr&g‘gg r}inéaxselélg]egw wherein the patient 14 is seated on

Fig. 7 shows a brick pattemn of ¢lements,
Fig. 8 shows two rotating planes of stripes in a first orientation,
15  Fig. 9 shows the stripe planes of Fig. 8 in a second orientation,
Fig. 10 shows the stripe planes in a third orientation,
Fig, 11 shows the stripe planes in a fourth orientation,
Fig. 12 shows the different images generated by the rotating stripe planes,
Fig. 13 is an example of a cognitive exertion exercise,
20  Fig. 14 shows an alternative embodiment of the present invention,
Fig. 15 shows a cognitive exertion exercise incorporating an auditory component,
Fig. 16 is a second anditory cognitive exertion exercise, and
Fig. 17 shows a flow chart for treatment according to the invention.

¢

25 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

o)

With reference to Fig. 1, apparatus according to the invention is shown generally at 10
and includes a computer processor 11, a patient console 18 including a patient visnal
display unit (VDU) 12 and patient input means 16, and a therapist console 19

30 including a therapist visual display unit 13 and therapist input means 17. A patient 14
is shown at the patient console 18 whilst a therapist 15 is shown at the therapist
console 19. The position of the patient console 18 is such that a patient 14 is unable to



el ectronically adjustable seat 21 that can be noved up and down as well as
| aterally. The headrest 22 and backrest 23 can also be controlled to
ensure the location of the patient's eyes relative to the patient VDU 13.
The seat controls, including the controls for the headrest and backrest
formpart of the therapist console 19. A patient's 10 positional settings
may be stored in the conputer processor to provide consistency at
subsequent treakpwatsessi ons. The therapi st 15 i s present edTmudnotshe same
di splay as the patient and is able to control the paraneters of the
treatnment. A conparison of how the patientijghas progressed and 15 how the
patient relates to those with simlar disorders is also available for
viewing by the therapist. An exenplary display to be provided on the
patient VDU is slhizwthd VDFil8of tRe thadpist dbﬁéol&?bﬁﬁlsta'iqwimgthé patigntODW 2| Initeed

stripes noving i pat h T.0S | t

direction of arr(()’avﬁr’/g‘ﬂ#th %mﬁﬁori‘sﬁlets Efggqeppinﬁﬁ |0"‘rx1l e}fgg%ﬁ%a%{g}}gd by
arrow Bis a cogmﬂﬁlstmtmtstmpmmﬁnmammmwmmmsmna@ceymadbﬁor phrases which
a patient nust renmenber and wite down after they di sappear, or select and
forminto a sentence. Thus the exertion exercise can inprove or enhance

ot her aspect s Sof beFipatanali¢rhative mmgm@@istgﬁMintbcmﬁ@@sléés ssatehoman wor ki ng
menory whilst fo t hafh@y to
gnsure they rece?@%ﬁ#ﬁg‘h{/ﬁ@sm“ﬁ% tﬁmt%g%% %&mfﬁdgmﬁﬁglgllem%s
Furthernore, theThekwadrst 22 snddackiresh2héanalse bacmmliedttweurefhe\hcs@mof&eu mul ati on
| mages 10 De DI GaRRsEesadte Ritht Siferiod 99 millsoi: Litb Rlindifkibd e BRSNS

tsr eat rent and aI vari ation n those 1 mg es to be made to

maxi mi se the ben@fffﬂlﬂmﬁs&st@dpmfrﬁomP@tﬁlﬂ%@a%@n&l@%lfbm@ft%e above
described di gl a s‘ﬁfonﬁ's&t g?niapﬁe Stbrell REh¥eotipltePRBcessPR ProVidecaibidcpall ust ed
by sinple inputs fromt herapi st as can the col our, contrast, wo

00/ 77760 PCT/ AUCJEB‘WBWI“"&HG”&F‘F‘%WI on etc of the stripes. Non- corti cal
stinmulation elenents can al so be added as described bel ow In this way a
t her api st can ensF tgethat as man rece t|ve cel | |eI ds 055| blq al ong
the retino-geni caPSiPEraRiTd? S PFesey disBlgeas etocoptol; o an

obj ective of theﬂﬁb@ﬁﬁ&&sbftﬂ@ﬁéahﬁéhtt&c&hpdﬂibﬂnaifﬁoﬁ&embmﬁaeptb@fesscemﬁblI

I Ihglt dIS S af eq Lﬁ c?% e patlent rglgtesatro%hcgsg \\;{r% gnenqarl £sogirer% SO avglagfg ?orth mgqbf vision

the therapist.

" An exemplary display to be provided on the patient VDU is shown in Fig. 3 and

includes a plurality of inclined stripes moving in a linear path across the display unit
20  inthe direction of arrow A. Moving in the opposite direction as indicated by arrow B

is a cognitive exertion exercise comprising words or phrases which a patient must

remember and write down after they disappear, or select and form into a sentence.

Thus the exertion exercise can improve or enhance other aspects of a patient's

neurophysiological processes such as working memory whilst focussing the patient's
25  attention onto the display to ensure they receive the visual stimulation from the

1)

moving elements.

]

Furthermore, the present invention allows a multitude of visual stimulation images to
be presented to a patient without disruption to the patient's treatment and allows

30 wvariations within those images to be made to maximise the benefit that a patient
receives. For example in the above described display of Fig. 3 the stripe width and
spacing can be adjusted by simple inputs from the therapist as can the colour, contrast,



reading and for the perception of novenent. The begi nning of the
retino-geniculo-cortical pathway is the retina, which contains a 10 large
nunber of different cell types, such as ganglion cells, horizontal cells,
bi polar cells and anacrine cells. Wthin each type there are nunerous
subtypes. These are organized in a remarkable concentric configuration.
Hence stinulation of these by 1light require spots and annuli of light. The
response of th i ighly variable, depending upon whet ntre
spot is stinulgfgawéﬂ?y, or the annulus, and 15 whet her thggégﬁpgg&gnd
annul us are stinulated sinultaneously. Vagﬁing the width of the annul us

al so influences the response. The excitation that the stinulation produces
in these cells is also different according to cell type. For on-centre
cells, the field i iJ.e : y hentdV3E 20
surround is inhi g?f\cggﬂﬁglbﬁgﬁﬁ%t ﬁ%ﬁ&%ﬁ%@@%ﬁh%ny da?ﬁégﬁd?rﬁdlais. For off
centre cells thdesckedbelaw; In thisiway a herpiskosnensars|that asapany recspiivercel! fiedds i s

ei ther on or off as Pissibl1O Albfg th@FEﬁné-ﬁen?ddﬁI-@drﬁt‘iﬂpaﬂFv&Sr are%&]ﬁfl? stihuldtéd, L r ansi ent,
or phasic, nmeaning it is proportional to the stifulation. 25 The naxi na
response i s obtained by choosing a spot size equal to the dianeter of the

receptive fiekd @efdndBjective df B pARQE invéntibRloS8inulate RS MakyYecdpBRRRN GBldS &
attenuat ed, indicati Rﬁ% ant agoni sm between the centre_and the_surround

spbfields. 30 Cefsipessible, thakare mwelved in gropssting the Peoigjsion hatds wayined £ t hat  of

the retina but wedingliddffer tReiseceptidnbfRed@ncee. The surround of genicul ate
cells is relatively nore effective at cancelling WO 00/ 77760 PGT/ AUOO/ 00661 -

12 the centre, nmaking geniculate cells even | ess responsive to the
iITum nation of Thebegifiibg bfthé ffitPdnitAlofdoftical pathey io &ie\tetig) whithndontinsla
magnocel | ul ar . pat hways. from.t he retina renmai n,segregate at the. | at er al
geni cul ate bddy. faﬁ%‘?@#"?’@ﬁg@?@\féﬁi@ﬁ s“f’?@l%%ghr‘?ﬁggﬁg??&z?m%ﬁﬂgie%m?ﬂr
stimul ati on reqeslis endeaniasrine als. MWikin exontypéitheryg e ntinefoas subtypa! Thésasrea
standard centre-surround receptive field . arr.angenent ere.the centre and
t he surround hav%% 7 S e é%f‘?”ﬁ‘fmrécé’ﬁ%‘??'af}?’%%i%’?eﬁm%o{'%%?glf’y such cel |
m ght give an ° ohght regsipoapsts atdanauli efdightp Ghe mspdnmof Gfee is bighigvarblep a

depending upon whether the centre spot is stimulated only, or the annulus, and

15  whether the centre and annulus are stimulated simultaneously. Varying the width of

the annulus also influences the response.

The excitation that the stimulation produces in these cells is also different according to
cell type. For on-centre cells, the field centre is excited by light stimuli, whereas the
20  surround is inhibited by light stimuli and excited by dark stimuli. For off centre cells

the reverse is true.

From some cell types, excitation is either on or off, or tonic, and is sustained. For
others it is transient, or phasic, meaning it is proportional to the stimulation.

”

25
The maximal response is obtained by choosing a spot size equal to the diameter of the

®)

receptive field centre. If the spot is larger, then the response is attenuated, indicating
antagonism between the centre and the surround subfields.

30  Cells in the lateral geniculate body are similar to that of the retina but with differences

in response. The surround of geniculate cells is relatively more effective at cancelling



green annulus. A second type of parvo cell provides a response to col oured
light wherever it is applied in the receptive cell field. Athird type is
simlar to the second type except that the receptive cell fieldis
indifferent to col our wherever it is applied. 15 The majority of magno
cells are indifferent to col our and have centre-surround receptive fields,
simlar to the third type of parvo cell above. Another type of magno cel
however, does hweeoifte unusual behavi our of respondi ng w t hrcayatiboossei C,
prol onged silence to a large red spot. 20 A stinmulation inmage as shown in
Fig. 4 is appropriate for stinulation of t{ye concentrically organi sed cel
fields in the visual pathways before the visual cortex and in sone cases
beyond. The image consists of annuli and dots of different dinmensions and
col our conbi nat i airscenteks making genicnlatercelld evihiesspespbspie tthe iHaninationzef theand
characteristics ofﬁghesq%csll fields. The dots and annuli are shown in Fig.
4 together 25 wi tR 5"6 VY ﬂPy of stripes that may formpart of the
cortical stinulation described below. At the interface where a stripe

nmeets a boundary e Q nnuli contrast change.occ . | ative
nmovenent bet ween @%B&g%cteﬂ‘g&ﬁ&mﬁﬁg é’?ernlmﬁrepaag?weag?%m er%wié "(’:"séﬁgéﬁ?ﬁaéﬁ'l%on as
the size of a Spadatéraigesiculaehodya Théingspeeative velbficidsduavpebeir gatticular stiprutetien r ed t hat
at | east sone of r&%&'ﬂﬂ&&uli/dots nove randomy to provide contrast 30

ng the

bundari es coveri full range of dinmensions and directions. The centre
dot is approximately 15nmin diameter wth a surroundi ng annul us of

approxi mately 25 - g g digagnsi ons
may be varied to%?}‘gg%gﬁ'yéﬁ%" M%??%%&JWi F’gt}gr?%ﬁr eceptive
cell fields. The ab‘%&@?ff@mheﬁ %‘_@W@ﬁhetshm;}nﬁ ha\g:ehffeeqame@@l miﬂtl‘fl%‘t}l &
managenent nap t pR@Nukh &l mightWive n Lol Cre§RaNRS b R ot 85d dnQfF rBpBhsE kS

particul ar where the exercisée includes fragnented tasks whére objects in

the exercise are SEHSEHES-Y sespnd tiee oFparve eellareviden  sespasse to selowred hight at i on

i mage. Hence a hinGbrebtd #heHpRdd iRt the vtbrive biif el NCthel Blp€ § sindilar loikeRtRat ed i n
this image. 10 There is an autonmtic contrasting feature that all ows dots
and annuli to pad®eexreriii the z5ceptiyp st fisldip indiftereatig cplpwiwdtesiadsgmlied i t ch
contrasting so that there are always dark edges for the patient to | ook
at .

