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Abstract

Ternporal Íntegration and backv¡ard masking tasks ¡,rere perforned by

7, 9, LL, and 13 year o1d good and poor readers in order to assess the

relatioûship betr^reen reading difficultÍes and tenporal aspecLs of vis-

ua1 inform¿tÍon processing. Earlier research (Stanley and Hal1, 1973)

suggested that poor readers had longer sensory persisLence afìd a slower

Tate of visual informatíon processing than normal-reading control chÍ1-

dren. However, urethodological considerations concernÍng the posslbillty

of response-criteríon conformding cast uncertainty on the conclusions

drarnm from this earlier work. In the present experiment, temporal

Lntegration and. backward masking tasks, designed to avoÍcl this possible

confounding, were enployed to assess sensory persÍstence duration and

processing rate, respectÍvely.

The resul-ts revealed no differences between the experinental and

control subjecÈs at any age level on eÍthet e).perimental taslc although

perfor[ânce rnder back¡¡ard naskÍng conditions shorred sigarifícant im-

provement with increasing chronological age in both groups. IhÍs

suggests that r,rrhile the rate of vísua1 infornati-on processíng I,ras lm-

related to reading proficiency at any age leveL studled, the processing

rate did i¡Ícrease sígnificantl-y with age. Cooversely, however, the

absence of any age-rel"ated differences in temporal integration indL-

cates that the duration of sensory persistence r,ras independent of both

chronologlcal age and reading competency.

The present results fail to support earlier research. indicatíng

dlfferences beÊveen good and poor readers in sensory persistence duÌa-

tlon and processing rate. This discrepancy in findings fs beLleved to



be related to the confoudiag effects of response bias in the earlfer

work r¡hích ¡¡as avo íiIed. Tére'by forôed-choice methodology. The present

findings argue for future research invoJ-ving gooil and poor readers

beíng directed at higher leveLs of lnfornation procesaing Èhân Èhose

presentJ-y ÍnvesÈigated.
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CTIAPTER I

INTRODUCTTON

Selected History and Theories of ReadÍng Disabil.ities

The study of reading disabíLfÈies has been approached from a

variety of persfectLvès over the last eíghty years ând yet rnany of the

.fur¡damental issues ouÈl-ined very early in research appear to be the

same isaues persisÈl.ng today. WhÍ1e sígníficant progress in r¡nder-

standíng the reading process has been Eade, the richness and dÍversíty

of r^rhat enconpasses readirig and the muLtitude of factors !¡hích appear

to infl-uence íts acquisLtlon and frmctionaf integrity have mitigated

against any single comptehensive explanation of the process. The in-

tention of thls section ís to revlew a representative sanpl-_e of the

ll-terature in order to el-ucfdate the f¡¡ndanental issues and Èhe basic

findíngs.

Jame6 HirrshelÌ,rood (1895), an opthalnologisÈ, nas anong the ear-

li-est ¡ûorkers to publísh an accormt of reading disability rarithout any

cLear neurological abnornal-ity in one of hls patients and he entitled. .

thls r'rork rrhlord-Blindness and VisuaL Menoryrr. I'his accor¡nt drerû the

attentlon of Pringle Morgan (1896), a general practiÈioner, and prompted

him to reporÈ iD detail the case of a fourteen year old boy who appear-

ed incapabl-e of LearnÍng to read despíte at l-êast average intelligenee,

good health ancl coninj from an adequate fanily and educatÍonsl back-

ground. The boyrs dtsabiJ-ity riras liûiteil to. reâding rath;r Èhãn gener-

alized across all academic areas and it was believed by his teachers
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th¿t ht6 school perfornance would have been excepÈional were instrucÈion

entirely oral. Because of the lack of any history of braln injury or

neutol-ógical- Íllness, l,forþan concluded Èhat thl.s nust incleed have been

a case of ttcongenital word bLindnessrr. tle furÈher bel-ievecl that the

fundanental basis of the disabilíty rras ¡rost probably due to defective

development of the left angular gyrus, disease of which often resul-Ès

in reading dÍfficulties in adults.

lurther evÍdence of specific reading disability ín othernise

heâlthy and inteLl-igent children r.r'as presented by Kerr (1897) who

stressed the fíndÍng that reading problems rúere not the sole ptovince

of the rrdulltr but also âffected the t'rnentally exceptionalrr as weLl.

Lâter Hinshelwood (1917) pubJ-íshed his no¡¿ cLassLc monograph whÍch

sur[marized severaL years of research and fo11ow-up on children mani-

festíng reading retardation, trn this work, he provided a deÈal1ed

clescrÍption of symptonatolog;r and noted the close parallei-b.a"..rl

thesè s)¡nptons and those formd in cases where the deficÍts were the

tesult of braJ.n damage. Ilinshelwood, like Morgan, concluded that the

conditíon was caused by some developmenËal agenesis in the left angular

gyrus rather than the result of brain danage or dísease.

¡ Arotmd this period of tine, many sínil-ar observations of dÍsabil-
t
fty'were made by other ínvestigators and their conclusi.ons appear to

¡

tþe forned the basís for the later deveLopûent of a variety of theories
I

f causation of reading <llsorders. Tor exaqle, Stephenson (1907) ob-
I

$rvecl and reported rea<líng disabiLities in several rnembers of one
I

fanily over thTee geoerat.Lons which 1ed hin to conclude that an heredi-

tary component r,las involved in dyslexia. Fisher (1910), on the other
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hand, believed thaÈ rrword-blíndnes s|t was the result of brain darnage and

suggested thaË birÈh Èrauna ûight have been the causal factor. Clai-

Uorne (f9b6) sirnilarly belíeved that ïeâding itisabÍ1ity hTas due to

braln danage in r¡hÍch Èhe 1esÍon was of congeniÈaL origin and probabl-y

consísted of imperfect devel-opnent and tardy reacÈion of the tkord and

1etÈer memory cel-l-s",

An overvieInr of this earl-y Literature reLating brain processes and

readíng disabilÍties êppears to suggest general agreement r{tith respect

to ao organic basis of one sort or another for the condítion as well as

some degree of agreement regardiag Ëhe involvernent of Èhe left angular

gyrus in reading dÍsabilities. Another interesÈing and fundanental

point worÈhy of conslderation lnvoLves the apparent line of reasoning

enployed by these early workers in Èhe fornulatfon of their hypotheses

concerning an organic basis for reading retardatíon. They-suggested

that it was approprÍate to speculate abouÈ the causation of readiag

disorders by drawing an anal-ogy betv¡een those !¡ho faÍl-ed to aequire

the abÍlity to read and those rrho lost Èhís ability Ëhrough Ínj ury or

dlsease. Indeed, Naidoo (1,972) pointed out that thfs anaLogy continues

to lead many researchers to the investigatÍon of neurol-ogícal anomalíes

in chlldren r¡iÈh serious difficul-ties in J-earníng Ëo read. I{híLe this

strategy is not necessarily Ínappropriate, Lt appears imporÈant Ëo note

that this approach may quíte easÍ1y lead Ëo the questionabLe assuoption

of a unitary and homogeneous cause for all reading dífflcul-tÍes.

thonpson (1966) noted that many psychologÍsts were also among Ëhe

early contributors in studyíng the reading process aLthough they did

noÈ teod to focus on reading dísabil-ittes per se. Such indivÍduals as
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tr'ftmdt, Catte1l, Javal, Erdmann and Dodge conducÈed more basíc research

relating to the eye and to the nechanics of the reading process. IIow-

ever, by'the eêr1y 1900rs many of the educatÍonal psychoJ_ogists had

become interested in studying reading disabilities. As mlght be ex-

pected on the basÍs of their dÍ.ffering traíni.ng and responsibilitíes ,

the focus of theÍr ¡'rork rras ín several respects more díversífied than

Èhat of the eariy medical- investigators, Í,rlth most attention paj.d tct

reading tests, ûethods of Èeaching, eye movement s and the psychology of

reâding. the diveïsity of inËerest and those factoïs believetl to in-

fluenee reaalÍng were exemplifíe<I by Gray (1921) ín a papeï in whÍch he

proposed several potential causes of reading disabilities. Among those

factors he noËed were irregular school attendance, poor phystcal- health,

mâlnutÏition, psychol-oglcal disorders, nationaLity, Ínappropïiate methods

of Lnstruction, visual, vocal, and auditory deficits, as r¿elL ¿s braÍn

danage. In addiÈion, he proposed another serÍes of causes r¿hich he re-

ferretl to astrpsychologicaltr in nature r,zhÍch included geneïal nental

incapaciÈy, inadequate attentíon to meaning, l-inited eye-voice span,

inabí1ity to rêmember nerü r,Tords and an inability to anal-yze and pronounce

words.

Another psychologist, Augusta. Bronner (L9L7), who r,ras associated

lrith the first chíld guidance clinic, sÈudied the reading process and

readíng disabilÍties extensively and concluded that acquired brain

danage was not charact.eristic of the naj ority of reading disabled chíl-

d.ren. She stressed the Ínportânce of varÍous peïceptual" and cogni!íve

factora in reading such as (a) perceptlon and. díscrirnination of forrns

and sormds, (b) assocÍating sorurds ra'Íth visually perceÍved letters,
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naûes rrith groups of synbolà, and meaníngs r,Jith groups of r,zords,

(c) ne¡nory, notor, visual and auditory factors, and (d) the motor pro-

cesses irs'ed in ínner speech and reading aloud. She Èhought that read-

ing perfonnanee was dependent oû some synthetic process unítÍng ali

these separate elements ând advocaÈed an analysis of the mentaL pro-

cesses on an lndivldual leve1 in dealing r,7iÈh those lmable to leatn to

read.

Gibson and Levin (1975) observed that Èhe focus of psychological

research.on readíng changed significantly after around L920 as the re-

search emphasis shifÈed from fundamental- investígations of the reading

process itsel-f to comparísons of the rel-atLve val-ues of differenË Eeth-

odological approaches to teaching reading. They descríbed thls period

as the beginníng of the dabate on Ëhe rrphonícsrr versus ttr¿hole-wordrt

approach Èo teaching readi-ng and noted that curricultm rèsearch, Ín

conÈTast to more basic research, stiJ"J- 
- 
characterizes much of the work

by educationaL psychologists studying reading.

In thís ïegard, Gibson anil Levin noted that Èeaching methods peï

se have often been considered by both professionals and lay people

alike as the priûary cause of many reading disabiLities suffered by

children. Quite frequently the debate has centered on nheÈher phonics,

whlch stresses the fl,a.sÈery of word e1-enents, is more or less effective

1n learning to read thaî a whole-word nethod, enphasizíng a "1ook and

seerr slght vocabulary approach. The sÈruggle has gone on !,rith varyíng

degreés of intensity and ¡,rith dlfferenr approaches appearíng to donín-

ate for periods of tÍme. However, Gibson and Levi¡ concluded that

after over forty years of intensive research Ínto the mosÈ effecÈive
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Eethod of Ínstruction very litt1e has beeir clarified and for every

series of aÈudies proposing the superiority of one approach over another

there seém to te an equal nunber of contradíctory studi-es. Grayrs (1957)

concl-uslon that not al-L chíldren and adults learn equally lt?eLl by any

gi.ven nethod is lrorthy of noting here. He naintairì.ed thât this very

fact indicated the significant Ínvol_vement of other factors in ]-eanîíng

to rèad which were perhaps just as important as the meÈhod of instruc-

tion ftself. Ile suggested the ímportance of such factors as Èhe per-

sonal- characterístics of the teacher, the home ancl the schooL environ-

ment as r¡el-l- as the varylng abiLltles and other unÍque characterístÍcs

of the learners themseLves.

Another series of fåctors bearíng sone degree of relatÍonship Èo

and nosÈ 1ikel¡r interactÍng Ìrith educatíonaL factors involve the condi-

tions of cul-tural and conmunicat ive-emotÍonaL deprivation {Gibson ancl

Levín, 1975). Under these cireumsÈances the lack of proper and ade-

quate stinuLation for language acquisÍtion in the early social environ-

ment fs belÍeved to be a significant cause of language dlsability, For

example, the exist.ence of a poor nother-child relarionship due perhaps

to anger, disinterest or frequent absence on the part of lhe nother,

nlght wei-1 resul"t in poor and lnadequate verbal coununication betr,ùeen

parent and chi1d. A sLudy by Bannatyne (L971) denonsÈrated that early

deprlvation of cormunication bete¡een a mother and child could result

in the childrs failure Ëo acquíre and develop good language skills.
It was aLso suggested thaÈ thís type of corutrunicative brp¡kdown ïesulted

in deficits in the chlldis motivatÍon to Learn language-relaÈed Èasks

which further predisposed him Ëo developing readíng diffículÈies lateï.
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In this regard, the i¡ork of pringle (1965) indicated rhat parrial or

coaplete separation of the child frour hís garents in eaï1y childhood

had a proformd effect on the childrs emotional sLabiiity ancl lingulstic
devel-opurent. I'fore specifÍcally, those children who werè removed from

their parents at an earl-y age and r.¡ho had Little oï no contact r1,ith

them Ìrere more ïetarded in intelLectuaL and línguistÍc development and

ln readíng achiÈvement than ¡,rzere those children who r¿ere removed l_ater

and hence ¡sere less seriously deprlved of parental contacËs. In addi-

tÍon, read.ing comprehension was nore seriously affected Èhan word recog-

nitlon suggestlng thaÈ the more advanced processes of readlng rrere nore

seríously affected Èhan the earlier stages. One general impression

that emerged fron this work ¡¡as that the motivation to attend and. Èo

eoncentrate and work both purposefully and energetically was impaired

rather than the basic capacity to learn to read.

A culturall-y deprived environment has also been regarded as a

serious and. primary cause of reading disabil,itles. Basicall-y, it ís

Èhought that such an enviTomlènt fafls to províde the child with Èhe

proper stimulation and pre-reading experiences ¡.¡hich are prerequisites

for acquirlng those skill-s Ín early schooLing which, in Èurn, are

ûecessary for learning to read later. the study by Bannatyne (L97l)

referred to earlier indicated thaL aû inpoverished environnent often

differed from one ¡nore cuLturally privÍleged j¡ its lack of talk
containÍrig references to logical- relationships, which are impoïtanÈ in

learning ín the schooL si.tuation. Thus, chíIdren fron a culturalJ-y

depríved environment often appeared Èo be unprepared to learn many

abstractions that are typically required in the academic sphere. ThÍs



8

probleû r^rould be further compounded if the child attended schools r¿hich

did not provide adequate enriching or remedial attention or which tended

to gear tîeir ¿nstruction to the culturally more prÍvileged child (Gíbson

and levln, L975).

Another factor r,ùith both cultural and educatÍonal inrplj.catÍons re-

l"ates to the poÈenÈial effect of the lack of an appropriate model ín the

classroom ¡sith whon the chiLd rnay identify. In this view, rnodelíng is

bel-1eved to be an j.mportant element in encouraging the child to learn

to read. and a teacher of a dÍfferent sex, race, social status, etc.,

relative to the child, nay seriousJ-y diminísh the teacherrs effective-

tr.ess as a role model-. GÍbson and Levin (1975) argued thaÈ this factor

was responsíbl-e for the large nr:mber of reading deficient boys relaÈive

to glrls ín the United States. They l,/roÈe, "it appears to be the case

that the high ratio of dysLexic boys to gír1s ín the schools of the

Irnlted StaÈes ís naÍnly the result of a hÍgh ratÍo of fenaLe to male

teachers in Èhe prÍmary gradesr' (p. 489). tr{hile Ëhis suggesÈÍon appears

to represent both an oversirnplifÍcation of the problem and an overstate-

ment of the effect of the predonÍnance of female teachers, it does stïess

the enphasis placed on cultural factors in reading retardation.

