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R ABSTRACT

An explanation of visual perception is presented using physiological
facts, analogies to digital computers and analogies to the structure of
writton languagos. Accouding tq the oxplanation, visual input ic digcon-
tinuous (or gated or step-functioned or intermittent or packaged ox
sampled), with the disconfinuittes.mediatcd by and correlated with the
jumps of the eyc. This is analogous to the gated and buffer-stored input
of a ditha1 computer and raises answeivable questions as to.how other sense-
modalities are inputted - whether in series or in pavallel with-visual input.
‘D;awing enalogies to otﬁer information bearing systems, such as printed
langqage, helps clarify certain ‘issues: jusé as printed language has a
heirafdhical structure with sets and elements of ictters, words, and sene
tences (with the sizes of the sets iﬂcreabing up the heirarchical scale),
s0 in the b;nin thore must'be ;n analog;us héirarchy, with nerve spikes
" ‘as the lowest heirarchical set and the "packages' oi discontinuous visual
input at a highér heiraxchical levol, '

The establishrent of a discontinuous {unput model, with lucid altor-
nat’ves of fnter-modality processing, leads to a computer-analdgy ﬁodell
of behavior ae’a hoirarchically-atructuréa chain of states which define
acts. This can be of great value in understanding rxeading and perceptual

disorders.
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S A fundamental issuc in understanding reuding disability is the physiology of
visual infoxeation processing. The understanding of this, in turn, is dependent upon
xecognizing the role of eye movements in perception. Older work on eye movewents in
reading (revieﬁed by Tinker, 1958), combined with the idecas I shall present today,
show hov one way of vicwing reading disabilities and perceptual disorder is in tevms
of ineffcctive programming of visual input related to faulty functioning of eye move=
ment mechanisins. In ordor to fully updcrstand this, it 1o necessary to grasp the
extent to which the pexceptual process is dependent upon cye movements, lMost of what
I shall say today is an exawmination of the mechanisms whereby eye movenents mediate
perception, Naturally, wec will note that eye movements and perception during reading
represent but special cases of eye movements and perception in a wider context. By
first considering cye movements and perception in general, we yt}l hope to be in a
position to understand then better in reading and {n disordered perception. In carry-

ing out our tasks it is also appropriate‘for us to éause a-moment to reflgct upon °
how much our understanding indireﬁtly rests upon the important work of many of the
Justly-rcgarded participants of this conféronce. Unfortunately, in oxder to achicve
sharp focus we will not be ablo to Acknowledgo our indebtednoss to most of this work.

I wiil attempt today to establish two main points. The fivst is that the input‘-
of visual information is discontinuous {or packaged or sampled or gated or chopped
or intcxmittent or incremental or stcp-functioned), with t?e discontinuftics madiated
by jumping eye movements. Of this I will say a great deal more very shbrtly; The
second point to be ostablished fs that we may‘ﬁdefully conceivo of a hicrarchical
structuring of intrinsic units of visual perception, wherein eys movements determine
the naturc of ;he units at one lavel, This latter point may ﬁest be understood by
drawing analogiés to other information bearing systems. He shall arbitrarily chose
printed language 8s an example of another information bearing system partly beceuse
it will lead back to-further consideration of ono focus of this meoting = upon xeading.
We will now take a bit of time to look at the question of discontinuity of visual

fnput (Gaarder, 1966)., There are two major raasons why scientists hava previously
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not- generally rccognized the lucid insight into diécoutinuity of visual input which
we will examine today. The first of these is that vision is subjectively experienced
as continuous over tiwme and that our conceptual construct of the real external visual
world is ovcrwﬂclmingly onc of temporal continuity. In othér voxrds, as we experience
cur visual world we are aware of no 'breaks" in the time during which our eyes move
about nor docs this world scem made up in aﬁy vay of "parts'. This is in shaxp con-
trast to tha facts of tha input process, as will later bocome epparent. Tho sccond
reason for previously not apprcciatiné discontinuity is that until the arrival of the
computer age the distinctions ﬁetwecn "continuous" and "discontinuous" processes were
not so concretely and tengibly burned iﬁto our brain; as they have been since we have
begun to usc thesce problem-solving machines -'which aro oither analog or digitol, con-
tinuohs ér discontinuous,. The issue being posed 1s between an information processing
sysécm vhich takes in information continuOugly over cvery instant of tims versue
one which moves in steps, or incrdmentally, 50 as Lo process inforﬁation in chunks.'
or samples oy packgges or packets oxr quanta, A few cxomples of continuous and dis-
continuous processes make the distinction clearer., Continuous processes are the coded
.graove of a pho#ograph recoxd or'the‘moduiat;ons of radio or occan waves, wherveas the
discrete, tépped out letters of a typewriter or the successive frames of a motion ‘
picture camera are discontipu§us. Althopgh mathematicians have long been aware of
these distinctions it {is only'now with sé nany of us using computexrs that they becowme
daily used technological tools oxporientially understood (see Gaarder, in prcés, for
further discussion of this). Il

