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Lateral masking fn the peripheral field of vision obscures letter recognilion and is not accounted for by diminished acuity. In measuring lateral 
masking between letters in the peripheral visual field we accidentally discovered that ordinary readers and severe dyslexics differ markedly in 
tachistoscopie letter recognition tasks. Tests were devised to measure the differences accurately. Ordinary readers recognize letters best in and 
near the center of gaze. Recognition falls off rapidly with angular distance in the per;pheral field. Severe dyslexics recognize letters farther in the 
periphery in the direction of reading (English-natives to the right, Hebrew-natives to the left). They have marked lateral masking in avd near the 
center of the field when letters are presented in aggregates. With dyslexia as an example, we proposed that the distribution of lateral masking is a 
task-dependent strategy in visual perception. To test this notion we designed an active practise regimen for 4 severe adult dyslexics, who within a 
few months improved sharply in reading. At the same time their test results cha~riged to those of ordinary readers, We conclude that there are 
switchable task-determined pre-cognitive strategies of vision that can be learned and that the distribution of lateral masking may be part of what 
is learned. 

I N T R O D U C T I O N  

Lateral masking has been studied mainly in the 
peripheral visual field 2,~~''9. Since it is an ill-under- 
stood process and has been assigned little importance 
in the f(~vea! and parafoveal visual field it occupies but 
a mo~e:rate niche in the literature on vision. The 
phenomenon is demonstrated in Figs. 1 and 2. Acuity 
is good enough to resolve the elements of an arrange- 
ment ,-- as for example, the little circles in the ensem- 
ble on Fig. 2. Yet the circular array of these circles - 
the spatial arrangement of elements - is much compro- 
mised by the circumscribed circle. 

Two kinds of questions arise from the demonstra- 
tion in Fig. 1. Is lateral masking a fixed property of the 
visual process? What role does it play in compromising 
form perception well beyond the level expected from 
loss in acuity? 

When Aubert  and Foerster  j set down the law that 
linearly relates the angular size of a just recognizable 
letler to its angular distance from the gaze axis, they 
used readers as the obvious subjects and exposed them 
tachistoscopically to many letters of same size pre- 

sented at the same time over the whole visual field. 
But, if lateral maskin~ is involved, as it mu~t bc i f the  
. . . .  :,~ . . . . .  ~ ,h~;. experiment are reviewed, any attri- I k ~ O l i L i i k l i , . ) i l ~  ~ / ~  ; a : b / i "  

button of that law to the decay of visual acuity in the 
peripheral field is premature. 

We were led by accident to an interesting apparent 
degarture from the Aubert-Foerster law ~. In our re- 
search on lateral masking and demasking 6, 5 of the 44 
subjects were so diffe,rent from the others and similar 
to each other as to form a separate group. The differ- 
ence lay in their unusually good recognition of letter 
strings at 8 ° eccentricity in the peripheral field. On 
interviewing them we found a common factor: all had 
been diagnosed at one time or another in their lives as 
dyslexic. We then searched out other dyslexics to study 
the observed difference and to check its reliabili~'. 
First results were reported as a clinical observation 7. 

Dyslexia, not associated with other neurological or 
visual deficit, is presently unaccountable and is classi- 
fied, more by default than by demonstration, as a 
disorder of some neurological f,m/:tion. But among the 
possibilities ~ a physiological explznation. That is, the 
necessary information for reading may be blunted be- 
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N x T E N E T  

Fig. I. A demonstration of lateral masking. Fix your gaze on the x. Without shi'l'ting yoar gaze, the N on the left will appear clear and distinct 
whereas the N on the right ~ill not be legi~le though segmented lines will ge clear. This holds for ordinary readers only. 

fore  c o g n i t i o n  by m i s u s e  o f  a n ,  o rma!  p r o c e s s  bu t  t h e  

p a t h w a y  to c o n v e y  tlie i n f o r m a t i o n  is in tac t  as  is l he  

h i g h e r  f u n c t i o n  itself.  A t  first th i s  s o u n d s  like a d i s t inc -  

t ion  w i t h o u t  a d i f f e r e n c e  a n d ,  f u r t h e r ,  mal-:es v i sua l  

p r o c e s s  a rb i t ra ry .  Bu t  wc  p r o p o s e  to s h o w  ~hat s u c h  

b l u n t i n g  can  be  m e a s u r e d ,  tha t  t h e  m e a s u r e  is d i a g n o s -  

tic, a n d  t ha t  t h e  b lun t i ' ag  can  be  re l i eved  by su i t ab ly  

d e s i g n e d  prac t ice .  

Dys lex ia  t h u s  p r o v i d e s  a tool for  t h e  s t u d y  o f  l a te ra l  

m a s k i n g  a n d  t h e  d i f f e r e n c e s  in v isual  s t r a t e g i e s .  A t  t he  

s a m e  t ime ,  t he  p r o c e s s  o f  l a te ra l  m a s k i n g ,  if it c an  be  

f o u n d  in t h e  cen t r a l  v isua!  f ie ld  3, p r o v i d e s  p a r t  o f  t he  

p s y c h o - p h y s i o l o g i c a l  bas i s  !or  t h e  d i s o r d e r ,  L a t e r a l  

m ~ s k i n g ,  i n so fa r  as  it c o m p r o m i s e s  t h e  spa t i a i  r e l a t i o n s  

b e t w e e n  s e e n  e l e m e n t s ,  b u t  n o t  t h e  acu i ty  by w h i c h  

t h e s e  e l e m e n t s  a r e  s een ,  w o u l d  a c c o u n t  for  t h e  ' c r o w d -  

ing" o r  ' confus io ,4 '  t h a t  o c c u r s  w i t h o u t  b l u r r i n g  u n d e r  

l a te ra l  m a s k i n g .  7"0 th i s  e n d  we  d e v i s e d  a n e w  se t  o f  

v isual  tes ts .  

Th, e s e  n e w  tes t s  w e r e  c o n f i n e d  to t h e  d i s t r i b u t i o n  o f  

l e t t e r  pa i r  r e c o g n i t i o n  a n d  o f  l a te ra l  m a s k i n g  a l o n g  t h e  

ho r i zon t a l  axis  o f  t h e  v i sua l  f ie ld  f r o m  2.5 ° to 12.50 

away  f r o m  t h e  c e n t e r  o f  gaze  g iven  a ' ,et ter  at t h e  

cen te r .  T h e  r e s u l t s  d i s t i r rgu i shed  dysle×ics  f r o m  oro i -  

.,zaD' r e a d e r s  w~th h i g h  rel iabi l i ty,  it  r e m a i n e d  to s h o w  

tha t  t h e  t e s t s  i nd i ca t e  s o m e t h i n g  a b o u t  u n d e r l y i n g  p ro -  

c e s s e s  in vis ion.  T h e  d i s c u s s i o n  d e v e l o p s  t h a t  p o i n t  a n d  

s u g g e s t s  an  u n u s u a l  bu t  h i t h e r t o  u n s t u d i e d  p r o c e s s - g a t -  

ing.  S u p p l e m e n t i n g  t h e  tes t s ,  bu', no t  t, s ed  to m o d i f y  o r  

e x t e n d  ~he r e s u l t s  a r e  o b s e r v a t i o n s  on  s o m e  s i n g u l a r  

eases .  T h e s e  a r e  to  be  c o n s i d e r e d  a n e c d o t a l  on ly ,  b u t  

a r e  i n c l u d e d  to  s h o w  a few e m p i r i c s  t h a t  g u i d e  o u r  

h y p o t h e s i s .  

