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A component skills model’of reading is presented On the

bas1s of the model, five componént fabtors are hypotheslzed- (1), °
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Grapheme . Encodlng,, (11) EnCOdlng Mu1t1 letter , Units, .
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C{III) Phonemic‘Translation, (IV) Aﬁtomat1c1ty of A tlcﬁiatlon,

s

and EV) Depth of Processlng 1n Word Reqognltlon. Thel £fit of the.
. hypotheslzed component factor model is tested using covar1ance

data for eleven chronometrlc measures, chesen to reflect separate
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stages -of processlng. The fit of “the’ structural model is found
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N

to be bood (p=.2). Three alternatlve models-are developed, each
“representing a s1mp11f1catlon of the general moYel; 1n each qase , .

the a1ternat1ve structural; "model Mis rejected. The component\
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A CHRONOMETRIC STUDY OF .COMPONENT SKILLS IN READIN&
L /[fﬁn ) ' C /,
‘ AR I. INTRODUCTION S I’
\ - % . ; . P ) . e ’ ‘ /’

Psychometr1c1ans have long sought to develop sk111‘ easuree:

t

ering the. repert01re pr human cognitive ablllt es (cf.

-.Thg\ tone, 1938; Thurstonée & Thdrston& 1941; Fgenc ' 195}-

Frengh, Ekstrom, and Price, 1963 Guilford, 1967 Carr 1l 1974).

’

lThe goal has been to bU1ld tests of 1nforﬁat10n-hand}'
e

ng skllls

that at th%:same time have appllcablthy across a var ety oﬁ\task

/. .

env1ronmehts.‘ wWhile thlS early work on cognltlve4a d percept
\ . [

abilities is “in many way§ compatlble with me%e n cognltlve

. \ . .
procesges 1n

y
mphasis . upon

L S

,psychologx in, its efﬁprt to dlstlnqulsh componen

. ) ’ * /
human skilled performance, the historical J/

e

' //

K the utility of such measures in the analysiz;ib the ’particulgrf
: i N . .. » . N / i B y
g proficient within
, . TR
: N Loy . ’ |
.a §Tﬁgleftask'de;ih such -as that of reading

] - - i . . .

? . ) : . * +
component skills that are acguired in becoml
) In an effort to\deieiop measures that are diagnostic of the-
. . - . v . .
séurceé,of.reading»disabiiity among naval reeruits,‘we have been,

enga?ed ‘in' a ferles of studles of 1nd1v1dua1 dlfferenceScin the

“component skills involved 1n reading. Th\\general goal of this

\
|« work. has been to’ develop a set ogfcomponent sklil\measui§s that
represent the partlcular 1nformat10n-hand11ng prOCess\E\\gsed in -
; ~.

- . . 4\ N

¢ ~ ¢
. x5" ' \ s
.. =1~ , C .
.’ . N ‘/. N ,_\u° ' \' L. 4' )
) . ' M ) ' J ¢ . ) ’
El{l‘/c ./ ‘ . Al ) 1..1 \ . \‘ ,
c N - v\ ‘K

’ b ° “ 3 - ' . -~ - :
_cross-situational infermation-processing abltft es “has limited '

<«
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\oreading%-.asi they are conceptualized -in current theories of the : s
- reading* process; ._These include skills - involved ' in the} !
s N\ o v ’ ) V

translation .of orthographic patterns into "sound" patterns and

. .' * . N ! p
the accessing of lexical info}mation/ as well as perceptual ' - -

S skills of pattern recognitiodUanB\encoaing -A second”’ goal has
~ N . \ ¢
been to explore the potential offered by a chronometric¢ approach -
\ H - l .0 R T‘ .
- to _‘the measurement of com’ponentﬁskills in reading. There are a A

number of reasons why the’ measurement of ‘'procesging times. ma

K "provide an important todl for the assessment of skills in young = : :
. ‘ adults. First, it is difficult to generate errors “in such basic | =

‘ skills as letter identificatioh phonic analysis, amd the like in e,

’ " mature, sub]ects Yet,.1n81V1dual differences in skill may Stlll‘ ) N

b ]

’ be apparent in their- processing effic1enc1es Second, stuaies of ‘
. B \\ ‘ - " . i P - o
. sreaction times in human informatien processing "hagve served

L] @ «

i \ . :
e§perimental psychologists well in their efforts to\build precise

v

models for. reading. In particular, the subtractive method for .

~ . ¢

K analysing reaction times “7RTs? has“’proven its value: as’ a .

. .. G

technique‘ for deriVing measurementsathat reflect a single 1ocus'
. * \ . \(‘ v » . .
- 0 information processing. «In the” sdbtractive 'method the i
. . M

\O difference \n RTs is ‘talculated for experimental conditions tha#

~

- vary'in t processing load they place on somé single: processing
. . N - i ' . PR %

subsystem, T differences (or contrasts) then provide a measure

of the relative.difficulty in' processing under \ the contrasted .
~ conditions. . .With careful. choice of contrasts, among -
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‘ etperimental conditions, it has Peen~ our hope that. \measurements
- of comporent processing skills can be derived. ' o
’ 3 ° . . ‘, . .
Approaches to validation ' ’

~

¥
)

The -:assertiony that a particular RT contrast represents a

+ b

L

designated component sk111 must 1n th§ first case be backed up by'

L4 -

experlments de51gned to establlsh the construct va11d1ty of the

-

. paJﬁlcular constrasts. . Thus, the first source of'1nformation

. concerning the validit .of component skill meéasures comes from a
nce ] n ] n

+

analysis of the“ind%viduaf experimental tasks from which the RT -

. contrasts are derived. - In this analysis, variations in

»
s

experlmental conditlons must be shown to yield the expected

i() changes in fesponse t1mes as requ1red by theory.

»
. ¥

The second source of information leading to construct
validation resul®® from a comparison of measures derjived, from

) different| experimental contexts{‘ Qrom’ a set of experimental
2" S [ - . . i ' .
tasks, several measures are “derived for each ' "hypothesized

. component‘jﬁtocess, each .one based upon a separa?e constast among
¥ - b ~ O ‘ . .

