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INTRODUCTION.

We offer evidence that ordinary readers and dyslexics differ systematically

the expert Jevel. Because our experiments and Interpretations are influenced
by this notion, it is Proper to devote an introduction to jt.

Consider €xpert performance of any sort, choosing it from the theatre
stage, or playing field, or even from daily Jife. We will sketch the progress of
Rovice to expert in a case o) two in order to remark some common leatures.

Regard a beginner who drives a car for the first time. He clutches the
wheel in a firm &rip and tries to guide the car as if perception and action are s0
concurrent that the car can be kept to a specific course in the immediate. But

. the mass of the car, the mechanics of the steering system, and the friction of

the road impose & complex delay between the driver’s intended trajectory and
the actual one of the car. This delay makes jtself brutally clear the first time
the novice turns a corner at & moderate, rather than a slow, speed. Then his
changing present perception is pitted against the delayed changing response of
the car. Since there is a loop between the intended perception and the delayed
action, the system 801 into overshoot and oscillation above a critical low speed.

In becoming expert, the tyro learns the response of the car to sharp move-
ments applied to the sieering, and he begins to steer by a time series of steps
applied to the steering wheel, as if predicting at intervals the current course for
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Later, Bizzi and his collaborators (1973 and Bizzi,1074) showed that prac-
tised accurate intended movementy of the eyes and head, are ballistically con-
trolled, as if designed to get the intended trajectory by accounting the ac-
tive (reﬂex-governed) mechanical characteristics of the expressive coupling, the
body. The evolution from tyro petformance to expert performance seems to be

adept predictive ballistic control,

Looking at the relation between perception and intention, it is clear that
an intention is defined jin terms of some future state or state sequence of percep-
tion. The process of changing berception by intention can be called appetition
{Leibnitz). In the appetitive process, the prediction of the coming perceptual
state from the current perceptual state is done on an internal world model and
is compared with the intended perceptual state. The difference between pre-
dicted and intended Perceptions, taken as error, js represented by instructions
designed to reduce that error.

Let us define a task as & tpecific intended state sequence in perception,
Tasks can be combined to form & more complex task. The Perceplual sphers
is enormous, and the world Is & contrived chace. It iy absurd to contemplate
the notion of & task in which the intended Perception is global, (Classically
that is the province only of God, who sees everything at once and and acts on
everything at the same time.) Because we have only one point of view which
is determined by the locus of the body in the world, we can address only such
parochial tasks as the body can accommodate. The intended perceptual states
are defined with respect to Particular objects and relations - e, . catching a
ball, chasing an animal, escaping a threat, finding a path through traffic,- in
short, an Interaction with an active world. But there are also tasks in which
‘the world can be taken as relatively passive, changing in perception only as
our Intentions change it. The intention may be to resolve the current stable
world state in some detajleg. by reading, or by looking for an object in a
quiet scene. Or it may be to change the perceived state, e.g. by playing pi-
no, rearranging a room, painting a picture. But whatever the conditions, and
whatever the intention, the delay between intention and the intended change
in perception requires that the appetitive instruction be predictive, even for
$0 simple an expert act as moving the eyes o change the visua] percept. We
will hold that all such expert performance, on however elementary & level, is
attained by practise, at least in us humans. Precious littie expert performance
1 built in, us with insects, And the function of practise is to provide, through
learning, that world model which enables prediction whereby perception can
optimize its own trajectory of intended change.



There are proofs that in man-made, fed-back, goal- directed systems, with
delays between the sensors and sense- informed control, as well as even more
marked delays between control instructions and motor response, the easiest
strategy for approaching optimum performance uses not only prediction to
compensate the delay., but stepping or pulsatile instructions issued to the mo-
tors. Thus it is no surprise that in human expert performance instructions to
the muscles have that quality.

The notion of a task entails that certain particulars in perception be mors
salient than others, weighted by relevance to the task. As remarked above,
giobal tasks are implausible. Similarly, global detailed perception (as in Borges®
“Funes, the Memorious") is paralyzingly useless. What is offered to perception
is & detailed representation processed from the sense data. So long as percep-
tion simply weights some portions of the representation with respect to others,
it does not alter the content which is determined solely by sense data. Such a
weighting operation can be called “attention”, a word that we will use loosely
for the time being.

For efficiency in expert performance it seems reasonable to suppose that
attentive weighting in perception can set what is useful to the task. That cer-
tainly accords with personal experience. Whereupon we assume, in an unar-
gued leap, that expert performance involves a weighting strategy for perception
itself. This would be a direct influence of appetition on perceptionc It does not
use the loop through the external world, but weights perception to improve
its intention-guided changes. We suppose that training for expert performance
involves not only optimizing the strategy of instructing the body for some task,
but also & strategy of shaping perception itself for what is relevant to the task.