15  The majority of magno cells are indifferent to colour and have centre-surround
receptive fields, similar to the third type of parvo cell above. Another type of magno
cell however, does have the unusual behaviour of responding with a dramatic,
prolonged silence to a large red spét.

20 A stimulation image as shown in Fig. 4 is appropriate for stimulation of the
concentrically organised cell fields in the visual pathways before the visual cortex and
in some cases beyond. The image consists of annuli and dots of different dimensions
and colour combinations, designed to match the particular cell sizes and
characteristics of these cell fields. The dots and annuli are shown in Fig. 4 together

"

25  with a plurality of stripes that may form part of the cortical stimulation described
below. At the interface where a stripe meets a boundary of the dot or annuli, a

= contrast change occurs. Relative movement between the dot and the stripe creates a
dynamic stimulation as the size of a particular contrasting feature changes. Itis
preferred that at least some of the annuli/dots move randomly to provide contrast

30  boundaries covering the full range of dimensions and directions. The centre dot is

approximately 15mm in diameter with a surrounding annulus of approximately 25mm,



There is a density selection feature, which enabl es several dot/annuli
density 15 conbinations to be chosen, either uniformy across the view
field of the nonitor, or in random appearing clusters, or with a centre

di splay view bias. This selection can be perforned by a therapist in
response to either passive or active feedback fromthe patient in order to
maxi mse the stinmulation to the patient, or to concentrate on specific
receptive cell yd@hetme Al ternatively, conputer software carcbhsumsas to nmake
20 progressive adjustnents to the spot/annuli size and density to ensure
that the full range of stinulations are pgovi ded. Once an adj ustnent has
been made, the conputer software can ensure that every position in the
view field has been occupi ed by a noving el ement conprising an 25 annul i
and a dot of par thoGghl the dislersRasin@ybeatiedtolcoméspandni pravidostimulatibotoe t he
software automatically make rogressive adjustnment for the next size

el enent. The endalgm{“f%‘?té‘iei"%bgﬂ‘gsni gul ar-cortilcal pathway is the visual
cortex. The visual cortex has been divided into nore than thirty

B e L LU
WD 00/ 77760 PET/ #itkXBe 06mbibn edeftiolextreise pirtoudarwhengslie exertios inelvdesn from t he
magnocel | ul ar and parvocel | ul ar.s . , 1S4 1 SinS bieAbntM t h
reesearch findi ngga%eﬁeg%%hﬁé’s“aéé)b%%%#etg?%%gc?sf%%r?b%& .?)%ﬁthgglgl our sensitive
and notion sensi of thestinmiatipnt image. dddnke 4 high degreeBliadiwstabilityr aad chdiee s connect i on of
bot h pat hways al sQ.s g@gﬁ V2 plays a part in both notion and 5
static stereopsi lsngorp% tﬂzlf}sr%%gs'ends magnocel | ul ar visual information to
V3, which contains mainly notion sensitive receptive field cells, but few

if any, coloyy Sefsd &by Subhit Sontaltink FeahPEMATAbWs dots 4@ hituti BPfasMBrough
participates mainly 1n notion stereopsis. to V4 contains Ie%%%?%%/y?%%gour

sensitive recept iMmyopee pbisst endigstagrnedpslyswitehseogtrasgng ioshat ther fter

the visual inforghtd BPmE paRkdb Gk &0l our has already been processed by Vi
and V2.

There is a density selection feature, which enables several dot/annuli density
15 combinations to be chosen, either uniformly across the view field of the monitor, or in
random appearing clusters, or with a centre display view bias. This selection can be
performed by a therapist in response to either passive or active feedback from the
patient in order to maximise the stimulation to the patient, or to concentrate on
specific receptive cell fields. Alternatively, computer software can be used to make
20  progressive adjustments to the spot/annuli size and density to ensure that the full range

of stimulations are provided.

Once an adjustment has been made, the computer software can ensure that every
position in the view field has been occupied by a moving element comprising an
S 25  annuli and a dot of particular dimension and colour combination, before the software

automatically makes a progressive adjustment for the next size element.

The end of the retino-genicular-cortical pathway is the visual cortex. The visual
cortex has been divided into more than thirty functional areas that bave so far been

30 identified. The areas that process the incoming signal first have been designated as
V1,V2,V3, V4 & V5.



15 V5 is referred to as the mddle tenporal area. The striking aspect about
V5 is that alnost all the receptive cell fields are sensitive to both
direction and notion, as well as to eye novenent. Sone of these cells are
indifferent to stinulus shape and are particularly sensitive to the
direction of that notion. Hence there is a major nmagnocellular projection
fromV 1l to V5. 20 There are therefore three separate but interconnected
pat hways t hr ouglp dbimso V2. V3, V4 & V5. A first pathway semrdsavmiondey
parvocel lular visual information fromVi to V2 to V3. The second pat hway
takes mainly magnocel | ul ar visual informatjyon from VI to V2 and then onto
V5, while the third runs both magnocel | ul ar and parvocel lular 25 vi sual
information fromVlI to V2 and then to V4. The cells of the visual cortex

are different towihesterensatinfobhidnFom! themigbiellalatind paveschblar sggenciul at e

body and are clagsgifjed in_ terns of s C | ex ceII nd their
receptive field S@e&%ﬂ??ﬁ?’m?@t%ﬁﬂh‘ﬁf@ {ilggségaﬁk’ggla%%}g ]i’rg%‘)&n tgl r
response to a si wbﬂsaﬁmeﬁﬂdnd&bﬁﬁéaﬁnvdrecapﬁveoebxﬁelﬂsatRnrt;xermnre;thm b| tory. They

exhi bit summation w thin.t rate ex
PCT/ AUOQ 00661 f%nnFcf‘i’ﬂPBfng} Sé’lsaggea ﬁ"g@%ﬁlpgl?nm é)tz’ n T egions
are stimnul at ed sitatd steacopsiais| y. I n this respect, sinple ceI ls are simlar

to the centre surround cells of the lateral geniculate body. The critical
distinction is that the geniculate cells are concentrically arranged,
wher eas t he cort iVdalso senlld magnoellulagdsvakiefirmation togéd, wﬂxicbk:ontammnlmgmgﬁbfu el ds,

0 ooparated by SLLal A BANHIN GRS I HIE AR TN Yok B S bl var ! oo

qonsi derably anmong sinp wever, e ce t he best
stationary sti nulikey fhat &3 mmdpatssmblalylmmomnngwe&act |y the ri ght di nensi ons
to activate qgly an excitatory or on response, or an inhibitory or off 10
response. Correct orientation of the stinmulating bar is crucial to obtain
t he nmaxi mum r espdtsentainy largely eoleurisensitive repeptivepellifislds which are 3pqddp PIOEFSE he axi s

of the receptivec fibg! ey té bisil informhtiofid cBI%ﬁzthaQLIrefansebdeﬁlﬂlobésédarbyvsubfleld
and fail to stlrrudaézethe entire excitatory subfield
an .

15  V5isreferred to as the middle temporal area. The striking aspect about V35 is that
almost all the receptive cell fields are sensitive to both direction and motion, as well as
to eye movement. Some of these cells are indifferent to stimulus shape and are
particularly sensitive to the direction of that motion. Hence there is a major
magnocellular projection from V1 to V5.

20
There are therefore three separate but interconnected pathways through V1, V2, V3,
V4 & V5. A first pathway sends mainly parvocellular visual information from V1 to
V2 to V3. The second pathway takes mainly magnocellular visual information from
V1 to V2 and then onto V5, while the third runs both magpocellular and parvocellular

25  visual information from V1 to V2 and then to V4.

)

. The cells of the visual cortex are different to those encountered at the retina or lateral
geniculate body and are classified in terms of simple cells, complex cells, and their
receptive field hierarchy.

30
Simple cells can be described by their response to a single spot and whether it is

excitatory or inhibitory. They exhibit summation within their separate excitatory and



15 Orientation selectivity is an essential feature of cortical sinple
cells. Al orientations are represented equally in the visual cortex.
Sinmple cells respond briskly to noving bars, slits or edges and usually
fire a burst of “spikes' just as a noving |light bar enters an excitatory
regi on. The nost vigorous 20 discharge is provoked by. sinultaneously

| eaving an inhibitory zone and entering an excitatory zone. Cells with a
symetric subfi nHeh angement s general |y given an equal pesREEEssE O
nmovenent in either direction. Cells with asymetric subfields often give
unequal responses to novenent in the oppo§§te direction. The optiml speed
of stimulus novenent can al so vary anong Sinple cells. 25 Conplex cells

cannot be categorised with stationary stinuli into excitatory and
i nhibitory sub rﬁlﬂ1b95i§sub-ﬁéﬁi¥a&iéﬁ M}&Qﬁ’ﬁén%ﬁl% oo st 3R GRS AmMASAR)  ESt ed
with stationary sli or spots 01g when a light slit is

swept across t heln thiggaspact, vigpie celigpre simi @IW@PP@“&SW%F%Gf% tegdhe of
TPl ses. A COMDbfltodfTthelcRRBPAGnl N JENAInRlooh e Lhiclly il us

anywhere within the receptive field, provid stinul us |s orlented

correctly. WO oommwmﬂfmnwsm@reqm@mwﬂ%ﬂmﬁs 19$ show

sunmmati on by sespandieNgy At baRuskd Y as the length of a light stinulus is.
i ncreased. The nmaXi mumTesponse occurs when a slit or bar equals the full

liength of the cell's receptive field. Extending the stinmulus beyond the
llength of the rmag%mu@ dringd sdbmtgmaﬁss%oﬂsmerasmﬂeﬁgssﬁnﬂe célidr Hb®@eéver, For
Receptive cell Idsn‘ivt?éespond wel | tQaJ Bafgg l_tgrhsllt
moved briskly |n Feslisrife sm@@mwm‘ﬁﬁﬁaﬂﬁt ts%‘ﬁ%‘@éhet b

opposi te di rectl&men&m&tdd&&ﬁa@e&eﬂn%xcltah@yoﬁmmpénss,osmmhbmybmfﬁ little as
| ong as the S rectlon of the novenment was correct. Oher cells in V5

required a p n%ﬁlentated slit or bar noved in a certain 10 direction.
The receptive ceI I s in V5 resenbl ed those in Vi except those in VS where

much | arger and | re ( %}[m! ctional
| mage for sti rruléweﬁg S @“ﬁa}”ﬁebéfﬁc nﬂ?ﬁe visual cor eo)‘i(@ﬁ S
described with r Hftlsrsmnuhnngiaaﬁsgoﬁmra][blltsthﬁ a:gmfehe;rlqcmsvsﬁqhism wili stignulste
part of the inhibitory subfield and fail to stimulate the entire excitatory subfield.
15  Orientation selectivity is an essential feature of cortical simple cells. All orientations

are represented equally in the visual cortex.

Simple cells respond briskly to moving bars, slits or edges and usually fire a burst of
‘spikes’ just as a moving light bar enters an excitatory region. The most vigorous

20  discharge is provoked by simultaneously leaving an inhibitory zone and entering an
excitatory zone. Cells with a symmetric subfield arrangements generally given an
equal response to movement in either direction. Cells with asymmetric subfields often
give unequal responses to movement in the opposite direction. The optimal speed of

stimulus movement can also vary among simple cells.

Complex cells cannot be categorised with stationary stimuli into excitatory and
inhibitory sub regions. They give inconsistent on-off responses when tested with
stationary slits or spots of light. However, when a light slit is swept across the
receptive field, it elicits a sustained barrage of impulses. A complex cell may respond
30  tomovement of the light stimulus anywhere within the receptive field, provided the

w

stimulus is oriented correctly.