The reason for laboring this issuo ig to bring to your consideration the idea
that visual.peréeptual input is not continuous as it scems to be but is discontinuous,
very much like the successive frames of a motion picturve. But what kind of cvent is
it whici in the visual system would represent the changing of the frames? In oxder to
undersoand this better we will first consider soma clementary facts about eyo tovas
wents. Theso are facts which wero.discévored long ago, but which have lacked & satis~
factory conceptual framework to bring them fnto comwon knowledge. In summarizing

ERIC

IToxt Provided by ERI



a

caustcdinod TTITIASA OYI ST A PONITU DTCII VYJ PUC JUDTDACT DUI YO Iuduodisod TrU0Z
-TI0Y IYI ST [ PoNITW OOrII OYy *IvOpIAd L7irndbd sdunl I2JIADSTP JYT YITH ‘TS oYy yonm
L2oA 3007 PTINOM S3USWSACW D40 a283cy JO JuTpx00dx y ¢ (9IATXO LT SY (G S) s3noTDAcT LD
Suidunl pIERX JLIVAGS SuTXOYS UOTITXIF TensTa Sulanp SIUTUDACT D4 Jo SuypIoddx roydly

*1 °PFIS

33s |

y
).

£94D Uy (|

[ 5838 7270
.

IC

Aruitoxt provided by Eic:

E



3.
theﬁ, I will overstate to some exteut for the purpose of bringing out the important
points. (Stide 1) The most important fact is that in moving the eye about to see the
visual cavivonment, the eye virtually moves in only one way - by aprupt, rapid, discrete
Jumps (cxccptiéns to this, such as tracking movcments, are well discussed in standaxd
texts, Alpern, 1§62). From the slide presented, those of you who are quick to see
analogies will recognize that we are dealing with vhat we had just talked about as a
discontiinuoug process ond whiat engincoxrs rofor to as a ctop-function, These jumps
of the eye arce sometimes called saccades but I will only xefer to them here as jumps,
because the tern saccade has an obscure foreign meaning and has failed to achicve
wide usage outside of the technical literatuve, During rcading, these jumps occur
about four tines a second, During other times while the eyes are open, they ucgually
occur at least twice a second, And, strikingly, they continue‘CO occur during visual
firation, while the cyes fixate a visual target, A§ a mattox of fact, tho slide sghowm
is a typical xccording of fixation cye m&vements showing the size of jump of about 10
.minutes of arc (1/6 of a degrece) and a rate of ona oxr Lwo pe#&ccond. The rate of
eye~junps will be scen latex to be the racé of processing visual information packages.

Before proceeding to various cviaences for discontinuity of visual infoimation
input and processing I would like to show soma slides which illustirate the way in whiéh
eye novements affect the tiqe‘course'of the perceptu?l process. The first (Slide 2)
f8 to illustrate the effects of gross jumping of the eye about a simple visual scene,
In the upper left is the scenc, upon vhich are supeximposed five numbered doté with
connecting lines, Tha dots represent fiveo succossive hypothetical fixations of the
fovea (thae contew of the xetina of the oya) within tha scene, while the lines show
the trick of th; eye over thoe scene as it jumps., Yo may ascuma that theo ecené was
bricfly flashed (tachistoscopfically) for sevoral seconds upon a scxeen And that during
that tin2 the viewor mado tho five fixations along tha fndicated txack. On the upper
right {s the sanme sceno with five supexrimposed circles reprosenting arbitrary equal
central retinal arecas as thoy would bdo ﬁpon tho retina or anywhere back of tho rotina,
Next below is a row of circles forming @ chain which xepresents the sequence in tire
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_ - Possible tracks after fixation 1and 2
12:34'5  1-2-5-3-4  |-2-5-4-3 . |=2~3-5-4 |-2-4-3-5 |-2-4-5-3