Another cuLtural factor often regarded as being of crucial inpor-

tance in subsequent readíng achÍevernent concerns the accessíbi1Íty of

books and other reading materj.als in Èhe hone as l,rell as the observâ-

tfon of someone íû Èhe horiê actually reading. I,torris (L966) sho¡¡ed

that signiflcant differences existed between good and poor readers and.

the number of adult books and nagaz ines in the home as Ìre1l_ as the

frequency of parental membeïshÍp in publíe Libraries.
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In additlon to Èhe potentially detrinental effecfs of a parent_

child com.nieative disruption and educaËÍona1 def icÍencies, Thompson

(1966) observed lhat emotional bLocks and ínhibitions âre frequently

seen as the fundamentaL factoïs underlyÍag language disabiliËies. I.rom

a psychoanalytÍc vierÀrpoint, pearson ancl English (L937) expressed the

vieh' that reading dÍffículties were an atÈeüpt on Ëhe parË of Èhe chí1d

to solve psychic conflicts. They mafntai:red. that reading might have

been one subject sÈressed by a trhated parentrr and i¡ which the chíld,

unable to express his anEagonism to the parenÈ openly and conscíously,

díd so indirectly through refusal to learn to read. An alternative

hypothesis noted Lhat reading involved the acqulsitíon of }crowledge

thtough looking and postulated that if a chilil had been severeLy

"inhibited" in his !'peeping activities'r, all acquisitíon of knowled.ge

through J-ooking rnight have come under the rtban of the child-r s superegorr.

The basic probLen was not viewed as the ÍnabiLiÈy of the chíld to
Learn to r:ead. as such but ratheï involvecl his fear to use his vísion to
acquíre knowl-e<lge. The Èreatment of choíce thus involved psychoÈhera-

peutic intervention aimed at Èreating Èhe basic neurosis of r,zhich the

reading disabiLity was only a sl¡nptom. Iron the same perspecÈÍve,

?hyllis Blanchard (1946) suggested that reacríng disabiliËies in child.ren

were associated with the childrs dífficulty in handling the rraggressionrl

Lnvolved in Learning or looking into things "with a píercÍng eyen.

This traggressíonrr t¿as beLieved to result Ín a considerable clegree of

guÍLt for ûihÍeh the child rmconsciousJ-y sought punishment. The reading

disabil-lty represented the symptom for r¿hich the punishnent fo11or,¡ed ín

the forn of scorn both at school and at home.
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lilacdonald CrÍtchley (1970) poÍnted ouÈ thaÈ by f925 rhe srud.y of

reading disabilíties was clearly no longer the unique ïes?onsibil-iÈy of

meriÍcÍne'and that psychol-ogists and socíologists had enteïed the fiel-d.

ln addition, the hypothesis that reading retardation was fundanentally

due to brai.n danage or sÈïuctural maLd.evelopment vias yl.eliling undeï

fncreasing pressure. Samuel Orton (1925), a psychÍatrist and neuroLogist,

pubLished a paper which specifíca11y disagreed with the vj.er¡ of HinsheL-

['ood,mentioned earlier, that readÍng retardation r,/as due to 1ocalízed

agenesís Ín the brain by statÍng sínp1y that there r¿as no solicl evldence

for such an hypothesis, Although he acknowledged that brajrr damage or

naldevel-opnent certainly coul-d result in reading defícíencies, the vasÈ

majorit] of poor-readíng ehildren he saw sho¡¿ed no concLusíve evl-dence

of brain dauage in either their history or neurological examÍnaËioûs.

Orton observed that the children shared many comon syrpto4s (see

J. L. Orton, 1957), anong r¿hlch he stTesaed the particular írrporÈance

of trüo: confusíon raThen aÈtemptíng to remember whole-rdord patterns as

well- as confusíon regarding the orientåtíon of letters. To describe

this syndrorne, he coined the term 'rstrephosymbolÍatr.

In subsequent papeïs, Orton (1928; 1937) proposed to explain these

sy¡nptoms and reading difflculties Ín general- on the basis of Èhe same

fundamentaL princíp]-e. He nâintaineal that each cerebral henisphere

conÈaíned ttengraustt r¡hich were mi¡rored copies of those in the oËher

henisphere and Èhat a failure in the I'establ-ishnent of the nornal

physiologlcal habit of using exclusiveLy those of one hernisphere night

easiLy resuJ-! in a confuSi-on in orientation ¡¿hich ï/ould exhibit Ítse1f

as a tendency torarard an alternate sinÍstrad and dextrad directÍon in
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reading and in l-ack of pronpt recognition of the differences between

palrs of words r¡hich can be spelled backwards and forrnrards such as rras

and sar,r, hot and ton, or on and no, etc.t' (p. 715). tr'urther, he be-

lieved that one outstandíng characteristic of the cerebral patterns

under:1ying language in Èh.e nor¡na1 adult rras that of the much greater

physioLogical inportance of one hernisphere than Èhe other in language

which he referred. to as the phenonenon of rrrmiLateral- cerebral dominancerr.

orÈon ríênt on to describe the failure Èo establish such dominance in

tead.ing-retarcleil chilclren as evldence of a d.eveloprnental- Lag rather than

as a neuropathologÍca1 or acquÍred disorder. He further maintalned thaÈ

such devel-opnental delays or deficits might have genetic and hereditary

components as rmderlying correlaËes.

Lauretta Bender (1-958), who is general-ly credited r{rlrh layÍng rhe

grormdwork for the view of reading dísabilities as a slor,ietl or delayed

developnental phenomenon, follor¡ed up and eJ-aborated on orÈonts concept

of developmenÈaL l-ag and described ít as follows:

It is baseal on a concept of frmctÍona1 areas of the
braín and of personality which mature according Èo a recog-
nízed paÈtern longitudinaL-vise. A maturational- lag slgni-
fles a slorn¡ dífferentiafion in thís pattern. It does not
índicate a structural defect, deficíency or l-oss. There
ís not necessarily a límitation in Èhe potentíalities and
at variabLe Levels maturation may tend to accelerate, but
often unevenly. Again one has to use the concepÈ of plas-
tÍcity in the way the embryologists use the tern, being
âs yet unforIoed, but capable of beíng formed, being in-
pressíonable and responsive to påtterning and carrying
¡r¡iÈhÍn Ítself Èhe potentialitíes of patterns which have
not become fixed. This ís aLso characteristic of a
pri[itive stâte, It is thís particu]-ar characteristic
of developnental- lags that effect such a variety of
synptoms that defy classíficatíon and make it possible
for each investígaÈor Èo emphasíze those factors that best
flt his experience and theorles (p; 227).
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Vernon (l-971) observed that the matuïati.onal_ 1ag theory has perhaps

become the most cotrtrûcn1y heLd causal theory of rea<lÍng ïeLardation wíÈh

the naj ority of poor readers belíeved to be sufferíng from a failure in
the norûa1 naturation of certain fr¡nctions of the cerebral cortex. rt
also ca¡ried r.7ith it the ÍnplicaËion that prÍnitive perceptual and. cog-

niËive processes which had. disappeared ín normal readers at a compâra-

tlvely early ag. riight. persíst untfl a Later age in poor read.ers but

then night finally fade away in thern a1so.

Like earlier researchers, Satz and Sparrorü (1970) noted Ëhat the

behavioral pattern of deficits observed in poor-readíng chílclren was

qitíte simil-ar to Lhat of aduLts who had sustaíned. damage to the left
cerebral- hemisphere. They observetl thaÈ Ëhis pattern often Íncluded

right-left confuslon, finger agnosia, writing difficulty, visuo-

constructÍonal lmpaiTnent and depressed performance on verbaL inteLl-i-
gence tests. However, they too noted the typÍca1 fÍnding of an absence

of brain damage or.struetural aLteration in poor read.ers folJ-owing ex-

tensive neurological assessment. Thus the analogy betr,reen patients

w1th left herrÍsphere damage nanifesting sinílar slmptoms to poor read.ers

Tan i.nto trouble. Hor{ever, the utility of the analogy assocÍated with

a sÍmí1ar sympton pattern across both groups could be teconciled if the
:

assumption were made that a delay in lateral henispheric development

oight have affected the acquísiLion (in poor readers) ratheï Èhan the

loss (1n those brain danaged) of those skills which required Èhe abÍ1-
:::

itieb of right-l-eft discïimination, finger diffêrentiâÈ ion, auditory-

visual integration, etc. Thus, Satz and Sparrow proposed that poor

readers suffered fron deLayed developmenÈ involviog the cenÈraL nervous
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systeß and specifical"ly the left cerebral henísphere. ?hey noted

Lennenberg I s (1967) neuroanatomic studies of the cerebral cortex indi-

catíng that the growth of the brain undergoes enormous structural,

eIêctrophysiological and biochemical clnnges during the fírst two years

of life and that this gror,'rth pattern does not come to 3 cl-ose untj-l

around. puberty. Further, these groÌ^rth phases tend to correlaËe r{rj"th

deveLopnental milestones 1n moÈor, somatosensory and language function.

Reference r¡as also made to Geschrrind I s (1968) paper reLatlûg brain

rìatuïaÈion and ontogenic devel-opment ín which he stated that the early

myelínating zones lncl-ude all the classic motor cortex and the prÍmary

sooesthetic, visual and auditory cortices. Satz aû.d Sparrow noted thaÈ

these early üyelinatÍng zones have the most efferent and afferent con-

necÈlons nith subcortical- strucÈures and the fewest long connectÍons

with other cortical areas. By conÈrâst, Èhe zones which ru¡Jelinate

latest, the rttermínaltt zones (i.e., the 3"eft angul-ar gyrus), have prom-

inent intercorticaL connections r,rhich aïe necessary in the nedíatÍon of

more conplex language and cross-modal lntegration skills.

The Satz and Sparror^7 theoretical positÍon ¡nai¡tained thaË the

maturational process in normal chiLdren is essentíall-y an age-linked

process r{'iÈh Èhe maturation J-eveJ" being a fimction of chronologÍcal

age. On this basis, a maturatíonaL lag was regarded as sLow or delayed

deveLopûent of those brain areas which mediate the acquisition of devel-

opûènÈaL skills r¡hich.ãTe flmdamentally age-liaked. Thus, the deficít

pattern seen in read.ing-retarcled children, raÈher than representing a

unique synd.rome of ilisturbance, should more typicaLly resernble the

behavÍoural pattern characteristic of chronologÍcaLly younger nornal-
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children who have noË yet acquired mastery of skÍLls which develop

onÈogenetically later. As such, Èhe level- of brain naturation in both

younger n'ormal and older poor readers l,ras seen as less mâture and

differentiated. Therefore, the pattern of deficlts wíthln poor-readÍng

groups would be expected Èo üary as a functíon of the age at which

certain skilLs r¿ere undergoing prÍmary developmenÈ. As visual-motor

skíl-Ls are estat,lished ontogenetÍca11y earlier (age 7-8 years) (Píaget

and Inhelder, L969), a pattern of difficulty Ín this domain mi.ght be

expected in the younger poor-reading children whereas difficulties in

those functions such as language whÍch develop ontogenetically later

(Piaget and Inhe]-der, 1969) might be expected in ol-der poor-reading

children (age L1-12 years) rr,ho are assumed to be maturationaLly delayed.

Satz, Rardin and Ross (l-971-) conducted an experíment based on the

above theoretical position. More specifically, Èhey hypothesized that

skills r¡hich develop ontogeneÈÍcaLJ-y earlíer (e.g., visual-motor and

auilitory-visual- íntegration) wou.l<l be more delayed, relative to age-

maËched control-s, 1n younger poor-reading children (age 7-8 years)

whil-e skili-s whÍch develop later (e.g. language skills and fornal oper-

atÍons) ¡^rouLd be nore cleLayetl, again relative to age-nãtched controls,

in older poor-reádíng chil-dren (age 11-L2 years). f1re resuLts, using

reading disabled and control children matched at two dífferent age

1eveLs (7-8 and 11-12 years), r¡ere for:nd to be båsically in agreement

nith the a priori hypotheses arid the generaL Èheoretical posÍtion out-

lined by Satz and Sparrow (1970).

Critchley (1966), anoÈherc proponent of the maturational lag vtew-

poiri.t, regarded reading retardation as a manifestation of a genetícal1y
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deterrìined constitutional deJ-ay in maturation. As a neuroJ-ogist, he

did not accept the idea Èhat a mil-d or ninínal degree of structural-

braín dadage was prinaril-y responsible for the condítion and regarded

the rrsofÈrr neurological- signs (e.g. visuo-spatial deffcits, lack of

estabLlshed cerebral domÍnance, ríght-left confusion, otc.) ss evidence

of cerebral ftmlaturity. In his paper, Crítchiey raised the inportant

and Ínteresting question as to !rhy, Íf readíng retaldation r¡ras due to

a delay in maturation, it did not sínply correct ÍÈse1f over time. He

respontlecl to this questíon by suggestíng Èhe possibíl-ity that Èheïe

existed crítical learning periods for sone of the processes involved

Ín reading or, aLternaËÍveLy, that viable opportunities for learning to

read may pass quickly. Di Lo1lo (Note 1) offered an alÈernaLive concep-

tualizatÍon. tle suggested that. a readíng-retarded chíJ,d uray have devel-

oped a particular strategy of reading vhích, while perhaps_both íneffi-

cÍent and reJ-atively ineffecti-ve, may, nevertheless, have been Èhe best

approach avaíLable at the time, gíven hís maturatÍonal state. Later,

following mâturation and the availabiJ-ity of more effLcient strategies,

Èhe chil-d may have continued to utilíze the less efficient and less

productÍve strategy out of habit rather than necessity.

Before concl-udÍng this selected presentation of hÍstorical- trends

and theori"es of causation of reading disabilities, it is necessary to

noÈe Èhe geneÈic and rnininal brain dysfuncÈÍon perspectives. As men-

tloned earl-ier, Stephenson (1907) fel_t strongl,y that hereditary factors

rdeïe of consld.erable significance in readÍng disabÍlities. More recentLy,

Hallgren (1950) presented ilata on a study of over 200 pooï-read.ing

children and their faniU.es in ¡¡hÍch he showed a relaËÍvely high degree
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of concord.ance bethreen reading disabilitíes in the chiLdren and disabil-

ities in parents, siblings or oËher rel_aËíves, Furtheï, Doehring (J-968)

found thát 40 per cent of the parents of a reading-retard.ed group of

children had thernsel-ves experienced reading problems as conpared to a

10 per cent rate of similar problems âmong the pârenis of a coatroL

group of norrnaL-reading ch11dren. Citing Haj-Lgrenf s (1950) data,

Hermann (1959) argueld that an hereditêry coriponent lüas suggested on the

basis of the differdng rates of occurance of reading retaïdatíon be-

tT{reen monozygotic and dizygotíc twins. He noted that out of Lhree sets

of monozygotíc tîríns, all slx children rrere poor readers whereas out of

another three sets of dizygotic trÀ7ins ín only one pair hrere both ôhil-

dren found to be reading-ret arded. In a more recent and conprehensive

study, Bakrûín (1973) presenËed additional support for Hermannt s conten-

tíon. After studying 338 pairs of tl^rins, ÍL was found that. nonozygotíc

t$ins ra'ere alike in reading disabllity in 84 per cent. of the cases

vhile dlzygotic tr{ins were similar in this respect in onl-y 29 per cent

of the cases.

trlhí1e the above data are consistent rûith gerietic i¡vol-venent, there

appears to be little general agreement concernlng the speci.fics of genetic

transmissLon other than that a polygeneÈic mode is probably invoLved.