15 parallel inclined stripes approximately 15 mm w de that nove in a |linear
path in a direction transverse to the longitudinal direction of the stripes
as indicated by arrow A. The stripes nove in their path with a sinusoi dal
velocity with an average speed of approximtely 75 nm per second. A
background rotation as indicated by arrow B is inposed to change the | ocus
of novenent of the stri pes and ensure that all 20 orientations of the edges

are displayed ta fhepatient. The rotation is effected steppfyg6oonbis
rotating the pl ane 0 stri pes 2 every 5 seconds. Once the plane of stripes
has been rotated through 180 so that all ,orientations have been di spl ayed,

the stripe wwdth and spacing is adjusted, preferably in increnents of
approximately 0.5 mm and the rotation repeated. 25 A variation of the

stimulation i rmg@rd?ﬂiarf&ﬁtple’i ckifs sﬁ&WW&uﬁdﬁoEbﬁres&%dmgﬂlbﬁa rbm«ﬁﬁasim

plurality of parall curvilinear stripes that nove w | near

and rotati onal %%ﬁ@ﬁ@%‘ﬁ%&eérmm%@%fchﬁgﬂw ‘E‘r"‘srﬁg ?qﬁ?lﬁht

edged stripe enbagdiniPeigth sbtﬁ&déﬁf%%é?ﬁmﬁad ElRaRias the dindutis b&oRd oY@t Wi th
si nusoidal velocity is 1ntroduced n the direction of arrow C. Fig. 6b

shows an inage wekthe serptipeticld sugmentsthg raspareeso fudtheri hes noving sinilar to the
stripes in Fig. 6a. The non-parallel pattern produces gl obules' which

travel |nadlrectlontr?gsversetothe d|r t|on of strL 83 Non WO
Q0/ 77760 PCT/ AUOBFISPEE Lol Sdsip Vo resmyndayel i g %sﬁ}f e idned
gbove can be pl aﬁxeﬁnbdldﬁ-daﬁod;ﬁﬂlmh ob]@pmeﬁab anbbﬁbsﬁédﬂ'eaﬁﬁ. Fmg ecadlsagh®ent s can
eputlntom)tlonr tive to.the 0 e|na

i g s S a8 e dirostng £ e fevrienty
varyi ng nanner, ey ‘nove
t hrough the nar rwefmkﬁmwmapﬂope@tohmnasdleoriﬁ?mAwefdmttmtmnvar| ation of
the |inear I n tinmulati e wn . eleMBOE IS
present ed agq &f%g eﬁgﬁt’t eFH° ??‘%“Pﬁ’iﬁd 5§mn%lv%‘%gtthos7el%}§§§t eristics

as for the previ mue lyrgel d resiectiomeeipesve. The advantage of this inmage is
that the provision of brick ends in a staggered configuration provides a
further series 10 of noving edges. An algorithmthat is a part of the
conput er sof t war 4 singitelineanmmirdirectiorfal image) rm@mwgpttyhee}lé%mgsn hee

therapist durin Yvikaf LR ﬁtd'esc%'& anﬁr}ngQnéer Wg(gf Frhis figure shows a plurality of
15 parallel inclined stripes approximately 15 mm wide that move in a linear pathina

direction transverse to the longitudinal direction of the stripes as indicated by arrow A.
The stripes move in their path with a sinusoidal velocity with an average speed of

approximately 75 mm per second. A background rotation as indicated by arrow B is

imposed to change the locus of movement of the stripes and ensure that all

20  orientations of the edges are displayed to the patient. The rotation is effected stepwise
by rotating the plane of stripes 2° every 5 seconds. Once the plane of stripes has been
rotated through 180° so that all orientations have been displayed, the stripe width and
spacing is adjusted, preferably in increments of approximately 0.5 mm, and the
rotation repeated.

A variation of the stimulation image of Fig. 5 is shown in Fig. 6a. This image shows a
s plurality of paralle} curvilinear stripes that move with the same linear and rotational
movement characteristics as described for the straight edged stripe embodiment
discussed above. However, a further movement with sinusoidal velocity is introduced
30  in the direction of arrow C. Fig. 6b shows an image with non-parallel curvilinear
stripes moving similar to the stripes in Fig. 6a. The non-parallel pattern produces
‘globules’ which travel in a direction transverse to the direction of the stripes. Non-



ratios and the orientation to direction ratios are progressively adjusted
so that a patient can receive a full range of stinulations in a shorter
time frane than is possible for the above described series of stripes. The
variation of stimulation imges as shown in 15 Fig. 7 is particularly
suitable for use with orientations noving in directions that are not
transverse to the longitudinal direction of the bricks, as required by sone
cell fields, bbifbar!y in V5. The brick pattern may be pegpdodossan
orientation angle approaching or equal to a horizontal direction of notion
whilst still revealing an wunderlying cogngfive exerci se, which is not
possible with the above described stripe O patterns. Figs 8 to 12 show a
“Di anond Multi-edge" stimulation inmge designed to stinulate various

portions of the \hgAkim@htod6lemEhS ad d@?&ﬁed"&b‘év&&ﬂﬁ@%l‘d@_d iffhe fegitRebaweh
provi di ng the maxi num nu novi ng edges of al

nber _of I d i ons,
orientations, 25 tHfsripes s clgments sankemut B0 mqtion %Wlﬁaég“&s%‘?aqeor t he

maxi mal  stinul at iywhenVe th B GaryidP aiter, for@kaaplé by Abderfting BitleldneaR astheginbies e
| ayers of the visual cortex and the extrastriate cortex. The inmage is
formed from two dRrevahhe gy Befks bSWeerihs S ot ating rel ative to each

other. 30 Fig.s 8 shows a "snapshot' of when the two striped rotating fields

L coal om i K ey S B B semp o kP S BB ERLT, SPTC N
about an axis at Thbfnageiipientdd as b brickowdll @iterk\@hi2h indMd&GndREDLAUO0/ 00661 18
vision field and per pendi Cul’o?{gft ot ..of a

.. Both rotati fields ;
f4 el d which itselP2PEEUEaY grevigualy, s%g‘a&fssgﬂgfldvg?tg%er&élﬁsr%g%‘spl anes
have rot at ed j ustthadtht pivvidien bfieick ehisanmstaizgedsd sdnfigwrationjpoevides & fthersenes t owar ds
the axis of the rotation Fig. .10.sh h ' | beotfdt @t i on
than Fig 9. ‘Ilﬁe 3?%%3%?3 Sal%:Pgm W’E’a&% r?g#h%usrﬁ%ur%n s%?%y{ag%éqt . 10 Fig.
1 1 shows the di 9finmge pirametdrhehosdnribiy|tie thérapise durtng treatment 5 Thielgngile v widthe di anond
shapes are nore nuner |t | CHYLBustdd 8 thal £ ws a
series of shapes %ﬁggﬁg%%%ﬂ:ﬁ%@?@ﬂ%@%ﬂﬁ _tt:s!m- gelgg‘gps stinul a?i on
i mage. The shapesastecsive afblbrangrod stipvlatione i Asborigetme framethan igpossible forthe
starting as in Flygoe described series of stripes. The variation of stimulation images as shown in
15  Fig. 7 is particularly suitable for use with orientations moving in directions that are
not transverse to the longitudinal direction of the bricks, as required by some cell
fields, particularly in V5. The brick pattern may be used at an orientation angle

approaching or equal to a horizontal direction of motion whilst still revealing an

underlying cognitive exercise, which is not possible with the above described stripe

20  pattems.

Figs 8 to 12 show a ‘Diamond Multi-edge™ stimulation image designed to stimulate
various portions of the visual cortex. The image was conceived as a means of
providing the maximum number of moving edges of all dimensions, orientations,

25  directions and velocities in a given time frame, for the maximal stinmulation of the

Yo

motion, velocity and orientation sensitive layers of the visual cortex and the
? extrastriate cortex. The image is formed from two overlying planes of stripes rotating
relative to each other.

30  Fig. 8 shows a ‘snapshot’ of when the two striped rotating fields are horizontat and
exactly over one another. The stripe width and spacing is equal in this example. The
stripe fields rotate in opposite directions about an axis at the centre of the monitor



15 8 (Fig 12a). The rectangul ar shape rapidly becones a di anond shape (Fig
12c) which progressively becones nore conpact (Fig 12d), and is joined by
ot her di anond shapes. The direction of notion of the dianonds relative to
the reference plan is either a horizontal straight line, (starting as in
Fig. 8) stationary at the 45 degree point as in Fig. Il then switching to
vertical notion. At the 90 degree rotation point, the 20 display appears as
in looks |ike E%ﬂmm@mPUt vertical. A slow rotation of the petRiMe&R1SCreen
keeps altering e point at which Fig. 8 is seen. The conputer software
causes a background rotation of the entireggreference plane so that the
rectangles as in Fig. 8 are seen at every orientation within 360 degrees
within 25 a given treatnent period. It will be noted that the notion of
the corners of t g H'aﬂ;d@;ﬂ i i} ink! e pRPaf a field WhitH ibetf
backgr ound rotat?%ﬁg&gi C J@%gﬂg%%g}g?ghgﬁ?%gg??%i8 curve in the notion.
30 The present |imM&etion allows for the wavel ength or colour of the stripes
to be adjustable. Wth the appropriate selection of colour conbinations,

it is possible to WO 00/77760 PCT/ AUOO 00661 19 cneat$ t he visyal

condi ti ons wher eFign®sheysthsdisplay aftes striped nlansehaverobated josha “é"f‘%@ﬁ@s f#a‘B‘H’@ pl ane
Crosses the 0khegnaas apSdOBs movs Riwhrds iR UEMS rotatiotiy t her | ar ge nunber of
edges. The rotational velocities of the stripes can be nade non-linear and
gyclic to ensure that 5 every receptive cell field that is sensitive to
particul ar vel oCEipl REshawéthe Bissiay with fafiler 2dtation Hah Fig atThd diativhd shages breeat ment
session in which the reference plang has rotated through 360 degrees. It
iss possi bl e that MIEGTRIERPS PVP??W@&r stripes are used instead of
rectangl es so that nore conpl ex di anond shapes are generated. 10 As

di scussed preyioysly, ,all cells can _be stinulate | ight, o light.
It can be s én P ﬁgoﬁu showbg fisnley when Sy spripg P Tslﬂﬁgﬁé\%%&ﬁa’ﬁafdggog@

stinul ati on i nagshape akem@t hndrousand with sidssefiequaldengit. ch t he greatly varying
characteristics of those cells. In the retino-geniculo portion of the

pat hway, the stinulation needs to be a mxture of dots, annuli and col ours,
wi t h appropri at eFigotd shows 4 seriesvdf shapespeated dntngthel Diaernd dulti-edgehstioplationyr ¢ | cal
o T " ndl" 1 apel B IR cllec oo h bAoA ki o i
15 8 (Fig12a). The rectangular shape rapidly becomes a diamond shape (Fig 12¢) which
progressively becomes more compact (Fig 12d), and is joined by other diamond
shapes. The direction of motion of the diamonds relative to the reference plan is
either a horizontal straight line, (starting as in Fig. 8) stationary at the 45 degree point
as in Fig. 11 then switching to vertical motion. At the 90 degree rotation point, the
20 display appears as in looks like Fig. 8 but vertical.

A slow rotation of the reference screen keeps altering the point at which Fig. 8 is seen.

The computer software causes a background rotation of the entire reference plane so

that the rectangles as in Fig. 8 are seen at every orientation within 360 degrees within
: 25  agiven treatment period.

* Tt will be noted that the motion of the corners of the diamonds is substantially linear
apart from the background rotation which causes a barely perceptible curve in the
motion.