M A T E R I A L S  A N D  M E T H O D S  

Apparatus and stit~ndi 
A 3-way tachistoscope was constructed. It was comprised of 3 

slide projector.~ theft were foct~ssed from behind on a framed translu- 
cent diflusing screen. Each projector ~as set to give a u,iform 
illuminati,.m across the screen resulting a "~, a luminance of 180 cd/m-" 
as measured at the front of the screen This first and smaller screen 
used was 35 cm !'aag and 23 em hig,~ The second and larger screen 
u'~cd later was .18 cm wide and 35 cm high. Observe,] from 100 cm 
distance the visual an~.le of the smaller screen is D /wide  and 13 ° 
i-;~:'~h. At 69 cm ,distance the larger scrreen is 39 ° wiue and 28 ° high. 
The question ear~ be r~iscd, why we did not use a video screen? In 
preliminary design we found marked differences between ordinary 
CRT displays and projectic.n dis,~lays with 7.:spect to c~n~ral vs. 
peripheral vision and chose that which gave ~ighest discrimination 
and rcliability in the result~ 

One project~r .s~,4 • , . .  '.;to ~]i~u '.'~!~ ~ ~:b a ~mall black 
dot on ~t to give a fixatic~, poi:i t  on  the screen. The s~:~nd proje,:~,~ 
the sfimulns slide,';. The third projected the 'eraser' sIide, which in 
this case ";-'.as completely blat~k. (We found initially final a structured 
eraser prejudices recognition of stimuli in favor of ordinary, readers; 
dyslexics were confu,.ed by it. See also ref. 4). Each projector was 
occluded with an ekctrically driven shutter that opened or closed 
within 5.5 ms. The op~'ning and closing of the shutters were electron- 
ically timed by the sec,uence shown in Fig. 3 to give least change in 
backgrout~d lurr'.~nanc.~: during transition between sequential slide 
permutatit, ns: (phases). The effective stimulus phase duration could 
be set as short as 2 ~ns. On each stimulus slide there were two letters, 

O0 
0 0 

0 0 
0 0 

X 

Fig, 2. Another demonstration of lateral masking. Gaze fixedfy at the x. Note that there is a ring arr~4gemer~t of smal! circles apparent on the 
left. But on the right, while, the small circles a~re still identifiable as such, their ring arrangement is lost. 
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Fig. 3. A schematic drawing of the ~equence of events lbr a single 
stimulus. Top part of the figure shows the events on ~he screen. 
Reading from left to ,]ght, at first a fixation point is prescnted (by 
projector D. Except during a test this slide is constant|y on. tn a test 
the shatter  in front of projector I ~huts while Ihat in front of 
projector ~1 opens for short interval, T~, !o present the stimulus 
image• Interval 7'~ is folMwed by a second interval, /'2 (to account 
for the delay arid o~;c::]ng duration of the shutter in front of 
projector liD. Following the h~terval T 2 the eraser goes on (projector 
l i d  for 2.5 s. The eraser consists of a bla~-,k lit screen, The effective 
stimulus duration is counted as the duration from the "off of the 
fixation to the beginning of the onset of the eraser. Foil,owing the 

eraser a t~ew cycle starts after lhe subject reports. 

one at lhe fixation point and another eccentric to the left or r~ghl 
along the horizontal axis. In an alternative experiment the eccentric 
letter was replaced by a string of 3 h'tters. For either ~ experimenl 
several eccentricities were t:sed, with 20 stimulus slides at each 
eccentricity. The basic experiment in this paper is the first type and 
the following description applies to it. When we use the alternative. 
the emendation is given in the tex.~. 

Ne, two lelter,~ on any slide we're the same, and no tw t  ,ti~:s u~ere 
the sarr~e. In order to reduce bia, in letter recognition t . . . . . . . .  
are easier to recognize than oth~rsk eacb letler was pre ented with 
the same frequency at all eccentricities a:~ well as in the center. The 
lerlers were taken from a group of 10 Helvetica-Medium capital 
lel:ters, We chose the letter:~ front 3 sub-groups, N~ W, Y: O, C, S; E, 
T, H; and, ir~ a class by itselt, I. The |~tters displayed by each 
stimulus slide were never from the same group (to prevent partial 
eccentric enhancement or dem~sking~'). The angular height of the 
letters subtended 35' of visual ~rc and their cor ' rast  wa~. 99% for 
both screens. All eccentricities are given in terr;~s of visua,, angle 
away f 'om the fixation point. 

Procedrrre 
The subjects were seated it~ a dimly lit room in front of the 

screen. The slide with the fixati~n point was projected on the screen 
and testing begun (Fig. 3). After verbai warning ( 'ready?') by the 
experimenter, the stimulus phas ,~ occurred and was followed after an 
interval of T 2 (so adjasted as t~ account for the delay and duratiofi 
of opening of the shutter in ~,rder to keep constant the level of 
luminance) by the eraser phase which endured for 2.5 s before the 
fixation point was again projected. In this sequence, whe~eln the 
average background luminance ~oes not vary" significantly, the effec- 
tive stimulus duration (from the cessation of the fixation slide until 
the onset of the eraser) was adjusted for each ~iubject in sv, ch a way 
that the best score of identification - at whatever eccer~tficity of the 
peripheral letter gave best recognition - lay ja~;t below 100%, This 
normalization allows eompar-~son of form identification across the 
visual field without tying it to contrast or ligh~_ness. The stimulus 

dm°~ttion did not exceed 7 ms. (ln another ;.tudy we measured correct 
identificatk,n when stimuli exposure durations were equal for a!! 
~ub~ects. The Tesults were similar to the ones ob'~aincd with this 
normalization j", b ~! were less useful because of lack of r,ormaliza- 
tion between subjects.) 

First, the stimulCs exposure duration was set for each subject 
prior to the test itself by a pilot run with different exposure dura- 
lions. Once the exposure duration was de|ermined lbr a subject, it 
was fixed |or / that  subject throughout that test at al. eccenlncJtles. 
After each stimulusl presentation, the subjects reported verbally wh:~t 
letters the),' P/ad seen, which letter was at the fixation poi~t, and ol~ 
which side tl/,e letter in the periphery was. The report was recorded 
and the nex¢ stimulus wa,~ given. When 20 such exposures of differ- 
cut letter pairs were delivered at one eccentricity, the eccentricity 
was changed and a new series of 20 was presented. Once all slides 
for all eccen,tricitie~ had been presented (200 slides in 5 eccentricities, 
on the right and 5 on the left), the percentage of correctly identified 
letters at each cccentricizy 'was determined. 

The centering of the subject's gaze on the fi:,~ation point was 
visually monitt~red by the experimenter. This crude monitoring was 
sufficiet,t, as later use of aa eye tracker has shown Its sufficiency 
couM also be seen in the re:-~ults of additio~ial experiments (reported 
in Results. "The FRF measured with random left-right display') 
where the letters in the periphery had the same probability of 
appearing on the left or on the right of the fixation point. 

