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Reeding encompasses ¢ wvide renge of verbal processes,

among thea such simple verbal processes es word decoding, letter
recognition, nawme retrievel, end gsemantic eccess. The question is
vhether simple verbal grocelling differances are adequate to eccount

for generel reeding eb

lity diffarences. Across different verbal

domains end different eyes, the hallmark of skilled verbal processing
is efficient word retrieval from inective menory. What veries ecross
different verbal domains end verbal skill levels g' the extent to

which one or the other of these simple processes

s rete limiting for

en individual. Reseerch studies have shown that among children, the
rete limiting process is word decoding, wheress among college
students it is name retrievel. However, verbal knowledge elso makes e
contribution to generel verbal shility that cennot ba eetily reduced
to simple verbal processes. Siuglo verbal processes cennot eccount

e

for either differences in the

ility to compose e text or to

eppreciete distinctions between semanticelly releted words. The
former enteils e number of complex verbal ebilities producing wide

individual telents while the letter implies fsirly s

le but

poverful semantic end morphologicel knowledge. Such ebilities suggest
cognitive components bayond simple verbal processes. (HOD)
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INTRODUCTION

Some persons teaa il have large vocabulanies, and score high on verbal
ineelhigence wsts. Others read with difficulty. have smaller vocabularis.,
and scorc lower on verbal intdhigence wsts. Whar processes underhe such
pervasive diffetences in verbal ability? Are the processes that underhe dif-
ferences among chaldeen an reading skill the same as those that underlic
diffcrences among adules n reading skill or in verbal ineelhigence?® These are
the general quesuons addressed by this chapeer.

The outline of the chapter and my main conclusions ate gs follows: The
first section argucs for a heunsucally yscful distnction between simple
verbal processes, complex verbal processes, and verbal knowledge as three
components of general verbal abihity. The reinaiming scctions examine the
cxtent o which four ssimple verbal processes—Iletrer recognition. decoding,,
name reereval, and semanuc aceess—can account for differences .n reading
abiiity of children and adulrs. as well as 1n adult verbal ineelhgence A major
conclusion 1s that across diffcrent verbal domams and different ages. the
hallmark of skilicd verbal processing is cfficient word reezicval fromy macnve
memory. What varies across different verbal domains and virbal skill levels
1s the cxeent to which one o1 the other of these simple processes 1 rawe
limiing for an indiwidual Among children. . the rate-hmining process ys
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word decoding. whereas among college adules 1t 1s general name retneval.
In addition, verbal knowiedge makes 3 contnbunon to gencral verbat ability
that 45 not casily reduced o ssimiple verbal processes. Knowledge of both
hnguisuc forms and concepts 15 as charactensuc of verbal ability ag speed ol
name retricval. The final secnon brietly suggests how complex verbal pro-
cesses can be affected by. but not reduced to. simple verbal processes

VERBAL PROCESSES: A DEFINITION AND
THEORETICAL FRAMEWORK

For present purposcs. 4 verbal process 1s any cogmnve activiey thae (by rea-
sonable *nference) involves the recogmnion, retrieval, or undcrstanding of
hnguistic forms. Thus. recogmzing a word 1s 2 verbal process and recogmiz-
ng a face 1s not Furthermore, a simple verbal process 1s a verbal process that
relies mainly on access and rerieval of buguistic clements stored in a2 memo-
ry system ! In s sumplese form. 1t 1s access to a specific memeory locauon,
whereas n 1ts more claborate form, it also includes simpie decoding opera-
vons. Thus recognition of a lexter and recognition of 2 word ac¢ both simple
verbal processes. cven if recognition of 2 word involves retneval of decod-
ing rules and decoding operanons. By contrast. a complex verbal process 1s
onc which requires multiple memory access and mampulauons of accessed
umits. Thus, comprehension of even a two-word scnrence 15 a complex
verbal process The distinction between simiple and complex verbal pro-
cesses be.omoes difficult for certain cascs. For example, the decoding of a
rarc word. (¢ g.. ragatron) or cven a relatively common morphological com-
pound (c.g., nonsextst) may mvolve muluple aceess and manipulauon more
than the understanding of the two-word “sentence™ No Smoking Such cases
ar¢ interestng just becausc thev suggest rhat decoding may someumes be
complex and comprehension may someumes be simple. As 1 gencral case.
however, letrer and single-word processes are simiple and comprehension,,
cven sentence comprehension. 1s compicx,

In addinion to simple and complex verbal processes, verbal abilities rely
ot werhal knowledge Verbal knowledge s the informanon in permanent
memory that is accesscd and mampulated by verbal processes. Agan, it 1s
useful to assume morc than oue level. Word-form knowledge includes infor-

! refer to such processes as «onple rather than efementary ¢ avend confuston with elemestary
sstbormtation procears (New el & Simios, 1972, abso Chase, 1978, pp 19-90)  The latter are mure
general and piore elementary [ assene that simple verbal processes are deseribable, wi principle,
m termas of chose eloementary processes, ar present. the rescarch on mdividual duferences
cannot. by and large. suppon a disiussion ar such 2 level
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imanon gbour speatic word torms, wrespective of word meannngs, stored at
speafic meanory focanons  Thus knowledge that faoos & word ws Enghsh
and that it s pronownced /fackes s ward-romi knowledgy. Closely relaeed.,
but o a shehely differyne hind, s verbal-pde knowledge. of which mles of
grapheme-phonemy correspondence, phonotactic suies, and orthagraplne
rnles are sahiene examples Gramamancdl rales are also pare of e knowledge
system A third type of permairent memory verbal know ledge s wond
roncept knowledge {(vocabnlarv). s the mcaung of words. miclndmg 2
neework of relanionships among word concepes Fmally. ligher fevel siienm
knowledge 1s represented m pertament memory, The difference beew een
word-concept and schema knowledge v ewentally oue of” orgamzation

Schemara are parts of a conceputal actwork that acquire. through expert-
ence, sonte statns 49 higher order concepes -

What would i mean to charactersze mdividual differences i terms of
these processmg and knov ledge ceimponents? In face, these components are
mterrelated aspeces of an mformanon-processing system There e reason
o beheve that there s independence between processmg and knowledge
compoteitts ndeed. prinaples of system design nclude trade-offs berween
stored mformanon (knowledge) and data-handling procedures Inswead., the
knowlcdge—process disuncrion is simply a useful orgamzing deviee for con-
sidening, complex cognive processes. Thue, the chatacterizavon of mdi-
vidual differences i verbal abaliey will be in forms of simple and complex
verbal processes and verbal knowledge

The focus will be on general verbar abhities rather than speaitic ones Far
cxample. as Hunt. Lunncborg, and Lewas (1973) put the guesnon. What
docs 1t mean to be high verbal® Whar docs it mean to be a skalled reader?
What 15 mmvolved in vocabunlary dhfterences’ How docs verbal abiliey m
clemenary schoal years relate o verbal ability of college studenes? These
are the topics discussed 1 the renaming secnons

INDIVIDUAL DIFFERENCES IN READING
SKILL

Reading enconmipasses a wide range o verbal processes that must be consid-
ered a pervasive pant of what we ordinundy think of as verbal abwhty ina
nonhiterate culture the concepe of “verbal abahes.™ were i to ocaur at all,

The contents of the rorbal memors svstooi arg ropresentating of thoaria o som i
memors Thin wordwonepr know lodue es roprosented by sonanie icvworks (C ol & 1 ote
ws, 1975, Lindsas & Norman 19770 and whema knowbedee s represented v Jaborated
soncepial netsorks (Romefiast & Orton, 1977 pp W= 135

O
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would have 2 distincely different ivot. An indnidual vatued for s story-
welhng or sonse other oral talent could be expected nor to show verbal
abihty, even orally, m the tasks devised by hterate apd technolopcal so-
octies (¢.g. Cole & Senbner. 1974). Although somie (¢ g.. Nasser, 1976,
pp. 135=144) have raken this to argue agamst psvchology's concept af
ntelligence. it 1s more o the point, n the present discussion, simply to note
that ateracy 1s hkely to be a prerequisice for the sort of verbal abihties that
this chaptcr 1s concerned with whether the parncul:lr research in question is
on rcading or oral language processing,

The range of reading talents s very wade Roughly put, they range from
children and adules who ¢ap barely read isolated common words o indi-
viduals who can read several hundreds of words pct mmute with some
comprehension T question 1s how can we account for this wide range of
talent. or at least charactetize it usefully® A relared quescion is whether being
skilled in reading at college age 1s roughly the same as bemg skiiled in
clementary school Can ability differences among third-graders be de-
scribed in the same processing terms as abilhey difterences among college
students®

ELEMENTARY ScHooL READING AprriTy

Children begin formal reading instruction in the Uhuted States at age 6,
although most have had considerable reading=relevant expenence before
then, at least in the form of “readiness™ carnicula offered 1n kindergarten.
From the first day of instiuctien, there 1s a wade range of reading talent. As
reading increases 1n comprehension demands. the contrast between high-
and low-ability readers increases  Considening reading comprehension as
the ability (o be accounted for, what components of verbal processing are
responsible?

SIMPLE VERBAL PROC ESSES

The clementary reading acovity 1s word decoding Wotd decoding 15 the
transform of 2 printed input 1nto one or more of its correspondmg hngusstic
forms. Thus. lrad 1s decoded as /led/ or 7hd/ In srinciple. the fact thae the
two formns are connccted with different semantic strucrures s grrelevant.
Because decoding. pruna facie, 1s the essennal simple reading process, the
question is not so much whether it 15 2 souree of mdividual differences, but
whether such differences reduce o other simple processes One such pro-
coss 15 fetter or fetter pattern tecogetent. Another 1s mame retricval.

Letter recogsiitront 1s 3 simple verbal process which s some part of decod-
mg In gereral, recogmizing constituent letters of a word mediates recogni-
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ton of the word  Fhes s 1ot to sas that readmg i a letter-by=larter process
(see Brewer. 1972, pp 339-364, Gongh, 1972, pp 331-338) biar ather that
detatied process modeh of word recoginnon mddade some carly suee of
letter recogmnon {e.g . Masaro, 1973) By mtersctive moded of v ord
recogninion, Jetter wienofication is Bchitated by word secogamtion a . well as
vice versa (MeClelling & Rimucllare, 1981, Rurmcthare & MeClclang.,
1981, pp 37-061) A good deal of letrer processes tor shalled readers mvolve
wane knowledge about lerter parter.s (Gibson, 1971) of constramts on
perimsable orthographic pattcerns (Venezhy, 1970) Speatic tugher order
leteer pateerns ca be thought of as hemg accessible m memors as & fncaon
of learumyg (¢ g o LaBerge & Sanmcls. 1974) s, pactterny processes are
not necessanily just recursivery apphed single-leteer processes. The letter-
pattern processes angd letter processes are grouped together only by distine-
tion from word decoding

Another imple verbad process closety related ro word decodong 1s name
retureval Given any nput which corresponds o a location m permancne
metory, name retnievalis the process of aceessimg the location and preduc-
mg the name  Fhus neme rerieval s patendy part of decoding when oral
rcading 15 volved and imphatly part of decodg during alent reading
Howcver, some decoding tasks., particularly lexical decisions, do not have
to nvolve name retnieval. at leastin principic. Note also that in some tasks
letter ricognition can invelve retneval of letter names

A fourth simple verbal process s semantic aceess Semannic aceess ocenrs
when meaning components stored with a word i memory are activated.
Reading comprehension, unlike decoding, cannot occur without sematic
access One of the mdividual-differences questions s whether abality dot-
ferences cxastin seman e access when differences in decoding are accounted
for.