\ Ts for -a -different set of. -experimental conditions. A

theoreticel' prediction can then be made -about the relationships

- o ( ‘ .
among these skill measures: alternative measures of a designated
component sklll are. hypothe51zed to form a common factor that ‘isgﬁ

dlstlnct from the ﬁactors,formea by other componént skills. Note -

- w,

B

R that‘ 1t :is the - high" degree of spec1f1c1ty about the component &’
DI o~ I . b - Pt .
skllls measured by ‘the chosen RT contrasts ;that allows us to
\r-.'\-l‘l P v’:m'f- <5 . - -~ o "
SRR A e B N U R Yo Lo
. - - . . . g“'l{'_\ IRl - IS A T . T .o~
:k'*‘,- R - ‘.“’:"““ SOV T, - " e

. "2\'»0‘
o . WA N 3

8 IC:; s - .. -
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generate and- test a ‘specific hypothe®is about -the factor

&

structure underlying our set of component ,skill measurements.

Anéh verification 'of this hypothesis'will permit us to conclude

with confidence that -.the component skills derived form our” model

1

of reading do in ‘fact represenf the ;postulated sources of

{
individual ‘differences among readers.
Finally, the role of component skills . im establishiﬂg~ an \\"

2 ~

. -

inddvidual's general‘ievel of readiné ability can be»}nveétigated

Y

.
.
DR R R R I m === .

¢ 4 ]
"’. by using the component skill factors to predict other, more
.o ‘ , ~ ¢
general measures of reading performance. This.provides us with a

[ N

P . ~ .
third source of “validating information:

N .

the evidence that

p
[ ]

paftfcular_ component skills cohtribute to skilled rgading as .

/ H EAY

.. Mmeasured _by conventional. - tests of reading ability -ind
1 comprehension. - \ , T

,
.

.

;"” II. COMPONENT SKILL MEASURES
. Theoretical Model . o . : , . . i
The theoretical model gquiding the selection of component

’

«

¥

skill measures - is 1illustrated in Figure 1, The  model

< w

- disinguishes ' four main ‘processihg“ levels: I. VYsual Feature

ExEractng, II. ° Perceptual Encoding, III. Decoding, . and

poe

‘IV. Lexical® Access. Perceptual Encoding is further subdivided
* ’ e . .
of rindividual

T o

.[' into a compéEEnt representing the encoding

j?raghemgg and a component representing the encoding of visdally

{

familiar, multi-grapheme unitg" (e.g., 'SH, ~_ING). 'Final}y, ,
- L r . .

k]

e ' . N
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v » N
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A schematic pendering of the processing model representing component skills in réiding. Four processing levels
are distinguighed: Visual Feature Extraction, Perceptual Encoding, Decoding, and Lexical Access. While these

.processes are hierarchically arranged, initiation of higher-level operations does not await eempletion of prior

operations in the hierarchy. ' Decoding can thus be initiated on the basis of (a) independently-encoded graphemes,
or (b) multi-grapheme units. Lexfcal access can be based upon any oMthe following input codes: (A) visual
features, (B) independently encoded graphemes, (C)‘mu1t1~gra§peme units, (D) a parsed grapheme array, (E) a ~ *
phonological/phonemic translation, (F) a. speech contour, or (G) semanticjsyntactic.constra}nts on word identity.
Experimental tasks 1-4 are thought to require different characteristic depths of processing. .
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.

Decodlng is divided“into processes of parsing (Spoehr & Smith,
'y
1973), pgohemlc translation, and. art1culatory programmlng

A general feature of the model is‘ ‘the notion tha;,, while

- Vs L R ‘ e
these processes ‘are hierarchically arranged, the jnitiation of

L)

higher-level operatlons does not necessarlly await completlon of -

prlor operations ‘1n the h1erarchy Thus, Lexﬁbal Access can be

iﬁrtiated on the ‘basis of any of the following input

representations: (a) a spatial distribution of visual features,

(b) ‘an array of indepehdehtli encoded graphemes (e.g., TR A I 'N

-

I N G), (c) encodeé, overlapping multi-letter perceptual units,

v .

" as ip ((TR) ((AI)N)) (I(NG)) (see also Figures 2), (d4) a “parsed,

grapheme array. (having a " form that Tay be -similar to that
illustrated in Flgure 2), {e):- a phonemic sLranslation af the
orthographlc pattern, as in tr enzx 0, or (f) a speech contour,

having assigned stress-and intonation. ‘Input representations a-f
* N ‘.‘

‘Iepresent differing depths or degrees of processing/ prior to

lexical access.l In a similar fashlon, Decodlng can take place

,

on the basis of (a) a set of.independentlyfenched graphemes, or

s
:

(b) encoded, multi-letter perceptual units. Note that, according .

to the model, the demands placed upon’ the decading component are

e A ' - ‘ /j
.

~To handle reader' use of context 1in lexical retrieval, an
‘additional- '1nput code (g) represents semantic/syntactic
consttraints based upon a contextually-derlved model o6f discourse.
However, skills. involved in the use of context are not -included
in the ©present set of- experimental  measures and Wwill not be
considered here. |, .

—
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. Figure 2. An illustration of the structural/organizati

that is implicit in the perceptuqi‘ehcodin
the multi-letter units {(TR), (AI), (N),
(NG), (AIN), (ING), and (TRAIN)
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greatiy lgssened yhen"the graphene r%Presenéatioh is made up of

multi-letter wunits having functional\utility for decéding;,such

PR

as affixes, double—voyels, consonant clusters, and the like, as

illustrated in Table 1. - , Lo
) . , A B
Experimental Tasks . . P

t ’ L

‘ R4 .
Component skill measures that are referenced to parﬁgcular

stages of processing have been derived from four experimental

>

tasks: - . ' \ AN

.