30
The present invention allows for the wavelength or colour of the stripes to be
adjustable. With the appropriate selection of colour combinations, it is possible to



novi ng edges, bars, slits, shapes, with an appropriate notion, direction,
vel ocity, dinensions, contrast as well as a dot regine as described above.
Al'l of the characteristics of stinulation, need to be variable to
accommodate the 20 different di nensions, notions, velocities direction,
time of exposure, colour requirenents, contrast, |um nance and vi ew ng

di stance. No device in prior art has either the ability to provide the
fine and varieqvﬁghygénent required, or seeks to stinul at ect/RBooiob@EPL | Ve
cell fields of reti no-genicul o-cortical pathway or beyond, as does the
present invention. 25 Wen the stinulatioq regi me based on cel
characteristics is being used for treatnen? of the visual system it wll
nostly be presented as a noving background to the interposed cognitive

exertion regi me, .l 40 yvissi bafiBhE hetnd&ye pbiReilQtéTind wikkd ﬁ@&mpébffoaé t he

patient. 30 The Interposed cognitive exertion regime is e5|gne to ensure

that the pati entplanesyasses thiofer gscedgryio Thig infraducpsa gk raswaberat gdges i on
regine as a mxture of peripheral WO 00/ 77760 PCT/ AU0O0100661 20 vision and
direct vision. For this reason, the background stipnulation could q§%thought

as passive', i nTheratationel velocitisspfishestapes eanibsnade 7onginesand gycligtogpiup st

consci ous ef f 9r t @R redeBfveRe Bel@ﬁlahgﬁ‘enﬁﬁ{'é @?Mcdlﬁv@o&héﬂahﬁbnbmﬁoﬁm
electrical stinulation can contract and

i nul at e nmuscl es 'Fhf" ot her
Rand, the int er pYisadptedygthin g eatmenbsessionin whigh the reterence g ‘?l@aﬁé B#Le the

concentration OrBGOQEﬁrEé uﬁaﬁosﬁﬁdtﬂamamﬂemmmé&%mpysabwufshmott asks that
are presented. Fig S

axcer 61 so. compr i SRS s AP SRR es EEBTRERfayd on one half of |
yhe conput er screen. A blank 10 mrror |nage of the "master board - the
packgr ound si9 madrdier eanay, AL et conteimiine! i EF TGt SERRBL Y ¢
target board. Theesfromiddekiisioniofhg el that lforhlsmmnlatmmma@ to be effectivel tear
omi 15 directio nad 0 (AR the greatly varying characteristics of those cells. In the retino-geniculo

portion of the pathway, the stimulation needs to be a mixture of dots, annuli and

colours, with appropriate motion, timing, dimensions and contrasts. In the cortical

15  portion of the pathway, there needs to be a stimulation regime with predominantly
moving edges, bars, slits, shapes, with an appropriate motion, direction, velocity,
dimensions, contrast as well as a dot regime as described above.

All of the characteristics of stimulation, need to be variable to accommodate the

20  different dimensions, motions, velocities direction, time of exposure, colour
requirements, contrast, luminance and viewing distance. No device in prior art has
either the ability to provide the fine and varied adjustment required, or seeks to
stimulate the receptive cell fields of the retino-geniculo-cortical pathway or beyond, as

does the present invention.
) 25
When the stimulation regime based on cell characteristics is being used for treatment
: of the visual system, it will mostly be presented as a moving background to the
interposed cognitive exertion regime, which is intended to be the focus of attention for
the patient.
30

The interposed cognitive exertion regime is designed to ensure that the patient’s eyes
will be exposed to the background stimulation regime as a mixture of peripheral



The patient is required to "click' on a dark nosaic on the nmaster board to
produce a copy, which then needs to be dragged to its mrror position on
the target board. If the patient "clicks' the correct position on the
target board, the copy stays there. If not, 20 the nosaic returns to its
original place on the nmaster board, registering an error. A running score
is kept to track the patient's perfornmance. In this drawing, the tine
taken by the p (; Plaed © fully conplete the exercise i s seepchhuddiobisi 2l form
on the screen "and i s recorded. The objective of this treatnent is for the
patient to have a pass by the 25 end of gge | ast session at the degree of
difficulty appropriate to the patient. Th&" degree of difficulty in this
exerci se can be adjusted in stages by the therapist or can be adjusted
aut omati cal |y byvigi&?anﬁ%@&@gfon.spértﬂ‘ﬁ@fegsohf thé ﬂ%k%%qmaﬁoﬁ%m Bémont | ent
indi cates that an adjustnent I's necessary, either because the patient's 30
performance i s gascpassivy’, in thet ipiscinsble of ginfulaling the gelismwithout conseig F@Rdi ng t he
exerci se. WO 00/ygd E Ooﬂf%&élo %ﬁé&@@@@éﬁﬁm&&tﬂwae&ﬁaﬂ&ﬂﬁfimm%ﬁm @an be made

to nmove in a directli osi'te to the noving stinulation background,

constant |y reappdimulatgm @n theyethesdands the interpgsed eQgaitivegxsTHoR FEIREE vi sual

effort by havi nGudigiiy Ecgcettﬁeré&ﬁéen@mn bk 885 batint ch@BrinkSnce deeplly iBut Beage of

difficulty is achieve reduci ng the contrast of the master and target
koards. This pl dlawsthgt wapstenié@nands on the magnocel | ul ar pat hways, which
are debilitated in those patients wth visually caused readi ng di sorders.
This exercise is_usually foll owed bé .a semantic version,of it, where every

square in 10 t hagnidshews angeample of ast SHEVEFHHPEReRsPe & nosaics.

The master boar dmafRSRb@S ofGEYsEEs By \Gifshe BAlf SthGaputed serekll €A blank ect
position on the target botard is .C

hosen, .a letter .is reveal ed
cor r espondi n#f pd&ITef B P q‘%@”ﬁ‘ﬁ"sﬁ"é‘fﬁ S g 8et PPATy 'S Seeq §f ?T%'g?fihgﬂ?gﬂgrns to
t he master boar dseidei.hout uncovering a letter. The objective is for the
patient to be able to read the sentence or phrase with sone letters
covered. 15 Every letter covered earns the patient points, which are
accunul at ed. Thi A passivebdckgrome stinaationfregie passss endsr the niagtbnboand bivayverthe he

nd the pat i ont" Seaort o Yol RY el shoR B s e W B Rhoar il 10 TEIOLY,

vi sual cues. 1320 directional image.

The patient is required to ‘click’ on a dark mosaic on the master board to produce a
copy, which then needs to be dragged to its mirror position on the target board. If the
patient “clicks’ the correct position on the target board, the copy stays there. If not,

20  the mosaic returns to its original place on the master board, registering an etror.

A running score is kept to track the patient’s performance. In this drawing, the time

taken by the patient to fully complete the exercise is seen in digital form on the screen

and is recorded. The objective of this treatment is for the patient to have a pass by the
) 25  end of the last session at the degree of difficulty appropriate to the patient.

: The degree of difficulty in this exercise can be adjusted in stages by the therapist or
can be adjusted automatically by the computer software if the feedback from the
patient indicates that an adjustment is necessary, either because the patient’s

30  performance is good, or the patient is having difficulty comprehending the exercise.



Bot h the passive and active stinulation regines are specifically designed
to expand working visual nenory and enhance greater semantic recognition
and recognition speed. This is achieved by fragnenting the visual and
semantic tasks into noving elenments and passing them underneath sone of
t he opaque background stimnulation 25 elenents. This is al so achi eved by
passi ng the opaque background stimnmulation elenents over stationary tasks
or puzzles. Th are therefore seen periodically for pcpAgidoosseri 0ds
of time thus forC|ng ?he patient to remenber shapes and portions of words
| ong enough to be able to reconstruct thegzbefore t hey di sappear fromthe
screen. The conplexity of the tasks and t é tinme available for their

conpl etion can be 30 progressively adjusted throughout the treatnent to

ensure that the ' ' ﬁ%&g@;
PCT/ AUOO/ 00661 ggé%@?ﬁ??ﬁggagﬁéﬁﬁﬁﬁgﬁthgkﬁﬁtmﬁﬁgen |og |; degg?lbed wth
reference to F| gstll.mllaﬁonbmwhnd aoqgmﬂm!ppma Henge the paticpt is fosped dnie) audi tory

stimul ati ons. &egﬁr‘fiim ethad [ifidd tahesual display unit is
a pair of V|rtua reality goggles connec Q% to the conputer processor to
receive the display imges. The patient also wears a set of 5 headphones

for receivi ngSaug'M&sﬁée%@k&ﬂt?ﬂ%cﬂ%@bﬁﬁdmtﬁ@&ﬁﬁﬁk@&&ﬁeWerbﬁd
integrated info one piece of headwear suc

hel a rat us shown
may further inchagse 1 ShRplAees Sreatgr demandsan i W“g@g”fp?}&‘ \i?p@\‘i’??fg spoken

responses from ubgitRad in@dke palitils HIE GGy eABEIEddIRRise@EIsWar € i n the
comput er processor for suitably processing the patient's speech. 10 Those

dj agnosed wi th auditory and phonol ogi cal inpairnents will be presented with
aural tasks consirﬁfsieiwm@fislssewydsnmdbwe@fdnucaamﬂ)muwmmm@qumml rel ate

to visual ments on t i r t hat . wi | art| n. hetween a
vi sual sti nul1§t| maﬁ"&%ﬂ?gf%ﬁg" A covered By 2‘1’1" %?éasst?rgm%rglt t he
patient. The pat nﬁﬁuicsrces&pm&ﬁcem&ﬂhrakés bﬁhacmemwslmmﬂn thdtergetiokmdns t he
witten, the drawn and, the vis VWor ki n mennry h

therefore be si ng%tsﬁ’hg ?I‘V%ﬁ%?t"ﬂpﬁ‘/’ cgﬁ?fp& 3?81 ﬁgﬁla%%a dk\ﬂrrlok
sinple task as shmwosdicireting to fhsmaktexﬂxeaxﬁewﬂxoutgmoneﬂngallwpr Bxe@hlsmve@ls to the
patient aurally BetarCidio'he aflh RREAME soRfnde B pti ik G sonld YordilovEral. Vi ||

15  Every lefter covered eamns the patient points, which are accumulated.

This semantic version of this exercise helps enhance the patient’s reading ability by
improving short-term visual working memory and the patient’s ability to construct
whole words and phrase from fewer visual cues.
20
Both the passive and active stimulation regimes are specifically designed to expand
working visual memory and enhance greater semantic recognition and recognition
speed. This is achieved by fragmenting the visual and semantic tasks into moving
elements and passing them underneath some of the opaque background stimulation
25 elements. This is also achieved by passing the opaque background stimulation
elements over stationary tasks or puzzles. The tasks are therefore seen periodically for
: short periods of time thus forcing the patient to remember shapes and portions of
words long enough to be able to reconstruct them before they disappear from the
screen. The complexity of the tasks and the time available for their completion can be
30 progressively adjusted throughout the treatment to ensure that the patient is constantly

improving.