Simulation of cye movemsnts in viewinz a visual scene. At upper left §s the scene
vith 5 numbered cots avd connecting lines supeviunposcd. The dots represent {fve
succescive firetions and the lines represent the track of the eye-jumps betieen
these {{xacinons. The upper rizpht shous avbitrary central retinal aveas around each
of theso fixations, The rour of civeles sfrmlates the tine sequence of presentations
to the brain of the chain of five successive central retinal views as the eye vieus
thr sce wev The tvacing below the civeles shows the horlrontal component of the
succes::ve fixations, with L and R representing the left and right directions. '(he
botten of the figure shows alternatfve tracks aftar the first two fixations to
fl1lustrate the stochastie natuve of the proccss,
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of these five successive central retinal aveas as they would be upon the retina or as
they would appear anywhaere back of the retina, Note carcfully that cach circle xep-
resents a chunk or package of informution. I regret time does not perﬁit us to pause
a moment to mwarvel at the question of how the brain puts togethexr these pieces into
the so-uwell-connected-together whole we see above, The bottom of the slide illustrates
two less important issues to be mentioned in passing. The horizontal tra?ing mexely
simulates a recoxding of tho hoxizoatal component of the eye movements as they occur,
while at the bottom of the slide we aésume that the same five fixation points were
chosen but see what cffect thero is of varying the scquence after fixations 1 and 2,
This shows the uscfulness of stochastic (probabilistic) models to interpret some of
the data to be gotten, (Ve may think of a stochastic érocess as one in which we are
able to make bse of the frequencices of occuxrence of a set of cvents in a scquence
and the ovder of the sequence.) .

The next slide (Slide 3) shows the same scene, used to simulate the effects upon
.the retina of the cye=jumps which occur during visual fixoti&n. It will again show
packag;ng of infoxmation, but of a slightly different sort, Since fixation eye=jumps
are much emaller they do not have the cffect of causing the same massive transfoxrmation
of tha central retinal area as in the previous example, Instead, they resulé in .
changes at the edges of objgc;s on the retinal image, wvhich have bean imitated here
by a photographic technique, If a positive and a negative transparency of the sama
scene axe supgrimposed with a slight displacement, the resuitant print shows Ehe chdngg
that vould take 'place on the xetina as tho result of a small eye jump by showing
lightening or darkening of a particuler edge., The only place where change occuvs is
at ¢dges, The small arrows represent the vectors (sfize and direction measures) of
tho hypothetical jumps which would cause the changes shotm. Note in passing that tﬁo
sets of edges generated are uniquo to the vectoy and that the set of vectoregenerated
edges taken as a tvhole again fmplies tho usefulness of stochastic wodelc. Tho next
slide (S1ide 4) had the purpose of scheﬁatica!ly showing exactly tho san2 thing along
a singlo cnall avbitrary sogment of edge on tha retina between A end B (Part I),
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SIﬁdO 3, .
Sirulation of retinal fmage cdge gencration by small fixation cye-junps,
This figure shows the positive (\) and negative (B) print of tho serd scene
at the top., If trensparencies of the two axo fitted together with slight

. offset, the discrete edges of C-H result, This siwulates the chanag of the
yotinal {mage produced by small eyce-jumps (indicatcd by the arrows). Yor
photographic reproducability the displacements and the arrows arc larger
than tha juaps oceurring during fixation, At 38 cm, ono degrea of ave is
about 6 ma. A typical fixation eyd-jump might result {n .2 to 1 wa,

apparent displacement at that distance.
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Slide 4. :

Diagrammatic representation of segucnt of edge on the retina, (I) Scgment
of edge betuwecen points A and B, Other boundary lines neacessary for pictorial
purposes. (II) Displacement of the edge by a left or right eye=~jump vector
occurring betucen time tl and time t2, (ZII) Net change of edge produced by
the jumpo