Ordinarily, what is meant by “visual attention”® is an intentional narrowing
of the zone in which Perception s clear and distinct. This can occur anywhere
within about a 10 degree radius of the visual field. Practically, however, it
usually means centering the axis of faz¢ on & part of the image in which detai]
of form and change in the detail is important. But, this view ignores the bulk
of our use of vision.

Experience suggests that one can attend not only single things or small
groups lying within a narrow visual angle of about 2 degrees but also arrange-
ments of things in patterns that are spread more widely. In particular, if
spatially separate things are moving quickly but as if somehow relationally
connected by rules or patterns, the notion of sampling them separately by
some sequence of foveation becomes unienable. Imagine driving through fast
moving two- way traffic as an example in point. One cannot attend in detail to

& single car. The choice of a successful path through the traffic must depend
on the changing pattern of relations of cars to each other under the assump-.

tion that their motions are not completely independent, ¢.g. that the drivers
responsively see each other,

Alternatively, consider & sports broadcaster reporting a football scrim.
Iage. Twenty.two men are engsged in a play that usually takes but u fow
seconds. Yet, the broadcaster not only talls who carried the ball, but who
was blocked and by whom, who committed A penalizable move, and in genera),
provides far more important information than can be geen by a scholar-turned-
football-buff viewing the same gams from the standa. We must attzibute to
the reporter an attention in which the exact detall along the axis of gaze is not
enly mostly useless, but would distract from the miore important patterns of
action distributed over a fairly wide angle in the field of view. The reporter
has learned the basic Plays, and how they are embodied in configurations of
the players prior 10 the Action, and 80 reads, more easily than most of us, the
actual events as departures from Plan. In this way he uses prior knowledge to
reduce how much information he needs to recount events in the scrimmage.

Without fussing about further refinement of this approach, we will now
lny out two simple broad strategies of vision and call them the “scribe” mode
and the “hunter” mode. In the scribe mode, attention js profoundly foveal, and
objects rapidly become Jess clear and distinct as their angular distance from
the fovea increases. In the hunie; mode, attention is on the scene, and the gaze
axis wainly sets & point in the scene as a kind of center of gravity around which

- ¢. g., in bright moonlight - has this quality somewhat since the fovea is thuy
& blind spot). In short, if the visual task calls for high local detail at a pas-
Tow region of a relatively stationary or slowly changing arrangement of objects
in the field of vision, a scribe strategy is chosen. If the task calls for ruleful
relations between more widely spaced moving things, the hunter strategy is

chosen. This is an example of two task-determined strategies between which
the obeerver can switch,

The notion that what is sttended is clear and distinct, while what is not
loses saliency, raises the issue, wherein lies the Joss of ssliency? The figure
below provides the basis for the argument.

N X YHNEK

I you fix and hold your gaze on the x, the N on the left seems relatively
clear. The N on the right, imbedded among other leiters, is not clear at all.



(That this is not a function of left versus right in the visual field can be shown
by turning the page upside down). The clarity of the solitary N on the left
testifies that visual acuity s adequate at that angular distance from the fovea.
Thus, the obscuring of the imbedded N has to be explained. The terminal
letters of the group can be identified ~ the further one, surprisingly, is more
definite than the neares one. But it is as if the letters flanking the N pravent
ita being assigned a form. This property has been termed “lateral masking” in
the literature (e.g. Bouma,1970; Mackworth,1965; Townsend et al,1972). It
increases in strength as the letters become mote closely spaced or if the group
ks moved yet further out in the peripheral field. Another way of deseribing
the impression of the letter string is that it has lost form and has become »
texture, more or less in the senge of B. Julesz. One has the feeling that the
perceived spatial order of the parts has been degraded while certain stathatics
of the image remain, so that there are distinct edges and corners, but where
they lie with respect, to each other and how they are connected is somehow ob-
scured. That this is not & loss of information in early processing can be shown
by “demasking” the interior N. If the letter stiing is flashed tachistoscapically
with any figure except N flashed at the sume time at the fixation point, the
masking of the N is quite strong. But, if an N of the same font, size, contrast,
and spatial orientation is flashed at the fixation point simultanecusly with the
string, the interior N stands out (Geiger and Lettvin,1986). The same s true in
varying degrees for all ather upper-case ietters, save the plain vertical bar, *I".
In the steadily shown image, steadily attended at the fixation point, & quick
small vertical movement of an imbedded laterally masked letter demasks it,

What we suspected Is that, among readers, the sharp increase of lateral
masking with eccentricity of the letter string from the fixztion point is a learned
Strategy. Even a single letter, if more complex than a simple vertical bar, shows
Iateral masking between its parts,

Among readers, there is also & sharp fall-off in recognition as single letters
or figures are displaced increasingly peripherally from the axis of gaze. The
shape of this decline in recognition with eccentricity ~ the Aubert-Foerster law
(1857)~ has been taken as a sturdy and primitive observation for over & century.
No one seems to have noticed that the subjects were predominantly readers,
Students and colleagues are cheap and cooperative.