In summary. there are tour simple verbal processes to consider T'wo of
these, decoding and semanuic access are independent i principle: Decoding
is the hnguisoie translanion of a grapheme string which may or may not have
a semantic entry 1n memory. Letter recogmuion 1y part of decoding Name
retnieval s also part of decoding, but st 1s 3 general process operating on
name information 1 memory,

The question to be pursued 15 whether stmple verbal processing dif-
ferences are adequate to account for general reading-abihity differences
Camplex verbal processing diflerences are present, alinost by detinanion the
ability micasure n question s measured reading comprehemsion The gues-
ton 15 whether such differences can be characterized wmterins of staple
verbal processes Furthermore, since decodmy ncludes leteer processes and
general name reericval processes, we want to krow whether these last two
are more basie o ndividual differences

Q
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DECODING AND NAME RUTRILVAL

Grven an otdinary printed word. 4 hagh-abiliey reader wdentibies it mese
raptdly than a low-abbey reader. Amonyg third-, fourthe, and fifth-grade
subjects. we have found the mean difterence i Ltency o vocalizanan
("naming ame” as 10 asually called) w be & high as 4K milhseconds
(Pertetn, Finger & Hogaboam, 1978), although sinalier diffcrences are inore
typical {c.g. . 2000 milhiscconds [Perfecn & Hogaboam, $975), and 12 nnlh-
scconds {Hogaboam & Verfetu, 1'178)). The magmitude of tac hifference 1s a
funcuon of word frequeney and word length The ditferen ¢ s less for igh
frequency words than low ficquency werds (Puotfetn & Hogaboam, 1973)
regardless of word lengeh (Perfetn, Goldman, & Hogaboain, 1979) and
bigher for two-syllable words {(Hogaboam & Perfetn, 1978) and espranally
latge for tirce-syllable words when frequency s controlied (Perfem et al.,
1978) As a general characienzanon, the magmiude of the abihity differa-co
15 a4 hincar funcoon of average naming omg; the more dificuh the wolll-
decoding process s, tle greater the abihey ditference,

ecoding measured by nammg ame clearly involyes name retniey . s
general nane reneval a verbalsprocessing component thae differenniates
high- and low-abiliey readers? Pericttn et al. (1978) requared subjects o
name 3 vancty of visually presented samuli—colors, digits. and pictures as
wdl as words High-abihity subjects were sigmficandy faster than low-
abihity subjects only for word sumuli. Among other stuaulus cypes, color-
nanang speed was completely unrelated o texding abihity and digit-narming
speed was sigmficant only n 2 corrclation using the full-ability range and
not n the contrast between reader groups For picture naming cven the
corrclation of speed with readmg abiliey (r = 29) was of no mere than
marginal rchiabiliry,

One of the compansons obtainable from Ferfetn et al (1978) 18 es-
pecially uscful for understanding any potential name-retrieval factor In
digit naming, there were two conditions, one in which the set of numbers
that could occur was small and krnown to the subject, In the second condi-
oon, the sec of numbers that could occur was large (1¥)}. The comparison
betwcen small-set and large-sct perfornaance can be considered a difference
between acrated mcmory and mactive memory  With a small set, all three
digats can be kept acuve by the subject. When one s present. the response is
maly a inateer of (1) enrodmmg the digats; and (2) produang thar name.
Both e digit representation and tts namce are presumably alrcady acave in
nkemory, so there 1. no reeneval mche ordinary sense Under such 4 condie
tion. the results were that there was no ability factoer. In the large-sct condi-
tien. by contrase, there 1s a third process. namcely, retneving the name of the
digits of memory. The names are not active because the set is too large.

o]




E

INJHVIDLUAL DV FRENCES I S ERBAL PROC, ST 71

Under these ennditions, there was asnbject verhal-abhts ditierency, detect-
able a2 small correlanion ¢ = .38) but not a2 group contrast

A related compansou from Perterm ot al (1978) was betsveas dosed sets
of words that were smult and predictable (¢ g . names of the tour seasons)
and openn sets that weee lirge and unprediceable (proper namies) Unhike the
case wath the digits, abihey differences were taund regardless of vet wize
However. ditferences were much larger for open Large sets dhan dosed small
sets Agam, the key seems to be whether retneval tram permanent memory
i required (apen scts) ar whether the atems to be produced are already
active; henee, retneval i not myvolved.

In addion to the name-rctneval faceor. 1t s dear that 3 factor speatfic to
hnguisie forms s mvolved. ‘Thus, for word identificatsian. abiliey dif-
fercnces nteracted with set size bui even small clased sets praduced sgmiti-
cant differences Far digaes, no differences were present for closed sets. In 2
multple reg revsian analysis of these daea, Perfetts ot a1 (1978} found that
cven when the correlations between zbihity and all other vanabley were
removed, verbal ability corrclated sigmficantly wath times o name wards
from 2 clased set (r = 33) and times ta namie open-set words (r = 42)
Perfettn et al {1978) suggest that the vanans tasks can be ordered to reflect
tie following components: {1} namic retrieval tram perinanent (inactive)
memory: (2) Lige-memory scarch space, and (3) alphabetic inputs Reading
unprodictable words has all three components.

Bascd on the studies aited. the present conclusion 1y that name retneval
15 one of the wmple verbal processes that produce abihey differences m
reading  However, 1t 15 not the core component. Word decoding v an
important process beyond name reineval. This conclusion inay not apply to
the entire range of mdvidual difterences  Denclida and Rudel (1976), tar
example, have shown strikimg naine-retricval differences betwoeen normal
raaders and severe dyslexics However, these stedies have nat ruled out the
possibihity that there 15 3 decodmg difference remammg when name re-
tneval 1s accounted for i any case, the norneal range of reading talents
seems to require at least two factors—verbal decodmg and general name
retrieval trom nacuve memoty

Theic are tasks other than vocahzanion latency that can be used w iedex
decoding. Three that have been used m my rescarch are vame-datferent
Judgments on simukancously ptesented words {logaboam & Perfetn,
1978). same—different madgimems on w1 essively spoken and visually pre-
sented wards (Pertetti. Hagaboam, & Bell, reported m Perfettt & Lesgald.
1979, pp. H1-183). and lexscal decisions (unpnbhshed. summarized 1a Per-
fetn, Note 1). A of these tasks are performed wathout the subject produce
myg the word and the first two tend to produce s, aller abihey differences

RIC 119
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than tasks requinng word vocahzaticn. For cxample, Hogaboam aud Prer-
fee (1978, Expennment 2) presented sibjects wath word pairs for
samne~dufcrent judgments. Althongh high-ability readers performed these
judgments morc quickly than low-abiluy readers, the difference was not
sigmficant (in contrast to vocahzaton latencics of the same subjects). In a
task in which a word 1s spoken and then ummediately followed by a printed
word for a samc~diffcrent judgment, 2 stmilar unrchable difference was
obscrved (see Porfore & Lesgold, 1979, pp. 141-182) Lesgold and Curtis
(1981, pp. 329-361) also fourd performance on this task to be somewhat
less tetated 10 teading ability than 1s vocalization latency. These cask dif-
ferences can be related to the observation concermng retricval and acavanon
above, When a printed word 1s preceded by its oral cquivalent, there 1s an
activation of the word's \nemory locarson. Upon scaing the word, retnicval
demands are minimal.® A related (but more complex) argumcent can be
madc for simultancous word-word judgments. Such an account maghr help
cxplain why lexical deaisions for words are reliably related to abihity (e g.,
Perfeta. Note 1). Although naiming 1s not involved, neither is prior activa-
non of the word.

So far, all the tasks have involved a responsc o a single word. Thus, the
decodg and rerncval processes are inferable as part of a singleeresponsc
latency that includes other componcnts. The reaction-ume methodology of
muluple sumulus arrays (Steenberg, 1969) provides & scparation of the reac-
tion ume 10to processes (and crror measurcment) *hat accompany cach mal
(intercept components) and processes that arc umquely associated with pro-
cessing rate (stope components). I word-decoding rate 1s 2 eniucal abiuy
difference, 1t should be reflected i slope paranicters of hinear fugcrions chat
relate reaction amc to display size {c.g., number of words). There arc two
tasks of interest. A visual word-scan task provides information concerming
word decoding rates. A memory scan task (Sternberg, 1966) provides info, -
mation conczrmng rates for scanmng : =nory for verbally stored wems,

Visuat Scaw  Two ¢xperiments by Perfeta and Bell (Perfewu, Note 1)
provide relevane data because they involved 2 population totally comparable
to the onc sampkd 10 the studis cated above. Because the study is ne
published, a bricf descripuion s 1n order: Twenty-four third-grade subjects
formed groups of hagh-abihity and low-abilny readers based on the reading
subtest of rthe Metropolitan Achicvement Test. with the high-group mean
in the seventy-seventh percencile and the low-group mean 1n the mneteenth
percentile. Two subgroups of cight cach provided an 1QQ macch, based on

By this svcount. greser sty diflvrences nght be expected for 2 “diffeeent” word
because 1ts memors lostion has not been wuvaed Unfortunateh, compansons of same and
diftercon Judgmeon o lukmg
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sccottd-grady scorey In Expeniment ). wabjoen parncipated m three visual
scarch tasks: words, pscadvwords. and category mstawes. tn Eapenment
2. subyeets search for <omonant bigrams. 1a the word-search task of Expeti-
ment 1o nrger word was proesaated tollowed by a visual displas contaiping
once, three, five, or seves wordy which confamed the tarzet on half the
trials. The word rarget semained constane far 3 block of eighic erals i arder
to mimmize cncoding and mempry demands of the target sumidus (For the
othet two tasks, the procedure was the same.) The dana of mterest asc the
functions selaung scarch ume to duplav size. particularly whether dif-
ferences ase to be found 1a rercepe. slope. bath. or nenther