. ' , 5.
- Part Il of the figurc simulates the position of the edge bofore (t)) and after (t2)
small jumps of the eye to the left and right, whoreas Part 1II shows the net change
of these jumps, which would xesult in "off" or "on" fiving of recinai elements, since
vhat has happoﬁed are "ofi" or "on" chéngeé. o
The last examplo (Slide S).is'a simulation of central retinal areas during reading,
The fivst lines show a sentence of text, the second lincs ghow hypothetical fixations
upon the text, the thirxd lind show ar?icrary central retinal areaé around these £ixe
ations and, finally, the fcurth part shows a row of circles giving the time sequence 1
of presentation to the retina and brain of the contents of these successive central
retinal arcas in a particular chain, Again I would commend to you a scnse of awe at
the WOndef‘ofbwhat we are able td do with these mechanisms we appkehend so dimly.
§uc also note‘thac it is difficult to seo these procéssea a8 répresenting anything
other fhan discontinuous 1npdt mechanisms -.that each junp of the’eye presents the
brain with a discrete new package to be digested and that these events occur several
times.a second. | | ‘
Because we noﬁ have a:clear picture 6f thé physical facts of tﬁe eye moveuent
system, we can stop at this boini ané examine.some'of the 6ther evidence for and
against viewing pexception as a discontihuous process médiated by eye-jumps, As one )
finél point before prbceeding,;however, I wish to state wmy conviction that once we have
brought ourselves to consider perception within the framework of tha concept of dise~
continuity of input we will see that such simple facts as I have already‘prcs;nted
are sufficient alone to substantiate this concEﬁﬁ. This speaks to me eloquently of
the value of prolonged conteﬁplaciou of certain problems in attempting to reason them
out by varfous ﬁnew looks", It also presents an opportunity Eo observe how difficuit
it is to see si&ple thingé wvhich go contrary to one's previous way of looking at things,
In presenting experimental evidence I shall not attempt exhaustive and definitive
explanation but shall merely refer to fivé gets,. of experiments and their implications.,
(1) The oldest experimental evidence 18.the phenomenon of flickér-fusion, from which

it can be argued that if &t some particular flicker-rate objectively-present flicker

d
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1s not perceived, thon these "chunks" of intexrmittently objectively present information
are subjectively smoothed in the game way as the "chunks' mediated by eye movements are
amoﬂthed. (2)_Conversely, if there were a means 6£ artificially preventing the visual -
system from pécknging its input, it would be predicted that perception would ccase,
which is what happens when eye-jumps are automatically cancelled in stogped retinal
image exporiments (Rigge, et al, 1953; Ditchburxn and Ginsboré, 1952) . (3) Another
argument would hold that if perceptual input is intermittent there muat'bé inhibition
of vision during the times input is not being processed, which is when eye=jurps
occur, This is what is found to be the case during jumps = visual thresholds are )
raised and inhibitory neurons ere activated in the lateral geniculate body (Zuber
and Stark, 1966; Bizzi, 1566). (4) Another line of reasoning would hold that if eye-
~ jumps establish packagea'of-infofmation, tﬁpn the eye-jump should be followed by
co;tical'activity &arking the afrival of the associated packages of information, This
is fndeed thé case when it is fand that the eye-jﬁmp as a tiigger for tha recording
. of cccipital activity is followed by a typical averaged response (Gaarder, et al 1964;
Gaarder, in pfe;s’. Tﬁe fact that the éye-jumps are correlated with alpha rhythm
"i{s also relevaﬁt here, since'it ;hows a 'relationship bgtween eye~jump packaging and
more gener;i cortical packaging procesczes (Gaardex et al 1966), (5) Less direct
evidence for eye=-jumps establishing dtscpntinuity is provided'by fiﬁding changed
fixation eye=-jump vectore as é result of changing the visual stimulus, Here the
argwcent is that if the form of visual input. is controlled by a feed-back cutput of
the visual system, then changing the stimulus ;;Gld change the output which controls
the input, Acknowledging these points requires that one see perceptual 1nput ag dia~
continuous sinc; it is a discontinuous event (the eye-jump) whicu is éontrolling it
 @aarder, 1967,5). | | -