When severe dyslexics are so tosted for decay in recognition of a letter
or figure as & function of its eccentricity from axis of gaze and its imbedding
among other letters and figures, they show three remarkable features. First,
lateral masking seems less marked than for ordinary readers, between 8 and
10 degrees in eccentricity to the gaze axis. And recognition of eccentric single

letters is best there for dyslexics. Second, lateral masking becomes reiatively
more marked ag the eccentricity drops below 5 degrees and the recognizability
of single fettery or figures does not improve, or may even drop. Third, the loss
in recognizability of single letters or figures as they are moved further eccentri-

letter strings to the right of the fixatjon point, Le, in the right field. When the
left field was tested, there was little difference between ordinary readers and
aevere dyslexics. However, with Hebrew readers and dyslexics, there iz reason

to believe that the Asymmetry is reversed, though we have to0 few observations
to say this firmly).

ment and spatial sequence. The form has handedness, orientation, and is ¢lear
and distinct. In perceiving the same arrangement texturized, we see the same
component elements, but cannot assign them that connecting order which de
termines a form. If this transition between an aggregate, described statistically,
and an arrangement, described geometrically, can be simply governed, i.e. if
1t is possible to ahift between texture vision and form vision, then, one of the
controls that appetition eXerts on perception can be accounted for. It controls
form-texture conversions. This would not introduce content into Pperception,

The notion of task-determined control of perception can be realized by
such a scheme. Returning to the scribe/hunter paradigm, the scribe, whose
action is confined to a narrow angle in the field of vision, practicing to become
expert, introduces as a resujt of Ppractice a degenerative lateral masking out-
side that angle. He uses the foves, which is engineered for highest acuity. The
hunter, whose action depends on a distribution of possible events over a wide
angle in the field of vision, introduces, under practice, lateral masking in the
fovea to auppress the exceas of form resolution there. Instead he uses the fovea
to set & barycenter around which he attends patterns of related change.

The common experience of driving in trafic testifies to the altarnation be-
tween scribe and hunter states - instants when one glances at & road sign versus
streiches when one is concerned with the ambient flow of cars. But this is anec-
dotal. A more carefu] experiment was done several Years ago. It was shown



that foveal vision ia suppressed during & saccade. If a sirobe light is made the
sole illuminant in & dark room, and made to flash only in the middle of a large
saccade, a reader finds jt impossible to read even a newspaper headiine when jts
image falls on the fovea during & saccade. (The subject quickly learns how to
center the text on the fovea at the instant of the flash). The headline is there,
but has the same textuzal quality that is observed in an eccentric letter strings
(like in the previous demomtrntion) What is intaresting, however, is that after
the subject tries to read for about & quarter-hour under this abnormal lighting,
quite suddenly the reading ability returns as if the foveal "suppression® had
been switched off.

Many sources provide impressive testimony for the proposition that prac-
ticed performance involves not only a change in the course of action, but also a
change in the Perceplions guiding that course. These changes can be attributed
to practised task-determined strategies, and such strategies are mutuajly ex-
clusive. We will cite only two references in support of this notion.

Ivo Kohler (1962) cutfitted active subjects with spectacles that inverted
the field of vision, After a few days of continuously wearing them, the subjects
could negotiate well through their environment. By the end of the month, they
could fence, ride bicycles through traffic, and indulge in active sports. They
reported that the seen world seemed “right side up™. When the spectacles
were first removed after the month of wearing them, the yeen world appeared
“upside-down” at first. What is important here is that for over another month
after the spectacles were removed, the seen world switched between right side
up and upside-down - two mutually exclusive states — with the upside-down
states becoming more infrequent unti} they vanished.

erally, Accordingly, the marks were displuced with respect to the intersections.
Held and Hein then brought out the marking arm of the subject and moved
it around as & passive object in the visual field about a hundred times. The
subject saw the arm ag displaced over where the position sense affirmed jt to
be. But, when the arm was replaced under the table, the error in marking
Intersection positions was not much affected. Then, the subject brought out
the marking arm actively and moved it about, rather than having it moved
passively. Now the error in marking the intersection positions was corrected.
The point here is that abstract knowledge of error is not enough; coordinated

hand-eye motor Practise is needed to correct error,

Such experiments testify that visya] Perceptions are molded by practise in
a variety of ways that do not alier the content of visual perception, but provide

These notions, cunsively and indirectly presented, and admixed here with
indirect observations, lay at the basis of deaigning the experimental work to be
reported, and enter strongly in the interpretation of that work,

We now report the studies.