In thÍs regard, Crttchley (J.970) suggesred thåt reading rerar¿ation r,ías

possibly a sex-ltnked genetic dísturbance because of Èhe hígh incÍdence

of reading disabilities in nal-es. However, Gibson and Levín (1975)

preseoted daÈa on the cross-cuLtuïal incj.dence of reading. dísabilities

whÍèh suggested ËhaÈ Critchleyrs inÈerpretation should be regarcled. with

caution. They noted that r{'hile reading disabil_ities ¡n¡ere nuch nore
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cormon in maLes than in fenales in North Anerica, tr'rance and Japan,

the reverse appeared to be the case in Germany, Nigeria ¿¡d India.

Another comnonly mentLoned cause of reading disabilitíes Ís ltini-

mal Braln Dysfunction (MBD) which lmplÍes an âlteration ín the function-

iag of the centTal nervous syst.em wiËhout specifyíng its Locatíon or

nature and r,¡hich is not necessarily the result of inj ury (Ì,{ender, J_97L).

In general, Èhe syoptons typicall-y noied ín defining the slmdrome con-

sist of perceptual tleficÍts, motor incoord.inaÈÍon and other rrsofttt

neurol-ogical signs. By and large, most of thê s)¡mptoms of MiniûaL

Braín D¡rsfunction have been observed and reporËed before r,Tithin the

context of other more specific theoïi.es of causation of reading dísorders

(e.9. SâÈz and Sparrorv, 197Ot J. L. Orton, 1957). The fact Ëhat this

Ís so in addition to the reLatively vague definitfon of ltinimal Brain

Dysfimction Ín terms of etiology raÍses some question as to wheÈher or

Dot the perspective represents a distinct theoretical position pro-

vldÍng a uni.que vier,rpoint or advanÈêge.

Not infrequently, the terms miniroal braÍn dysfunction and mininal

braln danage are used int erchangeabl-y. The nini¡naL brain danage posi-

tíon nå.intains that some degree of cerebral- danage does índeed exist

and is responsible for a varíety of learning disabilities. Hor^rever,

the danage is held to be subtl-e and ofËen very difficult if noÈ im-

possible to detect by stêndard Èesting procedures. Further, Èhe hypoLhe-

sl"s frequently cites Èhe previously noted rtsofttr neurological signs as

evidence of its existence. This positíon has been critiqized a number

of times (e.g., see Crirchl"ey, 1966) prinarily on the basis that care-

ful neurologicaL tests have faíLed to provide any evídence of even
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s1íght brain danage. Ilowever, the counter argument typical-ly questions

the sensitivity as rreLL as the nature of the usual neurologica1 testing

approach,' often suggesting that Ít Ís too gross to detect nininal brain

damage whích nay have signíficant, although perhaps subtle, cogniËive

manifestati.ons r.rÍËhout yleliting any trhardrr neurologícal sígns. The

1rûportant poinÈ here Ís that whíl-e miniúal brain darnage may weJ-l- repre-

sent a sufficient condition for reading retardaÈion, ít Ís not, in all
probabll-ity, a necessary condition.

Overvieqr of the Líterature on Causation of Rêailing Disabilities

Perhaps the most 
"atr*"*"rat"]. ,rrr". " concerning the above

literature on causation of reading dÍsabilities is the large number of

causes proposed by varíous investigators to be of primêry significance

as expLanatory concepts. In general, most of the proposed causes n.ay

be dlfferentíated as either rrintrinsictr or rrextr1nsic on the basis of

Ëhe perceived ori.gin of rhe difficulty (AppJ-ebee, 1971), In this re-

gard, extrinsic causes are concefved of as being basicalJ-y external to

thê indÍvidual- and generally inclucle such factors as Èhe hone environ-

ment, educationaL opportunities, culturaL environnent, etc. On the

other haûd, the Íntrinsic factors lel-ate specifÍcall-y to the indlvidual

and represeût his oi,m unÍque talents, abilities, and l-imítations. By

way of exampJ-e, intrinsic factors i.nclude such considerations as the

unique genetLc, neurologícal, developmental, intellectuåL, eËc., atatus

of the indÍvidual. In general, the fact that Íeasonable evid.ence exists

1n support of both these general positÍons appears to miÈigate againsÈ

the aÈÈribution of aL1 reading dísabíliÈies Èo any unitary cause, be it

cultural, educati.onaL, psychological or orlanic (including structural
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and developmental causes).

It Ls evident that several of the theori.es of cêusation are not

necessarjly mutually excl-usÍve and that a conceptuål approach capable

of provlding a 'nifying vie¡,r in the area of readíng alisabilities Ì¡ou1d

be deslrable. !üith this in nind, it does not appear unreasonable to

conceptuaLize defÍcíencies in the reaalfng process outlined by the

various theories of causation lrithin the context of an informâtion

processing vier^7point. In this regard, Geyer (L972) outlined a number

of infornation processing nodels of the reading process. T-his posí-

tlon does not impLy a unitary cause for such disabilÍties and, in fact,
such a franework appears tenable on the basis of a nunber of causation

theories. Ior exarnple, the processing of orthographic sttucture could.

be slor¿ed or prevented entireLy on the basis of iûaalequate maturatfon

of the required nedíating processês or stïuctures. Cerebral agenesis

or damage night result in sinÍlar effects by assuming the absence or

structural alteration of the analogous nediaÈing sÈructures. Further,

cultural and educaÈional deprivatÍon (extrinsic factors) may resulË in
delayed processÍng characteristics in d.eprived children reLatÍve Èo

non-depríved children perhaps on the basis of differences in fanÍliar-
Íty and experience Ín recognizÍ.ng the significance of and abstractÍng

Èhe meaning fron orthographic naterÍal. Further, such alteration of

infornaÈlon processing could concej-vably occur at any nr¡mber of differ-
ent stages or levels of processing such that in some cases information

processing night be disrupted at vêry eaï1y sÈages of vÍsual input

¡¡hile in other cases processÍng r¡ight be affeeÈed later on in the

sequeûce of events. This viewpoint is not an attempt Èo provide
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another cause of reåding dÍsabiLÍËíes but rather to provide a broad

framer,¡ork within r¡hich reading disabilitles night be sysÈenaticaLly

expJ-oredl

Curredt StatúS, adal Méthodolögicál Cónsiilérå.Èions

There exists today geaeraL agreement anong the .¡erious prcfession-

al dÍsclplines dealing r,7ith reading disabilities rhar Lhese difficul-
ties represent a si.gnÍficant problen wj.th serious personal-, socíal,

educational, and economíc consequences, Indeed, park (196g) notecl

that reading ilifficulties have been the najor cause of school retarda-

tion Írlth more children failing grade one than any other grade, and.

víth nosÈ of Èhe dlffículties due to reading probl_ens. Estim¿tes of

the actual incidence of disabilities cover a wide span but appear, on

average, to range from about 10 per cent (Bateman, l-966) to 25 per cent

(Gibson and Levin, 1975), As has been shown, the history of research

in reading disabiliÈies represents an exÈensive and diverse collectíon

of rirork by researchers with wiclely dÍfferent theoïetÍcaI orienËatíons,

Èraining and interests. HoraTever, the fundanenÈal conceptual and meth-

odological- issues tÍaris cend the specific probJ_ems and interests of the

various discl"plines and Ëhe d.iscussion r,¡ilL nor¡ focus on some of those

issues.

Certainly, one of the üost basic issues in reading concetns pre-

cÍsely ïhaÈ is meant by the rerm itself. Applebee (1971) nored thar

there are several- aspects to reading sueh as oral reading, silent

reading comprehension, and. reading speed ancl that they show onl-y a

moderate degree of correlation r,rith one another, suggesting that

different processes may underlie each of these separaLe aspects of
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reading. Thus, in any reading-re]-ated study, it is inportant to specify

the particular process or processès undel investigation arrd to oullÍne

the meads by which a disabiliry is to be defined.

Applebee (1971) pointed out thar rhe specific means of definíng

readíng dÍsabilítles harre 1z¿¡1"¿ somer,rrhaË dependÍng on professional-

dÍscipline r,,'íLh educators, physicians, and psychoJ-ogists providing

somewhat differenÈ euphases. Educators have most frequently focused

their definition of reading retaldation on an indívídualr s 1evel of

achievement rarith respect to his actual grade placement wÍth a [serious,,

readÍng disabí1ity constítuting achievement approximately tr,rro or more

years below grade level. Generally, the achievenenÈ leve1 itsel-f has

been deternlned by perfornance or loca1 or national reading Èests or

by the studentrs abilÍty to adequately handLe graded material pre-

sented ín the cL¿rssroom or by some combinatíon of boÈh procedures.

Physicians, in addition to generally adopting the educational defínÍtion

Ín príncipJ-e, have aLso tendeil to focus on the "soft,, neurological

signs as a more or l-ess unÍfied col-lection of symp toros presunably due

to a more fundamental underlyi.ng cause requLring treatment. Psycholo-

gists have drarnm from both educators and physicians and have tended. to

specify reading disâbil-ities in terns of the nr¡mber of years behind

rûhlle also focusÍng on sy,mptom syndromes of an emotional, intellectual

and physíologíca1 nature. In practice, Èhe most conmonly enployed

approach Lo defining reading disabilities has been to focus on the

number of years a studentrs achievement 1evel is behind his actual

grade placement Level or the degree to which performance is below the

performance of classmates.
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IrrespecÈive of theoretical and professional orientation,

Applebee (1971) pointed out that theïe has been a renarkable degree of

consistericy iû the general neÈhodologicaL approach to studyirg reading

dlsabil-ities, Most typicalLy, the research paradi.gn has consisted of

a sample of teÈarded readers to be contrastetl r,7ith a sample of normal

readers in an effort to deternine r,ühether or not signifÍcant differences

exist betr,reen tr,e groups. In the course of research, a considerable

number of variables have been found relevant to reading performance

(e.g., age, sex, I.Q., presence of serious psychopathology, neurologí-

ca1 and sensory sËatus, eultural background., Ínstruction oppoÌtunÍties)

and EÍsenberg (1966), in afi åttempt Èo provide an adequate definiÈion

of the research populatÍon, recommended that specifíc reading dísabil-

ity be openational-1y defined as Èhe failure to learn to reâd r,,'Í th nor-

nal" proficiency despite conventional instruction, a culÈur_aIly ådequate

home, proper motÍvation, inÈact senses, norrnal- intelligence and freedom

from gross neurological defect.

In addítion to those facÈors noted above, a wÍde varieËy of

additÍonal variables have been studied lrith researchers usually erploy-

Íng one of two general experímental control procedures to deaL rrith the

knor,m or suspected relevant varÍables. One form of experimental con-

trol erpl-oyed in an aÈtempt to achieve sample honogeneity has been to

apply stríngent sLandaÍds for adnission to the research populations

fron r¡hi ch the subjects n?ere Ëo be drar,m. Following this approach,

those with sensory, neuroJ-ogica1, ÍntellectuaL and other ileficits have

frequently been excluded. fron participatiîg as subjecËs ir, 
""rdi.rg

research ürless those spêcific varÍables were under study. The alter-
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native general approach to control has invol,ved an attempt to Lake inËo

êccormt the kno¡un or suspecËed rel-evant variables in the process of

defining'rrexpecËed" readÍng achieveroent, thus nodifyÍng the readíng

criterion itself. Applebee (1971) noted that either approach to control

htâs legiÈinate as long as Ít vas renembered that those variables which

rüere controLled were not Íntrinsícally of J-ess importance in under-

standing reading retard¿ti"on than those whi ch were not control-Led.

Ftrrthermore, the fact that noÈ aLl- researchers have controlled the

same variables has resulted in a somewhat consta¡tly shifËing definÍ-

tlon of the Ìesearch populalion, Èhùs compLicating comparisons among

studies of reading re tatdation.

A Model of Visual ldförmation ?ïocessing ând Readíng

The fåct Ëhat the very early stages of readíng appear to be pri-

roarily visual in nature raises a questlon concerning the rel-ationshíp

between early visual infotTlation processing and ïeading disabil-ities.

In fact, Ëhe suggestion that many reêding disabilitíes have a basis

in deficienÈ vísua1 informati.on processÍng ís a frequent hypothesis in

the readÍng disabilities Literature (e.g., Gilbert, 1959; Lyle and

Goyen, 1975¡ Stanl-ey and itall, 1973), Honever, this does not, of

course, inply that all detected reading problems have such a basis or

that a unitary cause underlies all such defícÍencÍes.

Viewíng reading from a visuaL information processing perspective

hlghlights the desirability of a general theoretical nodel ¡¿ithÍn

which the reJ,atively early stages of the reading process ptght be

broadly conceptualized. Di Lol1o (1977) presented such a general

framework in the forn of a tlro-state visual ínfornation processÍng
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nodel r'r'hich outlined the sequence of events and the manner in irrhich

the vÍsua1 system deals lrith or processes incorLlng information.

Thd nodel assunes Èhat perception of form occurs over time and

emerges from a number of information processÍ.ng operatíons on the

vÍsual display. The operations involved are broadly categorízed into
t!,ro successíve phases of sensory coding (recruiting or rtfeature encod._

ingtt and ínËerpreting or rtmeaning encodingr') r^'íth the prínary function

of eadr phase being Èo produce a ner¿ 1eve1 of sensory codíng of the

s timulus display. Ultinately, the purpose of Èhe processing sequence

is to reach a leveL of coding lrhich peïnits compaïÍson betlreen the

ner.rly encoded stimulus and other long-tern nenoríes.

The first stage of coding (processing) is concerned r,rriLh a feature

abstraction process in which precaÈegorical features such as doÈs, bars,

edges, curves and angles emerge but remain unidenÈífied. -rn this firsË
stage, it is held that a1l- parts of the visual display are processed

simuLtaneously in parallel and that by the conpletion of Èhis stage

these parts have been fea ture-encoded. rÈ is further naintained that

only in thÍs initiaL stage are the parts of the dispJ-ay, whLch are

simply feature-encoded, subject to the rrerasuret' effects of a nasking

stimulus.

By the conpletion of the fÍrst processing sÈage, the feature-

encoded parts of the display becorne available to the second stage of

infonnation processíng ü'here Èhe operations of identificatlon and

categorization ate postuLaÈed to take place. processing.in stage tl,ro

is believed to be serial rather Èhan parallel rdiÈh those palÈs at the

extremeties of the display takíng precedence to those in the nidclle.
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By the end of stage ü,,'o, Ít is hel"d thaÈ the dÍsplay parts are meaning-

encoded and that they are potentialLy available for more permanent

forms of memory storage. Further, those display eLements r,¡hich have

been meanÍng-encoded are not bel-l-eved to be subject to naskÍng.