SHhI,?('L~" 
The subjects in our initial group were English-native speakers, all 

of them above 18 years of age. All but 2 of them were unaware of the 
purpose of the tests until the testing was finished. Twenty persons 
were tested. The l0 ordinary readers (3 females and 7 males~ were 
clusteired between l~, and 25 years of age with one person at the age 
of 45~ ]-'he 10 severe dyslexics (2 females and 8 males) were dis- 
lributf4d between 20 and 58 years of age, The ordinary readers came 
from ~he general university-level student population. The severe 
dyslexics volunteered on hearing of our interest. T~ey belonged to no 
specially defined or targeted group. They had all been drag'fused as 
dyslexiq:s by their neurologists, psychoiog:ists and teachers and had 
receiveil no special tutoring within the la:~ 3 years prior to testing. 
We emi~hasize that they had been previously diagri~:,~ an:A- tested by 
compei :nt practi tkmers Our interest was in '~he symptom of inability 
to read in the absence of other impairr,'ent of performance o~ 
underst',nding, and it was the mechanism of the symptom rather 
than th, cause that concerned us, None of the dyslexics ha~l ,~r,,~ 
~!dition ~1 knov, n neurological impediments nor any uncorrc~ -, 
refractiw errors. The ~';evere dyslexics had a normal level of eompre- 
hen:don ~:f heard texts, but all had pr~ffound im[,airment of reading. 
The e!iifi~al correlative features such as handedness, specific classifi- 
caiion of ctyslexia and tht. like are not germane to this study which is 
concerned only with tl'.~: visual process. 

in a later ~esting, we used a~'mther 5 adult ordirmry readers 
(20-31 ye:~rs old) and another 5 adult severe dyslexics (17-2', years 
old). All of them were Hebrew-native speakers who were efposed 
primarily to Hebrew through the-Jr first 10 years of life and v.ho had 
been [aught to read enly Hebrew for the first 3 schooi years. These 
subjects came from a background similar to that of tile Engli;h-na- 
rive speakers. The severe dyslexics were diagnosed by their r,',spec- 
rive neurolovists and psychologists as with the other group of ~,evere 
Jyslexics. T t e i r  reading was also profoundly impaired. All th,~" He- 
brew-,e*ive mbjects had learned to speak English beginning at their 
4th year in ~chonl and had had training in reading it. 

R E S U L T S  

The form .resoMng,field (FRF) 
I n  a t e s t  f l a s h  ( a s  d e s c r i b e d  in  M a t e r i a l s  a n d  M e t h -  

o d s )  t w o  l e t t e r s  a r e  e x p o s e d ,  o n e  a t  t h e  f i x a t i o n  p o i n t  

( t h e  c e n t e r  o f  g a z e )  t h e  o t h e r  a t  s o m e  a n g u l a r  d i s t a n c e  

in  t h e  p e r i p h e r a l  f i e ld .  B o t h  a r e  t o  b e  v e r b a l l y  i d e n t i -  
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fled by the subject immediatciy after the presentation. 
After the tests at all eccentricities arc finished wc ~;corc 
correct identification of both central and peripl,eral 
letters and plo~' the percentage of correct identification 
of the peripheral letters as a f~nct~r-n of eccentricity. 
"Faking empiric.~dly that under ~hc normalized condi- 
tions recognition of the eccentric letter alters with 
angular distance from the reference letter at the fixa- 
tion point~ we suppose there to be a recognition field 
around the letter at the fixatiem point tttat can be 
measured a~ a distribution of probability of recognition 
which we name the form-*esolving field, (FRF). We 
have sampled this field along the vertica! (unpublished 
results) and horizontal :~xes, but for this study wc 
consider only the field along the horizontal axis. What 
is at issue is thc rccognition of form rather than the 
resolving power. In Fig. 4a we plot the averages of the 
FRFs for English-n~ative ordinary" readers and severe 
dyslexics, which were measured with the smaller screen. 

In general, letter recognition falls off with eccentric- 
ity from the center of gaze. However, there are obvious 
differences in the shape and th_c grading of the fall-off 
depending on the type o: subject. 

Average scores of letter recognition in the right side 
of the visual field are plotted to the right of the 
mid-line (0 °) in Fig. 4a. At all the eccentricities on the 
right, except at 5 °, we recorded two significantly differ~ 
ent plots: tho,.,e of ordinary readers and those of severe 
dyslexics (a:, 2.5 ° F~.~= !!o!8, P < 0 . 0 1 ;  at 5 ° Fxjs:'- 
1.92, P < (:,2; at 7.5 ° F1.1~ = 7.13~ P < 0.02; at l0  ° Fj,l~ ~ 
= 102.47, P < '3.001; at 12.5 ° F~.~s = 20.02, P < 0.001 
and over~dl group × position F~.u4=2.3!, P < 0 . 0 5 ) .  
These two populations differ significant!y in the overall 
shapes of the FRF on the right 7. Similar results were 
obtained by Perry et al. u¢'. 

Ordinary readers recognize letters best when they 
are presented nearest to the center. £he FRF falls off 
sharply wi:'h growing cccemricities, in accordance with 
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Fig. 4. Display of the form-resolving field (FRF) averaged separately for adult ordinary readers (dashed lines) axfd adult severe dyslexics (dotted 
lines). The measures are of % correct identifications of letters at different eccentricities in the periphery. Vertical bars show the standard 
deviations. The scores for the letters presented at the same time at the fixation point are constant for all eccentricities ( 95±4%)  and nre not 

given here. a: English-natives: 10 ordinary readers and 10 severe dyslexics; b: Hebrew-natives: 5 ordi ,ary readers and 5 severe dyslexies. 
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the Aubert-Foerster law ~. In contrast, in the right half 
of the field, severe dyslexics recognize letters best at 5 ° 
eccentricity and recognition fails off significantly to- 
wards the center (at 2.5 ° ) and towards the periphery. 
At 2.5 ° eccentricity, where the two letters of the display 
are closest together in these tests, the recognition score 
of :severe dyslexics is also significantly lower than that 
of ordinary readers. At 7.5 ° eccentricity and farther in 
the periphery, letter recognition for severe dyslexics is 
significantly superior to that of ordinary readers for all 
measured points. 

It is important to note that what the FRF measures 
is not what is ordinarily meapt by "acuity'. We do not 
hold that there is a difference in visual acuity between 
ordinary readers and dyslexics, ins:ead, the difference 
lies in the perception of arrangements and not in the 
resolving power. The difference also lies in the  percep- 
tion of two-letter configuration.~. For severe dyslexics 
the letters mask each other when the eccentric one is 
brought near the center. This does not occur for ordi- 
r~a.~, readers. However, single letter recognition in and 
near the center is much the same for ordinary readers 
and severe dyslexics. 

In the left visual hemifield (the left side ia Fig. 4a) 
letter recognition for ordinary readers and severe 
dyslexics is not significantly different at any eccentric- 
ity. He3~e, the shapes of the FRFs on the left side are 
sim,:!ar for both group~, and a~e m,~ch like a mirror 
image of the right hand side of the FRF for ordinary 
readers. 

The FRF measured with random left-right display 
For technical reasons (the size of the screen) we 

have measured on the small screen each side of the 
visual field separately, at first all the eccentricities on 
one side and then all the eccentricities on the other 
side. This procedure could have introduced some bias 
of expectation of letter appearances, a.~ well as an 
offset of the fixation. To ~leal with this possibilit.~ ef 
bia~ we performed an additior, a! ~et of tests on t(e 
larger screen. In these experiments we ~epeated the 
test described ,~bove with ~ new group of 7 ordinary 
readers, presenting the stimuli first to all the eccentric- 
ities on one side and then to the other. Then we 
subjected the same group to a similar test, where all 
conditions were identical except that the letters were 
randomly displayed to the ~eft or to '~e right side of 
the visual field at each d" ~ace from the center. This 
was made possible by u~,~" ~ the large ~,crecn. In this 
way the laterality for expectation of letters lost its bias. 
Also, systematic fi×ation offset would have been de- 
tected by the scoring. The results of these tests showed 
similar letter recognition scores for both conditions. 

(Only at 10 ° eccentricity to the left was recognition 
significantly better when letters were displayed ran- 
domly to t~e right or to the left.) In addition we tested 
8 other dyslexics with random left-right display on the 
large screen. (he i r  FRFs were similar to those of the 
dyslexics tested oy the earlier method. We concluded 
that bias of letter expectation and fixatio~r offset do not 
significantly affect our original observations. 