EXPERIMENTS.

In order to show the differences in visual strategy between ordinary readers
and dyslexics, we designed two tests. In one, we measured how recognition of
single letters falls off in the visual field with increase of angular distance from
the axis of gaze. In the other we used strings of letters rather than singlets to
note differences in lateral masking as eccentricity increases away from the axis
of gaze.

The Firat Test: Form-Resolving Field (FRF})

The form-resolving field (FRF) is that portion of the visual field in which
forms, presented tachistoscopically, are tecognized to one degree or another.
We operationally defined the FRF in the following way: In & test flash (as
described below upder “methods”) the displayed letters are presenied at some
fixed angular size and contrast against a background of fixed luminance, Once
the flash duration is chosen for & subject it is held constant for the run of
méasurements. The displayed letters are changed with every flash, and thejr
angular distance from the gaze axis can be varied. Two letters are expeosed in
each flash, one at the fixation point (the center of gaxe}, the other at some an-
gular distance in the peripheral field, The two letters are never the same. Both
are to be identified by the subject immediately after the presentation. When
about twenty such exposures of different letter pairs have been delivered at one
sccentricity, the eccentricity is changed and a new seties of twenty is presented.



After the tasts in all eccentricities are finished we plot the percentage of correct
Identification of the peripheral jetters as & functjon of eccentricity, This plot
is the FRF. It is not a measure of acuity, as will be evident later. What is at
lssue is the recognition of form rather than the resolving power.

Aparatus and Stimuli: Three slide Projectors were focussed from behind on
& framed transiucent diffusing screen 35 cm, long and 23 ¢cm. high. Each pro-
Jector was eet to give & uniform illumination across the screen at 180 ¢d /ag.m.
& measured at the front of the screen. The projectors were oparatad in the
time sequence shown by figure 1.

One projector used & blank white slide with only & small black dot on
it to give a fixation point on the screen. The second projected the stimulus
slides. The third projected the “eraser” slide, which [n this cAse was com-
pietely blank. Lach Projector was occluded with an electrically driven shutter
that opened or closed within 5.5 ms. The opening and closing of the shutters
were electronically timed to give smoothest transition between the projections
of the fixation point slide and the stimulus so that the transition transient was
minimized. On each stimulus slide there were two Jeiters. Ope at the fixa.
tion point and another eccentric to the left ot right along the horisonta! axis.
Several eccentricities were used, with twenty stimulus slides at each sccentricity.

No two letters on any slide were the same, and no two slides wore the game,
All eccentricities are given in terms of visual angle away from the fixation point.

In the stimulus sequence as shown in figure 1, the effective
stimulus duration (from onset of the stimulus until the onset of the eraser) was
adjustable. It always has been Jess than 10 ms. long. The eraser was on for
2.5 seconds. After the eraser went off the sequence started from the beginning.
The fixation point stayed on while the subject reported.

The stimulus exposure duration was set prior to the test Itself. Once the
best duration was determined for a subject it was fixed for that subject

'In another study we mensured correct identiBcation when stimuli exposure durations were
*qual for all subjects. The results were similar o the ones obtained with this normalisation,
but were less distines,
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Figure 1. Thisisa schematic drawing of the sequence of events for a single
stimulus. Top part of the figure show the events on the screen. Reading from
left to right, at first & fixation point is presented (by projector I). Except during
& test this slide iy constantly on. In & test the shutter in front of projector |
shuts aa that in front of projector II opens for short interval, Ty, to present the
stimulus image. T, is followed by a second interval, Ty, when no projection

letiers 1o show the FRF), and it was 61 ms in the second test,(letter strings to
show the effects of Iateral masking). Folk .«ing the interval Ty the eraser goes
on: (projector II) for 2.5 seconds. In these tests the eraser consists of a blank
lit screen, Following the eraser & new cycle starts after the subject reports.

throughout the test at aff eccentricities. After each stimulus Presentation,
the subjecta reported what letters they had seen and which was at the fixation
point, which in the periphery. The report was recorded and the next stimulus
was given. Once all slides for all eccentricities had been presented, the percent.
age of correctlly identified letters at esch eccentricity was determined,

The centering of the subject’s gaze on the fixation point was visually mon-
itored by the experimenter. This crude monitoring was aufficient, as some later

1



instrumental verification has shown.