1. Letter . Mat¢hing. .In the 1letter matching task, the

-

subject is shown a brief (50 msec) diéplaylcontaining a pair of

®

. o ¢ . . .
letters that (a) have theé same name and fotm (AA, aa), (b) have

similar names but diﬁgsgf.in form (Aa), or (c¢) are‘ltotally'

' different letters (Ad, ad, -AD).  The ‘subject's task "is to

.

indicafi/ahéther the letter names are the -same or different by .

pressing an appropriate responsé key., Two RT cgptrasts are

derived from this task: Speed in Letter Encoding (Variable 1 in ‘

JTable 2) is measured by subtradting the megn RT for physically
» ‘e C -

".similar letters (AA, aa) from the mean RT f&r letters ' differing

only  in case (Aa, Dd) {(Posner & Mitchell, 1967). Facilitatjon in

Encoding Jointly Occufing' Letters (VariahXe ii is measured byl‘

subtf;ctinghthe RT for letters differing_only in 'case (Aqgi Dd)

ftom .the RT for letters that are,completely‘difféfenf kAd:\éb)..
Y 4 = ' ' . + -

. This RT comparison measures what Posner. in 'his .later . work - has

-

- ’ ’ ~
- B A L
. - 3

.. e * -8- ) - .

i
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°g\\ TABLE 1 ' .
. Deco&ing under ‘Two Levels of Perceptual Encoding
\'] o~ ) A\ - \(; V
°  Perceptual" Encoding )
Proceshs ‘ - . ¢ — ’)-
) ) ¢  Single-Letter Units Malti-Letter Units
4
: . ) ’
Stimulus SHOOTING . ) SHOOTING .
, ‘ \ . / v
. /Encoded Visual Units \ S/H/0/0/T/1/N/G ‘ SH/Q0/T/ING
» R ! t , ’ \
- 7 ,
Decoding: Parsing SH/00/T/ING
Grapheme Array ‘
. - \
Decoding: Phonemic X VW ’ ‘ / v ! _\
_Translation Jut1n Jutzg " .
7’ ‘ b )
. —7“
- . \ Q/ > Y \/r‘ .
Assignment of‘Stress fut'Iq fut "In
and Intonation
-~
. . - - ' /
v’.y' ) . o
' Ty \ o’
\
/- . b !
.Y N
4 2 < . .
« o :: \ v
- »nr ' 4 . J
2 ’Q
‘A . ? . / v’ .'
v S <
- - -9- S

. .
. w .
. ~
- - . ‘
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. . ‘.» W K « 7 P \ .
. T YN . TABLE 2 ‘ . I
. .l . N N . -
. St ariables Used in the-Component - . , ) )
D skills Analysis of"cwciSt;uctures* ) - . .
v A » - , - Co- . l
v, \ o ‘ A .
. Results ,
. k VARIABLE \ CODE TASK ¢ anovat l
. B \\ 4 -
k. peed in Letter Encodlng Letter Letter .05
“RT for dissimilar cases’ (Aa) Encoding Matchihg «
minus RT for similar cases . . ‘ 2
(AA, aa) ’ .
2. Scanning Speed: .Increment in Scanning Bi_grém p<.05 |
RT per letter position. Speed entifi-
¢ . cation .
3. Facilitation in encoding jointly 'ﬁefcept. Letter . - , l

- occuring letters: RT for dissim- Facilita- Matching ’

~ ilar letters (Ad) minus RT for - tion : e

similar letterd (Aa). l
4. Bigram Probability Contrast: Bigram ’ Bigram p<.05 ’

RT (Low Prob. Bigram) minus Proba- Identifi- - .

RT(High & Middle Prob. Bigrams) bility cation’ —_— l

’ '8, ? Array—Lengtﬁ Contrast: Increage. Leng}th: * Pse doword p< 06 ,

-in RT for eacly added letter. Pseud. Decoding ) - ) l
6¢ . Syllable Contrast: RT for Syllable: Pseudoword - N
. 2-Syllable minus RT for 1-Syll. Pseud,; Decoding l
PR Y . - \ . N N . N . ' <
7. - Vowel Complexity Contrast: " Vowel: " * Pseudowofd - ! , - =
RT for -vv- minus RT Pseud. - Decoding - ) .
- o -~ . ,

: 8. BSyllable Contrast (as above, but - Syllable: Pseudoword p<.01l A
‘ 'for vocallzatlon durations.) Pseud.” Decoding -
7 (Dur ) ‘ . % - . ] I

- “ [ \ \‘ A\l .
9. Vowel Complexity Contrast: (as: Vowel-' Pseudoword p<.10 " C
" above, but for vocallzatlon ' Pseud. Decoding . « .
. durations). ur. ) . e 7

T ,»10. Percent Drop in Decoding Indica- A% ecodlng Word* a T~
: tors for HFW and Pseudo-: (Sum 5-9 Pseud.- Namvlrgg . . )

for Pseud. - Sum 5-9-for HFW)/(Sum HFW - 1 ¢ - ’
5-9 ‘for Pseudowords) o ‘ SRS f . SRE
11. Percent Drop in Decoding, Indica- A%’ljeCogiin Wword . . - . TR

’ tors for HFW and LFW: (Sum 5-9 LFW-HFW %" Naming- E ’

for' LFW - Sum 5-9 for fifw)/ C S e s P oo ’ Yy
(sum"5-9 for LFW) i, ne . l
All comparlsons are for mean response tifes unless -odherwise noted. :'~ "N
+Values ofs: the variable/di - subjects- at four sreading levels at :
the indicated qiamflcance level. : ‘. l
-10- i "%
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termed category fac111tat10n (Posner & Snyder, in press). These

re

two measures are9 thodght ko refer respectlvely to the two .
subd1v1suons ‘of - Perceptual Encod;nga —iﬁenc“ﬁin@ oﬁ ;:d1yr3£al_,
'graphemes, and ‘'encodimg oﬁ mu1t1 grapheme un1ts. ;S*u . h

‘ ¥oooe - \
2." Bléram Ident1f1cat1on., In this

s

~ D

task, the subjedt is

flowed by a 300 msecl
o~

shown ‘a’ 4-letter array, preceeded .an63

pattern mask (e. g., $444, followed. by SHOT and that followed hy
& e .
'f' #444).. The actual stlmulus array var1es from trial to trial: On -

a terd of the tr1a1s, the st1mu1us 1temso are famallar Engllsh *

‘
%

v words, while on the- remaining trials the 1tems are presented with
L] o -

t

_two letters masked so that?only a single pa1r of adjacent letters

~

. ‘&éé b1gram) ‘is i%lble (e.g., SH##, AB# ##TH) Further, the
blgrams are chosen s0 as to dlffer 4n LOCatlon within the item
//,(pOSI ions 1-2, 2- 3,~or 3 4), frequency of occurence in Eng11sh

-(evg'l

H [high], GA .[middle], anp LK [lowI),‘and likelihood fﬁi

occuring \in the1r presented posrtlon w1th1n a foug-letter word
. N ® 3 N

(e. g., TH## hrgh ‘versus #TH# llow]) (cf Mayzner & Tresselt,

1965). 1In a11 cases, the subject s task’ls to report the 1etters
‘ 3.