Asymmetry recersal of  the FRF 
The FRF of severe English-native dyslexics is signifi- 

c~m!y a~ymrnetric'~: it is wide and not monotonic in 
fail.-eff on the right side but narrow and monotonic in 
fall-off on the left, The FRF of ordinary readers is 
almost symmetric, narrow and monotonic in fall-off to 
both sides. This asymmetry cannot he attributed to the 
dyslexics being predominantly left-handed, because 
when we compared the FRFs of right-handed and of 
left-handed ordinary readers separately (together with 
F. Fabbro (not yet published)) we found that the forms 
of the f:RFs were almost identical. 

All the subjects who participated in this lest were 
English-native speakers. We suspected that the asym- 
metry in the FRF of dyslexics was related to tile 
direction of reading ~, Therefore we compared the 
FRFs of severe dyslexic Hebrew-native speakers with 
the FRFs of severe dyslexic Eng~i,~i~-~,ative speakers 
(Hebrew is read from right to left). We asked 10 adult 
Hebrew-native speakers to participate in the testing. 
Five of them were ordinary readers and 5 were severe 
dyslexics. We measored their FRFs with the large 
screen in the same way we measured it f,,~ ti',e 
English-native speakers except with Hebrew letters. (In 
this test we u~.,ed the random presentation of ~etters to 
the left and right.) We matched the font, size and type 
of the Hebrew letters to be similar to the Helvetica- 
medium letters which were used with the English-na- 
tive speakers. 

The resulting FRFs of the Hebrew-native speakers 
are shown in Fig. 4b. On the left side two distinctly 
different forms of the FRFs appear. A narrow one is 
found for ordinary readers and a wide one for severe 
dyslexics (at - 7.5 ° Fl, s = 10.03, P < 0.02; a~ - l0 ° FLs 
= 4.83, F < 0.05; at - 12.5 ° FLs = 10.01, P < 0.02). On 
the right side the FRFs of the two groups are similar 
except for two points: at 2.5 ° letter recog,iFon is 
significantly lower for severe dyslexics (Ft. s ---14.29, 
P < 0.0l) and it is higher (but not significantly) than 
that of ordinary readers at 125 ° (/:].s = 4.4, P < 0.2)~ 

Tt,e FRFs of ordinary readers who are either En- 
glish- or Hebrew-native speakers are similar except for 
a slightly wider right side (not significant) for t-iebrew 
readers. However, the FRFs of severe dyslex~cs are 
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markedly aberrant in the direction of reading. The 
FRF is wide to ~he right for English-native speakers 
and wide to the left for the Hebrew ones. We conclude 
therefore, that the d~rection of reading is strongly 
correlated with the asymmetry of the FRFs of severe 
dyslexics. However, this reversal is not complete. The 
dip at 2.5 ° remained on the right side for all the severe 
dyslexics, English-native and Hebrew-native. 

Lateral mastd,7~, between letterr in a string 
We have mentiozed that the lateral masking at the 

center of .?aze. such as occurs in dyslexics, looks similar 
to the lateral masking in tl~e peripheral field by ordi- 
nary readers. I~ remains to be siiown how ordinary 
readers and dyslcxics differ in the meast, ro of J lteral 
masking within letter strings 

The apparatus and methods were the same as for 
the F R F  test using the small screen. The differences 
lay in the nature oi  the stimuli and the duration of the 
stimulus exposures:-in this test 4 letters ~ere  presented 
in each stimulus (instead of 2 as in the previous test). 
One let ter  was at the fixatio ~ point and a string of 3 
letters was in the periphery "(so ~r iags  were displayed 
at 4 different ecccatricities to the right and there were 
20 displays at each eccen.'ricity. The distance between 
~he le'.t:~rrs in each string remained constant for all 
displays and was 40' of visual arc. All letters in each 
stimulus display were unlike each other, and as in the 
previous experime~ts, no .two slides were alike. The 
duration of the stimulus exposure w:~.s 61 ms for all 
subjects. In this experiment, as in the previous ones, 
letler recognition (and their correct position in the 
string) was measured as a function of eccentricity. 

The left side of Fig. 5 shows the average scores of 
correct letter recognition in the right half-field for 5 
ordinary readers. At each eccentricity of the string we 
give the average identification scores for each locus 
along the string (first, middle and terminal hJ, ters). On 
the right side of Fig. 5 the average score of 9 severe 
dyslexics is depicted. All the subjects who participated 
in this experiment were adult English-natives and were 
tested for the F R F  in the previous experiment. 

Some general properties of lateral masking are seen 
in the plots for ordinary readers: masking increases 
with eccentricity for all positions in the string. It is 
~e'~t effective for the terminal letter of the 3-letter 
strings and stroi~est for the middle letter. These prop- 
erties are generally presewed for the severe dyslexics. 
However, there are some G:.:!-ferences: (a) near the 
center the masking of the middle a~d terminal letter~ 
are about the same for severe dyslexics :~nd for ordi- 
nary readers, but the first letter is overma~:ed for 
dyslexics due presumably to influence of the tette~ ~.+ 
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Fig. 5. Lateral  masking in a string of  letters measured  as a function 
of eccentricity. Ord inary  readers  -are compared  with dyslexics for  
correct  identification of  each letter in 3-letter strings that  are  pre- 
sen',ed at various eccentricities. The plot of  the % correct  identifica- 
tion at each lc-cus along the string (first, middle and  terminal  letters) 
is given separately. The vertical bars  (given only for the middle 
letter) g e n t l e  the s tandard  deviation. The correct  identification of  
the lene~ at the center  of gaze was above 95C,~ (or ordinary readers  
at all eccentricities and  above 90% for severe dyslexics. At 2.5 ° it was 

81)% for severe dyslexies. 

the fixation point. At 1(/ eccentricity ti,e middle letter 
is s~gnificantly less masked for severe dyslexics than for 
ordinary readers; (b) near the center, average lateral 
ma:,king for the string is about the same for the two 
groups; however, at 10 ° eccentricity, the string is less 
masked for severe dyslexics. 

Testing for the learning of vtsual s:rategies 
In this part we will describe how a new visual 

performance was acqu!red by severe dyslexics. At  first 
we will describe in detail one case and then we ;viii 
deal with a set of 4 to show some generality in the 
approach. 

The subject was~z m a l e  25 years old who is an 
English-native speaker with normal vision. He is al~) 
ambidextrous. He was d~,g,osed prior Z~ his arrival in 
our laboratory as severe dyslexic by a neurologist and a 
few psychologists. While he was in high school in his 
teens he received remedial help for reading. When he 
appeared  in our laboratory his reading and writing 
were ~everely impaired, comparable to that of  a 3rd 
grade pupil. 

At first we tested him i'or the F R F  with the small 
screen in the way described. The results are plotted in 
Fig. 6 (in dotted line), This FRF  is an extreme version 
of the FRFs  of  other severe dyslexics. There is strong 
masking near  the center of gaze and a very wide letter 
recognition in the periphery. 
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Fig. 6. Plots of the FRF of a severe dyslexic. One FRF was taken 
upon arrival (dotted line), the other plot was taken 4 months later  

after he practised as described in lhe text (solid line). 

The second test was the direct measurement of 
lateral masking in a string of  letters, as a function of 
eccentricity (similar to the test described in 'Lateral  
masldng be.~veen letter~ in a striag'  above). The results 
are shown in the left side oI F i g  7. At 2.5 ° eccentrici~, 
his score for all the letters in the string was almost 
zero. At  the same time his score for the fixation letter 
also went to zero, as if the mutual lateral masking was 
extremely intense in the region around the center of 
gaze. With respect to this test he acted as if he had 
little o~- no vision for aggregates of letters close to the 
fovea. However, at 7.5 ° and 10 ° he performed as if 
there were little lateral masking and little loss of letter 
recognition (as evident also from the initial F R F  in Fig. 
6). In this respect he was much superior to readers in 
his peripheral  vision. Such a ~ s e  might raise the 
suspicion of some organic deficit in retinal function at 
the fovea were it not for the fact that so long as the 
background was blank up to 5 ° away from the center of 
gaze, he had normal vision r~, single letters presented 
at the axis of gaze. 