Subjects: All subjects were above 18 years old. All but two of them were
completely unaware of the purpose of the tests until the tesling was finished.
Three groups were tesied: ORDINARY READERS: This is & group of 10 or-
dinary readers (3 females and 7 maies), all between 18 and 25 years of age
with one exception. The subjects came from the general university-level siu-
dent population. RESJDUAL DYSLEXICS: This is a group of 9 students (3
females and 6 males) who are dyslexics. All came from a college where they
were enrolled in a special program for those with reading and learning difficul-
ties. Each had received spacial tutoring for at least 3 years prior to the testing.
All had improved reading skills due to the tutoring. All were between 18 and
23 years of age. DYSLEXICS: This is a group of 10 dyslexics (2 femnales and
B males) who did not have special tutoring within the last 3 years. They were
between 20 and 58 years of age. All the dyslexics were diagnosed as such by
their respective neurologiats, psychologists and teachers. They all showed a
normal level of comprehension of heard texts, but all had serious difficulties
in reading. The group of residual dyslexics showed significantly better reading
skills than did the dyslexics.

Results of the Test; At the end of testing all the subjects, the scores of

correct identification were gathered and averaged at each eccentricity for each
Separate group . These avereges are plotted in figure 2 to show the FRF's of
the groups.

In general the FRF falls off with eccentricity from the center of gaze. How-
ever, there are obvious differences in the shape and the grading of the fall-off.

In the right hand side of figure 2 three curves are plotted; one for ordi-
naty readers, one for the dyslexics and one for a severe dyslexic. From these
curves we see that ordinary readers and dyslexics are significantly different at
all eccentricities except at 5 deg. (we have performed the ANOVA and t-tests).
Therefore it is safe to say that these are two distinct groups under this test.
The scores for the residual dyslexics and for the dyslexics were very similar
except very near the center, therefore we do not show them. {Very near the
center the score for the residual dyslexics lies in the middle between the scores
of the ordinary readers and the dyslexics.)

The differences between the dyslexics and the ordinary readers are two-
fold. Dyslexics identify letiers further in the periphery than ordinary readers
do. Alsa, dyslexics identify letters better at § deg. eccentricity than they do
nearer {o the center under the conditions of this test (i.e. a letter at the center
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Figure 2.This figure displays the Form-Resolving Field (FRF) of ordinary
readers @ , of dyslexics & and of a severe dyslexic O . The measures
are of % correct identifications of the 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%-++or-4%) and are not given here. On the right side of the
figure, the measures for the ordinary readers and the dyslexics are significantly
different, except at § degrees eccentricity. Near the center (2.5 deg.), the two
letters presented simultanecusly are laterally masking each other for dyslexics
whereas they do not laterally mask for ordinary readers. The best score for
readers is nearest to the center of gaze. But the best score for the dyslexics is
at 5 deg. to the right of the center of gaze. The dysiexics have better recog-
nition than do ordinary readers for letters further in the periphery, No such
marked differences in FRF appear on the left side of the figure, corresponding
to the lefi visual field. That is because the subjects had English as their natjve
language. (cf. later in text),

and the second one in the periphery). This is in contrast with ordinary
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readers who identify Jetters best at the center and have an FRF that falls off
menotonically Lo the periphery.

The differences between ordinary readers and dyslexics in the center of
vision was reported by Bouma and Legein (1977). They showed that dyslexics
have worse recognition of aggregates of lettars than do readers in the fovea and
parafovea (2 deg, eccentricity), although both £roups recognize single letters
equally well. The presence of the letter at the fixation point alters the recog-
nizability of the nearby eccentric ietter.

As this test is a measure of the form-resolving field we are able to say
that ordinary readers have a narrower FRF than do dyslexics. The shape of
the FRF in dyslexics shows a peripherally displaced peak. That is, Iatera)
masking occurs near the center of gaze, a peak of “best vision” shows up in
the near periphery, and the FRF falls off shallowly with further eccentricity.
In contrast, smong ordinary readers the FRF falls off steeply, smoothly and
monotonically with eccentricity from the center of kaze. The implications are

The left side of figure 2 shows no significant difference between ordinary
readers and dyslexics. The shape of the fall-off of identification on the left is
monotonic and steep for both groupa. But the fall-off j» steeper on the right for
ordinary readers than on the left, and for dyslexics is clearly much shallower on
the right than on the left, We attribute the differences between left and right
in ordinary readers tn the conventions of reading. {The basis for tkis guess
is that two readers, for whom Hehrew is the natjve language, have shown the
Opposite asymmetry.)

These measures of the form-resolving field (FRF) are well correlated with
ability 1o read. The reader has & narrow FRF and & most clear vision around
the center of gare, as Iy needed for usual reading (we do not talk here about
speed reading). On the other hand, not having that kind of FRF seems con-
nected with difficulties jn reading, as manifest in the dyslexics.