For word scarch. these were sigmiticant differences between lngh- and
low -abihty seaders in both mitercepts and Jopes. These daca are shown in
Figure 1 for the subgroups matched an 1Q  For posnive trals {target pre-
sent), the meercopts were cqual. This 1s consistent with the aeteration hy-
pothesis descnbed above: Theve are mamnil derodimg didterendes whea the
prescntation of 2 target can prime the word about to be seen This efteet 1
maximnm when display sizeas | and i as the target Flowever, there v ap
increasing abibiry difference as the et swize mereases to 7. thiv s reflected in 2
small—but sigmidficant—slope difference of abour 100 millisccondy When
the target was absent (rght pancd of Figuse 1), the wruanon maght be
shghty diffesent, Even at sct size 1, hagh-abiliey readers were faster, al-
though this was not reflected i diffctenc intescepta, and low-ability seaders
were espeanlly slow at the lasgest set size. Agan, these sas 2 sigmificam
slope dif” vence Thus, whethes one considers stncely che daca (2 wgmficant
set size X abihty interacnion) or the best fit seraght Imes. the condusion 1y
that for thys sample. low-ability teaders have a dow rare of word decoding,
nor just a slower comnposite of the processing faston that ate presentn any
tral. The rare paramcret n this case ran be interpreted v the omic o
denitify 2 word m the diplay and conpare it with the targer word m
memory

There w at keast onc study that did not find slope diffczences between
high- and low-ability teaders Karz and wickland (1971) had subjects search
cither 2 two- or three-word display for 3 word target. There were mam
effects of abihity (intercept differences) but no mecracnion ot ability with et
size (slope diffesences) 1t possible that pupulatron ditterences are respon-
sible for the differences \Katz and Wickluna's subjects were two years
clder) However. 101s abvo posaible that Larger display sizes are nesevsary m
order w deteet Jope ditferences For example, 1t v clear trom the negause
trals shown m kigure 1, that slope differences wonld not have bean ob-
served for set size onc through five; the hines would have been parallel Tras
conceivable thar with 2 large see size, sorne less able readery change therr
scanning seragecgies and ¢ race dittereniee inclpdes wome addinonal vananee
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Reaction Time [Seconds)

Resction Time ISeconds)

~

Set Sivk Sot Saze

FIGURE 1. Word scarch and semanuc category data for stulled and less skilled churd
grades (A) Target-present word search data, @——@ Skilkd (RT = 24 + 31 5} O-=-0
Less skiled (RT = .23 + 41 5) (B) Target-absent word search data. @——@ Skdied (RT
= M+ 405) O-=-O Less Skilled (RT = 36 + 58 5) {C) Target-pacscad semantic catego=
ry data @——@ Skilled (RT = 71 + .26 5) O-==O Less skilled (RT = 1.8 4 {8 5). (D)
Target-absent semanuc category data @———@ Skilled (RT = 78 + .33 5) O--=0 Lesa
skilled (RT = 21 + 37 5) Data pomnts are means of subject medians
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possibly duc tu rescannmigg. On the other hand. the posive trab (hisare 1)
do aot \how this possibality. bt ~ather scem to rettect a conccant slope
cffect. Nevertheless. 1t s casy to imagmie that had the data shows m Figure
1 been restiicted 10 sets of sizes two and three, stansocally parallel hnes
nught have been ubtained. It 1s ditticult to be conlident abant hmcar lunc-
tions based vn twu pomits. In 2y case. such compansans pomt to the
difftculty ot making mdwidual diffcrence comparisoin across procedures
and subject samples that differ even shghtly.

Memory Scan 1n visual scan, rate (slope) differences mclude twu cle-
mentaty componcents: deceding and mainory companson. Thus., a rate dif-
ference could mean that readmg abiluy » associated wath aicher or both of
these clementary components. By contrast. in backward nemory scarch
the main componcent of the scan rate scems to be the rate of meneal comparn-
san. The subject 15 presented first with 2 st of yeciny to be stored
memory followed by a probe itemy. The measure 1s the amie to decide that
the probe item s or is put 1n the memory set and the key vamable is the size
of the memory set; that 1s, the number of iems presented 1o the subyect.
Differences n slope arc taken to be differences in the rate of item compan-
son in memory. This task has been used as an individual-difference measuee
among college students (Chiang & Atkinson. 1976; 1Hunt, Frost, & Lun-
ncborg, 1973, pp. 87-122). Data companng high- and low-ability readers
of the sort under dsscussion are scarce. Howcever, Keatung and Bobbint
(1978} comparcd 9-, 13-, and 17-ycar-olds on a Jigit-menurey scarch task.
The abiuy measurc ws not reading, but performance on the nonverbal
Raven's Matrices. The groups can be charactenzed as superior and average
{not below average) in ability. Keaung and Bobbitt found sigmificant mter-
cept and slope differences berween superior and average subjects, although
only intercept values were related ro age. The Y-year-old group. which is
most comparable to the samples in the reading-abihty studies. showed 2
clear slope diffcrence of about 60 milhscconds. The 17-ycar-old group did
not show 2 clear slope difference.

Kail, Chi, Ingram, and Danner {1977) and Kail and Marshall {1978) have
reported results of memory-scan experimeits more eclevant to the subjects
under consideration. However, their rasks rapped complex verbal pro-
cesses, rather chan simple verbal processes. Kail and Marshall (1978) vaned
sct size by having third- and fourth-grade subjects read cither one, two, or
three (unrelated) sentences and then answer 2 yes=no guestion. Winde “yes™
answers were genenally unaffeceed by set size, larency ro answer “nu’” ques-
tions ncreased as set size increased from onc to rhree, espeaially for low-
skill rcaders. Kail and Marshall suggest that skilled and less skilled readers
differ 1n their memory scarch rates. Especually weresung, m highe of the
present hypothesis concermng retrieval. 1s chat Kail and Marshall found no
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abihty differenee in 2 gruanon where the necessary information wag alrcady
activated. This was a situation (Kad & Marshall. 1978, Experiment 4) 1n
which subject response time was measured to verify ar answer following a
statement and quesiion, cxemplified ag follows:

1. The man drank the mitk.
2. What did the man drink?
3. Milk/water

The measure taken was the time to venfy (or falsify) number 3 after the fisst
two have been read. This suggests, consistent with the acthivation hypoth-
csis offered above. that when the mformanon is already adtivated, reader
ability differences arc reduced. In the Kail and Marshal! experiment. asking
the question has activated the answer.

The memory-scan data, cousidering both Keating and Bobbiu (1978)
and Kal and Marshall (1978). is inconclusive because the former did not
compare children of average and below average reading ability and the latter
used a complex verbal processing task rather than a simple one. This latter
difference is nontrivial nsofar as memory capacity differences might be
involved. That 1s. when subjects have 0 search memory for as many as
three unrelated sentences, there is reason te doubt that the memory load is
within capacity hmits. The son of memory-scan processes under discussion
are those that take place safely within the hmits of short-term memory.
Complex verbal processes may or may not lie within the hmits of memory
capacity, but smnple verbal processes must by definition. Ar this point.
although there is cvidence to suggest simple memory scarch rate differences
related to reading ability, there is hittle reason to sopposc such differences
are a matter of simple verbal comparson processes.

SEMANTIC ACCESS

A second simple verbal process is obtaining relevant semautic informa-
tion from a single word. If word decoding is a patt of semantic access, then it
is possible that semantic access differences between high- and low-ability
readers arc accounted for by decoding differences. Evidence from my re-
scarch group indicates that semantic 2ccess fime 15 a source of ability dif-
fetences beyond decoding. In the Perfetti and Bell (Note 2) experiments
referred to previously, one of the tasks required semanuc-category deci-
sions. Subjects were provided with a category name and, for a block of
eight trials, had to decide whether a given display contained an instance of
the category. The decision latencies are shown in Figure 1 as a function of
set size. High-abltty readers were faster than Jow-ability readers at alf set
stzes.
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Carroll's {Note 3) discission of data wsing the name-wdentiey measures
informanve. Althongh tus ceview of studics measurmgz physical and nante
identity showed consistent physical wdentity differences, same idenney pro-
vided a processing difference beyond physical dentity, when task means for
abibty groups were compared. More mtercsomg, perhaps, 18 Carroll’s os-
timanion of the NI1-PI corrclation of Jackson and McCleltand's (1979) daca
vn adult readers {discussed previously). The NI-Pl difference was estimated
to corrclate .57 with short-passage, cffecuve reading speed of Jackson and
McClclland’s (1979) subjccts and ncarly as haghly with ther verbal and
guantitative apttudc scorcs, but nonsigmficantly with listemng comprohen-
sion. Cerrainly, rcading abihty apd verbal abhity anse from sinnlar verbal
processes, insofar as the retrieval of symbol names (ar least Iceters) 1s nnpor-
tant in both.

Notc that in the letter-pame-matching task, simple name retncval is
only onc component. In fact. 1n a typical casc, there arc at Icast rwo nantc
retric vals and 2 comparison process. In rcading, i seems important to con-
sider letter recogmition (and decoding) processes as potentially independent
of name-retncval processes. The former, perforee, are components of read-
ing; the latter. as gencral processes that arc important in verbal tasks other
than rcading, arc pot. It is intcresting that rescarch on adule verbal inecl-
ligenee has so exploited the letter-matching task and not picturc or digit
naming. The tacit assumpuion js that the process of iprerest 15 access to
overleatned (odcs. Reading is the pnnciple means for acquiring overlearned
codes. Collcge adults who differ in verbal ability may essentially represent
the upper ranges of rcading ability. Indeed, cven the Jow-ability subjects are
beyond the verbal ability of high-:bility children, ar Icasr 1 terms of prac-
ticc at simplc verbal processcs.

The question of rate of processing arises again in conncction with adult
verbal Jbility. Because the NI-Pl difference 1s uscful n controlling for
subject preparcdness and responsc cxccution, it s partly analogous ¢y a
name-pProcessing rate measure, Thus, letter-scan tasks with muleiple arrays
should producc results comparable to NI=FI 1 the slope relating RT o sce
sizc. Apparently they do. although the rctationship of slope to verbal abiliy
18 not striking (Chiang & Atkinson, 1976). Stmilarly. memory-scarch slopes
appcear to be related to verbal ability and to visval-scanning slopes (Chang
& Acdkinson, 1976).

What of wotd decoding, aside from pame retricval and letter tecogni-
tion? The cffcces reported by Perfetn and IHogaboam (1975) for children of
differcnt reading abiliies have been found also for college students dis-
tngushed by vocabulary tests (Butler & Hains, 1979), as wcll as igh-
school students differing in reading abihty (Fredenksen, 1978b). Morcover,
Butler and Hains (1979) found that word lengeh was a less sigmificant factor
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for high~ability subjccts. 10 agreemient with the results of Hogaboam and
Perfetei (1978) for rcading ab.hey.

In the casc of children’s reading ability. 1 suggested that differences
deccoding ability scemed to go beyond both letrer recoginnon and name
reenieval. In the case of adult verbal ability. especially college students, this
scems less tenable. Although studies using tasks approprate for all three
processes scem not to have been done, the studics on letter companson and
letter scarch implicate letter- and/or name-retrieval processes. Pecoding
diffcrences, that is, processes of lexical access and retnieval from print. may
depend on these.