"



20 need to correctly interpret the conbination of phonenmes making up the
originally presented words and nmake a correct auditory semantic recognition
of the words, phrase or sentence. This recognition needs to reside in the
patient's auditory working nenory. The text will then appear in visual
form and nove underneath the passive stinulation elenents. The patient
wll need to make semantic visual recognition from25 the bits and pieces
of words passi Rghdagieen the spaces of the background, ande@riucodsem
together in a phrase or sentence before they di sappear off screen. A
further exanple of a conbined aural/visuahycognitive exertion exercise is
described wth reference to Fig. 16. In this figure, a series of auditory
exertion exercises are 30 shown. A cognitive exercise is presented aurally
to the patient wWadirheh@fitddintent\sTitid if@nticdils dd3ibse witk ref@eme piFign4 aowhidke | i near
omi -di rectional visual stinulation.regine,. diusted far .a lent with a
* phonol ogi cal bi %Eahf’m@ﬂeve%‘?rgdbws‘{af@dé‘ﬂf&ﬁw sf’ﬁbﬁ?&“ﬁag" %3%’%‘%6’%9%60 PC
00/ 00661 23 nadge pitiht visualidplag afifistaipsie ofvitdal teality gogeies spmediedtg thieo t hat
I nput appears, requiring the patient,.to rene r at _.has aid and to
respond accor di n@%ip.“teﬁ' °°§§?é?°c‘e‘é°év§%lﬁqlﬁ8ﬁyH?atgeggﬁ‘&?\é%ﬂgﬁlsroowrﬁa%%%éroghi ve that
is categorises biyea@shonksor recbing auditopydignals] The goigglesmk healpivbes hagrguage i s
nodified to be regiopally appropriate wth r to idi angdapccent.
Exer ci ses i nvol v@%ﬁ?%ﬁﬁ%gnegﬁwﬁlgglfef’%v(ff’ﬁ?% srathlg%geﬁg%hetagp e%g%oatlae)ﬁt can be
sel ected. f1 Resfthedshae enidrophoses amtiecdoding devicpefor medivingspoken respdnsest o | ook at
the screen and igdigate. 10 response. ' iﬂ[ﬂg ]_.Eclggsgﬁo using a
stylus held as aﬂ(\’/ﬁ}l eip%éenlg;ﬁ%(?slpﬁer?éﬁw nlog)éo%#g{gtron#gu% ta ret. bj ect s
are dragged i n asitabiyiprocassitgthe basiestisrspdech.nst r uct i ons, wit hout the patient
having to talf@ his or her eyes off the conputer screen. For exanple, for
the exercise depicted in Fig. 16, an auditory input is provided to the
patient in the fThosediagnosed vidyanditernand shapoleaiopimpaigments' peresented Wishappy "
"Match the name ik Bk Bnb g o Sbudlis 2EUpBLn AT Rird VK Will Pelki@foisual
elements on the monitor that will be partially seen between a visual stimulation
background that is chosen and adjusted to suit the patient. The patient response will
15  be a mixture of the spoken, the written, the drawn and the visual. Working memory

enhancement will therefore be simultaneously auditory and visual.

The aural task may be a simple task as shown in Fig. 15 where text is initially
presented to the patient aurally before it is displayed on the screen. The patient will
20  need to correctly interpret the combination of phonemes making up the originally
presented words and make a correct auditory semantic recognition of the words,
phrase or sentence. This recognition needs to reside in the patient’s auditory working
memory. The text will then appear in visual form and move underneath the passive
stimulation elements. The patient will need to make semantic visual recognition from
25  the bits and pieces of words passing between the spaces of the background, and put

them together in a phrase or sentence before they disappear off screen.

20

A further example of a combined aural/visual cognitive exertion exercise is described
with reference to Fig. 16. In this figure, a series of anditory exertion exercises are

30 shown. A cognitive exercise is presented aurally to the patient when there is nothing
on the screen except an active linear omni-directional visual stimulation regime,
adjusted for a patient with a ‘phonological bias’. Only after the aural input has been



The image in Fig. 16 then appears on the screen and the patient has to
performthe spoken task. 20 Incorrect responses, if dragged to the correct
subject, will return by thenselves to their pre-programmed path, with an
error recorded by the system against the patient. An incorrect response
dragged to an incorrect subject will be recorded as two errors. 25 A

dat abase of the conputer processor will keep a record of the patient's
responses to &Je(ﬁ},%(gt as a neans of assessing rates and ggghBfmpodsi
patient inprov Pent or each of these exerci ses i nvol ving a speech input
t he speech will be presented with the spﬁgtr content of normal speech
but with an electronically nodified tenpo 30 content to provide nore
time for the patient to recognise the different phonenes they are unable

to recognise in 55@3@& er%;g Lo MYTRRE uiriighebe WO
00/ 77760 PCT/ AUO%?&%%EMSE% us as t pat? ent i rrpr oves to increase
the speed of thep@p@é@mempm@amhm&ﬂmpfefpmat"}?&“#gl%ound It is of

particular inportance for those with reading disorders to acquire a healthy
5 stereopsis through sound bi nocul ar_vision. Fixation probl@g&{at an early

age can |ead toThareersises givmiaresalceiedfiom anyrehive thit i qategonsed Ry He ot her
eye. This woubd L{achitds th a?oﬁ@m&gﬁﬁéﬁ%ﬁm&mwswa@mﬁmys the

debilitation of which could cause vision timn &b{L revi qusly

di scussed. Ther eresngst ta fdiom prd agoeat- rﬁxﬁﬁcggPFéHWé‘fﬁPPP’ieiPe? %@Wm accades
and to control fjaaficaibedeleted.Nat could lead to | ess accurate 10 synbol
identification and semantic recognition problens. An inportant elenent in
the treatnment of readi ng di sorders according to the present invention is

the restoration R ﬁé@%ﬁﬁhﬂe@}thbbdﬁ@ﬁtlﬂhaﬁddbletbWoﬁugh@sﬁeeﬁhmllhdlw ment .
This can be achieved t nor ne, ortho$t| C %ifg cedures.t Lo in ve
initial 15 od®l udresRens t‘ﬁ%mﬁ‘? ject yping T g DelLas Ao g ?ﬂ the doni nant

eye as i s known élé@ﬂﬁhcpd’otlﬂhbl&f Dbjebtsarfeﬂmggaiwﬁccmﬂaﬂcammtawalmmmmorders.

However, the pres nvent j,on. L] ited Jrew di spl ay

t echnol ogi es suc}”ﬁg‘g‘t P?tlfﬁﬁha?”‘@é?m?]\{\ﬁ égff%mﬁ‘tdﬂ %”riec re |naI i magi ng to
provi de varying é:amplesfoﬁﬂxeemdmsilep)ctedinrﬁgm&,tanaudltaxymnunswwdpéml 0ogi es can
be used to displ E%em%th%?”e dmage to each eye with nodifications to

15  “Benjamin is a happy boy”
“Harold is unhappy”
“Match the name with the face by dragging a name over the face”
The image in Fig. 16 then appéars on the screen and the patient has to perform the
spoken task.

20
Incorrect responses, if dragged to the correct subject, will return by themselves to their
pre-programmed path, with an etror recorded by the system against the patient. An
incorrect response dragged to an incorrect subject will be recorded as two errors.

»

25 A database of the computer processor will keep a record of the patient’s responses to

treatment as a means of assessing rates and degrees of patient improvement.

For each of these exercises involving a speech input the speech will be presented with
the spectral content of normal speech but with an electronically modified temporal

30  content to provide more time for the patient to recognise the different phonemes they
are unable to recognise in unmodified speech. The temporal component can then be



20 be viewed by one eye only, or alternatively a separate inmage can be

di spl ayed to each eye. Fig. 17 shows a treatnent flow chart in accordance
with the invention. The first stage of a patient's treatnent is diagnosis
by conventional neans to determine the 25 debilitation profile of the
patient and in particular whether the patient's disorders are

predom nantly visually caused or phonol ogically caused. After diagnosis,
the patient's_tre nt can proceed down either the visua | ogi cal
t r eat ment str3§H§%6P€endlng on the diagnosis. 30 The V|sug égﬁggﬁ?is nor e
visual |y biased. Adequate semantic recognlélon abilities are essential for
normal readi ng. Hence the auditory i nput ? ginme will be the supplenentary
to the visual treatnent. These will require oral, visual or kinaesthetic WO

00/ 77760 PCT/ AU &%ﬁ%the?gleﬁﬁﬁﬁ n%sftél%%&ttﬁe{;bgeéarof%%g}ﬁ}x utd Wihou'€ Vi sual

stream the audi ry I npu ave therr tenpor characterlstlcs
modi fi ed digital mydlﬁ'imgtbellrsgqm red for those that are phonologically

i npaired. The oral or kinaesthetic inputs will be intensified if the

di sorder profile indicates the need. 5 The phonol ogi cal streamis nore
phonol ogi cal |y blt issfparticelesdmpartancsdon these wish readiag diser wesquireadedltd¥ent j al for

normal reading. lgg SMA lgalnaunsaﬁm;orﬁahﬁmp&&lm%wmeeﬂm&wmw t he

phonol ogi cal treat | me, 1ncor oratl ng | eSs visually _intepnsjve
paranmeters. 10 m@nemme@mam% W\‘?Y"SJQ}”&“M&B‘&H‘#&%/ menory

is well known. — Jdaf@UaNQes mapfRl mﬁﬁ@@,&ﬂk cﬂaﬁﬁﬁa‘ﬂoﬁ 5!' whidhteslatch@visiehet her
it be by the visually or honol ogi cal |y biased t St F?@ﬁwstb t he

patient is reqU|W§’(?ng9b1ﬁF‘Ff’%Pr6‘fl° yﬁﬁ"‘ﬁé‘?ddg - aivy of the

stylus and work mﬂnmosdaﬁdeaand@cmopﬁxatnb@sltprmtmreacmswsmmms writing
S determned by the Batlent I nitial debl|lt%tllon profile. A large area

of the brainlfs Hmbelifentification pd sempntic reepERItGR Y St h numer ous

i nterconnections that include the visual and audl tory systens. Although all
Lhe functlonal QoS e aeRes, o e QURLORSFR0k, ASRle b hAYiS lprisl V1 SU2
invention is the restoration and maintenance of binocularity throughout the treatment.
This can be achieved through normal orthoptic procedures that involve initial
15  occlusion following by a coloured lens filtering of the dominant eye as is known from
prior art treatments of ocular fixation disorders. However, the present invention is
well suited to make use of new display technologies such as virtual reality goggles and
direct retinal imaging to provide vhrying levels of occlusion. In particular, these
technologies can be used to display the same image to each eye with modifications to
20 be viewed by one eye only, or alternatively a separate image can be displayed to each

eye.

Fig. 17 shows a treatment flow chart in accordance with the invention. The first stage
of a patient’s treatment is diagnosis by conventional means to determine the
25  debilitation profile of the patient and in particular whether the patient’s disorders are
predominantly visually caused or phonologically caused. After diagnosis, the
- patient’s treatment can proceed down either the visual or phonological treatment

streams depending on the diagnosis.