As also can be seen, what the FRF measures is certainly not what Is ord}.
narily meant by *acuity”. We do not hold that there is a difference in peripheral
cuity between ordinary readers and dyslexics. Instead the difference lies in
the perception of forms and not in the resclving power, as is suggested by the
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ters (not “I" ) the parts of a letter exert masking eflects on each other, We
can call this sell-masking. If ordinary readers and dyslexics differ in FRF we
propose to explain the difference in terms of distributions of lateral masking
and self-masking,

Expetiments on demasking (Geiger and Lettvin, 1086) have shown that
only “complex” letters are demasked (non-annular letters comprised of more
than a single bar). Single bars can not be demasked, while annuli are not easily

We have been mentioning that the {ateral masking at the center of gaze,
such as occurs in dyslexics, looks similar to the lateral masking in the periphera)
field had by ordinary readers. It remains for us to show how ordinary readers
and dyslexics differ in latera) masking.

The Second Test: Lateral Masking Between Letters in a String.

The apparatus and methods are the same as for the FRF test. The differ-
ences lie in the nature of the stimulj and the duration of the stimulus-exposures.
In this test four letters are presented in each stimulus {instead of two as in the
previous test). One letter is at the fixation point and a string of three letters is
in the periphery. All letters in each stimulus display are unlike each other, As
in the previous experiment no two slides are aljke, The strings in the periphery
are displayed at various eccentricities in the various slides. Duration of the
stimulus exposure was 61 ms. for all subjects.

Figure 3 presents the data by which to compare nine dyslexies with five
ordinary readers. At each eccentricily of the string we give identification scores
for each Jocus along the string (first, middle and terming) letters).

Some general properties of lateral masking are seen in the plote for ordi-
nary readers: Masking increases with eccentricity; it is least effective for the
terminal letter of the 3-letter strings and strongest for the middle Jetier. These
Properties are generally preserved for the dyslexics, However, there are some
differences. a. Near the center the masking of the first, middle and last letters
are about the same for dyslexics and for readers; but st 10 deg. eccentricity
the middle letter is significantly less masked for dyslexica than for readers. b,
The variance of the masking of the middie Jetter at string eccentricity of 10
deg. is larger for the dyslexics.
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Figure 3. The graphs show the strength of latera! masking as it varies
with eccentricity, Ordinary readers are compared with dyslexics for correct
identification of each letter in 3-letter strings that are presented at various ec-
centricities. The % of correct identification st each locus along the string ic
given separately. The loci are marked first @ :second W : and last ®
Masking generally increases with growing eccentricity. However, the increase
with eccentricity in the lateral masking of the middle letter is signifcantly shal-
lower for dyslexics than for ordinary readers. That is, the Jateral masking of the
middle letter when the string Is near the center is about equal for both groups
with that for dyslexics being somewhat stronger. But at 10 deg. eccentricity
the lateral masking of the middie letter is significantly stronger for readers than
for dyslexics. The vertical bars (given only for the middle letter) denote the
standard deviation. The variation of Iateral masking is larger among dyslexicy,

Learning Visual Strategies.

The results of the two kinds of test, as described above, suggest differ-
ences between readers and dyslexics in the distribution of certain perceptual
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Processes over the visual field. The differences become magnified when severe
dyslexics are examined. In the case of the severe dyslexic, whose FRF is shown
In figures 4 and 2 (dotted line} and the test for lateral masking gave the plots
graphed in figure 5a.

In figure 5a we show, for this severe dyslexic, the initia! results of measur-
ing Iateral masking as a function of eccentricity. At 2.5 deg. eccentricity his
score for all the letters in the string was almost zero. At the same time his
score for the fixation letter also went 16 zero, as if the mutual lateral masking
was extremely intense in the region around the center of gaze, With reapect to
this test he acts as if he had little or no form vision of aggragates in the fovea
and parafoves. However at 7.5 deg. and 10 deg. he performed as if there were
little lateral masking and little loss of letter recognition (as evident also from
the FRF in figure 4). In this respect he was superior to readers in his peripheral
vision. Such a case might raise the suspicion of some ofganic deficit in retinal
function at the fovea were it not for the fact that so long as the background
was blanked up 10 % deg. away from the center of gaze, he had normal vision
for single letters presented in the foveal field,

At this point, using the line of thought sketched in the introduction, we
asked if jt would be possible for this severs dyslexic Lo learn a new visual
atrategy that would permit him to read. Whatever set of visual strategies he
Ppossessed, If there were indeed such a set, excluded reading at and around the
center of gaze. Thus no use of his existing set of strategies could be made
in teaching him to read, because no reinforcement could occur in the foveal
region. Since his FRF as well as his performance with the tests on lateral
masking showed that his near peripheral vizion had acuity adequate to read-
ing, we decided to probe whether he could acquire & strategy for reading in
the peripheral field of vision. If he could, and our tests measured something
that correlated with visual strategy, then a retest after scquisition of the new
strategy would show the change. Our hopes were based on the well-known
phenomenon of speed-reading which implied that pearipheral vision might be
adequate %o the sask.