Consider semannc access. In the case of children’s reading abliry, there
remains some questnon 35 to whether of not aceess to semantic informartion
stored with words 1s zaccounted for completely by word name aceess. Gold-
berg, Schwartz. and Stewart (1977) had college subjecrs classificd as high
and low verbal make same-different decisions for wotds based on physical
wdenuty (deer=dear). or category membership (deer—elk). The question js
whether ability differcnces exist 1n category decisions beyond decoding
{namc identity). The answer from Goldberg cx al. (1977) seems to be “no.”
Although ability differences in decoding were larger (363 milliseconds) than
physical matches (136 milhseconds), category decision differences (360 mil-
liseconds) werce not greater han decoding differences. Hogaboam and Pel-
legnno (1978) uscd a category-decision rask wherein smgle words and pic-
turcs were verified according to a prior scmantic carcgory. They report no
corrclanion between verbal abihty (SAT) of college subjects and speed of
semantic decision. In hght of other rescarch showing name-level dif-
ferences. such null results are difficule to explan. {In fact, Hunt, Davidson,
& Lansman [Note 6]) report data showing nmame-level and category-level
diffcrences among adult subjects.) However, the pont ys that ability dif-
ferences are typically found at lower Jevels of code access (letter, word,
namec retricval) whercas addinonal differcnces i category level are not.

Finally, consider working memory. Just as rcading ability is associated
with working-memory capacity, so too 1s adult verbal ability. For example,
Hunt ct al. (1973) compared high- and low-verbal subjects in cheir ability to
recall four visually presented lerrers following digi-shadowing rask thar
intcrvencd between input and recall. Low-abrhey subjects umformly re-
called kess regardless of the number of interveniiig digits. Memory dif-
*ferences related to verbal ability are found also in digit-span tasks (Lyon,
1977). Such results arc consistent with those of Daneman and Carpenter
(1980} for rcading ability of adults. Since coding differences in verbal abihity
arc clearly indicated, 1t ts not possible to be surc whether working-memory
processes represent an addinonal source of individual differences or whether
mina) coding difficulry leads to memory Joss,
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size. Pseudoword argets were one- or two-syllable and display words were
vanied. accordingly. Agam, the samie targee was searched tor eight consec-
ave nals to clinunate any memory-fer-target problem. The resules: skalled
readers were faster than less skilled readers, but inore interesting dherr speed
advantage ws greater for two-syllable than one-syliable words and greater
for mubiple displays than for single-item displays. The sydable cttect sup-
ports the assumption that decoding muldple upits (of syllable size) 15 exera
processing work for the less able reader. The set size cffect, which can be
scen in Figuue 2, suggests a processing rare difference. The slopes for beth
posiave and negative erials were larger for less able readers. That slope
differences rather than Just itercepe differences were obtamed strongly
suggests that the process of decoding an orchographically regular Jewer
pattern and comparning 1t with 2 memory cargee 1s a source of readmg-abihey
difference,

In a separate experiment, these subjects performed a consonant bigram
scarch task. The consonant bigrams were random (unstruceured) painings,
thus allowing an index of processing much more akin o simple visual
scanning. For example, the targee WP was scarched 1n one five-item display
of MQ, WT, TL, WP, XP. Although this cxpennment has a few munor
design differences from the previously described scarch tasks (most notably,
blocks of 32 trials instcad of cight) it can oflcr a uscful comparison: Arc
slope differences found for this cask as well as the pscudoword task® The
search functions arc shown i Figure 2. They reveal small intercept and
slope differences for positive enials, although it 1s clear thae wirh ser size 1.
there 35 no ability difference. For negative tnals. presumably the f3ir test for
an cxhaustive search assumption, there are also small ineercept and slope
differences but with a better lincar fit. The 70-millisccond slope difference
for negative trials 1s only marginally sigmficant.

To examine whether small abill -+ differences tn brgram scarch could
account for large ability differences in pscudoword scarch, a “decoding”
scorc was derived for eacli subject by subtracting bigram scarch time from
pseudoword scarch time. This P-B scorc 1s analogous to the SI-W1) score
discussed previously, but 1 does mor have the same interpretation because,
unhike SO and WP, pscudowords and bigrams did not differ n the level of
dccision required. Instcad, the difference score represents the same decision
level (identity match) for ewo aifferent types of leeeer strings. Onc short,
unpronounccable, and unpredictable by orthography; the other longer. pro-
nounceable, and orthographically regular. The resules of dhus analysis were
that less skilled readers had larger difference scores than skilled readers, bue
the difference was sigmficantly longer for multiple-item displays than for
single-item (sct sizc = 1) displays. This 15 consistent wath the foflowing
interpreeation: there are genume psendoword processing-rate differences
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FIGURE 2. Search data for pscudowords snd bigrams for drd-grade subjects. {(A)
Target-present pseudoword data, @——@ Skilled (RT = 79 + 285) O-==(3 Less skilled
(RT = | 12+ 425) (B) Target-absent pseudoword dats @——@ Skilied (RT = .52 + .45
§), O-==0 Less skilled (RT = 72 + 69 S} (C) Target-present bigram daa. —@
Skilled (RT = 56 + .19 8} O--=0 Less skidled (RT = 79 + 22 §). (D) Target-absent
bigram data @——@ Skilled (RT = .56 + 288}, O--=OLessskilled (RT = 92+ ,355),
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that do not scem to be accounted for by simple encodimg of constituen
lettet, . Decodable lecrer strmgs show the abihty difesence most clearly and
this dafference 1s seen m rate of processmg (slope) both ducctly and m a
difference measure thar takes consonant agram scarch e mto aceomt.

A related letter-recogmiion abihty may be the nse of yenal posman
structure. Mason (1973) found that hagh-ability seaders were beteer than
low-ability rcaders ar taking advantage of the posinonal predicrability of 2
letter. For example, in a six-letter word. F is more hkely ta occur in Posi-
non 1 and less likely to occur in Posinon 3, whercas the severse 1s true for
N. Howcver. when Massaro. Vencezky. and Taylor (1979) sepheared these
scarch expenments controlhing for orthographic segulantcy, they found thar
lettes position was a relanvely minor abilicy facror.

In some rcdated cxperiments by Pesferi and Bell (Note 2), subjects
performed cither forward scarch {tasger farst, then display) or backward
scarch for target letrers. Although high-ability readers showed a general
speed advantage in forward scarch. the advantage was unrclated cither to
letter position or orthographic structure. In agreement with Massaro ct al.
(1979). they found scarch nme to be mainly 2 function of visual-feature
overlap between targer and display. In backward scarch (display first, then
tasget). Perfetty and Bell (Note 2) found thar the orthographic segulancy of
the string did influcnce scarch accuracy and that ics cffect was greater fos
skilled scaders. Letrer position predictability had only 2 shght effect. Over-
all. the studics of Mason (1975). Massaro et al. (1979). and Perfetr and Bell
(Note 2) suggest that orthographic structure may provide 2 significant abl-
ity facror for tasks of lerer scarch. This cffeet 1s independent of 2 smaller
and less scliable cffect of position mformation.

The source of word-decoding superiority may be traced to lettes-pattern
secogninon, thar is. knowledge and usc of loarer-cancusrence constsaints.
This, in turn, may reflecr the ability 1o rapidly activate seliable phonctic
codes associated tn memory with these units. In a2 modification of the ¢x-
periments of Perfett and Bell (Note 2), encoding time for the letter strnng
and the memory interval between the letter stnng and the probe letter were
vaned independently. An important sesult was that when low-abilwy read-
crs were given more encoding nme (1.5 seconds) they performed compara-
bly to igh-ability rcaders given less encoding time (.33 seronds) and they
took advantage of orthographic structure Low-ability rcaders with less
cncoding ime did not take advantage of srructuse. Morcover, regardless of
cncoding nime, low-abihry readers were more affected by an nercased
memory intetval berween ictter string and probe (4 scronds compared with
.3 sccond). Low-abihty readers appear vulnerable to 2 decoding problem
that can show w#sclf when ather encoding or memory demands are present.

The exace source of abihry differences m recogmtion and decoding of
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mululcttes patterns remains 30 need of further rescarch. The ¢ scems to be
hietle reason to supposc chac these ability diffe;ences are traceable to 1ntial
stages of visual processing {sce Vellutino, 1979; and experiments by Mason
& Katz, 1976). The abality to recogmze individual leteers 10 isolation is
probably not sufficient to account for decoding differences. although chis
conclusion 1s less clear. More rescarch that allows separation of processinge
rate factors from other response-tinic factors would be helpful. For now,
the Perfetn and Bell daca {Figure 2) suggest chac rate differences in letter
scanning may not arcount for rate differences 10 decoding.

DIFFERENCES AMONG OLDER READERS

1t 15 not necessanly the case that individual calents 1n reading are at-
mbutable 0 the same factors among older readers as younger ones. Chil-
dren 1 the second through sixth grade have recemly completed formal
readng scruceion. Adelescents and adults may have mastered the sort of
simple processes chat are implicated 0 ability differences among young
rcaders. Indeed. since adult swudies typically involve college students, we
may expect individuals who represent below average or less skilled fourth-
graders to be sclected out of the sample. For such a group. so apparently
different, che question of whether simple verbal processes can account for
general differences in verbal comprehension 1s especially intereseing.

COLLEGE STUDENTS

Jackson and McClelland (1979) carned out a senies of experiments with
college undergraduates as subjects. Reading ability was defined by perfor-
mance on passages designed especially for che rescarch. Subjects’ reading
umes for che passages and the accuracy of their answers 10 short=answer
cormprchension questions were both taken into account in deriving 2 mea-
surc of “effective reading speed.™ the arithmeuc product of reading speed
and comprchension. [n addition. there was 2 hstening comprehension test
based on the same paragraphs and verbal and quantitative college apticude
scores. Laboratory tasks tapping scveral processes were given to high- and
low-ability subjects. Unbke carly research by Jackson and McClelland
(1975), which contrasted superior individuals with average oncs, the sample
of this study could be characterized as high and low reading ability. relarive
to college freshmen and sophomores i the population. High-ability readers
were in the top quartije of cffective reading speed and low-ability readers
v.¢; ~n the b ttom Quartile,

Onc important resule is that reading ability was not refated to perfor-
mance on simple lecter identification. measured cither by single letrer report
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thresholds or donble lerer (Cletter separanon™) report accuzacy This rault.
agreemg with lackson and McClelland (1973 clearly nidveares dir smple
single Lo trer recagmnion 1s nor 4 prunary ability factor for cellege readers

What about simple decoding processes? One set of tasks mvolved
same-difterent deaions for smgle Icteers. synonyms, and homonynn. ané
nonlctter patterns (two-tem sequences of plus and square). Amhey du-
ferences were found m gl tasks. cven the ostensibly nonhagustic pattern
matching task and the simple letrer-matching tasks. Thus. jackson and
McClelland’s (1979) subjects cannor b chasactenzed as diftermg only 1
decoding ability. insofar as the matchmyg fnradlgm s concerticd.