Di Lo11o (1977) observed thåt his proposed proeessing model

basically agreed with other tûo-stage nocleLs of short-tern visual- mem-

ory (e.9., Sper-ting, 1963; Neisserr 196T) except r,lith respect to the

role of sensory persistence, It has been comnonly assumed ín vÍsual

information processing models that â visual represêntaÈion of a pre-

sented stioulus dísplay renained perceptual-l-y avaÍlable (or persisted)

for a brief períod of tine beyond the actual physÍca1 duration of the

sÈimulus. This iconic or brief visual storage plocess has generaS-J-y

constituted the iniÈial stage of Lnformation processing in nost theoteti-

cal- model-s and presumably pernitted additional time for Èhe processing

of stínuli which might oËher,7ise have been Èoo brief to have been

acted upon by the visual systen (Di lol-1o, l-977).

The fundanental poifrt of departure betftTeen Di LoLlors no del- and

other models concerns the naÈure of the mechanisns and processes under-

lying sensory persistence. Tl.le typical view has assumed that sensory

persisÈence began at the téfmídåÈion of the presentêd sËimulus and

faded relatÍvely rapidly thereafÈer r¡hÍ1e Di Lo11o úa1nÈained that

sensory persistence began at thê onset of the stimulus presentation

and contÍnued for a linited duraÈion and only outlasted the stinulus

itisplay if the display r"" i""" than a gÍven maximum duration (about

100 nsec) measured fïom stimulus onseÈ. Further, Di Lolìo viewed

sensory persi.stence as being produced by the ãctivíty of sensory
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mechanÍams engaged during the inÍtial phase of informatÍon processing

bri th persistence continuing whire the nechanisms r,rere active and. ceas-

ing as soon as the stimur-i had been feature-encoded aÈ the end of thÍs
initial phase. In this regard, he noted that the nost sigûificant
deparÈure of his rnoclel from iconic storage models r¡as.ín the assertion

Èhat sensory persisrence should be identified r.7Íth the acÈÍvÍty of

sensory coding nechanisms r¡ithin Èhe visual system and not Írith the

contents of a static sensory storerr (Di LoLIo, 1977, p. 24).

ConsÍdering the Di Ï,ollo nodei, it is conceivabl-e that ïeading

disabilities may result fron deficiencies in those operations asso-

cÍaËed rìrith either level of sensory coding and thet it is Èheoretically

posslble to âssess the Level at r,rhÍch such deficits do j.n fact occur

in the individual. In this view, for example, disabíIíty may originaÈe

in s ome cases at the feature-èncoding leve1 whiLe in other cases it
nay occur at the l_eve1 of neaning absttactf-on.

Viéual Infonnátion Processing and Backwaril Masking

Since the present study in part involves assessÍng the rate of

visual in_formation processing, it is necessary to briefLy review the

fundanental prínciples of backr¡ard visual masking by vísua1 noíse. The

rel-evance of thís type of visual rnasking in the present lrork relaÈes

to the fact that this procedure has been wideJ_y regarded as a fool

for the analysis of temporal- parameÈeïs of visual j-nformation process-

ing (Haber & Hershenson, 1973).

In hís revÍero of the literature ín visual backr,¡ard nasking,

Scheerer (1973) noted that the perception of a briefly presented

visual test stimul-us (TS) is impaired if a second. visual stimulus
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(nasking slimulus, MS) folJ-owó the TS in cLose Èeuporal contiguity.

This experinental situation is referred to as backhrard nasking. In

Èhe Ëypical backward masking by visual noise experimenËal paradigm, a

TS conposed of a nunber of elements (e.g., letters) i.s presented. and

then followed by a pattern of random contours r¿hi ch are evenl-y distrÍ-

buËed over the exposure fieLd (visual noise). The tenporal delay be-

üüeen the TS and MS is varied and accuracy of obseÍver performance as

a frmction of the ùfS onset del-ay 1s measured. The delay betù'een the

TS and MS Ís often specifiecl in terms of the stimuhÍ¡ onsei asyn-

chrony (S0A) r¡hich indicates the temporal interval between the onset

of Èhe TS arid onset of the MS. However, the delay is also frequently

reported in terns of Èhe interstinulus interval (ISI) which represenËs

the Èemporal delay beth'een the TS offset and the MS onset. The results

of this type of sÈudy Èypica11y show a monotoriic rise in a_ccuracy as

S0A Íncreases (Sperlíng, 1963) with accuracy rislng steeply for

SOAs up to 75 msec and level-1ing off for longer SOAsr reachíng a

no nask controL level between 150 and 400 rnsec, depending on experí-

nent al- condiÈions (Spencer, 1969).

Regarding the naEure of the mechanisms underJ-ying baclcward mask-

ing, üro general- theoretical- approaches have been advanced. Sperling

(j-963) proposed an Ínterruption theory of backward masking by visual

noi.se r¿hich fundarnentally posÈulated that lrhen the TS is followed

closely 1n time by the MS, the MS replaces Èhe TS Ín thè visual short-

term sÈore Èhus inÈerrupting the processing of the TS. Therefore, the

sensory persistence and Èhus the ÈÍne available for processing the TS

is línited to the S0A between the TS and l,fS. Thi-s positlon assunes
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thaË the centraL representation of the TS is fu11y developed when the

!ß arrives and thus the only effecË of Èhe MS is to liEit the Ëime that

the TS representation is available for processing. The aLternative

approach attenptíng to expLai.n backward nasking by visual- noíse is

inÈegration theory which was first put forward by Kín,"boutne and

trlarríngton (L962). It basicaLly maintains that the central represen-

taLion of the TS is degraded and thus rendered diffícult to clearly

percel-ve as the TS and MS become intèglated ínto a composite percept

due Èo the overlap between the contours in the TS and those in the MS.

Scheerer noted that much of the past literâture in backr,¡ard rnasking

by visuaL noi.se had been conducÈed on the belíef that the naskíng effecÈs

should be explained by a single premise across the whole range of SOAs.

However, he argued thaÈ a careful analysis of the literature made

appropriate the adoption of a dualÍstic explanation such as the türo-

factor Èheory outlined by Spencer (1969) and Spencer and Shuntich (1970).

Spencerrs two-factor theory maintained. that at relatively shorÈ

SOAs backr,rard masking was caused by integration and consequent TS

degradatíon r,¡hi1e r¡ith longer SOAs a backward ùß produced Íts effect

by interrupÈlng TS processÍng. However, Ëhe rrcriLicaltt SOA where

inÈegration gives way to interruptioo is l-acking and nay be expected

to vary lrith both exposure conditions (contrast and energy of TS and

Ùß) and with processing J-oad (e.g., the number of elements in the TS).

In this regard, Bachmann and A11ik (1976) aLso noted thât the Èenporal

boundary betrTeeû the trrro components of backrsard nasking by visual

noise is specifiecl differentl-y by different authors 
"od 

r"ng." f.ot

about 30 to 150 rnsec and more.
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In assessing vísual processing rate, the interruption model has

been heavily re1íed upon to thèòretically jusËify the use of vísual

backward naking rarith visual noise as a Èechnique for conÈrolling the

time available for processing fhe TS. For example, fron an iconic

processing rnodel viewpoinÈ, the elements composing the TS are generally

thought to be abstracteil wholistically by a parallel Process and main-

taíned in the 1,isua1 shott-terrn store (or lcon) as a virtual coPy of

the distal stimulus. Then, over time, .Èhe informatíon in the relatively

large capacity but short-líved visual short-tern store is transferred

(read out) into a more durable but smaller capacity store called the

shorÈ term rtremory. The short Èerü nemory is believed to be capable of

belng sÈrengthened by rehearsal processes and endures long enough for

subsequent decision-naking and responding (Gr.rmnerman & Gray' 1972).

In this viernT, the amount of infotnation reported by subjects in back-

ward masking experÍmenÈs represents an index of the amount of ínforna-

tion transferred frorn the visual short-tern sÈore to the short Lern

memory prior to the fading (or disruPtion by a MS) of the vísual short-

Èerm store. However, since inforuration is believed to be read into

short term nemory frorn the visual short-Èerm store, it ls possible

that equívalent perfornance night occur in Índividuals who possessed

either 1-ong visuaL short-terû store duration cornbined with a sl"or'¡

Lransfer rate or brief visual ahort-term store durâtion wÍth a very

rapid transfer of infornation to short Ëerm memory. Therefote, in

order to rnake an inference concerning the raÈe of infornaÈion transfer

(i.e., processing rate) it is necessary tó ho1il the vÍsual short-tern

store or lcon duration constant vta backward masking and then measure
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the amount of infoÏnat.ion transferred fro¡n the visual short-tern store

to the short term menory.

The.DÍ Lollo (1977) model of processíng outlined earlier does not

maíntain thât a lasting visual representation of the TS is necessary

in order to provide additional tine for the visual- system to act upon

it. In fact, Èhe noclel holds thaÈ a feature-encoded sÈÍnuJ-us nay be

available for furÈher processing desplte its iconÍc representaÈion

havÍng faded. Ilowever, it is belÍeved thaÈ Ëhe processing of a TS

can be disrupted by the presentation of a l"fS prior to Èhe TS being

meaning-encoded and hence a baekr¿ard masking paradj.grtr nay be sirníJ-arly

enployed in assessing the rate at raThi ch Lhis occurs.

Readi.ng and Irifôimátiori Processing

In theír descrÍptÍon of the skilled reader, Gibson and Levin (l-975)

observed Èhe complexitíes and the nultipLicity of processes involved

ín readíng. They noted thaÈ the skilled reader ls very selectíve,

sometlmes skÍming, sometimes skipping, and at oÊher tímes concentïa-

ting intensely. I'urther, he plans a strategy ahead of Èine, suiting

iÈ to his lnterests, to the maLerÍaL and to his purpose. Thus, the

process as a whole does noÈ only involve the sÈages of decoding and

cornprehendÍng but also involves thinking, rememberÍng, and relating

what his eye is fixatirg on Èo what cane before, r,rhaÈ will come nexÈ

and to his orrrn experience.

l{hi1e keeping this. in nindr it Ís also important to consider

that at the init.iaL level of analysis in Èhe reading process, the

individual approaches a line of text by naking a series ;f diserete eye

fLxations (which vary in pause duraÈion on the order of between 120-
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250 nsec) on different parts of the line. The area of Ëext falling on

the fovea of the eye ís seen most elearly duriîg any given fl-xation and

this area extends over about seven to ten letter spaces r,rith a consi-

derable reduction in acuity of the nore periphera-l areas (Gíbson and

Levin, L975). MovemenÈ fron one fixation point to another is generallv

by very rapíd ballistic-like saccadíc eyè Eovements. TypicaLly, these

saccadic eye movements are fron one novel part of text to another but

ofLen interspersed betr{reen then are so-called regtessive gaccades

¡.¡hich are fixations back over areas of text previously peruse<l.

Given this operatÍonal process Ín"reading. and considering the

inforoation processing and nasking lÍterature ouflined above, it

appears reasonable to questÍon what night hâppen to the reading process

Íf the rate of ínfornaÈion processing r¿ere slowed or deficÍent. In

ËhÍs situatíon, infornaÈion from fixaLions r¿hich had not y-et been

processed Èo a level iÐnune to masking would be subject to disruption

by the information taken in cluring subsequent fixations. Thus, the

Lnfornation from successive eye fixaËions rright treraset! part or even

most of the informatior abstracted from previous fixaËlons, resuLting

at beat Ín a fragmentary comprehension of the text. Thís description

of events ls consistent with a vier,ü of readÍng as a process involving

abstracÈíng and ÍnËerpreËing Ínfonoation derived from a nr¡nber of fix-

aÈions oveï tine in the d.evel-opnent of an overall undersÈândÍIg of a

hrritten passage. Thís does noÈ necessarlly nean, of course, that all

ififornation frorn previous fixat.ions would be masked, as it is quite

possible Èhât at Least sorne aspects fron the text would b. ru"rritg

erìcoded prior Ëo Ëhe subsequent fixations. Clinical 'BupporL for such
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a contention follows fron the.observation that poor readers are fre-

quently abLe to report varlous details from a passage ú¡ithout possess-

ing an ov'erall- understanding of it. It is also clear, from Lhe temporaL

range of fixatÍon pauses (about I2O-250 msec), that such an explanatíon

ís tenable as visual backn¿rd nasking clearly occurs -r¡:i-thin the general

time frarnework of up to and in excess of 2-50 nsec fo1-lowing a stímul¡s

display.

The above line of reasoning relaÈing reading, information process-

ing and visual naskíng appears Èo have been first suggested as â possi-

bility by Gilberr (1959). He naintained rhar rrthe fixatíon pause Eusr

be long enough in duratLon to allow time not only to see but also tÍme

to process Èhe vísual- st.imulir¡ 1n. 11). He furtheï suggesÈed that

índlvtdual dÍfferences ín infornatíon processing night be a slgnifi-

cant variabLe tn readÍng and noted that rrsome readers may use parË of

their fixation time to avoid interference from a ner{r stimuius during

the períod they neeal free for processÍng the visual stimulus. In other

rùords, part of the fÍxatÍon time may be preventÍve in naturerr (p. 12).

Thl.s approaeh does not represent an attempt to provide a compre-

hensive unitary explanåtion for al-l- reading dísabilities on the basís

of processes involving only the early stages of vísual ínfornaËj-on

processíng. Nor is it nininizing the Ímportance of possibLe aleficits

in other phases of infornation processing such as, for example, nis-

labelling in oral- encodÍng as suggested by VelJ-utino, Steger and

Kandel (1972). On the other han¿I, however, it hrould appear that

deficiencies at the earLy stages of visual ínformation processing

uright well set the línÍt on the inforÍìatíon available to other'laÈer
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phases of infornatíon processing pertinent to reading'

DetailetlresearchfollowingthisspecificconcepËua1'approachis

conparatively recent rdith the most directly rel-êvant work to the present

s tu<ly havlng been reported by Gordon SLanley anil his assocíaÈes in

Àustralia. Stanley ancl HalI- (1973) noted the Ïelevance of informatíon

processÍng concePts in the study of reading tlisabiLities and explored

possible differences in functioníng between poor readers and norrnal-

readlng children at the eâr1y sÈages of vísual inforrnation processing'

The prlncípal concern of their r'¡ork focused on the properties of the

vísual- short-Ëeñn store and the ÈÏansfer of information inËo short

tern memofy.