‘that he ‘can’ e, as quickly and accurately as poss1b1é. The
. ; ® = i
‘the RT measured from the: onset of ‘the

3

response measure is
stimulus 1tem to the onset ‘of the subJect's Vocal report of the
1etters (Frederlksen, 1 78) - Two measures are der1ved from Shls

19

exper1ment. Scannlng,- Speed (VarlabHe' 2) is measured by

subtractlng the méan RT for bigrams preseﬁted rntvpositions. 3-4
A N . T , . \lt - * '

. e L R :

. ’ -11- ® .o \\ *

’
.
‘ \“ . ) . * *
l N -~ ) LY
$ . s » 4 Y - . ‘ - .
. . Lo Ve
.
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from®. the 'Meaﬁ for bidrams presentea in pbsitions 1-2 and then

a drg}dlng by 2. This gives the increment in RT for each shift to-

-

the right in letter position. The’ Bigram Probab111txﬁContrast

i (Variable 4) is measured by subtractlng the WT 'for high - and
. mlddle probab111ty blgrams from that for 1ow probablllty blgrams

. ThlS var1ab1e gives the penalty in’ ptoce551ng t1me brought by
,reduc1ng the 11ngu1stlc frequency of a blgram unlt by the given

amount. Var1ab1e. 4 provides a second‘measure of the abllity to

, ) ggpod prthograghically regular multi-grapheme units. variable 2

‘o

© ‘. . '
(scanning speed) is thought to provide a more generakl measure of

‘e

w

Perceptial Encodlng, and- to reflect both the s1ngle grapheme and

mu1t1 —-grapheme subproceéses.

. 5 e
3. Pseudoword Decoding. 1In the pseudowdrd decoding tasiy

subjeCts are asked t6 pronounce pseudoword items that havegteen
% .
derived from actual Englisk words by changing a .single vowel

A

(e.g., BRENCH,, derived from BRANCﬁ). The set of pseudoworés

~

. covers a numbenfgﬁ brthographic forms, 1including varlatlons in

1ength, number of gsyllables, and type of vowel (Frederlhsen, Note

’ v

1{. We' measure the RT from the presentatlon of the display to

the thet*of the subject's ‘vocalization and the duratlon of.. h1s

[}

.vocal response, Flve measures of decodlng are derived from thlS
A TERN

.
P . . *
. )

experimeptE The '"Array bLkength Contrast '(Varlable 5) is" the

.

CCVCCC);’ The 5111ab1e, Contrast (Varlable 6) is measured by
. . ‘ ’ ‘ - . .
.-’ : . . . . "12" /—'/'

-~

o ,increase - in mean RT’ for each added 1etter (e [« O CCVC, ccvee, V~
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subtracting the, -mean onset RT for two-syllable items- from that

-~

for one-syllable items that are matchkd on initial phoneme and

orthographlc form (e. 9. CVC-CV and CGCCV) The Vowel Comple&igy

Contrast (variable 7). -is measqred by SUbtracting thé .mean onset

RT fer pseudewords having sequences of two beels (8.9., é&VCC)
\ N . L] .

>

from\thet for péeudowords having single vowels (e.qg., CVCCd) In

additfon, the syllable and vowel c?mp exity contr&sts were

3 -

-caluclated us1ng*vocallzat10n durations, formlng Varlables 8 and

b 3 : . ’
. These, contrasqs in all cases reflect the increase in,

5&

5?%6ess1 o fﬁlcdlty occasioned by 1ncreas1ng the orthographic

fs.f' . , .
complejggy of a stlmulus item in a des1gnated manner, and -are
‘ ‘ ‘ -

- )
regarded as/measures of Decoding. It is thought that measures

4 1

4 > o .
based upon. RT to onset of vocalization tap earlier-decoding

.

processes of parsing and, phonemic' translation, while measures
based  upbn vocalization durations tap. later processes ,.of
articulatory programming, stress assignment, . and . the

establishment of prgsodic features.

*

4. Word Naming. This task is in every respect similar to
. N ‘ .

the -Pseudoword Decoding task, eicep; for the use of Engliéh words.

T,

-

in' placq of*"pseudowords. In addition to Variétions in

/1 -

orthographlc form, the stimulus words are chOSen to represent two

R4 ’ .
IIDQUISt}C frequencxes of o!currence, low frequency words (hav1ng=

'

y -

-

.
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a mean SFI . in x2 - of 27.8) and hlgh\Erequency words Thav1ng a

~. ‘
& \ mean SFI index of 56 Each of the : five \contrasts odescrl%ed

above for the Pseudoword Decodlng task is also calculated for qké\ \

WOrd Namlng task, for both high freqqendy words (HFWsy) and low

.\' .
—,liil [ ] lllh‘ [ ] llli

frequency words (LFWs). Two measures\Were censtrueted. in order=

o memlem Lo L

b to compare "the extent of use of Decod1ng 1n\process;ng hlgh and

3

low frequency words and pseudowords. The Percent Drop in

Decoding Indicators, foxr HFWs’ and Pseudowords (Var1 le 10) is:

measured by summing the values of the .flve contrasts for both »
HFWs and Pogudowords, and calculatihg the percent drop using ,the
formula: . i

‘. . N, . . v \
% Drop = (Sum(Pseudqwords) - Sum(HFﬁsL) /\Sﬁm(PseuddWOrds

. / .
.
.
/
SRR SR R EEE

The Percent Drop in Decoding Indicators for. HFWs and. LéWs

LY
o

. N
measured in a similar manner, by subst} utlnq LFWg\ §¥?

'\ pseudowords in the above - comparison. These iables

- ! Y

developed to measure a fundamental characteristic- Lei;cal
. s o
ey

cess: the-depth of proces51ng of orthographic 1nformat10n tnat
QC
Lar

characterlstlcally takes place prior tog 1ex1ca1 retrieval.

‘ e \
‘'values for elther of these contrasté 1ndkcate a decrease in depth

v

of ‘processing when the stimuli are fam111ar Engllsh words, while

-

Ve

small values 'incidate that ‘there is a continued use- of

word-analysis skills’ in the ﬁecognition of commén words,

LI ]
L4 ’

4 . .
" ) 2The SFI or Standard Frequency Index 1is a logarithmically
transformed word frequenecy. scale (Carroll, Davies, & Richman,
1971). High values represent Endif;h words that occur ‘commonly

in text; low values represent”’ uncomjyon words.