A mulaple display task. ssnnlar to the onc previously desenbed. was
also used by Jackson and McClclland (1979). Targets and displays werce
single leteers and sct gzc was wo, four, or s1x laters. Abshty differences
were found only in mtereept and not in slope. Thus, high-abality college
rcaders can be characterized as differing from low-ability college readers in
somc component independent of display size, for example. cesponsc speed.
display oriemtanon. but not rate of letter processing per sc.

Onc other task of Jackson and McClcliand (1979) was an auditory inem-
ory-span task. Ssmilar to a standard digit-span rask, it required subjects 10
recall—in order—a siring of auditonally presented Icteers following a 1-
sccond interval. Fast seaders secalled sigmficanty ynore than slew seaders,

Taking all tasks inro account, Jackson 2nd McClelland {1979 rcport
correlarions that support the following conclusions. Listemang, comprchen
sion {mcasurcd on the same paragraphs) is the strongest correlate of reading
speed. Controlling for listening conprehension, a significant corrclanon
remains botween matching performance and seading specd. The task that
contributes most to this corrclation 1s “lerer mateh.” The contr Lution of
this factor 1s ntespreted as 2 name rerricval factor since all patierns 10 the
marching task were namcable and pesformance did nor corrclate with the
letrcr-threshold tasks. The inportance of the naming con:ponent was sup-
pored by a second experiment that shewed no abidity difference in match-
ing dot patterns. In an addinonal expeniment with thys population, Jackson
(1980) found thar bagh- and low-ability tcaders did not differ 10 gyme 1o
match nonscnse figures bur did differ when the matches were based on
namcs arbitrarily associated wath the figures. Such resulis strongly support
the assumprion that adult abihty differences do not lye 10 simmedsate percep-
tual processes that occus prior to contact with names 10 memory.

lackson and McClelland (1979) concluded. on the basis of a mulnple
regression analysis of thair dara. that three abshty differences were tapped
by their tasks. The most important correlate of scading ability was histening
compichension. A sccond major componcent was access to lctter cedes from
pont, tapped mamly by the letter-matching task. Although there were
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sigmficant corrclanons beeween atnhiey and rasks of hamophone marchug
(Expennment 1) and pscudohomophone watclimg (Experiment 2} thac
mght be raken to retlect decoding abiliey, Juckson and McClelland (1979)
did not suggest a separate decochng factor. Rather, the letter. aceess facror
could account for all tie correlanon between atnhity and pscudohomephone
marching nimes.

Jackson's (1980) experimants, ar least m part, pont to 3 snumilar conclu-
sion. There are two major abiliey facrors. 2 general language factor and 2
gencral visual-aceess factor. The visual access factor s general rathet than
alphabenic because Jackson (1980) found thar reading ability was retated ro
the speed of matchmg caregories ot drawmgs of chyccts s well 2s to lewer
namc match. Thus, taken together the Jackson and McClelland (1979) and
Jackson (1980) expeniments suggest thar 2 ntajor abihey datference lics o the
speed of access to 2 name-referenced memory locanon. The abiluy does not
depend on alph.oet:c 1nputs bur it docs depend on memory access, as op-
posed to wmple percepnon. Thus., 1o the terms of the framework oftered m
this chapter, decoding s not. but name retneval (access) 1s. 3 major aoilicty
facror. Letter recogmnon gs not 2 factor independent of nanie access. A
gvneral language-abihty facror (reflected i language comprchension) s in-
dependeat of this namie-access factos.

Pare of this pscture 1s conststent wath the results for clementary school
readers. but some suggest different amhty facrors i older readers, The
idennficanon ot a general language factor 1s consistent, Ameng children,
reading abihty os ighly associared with memory for spoken language (Per-
fere: & Goldman, 1976) as well as memory for wnitten language (Goldman.
Hogaboam, Lell, & Perfern. 1980). Fusthermore, Berger and Pesfero (1977}
found that differences berween high- and low-abihiey ssxth-grade rcaders
both in the recall of 2 rext and in the answers to comprehension tests werc as
lasge when subjects beard the texe as when they read w. Curnis (1980), 1n 2
thorough muluple-task cxperiment. found that listemng comprehension
contnbuted unique vanance to reading abihry measurcs; further, for older
rcaders (fifth grade), the contribusion of hstening comprehension was grear-
cf than for younger scaders (sccond grade), Correspondingly. decoding
factors accounted for less wmque variance among older readers, although
there remained large abihty group differences. There 1s fairly clear evidence
that reading abiluy depends on language abihty in 2 gencral way. This
rclanonship 1s scen strongly among young readers and adults, ar Jeast for
readers beyond the second grade.

Howcever, there appears ro be an abiluy factor that s not continuous
across this age range. Jackson and McCleltand (1979: Jackson, 1980) con-
clude that abihey differeuces in decoding can be accounted for by differences
n visual name access By contrast, studics in my faboratory suggest abriity
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differences i decodmg csivt and are nat reduaible o mare cletentage
processes. s possible. of conrse. that chese differant conclizaons reflect
gevunne age-rclited differences. Adule readers are not chaldren and. w the
college population. hace probable been selected trom the acerage and abocs
acerage clementare schuol populaton. Howcecer, the diraran ol s chal
dren—adule differences docs not encourage thi conchson. Callege-age
rcaders show differences at the vame-retneval lecel, 3 more fundamental
process than decoding. If the development of hagher leect abhiaes bld on
lower teeel abiines, we nught expect differences to become neghgpble i
lowcr levels and noticeable at higher lovels. In other words, we might
expeet better recognmuon of namce retriceal o be a more smpurtant faceor for
younger readers than for adult rcaders. Instead, die data scem o say the
opposite Decoding differences do not depend on ketter recogmtnm or naie
retricval for young rcaders as they do for adults.

It 15 quite possible that abihte factors for children and sdults are not
difterent. The tasks used be jackson and McClelland (1979) did not wclude
namung tasks. whercas these were the basis of the Perfotn o al. (1978)
conclusion that nanung tme wndependent of alphabetic mput was not the
only factor. Smlarly. Jackson and McClctland (1979) concluded that leteer-
processing rate was not an abihiey factor: however. they did not test wints
larger than letters m mulounic displays. Thus, the conclusion that rate of
processing differences accur at orthographic pattern icvels may prove vald
for adults as well as for children. In chachghe, i€ 1s possible chac adule readers
{(and children) difter 1n 2 number of components that would be refleccted
interecpe values quite independent of matcrial. The fact that Jackson (1980)
found differcnces tn RT 1o hine drawings and letters in single displays s
conststent with this. lc would be intercsting to see whether rate {slope)
differences in object categornzation were found. Without comparable casks.
it 1s dufficult to compare research on younger and older readers.

HIGH-SCLIOOE gEADERS

Intermediate 1 age o the two greups under discussion aec the high-
school subgccts of Fredemksen (19782, pp. 183169, 1978b; 1981, pyp.
361-386). Fredertksen’s sample of 20 high-school students was diveded 1nto
four quarnle groups, based on therr Nelson~1)enny reading test scores.
Although the sample size per group (N = 3) may seem racher small, there
are soire meeresung tesults for abiey differences. Fredenksen (1978a,
1978b} found that gher abality ceaders had faster Jetter-scan ratey than
tower ability rcaders. The task was not comparable o cither the bigram
search task of Perferti and Bell (Perfett, Note 1) or o the letter-search task
of Jackson and McClclland (1979). Instcad, slope values wercinferred from
the senal posttion occupied by two adjacent Jetters within 2 bricfly present-
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cd four-letrer atray. Simultancous masking of the other two ketter positions
enabled this companson. Thus rate differences are the slopes of the function
relating Ietter identification latency to position withis a four-letcer display.
1* 15 not ca.s whether such slope differences sepresent fettesmscan rate dife
ferences or limitarions on memory readout imposed by the task. The latter
possibiliry arises because subjects had to report what they saw from a beict’
cxposure. Accuracy results, which are not reported, arc necessary in this
respect. More straightforward is the finding that high- and low-ability
readers diffcred in vocalizaton latency 10 words and pscudowords. In-
terestingly. the word differences are mainly duc 10 the lowesr group con-
trasted with the others whicrcas pscudoword latencics appear to disunguish
among 3l groups.

In Frederiksen (1978b). the data from these same 20 subjects are corre-
lated with individual reading scores and interpreted within 2 structural
model that assumes five component skills. On the basis of the structural
modcl analysis, Frederiksen concludes that multiple-Ictter ¢ricoding 1s a
major predictor of general rcading ability .* This refers to slope differences
on the bigram scan task (descnibed above) pius differencss 1+ namc level,
same—dufferent letter judgments (Aa versus Ad). and facilitation duc to
bigram probabilities i the bigram scan task. This factor is onc which
reficcts the ability te encode Ietter strings without facihitaton of onc sorn
{etrer-sequence redundancy) or another (letrer-category facilitation).

Whether there arc differences between this analysis of high-school abil-
1ty and either the college-fevel abihty (Jackson & McClelland, $%79) or the
clementary-lcvcl abihty is again problematic—partly a question of the par-
ticular rasks used and the choice of models to test the intertask correlanions.
Frederiksen's analysis does not allow a gencrat name-retricval {access) factor
nor a gensral language factor, and Jackson and McClelland (1979} do not
allow a muluplc letter-encoding facior. Sull, it is possible to attempt a
tentative characterization of reading ability across the three age levels, based
on the work discussed 2long with somc inferang.

In the clementary-school ycars, gencral rcading ability has a strong
decoding cumponcent that s a result 01 processing cificiency for alphabetic
matcrials. This cfficiency includes a general namce-access-and-retrieval cum-
ponent. such that digsts, pictures, and other nonalphabetic stimuli may
produce differences in Processing timce. However, such differences are
smalter and less rchaple than alphabetic inpur differences. Whereas some

*A second major fictor s referred 10 23 Taptomaucny of artictlanm.” estennally the
dueatron o socahizatuns for puedowords having vxua-procesuny requazements (either o
svilables instead of one of 3 complex vowel spelling instead of & simple onel As with mostof
Fredenksen's measrys. these measwees depend on diflerence scores 10 not cltar wheiner we
sheuld think of this as a surirdy specchabased skl or a devoding skifl
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low-ability chaldten have nanmw-retneval problemn. there are many without
such problems who notictheless are les. cffivient processors of pnnted hn-
guistic inputs. Thy tactor seems to be wore than single letter encoding and
wcludes genwne rate datferences tor multint pronounceable paendo-
words. These factors continue to be important through high school and
with adult readers.

For college adults, the population changes: hence, cthe range of i
on the tasks 10 question changes. Those whose anly or mam protlan
clementary school was decoding ate cicher not 10 the college population or
they have mastered decod'ng-related processes tu an ¢atent thar the hbmating
performance factor hes clsewhere: thae 13, 10 namce-code retncval. In a sense.
their reading ablity matches thar gencral intellectual ability and within the
latter. there is a fairly narrow range-—above average tu supenior. Along the
way, high-school-level ability reflects both higher Jevels of skadl chan cle-
mentaty-school-age abtlity and less sclectivty than college-level ability.
Deroding factors reman crirical bue they mclude more of the processing
factors aszoqatcd with ssmplc processing races and less (perhaps) with usc of
linguistic seructurc, Atall levels. gencral language abiliey i 2 major limiting
faszor.