Stanley antl llal1 studiecl 66 chil-dren between the ages of eight

and tr¡elve years wíth 33 being poor readers (mean age l-0'88 years) and

33 serving as contïols (mean age 10.52 years). The chlldren- came from

four differenË schools 1n the Melbourne area r¿ith each school having

are¡ne<lialreadingteacherlrhoselecÈedthepoorreadersbasedon

four criterla: (1) specific reailíng disability of 2'5 years or greater;

(2) average or better functioning in other school subjects; (3) no

gross behavioural problens and (4) no evidence of organicity' The

conlrols rarere seLected by their class teachers as being rraverage to

bri^ghtt' students who were performing in school at least equal to grade

Placement in reading'

The researcheÏs first atteûpted Èo fûeasure the visual short-tern

store duïation (as a measure of sensory persisteoce) ín tþe good and

poor readers by employing a È\'¡o-part stimulus integraÈion task' The

sÈinuli (Appendix A' FÍgure 1) r¡ere of rwo parts' consisting of the
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leÈters N and 0, the tl,¡o halves of a cross and a cross surrounded by

a square. The procedure involved sequenÈia1ly presentíng the display

on the left, first, for 20 msec, folLowed at vaïious intersÈimuLus

intervals (ISIs) by the display on the right. The tÌro parts of the

stinuli r^rere spaLíally adjacent or superinposed so that at brlef Ín_

tervals beÈI,reen their presenÈaÈions the N and O were perceived as a

composite, as r47ere Èhe components forning the cross and the cross

surrounded by the square. The ISI between the sÈirtrulus presentations

conmenced at 20 nsec and increased in 20 nsec steps until the response

criterÍon was reached. The two dependent variabLes (response measures)

l¡ere (1) Èhe ISI at whích the subjects fÍrst reported Èhe alisplay as

not consisting of a conposiLe figure and (2) thê ISI at l,rhÍch the sub-

ject correctly identified the tkro parts of the display on three success-

ive presentaÈÍons. The first criteïion response measure r"ra9 taken as

a measure of the vj-sual- short-term store duration. Thus, if the

duratlon of sensory persistence was indeed longer in one group, Ít ç-ould

be expecLed that the appearånce of separation rn'ouLd occur at longer

ISIs in that group ås the sensory image of Èhe display presented fírst

would be perceptually available for a longer duraÈíon. In thís sense,

Èhât group would be beLËer abl-e to "bridge" the gap (ISI) between the

successive display presentations.

The resulÈs indícated significant performance differences betrrreen

the groups rrrith respect to both Èhe sepaxation and identificaLÍon tasks.

The poor readers as a group rn¡ere found Èo have an approximately 30-50

msec longer visual short-tern store duration than Èhe controls. Further

Ëhe fact that the poor readers took almos È tÌ¡Íce as long in terms of
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nean identification ISI suggesËed to the authors that theír scan and

retrieval processes r,lere sloTrer than those processes in the controls.

However, acknowledging that the identification task was not a

parÈicularly satísfacÈory measure of transfer and processing rate,

Stanley an<l Hal-1 adopted a backward. visual masking paradign as a means

of stud¡ring the possibLe differences in the reLatÍve vÍsual infornation

processing rates between the Lr{o groups of chíLdren. Two backr¡ard

maskÍng tasks were enployed. In the first task, dots arrãnged to

form Èhe consonants C, F, H, J, K, M, R anal S were presented.

on a cathode ray oscilloscope screen for 20 nsec and then followed by

a doÈ nask pattern also of 20 nsec duratÍon. In the second. task, the

votrels U and O r¿ere sÍrniJ-arly presented. for 20 nsec inclÍvidually and

were also followed by the 20 msec dutation dot nask patËern. ln both

tasks, the ISI betr,üeen the TS and MS comnenced at 20 usec and was íncre-

ûented in 20 rnsec sËeps until a criterion of three correct l-etter ialen-

tifications at a gíven ISI r,ùas reached. The chil-dren raTere ínforned that

a l-etter r,¡ou1d be presented on the oscilloscope screen and would then be

co\iered by dots and that their task r47as to report I,¡haÈ the letteï rras.

The resuLts of thís part of the study indícated thåt, r{'ith both

the consonant and voweL t.åsks, the poor readers nean ISI for correct

identifÍcaÈion was signiftcantly longer than that of the controLs. Thus,

iÈ was concluded Èhat Èhe reading-deficienË childrenr s raÈe of inforna-

tíon processing was reJ-aËively slower Èhan Èhat of the controls.

Evídence that the impåirment found in the poor readers studied by

Stanley and Hall (1973) r.¡as not geneïa1 across peïceptual-cognitive

tasks (at the original lesÈing time) was reported by StanLey,. Kapl-an
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and Poole (1975). They conpaïed the tr4'o groups of children on tasks

Ínvolviag visual, mat chi¡rg r,7ith spaËial transformation, tactual serial
naÈchlng,. auditory sequentíal memory, and visual sequential memory, the

lasÈ thro measures being subtests from the revised ll-l_ínois Test of

Psychol-inguís Èic Abil-iry. Al-L rhe children lrere tested índividually

and the order fn hrhich the Èests ürere gíven r{ras counterbalanced.

Analysís of the data reveaLed that Èhe poor read.ers perforrned as well

as Èhe controls on the visual matching with spatíal transformation

test and no differences betr"reen the groups on the tactual sequentÍal

û"a'tchlng test were found. However, both the visual and audítory sequen-

tlal- nenory tests revealed sígnificantly poorer performance in the reailing-

deficient group.

In a revíer¿ of the above work, Stanley (1975) concluded Ëhat the

evidence was consistent kriÈh the víerÀr that poor readers suffered from

lírnltati-ons at Èhe early stages of visual information processing which

specifÍcally included. longer vÍsuaL short-term store duïatíon and.

rêlatÍve1y slower processing rates Èhan nornal-readj.ng conÈrols. He

also added that their itconfusions rnay result from eye movements feeding

nêür Ínformation into the visual sysÈem befote the old infornatÍon has

been processed or nasked. Thus there may be some overJ_ap of visual

i:rformation in sÈorage" (p. 297). However, he cautioned thaÈ rr'hile

his results r¡rere encouraging, more research r^ras necessary to substârltiate

ancl cJ.arify the deficits in visual information processing in pool read.ers

suggested by his data.

I{hile the above research suggesting differences betÌrreen poor and

normal readers in both sensory persistence and information processing
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rate Ís encouraging' the criterion resPonse neÈhodology employed raises

some questions concerning ínterPretation of Èhe findings ' As has been

nofed, th; measure adopted as ÍndicatÍve of the visual short-te'"n store

durarion r,râs the ISI at r,rrhich the children first fq)g.]iËgl Èhe display

as not consisting of a corposÍte figure. Sirní1ar]-y, 1n the masking

tasks, thought to provide a measure of the relative rates of infornatÍon

processing, the <lependent variable l.tas the ISI beth'een the TS and Ms

at r¡hich the children correctly three letter identifications

consecutíve1y. The interpretive dífficulty relates to the possibiliËy

that the poor readers, quite probably exposed to the negative effects

of failure in the past, could ha'¡e adoPted å more conservaÈj've resPonse

criterion than the controls. If Èhís r{tere the caser Èhey might have

wâited longeï until- Èhey felt nore assured about the correctness of

theÍr ansrders before responding in the separatlon aÛd nasking tasks'

This sítuation would have tended to aïtificially inflate both the

separaËion ISI and the ISI beÛüeen the TS and MS io the masking para-

digrn requireil to meet the criterion' qui'te possibly ÍrrespecÈive of the

inaximum performance capabilities of the children,

It would seem that a forced-choice experimental paradign would be

more appropriaÈe in assessing the performance capabilities per se of

the subjects. That such a nethodologícal questlon may be an ÍmPortant

consíderaÈion is suggesÈed in a subsequenÈ study by Stanley (1976) '

AgaÍn usÍng a backward vísuaL nâsking paradigm, he cornpared tr'lo groups

of poor readers and a control group of normal-readíng children in their

rates of processing single digits. The tr'so experíEenËal groups

(ranging in age fron 8-1-0 years and fron 9-L2 yeats, lespectively) and
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one control group (ranging in age frorn 9-l-2 years) were selected basic-

a1ly according Èo the criËeria outl-ined earlier by Stanley and Ha1l" (L973).

The stimuli consisted of ten digits from zero to nÍne ¡qhich were cornpcsed

of single dot elements from a 5 x 7 elemenÈ rûaÈrix wj-th the mask consist-

íng of a 35 elenent dot natrÍx which r¡as spatíally superÍmposed on the

digiË aÈ varyÍng ISIS. The design involved displayíng a digit on an

oscilloscope screen for 20 rnsec fol-l,owed by the maslt for 20 msec at

ISIs of 8, L6, 24, 32, or 40 nsec. In the procedure, the children r¿ere

in<llvictual-1-y tesÈed. and provicled wíth 10 response buttons, each of

whi ch was labelled r{ith one dÍgit ranging from zero Èo níne. They were

insÈructed Èo press Èhe appropriate button to indicate r¿hich nunber

appeared on the screen. The children rnere further Ínstnrcted to guess

lf they r{ere not sure r¿hích number r¿as presented niLh the provj-sion

that Èhey r'/ere not to press Èhe same buLton each tine they--guessed.

The results of the experiment shorred thaL while the two experimenÈal

groups did not differ signifÍcantly from each other, Èhey both perforned

at a higher leveL than the normal-readÍng control subjects. Thus, Ëhe

resul-ts suggested Èhat poor readers do noL process singl-e digits at a

slower rate Ëhan conÈrols. Therefore, despite the sÈrong simil-arities

between the Stanley and Hal1 (1973) and Stanley (1976) studies (except

for a forced-choice versus response criterÍon nethodology) they arrived

at opposiÈe conclusions regarding the information processing rate in

poor and norrnal-reading control children.

In êddition, Lhe SÈanley and Hal1 (1973) r¿ork indicating a differ-

ence in vlsual short-tern store duration betrÀteen poor readers and controls

r¡as calLed into questÍon by a nore recent study by Stanley and Molloy (l-975).
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They enrpl-oyed a retinal painting task Ín whieh a narroa¡ slit is made to

oscillate in front of a stationary outline drawing, thus pernitÈing only

a narrohT'segmenÈ of the figure to be presented to the eye at. any gíven

tl"ûe. At an appropriate tate of oscillatÍor¡ the whoLe figure appears

to be present at once. l{owevêr, j.f the sweep rate is Ëoo slor^r, part of

the stÍmuLus r¿i11 no longer be perceptually av¿ÍlabLe when the oÈher

part appears and hence a cornpleÈe percepÈ wilL not occur. In this sensc

successive slices of the sËimulus are rrpainted out¡' across the reËÍna

as the slit sweeps across the statÍonary fotr. fË is held Èhat the

r¿te of the slít for whí ch the ruhole percept is obtaÍned is a direct

measure of the visual short-tena store duration. In Ëhe experiment,

30 poor readers and 30 control children (aged 8-1,2 years) were selected

to partÍcipate as subjects according to Èhe criteriâ ouËLÍned by

Stanley and Hall (1973). The dependent variable in the srudy r{as the

mean sweep rate requÍred for the h7ho1Ístic pêrception of the stiuulus

object which, in the present case, was a drawing of a camel. The results

of Èhe sÈudy revealed thaL the poor readers and. controls did not differ

on this lleasure of visual short-term sÈore duration. In the discussion

of theÍr results StanJ-ey and Mol1-oy rûaintaÍned Èhat rrretinal paintíng

involves a differenÈ persistence effect Èo that cot¡monly used as a

measure of visual short-fern storagerr (p. 288), apparently, - in part, on

the basÍs of their failure to replícaËe rhe h'ork of Stanley and llall (1973).

Stånl-ey and Molloy further noted in the discussion, however, that usj-ng

Èhe same subjects in a tr{o-part stÍmulus integration task, SÈanl-ey (1975a)

r'¡as able to replicate the differences in visual- short-Lerm sÈore duïation

betr,reen poor and control readers reported. by Stanley and Ha11 (1973).
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Tnese apparently contradi.ctory findings point out the desirability

of addÍËional research aimed at clarifying the situation r^7ith tespect

to the stãtus of both sensory persistence and relative information

processing rate in poor and normal readers. The importance of clarifí-

caÈion in this regard has associated r,7ith it a consíderable degree of

practical potential as well as Lheoretical significance. If consístent

differences beLlreen poor and normal readers do indeed exÍst at the

early stages of visual ÍnformatÍon processing, and if they can be reliably

detected by appropriate experinental procedures, ít is not rmreasonable

to suggest thâ.t potentially powerful tools for early detection and

possibly prediction of reading dísabilitíes as well as for nonitoring

Èhem over tine vould be avaiLable. Further, it ís also conceivable thaÈ

such a finding wouJ-d have significant treatment inplications as, for

exanpJ-e, presenting text at a carefuJ-ly controlled rate co4sistent with

the individual i s unique capacity to deal with sueh information.

Thus, Èhe presenÈ research is ultimately aimed at meeting Ewo of

AppJ-ebee's (197i") three important goals in reading research. Namely,

it is an aÈtenpt to deterníne the feasÍbility of the development of

techniques capable of being enployed to predict in advance ¡,¡hich

atudents r¿i1l have difficulty learning to reâd and, second, in possibly

being able to develop a model for remedj-ation ínvoJ-ving the indívidual

student.

Before focusíng rljrect attention on the general outline and ex-

pecteil findings of the pïesent study, hol,¡eveï, it is necessary Èo presenË

an overview of Lhe nanner in which sensory persistence and processing

rate vary as a funcÈÍon of age in children.
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DeúeloDmedtal Aspects of Sensory Peïsisterice and processing RâËe

Several studies have indicated that the variables under conslder_

ation in.the present invesËigation (sensory persistence and processi.ng

rate) vary developnenËally in children.

Pollock (1965) utiLized a meÈâcontrast masking paradigrn to study

the vísual processing rate as a function of both chronol-ogÍcal- age

and intelligence in normal chiLdren aged 7, g, 9, and 10 years. The

procedure involved presenting a nid-gray disk r,¡hich was foll-owed after
varlous ÈemporaL intervals by a rrhíte ring nask which surrounded but

did not overlap Èhe dísk. The children r47ere insÈructed to say úyesrr

when they sar,rr the disk and ttnott .¡hen they díd noÈ. The results indi-
caÈed a linear decrease in masking as a function of ÍncreasÍng age

suggestíng that relative processÍng rate increases with age. Hor,rrever,

a relationshÍp beËhreen intell_igence and processing rate was_ not found.

LLss and Haith (1970) also studÍed Èhe speed of vísual processing

i.n children ancl adults. lJorking \^rith subjects from the 4-5 and 9-10

year oJ-d age levels as ¡¿e1l- as adults, they found that backward naskíng

(r¿i th a paÈÈerned rnask) produced greater disruption than dicl forr,¡ard

masking. In addítÍon, they found Èhat Èhe extent of disruptíon íncluced

by both backr¡ard a¡d forr¿ard masking deereased as age increased.

fn ånoÈher study on visual masking and developmental differences

Ín Ínformation processing, Miller (L972) studied I and L2 year old

children and 20 year oLd college students. In a backr¿ard rnaskÍng ex-

perlment, age, sex, and tenporal intervaL beÈlreen the test stimulÍ

(letters D, O, and S) anil the nask (a crosshatched rectangular box)

were varied. The resuLts indicated greåter accuïacy r,r7íÈh increasing
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age at â11 stimul-us onset asynchronies excepË r^7hen the roask and target

stimuli were simultaneously presented. FurËher, no differences in per-

formance ãs a function of sex were found. The authors concluded that

the developmental differences found in rnaskíng reflected differences

in Ínformation processing soeed.

A more extensive sËudy on age effects Ín backr¿ard visual nasking

was reported Þy ùJelsandt, Zupn:'.ck and Meyer (1973). They conducted two

separaÈe experiments with different subjecÈs although the stinuli
(letters I, H, Kland X), Eask (a square grÍd with criss-crossed

diagonaL lines), and procedure remained Ídentical. The first sÈudy

enployed subjects aged 5, 10, 16, anð,22-23 years oJ-d while the mean

ages of subjects in the second experiment were 19, 35, and 55 years.