Along with the evidences W) are considering I wish to take a minute to consider
a fact vhich might be taken to show eye=~jumps have no role in perception, This is
the fact that visual acuity duripg'a millisecond flash too brief to allow eye movement

18 as good as during prolonged viewing. One way of interpreting this is that if you

’
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can Eee as good during a flash too brief for the eye to jump then you don't necd eye-
jumps to see (Armington, 1965). I boelieve what this Lino of reasoning does not take
into account is that it is not the fact of tue eye~jump pex se vwhich is important but
the fact that the jump causes abrupt incremental change, which is cexactly what the
flash causes also. In othor words, abrupt incremental change of the stimulus is what
is caused by flashing tho sttmﬁlus ox by jumps of the eye, and 18 what allows vision
to occur, | .

In considering discontinuity of perceptual input a final point must be made for
the sake of logical soundness and completeness. If 1npu£ is discontinuous thera muscl
be "sampling periods" end "non-sampling periods" tYOung end Stark, 1963). Either the
1nf6rmation arriving'duriﬁg non=sampling period; ﬁust be lost or it must be held in
sorce soxt of short-term buffer mémory storage, Since a high pgxccntage of brief fléahgs'
are not routinely lost there must be a short-term 6u££er memofy storage operating | i
in the visual system between input or sempling woments. The direct analogy to time
.shaxed computer technology (Kristofforson, 19§6) which uses ;hort-termlbuffer memory
storage should be noted heré;. | . f

He can briefly recapituiate'whaé has been showm, before going on to consider
the hicrarchical structuring of visual information. It has been shqwn h§w the input ‘
of visual information duilng pérception is not‘continﬁoug, but is interrupted several
times a second by eye-jﬁmps, vhich naturally divide the input into chunks or packages.
These packages are somehow reassembled by the brain into a spatio-tempoially.cqntindous
visual world wﬁich includes amengst its exaﬁpl@i"tha continuous line of text read from
a page. Fiﬁally, to bridge 6ur way into the next part of the discussion, note that
the chunks or p;ckagee we have spoken of reprosent natural physiological units ~ a
step in the direction of reducing phenomena to measurable qﬁits which reflect their
intrinsic nature. }
Our next task is to make an excursion into several neglected areas, with the goal

in mind of better grasping further aspects of perception, without which reading cannot

be understood. To explore these ereas we shall use analogies to be developed between
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IToxt Provided by ERI



8.
visual poerception and printed langua;~, What we accomplish in this way is to plece
both the visual system and written language squarcly into the gencric categury of
informatiOn-bearing systems, We shall see that these analogics take us into a very
fertile rcgion end that we are exploring but several of the places of irtercst and
paseing-by others of equal promise (some of these other promising areas have been
examined by Polanyi, 1968). The use of the analogy to printed language is in part a
convenience which allows us rapidly to consider in relation to one-another several
important issues which I ghall now refer to briefly.

The first of rhese issues is the never-ending quest of science for units which
e intrinsic to the natural phenomena rather than arbitrary, Thus chemistxy and
physics made great etrides when units of protons,.neutrons, electrons, atoms, and
molecules replaced the arbitrary maes-space-time units of grams-meters-eecondc.
lIn neurcphyeiology_progress is not sc easy, but it wOuld be ccnceded that the nexve
spike must represent an aspect of such intrinsic units of nervous activity. Another
- issue which is being_perceived by chrrent workers to greater and lesser degrees is

. that we are moving about within the domain of infoxmation rather than solely within

the domain of gngsgz (Ashby, 1963). 'Thia'mcens that units of energy and epace-time-
maes measurement, whether intrinsic or arbitrary, although necessary, are inadequate...
and that ultimately perception must be dealt with instead in informational units.

A final issue which also comes from information theory and a consideration of general
systematica, i{s that our models must be able to encompass the concepts of structure.
of hierarchy and of chains, (We will attempt simple definitions of these terms mainly
by the method of providing enemples.)