He was the first subject on which we tried the learning of & new strat-
egy. The program we tried on him is described below in the protocola for
training four dyslexics. It must be emphasized here that we were not and
are not proposing a therapy. We are only testing the hypothesis thet a new
visual strategy can be learned if it does not compete in the domain of other
firmly set strategies, i.e. it would not be advisable to train for foveal reading
if the consequences of his existing strategies are that he masks in the foves.
He would than have no success by which to reinlorce & new sirategy by practise.
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Figure 4: The injtial plot of the FRF on a severe dyslexic is compared to
the plot of FRF taken four months later {sclid line), after the practise described
in the text.

If, a8 we feit, the two tests, given above, measure some properties related
to visual strategy, retesting after successful training, should it occur, would
reflect the introduction of the new atrategy.

He responded to the procedure, and, within four months went from what
might be called & third grade reading level to about a tenth grade level. In
practical terms he was able to take 2 Job in which he had to read memos, bills
of iading, and the like. When tested at the end of four months he showed the
change in FRF sraphed in figure 4, and the change in lateral masking shown
In figure 5b. Note that in figure 5b he can now make out letters in strings pre-
sented at 2.5 degrees eccentricity. His performance at that eccentricity is not
as good as that of an ordinary reader or residus] dyslexic, but is far better than
in the initial teat. Curiousty, in now reporting the letters at that eccentricity,
he stuttered.
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Figure 5: s.) This graph of lateral masking against string eccentricity
(done as in figure 3) plots the initial performance of the same severe dyslexic
a8 in figure 4. b.) This graph shows the performance of the same subject four
months later after the practise described in the text.

There is 110 point in describing further what the picture makes clear, and
%0 we will go on to lay out the general method for testing the hypothesis.

novel, direct, amall-scale, hand-eye coordination tasks such 24 drawing, paint-
ing, ¢lay-molding, model-building, etc.. The rationale for this practise comes
from experimenta performed by Held and Gotlieb { 1957), Held and Hein {1057)
and remarks by Helmholiz (1867) on how a person shifts spatial localization
after viewing his hand through a prism. These and related observations are
given at the end of the introduction to this paper. The general idea was 1o

provide visual perception with a new space of operation as defined by the new
tasks,
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Alongside this practise the subjects were to try reading through & window
in the peripheral feld. A sheet lay over the text to be read. It could be trans.

the fixation point to the center of the window was set individually for each
subject by using the eccentricity of the peak of the FRF and the eccentricity
at which there was a drop in lateral masking of the middle Jetter in a string.

When the subjects intended 1o read they were 16 lay the window over the
desired word or words in the text while gazing at the fixation point and try
to read what lay in the window. Keeping gaze on the fixation point they then
shifted the sheet s0 that the window lay over the next word, and 30 on. In
this way the words in the window might be seen as form rather than texture,
without intetference from the ambience,

Aflter » few months (2.5-4) with this combined practice we again measured
the FRF curves for each of the four subjects. We measured the latera] masking
curves afterwards on only the severe dyslexic deacribed above. We alsc inquired
about, but did not Measure, their reading skill. Figure 6 shows the averaged
FRF for the four subjects before and after the practice term. For tomparison,
the curve for ordinary readers (from figure 2) is also displayed.

We should remark that the four subjects were not chosen by us. They
were the only candidates among the 10 original subjects who could aflord the
time to practise daily. We did not instruct or guide the subjects more then by
occasional telephone corversation,

As seen in figure 6 there is significant shilt of the FRF from before
practice to after practice. The shift is toward the FRF of ordinary readers.
Ordinary readers do not vary significantly in FRF over time although we mea-
sured some over periods of 2 years and Jonger,

In general the reading performance of sll the four Improved much. The
reading score of one went from 3rd grade before practica to 10th grade after
Practice. Another subject went from hardly reading at alj (about 2nd grade)
to reading fluently for half an hour at a time (difficult to estimate grade Jevel),
Another went from spells of slow reading for five minutes at & time to spells
of reading fuently for hours at A time.(So he reporied). The fourth initially
could only skim fast (like speed reading) with many errors. He had no abllity
to read slowly and with care. After the course of practise he was able to read
*word by word” as well ag by skimming.
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Figare 6. Graphed here is the effect of learning and practicing a new
strategy. Plots of the FRF are averaged for a.) ordinary readers @ (taken
from figure 2) ; b.) four dyslexics ¢ prior 1o the practise described in the
text; c.)the same four dysiexics after that practise O . The bars measure
standard deviation.