30  The visual stream is more visually biased. Adequate semantic recognition abilities are
essential for normal reading. Hence the auditory input regime will be the
supplementary to the visual treatment. These will require oral, visual or kinaesthetic



20 systens are not known to the inventor, abnormally sl ow speed threshold
differences in somatosensory functions can be found when patients al so
exhi bit slow speed threshold processing abnormalities in either the visual
or auditory processing areas. Part of the debilitation profile that is
prepared according to the present invention, will 25 include a

somat osensory threshold speed assessnent. Should the profile warrant it, a
segnent of the &ﬁ& nt will be dedicated to a SOﬁHtosenSQ&M%§QMﬂMiatlOn
regime via a regulated threshold speed nonitoring device that will be
integrated with a visual stinulation regi,gqe, as well as with visual and
auditory cognitive tasks. 30 An inventive aspect of the present invention
is that it can provide linearly moving stinmulation elements. This is

i nportant as man I G ﬁ@&aﬁu&g Eidtory SR Wil nbave an
i nherently |i nea)fésﬁr%g%%re ugpihgmn%g Ft?gglg B ;‘g’la oa tg&y[ 08/ 77760

PC77AU00/ 00661  baye theis tymmombehardcietties modifipddi Ya%lﬁreﬂ@aedtaﬂh%ﬁkélah% of

exi sting devel OPBRkAbIS ibd 'i'xﬁ&nre& MR Or kifdelRiet Wphtsivall bERBBMAHEIIOHBr ai N
activity such as UI’IC%II onal Magnetic Resonance Inmaging (fMRi) and Positron
Eni ssi on Tonogr aé‘ﬁ%fd"(fPEﬁ)em@Eﬁtqsr‘iEfD&e"S patient's treatnent different brain
responses cansbe nonitored and provided to the conputer processor. The

conput er processor track which stinulatio i and caqgnitive
exerti on exerci s@@%ﬂ?%&?ﬂ@‘%ﬂ‘ﬂﬁé@°?@9’gg’§l gd- &dﬁ‘i"ﬁt g’(‘f@f’@?‘f’ﬂ/&%and
ensure that thesaerbdﬁa@ﬁ&s@ﬂﬁhlwf%@aﬁmagqieaeawmrhedmmngg@eﬁmt| ent's
treatnent. a This asgect he .invention can therefore assis

devel opi ng a spePPlFR nolqgjcal FreRtpens Tagie, MCoRQrEtng J¢s 5713?)%1% ent to
optim se the patin&ﬂixvespatmsr.rent The optim sation nmay be perforned

aut omat i caII by the software that controls the display acting on feedback
fromthe brai ?1 nonitoring, or by the therapist. Brain activity nonitoring
can also be usemhdmmcbeutmlh@pveaewﬁﬁﬂg'amﬂlvmdlmuﬂikugmsmmdswdgkﬂovvhve exertion
exerci ses that 1 nefif 1.0.th ./ equired
for brain activi r%lﬁllﬁttr g?t?l%% c{inagntg és’g%%gédpgrgg?ﬂg%b?%%ﬁh adwear used
for providing thphoaoleptaay btamdmmatstrms, the patigesdsneuired tawte pbdraw yoidst h
reference to Fig,, g‘ﬁ [ 2 TR Ak or BB RAER tRARAImeht OM
being able to trea eagﬁl sor sag(gﬁc p .QE Fe%a and witing and
speech di sor d&r srequites th%ls dﬁmltﬁdtbvdnpﬁwnt’s lmtlal ebilitation profile.

A large area of the brain is allotted to the sense of touch, with numerous
interconnections that include the visual and auditory systems. Although all the
functional consequences of somatosensory debilitations on the visual and auditory

20  systems are not known to the inventor, abnormally slow speed threshold differences in
somatosensory functions can be found when patients also exhibit slow speed threshold

processing abnormalities in either the visual or auditory processing ateas.

Part of the debilitation profile that is prepared according to the present invention, will
25 include a somatosensory threshold speed assessment. Should the profile warrant it, a
segment of the treatment will be dedicated to a somatosensory stimulation regime via
s a regulated threshold speed monitoring device that will be integrated with a visual

stimulation regime, as well as with visual and auditory cognitive tasks.

30  Aninventive aspect of the present invention is that it can provide linearly moving
stimulation elements. This is important as many neurophysiological processes such as
reading have an inherently linear nature due to the usual display of text.



20 the treatment of Attention Deficit Hyperactivity D sorder (ADHD)
Research has shown that people suffering ADHD have sim | ar

neur ophysi ol ogi cal debilitations as described for the present invention.
Therefore the multi-sensory treatnents described according to the present
I nvention are capable of rehabilitating ADHD sufferers. Hence the present
I nvention offers the possibility of a longer termcure for ADHD 25 wi t hout
the social and Hﬁ@%# problems that a drug based treat menpcpapofodddse A
further application of the present invention is in the enhancenent of the
neur ophysi ol ogi cal process, in particularzgnvenent perception, in people
who do not suffer froma visual disorder.”"Such people may for exanple be
sportspeopl e 1 ooking 30 to enhance their sporting abilities or defence

per sonnel where good visual perception nay at tines be a necessary
survival skill. For these treatnents specific stinulation inages and
cogni tive exerti Ghe mgsentdireationsyelbauitgbioanake uy of psting deyelopments RIOMO 00/ 77760

PCT/ AUO0/ 00661 Zi{adiVetithiiMs fiftiealRib bt GcitySdnh bitiophNiabtid eal ity
technology to create a cognitive exertion exercise where a sportsperson is

presented with aReseadnceimaging{B4RY arg Rositrom Emispion Toraepraphy PETXSBYNG2 bat t er

receiving a pkt Cﬁﬁe&%&@&ﬁf&ﬁ&&tmx&p@&p}.%mu%ni?&edo@abmofdediohm virtual
di spl ay a baseball bat that the patient wields to receive th 1ltPltch, the 5

exerci se bei ng t eomptesPioeesssr The eompiter RrRessaEpay fhetirack high s %Bal | . The

virtual reality jnglipSindXoshRille dxeMicnQxbrBisds $eiReriOME Nighdst levall AT biatiactivigpl ay
el enents as di scussed above for the oassivegﬁlgga cement of tge receptive

h
cell fields of t#Rdspshrs bafithese fmaggsand eXerpsesary ORring aparemhs e%%ﬁext, t he

virtual stinul at TERadpbi @Lhe BRYntioR Cantixefbriciassist Bl devblcpirg wspecifivtivament a
person's abil

Bopi i cation dP 1 HESTEaeT UGGt PEge (S B R Eb Lo e BR Peg
reader. 15 Wi | empypibd pegfointed aatohatiialiphy the sifftwiale that contelsttheatisplag aetingoen
described, it wll be evident. to.fhose [ lled . in.the ar: . pr esent
i nventi on nay be¥%%§ﬁ$%%eﬁmﬂw&gﬁ%g I?Sy:&%etlhf’%?lﬁ‘sla\r/\n %cg&ﬁyrhéemﬁ%ﬁ ng from
the essential chalseistwed toidevetoptiewstrodlatiochlireages aslangnitieresertomexatcisesthal
exanpl es are the ore.to Qnsi ' I o tive
and not restri ctf@feb,eo? Heenefsigggge;e pgﬁé"gﬁléh%ggé/a%r?% |'%%‘E'§‘£fugﬁg‘ja§“r?§f"é‘¥tu eog%@t he
appended cl ailfrs @ be tchwporated nto thia beailweaz yesid fiey peieviring the dispay tafhg patkent hanges
which come wi thi @es&h)%d Bﬁ@i@hﬁﬁwith reference to Fig. 14.

The above described treatment methods apart from being able to treat reading
disorders such as dyslexia, and writing and speech disorders, also has application in

20  the treatment of Attention Deficit Hyperactivity Disorder (ADHD). Research has
shown that people suffering ADHD have similar neurophysiological debilitations as
described for the present invention. Therefore the multi-sensory treatments described
according to the present invention are capable of rehabilitating ADHD sufferers.
Hence the present invention offers the possibility of a longer term cure for ADHD

25  without the social and medical problems that a drug based treatment can cause.

y A further application of the present invention is in the enhancement of the
neurophysiological process, in particular movement perception, in people who do not
suffer from a visual disorder. Such people may for example be sportspeople looking

30  to enhance their sporting abilities or defence personnel where good visual perception
may at times be a necessary survival skill. For these treatments specific stimulation

images and cognitive exertion exercises may be generated. For example, the



and range of equivalency of the clains are therefore intended to be
enbraced therein. ijitiitj 111l 11th I Il1i; 11 Intl L a WO 00/ 77760

PCT/ AUO0O/ 00661 28 CLAIMS 1. Apparatus for the enhancenent of

neur ophysi ol ogi cal processes of a patient including first visual display
means for viewing by said patient and conputer 5 processing neans
produci ng an output to said visual display neans to cause a display on
sai d displ ay MRS Sorrr iddisplay including at |east one Vi Sisdlaubda@éshti ve
exertion exercise and at |east one visual stinulation imge including a
plurality of noving visual display eIenenEg, wherein said visua
stinmulation inmage is capable of providing visual stinulation to a patient
whil st said patient 10 is perform ng said cognitive exertion exercise. 2.

Appar at us accor dh@aﬁm&ﬁnﬁ&ﬁiaﬂdse waistiﬂg vittit bedBiyREhSR6 crvdrsaialgniive pl ay

means to be viewed by a therapist and theraplst i nput, neans al |l owi ng said
therapi st to pr EXeripa exeTpiss heren spantsRerInye prsadnied with 3 sealistis sporkye situatenyi sp| ay.

15 3. Apparatus ﬁfcﬁ@éﬂbﬁ&:ﬂlgat&}éb&uﬁ’gx\ﬁ%efrﬂe Shretut Ry AR ibtudenppirbofvary at
| east one visual stinulation |naq@$mhllst sald atlent*ﬁ@@@ﬁ Iornlng a

di spl ayed cogni fievatuahdislay 8 yasshall bat tht thegtiont Wielisdp ey $ig to claim

2 wherein saig tBﬁi@d&lbsﬁxgtd}ﬂdkb‘ﬁmﬁ&[%n%dcbﬁ&éﬁmtﬁlﬁ&wrﬂfalﬁaheTﬁd)ﬁitua&{-eaﬂgnm ty,
| um nance, contrast, col our

vel.ocj t us of nt of one
or more of said FRSRIMAYOW dspinc eé?ﬂ"g‘ﬁ SE’F‘E‘ﬁ%%‘tdésPl ’?saﬁlﬂﬁgss%%&‘ Ying to
claim2 further rdﬂqietpdsmeﬁlﬁﬁa&aﬁl@fﬂﬁmsptﬁeedes@mﬁpa&& dvigiacat i on of
said patient's performance to said conputer processing neans, and neans

for indicating sBYf &rf ormance on sai d second visual displ ay nmeans. 6.
Apparatus according to claimb5 wherein said feedback neans includes patient

30 input means al) openg. sald 2Lk AuRihelS oy LERRR Sobofi 2l ¢

cognitive
enhance a person’s ability to perceive movement in a camouflage environment.

Further application of the present invention will be apparent to the skilled reader.

15  While particular embodiments of this invention have been described, it will be evident
to those skilled in the art that the present invention may be embodied in other specific
forms without departing from the essential characteristics thereof. The present
embodiments and examples are therefore to be considered in all respects as illustrative
and not restrictive, the scope of the invention being indicated by the appended claims

20  rather than the foregoing description, and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced therein.
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00/ 77760 PCT/ AUOOi 00661 29 7. Apparatus according to claim®6 wherein said
patient response is auditory. 8: HNg to claim6 wherein
said patient response is witten. cord| ng to any one of
clainms 6 to 8 further including mﬁ'ﬁl}mﬂ T]@ said display in response
to feedback fromsaid patient. 10. Apparatus as:c ding to claim5 wherein
sai d feedback REasgrrspcl udes nmeans for nonitoring brain agicirMiubyoessi sai d
patient to nmeasure a response to a visual 10 stinulation inmage and/or a
cognitive exertion exercise. 11. Apparatuggaccording to claim10 further

I ncl udi ng nmeans for varying said display to optimse said patient's brain
response. 15 12. Apparatus according to claim 1l wherein said variations to
said display areCLARd® by said conputer processing nmeans w thout input from
said therapist. 13. Apparatus according to claim21 further including neans
for controlling said patient's position relative to said first visual

di spl ay neans. 20 14. Apﬁmamﬁﬁ'ﬂ&eﬁhaﬁmiﬁhﬁﬁnbmmﬂiyablﬁgl&a%m@ioﬁapaied means

for controlling said t's ion i cludes an i cal |

control | abl e seat caﬁ%‘g‘%’gﬁ}stvﬁg%ﬁf &B‘““a lg’r‘ﬂfqyé?lg?%? {Fﬂgﬁ?lmputé{'

el ectronicall§ cont rqakdcaésingnbmsslmmamngmdomttoehxdwisna)ﬂisplaymymmsﬂal abl e
headrest. 25 15. Appag S rdi to ¢ 1% |ncI g nmeans to
provi de a different ad%fgfsagplé%?{%”g?%a@?gm%%w@ ‘f)a% fpst o’ SL/3(F)par at us
according to claim| cogniti\&emmreéxﬁdsahrwatleaSbnmxslalahmdlasqmwgmdmﬁng 30 are

viTtual Teal ity 0000l GhralPbincdli okt R Haip bAGSH sk bk k! 111 1S

*«C L MS
image is capable of providing visual stimulation to a patient whilst said patient

10 is performing said cognitive exertion exercise.