-

'3____—'\ -4 ) ' o I
o , .. .
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Relation to Hypothesized Component Skills
7 =

It has been our belief that the set of measures we have

deseribed ‘'will permit us to. distinguish the five component

ﬁrdcesses eyluded to above and listed in Taqg e/ 3 The first,hwo“

=

components (or factors) refer to the tmo .eubprocesses of

i v

Perceptual Eﬁcoding, dealing with the encodlng of 1nd1v1dua1

grapheme;*anQ with'multi—gr pheme units. The, th;nd»—and fourth

»

Bolt Beranek and Newman Inc.,

o 4 ) - [

components reEET to hierarchically organized'leyels of Decodiﬁg:

~. . _— - .
.Phonemic translation inclgées the parsing of a grapheme array and

\\

the applkcatlon of or;hograbhic rules to derive a phonemic’

.

representatlon. . Automaticity of articulation refers to

operations performed on an initial phonemic representation in
\ . . v

" deriving an articulatory or speech representation, including ,the

3

\ias§ignment of EFress patternr and other- prospdic features. The

.,
AN

last compoqin; process refers 6 to “what 'is érobébly the most
. ’
fundamental characteristic of Lex1ca1 Access, damely, the depth
- \

of processing { of the orthographlc code. prior to 1lexical

-

c e

' retrieval. ‘ -

LY

The relations we have described ‘between component skill
. 5 . )

Jmeasures and component processes can be summar ized” compactly in a

~

factor matrix, shown in. Table 4. Ignoring‘for the moﬁeﬁt the
. "k
numer ical value contained in the. table, the\hypothe51zed factor

~

structure 1s re resented by the p051t10ns of zero and positive

values in th able. A value (or loading) of zero ‘for a ‘variable
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. , ‘ 'TABLE 4 ‘ -
~ Maximum Likelihood Estimates of Factc'>r',~ -
Loadings‘and Uniquenesses for the Experimental Variables*
' ” r« ’ ‘ ) -
I4 ‘ * v
- FACTOR: . " Unique-
VARIABLE I II, III 1IV*" V' _ ness
I oA R =
b [ 4
~ \ .
’ - 1. Letter Encoding 1.00 0.%: 0. 0. 0. .00 "
A * H 1Y
. ‘ |
2. Scanning Speed ~ .64 .53 0. ' 0. 0. .53 .
-2 : . .
3. Percep, Facilitation 0. .62 0. 0. 0. . .62 = ---
4. Bigram Probability 0. " .54 0. "0t 0. .M
. 5. Length: Pseud. .16 0. .77 0. 0. 36
- - ~
6. Syll: Pseud. - . 0. 0. .80.0. 0. .37
” ‘ ] . e ) >
7. prel: PseU.d. R '0. o. 055 0. 0. 070
P ’ oz [}
‘ ., 8. Syll: pPseud. (Dur.) 0. 0. 0. .96 0. .08 , .
- : ) . A " '(
9. Vowel: Pseud. (Dur.) 0. 0. ., 0.7 . .36 0.. .87
10. A% Decod.:Pseu.-HFW 0. 0. Q; 0. . +24 .94A\\' B
- - B ’\:; 13 - . . . e
. 11 A% Decod.:LFW-HFW- 0. . 0% 0. " 0. < 1.00° .00. " .
- . H N \ ' . v
4 ".'% .
el L " op( s :
g N L . 2
- "~ <

Zero loadlngs were ﬁnxed by hypothe31s, the goodness ‘of fit of - ;‘ﬁ
the Qypotheslzed structure is. measured py X (32) = 38 4, p = .20.

9
'
.
[
-
.
i
»
'
>
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indicates that that varlable is by hypothesis not cons1dered a

N

measure of the particular component process, and is nof, expected
to be related  to that' component except  through possible

correlations between component processes. A positive loading

»

1ndlcates that the var1able in questlon,is hypotheslzed to be a

measure of the part1cu1ar component process, although tgﬁ:exact

.

s

valde of the loading repains to be estimated " .on the basis of
datd. By reading downe;~e

olumn of Table 4, one can see which RT.

contrasts have beenxhypotheslzed to be markers of a glven factor.
. .
By read1ng across rows, one can see the hypothesized factorial

composition for each variable. i , ' B

Y

III. EVALUATION OF THE COMPONENT SKILLS MODEL:

—_—

.  Method N ’ . ) : -

A}
»

So far, this discussion has focused on the nature of

component processes in reading. ~and the types of chronometric
; ' T
measures used in their measurement- Our ability to validate the

K

component sk111s analysls is based upon an important *: deyelopmeﬁt

~

in the application of stat1st1ca1 theory to the problem of factor«

-

analysis, worked *out a few years ago by Karl Jofeskog (197ﬂ)
\gareskog's .technique  ‘allows us to . est1mate dlrgctly the
ézaramerers of a. factor " model wusin the ’methoé of maximum
. : N . : ]
’ iikelihood, provided that ,the number * of parametegsi“to" ber
ésrimated’ ’Qoes'-qgt exceed .the gdegrees ofk fféééom“’id the

Y

‘(
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, covariance or correlation matrix being factored and that the

‘hypothesized factor matrdix 1is unique in that it precludes . (”
rotation of axes. The investigator reduces the 7hmber of s

parameters in the ‘analysis by‘constréininé.the°parameters of the

4 °

model (vglues in the factor matrix, intercorrelations- among the

factors, or uniquenesse§) to have specified values or to 'be equa%/

1

/

to other parameters in the

et to be estimated. Jdreskog's (Note

2) program provides a test of fit of the'hypothesiied,facsor.

structure, represented by the choice © onstraints on the values

of- the parameters. ° Finally, comparisons a alternative

- »

‘ structural models can be made using a likelihood ratio test.

Subjects _
/" ' pata available for tesEiﬁgJ;he structural model in Table 4 .

are the scores of 20 subjects who were tested on each \bf the |,

tasks we have \gfscfibéd. " The subjects were high schoél
. A ' " . .
» -sophomores, juniors,' and seniors, and represented a wide range of

reading abilit§ levels. Their reading sgores on the Neisod-Denny
Reading Test ranged frgg the _16th to the 99th .bercentife. -

Approximately equal numbers of subjects were drawn from a city

'
3 - 4 . *

and a suburban high school.