The results of Èhe firsË experiment indicaLed significantLy increased

êccuracy with increasing age suggesting that the younger subjects ex-

hibited a slower raLe of vísua1 information processing. In the second

study, the 19 and 35.year oId subjects perforrned. most accurately ard at

approximateLy the s ame level. Hor,rever, the 55 year old subjects showed

a snal1 but signíficant overall decrease in performance relative to the

19 and 35 year o1d subjects. The basis for this decrease in performance

!'Tas noÈ c1ear. HoraTever, that this latter result may not have been arÈi-

factuaL is suggested by Ehe recenÈ work of Walsh (l-976). Using a

backward xnasking paradign, he found that the raÈe of visual- infornation

processing l,ras aÞproxlmately 242 slower in 60-68 year o1d subjects as

compared Èo 18-23 year o]-d subjects.

In an experiment intended to provide

(sensory persistence) and processing rate

daÈa on both iconic duration
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frmction of age, Gummerman and Gray (1972) worked \¿j.th second, fourth

and sixth grade students and a group of colLege students. Their pro-

cedure involved presentÍng a test stinulus followed by either a homo-

geneous I,¡hite field oï a patterned nasking stimulus. They naintained

that. Ëhê paLterrìed mask would ÍnÈerrupt the processing of the icon (thus

curtaÍ1ing readouÈ from iconÍc storage into short term memory) and

Èhereby provide â measure of processing rate across ages. llowever,

they believed that perfornance ln the whíte rnask condiÈion would depend

on bcth processing rate ånd íconíc åuration. Therefore, less Ímprove-

ment vith age vould be expected in the Í7hite ¡nask condition, coupared

r,rith the paËÈerned mask condition, as the slo\,¡er processing of the

younger subjects r,¡ould be soner,rhat offset by theiT greâter icon duration.

The results ÍndÍcated an increase in performance rdith age in Èhe pat.Ëerned

masking condition suggesting that younger children do not tlansfer in-

formation from Íconic storage to short tern memory as rapídly as older

ctriLdren and aduLts. Furtheï, no differences were found across ages

in the r¿hiÈe D,ask condiÈíon and Èhe auEhors concluded that Íconic

duïation was thus inversely relaÈed to age. I'ínal-ly, no perforrnance

differences were fornd bettreen male afid femal-e subjects åË any of the

age levels.

PolJ-ack, Ptashne and Cårter (1969) conducted a study r¡hich also

sought Èo explore sensory persistence as a functíon of age. Thelr

desÍgn enployed chil-dren bet!,reen the ages oÍ 6-17 years whose Èask íÈ

rzas to detect the dark interval betr,reen tr^ro brief flashes. of light.

They reasoned that if the first flash persisted longer into the dark

lnterval then the onset of the second flash could be delayed longer
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without a gap appeâring. Thuè l-onger duration interflash intervaLs would

su€gest longer sensory persisÈerice whiLe shorter intetflash intervals

Irould indLcate the opposíte. Flash durations hrere kept constânt a! 20

nsec while inÈerflash intervals ranged from 0 Lo 250 rnsec in 10 rnsec

steps, The resul-Ès inclÍcateil a linear d.eclÍne in the Daïk Interval

Threshold as a function of increasing age thus suggesting that sensory

persistence decreased r{Íth age. I'urther, no sex differences rTere

found to exist aÈ any age LeveL on the tä"sk.

Taken together, Ëhe above evidence indicates ËhaË the relative

visual information processing rate Íncreases rrith íncÍeasing age up to

approxinately 20 years of age al-though it nay actually decrease in 1aËer

1ife. The only negaríve study in rhis regard r{'as reported by BJ-ake (L974).

lùorking r^'iÈh four and eighÈ year oJ-ds and colJ-ege sÈudents in a backward

nasking paradign! she found no age differences in processi4g speed on

single item target arrays consistíng of geonetric shapes. Honever, four

year olds hTere pregressively slower than eight yeax old and college

students as ËargeË aÌxay size increased from one to lwo and from thro

to four Ítems.

In surnmary, whil-e the evidence supporting a direct relationship

between age and processing rate in subjects up to 20 years o1d Ís based

on consistency across a number of studies, the available d.ata on sensory

persistence and a¿¡e appears to be considerabl-y more tentative. The present

research ' outlined be1ow, explored processing rate and sensory peïsistence

as a function of age in both good and poor readers.

Gedetál Oútline ádd Expected Fiddíngs

Sensory persistence was examined in each subject by enploying a
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ûodifieation of the Ëenporal integrâtion task described by Hogben and

Di Loi-l-o (L974). In the present experiment, Èwo horizontally adj âcenË

5 x 5 squäre dot matrix patterns were presented on a eomput.er-dÌiven

oscil-J-oscope by displaying a series of single doÈs evenly and succes-

sively over tine (see Appendíx A, Figure 2), The total temporal dura-

tion over which the doÈs !¡ere plotted on the oscÍlloscope on a sÍng1e

trial- (plot.ting interval) was allowed Lo vary and on eâch tría1 a

single dot from either Èhe l-eft or right matrix aras not ploÈted. The

experi.mental task lras sinply to specify the !ûatrix fror¡r which the dot

was missing.

lÏhen the p1otÈing interval was brief, Ëhe dots forning the two

matrices appeared clearly and simultaneously and Èhe detection task was

relatively easy. However, at comparaÈÍvely long plotting intervâl-s, Lhe

phenomenologícal impression rías that several dots !¡ere missing from

both matrices; Èhe observer Íras thus confronted with several apparently

empty matrix locations as well as Èhe Ëruly empty location.

It rr'tl-l be recalled that sensory persistence refers to the con-

tinued perceptual avaÍlabil-íty of infornaÈion contained 1n a brief

stimulus beyond the actual physical duratíon of the sti.mulus. Thus,

considering the ab ove sÈiDulus conditions, r,rhen the dots forming the

trÀto matrices are presented r,rriÈhin a bríef pLoLting interval, they all

rernaín perceptually avai.lable at the end of the interval and the

ñíssing doÈ ís relatively easily detected. Ilowever, qrhen the plotÈíng

interval exceed.s a certain duration, sone of the early dots become per-

ceptual-Ly unavai l- ab Le by the tl,ne the l-ast dot has been ploËted (Ilogben

and Di ],oll-o, i.974). Under these conditions, all the dots forning the
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Datrices are noÈ perceptually âvai-1ab1e at Èhe sâme tÍne and performânce

Ís lnpaired. Thus, the precise plotting interval at !¡hich siuultaneous

percepÈuâl avaiLabilíty (or temporal inËegïation) of all the dots just

ceases provides an index of the duration of sensory persÍstence.

The pl-ottÍng inËerval at which persistence ceases might be estÍ-
maÈed by sel-ecting a number of fixed testíng levels (plotting intervals)

of ¡.¡hí ch some arì believed to be elearly above and others clearly bel_ow

the expected duration of persistence. Then, a fixed number of txía1s

aÈ each level- is conducted and accuracy of perfornance measured. The

specific level at r.rhich persistence appears to cease is then assessed.

by j-nterpo l-åtÍon. One dísadvantage of this cLassicaL approach Ís that

Ít requires a relatively Large number of trials at levels clearly thought

to be above and belo¡¿ what night be consÍdered the threshold level.

Hence, the nethod is somewhat j-nefficient and perhaps, at the extremes,

even somerrhat fTustrating and boring for the subject. In contrast, the

present study esEimated the duration of sensory persistence by enrploying

one of the so-call-ed rradaptiverr psychophysical rnethods of parameter

estimation. Unlike cl-assical methods, adaptive tråcking proeedures do

not require fixed nurnbers of Èrial-s at predetermined pLoEting intervals

but râ.ther focus on the threshoLd by adjusting the pl-otÈing interval

on Èhe ba.sís of the subjectrs perfornance history at previous pl-oËting

intervals. The details of this approach pertínenÈ to the present study

are described in Chapter 2.

Estimates of sensory peisÍsEence as a funcËion of age and reading

competency appeaï to be somewhat tentative at present. Hor".,raa, on grounds

outl-ined in the foregoing, it was expected Ëhat Èhe duration of sensory
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persistence r,r7ould be found to.decrease r,¡ith increasing chronological- age.

conversely, a relationship betrreen reading ability and sensory persistence

rías noÈ âtticipated,

The second aspect of visuaL infor¡ratíon processing investígated

lnvolved assessing the relative rate of processing in _::elation Lo both

reading cåpabílÍty and chronological age. In this paït of the study a

backward visual ¿asking paradign was employed on the assunptíon that

thÍs procedure Limited the duratíon of processÍng to a constanL temporaL

interval for all subjects. The scimuli were símilar to those ernpl-oyed

in the persÍstence task Trith the exception Èhât the unpLotted dot r{as

nissing from the centre of eíther the ríght or left üattix at ïandom

rather than from any location in one of the matïices (Appendix A,

Figure 3). In addiÈion, the dots forning the matrices were displayed.

on the oscilloscope effectively sírtrultaneously. The rnasking stimulus

(see Appendix A, Figure 4) followed at varÍous interstimulus intervals

(ISIs). The subjectrs task on each trìal was again to indicate r,rhich

matrix had a nissing dot.

Duríng testÍng it was observed thât the stimulus displays appeared

clearly and simulËaneousl-y and, aÈ relalively long ISIs, the presenta-

tion of Èhe mask did not interfere with perfornance in detectÍng the

nissirrg dot. However, when the ISI between the stimulus and mask r,¡as

relatively brief, the phenonenol-ogi cal- impression r,ras thaÈ the tíme

avaÍlable bethTeen the presentation of the stimulus and the onset of

the nrask nras too short. to identify Èhe correct matïix.

As outl-ined earlier, Dí Lollo (l-977) noted that perception of

forn is not instantaneous buË rather emerges over time from a number
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of processing operatj-ons. Trro successive phases of sensory coding were

identified r^rith the fírst phase ínvoJ,ving feature encoding operations

and the second phase consísting of interpretive opeïations. It rr7âs

naÍnLained Èhat a stinul-us dispJ-ay was subject to the disrupÈive

effect of a naski^ng s tirnul-us while the display was onl¡r feature encoded

and not after it had been meaning eocoded at the interpretÍve level of
processíng. Thus, the nore rapidly a dísplay is processed Èhe shorÈer

the te¡nporaL durati"on during whÍch it is susceptible to being disrupted

by the presentation of a maskÍng stimulus. Therefore, one index of the

rêlative processing rate ís provÍded by the anount of tÍme thât the

presentatLon of a naskíng stímulus musË be delayed in order for percep_

tion to emerge as measured by perfornance on a task. In thís vÍehr,

for example, achieving a given accuracy criÈeïion on the above backward

masking task at an ISI be$reen stimulus and mask of 150 nsq-c r,¡ou1d in-
dicate relatively faster processing Èhan Ëhe same accuracy criterion
achieved aÈ an ISI of 250 nsec. This general approach was used in the

present study to assess relative processing rate.

As in rhe Èemporal Íntegration part of the study, the såme adap_

Èive psychophysical approach was employed to estímate the ISI between

the stinulus display and mask necessary to avoid the alísruptive effecÈ

of the rnask and to acheíve a 7 57" correct accuracy criterion. In Èhe

rnasking study the exposuÌe duration of the dispJ-ays was helcl constant

r¿hil-e the ISI between stixoulus and mask r¿as allor^red Eo vary as a frmcËion

of the subjectrs perforrnance.

On the basis of fin<lings ouÈLined earlierr it was e*pected that

differences in the relatj-ve ïate of information processÍng woul-d emerge
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as a funcÈion of readlng capability with poor readers displaying a

slorrTer processing rate than the nor¡oal-reading conLrols. Turther, Íl:

was antic'ipated that Èhe relative processing rate in boËh groups would

increase raTiÈh increasing chronological age.
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CIIÄPTER II

METITOÐ

TeúÞôraL lntêgrátion

Sùb-i ècts

Tl¡elve male students at each of four age levels -- 7, gr LI, and

13 years -- from the ¡'ort Garry School Division participated as subj ecÈs

in the experinent. llalf of the stùdents at each age 1evel ü7ere poor

readere (experÍmental subjects) Ì\rhile the remainíng six students

served as nornal-reading controls. All subjects vrere selecÈed. ín

consultation $¡ith their classroom teachers and hrith the school rene-

diaI readÍng clinician according to the folLoiring criteria: (a) at least

average intell-igence ( checked by scores on the Peabody Pictuïe Vocabulary

Test) and regular school attenda:rce; (b) normal or corrected to nornå1

vision and nornal hearíng; (c) Canadian nationaL origÍn wÍth English

as the natÍve Èongue; (d) absence of psychosís; (e) absence of gross

social and/or cul-tural" deprivation. The experimentâl- subjects r¡ere all
judged by school personnel to be performing below grade-level in reading;

this uas confirned and defined more precisely by readÍng comprehension

scores from Stanford Achievement Test (SAT) (see Appendix B). Conversely,

the conÈro1 subjects were all performing at or above grade-l-eve1 in

reading Ín the classroorn a¡d on the reåding comp r:ehens Íon part of the

SAT (see Appendix C).

Stinúi"i arid AppâTal'lg

The stimulus display (Appendix A, Figure 2) consisted of two

horizontally adj acent 5 x 5 square doÈ matrices e¿ch measurÍng 1.0 cm
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square and separated by 0.5 cn. The 25 dots forming each of Èhe two

matrlces r,rere presented successively over time on a Tektronix 602

display oscilloscope (equipped r¿ith a fast p-1_5 phosphor) with one dot

not plotted in one of the matrices on each tïial. The naÈrix (1efl
or right) and the precise l-ocatÍon within the matrix missíng a doË

varied randonly fron trial to trial. 0n every trÍa1, each dot rÀras plotted
only once with the dots being evenly spaced r¿ithin the plotting interval
(the tern rrplotting intervaltr refers to Èhe total tíme that elapses

betlieen plotting the ftïst and the .1ast dots). The tenrporal duration

of each dot ¡'ras 1.5 rnicroseconds and the r-u¡rinance of the stio,ulus dis-
play was adjusted so that a standard square patch plotted coniinuously

in the centre of the screen yielded a read.ing of 0.35 1ux as measure<i

by a Tektronix J-L6 digitå1 photooeter. A din fíxation dot, located

0.25 c¡u fron the Ínner edges and 0.5 cm from the top and bottom boundaries

of the matrices, hras empJ-oyed to aid and to standardiz. 
"rri¡""a oïienta-

tion to the screen. The fixation dot disappeared. wíth the onseË of Ëhe

stimulus display and reappeared following a response. To aid focusing

and convergence the oscilloscope dispray surface was crím1y irlurûínated.