2. Apparatus according to claim 1 further including second visual display means
to be viewed by a therapist and therapist input means allowing said therapist to
provide inputs to said processing means to vary said display.

15

3. Apparatus according to claim 2 wherein said therapist inputs vary at least one

visual stimulation image whilst said patient is performing a displayed

cognitive exertion exercise,

20 4. Apparatus according to claim 2 wherein said therapist inputs vary at least one
of the spatial density, luminance, contrast, colour, shape, velocity or locus of

movement of one or more of said moving visual display elements.

5. Apparatus according to claim 2 further including feedback means providing an
25 indication of said patient’s performance to said computer processing means,
and means for indicating said performance on said second visual display

4 means.

6. Apparatus according to claim 5 wherein said feedback means includes patient
30 input means allowing said patient to provide a response to said cognitive

exertion exercise.
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WD 00/ 77760 PCT/ AU0O0100661 30 17. Apparatus according to claim1l or 2
wherein said conputer processing neans stores a plurality of visual

cognitive exertion exercises. 18._Apparatus according to claim17 further

i ncl udi ng patient input neans, sai ghe i ai d di spl ay nmeans causi ng
a different cognitive exertion exe m.- l
I nput fromsaid pat I ent through sa 1€

| ayed in response to an
according to cl d(Wnerei n said visual stinulation i mage | ‘J“%&&’\?\ﬂ 10 a
a

I neans. a 19. Apparatus
plurality of do s an nnuli. 20. Apparatus according to cIa| erein
said visual stinulation imge includes a gpt surrounded by a contrasting
annulus. 15 21. Apparatus according to clafm 19 or 20 wherein said visual
stinmulation image provides stinmulation to concentrically organi sed

receptive cell figldsy i whBRa laim1
wherein said rmwfra\g Vi ?udai‘?%ﬁug@gc}aégngnts L %h? e?ﬁ‘é%%ﬁg pns%uhﬂ?rfty of
parallel stripes having a substantially Iinear conponent of novenment. 23.
Appar at us accor digng t gy ﬁé&ﬁﬁs%&r&ﬂ%%iaﬂnﬁ%&eﬁwhﬁ&e}rﬂ Pohscl Wiy ©l ement s

include a first plane of parallel” stripes rotati tive to a second
pl ane of 25 parallel stripes. 24. Apparatus according to claiml wherein

sai d moving Vissual di ApbafilosBb@RTHA any S find 61 § Btk melh @5

Apparatus according to any one of" clal ns wherei n said noving
visual display el emmnwrwysqxemmwwnaacﬁ%smww cortex of said
patient. This Sheet Has Been Replaced | 112U iilINIIlTudl TIfIITTTT 111 11

ilil CL MWD 00/ 7760 PCT/ AUOO/ 00661
. . Apparatus according to claim 5 wherein said feedback means includes means

for monitoring brain activity of said patient to measure a response to a visual
10 stimulation image and/or a cognitive exertion exercise.

11.  Apparatus according to claim 10 further including means for varying said
display to optimise said patient’s brain response.

15 12.  Apparatus according to claim 11 wherein said variations to said display are
made by said computer processing means without input from said therapist.

13.  Apparatus according to claim 1 further including means for controlling said
patient’s position relative to said first visual display means.
20
14, Apparatus according to claim 13 wherein said means for controlling said
patient’s position includes an electronically controllable seat capable of
moving up, down and laterally, an electronically controllable backrest and an
electronically controllable headrest.

) 25
15.  Apparatus according to claim 1 further including means to provide a different
‘ display to each eye of said patient.
16,  Apparatus according to claim 1 or 15 wherein said first visual display means
30 are virtual reality goggles.
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31 26. Apparatus according to claim1 wherein said visual display inmage

i hcl udes cortical stinmulation elements and non-cortical stinulation

el enents. 27. Apparatus according to claim| wherein at | east one of said
moving visual 5 display elenmentsS noves to af Teast partially obscure a

di spl ayed cognitive exertion e>1mmlﬂﬂ““ﬁnlmmﬂr atus for the enhancenent
of neurophysi ol ogi cal processes |#llcl| udi ng first visual

di spl ay neans [ﬁ) ﬂn%?{“ ng by sai d pétient"affd ¢onputer 10 pprR6RRMBeNY Means
produci ng an o (%)'{? 10 said visual display nmeans to cause a display on
said display neans, said display including at | east one visual cognitive
exertion exercise and at | east one visual gti mul ati on i mage including a
plurality of noving visual display el enents, wherein said visual
stimuation |mge i%5a0a0hEnRGR A B9 Wiebithidthifbdhi@Ridgmmdinnat | ent
whi | st said patient I'S pertor i ng said cognitive exertion exercise and
wher ei n sai d appar at wtoresiaphiralifeof visusleogritive eyeion 9Xgrcles: | east one of spati al
density, lum nance, contrast, colour, shape, velocity, orientation,
direction of notion and |ocus of novenent of said plurality of vjsual

di spl ay el enent s18.20 Axparamp aeserdingdo elaimol7furthsr inglogding patientanpubBEi A neans
for varying ag |east oh%ttﬁfsaidﬁﬁﬁ&}tﬂém_ﬂ@dﬁ&h%%difﬂm}éﬁ@oﬁg&%,ex&ﬁ&imisemol our,

shape, velocity, orientation, direction of notjon and |ocus, of, movenent of
said plurality of vi dedisplgyesiinsegponss teapinpyt fro ﬁlﬂb}%ﬁ?‘&’emﬁ%@‘t he
enhancement of neurophyemeiR9i cal pathways of a patient including first

vi sual display neans for view ng by said patient and conputer processing
neans producing an output to said visual display neans to cause a display
on said display meansappaiud adtbiitedy clhifiCll withéigsadd visvabstinulation iwiageiatludesgni ti ve
exertion exercise and at |east one visual stinulation image including 30 a
plurality of foving \Fipé‘fi%}!tyﬂf ByaMnent s, wherein said visual
stinmulation inage is capable ofproviding visual stinulation to a patient
whil st said patignt js performn ai d.cognitiwve. 11 OF ci se and
wherein said at ?‘gastApé’ngmrﬁwng%g%?ﬁmﬂg’é’ v%‘g‘gﬁl Ht Sglégé&mﬁofﬁﬁ 11

includes a dot surrounded by a contrasting annulus.

15 21.  Apparatus according to claim 19 or 20 wherein said visual stimulation image
provides stimulation to concentrically organised receptive cell fields of a
patient,

22.  Apparatus according to claim 1 wherein said moving visual display elements
20 include a plurality of parallel stripes having a substantially linear component

of movement.

23.  Apparatus according to claim 1 wherein said moving visual display elements
include a first plane of parallel stripes rotating relative to a second plane of
25 parallel stripes.

s 24.  Apparatus according to claim 1 wherein said moving visual display elements
include a brick pattern.

30 25.  Apparatus according to any one of claims 22 to 24 wherein said moving visual

display elements provide stimulation to the visual cortex of said patient.
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m1"r rturtru rrrafrrrlrl €L MS W 00/ 77760 PCT/ AUOO 00661 32 cognitive
exertion exercise includes a series of successive conputer activated

pronpts requiring a patient respaqn ai d apparatus further including
i nput  means for a patient to m%iﬁﬁ ﬂﬁ wnﬂﬁfuﬂﬁ said pronpts. 5 31.
Appar atus for the enhancenent of 5 oAl al pathways of a patient

I ncluding first visual display neans for view ng by said patient and

conput er procqaﬁ&ﬁgmgeans produci ng an output to said visgﬁh g&ﬁﬁ&?y nmeans
to cause a display on said display nmeans, said display inc ualng at | east
one visual cognitive exertion exercise an&_at | east one visual stinulation
i mage including 10 a plurality of noving visual display elenents noving in
a substantially linear path, wherein said visual stimulation image is
capabl e of provigeng Al ' ihCNwhePei .| : Iz -sah e pat i ent
I's performng sa?% c&§%?%?§ga§§$ rt?%n ex%?%?ggg%%gﬂﬁﬁﬁggg%%fggﬁgsaccording
to clai m31 wherein saftisalstippiaionslements and =astagytical|stimplation elesteptsst r i pes novi ng
in a path at |east partially transverse to their longitudinal axis. 33.
Apparatus according to claim31 wherein said noving visual display elenents
20 include a dot2%ur rAapadiis agsordipgdeelsimalswhengin afdesst one of said moxingyisaely s
according to glai m 3l4sMhgtRngntsAbebs B 1368 piikigiAlbsSie S iglayed SFRIEVS are a
pattern of bricks. 25 35. Apparatus accorg

) ing to any one of clains 31 to 34
wherein the | ocus of S*FHMEFENICof said visual display elements is
periodically adjusted. 36. Apparatus for the enhancenent of
neur ophysi ol ogi ¢ pat hways of a patient  including first visual, display
neans for view nffby @QF‘BX%?E Fbgﬁghaameg%gﬂr@hys@ggiﬁl BROgRSESs ﬂg"‘ PRUSRES
produci ng an out put tifchsifdglirstivisui bispthPbay forRRMngby s6@paRntand dmsgtkay ON
sai d displ ay ans, said display ingluding at Lﬁast anq vi sual cognitive
exertion exel®ise andTOEfssIgepnsPHGURIRE QUL fo,5gid Xisha fisylapmgeans 19 i*ng  This
Sheet Has Been Repl adssglay on said display means, said display including at least one visual

cognitive exertion exercise and at least one visual stimulation image including

a plurality of moving visual display elements, wherein said visual stimulation

image is capable of providing visual stimulation to a patient whilst said patient

15 is performing said cognitive exertion exercise and wherein said apparatus
includes means for varying at least one of spatial density, luminance, contrast,
colour, shape, velocity, orientation, direction of motion and locus of movement

of said plurality of visual display elements.

20 29.  Apparatus according to claim 28 including means for varying at least two of
spatial density, luminance, contrast, colour, shape, velocity, orientation,
direction of motion and locus of movement of said plurality of visual display

elements.

25 30,  Apparatus for the enhancement of neurophysiological pathways of a patient
including first visual display means for viewing by said patient and computer
: processing means producing an output to said visual display means to cause 2
display on said display means, said display including at least one visual
cognitive exertion exercise and at least one visual stimulation image including
30 a plurality of moving visual display elements, wherein said visual stimulation
image is capable of providing visual stimulation to a patient whilst said patient

is performing said cognitive exertion exercise and wherein said at least one
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PCT/ AUOO' 00661 33 a plurality of noving visual display el enents, wherein

said visual stinmulation i nage_l_s_ca-pa-bJr—e-—ef——m*ow di ng visual stinulation

to a patient whilst said patient, ' sald cognitive exertion
nk EE“‘H s for generating an
e C usngone or 5 nore auditory

exerci se, said apparatus furthe

audi tory cognitive exertion ex

signal s rel at edy goadso| €east one of said visual cognitive ePeraUIO0661
exercises. 37. Apparatus according to claim 36 wherein said auditory
cognitive exertion exercise is related toga visual cognitive exertion
exerci se displayed on said first 10 visual display neans and requires said
patient to focus on said related visual cognitive exercise. 38. Apparatus
accordi ng to cl ai m 36coptitidexedtion exefcissdndndasiisetienof siwogsing eonguter activatpdit er
generated speech signals. 15 39 rat us ac n erein
sai d speech signals aPERREIIEFPEAP {}%rﬁsé’a?%eﬂsggca)%amsalﬁg&ggnpwgﬁlsroceSS| ng
means such that the tmemefoab pgiznttodpuod respoasedo sipleatpts.s adj ust ed but t he
spectral portion of said speech remains substantially constant. 20 40.