< '0 : e ' ...

Results

[y

-\\\; The" goodness of fit bﬁ the hypothesized factor- structure is ~

~e ¢

» . .o [ < e - . )
A given in Table 4, along with estimated valtes for the- factor

. - . 9 :
« e ¥ ~ s\ .
- 5 ' - . " A
) }
;
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. . /’
loadings:‘ The obtained Chi-square of 38.4 (with 32 deqrees of
freedom) ' has a probability of .2, indicating- that the sample
correlation matrix would be obtained with high likelihood given

L

that the hypothesized structure is the true factor structure;

Moreover, the values of the ioadings in the factor matrix support

1

in detail the hypothesized component processes model. Factor\ I,

Grapheme Encod}ng, is clearly marked by the letter encodlng and

:scanping speed' measures. Factor 1II , Encoding Multi- Letterr

Units, 1is marked by :the perceptual facilitation contrast der1ved

from the letter matching. task and the blgram probablllty cbﬁtrast

' @erlved from the blgram identification task The three decoding

. *
indicators calculateq - from onset . RTs 1in thé’,pseudoword

[y
«

pronuncition task load on the’ Phonemic Translation factor {111),

and .the’tﬁo‘éeéﬁﬁ?ﬁg'contrasts based upon Yocalizatipn durations
load on the Articulatron fa¥tor (I¥). Finally, the measures of
processing \depth in  reading wor@s both 1load .on the. last
factor (V), Depth of Proeessing_in'Word Recognition. ," '

. ‘ 'r'
Estimates of the intercorrelations among the factors are

. L :
presented in Table 5. A 11ke11hood ratio test of the hypothesls

that the factors are mutually orthogonal y1e1ded“ X (10)=20.29,

with p<.@5. The factors can therefore be assumed .to be

correlated with one another. Several patterns among these

correlations are of interest. (1) Factors I}I-Vﬁappear to be
. . y

mutually = orthogonal, "suggesting that each is. tapping an

- . -

D BB S S R NS SESE R

A,

Mg

.
.
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TABLE ‘5

Maximum leellhoéd Estlmates of Intercorrelatlons
Among the Factors* ﬁ?

J”FKCTOR

N

-

I. .G;apheme Encoding

II. Percep. Facilitation

~

Phonemic Translation. =~ .09-

. Autohaticity of” *» 58
Articulation .

Depth of Processing : =-.11
in Word Recognition

»,
t

* ' , ,
A likelihood ratio test of the hypothesis of orthogonality of
the factors yielded x?(10) = 20.29, with™p < ,05. -

-

- ]
PN




'identifying 'multi

‘rapid in -encoding individual .graphemes are“flso more rapid in
¢ ' -

-articulatory processEs kr=.58).

T
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independent aspect ° of. " the reading rocess., Facility in
parsing/phonemic translation appears  ,to l|be ungprrelated with
processes related to articdulation, and the ‘extent o decoding in

3

reading common words is not related to a subject's level of sklll

.at the decodlng level. (2) 'The th aspects of Perceptual
Enching, ‘on the contrary, do appear 'to be related to skill in

decoding and lexical access. Subjects who are highiy’ efficient

in encoding mylti-letter graphemic units are faster in phonemic
7

rficulation (r=.24), and tepd to use

translation (r=.41) and in

heir decoding skills in ccessing common English words in their

exjcon (t=.52). It squects who are less - prqficieqt in
etter"units that decrease thair ‘depth of

processing when reading h1gh frequency words. Interestingly,

.there appears' to' be a small, fec1procal relat10nsh1p between .

efficiency in single letteé encoding and in encoding multi-letter
- ’ <
units (r=-.32). \(3) Fina%ly, it appears that subjects who are

.
> . * .,

Evaluation of Alternative Structural Models

s

. Three altd3native hyp?theses about -the factor structure were '

developed in order to see if the finer d1st1nct1ons made between

subprocesses of Perceptual Encodlng and Decoding are necessary.'

The results of these 1nvestlgat1ons are presented in Table 6: In

the first alternat1ve model, we were agteresred' in. the

-22%
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-
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¥

Test of Fit for Three Alternative . -

Hypotheses about the Covariance Structure

“Bolt Beranek and New:r{aryfxé.

v

Alternative Model

S

Effects on HypothesizZed
Factor Structure

Number of ,_cqfi

.

d.f. '

5

No distinétions
are made between
Subclasses of .
Perceptual Skills

s

No Distinctions
are made between
Subclasses of
Decoding Skills.
‘No Distinction

is made between
the Perceptual
Encoding of Multi-
letter Units and
(_-the Parsing of a
‘Grapheme array as a
" Component of

AN

FPactors I and II '~
are combined into

a single Perceptual
Encoding factor:

Factprs III and IV
are combined into -
a single Phonemic

Translation factor.

Factors II and III

are combined into

a single Parsing

and Phbnemic Translation

gggtor.

Factorg séuare

4 54.16

.

37

36

.034

Decoding. . H

) o




- A

: . . \ - D
distinctionv between . perceptualszncoding'of.ind%yidual graphemes

and multl -grapheme unlts, represented by factors I and II. These

/

_ two factors were, accord1ngly, comblned into a s%ngle ,Perceptﬁal

¢

Encodlng factor; in all other respects, the model was similar to

the general model in Tablé 4. The test ' of fit yielded:

2

X* (37)=54.16 with p=.g34, leading s -to reject the first

alternatlye model and to conclude that a-distinction must be

4 -

maintained between the’two aspects of ‘Percepthal Encoding as

e

originally hypothesized.

-
A

In the second alternative model’,- the distinction between

v

early (parsing, ‘phonemic translationrﬂ’and late (articulatori

programming) ) decod1ng “processes was dropped Accordingly,

factors> III and "IV. were combined into a slngle Decodlng factor,
‘.

whlle in all other respects ‘the model was similar to our orlglnal
model.  The test_ of fit yielded X2(36)=54.8 with p=.027. We

were thus again led to reject the alternative model -and Zté

conclude that the distinction between levels of analysls w1th1n

Vs

the decod1ng process mﬁst be malntained @

LA

« In the third alternative model _we were 1nterested in

test1ng “the 1mportance of the d1st1nctlon between the perceptual
par51ng of a 'grapheme array (represented -by factor II) andA

‘parsing conceived as a :component of decpging (factor III)
9

Accordlngly, in this model factors II and III were comblned into .

a single factor., The llkellhOOd ratio test y1elded X (36)=51.12

.