All displays Ì,rere generâËed by a DigiÈal pDp-g/L computer which also

perforned aLL tiroíng and scoring functíons,

Stocêdure

Upon entering the l-aboratory the subject u¡as told that the task in
the experíment involved deÈernining r,rhich one of the traTo dot matríces

was mÍssing a dot. To faciLitate cornprehension of the task, several

flash cards analogous Èo the actual- di.splay stÍnuli r¡ere .used.. 
The

cards demonstrated that a dot could be nissing from any location
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L'ithln eiÈher the right or LefË natrix. !¡hen it ¡¡as clear from the

subjectts performance r{íth the fLash cards that Èhe task r,.7as understood

famiiiarizatíon wiÈh the task when the display stinuli Írere presented

briefJ-y on the oscilloscope !,ras conducted. Under the fa¡nil-iârizaLÍon

conditions, the stimulus display i¡j.th a missing dot !ra.j presenied

effectively sÍmultaneously. Only those subjects who after fanil-Íari-

zafion were able to identify r¿hich of Èhe trTo matrices was missing a

dôt aÈ an accuracy rate of 852 correct or higher ürere selected to

participate íri the tenlporal integration experiment proper. In Èhe

course of testing, it vas noË necessary to reject any subjecc for

failure to meet this criterion.

During the Èemporal integration Èesting, the subject r^ras seated

ín a quieL and dimly illuninaËed roon and vier¡ed Èhe stiûul-us dispiay

binocularLy Èhrough a Tektronix rnodel 0L6-0154-00 viewing hooti, In

Èhe víeliing positÍon Ëhe stimulus dlsplay was approxímaËely 75 cn

from the subjectrs pupils and subtended a vísual angle of 1o53t hori-

zontally and 0046' vertically. The subject was ínstructed to focus on

the fixation dot and to inj.tiate a trial^ when ready by depressing a

footsrn'iÈch. I'oJ-lowing the stinulus display, he was requíred to depress

a svritch whích he held in his left hand íf he thoughÈ that Èhe dot r¡as

nissing fron the left natrÍx or Èo depress a sr4ritch which he held in

his righÈ hand if it appeared to him that the dot was missing from the

right ¡natrix. imrediately fol-lowíng the subjectrs response the fixa-

tion dot reappeared and Èhe same sequence of evenÈs involvÍ.ng focusíng

on the fixaÈion dot, iniÈiating a dispLay and respondÍng proceeded for

the nexÈ trial. The subjecf was insÈructed to work careful-ly and as
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quickly as possible r{rithout sacrificing accuracy and to make a best guess

when unsure of the location of the nissing dot.

The ÞlottÍng interval was allor¡ed to vary under Èhe control of an

adaptive psychophysical nethod devel-oped by Tayl-or and Creeluran (1967)

knor,m as PEST (Paraneter EstimatÍon by Sequential Testitg)" The PEST

program ¡¿as under dírect computer contTol and operated according to

rules specified -Ln advance regarding Ìrhen to change plotting intervaLs,

r'rhat intervaL to try next, r,íhen to end a run and the rneans by which

the paraneteï estimate rtas to be calculated.

A run began with the computer randourly selecÈÍng a startíng plotting

lnterval ranging from 3-127 ursec. A serÍes of lrials was conducted

at that plotting intervaL and the compuËer DaintaÍned a record of the

subjectrs performance, In order to determine r,"hether the subjectrs

performance r¡as above or below an accuracy criÈerion of 7 5"1- correct, a

I,Iald (1947) sequentÍal l-ikLihood-ratio test (I^IALD), íntegrated ra,ith the

?EST prograrr, was perforned on the data. Accuracy above 757" correct

!¡¿rs considered to refl-ect a Ëask nhich r{ras too easy (too bríef a pLotting

inÈerval) whi-J-e accuracy belo¡'t 75% correct indicated that the task was

too difficul-t (too J-ong a plotting interval), If the task lras too easy

(or Èoo difficult) the PEST progrâm automaticaLly increased (or decreased)

the plotting i-nterval iniÈial-l-y by 3-6 rnsec and conducted a new seríes

of tTials at thaÈ plotÈing interval. one again, the resuLts were

stored (by PEST) and eval-uated (by I{ALO) and a decision to increase or

decrease the plotting intervâl on the basÍs of the subjectts perfornance

was made. Increases or decreases in plotting interval ¡¡ere doubled

(until a maximum step of 32 rnsec was reached) on successive series of
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trials Ín which the change required ín plotting ÍntervaJ- l,ras in the

sax[e direction as the inmediatel-y previous change. Hor,rever, whenever

a chànge ,Ín ilirectÍon was requÍred, the plotting interval changed by

half the amount of the inmediately previous change. (For example,

assume that a plotting íntervaL of 40 nsec was too easy and that l-6 nsec

was added resulting in a new plotting intervel of 56 rosec. Now, if
the 56 nsec plotting intervaL rras too dÍfficuit, Èhe next ploÈÈing

interval tried r,r7ou1d be 48 rnsec r¿hich would reprêsent a reduction of
half Èhe imediatel-y previous change (16 nsec)). This process of
încreasing and decreasing plotting intervals continued unti.l an ailjust_
ment in plottÍng interval duraÈion was required which was smalier than

8 msec. At that point the run ended and the paraneter estimate r,rras

Siven as that pLottÍn6 interval in effect just príor Èo the required

adjustnent below 8 msec. (In Èhe example referred to above, Íf the

48 rrsec plotting interval was noh, too easy an, adjuslment of *4 msec

would be required. But since this adjustment h/ould be less than g nsec,

the run would end and the parameter estimate r¿oukl be 4g nsec).

A series of eight runs LTas conducted per subject and the estimate

of the durâtion of sensory persistence for each subject rrras calcuLated

by deternining Èhe median pl,otting intervâl at t^rhich temporal integra_

Èion appeared to ceasê based on the eight runs. A brief rest perÍod

folLonred eaeh n¡n whích, on avetage, took approxiEately 2_3 minutes.

'3Ecl*n¿ird Masl¿ing

Súbj ects

The sarne subjects r,7ho participaËed. in the temporal inLegrati.on part
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of the study aLso participaÈed ín the backward nasking stuily.

S ËÍnul-i and Apparatus

The stinulus alisplay (Appendix A, FÍgure 3) was fundaurentalj_y the

same as the one enployed in the temporal integratíon task with tr,,7o excep-

tíons. Tirst, the unplotted doÈ r¿as always randomly utissing from Lhe

ientre of eíther the left or right natrix ratheï than from any location.
And, second, aLl- the doÈs formÍng Ëhe two matïices were presented

effectively simul-taneously on the Tektronix 602 oscÍ11oscope for a

duratÍon of 3 rnsec rather than over various pLotting intervals.

The luminance and dirnensÍonal- chaïacteristics of the stimulus dÍsp1ay

were identical to Èhose used in the temporal inLegration part of the

study. In addition, å random-dot visual noíse aasking stÍmulus (see

AppendÍx A, Iigure 4) of approxínately equal lunÍnance and temporal-

duration as Èhe srinulus display was used in this pârt of the study to

lÍn:iÈ processing duration. The pDp-8/L computer was agaÍn enployecl to

generate alJ- dÍsplays and perform tÍning and scoring funcLions.

PrócedùTe

The subject was told that the present Èask i.nvolved aleternining

n¡hich one of the fr^ro dot natríces was nissing a d.ot in the cenÈre Loca-

tion. Again, flash cards depicting exanples of the manner in r,¡hích a

given trial might appear on the oseilloscope T¡7ere used to clearl-y

explain the tåsk. l{hen the task r,7as uûdetsËood, the subjectrs abilÍty
to perforn the task rarhen the stimulus dÍsplays r{7ere prêsented on the

oscilloscope was assessed in a no-mask condiÈion. Againr. only those

subjects who performed at an accuïacy rate of 852 correct or better
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rreïe selecÈed to participate in the backward nasking experiflênt proper.

And, once again, it was not necessary to rejecÈ any subject because of

faÍl-ure to meet this level of performance.

In the backward maskiîg experiment, the Èesting environrnenÈ and

viehrÍng conditions rrere j.dentícal to those in the temporal integratÍon

study. In addition, the s ame procedure associated with focusing on

the fixation dot, inítíating a trial, responding foJ-lowíng the comple-

tion of the trial and setËing up for the next tÏial vas followed.

However, the subject r,ras advised j-n advance thâÈ a random dot roaskíng

pattern r¡ouLd foll-or,¡ and cover the stÍmulus display at various time

intervals afÈer the stj.mulus display was presented ênd that his task

was to detect the nissing dot in the first dispJ-ay.

In the experíment, the interstímulus inÈerval beti'een the

dÍsplay stimulus and the masking stimu1us was allor,r'ed to vary under

the control of the PEST and tr{ALD prograns noted earlier. l4inor

modificatlons in the PEST program were made in the backr,¡ard masking

experÍment. A run began with the conputer randonly selecting a start-

Íng ISI ranging fron 0-l-27 rnsec. The initÍaL increase or decrease

in ISI, related to the task being either Èoo dífficult (too brÍef an

ISI) or too eåsy (too long an ISI), was 16 msec. The accuracy crÍ-

terion was agaín 7 5"/" correct and the maximum ISI adjustnent pernítted

when ch anging from one series of trials to afloÈher was 32 nsec.

Ilowever, the ninínal adjustnent pernissable in the backward maskiûg

PEST progran was 12 ¡nsèc. Operationally, the progïatrìs functioned as

outLÍned in the temporal integration study..

A series of eighÈ runs r47as conducted per subject and an índex of
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the rel-ati-ve processing rate.for each subject r,üas cal-culated by deter-

nining the rnedian rsr at r^'hich the subjecË perforned at a 7 57. correct

rate on Èhe eight runs. A brief rest period folLowed each run which

took an average of 3-4 rrinutes.

ExperimentâL Design

IndÍces of both the duraÈion of sensory persistence and relatlve
processing rate krere obtaj-ned from each subject ín a counterbal-anced

desÍgn with perforrnance of the trnro tasks being separated by approxi-

naÈely 24 hours. Thus, half the students at each age and. reading J-evel

perforned the temporal inÈegration task on one day and the backr,¡ard

nasking tâsk on another day whí1e Ëhe remaining students perforned the

Èasks in the reverse order.



GI{APTER III

RESI]LTS

A corûplete surmary of Ëhe age, I.Q., temporal integratíon, back-

ward masking, reading 1evel and task performance order daÈa for all

experimental and control subjects is presented in Appendíxes B and C,

respectively,

The data obtained from the experí¡ûental and conLrol subjects

under the baclsn¡ard rnasking experimental conditÍons is sumrnarízed ín

Table 1. It shows the mean ISI (nsec) betrr'een the test stimulus and

mask at r^'hich the 75"Á accutaey performance criterion was reached ín

the back¡^rard nasking task in reLation to reading leveJ- (experimental vs.

control), task perfor¡nance order and age level. Thj-s data was subjected

to a 2 (reading level) x 2 (task performance order) x 4 (ag-e) analysis

of variance (ANoVA) which yíelded a signíficant difference beh,reen the

ages (F(3' 32) = 22.3, p <.001) and non-signÍficant differences with

respect to reading level and task perfonMnce order. In addition, none

of Èhe interacÈions rr'ere significant. A suÍmary of this ANOVA is pre-

sented Ín Appendix D. Thus, the performance of both the experimental

and control subjects improved with increasing chronological- age under

the backr¿ard roasking conditions alËhough the groups did not differ

significàrtly from one anoËher aÈ any age level. Disregarding task

perfonnance order (which was not signifícant), the decrease in the

mean ISI betneen Èhe test sËinulus and mask as a function of increasing

àhronologícai age and reading level- is graphically dÍsplaye<l in Figure J-.

The data obtainecl from Èhe saEe subjects Ín the ÈemPoral integÍa-



Table L

Mean ISI (rnsec) between the test stimuLus and mâsk at
r,Thich criterion performance 1eve1 was reached in the

' backhrard ¡lasking task

lsub¡..a" perforned the bach,rard masking task before Èhe tenporal-
integration task

2S.rb¡""r" performed the temporal Íntegratíon task before the backward
masking task

Age Level

Ð(PERIMENTAL CONTROL

8.U. Firstl B.M. Second2 B. M. I'irstl B.M. Second'

7

9

11

13

168. 8

109. 3

98. I

67 .8

L62.2

113. 7

84.2

81.2

t52.7

L02.2

99.0

58.3

L49.2

102. 8

97.8

70.2
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tlon part of the study is outlined in Table 2. It indicates Èhe mean

plotting interval- (nsec) at which Èhe 75"/" accrracy performance críterlon

¡uas reachêd in the temporal integratÍon task in relation to reading

Ievel, task performance order and age level. A separate 2 x 2 x 4

ANOVA was performed on thÍs data to eval-uate the effects of reading

level, age and task perfornance order on temporal- íntegration. The

analysis failed to reveal any significant main effects or interactions

rúhatsoever. A slrnnnry table of the ANoVA is presented in AppendÍx E.

Ignoring task performance order, the stability of the meari plotting

interval Ín relation to both chronologÍcal age and reading level- 1s

shor,m graphically in FÍgure 2.

An inspection of the mean I.Q. datå on the experimental and control

subjects revealed a relatÍveJ-y snal-l nagnitude but systemaÈic elevaËíon

in I.Q. Ín the controls across age Leve1s. In order to statisÈically

control for the I.Q. differences, separête 2 z 2 x 4 analyses of co-

varíance (!,7ith the s ame factors as in the ANOVAT s) were perforned on

the backward masking and Èenporal integråtion data with I.Q. as the

covariaÈe.. The analysls of covarÍance on the back$rard maskÍng data

also reveal-ed the significant effect of age (f(3, 31) = 21.9, p < .001)

observed in the Æ.{oVA although no other significant ná.in effects or

interactions were found. The surnmary table peïËaining to this analysis

is presented Ín Appendix F. Further, the analysis of covarÍance on the

temporal integratíon data (see Appendix G) fail-ed Èo reveal any signífí-

cant maín effects or interacLÍons. Thus, when I.Q. is considered as a

covariate, the results of the analyses are not altered appreciably rela-

tive to Lhe anaLyses of variance reporËed earl"j-er.



Table 2

Mean plotting interval (nsec) at r¡hich criterÍon
performance 1eve1 r¡as reached in Èhe tenporal

íntegration task

Age Level

EXPER]MENTAL CONTROL

T.I. I'irst1 T.I. Second¿ T.I. tr'Írstl T.I. Second2

7

9

LL

I_3

42.7

46.s

47.8

49.3

44 .3

50.3

44.3

48.5

44.2

48.0

50.3

50.3

55. 5

47.2

51. 3

43.8

1s.rb3 
".a" 

performed. Èhe terporal íntegration task before Èhe backr¿ard
masking task

2srrb3".a" perforned the backr¡ard nasking task before the tenporal
lntegration task
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ïn order to assess the data for systenatÍc relationships among

the depenCent and independent variables, intercorrelaÈions on age,

I.Q., temporal integration, backward masking and reading level r,¡ere

calculated. Inspectlon of the sunnary table of correlations presented

in Appendix H once again shows the strong inverse relationship (r= -.76)

between age and Èhe ISI beËh7een Ehe test stÍüulus and rnask at rdhich

eríterLon performance level- r¡as reached ín the backhrard nasking study.

In addition, a posiÈíve correlation bethreen I.Q. and readÍng 1evel

(r= .45) lras also found. tr{hÍle these were the only two sígnÍficant

relatl-onshÍps found in the correlatlon måtrix, boLh were significantly

different from zero beyond the .01 1eve1 of significance.
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CITAPTER TV

DISCUSSION

The príuary focus of the present research was directed åt assess-

ing r.ühether certaín information processÍng characÈeris ti.cs in poor

readers differed from those in average or better than average readers.