This was the first case where we asked if it was 
possible for this man to learn a new visual strategy that 
wo~:Id permit him to read. Whatever distribution of 
lateral masking he possessed excluded reading at and 
around the center of  gaze, i.e., no use of his central 
field could teach him to reaa  by central vision because 
no reinforcement could be made under the severe 
masking. Since his F R F  as well as his performance with 
the tests on strings of letters showed that his near 
peripheral  vision had acuity adequate to reading, we 
decided to probe whether he could learn to read 

through use of the peripheral field. If he couid, and 
our tests measured something that correlated with 
reading s~ra~.by, :)'.en a retest after training would 
show the change. Our hopes were supported by the 
well-known phenomenon of speed-reading which im- 
plied that peripher;)) vision might be adequate ~o the 
task (~npublished results). 

We emphasize here that we .,re not proposing a 
therapy. We are only testing the hypothesis that a new 
visual strategy can be teamed if it does not compete in 
the domain of other firmly set and competing strate- 
gies, i.e. it would not be advisable to train for foveal 
reading if lateral masking is strong in the fovca. 

The practice consisted of two complemeniaw p~rts. 
In the first part we advised him to devote two hours 
every day to the performance of novel, direct~ sro:: '"- 
sea)e, hand-eye coordination tasks such a~ d~avJr.8~ 
painting, clay-molding, model-building, etc. The t~tio- 
nale for this practice comes from experiments per- 
formed by Held and Gotflieb ~°, Held and Hein ~ ~, and 
remarked " He)~'.,~ho!tz ~2 on how a person shit)s spa- 
tial localizauon after viewing the scene through a pri~,m. 
The general idea was to provide visual perception with 
a new space of operation as defined by the new tasks. 

Separate from the two-t,~,~r first part. the seco~.d 
part was to try re~ding through a window in the pe- 
ripheral field. A sheet lay over the text to be ~e'~d. It 
could be transparent and ~ i o r e d ,  or translucent, or 
opaque. On it lay a fixation point or mark. At the righ! 
of that m,~,rk a window was cut to a size somewhat 
larger than the length and height of a long word in the 
text. The distance from the fixation point to the center 
of the window was set by using the eccentricity of the 
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Fig. 7. Lateral masking in a siring a~ain~t string eecenlrici~y (me~- 
~ r e d  as in Fig. 5k On the lelL the i~itial performance o l  the same 
severe dyslexic as in Fig. 6, On the right, the pe rk ) rm~ee  cf the 
~ m e  subject ~o ~ e  same V-'st 4 m(.m(hs la~e~ after the o,raetice 

de~.,:r~bed in ~he text. 
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peak of the FRF and the cccentrici~ at which In:oral 
masking maskcd least the middle letter in a string. In 
his case, it was 7& !eft of the window (or about 3,5 cm 
frown the ~.indow when reading distance is kept to 
25-3(I cm). 

When hc intended to read he had to lay ~he ~indow 
over the desired word or words in the tcxL While 
gazing at the fixation point he read what appeared in 
the window. Keeping gaze on the fixation point he then 
shifted the sheet so that the window lay over the next 
word, and so on. In this way the words in the window 
might have been seen as distinct forms rather than 
texture, without interference from the ambience which 
was covered by the blank sheet. 

He did the practice alone, reporti~g to us by occa- 
sional phone call, Three weeks after the start of this 
program, he called to teit us, "at las~ I see the forms of 
the words'. Altogether he responded to the procedure 
remarkably, aad, within 4 months went from a third 
grade reading level to the tenth grade level. In practi- 
cal terms he was able to take a job in which he had to 
read memos, bills of lading, and the like. When tested 
at the end of 4 months he showed the change in FRF 
given by the solid line in Fig, 6 and the change in 
lateral masking shown in the right side of Fig. 7. He 
was now able to make out letters in slrings presented 
at 2.5 ° eccentricity. His performance ~t that eccentric- 
i~q,~ was not as g~od as tha~ of an ordinary reader but 
was far better than in the initial test, Curiously, in 
reporting the letters at that eccentricity, he stuttered 7. 

Encouraged by these results, we found 3 more se- 
vere dyslexics from the group of i0 who were willing to 
dc~ote the time for learning a new strategy. At first we 
characterized each of the additional 3 subjects with the 
two ~csts. Then we asked them to follow the same 
practice pattern as the one described above. 

After 12-20 weeks with this combined practice dur- 
ing which time we did not see the subjects, we again 
measured the FRF curves for each of the 3. We also 
inquired about, but did not measure, their reading 
skills. Fig. 8 shows the averaged FRF for the 4 subjects 
(including the single case from above) before and after 
the practice term. For comparison, the curve for ordi- 
nary readers (from Fig. 4a) is aiso displayed. 

We should remark that the 4 subjects were not 
chosen by us. They were the only candidates among the 
10 original severe dyslexic subjects who could afford 
the time to practise daily. We did not instruct or guide 
the subjects more than by occasional telephone conver- 
sation after laying out the schedule of practice. 

As seen in Fig. 8 there is a significant shift of the 
FRF from before the regimen to alter. The shift is 
toward the FRF of ordinary readers. Ordinary readers 
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Fig. 8. The effect of L'arning and practising a new strategy. The 
dashed line FRI: is o~ the right visual hemifield averaged for t0 
ordinars' readers (take~; from Fig. 4a). The dotted line is for 4 severe 
dystexics prio~ to the ;~ractiee described in the text. The ~)lid line is 
for !he :,ame -I severe d--slexies after tha~ practice. The bars measure 
standard deviation. The FRF of the left visual hernifieid remained 

unchanged during this period. 

do not vary. significantly in FRF over time although we 
measured some over periods of 4 years and longer. 
Similarly, the FRFs of 3 of these 4 severe dyslcxics 
were measured twice in intervals of 2-3  months prior 
to initiation of the regimen and they did not vary. over 
this period. 

The reading performance of all the 4 improved 
markedly. The reading score of one we~lt from what 
will be comparable to 3rd grade before practise to 10th 
grade after practise. Another subject went from hardly 
reading at all (about 2~d grade) ;,o reading fluently for 
half an hour at a time (difficult to estimate grade 
level}. Another went from spells of slow reading for 5 
rain at a time to spells of reading fluently for hours at a 
time (so he reported). The fourth, before he begar~ the 
regimen, could only skim fast (like speed reading) but 
with many errors. He had no ability to read slowly and 
with care. After the regimen he was able to read 'word 
by word' as well as by skimming. There was a marked 
improvement in all 4 in comprehension, word recogni- 
tion, speed of reading and ability to write. 

Three of the four stopped practising after they had 
achieved some skill, and quickly regressed in their 
ability to read. This change was also reflected in their 
FRFs. An account of that regression appears in the 
discussion. 

'~oLmsual' cases 

As a final note we want to describe two unusual 
cases, the first in some detail. A male commercial art 
student, 30 years of age, has the peculiar complaint 
that while he can read facilely when he is 'alert', he is 



unable to read or reads with great difficulty when he is 
'tired'. When be is extremely ' t ired' he is able to 'speed 
read' or skim a new~:paper with g~md comprehension of 
the text, but he is unabie to read in the 'usual '  way. 