Beariné these issues in mind, it will become clear why an analogy to printed
language offers so much, As mentioned before, h0wever, we enall limit curselves to
looking at only a few, three to be exact, aspects of the analogy. These are the
aspects of hierarchy of levels, of intrinsic units, anu of chains., Before doilng this,

+ the specific formal aspects of printed lenguage to which we wish to draw analogies

will be sketched,

—— et A e A m———— v ——— e = . i a . [




. — ———t i o A e — o A

)

£
' b <.
i P :
e |
NE
‘.owuswuua vounwum t ul 5398 3o AuyoxeiaTy 9Y3 wo.nowumuunsﬂﬂu *9 IPTIS ‘ Mmm,wp
. . . N
7 I
(8 R

(‘aa‘sjenteml e . ) (aifas &g pajni ) T
syoeq jle‘seomeqe). - . SiESljojasee

e T P ey PRy LI
i .

("ojeTsmealisal jes . (lewmwiels Aq pajml) s
- 1.158G°°1j20 25) m&_e_ﬁw:. co. sadusyuss Jjojes e w,
(o (GAeonan,) w
.m._gm.@swu pHg‘pue) - spiemjeese -
- S . *
~ ()egeqge ) H i
(' f'x--aplage ) oosisnpgjolse
deMd Mn_
DYOBNYT @TIMIMA 0 @TINTT 20 ANt T
SUNINY T €ARIEd 40 START 0 MUY .=



vo
(slide 6) A printed language formally consists of a hierarchy of levels of

which the lowest is & set of ulphabetic letters drawn from a ‘small set represented

by the specific alphabet of that language. Note that each letter is not only an

clement of the set but s slso a natural intrinsic unit of the language and that

the units are_all of equal size. The next level of a language is the level of a

sct of words which make a larger.set represented by the dictionary.of the language.,

(The dictionary also ropresents the rules for forming words in that language and is

a statement of the constrsints upon ail possible combinations of letters. This makes

possible stockastic descriptions.) Note that words may te considered natural units

just as letters are, but that they are not of equal size to one another because they

are made up of differing nuubers of the basic units of letters, The next‘level of

the language‘is of sentences which make a gtill largor set constrains§ by tﬁe rules a

of grammar, Note again that sentences are another type of unis. Having established

the idea of hierarchy of level we shall not go on to the higher levels. Next for our

‘attention is the fact that chaing ‘are the msthod whereby all of these units‘ars com=

bined. Thus a glven text is made of chains oE:sentences which are made of chains of

words which are made of chains of ietters, Also, we have seen that all of these

units in chains are by natuxe discontinuous ratﬁer than continuous in the senses

which.we earlier considered and, furthet, that they are all indubitsbly uniis which

are intrinsic to the nature’of printed -language rather than arbitrary. Finally, we

can notice that by the very nature of information and the limitations‘of language

that each levsl of the hieraxchy is able ts'contain only certain types of information

end thatlthe higher one goes in the hierarchy the greater the degree of complesity

that can berconﬁeyed.and ths more complex the rules for this conveyance, And, of

course in talking of these matters, one of the things we are saying is that structure

exists, which 18 constrxaint upon all of the possibilities, which means our chains are

susceptible to probabilistic or stochastic models. (A simpls example of structure

18 the structure of a word, in which the nscessary lstters making up the woxd have

to be put in the correct order for the word to exist, The structure of the vor§ is

. . ey R
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constraint upon tha set of all combinations of the letters in the woxrd: CAT, CTA,

" We will now look at how analogy to written language helps us to undorstand visual

perception, First, you may have noted that the package of visual input mediated

eye-jumps is homologous in several respects to the intermediate level ui'its of

by

written language, It sharcs the propexties of being discontinuous, of being intrinsic

and natural to the function of the system, of being '"made up" in some way of the

smallest units (letters in printed language and nerve spikes in visual perception) and

of being made up of variable numbers of the smallest units, Furthor, it also forms

chains to make up larger units, as we can see in our slides (alides 2 and 5). It is

convenient to consider these packages as analogous to words if we bear in mind that

we do not yet know enough about viaual system hierarchy to know whether there might: .

not be other levels between nerve spikea and eye~jump packages even though the hypo-

thetically analogous letters and words are on adjacent levels, A great deal more -

could be said about the ramifications of each of these points of similarity,.but we

uill content ourselves, for the sake of brevity and clarity, with m. rely going back

- to establish the three pointa mentioned before.