Specif íca1-1-y, the work of Stanley and HalL (1973) outlined earlÍer

suggested that the rate of infornation processlng was sl-or¡er in poor

readers than ín normal- readers ürhíle the dr¡ration of sensory persis-

tence r¡as longer in the deficíeot readers.

The results of the present ÍnvestigaÈÍon cJ-early demonstraLe Èhat

the deficient and no rmal readers did not differ significantly from one

another in perfornance on eÍther the temporsl íntegration or backward

masking tasks at any of the four age level-s studÍed. And, _-insofar as

the temporal integrâtÍon and backward masking Ëasks, respectively,

proviile inclices of the duraÈLon of sensory persisËence (Hogben anil

DÍ Lollo, L974) and the rate of infornation processing (B1ake, 1974;

Gummerman 
_and 

Gray, 1972; Liss and HaÍth, l-970)¡ Spítz and Thor, 1968),

it is evident Èhat the poor and. normaL reader" .".rrrot be regarded as

differing ín eíther of these respects,

These resul-ts and concLusions regarcling the rate of processing

sËand Ín dísagreenent nith those of Stanley and l{all (1973) as ¡^rel1

âs with those anticipated by the present writer prior to conductíng

the research. In addition, the presenL resulÈs also fail to support

the findings of Stanley ancl IIal1 wÍth regard to the duration of sen-

sory persistence although they are consisÈeît rrith fhe daÈa reported
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by Stanley and Mo1loy (1975) on Èhe temporal extent of iconic storage,

There are a nurnber of factors thaÈ night be considered in attempt-

Íng to account for the discrepancies betÌüeen Èhe present findings and

Èhose reporÈed by Stanley and 11a11 (1973) on processing rate and per-

sistence duration and similar findings by Stanley (f975a) wíth respect

to iconic storage duraÈion. It nay be suggesËed that the present tasks

couLd have been generally insensít.Íve to differences in sensory persis-

Èence and processing rate. If this were indeed the case, the faÍlure to

replicate the earlier results could i^2e11 have been due to the inappro-

prÍateness of the tasks. However, this hypothesis does not appear

Èenable r¿hen it is realÍzed Lhat t¡hil_e no differences betlreen the normal

and deficient readers emerged aÈ any of the age levels studied, the

results clearly show that the rate of ínfornation processing increased

wíth increasing chronological age. This is shora'n in Èhe si. gnificant

nain effect due to age in the anal"ysis of variance on Èhe backr¿ard

nasking data. It is also evíd.enÈ in the highly significant negative

correlation betrreen age and bacls¡ard masking which índicates that as

age increased Èhe ISI bettreen the Èest stimulus and mask a¿ !,rhich

criÈêrÍon perforrnance was reached decreased, thus indicating more rapíd

test stj-mulus processing. I'urthernore, an inspeciÍon of the backr¿ard

uaskÍng scóres reveal-ed no overl-ap Ín perfornance between any of the

seven and ÈhiÏteen year old subjects. Thus, Èhe backward nasking task

was highly sensítive to different developmental level-s ín both the

experirûental and control- subjects and ra,ould be expected to be equally

sensitíve to differences in rate of processing ascribable to facËors

other thân chronologÍcal age, notably reading deflcÍencies. It should
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also be noËed here that Èhe direct relatíonship between chronologicaL

age and processing rate is entirely consistent r¿ith severaL studj.es

reporÈed €arLier relâting these tr,zo variables (Gummerman ar.ð, Gray, I972i

Liss and Haith, 1970¡ l{ilJ.er, L972; ar.ð i\telsåndr et a1., tr973).

Another possÍble basÍs for not finding differences between the

good aad poor readers in the present study night have been rel-ated to

the 1evel of processíng eliciËed by Èhe stinulus cond.ítions anil task

d.emands. In the Stanley and Hal1 work, aLphabetic characËers r¿ere used

as sÈÍmulÍ and i.t nay be that they el_icited a gïeater depth of processing

than the dot matrix sËimuli presently employed. The argurnent rright be

nade that at this deeper level of processing differences betkreen the

poor and control readers ernerged. This lÍne of reasoning follows from

the Craik and Lockhart (1972) rrlevels of processing'r conceptual frane-

r¿ork which suggests Èhat preLimínary levels of processing a-re more

concerned kith the anâlysís of physical or sensory featuïes of the stin-
uli ¡¿hÍle deeper leveJ-s of processíng Ínvolve to a greater degïee

natchíng the inpu¿ agåinst stored abstrâctÍons from past learning. In

this nodel, greater ttdepthtt implies a greater degree of aemantic or

cognitive analysis. Whl1e this possibilÍty canno t be discounted on

Èhe basis of the results of the present work, a recent study by I'isher

and Frankfurtex (1977) suggests that this nay not necessarily be the

case. In their assessmenÈ of perfonnance of poor and normal readers

uslng alphabetic letters under backward. nasking cond.itions, Lhe poor

readers r47ere noÈ fo1md Ëo be inferior to the age and reading-level

matched. controls on measures involvíng correct identification, correct

localization, absolute number correct and number of intrusions. Hence,
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even though âi_phabeÈic stimuli may evoke a deeper level of processing

than matrices, this does not appear to provide a sâtÍsfactory explana_

tory basis for Èhe differences between the earlÍer work by Stânley

and Hal-l- (1973) and the presenÈ fíndings. Fuïthernore, ra7Íth ïespect

to the duratíon of sensory persistence, I'isher and. lrankfurter (1977)

failed to fínd any evidence indicâting that durâtion of visual persis-

tence was longe: in the poor readers. In fêcÈ, they interpreted theír
resuLts as possibl-y indicating longer iconic storage ín normal readers,

in contrast to the conclusions of Stanley and Hall.

An alternaÈive hypothesis to account for Èhe divergence bethTeen

the present resulÈs and those of Stanley and Hal1 rel_ates to the possí_

biliÈy that the poor readers in their study aalopted a moïe conservative

tesponse criterion ín both the temporal integration and backr,¡ard

naskÍng tasks. As mentioned in Èhe Introduction, this poss_Íbílíty

appears viable r,rhen consÍderation ís given to the poor readersr past

history of fail,ure in testing situations. Given thÍs pasÈ history, it
does noÈ appear unreasonabl-e to propose thât they nay hate r,,aited. longer

to be sure before lndicating r,rhen the two-parÈ composíte âtínu1i appear_

ed to separate Ín the temporal integraËion Ëask as wel-L as before ¡e-

portíng the target letÈer ín the backward maskíng paradígn. FurËhernole,

the ascending method of 1ímiÈs procedure utilized by Stanley and HalL

in boÈh tasks ís cJ-ear1y subject to the effecÈs of response bias. If
indeed such response bias did occur, the nean ISI between Èhe target

l-etter and mask Ín the bachüàrd masking expeïiment as weLl as the mean -

separation threshold in the tempoïal integratioo tr"k rorrld have been

artifactuall,y infl-ated in the poor readers, Èhus leading Lo the conclu-
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sion that their duratlon of sensory persisËence rrTas longer rarhile their
relative processing råte Lras slor,rer. The presently eurployed forced_

choice ne-Èho do J_o gy effectively elÍmÍnated response bias and forced

all subjects to perform ar their maxímr¡m LeveL of d.is crinination.
Under these forced-choice conditions, processing raÈe and the duration
of sensory persisLence rdere not found to be relatecl to reading profi_
ciencry at aîy of the age levels studíed. InÈeresÈingl_y, and in support

of the present contention, Stanley (1976) subsequently employed a forced_

ctroice approach in a digtt identifiêation task under backr,,arcl rnasking

conditions r^rÍ Èh pooï a:rd normaL readers. under these círcumstances,

his previous fÍnding of more rapid. processing by the norrual_read.ing

control subjects ¡,/as not replÍcated.

Moreover, Íf group dífferences Ín readíng ability at Ëhe age leveLs

studied rarere assocÍated with Èhe speed of processing of Èhe- test stimulus,
iÈ ¡tright be expected that the nine, eleven, and thirteen year o1d ex_

perimental subjects vould process infornation aË a rate rnore líke the

seven, nine, and eleven year old control subjecÈs, respectiveLy, r7íth

whon they shared a sinil-ar readlng 1eve1. However, this r,ras not the

case Ín that the results indícate that the nine, eleven, and thÍrteen
year old experimental subjects r^rete, on average, more similar in process-

Íng rate to Èhej-r age-matched controls than to younger control subjects.

The present resuLts concerning processing ïate and persistence

duration as å functi.on of age and reading l_evel do have practLcal and.

theoretical inplications. fhe findÍng that subjects across the age

level-s studied alid not differ Ì¡ith respect to the dutation of 
"".r"ory

persístence suggesÈs, on the basis of the Di fo1lo (l-977) processing
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model, Èhat all subjects feature-encoded Èhe inforfûatÍon in the Ëest

stimuli at âpproximately the same raËe. Furthermore, the fåct Èhat

persisten'ce durâtion hras independent of readi"ng proficiency intlicates

thaÈ poor and nornal readers do not differ at thi.s very early sÈage of

visuaL informatÍon processÍng. This latter findíng argues against the

notion of a very basíc perceptual deficit as a basis for readÍng disabÍl_
itiês. Further, ùhe faíl-ure to fínd dlfferences in backr¿ard rnasking

beË¡¿een Èhe poor and normal readers at any age level_ suggests that the

raÈe aÈ which the visual- input is Ínterpreted beyond the Ínitíal feature-

encoding stage does riot vary as a function of reading disabÍl_ity. How_

ever, the rate of interpretation or meaning abstïaction does increase

equally with chronological age in both gïoups pïesumably reflecÈing

more rapid processing trÍth increasing development.

The inference that Èhe processing rate of poor and no¡pal- readers

does noÈ differ nust, however, be qualified in at leâst tI.ro respects.

First, the natuïe of the maÈrix stimulÍ and the response requirements

1n the present study permítted an assessmenL of visual- Ínfornation

processíng only at a reJ-atively superficial leve1 of ânalysis. That is,
the expeïinental- Èaskê enpJ-oyed dÍd not necessaríly invoLve any verbal"

or semantic encodÍng which clearly ís invoLved in reading proper and

is generai-ly thought to occur at hígher processing levels (Mackwoxth, Lg72).

Ilence, it Ís possÍble under stimulus conditions and task den¿nds nore

sÍnil-ar to those actually involved in readÍng that differences betkeen

good and poor readers would emerge in pïocessing rate. And, second.,

the resuLts of Èhe FÍsher and Irankfurter (L977) study indÍcåte Èhat

processing l-oad is a relevant dimensíon when processing rate is under
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investigation. They found that r¡hen the number of alphabetic characËels

in the test stÍmulus r,ras greaÈer than two, accuracy declined nore rapidly

in poor rèaders Ëhan in normal-readj-ng subjects.

Ilowever, nothrithstanding Èhese qualÍfications, the results of the

present investigation are not consistenÈ ÍziÈh a general perceptual-

defícít hypothesis of readÍng disabÍl-ities. The inplícation of these

Tesults suggests ÈhaÈ Ín studying reading defíciencies, it r,Jould appear

to be potentially more productive Ëo direct greater effort at studying

hLgher 1eve1s of processing while placlng less emphasÍs on the peïceptuaL

and more superficial 1eve1s of analysis, This clearly is not a novel

suggestion al-Èhough it Ís maintained Èhat the inproved rnethodology

presently employed adds strength to the argumeût for Èhis shÍft of

attentíon.
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APPENÐTX A

Figures l- to 4

Figures employed in the Stanl-ey and HalI (1973)

study and those utilized in the present temporal-

integration and backward masking tasks
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'FÍgure 2

Figure 3

Example of the dot matrix employed Ín the
temporal integration study

Example of the rnattíx employed in the
backward nasking study

.

Example of the randoÐ dot patterned nask
eurployed in the backr¡ard rnasking study

.Figure 4
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A?PENDIX D

Summary of thê Anälysís of Variance
on the backward masking data

Source MSdf

Age (A)

Task Order (T)

Reading Level (G)

AxT
AxG
TxG

AxTxG

Error

50187.90
3.25

s43.37

756.04
796.33
24.79

13I. 17

24002.40

1

1

3

3

I

3

32

16729.30
3.25

543.37

252.OL
265.44
24.79

43.72

750.07

22.3 <.00L
< 1" n.s.
< I n. s.

< f n. s.
<1 n.s.
<1 n.s.

<I n. s.
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APPENDIX E

S ummary of the Analysis of Variance
on the temporal integratj-on dâta

pMSdfSSSout:ce

Age (A)

Task Order (T)

Reading Level (G)

AxT
AxG
Txc

AxTxc

Error

7. 18 < 1

7.I2 < I
53.t2 1.0

57.12 I.07
49.01 < 1
2.75 < 1

40.97 < 1

52.96

2r.55
7.12

53.12

17r.38
I47.05

2.75

I22.93

169 4 .99

1

I

n.s.
n.s.
n.s.

n.s.
_- n. s.

n.s.

n.s.

3

3

I

32
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APPENDIX F

Summary of the Analysis of Covariance
on the backward masking data

Source df MS

Age (A)

Task Order (T)

Reading Level (G)

AxT
AxG
TxG

AxTxG

f0 Covariate

Error

so27 9 . l-1-

1.91
765.62

790.79
7 46 .9s
23.42

r36.54

226.27

2377 6. 13

l-67 59 .10
t.91

765.62

263.s9
248.98
23.42

45.51

226.27

7 66.97

21.85 4 . OOt

< 7 n. s.
1.0 n.s.

1L n.s.
<-L n. s.
< I n.s.

< l- n.s.

< l- n.s.

J

1

1

3

3

1

3

1

31
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PET{DIX G

S wnlnary of the Analysis of Covariance
on the temporal- j-ntegration data

Source MSdfss

Age (A)

Task Order (T)

Reading Level (c)

AxT
AXG
TxG

AxTxG

I0 Covariate

Error

2t.63
6.95

48.08

166.17
14s. s3

2.72

Lr3.24

r.26

I693.73

n.s.
n. s.
n.s.

n.s.
n.s.
n.s.

n.s.

n.s.

3

I
I

3

t-

3

1

3t

7.27 < I
6.95 < 1

48.08 < I

5s.39 1.01
48.51 < L
2.72 < l-

37.74 < l

r.26 < l-

s4.63
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. APPENDIX H

Summary of intercorre laÈions on age, IQ,
temporal integration, backward maskíng,
and reading level- across the experi.mental

and control- subjects

Age

months )

rol 2T.Ï. 8.M.3 ne ading4
Leve l

Age .03 .08 .76* -. 09

ïQ .03 -. 03 0 .45*

T.I .08 -. 03 -.04 .09

B,M. .7 6x 0 -.04 -. 05

Reacling
Level -.09 - 45* .09 -. 05

* p < . oJ-

IIQ - derived from the Peabody Picture Vocabutary Test (PPVT)

)-T.I. - temporal integration (estimate of the duration of
sensory persistence )

3S.M. - backward masking (estimate of the relative processing
rate )

4Nunrber of years above or bel-ow school grade ptacemerrt on the
Stanford Achíevement Test (SAT)