~\
|
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049, and again we ‘were led to reject the aiternativ

Evidently the. perceptual group1ng of graph%nes .into
overlapping, multi-grapheme un1tsl ik d1st1net from rule-based

esses involved in the translarlon‘ of . an orthographioally

. - - . L3 b
‘. .
o L) *

regular array. . SR r RN
AN

Testing ‘the External VaI{dlty of the Component skills Model

‘ A final source of 1nformat10n concerh1ng the valid1ty>o . the. .

component skill measures 11es in .their relafionship to other,

more general measures of reading profibiency. We ‘are interested
here in establishing what role the component processes playf
. g

setting 1levels of reading sk111 as measgred by convent1ona1

. .
- ~

tests of reaéing abilrty and qomprehens1on.- Two sets of
criterion variebles were ueed: (1) ‘Chronometric Measures

<

lV ) . N ) Y. . ) 1 e
representing overall levels” .of performance in reading Tre

Egdividualiy presented words: and pseudowords, andr(Z) Ré%ding'-

Test Scores, including‘the Nelson-DennY Total Score jthe'-sum of
Vocaoulary and Reading QOmprehen51on subfests), \Nelson—Denny
Read1ng Rate, and the Gray Oral Read1ngrmest Total Passage Score
. (which 1nc1udes number of pronunciat1on errqrs and reading rate) . :

oadings of each. of these‘ criterion-ayariablesr‘on the

a
*

7]

-
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‘ Loadings of Criterion Variables . N

TABLE 7

on the Component Skill Factors

Bolt Beranek and Newman Inc.
*q

f - , ~ %
<
) . FACTOR _
) I 11 11T 1 \ : .
Criterion GRAPHEME PERCEPfUAL PHONEMIC AUTOMA- WORD SQUARED “y
Variable ENCODING FACILITA-  TRANSLA- TICITY RECOG-  MULT. i
- TION TION OF  .NITION , CORRELA- CT
. ARTICU- TION .
{ rarioN
Chronometric Measures - . -
) ! « Q @ ' b l
1. flean onset 14 . .70 .35 59 .29y t73
Latency:Pseudo. . ‘ . . l
2. Mean Onset .33 43 Ao .49 .36 - .56 '
Latency:LFW ' ' ) I
’ . oy & ’ - .
. . t
3. Mean Onset .27 .55 112 .46 .35 - .68
Latency :HFW . - o . : I
" 4. Word Frequency, .08 “72 .33 .27 .22 .99
Effect. (Onset RT) o - .
Reading Test Measures , . i ' - I
' , % M . M l
5. Nelson-Denny: « -.42 -.59 -.02 | ~-.69 -.35 1.00
Total Score . , B ’
« -6 Nelson-Demny: [ - 12 -.52 -.23 -.62 =25 .73 . l
Speed 1 - ) e \ ‘ ,
7. Gray Oral -39 -.24 .09 -43  -.37 .53 ¢ =
+ ‘ ’ - "_'.
- ';. // . . l
.( - @ * . -t -t< :
~ ’ . - ‘\ ‘ A *
. //' | '. * AQ}; . ) i
ya s L
) ' -26-
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‘ Pranslation is related to pse

‘pred1ctor of readlng 1atenc1es. ‘ Finalfy,”the_loadings on the

N N . .
S v o -

-~ \
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& . .
Chronometrlc Measures. Mear onget laten01es for pronounc1ng

pseudowords and low or hlgh frequency words (cr1ter10n var1ab1es
?
1-3) are hlghly predlctable from the compbnent sk111 factors,

FS

. with multiple correlations3_ of .85, .75, and .82, respect1ve1y.‘

There is a high degree of conslstency in the pattern of loadings
PaRY .
for each of these cr1terlon variables- While Gtapheme Bncoding 1s

positively --but not strongly -- related to efficiency in reading . -

.

words and pseudowords, the ability to encode multi—letter units

& . Yo, .
is the strongest—predictor‘of oral reading latencies. Phonemic

ot a decoding'laténcies,'but:_not

/’//

. . f ] - .

to latencies pronouncing English words,- However,
o » S e )

Automat1c1ty of Articulation does/;turn out to be  a 'strong

}

- —

visual Recognition - factor support our earlier contention -

»

' (Frederiksen, 1976) ’that A&t is the poorer‘readers that use a

1

visual or whole-word bas1s for recognlzlng famlllar words. . ”

The dlfference ,1n reading 1atenc1es' for low. and high

/

S

freéuency words was entere as the’fourth cirterion:vériable.

The items contrlbutlnq‘to the hlg and‘low frequency scores . were

i

We~find that the grapheme

~.

balanced “in’ number? \§f Ietters, 3

encoding component "does not pred1ct thls\

. [ 4
hand, hlgh and low frequency words do differ :\f

- i

r

3 The multiple correlations are subject to shrxnk e. and shouldw.

be regarded only as indices of the  degree of_ shar variance

between the component sk111 factors and the cr1ter1a.

Lo

4
)

oY T
LEy ‘2 T
3.

38*"~ M~->‘\i\"‘\‘ =~ l

iterion. On the\gther )

.\the pOpulation55 f"

-
et
"

e e
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graphem:u\\ESz\fonta1n, and we are thus not surprised to find

l*». th;:\ghg~mult1 let

“Qasgfoding factor .is a strong predictor of
differences Jn 1atenc1e5'%x<f read1ng low - and high frequency I

’ WOrds.gFmally, the positive 1 on factors. III-V "suggest
’ again that high and low frequency w;:;:\s\sx.-alysed’in different

e

[ o ways prior to lexical retrieval.

3

- - Reading ‘Test Measures. ¥  The scores for the three~te

test measures are highly predictéblé from' the component

factors, with multiple correlations of 1.66, .85, and .73 for the
. . . - &
Nelifn—Denny Total, Reading.,L Rate, - and Gray Oral Reading Test

sogres, respectively. Again, the strongest predictors appear to

be ﬁcoding Multi-Letter Units o} iutomaficity of Articulation.