Taus, by thts account, reading abthiey differences at che lower levels of
skill arc accounted for by simple verbal processes, tncluding decodg and.
apparently, semantic access. At higher levels, these factors remain only as
they are associated wath generahized processes that arce perhaps less susceptie
blc o tramng. 1t may be worth adding to this conyecture the apparent fact
that at extremcly Jow ability Jevels the generalized maming process s also
scen independent of decoding {(1Denckla & Rudel, 1975). Thus decoding,
over and above ramc rernicyval, is not a crincal abthity factor for tndividuals
whose gencral name retrievas abiliy is extremely low nor for indwiduals
whose decoding and namce retricval abilities are very bigh.*

READING AmLITY AND MEMORY

1 have referred to the processes under discussion as “simple verbal pro-
cesses,” although ericoding multple Jeeer displays may or may nut come
undcer this catcgory, depending on theorctical prefe mnees as well as task and
individual skill factors. The complex verbal processes are those 1 which (1)
repeated access 0 a Name D Permanent memory . required: and (2) more

There & at feast one resensation 1 woold add to thes avcount Studies of adult readens have
seidom used aufliciemty ditfunh decodmg tasks The scisimaty of the msks thus are m
Quesiion
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than opc pame must be retained. An ability difference in memory capacny js
a good candidatc for producing ability differences 1n reading.

Perfetti and Lc‘Sngd (1979, PP 141-183) argucd that an acnve verbal
short-term memory 18 an abidiy factor m reading, whereas the storage
capacity of a general short-term memory is pot, Thus Perfetti and Goldman
(1976) found that probe-digit performance, a paradigm short-term memory
capacity mcasure (Waugh & Norman. 1965} did not distinguish high- and
low-ability readers 1 the third apd fifth grade who were comparable in 1Q.
Howecver, they were distinguished by an analogous test of probe-discourse
memory. In both tasks, output demands arc minimal, the subject producing
only the clement following the probe, spoken digits 1n one case and words
from spoken texts in the other. The crincal difference may be the memory
demands added by ongoing language processing. The latter would scem co
tese the operation of an active working memory (Baddcley & Hitch, 1974,
Pp- 47-89: Newell & Simon, 1972). and this 1s probably the memory func-
ton crittcal to reading ability. Perfetti and Lesgold (1979) also suggested
that coding and storage processes would compete for functional working
memory and for low-ability readers, for whom coding is less facile, func-
tional working memory differences would become significanr.

This general hypothesis has been given dramatic support by Daneman
and Carpenter (1980). They tesred adule subjects’ working memory. The
key tesr was to recall final words from sentences read aloud by subjects. A
memory~span measurc was derived which was analogous to digit-span
measurcs; namely. the number of sentences read before ordered memory
for the final word from cach fell below crieenon. This working memory-
span measure correlated highly with comprchension accuracy on sort pas-
sages apnd with verbal SAT scores. Especially interesting vvas its correlation
(r = .90} with performance op a pronoun reference test which varied the
text distance berween 2 referent and #s later pronominal menron, Grearer
disrance 1mphes grearer text demands op working memory. and correet
pronoun idenaficarton did decrease as a function of texe distance, excepr for
readers wath the highest working memory spans. A span measure involving
word hists, rather than sentences produced smaller corrclations, not signifi-
cant, with comprehension mceasures. In 2 second €xpeniment. [Dapneman and
Carpenter {1980} found that their sentence-span measure correlated signifi-
cantly with hstening comprchension, although not quitcdas much as wirh
rcading comprchension. Interesringly, tt did not marter whether the span
test asell was wrninten or aural. Given the difference thwCCn sentence-
measurcd span and hst-measured span. the degree to which worlang mem-
ory 15 actively taxed by processing demands scems important. The func-
tional processing resources seem o be the iminng facror and they seem ro
be general factors. not print-specific oncs,
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Thesc arc adult data but they are quite consistent wath abiliey differcnees
among children (Kol & Matshall. 1978: Perfern & Goldman, 1976). Work -
ing mcmory scems to be a homting factor 1n complex verbal processes
regardless of age. It sce'ns unlikely, however, that a working meniory
factor 15 indcpendent of the simple verbal processes discussed previously.
Morc hikcly, there is a tradc-off between speed of processing and memory
ability (Lesgold & Perferti, 1978). The modification of the backward lcteer-
scarch cxperiment described previously (Perfetti & Bell, Note 2) demon-
strated this tradcoff. Low-skill subjects given more encoding nme per-
formed as accuratcly on backward letter scarch as skitled readers wath less
cncoding nmce. However, with a slightly longer {4 sccond) nscmory interval
their processing difficultics were reflecezd in longer decision times., Skilled
readers were unaffccted by this increase in memory interval. Thus, encod-
ing and memory factors borh work against low-skill rcaders in such a
situation..

Given an intercse in simplifying cxplanations and results (such as thosc
just described). a question ariscs as to whether our ablity theones should
handicap the low-ability reader with both working memory and decoding
problems. Is therc a single mechanismi to account for both? The problem is
that letter-recognition and word-recognition measures arc clearly simple
verbal processes that requite. &n most cascs, a single access cvent to a name
in memory. It is quitc rcasonable 1o say that in complex reading tasks the
coding and memory requirements ntcract to produce incffective verbal
processing (cf. Perfetti & Lesgold. 1977, pp. 141-183). But this account can
do little to explain memory-aceess d.ffcrences of single decoding tasks. If
there is any hope to discover a single mechanism rather than two, it would
seem to require explining memory hmtations bv coding inefficicney,
rather than vice versa. There arc suggestions m Lesgold and Perfetts (1978;
Perferti & Lesgold, 1977) along these lines, but a reasonably speeific pro-
posal is still Jacking,

VERBAL INTELLIGENCE

A subyecr whosc ability is mcasurced on a reading-comprehension test1sina
rcading-ability experiment. A subject whose abiluy 1s measured on a ver-
bal-abilitics test 1s 10 a2 verbal-abilitics expeniment. Aside from such matters
of definition. #s being high verbal the same as being a high-ability reader?
There s no answer to siach questions 1n the abscnec of rescarch wath more
attennion to criteria-referenced abaluy tests. However, 1t scems likely dhat
the verbal abilines important for verbal intelligence are the same as those
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thar are important for seading. The difference, more oftens will be one of
level sather than type of knowledge. The college-level tests demand higher
absolutc verbal skill levels and arc sclecuvely taken by above-average read-
crs. With that in mund, what simple verbal processes asenvolved in pro-
ducing the wide range of general verbal abihnes measured by college-level
tests, such as the SAT?

The four simple verbal processes previousty considered were leteer rec-
ognuor A.coding. scmantic aceess. and namc rerrieval. 1o these vary at
the adule level as well? Name retsicval, for cxample, 1s a gencral perfor-
mance-liminng factor that maghe be expected to have an effecr cven aficr
leter recogmnon and decoding. Careoll (Note 3) supimanized nammg yrud-
1es {Carsoll, 1976; Carroll & White, 1973), concluding thar picture-scanmng
speed 1s a parameter of individual differences. According to Carroll (Notc
3). thesc differences in prcture-nammng were predicable from a set of psy-
chometric tests. but mainly from a prctuse-naming test and not from other
tests ostensibly morc related to verbal ability (c.g.. vocabulary).

A morc typical procedure for cxamimng namc retricval has been the
lettce-matching task first descnibed by Posncr and Matchell (1967). The key
abihty qucston in this task concerns the difference between compansons
based on physical Wdenntics of printed leceers (c.g.. 4A) and ketter-name
wdennties {c.g.» Aa). Incrcasing differences between name idenary (NI) and
physical identity (P1) can be raken as a measurc of name retricval withour
namc production. In the srudics ©f Hunt and his collcagucs, high- and low-
verbai college students did not differ 1n Pt match tumes although they did
show small diffcrences in NI march times (Hunt cr al., 1973, pp. 87-122:
Hunt et ak., 1975). Hunt (1978), in summanaing studies of namc matching
and verbal ability, notes that such studies ytcld small but consistent corrcla-
tions between verbal abiliey and the NI=-PI duffcrence in letter matching,

It appcars from some of the data summarnized in Hunt (1978), that abiliey
diffesences in letter-name matching deescase with increasing ablines of the
subjects. Nonumversity adults show NI=-PI differences of 110 milhscconds
{(Parkinson, Notc 4} compared with 64 malliscconds for University of
Washington high-verbal students, 190 milliscconds for 10-ycat-old children
and 311t mlliscconds for mildly mentally retarded children (Warren &
Hunt, Note 6). A general picture cmerging 1s thar verbal ability, over a
wide rangc, 15 assoctated wath the nme to perform a comparison based on
the namc of a letter. Importantly, since 3¢ s a difference scorc this name com-
panson controls the tme to make comparison based on physical idenuty. Thus,
while the complete lack of abiliey differences in physic2l matches reported by
Hunt et al, {1975) is scldom found (sec Carroll, 1976), the conclusion seems to be
that, beyond mental comparisons based on shape identuy, verbal ability dif=
ferences arc associated with speed of letter-name comparisons.
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Figure § shows that the tuncrion eelanng set wize to semantic deaisions
was quite yncar with low vamance for high-abaliey readers aind not=so-lineat
with large vanance for low-abiluy rcaders. The hines tor high abibty and
low ability are relacively paralicl. imphearmg meereept differences and not
slope differences. However. the poor lincar it for low-athty readers makes
any hincar companison suspect. In order t© nunimnze any anomahes due to
nonlincarity. 2 comparnison of categonzation and word scarch for set size =
| is useful. Less skalled subjects, on this measnre, show a margmal merease
in decision tme.

An index of semannic processing. beyond decoding. 1s obtained by sub-
tracting. for cach subject, the word-decision (W1)) time trom the semanne-
deasion (SD) rime for set size |, SD-WI). SD=WI3 can be taken 25 an
index of scmantic-processing nme controlled for wotd-decoding ttme. The
mecan SD=-WD for low-abihity readers was 1050 mdhiscconds and the mean
SD-WD for high-ability rcaders was 209 milliscconds. Keep in mind that a
set size of 1 includes general task components as well as rate components of
decoding and comparison. MNonctheless. it appears that differences berween
high- and low-abihty rcaders for single-word compansons go beyond sim-
ple decoding. As set size increased. this S1=-WD difference is maintained
for size 3 (950 milliscconds) and 3 (100X milliscconds) and disappears for sizc
7. At the largest set size, both ability groups had essetually zero SD-W1D
scores. Thus. secmantic-access differences, as measured by this difference
between category- and word-level decisions, do scem to exist,berween
some high- and low-ability rcaders. Unhke word processing, howcever,
they seem to reflect mainly intercepr rather than slope components.