* First, as to the quescion of hierarchy, we have ahawn how this is natural to a

language as an information bearing system and have taken the position that the visual

system as an analogous information bearing system must have a hierarchy of organization.

In other words,our analogy puts the case that complex information bearihg systems

are intrinsically and necessarily hierarchicaii?'organized. Next, as to the question

of units,,we have drawn analogy to two major characteristics - one is the discontinuity

of units at alf.levels. (Here an 1ntareat1n§ issue is whether it is logically possible

to carry information continuously at higher levels in a system where the lowest level

is discontinuous = the nerve spike and the letter. In other woxrds, does discontinuity

. at a lower level constrain higher levels to be discontinuous?) The other major char-

acteristic of units ig the intrinsic natural character of the units to the information

bearing system of which they are & part. The importance of this is that it focuses

. )
-
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: our ;ttention upon a partial success in the never ending search for imtrinsic units
ag keys to the nature of phenomena we scek to understand, Finally, in having noted
the formation‘of chains in both visual perception and printed language we have glimpses
of the 1mportango of the eye~jump packages in forming higher units of visual perception =
“gentences" so to spcak, For example, as you sit here and look qt me the chain of
Qour cye jump packages will cgnscihute a santence which is coﬁpleted when you glance
at the person next to you and begin & new sentence in oxganizing a pegceét of that
pexson,

To surmarize our analogies.we may say we have compéred visual perception and
written language and seen that both may be viewed as sharing the gharacteristics of
having hiérarchies of information-bearing levels of structure, of having discontinﬁous '
gntrins;c units at these various levels, and of fbrmihg chains.of thesa units at a T
given level as a means of rea?hing the next nghest Iev;I. At two levels we may be
specific as to the nature of the viquél system unitstl 1) the lowest level of vision
is a nerve épike, analogoué to.tﬁe lowést_lévé; of a‘wrlfﬁen language which is an
;lphabetical lettex; 2) atla.hlgher level of visual percep;ion is tﬁe eye=-jump
wedlated package qf‘informatioh ;hich is analogous.to one of the higher levels of
a wrléteﬁ language,

. The proress of'réeding and.the problems of }eadigé diéabilit& may once again

~ occupy us briefly before ending our survey, We may see first of all that reading
is a procéss vhich is divided, as we have just shown, into its own natu£31 units
by the jumps of-the ;ye.. (S;ide 5) Further, ;;ése units are somehow combinedvto-f
gether in such § w;y as to create both a continuous v;sual spatid-temporal world,
and in reading,.to create a perceptual and cognitive continuity of the textual
material, Finally, these units have a rate of occurrence, with optimal and high
and low rates, )

As to problems cf reading disabili?ies, what emerges is a framewrork upon
which to build a model of readiﬁg which involves programmihg much like that of

a8 computer with the same kind of vulnerability to'faulty micro-sequences and inter-

.
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: tereﬁces from other sense modalitlies or cognitive and motor spheres. (Micro~
sequences can be thbught of as the correct ordering of the correct elements, much
like the example of structure given above for the worh "CAT", Microsequences may
also have alt;rnntives, 8s in sentence structure, where'a séclof words may have two
different arraugements wvhich give the sama meaning.) This mode{ is derived from

what we have already done, since programuing is the sequencing of hierarchical units

" with better and worse alternative sequences and with alternative sets of units from
different sense modalitics and differént spheres which may or may not be included in
the chalns. The vulnerabilities referred to above can be briefly considered furthpr.
Faulty micro-sequences as a concept has been enriched by analogy to our preéent know=
ledge of computer programming from which we gain respect for the importance of carry-‘
ing out a series of operations exactly right. From computer programming we have
leamgd that even though there is more than one 'way to skin a c.at:, thore is_ 7st111
larger set of ways which won't work at aii. In the glder literature on cye movements
in reading, one ineffectiye micro-sequence which was studied'extensively was the