Apparatus according to claim39 wherein said auditory signals are nodified
in response 50 |3r1aputAﬁpammsafomhteanhplcsnentdﬂneumplpawbglm pamysmfngattest claim 36

further including nea f Gmpakd ent.

42. Apparatus for theﬂglnﬁ&} ancenen a'eur opﬂy‘é%éogl cdﬂagéa}%t%%ys of a

patient including f|prsotessmgmhsHDQNWWMW®MWWN&WHQW%9F@3%t i ent,

conputer processing %Qgﬂglh\?ﬂeiﬁ@ yfnglu&ﬂgghéﬁk%@blsﬁmsm ay nmeans
n sai

to cause a 30 display patient Input npeans, said
di spl ay incl uding su@g@gsuxemyn mesqmeay@er lvattonemuai stmilation fopage neliding

cogni tive exefglion exgntl86Sfmoving visual display elements moving in a substantially linear
path, wherein said visual stimulation image is capable of providing visual
stimulation to a patient whilst said patient is performing said cognitive

exertion exercise.

15 32,  Apparatus according to claim 31 wherein said moving visual display elements
are stripes moving in a path at least partially transverse to their longitudinal

axis.

33.  Apparatus according to claim 31 wherein said moving visual display elements

20 include a dot surrounded by a contrasting annulus.

34,  Apparatus according to claim 31 wherein said moving visual display elements

are a pattern of bricks.

25 35.  Apparatus according to any one of claims 31 to 34 wherein the locus of
movement of said visual display elements is periodically adjusted.

36.  Apparatus for the enhancement of neurophysiological pathways of a patient
including first visual display means for viewing by said patient and computer
30 processing means producing an output to said visual display means to cause a
display on said display means, said display including at least one visual

cognitive exertion exercise and at least one visual stimulation image including
I
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and at |east one visual stinulation imge including a plurality of noving
visual This Sheet Has Been Replaced | 1.111.. 1 | ili12(211 11111 111[11 WO
00/ 77760 PCT/ AUCO 00661 34 di-splay—elenrents—wherein said visual

stinmulation inmage is capable of it B b#lal stinmulation to a patient
whil st said patient is perform ndmﬂ"mimym" Bgnitive exertion exercise
and wherein a next cognitive exertior exescise+ s displayed in response to
an input fromsaifnpagient. 5 43. A nethod of enhancing nemcoabosstest ogi cal
processes of a patient including the steps of generating an output from
conput er processing neans to cause a disgtay on visual display neans for
viewi ng by said patient, said display including at |east one visual
cognitive exertion exercise and at |east one visual 10 stinulation inmge

i ncluding a plural ity pfralitPyfiiding visdaldisgias Bledynts vbereintssid visudl stirmilationai d
visual stinulation inage provides visual sti.nmul ation to i t Lent

whi | st said patient i‘%‘gﬁf fagphig ?fé’r‘g’éﬂ?'%?‘iﬁuﬁltfgin“{%ﬁ’n??i}’%@%gf Efagia aé%gr ci se.
44. A nmethod accor di igperfornsih@éaid cbgnitivicdxertiomigkeicise, saidapmaravis fodtweincludigg i nput
froma 15 therapist to vary said display and varying said di.spl in
response to said i nplﬂmfg‘sg./mﬁa%taﬁﬁ tﬁ@%@‘ﬂﬁ"ﬁg“f%o%%ﬁfcﬁeﬂlﬁg\%ﬁgfgﬁ t he
step of varyifg sai d nibirepldiryisigadisidnd tdw leastepe affsaid aisyal ngpnitive exartidn
stimulation inmage and is performed whilst said patient is performng a

di spl ayed cognitive &8Mon exercise. 20 46. A nethod according to claim
45 wherein the step of varying a visual stinulation imge includes the
step of varying | east _one of.the.s ' . | & }: contrast,
col our, shape, v -chﬁpy?:a F@?f%%%oc%?géﬁ@geﬁngﬁag?&%%%o%@% Io?)cus of
novenent of said pl ureadriiseis catedite  misuali pagpitiag exsitionexrrase displyyeton said st hod
accor ding {01 ai M 43, IANRE ol LHEeRfrel 61 REER oot Rh WhiB G inl SPI 8y T

response to feedback recei romsa pati‘ent.
cognitive exercise.

38.  Apparatus according to claim 36 or 37 wherein said auditory signals are
computer generated speech signals.
15
39.  Apparatus according to claim 38 wherein said speech signals are acoustically
modified by said computer processing means such that the temporal portion of
said speech is adjusted but the spectral portion of said speech remains
substantially constant.
20
40.  Apparatus according to claim 39 wherein said auditory signals are modified in

response to input from a therapist.

41.  Apparatus according to claim 36 further including means to receive a spoken

- 25 input from said patient.

42.  Apparatus for the enhancement of neurophysiological pathways of a patient
including first visual display means for viewing by said patient, computer
processing means producing an output to said visual display means to cause a
30 display on said display means and patient input means, said display including
successively displayed patient-interactive visual cognitive exertion exercises

and at least one visual stimulation image including a plurality of moving visual

.14
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48. A nmethod according to claim43 further including the step of receiving
at said 30 conputer processing neans feedback representing said patient's
brain activity. This Sheet Has Been Replaced | 1II12111 2.1112 U Il 111
11N1111212121 (111111212111121 C ” 0 PCT/ AUOO/ 00661 35 49.
A met hod according to claim 48 f Im(jlmp 5@ he step of varying said
display to optimse said patient’ «y. 50. A method according
to claim43 fuglhehnéncl uding the step of providing a difpergtioosksspl ay to
each eye of said patient. 5 51. A nethod according to claim43 wherein said
visual stimulation image includes a plurglity of dots and annuli. 52. A
nmet hod according to claimb51 wherein said visual stinmulation imge 10

i ncludes a dot surrounded by a contrasting annulus. 53. A nmethod according

to claimsl or 52 V‘hﬁirsﬁh)ﬂeléﬁén% %&a&kméhkmhm&enhﬁ@g%caﬂ%wefdes
stinulation to concentrically organised receptive cell fields of a

patient. 15 54. A ne?#?&’émaé’@!}?léﬁ“ﬁﬂaﬂ%t%FH#W%’Q“W@F‘FP“&‘&PMWﬁg vi sual

di splay el ements i ngjspighRd doghithie @kdriioh &émmlﬁheiexn&tﬂekmmﬁmxwo@
substantially linear corrponent of novenent. 205 A nethod according to

cl ai m 43 wherein sai EXWH%‘E}SP%Y%’&IWSGP@BFW@“EWF@P*}"ﬁ’étt ude a first plane
of parallel #ripes rotating rel atlve to a second pl ane of parallel
stripes. 56. A nethod accaor o cI al m 4 erei n [T'DVI Vi sual

di spl ay el ement €3 254 Eg M g ﬁ’ﬁ“’a I’?ﬁu""tm"'“‘r"?ﬁ % to any
one of claims 54 to bepswigéiatinsai ditpﬁammgonmwpiocessmg means to cause a

display on visual display means for viewing by said patient, said display

4
including at least one visual cognitive exertion exercise and at least one visual

10 stimulation image including a plurality of moving visual display elements,
wherein said visual stimulation image provides visual stimulation to said

patient whilst said patient is performing said visual cognitive exertion exercise.

44. A method according to claim 43 including the steps of receiving input from a
15 therapist to vary said display and varying said display in response to said input.

45. A method according to claim 44 wherein the step of varying said display
includes the step of varying a visual stimulation image and is performed whilst
said patient is performing a displayed cognitive exertion exercise.

20

46. A method according to claim 45 wherein the step of varying a visual
stimulation image inctudes the step of varying at least one of the spatial
density, lTuminance, contrast, colour, shape, velocity, orientation, direction of
motion and locus of movement of said plurality of visual display elements.

25
47. A method according to claim 43 further including the step of varying the
B display in response to feedback received from said patient.

48. A method according to claim 43 further including the step of receiving at said
30 computer processing means feedback representing said patient's brain activity.
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di splay elenments provide stinmulation to the visual cortex of said patient.
30 58. A nethod according to claim43 wherein said visual display inage
includes cortical stimnulati -cortical stinulation

el ements. This Sheet Has Been ReRin : 112 0 1 e FEprfer rrnne
lull fI 111 f WO 00/ 77760 PCT/A.ﬁ ' 'l A nethod according to
claim43 wherein at | east one ofysa UL i ual display el ements noves

to at | east parti obscure a displayed cognitive exertpefa6opbesi S€- O
60. A nethod a (?0"3&1{7%09 to claim43 further including the stepAof novi ng

said visual display elenents in a substag%i ally linear path. 61. A nethod
according to claim®60 including the step periodically adjusting the

| ocus of novenent of said visual display elenents. 10 62. A nethod
according to claign 4% hihbdibori iR ds bhecthaRuf mPLEIhihelha S d
patient an auditory cognitive exertion exercise related to Sard visual
cognitive exertion ahisplaytoseptimiss sedpatientisdraiattivibtor di ng to cl ai m 43 wherein
said nethod is uggd i : : | : f&,ﬁgﬁn e of
reading, witi ng§(§r &%ﬁd&gﬁﬁ‘gﬁ%{'ﬁ%ﬁg@gﬁ? F‘fn”gg‘?%)s%"au m 63 ﬁer ein said
method is used in t halifferenbdispiamto each eyq afisaid patiest- exi a. 20 65. A met hod
according to glaim43 wherein said method is used in the treatnment of

Attention Deficit Hyperactivity Disorder. This Sheet Has Been Repl aced
11111111111111113% 11 Pymgthod ac ng to claim 43 wherein said visual stimulation image

includes a plurality of dots and annuli.

52. A method according to claim 51 wherein said visual stimulation image

10 inchndes a dot surrounded by a contrasting annulus.

53. A method according to claim 51 or 52 wherein said visual stimulation image
provides stimulation to concentrically organised receptive cell fields of a
patient.

15

54. A method according to claim 43 wherein said moving visual display elements

include a plurality of paralle] stripes having a substantially linear component

of movement.

20 55. A method according to claim 43 wherein said moving visual display elements
include a first plane of parallel stripes rotating relative to a second plane of

parallel stripes.

56. | A method according to claim 43 wherein said moving visual display elements
25 include a brick pattern.

* 57. A method according to any one of claims 54 to 56 wherein said moving visual
display elements provide stimulation to the visual cortex of said patient.

30 58. A method according to claim 43 wherein said visual display image includes
cortical stimulation elements and non-cortical stimulation elements.
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59.

5 60
61.
€
10
62.
15 63.
64.
20
65.

at

36

A method according to claim 43 wherein at least one of said moving visual
display elements moves to at least partially obscure a displayed cognitive

exertion exercise.

A method according to claim 43 further including the step of moving said
visual display elements in a substantially linear path.

A method according to claim 60 including the step of periodically adjusting
the locus of movement of said visual display elements,

A method according to claim 43 further including the step of providing to said
patient an auditory cognitive exertion exercise related to said visual cognitive

exertion exercise.

A method according to claim 43 wherein said method is used in the treatment

of disorders of at least one of reading, writing or speech.

A method according to claim 63 wherein said method is used in the treatment

of visual dyslexia.

A method according to claim 43 wherein said method is used in the treatment
of Attention Deficit Hyperactivity Disorder.
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