Given these results, one could charactenze the abiliey differences n
sCMaNntIc acCess rate as accounted for by word idenuficatton. However, low-
ability rcaders do exhibir additonal semantic processing difficulucs in some
task-speafic componcents refleceed 1 intercept. Such components are usu-
ally assumed to include orientation and responsc-cxccution componcnts
that occur once (regardless of display size). Sinee these intercepr differences
were so much smaller for word deasions than semantic decrsions. 1t 1s
possible to conjecrure that response exccunion and display orientation are
not responsible for the semannc-access difference. What component is
the intetcept of a semannc decision but not in the intereept of 3 word
dcarsion? One possibility 1s the acuvanon of the relevant scmantic-calegory
links. ot the imtiation of a scatch process for semantic arrnbutes. {nce ing-
nated. there ate no rare ditterences for semanne compansons. but the imual
activation of the relevant semantic atetibutes is subjecr to an incrnia thats
not present when simple decoding {(word dearsion) 1s tequired. Of course,
there arc other possibilitics, and the difficulty of drawing sohd conclusions
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on the semantic-access question is apparent. Morc data thar climinate the
uncertainty of intercept interpretations and processing rodcls that enable
morc precisc interpretations of scrnantic access arc needed.

LETTER AND LETTER-PATTERN RECOGNITION

To the extent that decoding processes are a part of tcading-ability dif-
ferences, the processes by which letters and letter patterns arc recognized are
candidates for individual differences. The erter-rccognition processes arc
not the simple form and shape perception that have been the subject of
dyslexia theories (c.g.. Orton, 1925). When the cvidence is examined crin
cally. such strictly perceprual facrors do not scem to be significant abihey
factors as Vellutino (1979} has shown. The lereer-recogmeion processes that
make a difference in rcading ability presuppose the clementary ability o
discriminate letrer forms and the ability to retricve lerter names; nsecad.
thesc include the speed and cfficiency with which lctters can be identificd
and asscmbled o word-decoding units. By assumption, these units are
something less than a word (the unirs. when asscmbled, add up to 2 word).

It 1s ynwarranted and unnccessary to supposc thar these umts correspond
to gencralized units such as syllables (Spochr & Smith. 1973), or to mor-
phermic boundaries (Taft. 1979). or orthogtaphic patterns (Venczky & Mas-
saro, 1979, pp. 85-107). Howcver, the assurnptiott that strings of letters
that arc permissible and familiar achicve somc status as higher-order unis is
pervasivé across both perceprually described (Gibson, 1971} and informa-
tion-processing theories {c.g.. LaBerge & Samucls, 1974; Massaro, 1975). It
15 difficulr to describe such umes without referring to knowledge of ortho-
graphic patrerns as well as processing. However, as Glushko (1981, pp.
61-84) dcrnonstraces, 1t 15 necessary only 10 assumc that che reader's memo-
ry storcs the Ictter patterns of words. Thus orthographic knowledge can be
inferred rather than stored dircctly. 1n any cvent, a particular “umt” of
rccognition does not have to be stated. The crinical processing event con-
verts a decodable letrer string ineo 1ts speech form or performs somc other
task on a lctter string that tests the ability ro take advantage of the structure
of the letter pattern. Pscudowords and nonword syllables have such scruc-
turc. The questions of interest include the followng: Arc there ability dif-
ferences in processing pscudowords? Arc there ability differences i pro-
cessing lerrer serings thar are not pscudowords? Do differences in the larter
account for differences in the former?

We know that reader ability differences 1n vocalizanon latency arclarger
for pscudowotds than for words (Hogaboam & Perfetty, 1978). Howcever,
comparisons of pscudowords with nonwords arc what is needed. In the
Perfetet and Bell (Perfeti, Note 1) scarch expenments descaibed, there was a
task 1n which subjects scarch for pscudowords in display scts of varying
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I smmary. there 15 reason to assume that chisldeen’s reading alaley.
adult verbal ability, and adule readmg abibty con be accommted far by a
common sct of simple verbal processes. Processes of name rctieval, leteer
recogmiton. word decoding. and semantic access have been cxammed be-
causc they are patenty nvolved m reading. Name retnieval. as a genceral
mechasm of locating symbols in memory. is a fundamental processing
lirmitanon that seems t0 account for some of adult verbal processing abihey.
The remaimng rhree processes, cach more spectfic than namc retrieval m
somc way, may not be critical 10 adult verbal abality heyond their rehance on
general name-retricval processes. However, for children wath less verbal
cxperience, there are spectfic hnguistic processes still bemg acquired. Ata
given level of skill. for example. third-grade average ability, name-retricval
processes may set gencral processing limitauons. However, specific code
processes set stronger limits because knowledge and processes relevant for
linguistic coding arv still being acquired. By the ¢ime an individnal is m
college, especially given the sclection factor, word-speafic skills have
1cached a high level and diffirences 10 name retricval are scen. By this
account, even letter-recogmeion differences are 2 matter of nameerctricval
differences. A representation of this account 1s shown in Figure 3.

it is consistent with data on children’s rcading ability and adult verbal
ability to suggest that decoding speed does not make 2 constant contribu-
tion to differences in verbal processing ratc. As Figure 3 illustrates, the
contnibution of decoding speed. relative to name retrieval, is agh for chil-
dren, cspecialty low-skill children. For college adults, decoding speed has
incrcased nearer to the potential limit set by name retnieval. Thus, the later
makes more of a rate<hmitng contrbution o verbal processing speed.

VERBAL KNOWLEDGE

Together with the simple verbal processes discussed before, variations in
verbal knowledge can be important for gencral verbal ability. Indecd, de-
spite the attention given to these processes, it is quite possible that verbal
knowledge is the fundamcntal ability factor for rcading and verbal ntel-
ligence, Three kinds of verbal knowledge were suggested in the introduc-
tion: word-form knowledge, rule knowledge, and concept knowledge. it is
cicar that, cspecially for rcading ability, knowledge of form and rules 1
cniacal. Especially insofar as decoding processes are an inportant source of
ability. the question can be asked whether decoding processes are smportant
independent of the knowledge of form and ruks. Knowing the formal
relationship between a printed word and wts phonemic form is one kind of
knowledge that can underhe decoding, Knowing that, depending on
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FIGURE ). Schemanc model ol the relative contnibution of decoding atd name=retnieval
nates to werbal processing with mcreasing reading skill devclopiient Decoding 1s rate himiing
atlower skl levels and manic retmeval is raee Tumatmg at ggher sili levels

orthograpinc environinent. certzin grapheme pattcrns map onto phonemic
sequences, 1s 3 second kind of knowledge that can underhe decoding.

It 1s cven possible. as Baron (1979, Baron & Strawson, 1976) has sug-
gesteds chat individuals. ac least children, differ fundamentally in whether
their decoding processces arc driven by form knewledge or rule knowledge:
that 15, whether an individual uses whole-word patterns or grapheme-
phoneme translation as the basis of decoding. Baron and $tra wson (1976)
have referred te the former individuals as “"Chinese™ and the later as
"Phoenicians ™ There 1s, m fact. suggestive evidence that although verbal
ability 1s supported by word-form knowlecge, 1t 15 necessary to have rule
knowledge to achieve high-atahey levels. The children idenuficd as Phoeni-
aans wnd 0 b better readers than those 1dentificd as Chinese. Indeed.
cncounters with unfamiliar words cannot be routinely successful without

—
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mnphcit rule knowledge, although yt s possible 1o suggest otherwise
{Glushko, 1981. pp. 61-84).

Rule knowledge 1s <uch a parently necessary pare of decodimgg, ar Ieast as
a backup system for word-form knowledge, that the debare <hanld be
shified up onc level: Are diffcrences in word-decoding abihey only 2 maner
of word form and word-rulc knowledge or are there addinonal dit¥erences
in the processes that access such knowledge? In the carher scetions of ths
chapter, we assumcd that there are processing differences over and above
knowledge differences. an particular, thar speed of decoding s cnincal.
However. the evidence for this assumpnion s weak. It def.ends on decod-
g-speed differences n the absence of decoding-accuracy diffciences. More
sensitive measures of knowledge might reveal knowledge differences. For
cxample, docs 2 low-abihity reader know the orthographic rule relatng
syllablc final ¢ t0 vowel tenseniess as well as the high-abilwy reader? Calfec,
Venczky. and Chapman (Note 7) presented data showing thar such knowl-
cdge differences were rather pronounced among younger readers. In gemer-
al, sensitive tests of such knowledge among older tcaders have not been
done, perhaps partly on the assumption that speed and automancity are
morce critical.

Of coursc, this 1ssuc 15 difficule 0 decide fundamentally because 1t n-
volves the trade-off between knowledge and process. To the cxtent that
knowledge representation can be *“shppery.” there is 2 sense in which two
knowledges that scem to be cquivalent may not be. In other words, knowl-
cdge thac is stable and context-free 1s not cquivalent to knowledge thar is
labile and context-dependent, cven though both sorts of knowledge may
produce an accurate response i 2 given siwanon. How individual dif-
ferences in verbal ability can be further understood as differences in the
quahty of verbal knowledge remains an important question descrvi g more
attention than it aas received.

VERBAL CONCEPT KNOWLEDGE

Access to word mcanings s a central componcent of most verbal tasks.
mcluding reading. As in the casc of decoding, there 1s again the quesnion of
whether individual *ffercaces in verbal ability include both knowledge and
process. Unhike the case of decoding, however, process differences, over
and abovc decoding and nainc retnieval, are kess well established compared
with knowlc ‘ge diffc..aces. Even compared with decoding and name 1e-
tneval, concept knowledge 1s. on the face of 1t, 3 morc important source of
ability differences. Consider. for cxamiple, that the corrclanons berween
adult verbal ability and the speed of name retneval (as measured by NI-PI)
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arc typically about .3 (Hunt, 1978) whereas correlations between verbal
abiity and vocabulary arc typically above .8 (Anderson & Freebody, Note
%) Indeed, tosts of vocabulary knowledge dircctly und 1ndircatly constitute
a larger part of the SAT and similat standardized tests used o define verbal
ability in individual-chffcrences restarch. Thus, the question is not whether
word-concept knowledge 1s an important componcnt of ability, but rather,
What 1s the nature of the relevant knowledge.

There arc rwo general features of word-concept knowledge that arc
mmportant for general verbal abilitics. Onc is the number of word concepts
familiar 10 a person and rhe other 1s the quality of tite knowledge for 2 given
word. Thesc two aspects of meamng have been acknowledged 10 onc form
or another for somc umce; that s. breadth versus precision {Cronbach,
1942), and range versus precision (Kirkpatrick & Curcton. 1949), and sim=
ply richness of mcaning (Dolch, 1927). Andcrson and Freebody (Notc 8)
rcfer 10 breadih of word knowledge and depth of word knowledge. respec-
tively. and rhose arc the serms | will usc here.