We interviewed him and te~ted him in iwo of his 
phases, the 'alert '  one ¢mosfly occurring in the morn- 
iags) and the tired' one (in t,he same afternoons). We 
did not test him in the 'extremely tired' phase. 

When he was in the 'tired' phase he appeared to be 
markedly dyslexic He had high level of comprehension 
and intelligence. He seemed generally alert in his tired 
phase and withont optical defects~ but could hardly 
read. In the 'alert '  phase his reading was good for long 
spells of time (over an hour), with the usual speed of 
reading and with only an occasional stumble now and 
then over an unfamilia~ long word. 

The large screen measures of his FRF in these two 
phases are shown in Fig. 9. On the right side of the 
figure, one of the plots matches nicely the FRF of 
ordinary readers. These data were taken when he was 
in the 'alert '  phase. Th,: other plot was taken when he 
was in his ' t ired' phase. It falls off shallowly with 
eccentricity and so extends further into the peripheral 
field. It resemb!cs t h a  of the dyslexics. On the left side 
of Fig. 9 the differences in the plots are small although 
a slight extension of the FRF into the periphery is 
e ' ident  for the ' t ired' phase. 

Fig. 9 shows a clear relatton between measures of 
the FR F and task competence reported by the subject. 
In the light of his subjectively distinct states we can 
suppose him to be a conditional dyslexic whose states 
can be told by objective testing. He switches between 
these states for some not very obvious reason. In the 
'tired' state he is not fatigued - he used the term 
'tired' only to describe his inability to ,~ead; otherwise 
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he is alert and competenk Tha~ this is not a prt~blem of 
acuity i~ driven home by the fact :ha~ these states are 
in the same individual. If his acuity is improved for 
peripheral vision, can the ,:ame cha~g;, in optics worse~ 
his toveai acuity., if one supposes that his physical 
optics have somehow altered? Alternaavety, can one 
suppose that his retina has changed its connectivity 
somehow? Has he charged his linguistic ability? If so, 
what tests could be used to distinguish his clearly 
reported states? Has he altered the anatomical connec- 
tions in his brain? 

After we had made our measurements on this sub- 
ject and explained to him our notion of task-de- 
termined strategies, he succeeded in teaching himself 
to use the wide field (dyslexic) strategy when he was 
'alert" (in the morning). He did this bee?use he knew 
that creative art work was easier for him when he was 
'tired'. When he needed to do creative work wh~le he 
was 'alert '  he now could switch voluntarily to the 'tired" 
mode. The reverse shift, from the 'tired' mode (wide 
FRF) to 'alert '  mode (narrow FRF), he is still unable 
to do voluntarily. Since his ordinary work pre-empts 
the practice we imposed on the severe dyslexics, we 
could not devise an alternate avenue to open him up, 
so to speak, in his central vision. 

The second similar case is a child, 11 years old. He 
had normal vision but has had treatment for mild 
strabismus when he was 7. He was also advised at that 
time to read with one eye closed. He came to our 
laboratory with the complaint ~hat he can read only for 
a short time (20 rain) and then he cannot read any 
more and occasiorally gets a headache. We started 
testing his FRF. By the time we finished half of the test 
(half of the slides at each eccentricity) we made an 
interim average. The score was much like the scores of 
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ordinary readers. However, whcn we tested the second 
half (the rcmai~in~ slides in all tl-~e eccentricities) ai-~d 
averaged it separately from the first hal l  we saw an 
FRF which was much wider than the first hai l  (This 
difference of the two halves is uncomm~3n, in fact we 
t~d not encountered such a major difference before.) 
Accordingly he was able to read well belore the begin- 
ning of the test and was reading with great difficulty 
after it. 

DISCUSSION 

7he process of lateral mask&g 
Lateral masking is the reduction in recognizability 

of a form when it is flanked or surrounded by other 
visible things; the "lateral' refers to the flanking, not to 
the positi~>n relative to the center of gaze. While k 
occurs anywhere in the visual field there are some 
differences between its effects along the vertical vs. 
horizontal axis of the field ~'. That will not concern us 
here. 

The effect is in daily experience, and an example is 
given by Fig. 1. At reading distance the size of the 
letters in Fig. 1 is well above the lower limit set by 
acuity. The isolated N on the left is easily identified 
while gaze is fixed on the x. To the right of the fixation 
x in Fig. 1, the N, which is at the same distance front 
the x, but imbedded in a word, cannot be made out at 
all by the great majority of readers. That the effect 
does not depend on handedness to the ordinary reader 
is made obvious by turning the figure upside down. 
The word is not blurred, as by defocussing. The aver- 
age of contrast and gross appearance seem much the 
same as under direct gaze, and the string clearly has 
parts. But somehow, the parts are confused, and except 
for the initial and terminal letters, the word, eccentri- 
cally viewed, cannot be made out. The effect increases 
as letters are condensed, or as the string is presented 
more eccentrically 2. The middle letters are most 
masked, the extreme letters least ~. Some letters, or 
symbols, such as O, are more resistant to masking ~'. 

That the effect is not tied to letters is shown in Fig. 
2. On the left the circular arrangement of circles can 
be told while gaze is fixed on the x. On the right the 
small circles are visible as circles but their arrangement 
in circular array is not, showing that acuity is not 
compromised but spatial relations are uncertain. Since 
the small eircles are all at the same distance from the 
enveloping circle we might e×pect the impression of 
circularity in the group to be enhanced by the enve- 
lope. That it is not, saggests that the concept of 'dis- 
tance between' as a ~aetric in vision :is not appropriate. 

The word in Fig. l, arid the circular disposJtio~ of small 
circles inside the large one in Fig. 2 have lost fgrm; and 
the parts, while visible, provide only a texture. 

Since ,~c.ai~ is not at i~sue, this blunted legibility 
must be accounted otherwise than by appeal to optical 
or retinal resolution and is thus considered of higher 
order s. On the other hand it cannot be informational 
swamping of cognition since the same letter string can 
bc recognized on direct gaze and the individual letters 
recognized eccentrically. To the observer, gazing at the 
fixation x, it is as if the parts of the figure and the parts 
of the parts mutually interfered with one another in 

perception - each part exerting its influence on all 
sides of it and the ir~teraction giving an impression of a 
lack of a specific order. Small figures such as stars, 
triang!.;s, etc. can be substituted for letters without 
much changing the effects. 

The respor~ses of severe dyslexics to the letter strings 
around the center of gaze and the spontaneous de- 
scriptions of what they see are markedly similar to how 
ordinary.. readers respond to the same strings at 8 ° 
eccentricity and how they express the confusion in 
what they see. In both instances the common language 
is not sufficient - it has no good words for varieties of 
confusion. 

Lateral masking, as an interaction between per- 
ceived figures is as if each figure and segment of it had 
a masking field around it, falling off with distance. Is 
the strength of the masking field a fixed function of 
angular eccentricity front the center of gaze or can it 
be controlled by other factors.'? 

In tachistescopic presentation of eccentric strings of 
3 letters at 8 ° away from fixatioh the middle letter is 
more profoundly masked than the end ones. But. for 
any of the letters., it" the same letter in the same font, 
contrast and orientation is flashed at the fixation point 
at the same time that the eccentric string is presented, 
it is demasked in the string 6. The effect is not cogni- 
tive, and occurs with a set of arbitrary figures, e.g. 
stars, triangles and the like ¢'. The point is that lateral 
masking does no* signify an irretrievable loss of infor- 
mation from a region in the visual field - it can be 
varied in the strength of its effect. 