Three of the four stopped practising after they had achjeved some skill, and
fairly quickly regreased in their ability ro read. This change was also reflected
in their FRF's.

An Unygual Case, As & final note we want to describe an unusual case in
some detail. This subject is a male 30 years of age. He has the peculiar com-
plaint that while he can read facilely when he is “alert®, he is unable to r_ud
or reads with great difficulty when he is “tired”. When he is extremely_ tired
ke is able to “speed read” or skim a newspaper with good comprehension of
the text, but he is unable to read in & “usual” way.
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We interviewed him and tested him in two of his “phases”, the alert one
(mostly occurring in the mornings) and the tired one (in the 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 without optical defects, but could hardly read. In the
alert phase his reading was good for long apells of time {over an hour), with the
usua) speed of reading and with only an occasional stumble over an unfamiljar
long word every now and then,

The measures of his FRF in these two phases are shown in figure 7. 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. The other
Plot was taken when he was in his tired phase. It falls off shallowly with ec-
centricity and so extends further into the peripheral field. It resembles that of
the dyslexics. On the left side of figure 7 the differences in the plots are small
although a slight extension of the FRF into the petiphery is evident for the
tired phase.

Figure 7 shows a clear velation between measures of the FRF and the task-
competence reported by the subject. In the light of his subjectively distinct
states we can suppose him to be a conditiona! dyslexic whose states can be told
by objective testing, He switches between these states for some not very ebvi.
ous reason. In the tired state he is not fatigued—he uses the term to describe
only his inability to read; otherwise he is alert and competent. That this is not
& problem of acuity is driven home by the fact that these states arein the same
individual, If his acuity is improved for peripheral vision, can the same change
in optics worsen his foveal acuity, if one supposes that his physical optics have
somehow altered? Alternatively, can one suppose that his retina has changed
its connectivity somehow? Has he changed his linguistic ability? If so, what
tests could be used to distinguish his clearly reported states? Hag he altered
the anatomical connections in his brain?

After we had made our mesturements on this subjeet and explained to
him our notion of task determined strategies, he succeeded in teaching himaelf
to use the wide fleld (dyulexlc:‘] strategy when he was alert {in the morning).
He was doing it because he knew that creative art work is easier for him when
he was tired, but, when he needed to do creative work when he was alert he
had switched to the tired mode by his own will. The reverse shift, from tired
strategy {wide FRF) to alert strategy (narrow FRF), he is unable to do.
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Figure 7. Two strategies in one subject are measured within a few hours
interval. One FRF was taken when he was in an alert phase {mostly in the
morning) ¢ . The other FRF was taken 6 hours [ater when he was in a tired
phase & . In the alert phase this person was an able reader and in his tired
phase he was unable 1o read, On the right hand side the alert FRF falis off
steeply with eccentricity as with ordinary readers. In tha tired phase the FRF
falls off more shallowly with eccentricity and resembles that of the dyslexic.

CONCLUSIONS,

We have presented avidence for the existence of alternative states or strate-
gies in visual perception. These strategies can be tested by measuring recogni-
tion of figures or letters as a function of eccentricity from the gaze axis. They
aze also tested by measuring the strength of lateral masking as & function of
the same eccentricity. By both these sorts of tests there are marked differences
between ordinary readers and dyslexics in the peripheral field of vision. These
differences cannot be laid to changes in visua! acuity between subjects for two
reasons: first, they can be altered by certuin kinds of Ppractise; second, they can

be demonstrated in the same subject (one case) at different times of the tame
day.
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In the strategy of the ordinary reader, best vision is around the axis of
gaze. Lateral masking increases steeply with eccentricity from the gazZe axis as
does loas of letter recognition. In the visual strategy of the dyslexic there is
masking around the center of gaze and best vision occurs & few degrees to the
right of the gaze axis (if the language is English}. Loss of letter recognition
beyond that peak increases less steeply than for ordinary readers.

A dyslexic can be trained to read in the peripheral field of vision. This
training does not ¢hallenge & prior strategy which masks jetter strings in the
foveal region. {Such masking does not aliow that reinforcement needed to
practise the foveal seeing of letter strings). When he.is practised in reading by
peripheral vision, the test signs of his visual strategy, when ploited, approach
the plots found for ordinary readers.

The training of reading in the peripheral field is not to be construed as
a therapy. It was done to probe the hypothesis that task-determined visua}
strategies can be learned, and that the presence of a new sirategy can be de-
tected by testing. While a therapy may possibly be based on this demonstration
and the reasoning that led to it, we emphasize again that the demonstration
was meant only o test & notion, not to cure a disorder.
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