use of regressive eye movemengs - {.e. eyefjumps which went back to a‘part ok the
text already cove;ed. Another disorder of micro-sequences is to carry them out at
too rapid ox too slow fates (Silverman and Gaarder, 1967}. The former is undou%:edlyh
associated with hyperaroused (overly-alerted) states (Gaérder, 1967;3), whereas both
too rapid and too slow tates:ﬁsuld lead to iﬁterference from other spﬁeres. Our
model of <visual perception has strong implications for a mo&el of sensory processing
and behavior in general which can help us ﬁo uiiderstand these interferences, Qne
thing apparent is that if the visual system is using its own particulax coding for
its own parﬁicuiar language, then cach of the other sensory systems is doing likewise
and in addition the same thing is happening in the cognitive and motor spheres. This
can be put most vividly by saying that we must think of ourselves as individual
Towers of Babel or as individual multilingual United Nations Meetings. (In other
words, to press the analogy, our eyes might talk German, oux ears might éalk Axabic,

ouy stomach might talk French and the central processor must translate these &ll to

’ - . . -
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English.) If we accept tho necessity of these analogies wo are in the useful pos~
ition of being forced to make choices between time sharing (i.e., serial processing)
models and aimpltaneous (i.0. parallei processing) modols to account for the proce
essing batweon‘fhese diffevent sense modalitics (Gaardoer, in preparation), What
emarges lucidly‘for our present concern, howevor, is a pictuxe of how, i cértying
out a specific function such as reading, it is highly desirable to inhibit or "turn-
off" in some way, other scnse modalic{es. such as hearing, so as to reduce the‘inter-
ferénce. We can logically and theoretically define one class of reading disability
&3 that mediated by interforence from other aénse modalities and/ox cognitive and
motor spheres. (We are not implying thaﬁ these theoretical classes are pur; or une
conteminated by other classes of disability.) Also, it appears that hyperarousal
would.oftgn charactetlz; this type of diaabliity. o .

‘ We have done what can be done with the conceptual materiale nﬁd time we have
onlhand. I hope tht I have sgid'is useful to you and now look.forward to the

pleéaure and ﬁrofig of hearing the papérs still to‘be presented.

»
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. Slide 1. Typical recording of eye movements during visual fixation showing scveral
rapid jumping eye movements (S(h)'is an example). A recording of larger eye movements
would look very much the same, with the discrete jumps cqually evident. The trace
marked B is the horizontal component of the movement and the trace marked V {s the
verticel component.

Slide 2. Simulation of eye movements in viewing a visual scene., At upper left

is the scene with 5 numbered dots and connecting lines superimposed. The dots
represent five successive fixations and the lines represent the track of the eye-
jumps botween these fixations. The upper right shows arbitrary central retinal areas
around cach of these fixations, The row of circles simulates the time sequence of
presentations to the brain of the chain of five succeasive central retinal views as
the eye vicws the scenc. The tracing below the circles shows the horizontal component
of the successive fixations, with L and R representing the left and right directions.
The bottom of the figure shows altcrnative tracks aftex the first two fixations to
illustrate the stochastic nature of the process. :

S1ide 3. Simulatifon of rctinal image edge generation by small fixation eye~jumps.
This figure shows the positive (A) and negative (B) print of the same scene at the
top. 1f transparcncies of the two arc fitted together with slight offset, the dis-
crete edges of C-M result. This simulates the change of the retinal image produced
by emall eye-jumps (indicated by the arrows). For photographic reproducability the
displacements and the arrows-are larger than the jumps occurring during fixation.

At 38 cn. one dogrec of arc is about 6 mm, A typical fixation oye-jump might result
in .2 to 1 mm, apparent displacenent at that distance.

Slide 4. Diagrammatic representation of segment of edge on the retina. (I) Segment
of edge between points A and B, Other boundary lines necessary for pictorial pur-
poses. (II) Displacement of the edge by a left or right eye-jump vector occurring
between time tl and time t2,; (III) Net change of edge produced by the jump.

Slide 5. Simulation of the effect of eye-jumps during reading. (I) A short sample
of text, (II) Simulation of a set of four eye fixations (dots) and the intervening -
eye-jump tracks (arrows) during reading of the text. (III) Simulation of arbitrary
central retinal areas about each fixation. (IV) Simulation of the time sequence of
presentation to the brain of the chatn of four succeesive central retinsl views.

Note “overlap" or repetition of certain words during succeseive fixations.

S8lide 6. Illustration of the hierarchy of sets tn-a_prlnted‘lanéuago. . .
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