The uoderlying physiology of lateral masking is mys- 
terious and, in this way, resembles all the rest of the 
processes in vision. The curious shift from form to 
texture can be regarded as a way of markedly reducing 
the general load on cognitive processes during task 
performance when speed of prediction becomes essen- 
tial. Masking as a regionally controlled filter for the 
content of perception, passing enough content to estab- 
lish texture, but not enough to provide local form 
distinction, is hard to imagine in terms of physiology as 



currently sketched, or in terms of circuitry for an 
adaptive model. 

However, one approach to a mechanism of masking 
is given by some empirics derived from physiology. We 
know that there is a point-to-point mapping betx~een 
the retinal surface and the primary visual cortex. But at 
every point in the cortical map the information is in 
terms of extensional information within a receptive 
field, an angular area of visual field around the corre- 
sponding point on retinal surface. That information 
refers to the sharpness and contrast across boundaries 
and the preferred orientation of a boundary moved 
into the receptive field. The overk~:~ of receptive fields 
in the cortical map is fairly large ih ihe peripheral 
visual field and the receptive fields grow in size with 
eccentricity. 

Processed from this discrete man~fold of receptive 
fields is the global continuo,as visual field of our cogni- 
tion to provide a representation of distinct objects 
disposed in definite arrangement in continuous space. 
Whatever is the process sequence mediating that higher 
representation it is not simple. But we can say this: any 
local extensional feature in the image on the retina has 
a distributed representation over many adjacent recep- 
tive fields in the cortex, and in each of these receptive 
fields the representation is different. In earl: element 
of that manifold the e~ensional  properties such as 
sharpness, ocientation and shape of a boundary are 
already encoded in and distributed among neighboring 
elements. Not necessarily encoaed arc the spatial rela- 
tions between boundaries. To retrieve those spatial 
relations calls for a separate operation applied to the 
distributed representatiol~s of boundaries. When such 
a localizing or local distancing operation is not applied, 
eniy representation of textt:re is available. The bound- 
aries are identifiable but not ordered. When the opera- 
tion is applied, representations of forms and arrange- 
ments issue. Change of this kind of local distance 
ordering could also occm by functionally changing the 
surround size for receptive fields at that level. We 
propose that this higher order operation can be 
switched in or out regionally in the representation of  
the visual field, and that it intervenes, from the psycho- 
logical view, between the sense-data-based perception 
and the cognitive processes. 

Visually guided task performance, is based on pre- 
dicting the content of the next state of perception and 
having a model of the world somehow represented in 
us. Expert task performance is acquired by practising 
those actions by which an intended next state of per- 
ception under the conditions of the task is achieved 
efficiently by correcting the error between it and the 
state predicted from current conditions. This is not 

only the way we work but also, in analogy, those 
machines tha t we make to track objects. 

In the prediction necessary to perform tasks expertly 
it is important to single out the relevant from the 
irrelevant in the welter of information given. What is 
relevant to tile task ........ '~'~r~cs~ trom practice. If, knowing 
the region ef the relevant, we can relegate all the rest 
of tl~e field to background by a single general opera- 
tion, our ability, to perform increases. Rather than 
blank everything else away we simply lessen the cogni- 
tive load by draining it of specifics (i.e. reducing it to 
texture) but keep it in awareness. 

Once prediction is involved,the external arm of the 
loop that couples instructed action to perception in 
global tasks requires ~ dora;led internal world modeJ 
and an efficient sub-programming of bodily action to 
work in fast responsive matched time with ~-elatively 
accurate step-to-step prediction. The cognitive load of 
this expert action is much reduced by having a stripped 
down model of that part of the world in which expert 
performance occurs. With this performance it is not 
the whole change of the world that is intended but only 
a specific redistribution of some of its part,,:.. After all, 
the world is large and variegated bc-t we each possess 
only one body. And so we propose that learning expert 
bodily performance in global action involves a double 
deed - one is the design of the best strategy for 
attaining the desired perception, and the other is the 
reduction in unnecessary detail of what does n~t mat- 
ter to the task. 

At  this point we propose that lateral masking is an 
operation that takes place after perception which is 
entirely sense-driven an0 before cognition which is 
apperceptive and arbitrary. Its function is to reduce the 
informational content communicated by perception. To 
be specific, a distribution of masking in the visual field 
is developed together with motor skill in the perfor- 
mance of a task, and the distributions are determined 
by the nature of the tasks. Accordingly, we suppose 
lateral masking to be task-associated or task-de- 
termined. The strategy calling for good ~eripher~l vi- 
sion invokes masking in the central field, and vice 
versa. 

It is true that the tests we have devised show in 
ordinary readers only the presence or absence of the 
F R F  for the masking strategy associated ~¢ith ordinary 
readirg.  The existence of masking strategies associated 
with global expert performance has been inferred from 
experience. That strat~egies of lateral masking can dif- 
fer is established by the tests. That a strategy can be 
locked against specific tasks is exemplified by dyslexia. 
That the lock can be opened even in adult dys~exics is 
clear from the training of the 4 severe dyslexics by a 
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regimen that did not challenge the lock. The "condi- 
tional' dyslexic shows how a lock on a strategy can be 
established by training. We have no doubt tbat there 
are other visual strategies that are switched as states, 
and that iocking can occur in them. However. our 
efforts have b,cen directed to show at least two strate- 
gies of masking which we believe are basic, learned 
early in life, and ordinarily easily switched as required 
by the task. But the switching can become problematic, 
as shown by the conditional dyslexic, and by 3 of the 4 
trained dyslexics who acquired the lateral masking 
strategy appropriate to reading and became uncomfort- 
ably locked in it. 

Measures of  ['isual strategies and the results 
From our observation on the malleable differences 

between dyslexics and ordb~ary readers, our basic the- 
sis is that genetic or pathologic :auses need not be 
determinative of their expression - a well-known prin- 
ciple in biology. Whatever the cause, and presumably 
there are at least as many causes as schools of thought 
on the subject, dyslexia can he regarded as a contin- 
gent expression, not a necessary one, and therefore 
modifiable once intelligible principles of the active 
system can be proposed. For that reason we have not 
addressed ea~Jses of dy.~lexia but only treat it as an 
expression. 

Ordinary readers and dyslexics differ by their form- 
resolving-field (FRF). As a measure, the FRF of an 
adult is rugged and reliable. Over a 4-year period it 
shows little if any variation. The adult dyslexic main- 
tains the same FRF over time except if taught a new 
practice as described earlier. 

The FRF is well-correlated with the ability or the 
inabili~ to read in the ordinary way. FRFs of ordinary 
readers are of one shape, and those of severe s and 
reading dyslexics are of another 7. FRFs of ordinary 
readers are narrow, whether they are English- or He- 
brew-native speakers, and reflect that lateral masking 
increases rapidly with eccentricity. It is what makes 
usual reading possible (we do net include speed read- 
ing). On the other hand, severe dyslexics have an FRF 
which is wide in the direction of reading, masking for 
aggregates of lgtters at and near the center, and show- 
ing best vision for aggregates in the near periphery, in 
addition, lateral masking is much reduced in the direc- 
tion of reading. When severe dyslexics gaze directly at 
an aggregate of letters the individual letters are indis- 
tinct because of 'crowding' which we interpret as iat- 
eral masking in the central field. At the -;ame time 
their form vision for aggregates ~,s better further out in 
the direction of reading. But they perceive much of the 
text near the word they are about to read (they 'see all 

at once', as they say). As a result they have great 
difficulties in learning what the forms of words are and 
they have great difficulties in sequencing what they see. 
They cannot see words where they gaze, as do ordinary, 
readers. 