Several ptoblems ahise in assessing the breadth factor. As Anderson and
Frecbody (Note 8) pomt out, cstrmations of vocabulary knowlcdge are very
sensitive 1o the form of the vocabulary test, and, 10 the case of 2 multiple-
choice tesr, the naturc of the foils. For these (and probably other) reasons,
csnumations of vocabulary size for a subpapulation vary over a vast range,
with the highest csrimate for college students being morc than 12 times
larger ¢han the smancst cstmate (Anderson & Frecbody, Note 8). In any
casc, ir1s clear that the number of word concepts familiar to a person will
play « rolc in his ablity to rcad with understanding. Thus, vocabulary
brcadth 1s both a par1 of rcading ability and a gencral verbal-ability factor.

Ir. -onsidering the relationship becween breadth and depth and the role
of cach 1n verbal ability, a study by Curiis (Notc 9) 1s informative. Curtis
(Notc 9) classificd subjccts as high or low 10 vocabulary knowledge on the
basis of a multiple-choice test consisung of 1tems from standardized tests. A
second test was then composed, based on the difficulty and discriminability
of the items: known words (95% of subjects correct), discriminating words
(50% of subjects corrcet and discriminatory between high and low scorers)
and unknown words {28% of subicets correat but not discriminating be-
tween high and low scores). In the sccond test, among other tasks, subjects
were asked 1o define the words and were encouraged to provide any seman=
tic association 10 an unfamiliar word. An inrcresting result of rhis second
t¢st was that low-knowledge subyects could provide hittle semantic mforma=
tion about dis¢ ruminating and unknown words. They did o tend to pro-
ducc vagucly rclated associations (c.g.. “desist is hke ccase and desist,”
which was 2 response of a high-knowledge subject) but rather ptoduced
associations unrclaced to the meaning of the word or no association at all.
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This suggests. as Curtis (Note 9) ubscrved. thae Juw-knowledge subypers
mussed such wemis on the forced-chance vocabulaey rest, nar tram taleee ta
cvaluate semanne attnbures ot the toils, bur because they were wtnaliar
with the words. On the other hand. thw faw-knawledge subjects did pro-
duce relcvane associanions for the known words: hawever, halt the nne
they could not give a synonym or correct cxplinanion af the meamng,
despite being able {twice) to chose the correct alternative i 3 mulnpic-
choice test. A general conclusion, based on several analyses by Curtis (Nute
9). 1s that vocabulary knowledge as mcasurcd by such tests 1s largely 2
matter of some minimal familianty with the words and not a matter of deep
scmantic knowledge. This is mterestneg because of the abihity iniphcanon:
vocabulary ability. in the usual scnsc, includes a Jarge component of very
superficial semantic knowledge. Nevertheless, Curns (Note %) found that
high and low subjects also difter in the depth of their scmantic knowledge
cven when differences in semannc breadih {range) were raken ira ac.anor,
Low-knowledge individuals were not only famibar wish fewer words—a
fact sutficicnt ro cxplan vocabulaty score differences—they were also kss
precise in the knowledge of words with which they were famuhar.

It was also possible in the Curtis (Note 9) study to rclate performance op
the vocabulary rests to ability scores based on the verbal SAT. Mcasurcs of
decoding accuracy. based on idennfying the vocabulary test words. scmane
tic rangc (or breadih ). and semantic depth. werce all highly corrclated wak
verbal SATs. In fact, the corrclanons of scmantic range and semannc depth
with verbal SATS were at least as high (r = 92and r = .91, respecnvely) as
they were with performance on the vocabulary test (r = 88 and r = 83,
respectively). e s especually ntercsdng thar Curtis also found decoding
accuracy 1o be highly rclated to verbal SAT scores of low-scoring subjects,
Indced. the results of mulnple-regression and commonahty anatyscs indi-
cated that decoding accuracy accounted for more umbuce varance n the
verbal-ability scores of low-ability subjects than did semantic depth (with
range comtrolled). By contrase. high-abslity subjects” scores were com-
pletcly accounted for by the depth (with range controlled) of semannc
knowledge. This fact scems to support the possibihity. raised previously,
that more sensitive measures of word-form and/or word-rule knowledge
might well indicate sigmficant ability differences among adults. In this case,
the decoding weakness of Jow-verbal college studenes 1s seen n less-familar
words.

At the same bme, high-vocabulary-knowledge subjects are faster at
decoding, when accuracy 1s accounted for (Butler & Hanes. 197 Curtis,
Note ¥). Morcover. the word-idennificanon nmes of igh-vocabulary sub-
jects are less affected by word length (Buder & Hains. 1974). Thus, partof
what it mcans to be high verbal seems to be developing processes for word
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identificadon that are less sensiive to word length. And part of whac it
means s to acquare 3 passing famihanty with 3 large number of word
concepts and 3 more refined semanuc appreaiation of a large percentage of
those concepts. Understanding che relanonsinp tetween these two abalidies
1s 3 master for future rescarch.

BEYOND SIMPLE VERBAL PROCESSES

In this discussion. | have largely ignored complex verbal processes. explor-
nR nstead the role of simple verbal processes in verbal abiliy. A question
0 raise 18 whether, 10 general, differences in verbal abihty can be geduced to
these simple processes and conceptual knowledge. It i useful o consider
what ts nvolved 1in 3 complex verbal task such as understanding or writing
2 wext. There are at least two ways that smple verbal processes may contnib-
utc (o perforntance on these more complex verbal tasks. Once way is that
simple verbal processes may affece performance because thry arc process-
himiting fuctors. A sccond possibility for such cffects is that simple verbal
processcs arc learming-limiting factors. The disuncuon between process-lim-
iing tactors and learning-hmiting factors is that the former affcct the pro-
resses occurring at the time of perfor:nance. whercas the lateer have affected
the prior acquisinon of knowledge and sirategies which arc activated during
rhe task.

Onc particular mechamsm of process-limiting 1s that the overall racc of 2
complex verbal task is limed by the rate of exceution of ies clementary
components. This does not nccessarily imply that complex verbal processes
arc merely concatenations of simple oncs. For cxample, 3 cascade model
(McCliclland. 1979) that makes weaker sequenual assumptions about pro-
ccsses occurnng together would imply chac 3 low-level process would be
ratc-limiting for task performance. Even more completely interactive mod-
cls (Rumclhart & McClclland, 1981, pp. 37-60) arc consistent with ¢the
possibility that lowcer-level processes arc rate-limiting. Apphed to verbal
abiley differences, che rate-limiting hypothesis is that performance of a
verbal task is limited by simpler component rates that vary with indi-
viduats. For cxample. this possibility has been demonstrated by Perfetti and
Roth (1981, pp- 269-297) for the case of children's reading ability: In identi-
fying words in context, low-ability readers are hnnted by their rate of basic
context-ig>c word decoding. It ys possible to extend the rate-limiting princi-
plc to morc complex toxe-processing tasks (c.g., Lesgold & Perferti. 1978).

k¢ is unhkcly that this can account for all—or cven most—of individual
abihty differcnces tn more complex tasks. The lcarning-imitng factor is
that any complex verbal performance will be Jimiced by the pnior acquisi-
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ton of relevant conceptual knascledge and strategies 1ar dw vk ac hand.
Evidenee tor che mportance of knowledge i estenive over 3 range ol tinks
{Andcrson. Reynolds, Schallert & Goctz, 1977: Bransford & Jolmson. 1973,
pp. 3MI-438: Dooling & Lachuran, 1971: Spihich. Vesonder, Chiea. &
Vo, 1979). Any factor that mhibits actvation of refevane knowledge dur-
ing processing will himie performance. Thas, verbal abihty differences are
partly a quosaon of individual ditferences i eclevam knowledge. By the
lcarming-hnunng hypothesis. differences in such verbal knawledge anse
part because low=cfficiency, simple processes have himited the acquisiton of
relevant knowledge. The fact dthat simple verbal-process-rate differences
cxist among adults can be taken as conswtent with thw possibihty, At any
given age. low=ability sndwiduals have had less task-relevant verbal pro-
cessing and have madc Jess cffective use of st. Hune {1978) nyade 3 simlar
Suggestion.

Tt is obvious 1hat this is 3 “chicken e: the cgg problem™ and chat there s
httle rcason to picfer the hypothesis that stmple verbal processes limae ac-
quisition of knowledge to the hypothesis that acquisition of knowledge
allows simple verbal processes. Rather than saking spunous arguments
about what causcs what. 1 suggest thac we assume that simple verbal pro-
cesses contribute to knowledge acquisinon and ciat both simple verbal
processes and knowledge acquisinon contribute to verbal abthey, Even if 3
stronger casc could be made for reducing verbal-abiluy dufferences to sim-
ple processes, u #hay not be useful for deeper understanding of complex
verbal performafices For cxample, consider the relanvely simple knowl-
edge invalved in apprecating the difference in meamng between disin-
terested and umnterested. Bt 1s unlikely that such knowledge can be reduced
to simple veebal processes. Samilarly. the abilty o write a coherent and
stylish text scems 1o be more than simple verbal processes. Both these
cxamples represent verbal abibines which arc poorly understoud. The for-
mer tmphes farly simple but powerful semantic and morphological knowi-
edge. The latcer entarls a number of complex verbal abilits producmng very
widc mdividual talents. Such abiliies have to be examined in therr own
right by teferencey to thetr cogmtive componcents and not only by e¢feeence
to simple verbal processes. As such work progresses, there will be more to
say about complex verbal abaleties,

CONCLUSION AND SUMMARY

Individual differences 10 vetbal processes may be traced, 1n part. to smpke
verbal processes. Although | have largely ignored complex veebal pro-
cesses, this does not mean that differences in verbal abduy canbe reduced to
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the stmple oncs discussed here. k will be smportant for future rescarch to
cstabhsh mdividual ditferences i speaific highet level vetbal processes and
cxaminc other levels of explanation. Such differences in the abaliey to com-
P ¢ a text and to appreaiae the daanctions between semanacally relaced
words are just two cxamples of the many verbal skills that differentiate
individuals. That all these can be completely accounted for by ample verbal
processes scems morce than unhikely,

Howcver, simple verbal processes appear to have some role i general
verbal skill. Reading comprehension and related verbal skills. cven ac the
college fevel, are related to the abidity te perform stmple verbal tasks. 1 have
cmphasized four verbal processes and dhiree kinds of verbal knowledge. The
latter arc knowledge of word formacon (including word form and rule
knowlcdge) and the breadth and depth of word concepts. The processes are
name retrscval, leteer recognttion, decoding, and semantic access. Name
retneval 1s fundamental yn that the rate of other processes is set by the rate ¢
which any over learned symbol is retrieved. It s perhaps race-limiang for
high levels of verbal skill. For lower fevels of verbal skill. the other three
processes, especially decodwng and scmantic access may be rateimiting,
Although memory processes also are part of verbal ability. | have suggested
that cfficient word retncval fron macuvated mewory 1 a parucular hall-
mark of skilled verbal processing.
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