Previously Bouma and Legein 3 observed that ordi- 
nary reading: children recognize a string of letters in 
and near the., fovea better than dyslexic children, while 
single letter recognition was similar for both groups. 
Another observation made by Thorn '7 demonstrated 
crowding around the a:;is of gaze f Jr all children 5-7  
years old which disappeared for most children after 
they became 9 years old. Both observations supt)ort the 
differences in central masking between ordinary read- 
ers and severe dyslexics as we have reported. 

It was only due to the normalization of the exposure 
duration procedure, done separately for each subject, 
as described earlier, that distinctions began to appear 
in the measurements near the center of gaze. They 
would not have showed the masking between central 
and eccentric letters characteristic of dyslexics unless 
we could display the operating range below saturation. 
With strings of letters, lateral masking displays similar 
properties when presented for steady viewing (in Fig. 
1) or in a flash (as performed with a string of letters, 
see Results. :Lateral masking between letters in a 
string'). Any isolated singly bounded letter in the pe- 
riphery (from the letters we chose) except for I, is also 
made of parts, but the number is far less than in the 
string and the parts are connected. The relation be- 
tween the FRF and the equivalent measure for strings 
led us to suppose that complex letters (more than one 
part) are self-masked, but so weakly that the process 
does not show except as conditions are reduced to 
threshold. That is, self  masking of a complexly shaped 
symbol is a limited form of lateral masking, but in- 
volves the same underlying process. The notion that 
only 'complex' letters and not single bars are de- 
masked ~ is a support for the concept of self-masking. 

The differences between severe dyslexies and ordi- 
nat3, readers in the shapes of the FRFs and in the 
direct measures of lateral masking can be considered 
as differences in the distribution of lateral masking 
over the visual field. Moreover, as this distribution of 
lateral masking in ordinary readers is so nicely corre- 
lated with the skill of reading we suggest that the active 
masking in the periphery is what makes usual read~ng 
possible and is learned. That these differences are not 
due to a different distribution of cones in the retina 9 or 
other 'hard-wired' differences is demonstrated by the 
conditional dyslexics and by the dyslexics who have 
learned a new strategy. 

The asymmetry reversal of the FRF for Hebrew- 
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and English-native dyslexics and its dependence on the 
convention (direction) of reading is a support for the 
notion that dyslexia, as an expression, is learned, and 
that the F R F  measures the related distribution of 
lateral masking. We suggest that ihe visual strategy 
reflected in the F R F  is learned by practice in order to 
accomplish the task of reading. Wl~at is learned is 
where to relegate the background to texture by lateral 
masking. 

With the 4 adult severe dyslexics s~bjected to the 
training described in the text, the average F R F  shifted 
as shown in Fig. 8, from that of the severe dyslexic to 
that of the ordinary reader. On the other hand, 9 
young adult reading dyslexics who had been trained, 
mode:rately successfully, in a remedial college with 
conventional reading training, the F R F  was that of the 
other adult dyslexics 7. This does not mean that the 
reading improvement of our 4 was better than that of 
the 9, although our strong impression was that it oc- 
curred more rapidly. But, it does show that a new 
strategy is learned by using new kinds of challenges 
rather than by attempting to modify distribution of an 
existing strategy. 

The aim in the self-training of the 4 was to see how 
well they could be brought to learn a new strategy and 
to read through the use of peripheral vision. But the 
improvement over a few months was accompanied by a 
shift to the F R F  of the ordiimry readers. This surprised 
us. We reported the first case in the initial publication 
that set forth the F R F  as a test for dyslexia 7. That the 
othel: 3 subsequently responded in the same way was 
initially heartening. But over the months after the 
posttraining test it became obvious that there was a 
price on the improvement that 3 of the 4 (who did not 
know one another) were individually unwilling to pay. 

The problem of price can be illustrated by the first 
case, which in a general way reflects what happened to 
the other two who decided that improved reading was 
not worth the change in other habits. He sponta- 
neously explained why he wanted to stop practising the 
training and doing his daily reading. He had been the 
sort ~,f person who could attend several thipg~ at once 
follow a conversation while working at some manual 
job, while listening to the news on the radio, while 
instructing a novice co-worker, etc. This kind of multi- 
media living was his natural state. But as his reading 
impl~3ved and the F R F  shifted he found himself im- 
paired - he could only attend one thing at a time. This 
impoverished experience repelled him, and although 
he had taken on a position that called for dealing with 
paper  work and was doing what he initially professed 
as his goal, he felt the price of reading was too high. 
Within a month after his second test that showed the 

changed FRF, he abandoned his job, stopped practis- 
ing his reading, and a few months later, when tested, 
showed almost the same FRF of the severe dyslexic as 
before training started. However, he was happier for 
the renewed welter of experience. One way or another 
the same kind of discomfort with the new state af- 
flicted the ~thers quite separately. They had not met 
each other and so the phenomenon was not communi- 
cated. The exception to reversion was a college student 
who desperately wanted to keep up with class work. 

In this group of 4 the shift in FRF to that of 
ordinary readers showed what we wanted, that visual 
strategy was task-determined and could be learned 8. In 
a sense that is what is implied by the work of Held and 
Gottlieb ;°, Held and Hein II, Kohler i3 and others: the 
change of visual state in handling the visual informa- 
tion that guides new task performance depends on the 
proprioceptive information about the adequacy of ac- 
tion in performing the task. That is, the structure of 
space as induced from local spatial relations is not 
intrinsic to the modality of vision. It arises from other 
senses that provide the necessary information about a 
space containing tangible bodies, remoteness and near- 
ness in that space, and movability. The teaching method 
we used was to provide a novel and detailed hand-eye 
coordination task, not involving reading but calling for 
use of central vision, and separately to provide for 
presentation of single words in  the peripheral region 
where reading was possible for them. In short we 
wanted both practice in foveation and, independently, 
practice in word recognition, in the hope that the 
subjects would put the two togc:ther. Our results 
demonstrated that the reading strategy of the ordinary 
reader as measured by the FRF,  could be learned by 
an adult dyslexic. 

Finally we must reaffirm that in this study, the F R F  
only tests the visual strategy used in dealing with text. 
We believe that other visual strategies are used by the 
same subjects for other tasks as described in a fort!'.- 
coming paper 2°. The learned strategies are discrete - 
they do not shade into each other, and do not seem 
modifiable after they are learned. Instead, one has a 
lexicon of learned strategies and switches between them 
as is appropriate to the learned tasks. That does not 
contradict the statement that a new strategy can be 
learned by practice and added to the lexicon. But in 
the adult it must be learned by new task performance 
in a manner where existing strategies are not chal- 
lenged directly. The training of the 4 dyslexics shows 
this to be possible. What is most interesting about the 
result is that the strate~, they learned resembled so 
closely that used by ordinary readers: it was not some 
compromise or modification. That was unexpecte& 
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CONCLUSIONS 

1. Evidence shows the existence of at least two 
different task-determined visual strategies, charactcr- 
ized by different distributions of lateral masking under 
the same visual test, one in ordinary readers, the othcr 
in dyslexics. 

2. Plots of the FRF measure the dislributions of 
lateral masking along the horizontal axis of the visual 
field. 

3. Lateral masking is a locally gradable pre,~,,~nitive 
process that corrupts the spatial ordering. nctly 
shaped forms into a less determinate ag~ n of 
less qualifiable forms, i.e. a texture. It is a i;: ,tess that 
reduces information in what is irrelevant to a task and 
can be differently distributed depending on the task. 

4. When severe dysiexies are taught to read by a 
regimen of practice that does not challenge their exist- 
ing visual strategies, their acquired ability to read is 
accompanied by a shift of visual strategy to that of the 
ordinary reader. This suggests that visual strategies can 
be learned, :,nd that the distribution of lateral masking 
found in t[~e ordinary reader is what makes ordinary 
reading possible. 
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