Sub]ects scoring h1gh1y on the re ihg tests also, ténd/ gg/*be

eff1c1ent in Gfaphme Encod1ng\and to use thier dbcoding sk1lls 1?‘
Eecogn1z1ng familiar Eng}1sh words ;s well ‘as less fam1liar
o items. Low scoring subjchs again are foun;?to be %gss~efficigpt

in :hcoding individﬁal graphemes, in perceiving multi-grapheme
4

units, and in their degree of automaticity in the final, Staqes of

/ ' - \ - ‘ .
decoding, and they tend to recognize familiar words on fhe basis .I
" 'of their visual characteristics. -~ ' . ' i

¢ . - - .
—— . 4 ~

.
- 7 . - i . * - . B
e - - M < L3
. .
’ . -

l

3

- . . Y - . e 2 - ' - ¢ I
’ N -

:

.

f‘ ’ 4 "The loadings are negativg, indicating <that efficiency 1in ‘
o process;ng within the domain of each component skill is related;},

L h1gh scates on’ the xeading tests.'

- : <

.. N . . \ o~ , NG e e '%‘,_Mf_?ﬁg*:::,‘; “e,"n. ‘ - }
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’
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s

\~-rocess1ng (perceptual encod1ng and decoding) - that—-takes p;éce .

.. . (-
» .
’ relatedness_ t:\;:EP\\és of. reading prof1c1ency permit us to draw . k\

\
«a» visual *o&aracteristlcs, wlthout th

Report No. 3757 ! v * Bolt Beranek and Newman Inc.
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,,\\ . ) IV. SUMMARY AND CONCLUSIONS

. * >
\\\\The evidence we have,collected supports a component process -
v > .

modei\\for reading that ‘ distinguishes at least five component -

AN

skills: \1. Effidiency in perceptdaﬂ encpding of individual’

graphemes, ‘II. Efficiency in encoding orthodréphical&y regular,

~ P

mukti rapheme\gunits, ITI. Efficiency in éaisé%ij an encoded...- B

qm AT
R

.

grapheme array and in apply1ng letter—sound correspéndencé rules
Eo deriv ' a .\phonolog1ca1/ oronem1c representation, |,
: NN

°® ’

IV. Automaticity in deriving ‘a speech’ representation, in the

assignment of st?éss ands other qusodic' features, and V. the

. . } T '\ ~ .0
process , of lexical retrieval, characterized 'by the depth-of

r'd ¢ L}

W ..
prio X0 lexical access. The picture _we have gained of the

A . . . .
patterns oE\*\ ercorrelation among component skills -and " their

| \\\ ] R ; - R
two more general \.nc1:ZIE\\\\\\\\ ' . b
1. Wh11e component Drocesses can be rqgg;ded&“’§ﬁ§§TZ;:?:;:§ally

- ordered, the 1n1tlazﬁoa//offﬁiig/o;der processes (e. 9., lek1c$1;

j};z£:i£1’§Q£ neces ily await the comgle on of earlier' ) :

51q§, operatlons. \\Thu the depth of proces51ng pr1or to

w1th the famlliarlty of a word ‘ [~"

»

ed on the basis’ of ‘their ‘ .

1ex1cal etrlevaf is seen to\var

\\

N
ngh\frequency words may be recogn

completion of the graﬁheme

recognizinq .

r -

RN
O

encoding and d coding processes \ req

unfam111ar w\hds.
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‘2. .There are 1nteractlons (trade-offs) between the use of skllls /

"L . ~

¢

5at' one 1evel of -p;ocessing and the mode of processlng and-

\
-4 - Som e ntons B e R e .m-»yvi(«.rm ~

process1ng eff1c1enc&ﬁat higher levels of processlng. Thus,. an /

\‘~..

o

- aballty to perceptually encode mu1t1 1etter unlts reduces the\~

B

demands placed on the decod1ng component, w1th a qonsequent B

/ * increase in- effrclency of . decodlng. ,Reader% who have high scores

, -

on_ factor II (Encoding Multi-Tettér Units) are also the fastest

- decoders,‘ and they "are likely to - apply ‘their - efficient

£ Py .

K w6rd—ana1ysis skills in recognizing"dommon as well. as rage/words.
oo ’ ot { o

cee T On the other hand, readers who( have a low 1eveldof skill in

—

percep%ﬂally encoolng~ gultl 1e§%er unlts' have _the gre!Eest
dlfflculty“ln decodlng grapheme arrays;;nto."somnd," and theéy are

- Sthe »ones who are most. 11kely”to”rednce.the depth’of processlng

‘ - ;w\’w
~ when v1sua11y famlllar words.are “encountered. ThlS proces81ng

NN <

4N

-

3 L lnteractlon4ﬁ®¥¥ﬂstrates h Qw the " mode . of process1ng at a high %ﬁﬂﬁ
- ' level (herghhggé;txﬁg oﬁ;ev1dence osed‘as a basis for performing :
o lex1c§g§@cces;§ Js‘iyfihenced-g&wthe‘1evel of sk111 in process1ng
‘ ;“j' " a %%?epa%evgka ~¢$e moérf1catlon 1n procedures for high- -level
?if- - process1n§f‘%ée;géal:’access)W,6Eﬁves @to compensate ,gori low
. %ﬂ ,effxcxenc1e§i§¥ﬁ;‘£§;ar level oomppnent processes. 'rhus,.-the
‘f o 'system adaptsfto it! ggown giflcrenores;~andtls able to iﬂprove*
PR it's overarlgp%ffor ance when the st1mu£3s materials perm1t such )
! v f“’»i‘

an adjustmﬁmt~ ~‘f?rocessing oharac%érlstlcs to take place. In

A +
Jv-.

general, we befg}vepthat models fpr~human information processing
¢ . ‘,_,x e P Fa - ' A
ES3 % IR | )
P : .,5‘:_’ >~ . )
- . ry N ‘4‘ ‘.“‘ ;‘ﬁ , N . ‘A . - -
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within a cdmblexi domain -such as that of reading will have to
account for indivjdual differences in the Qtoéedures‘uSeq by the

system in allocatiﬁg its components for _the solution .of a

S

processing efficiencies within  the componen&y/ processes
themselves. '
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problem, as well as for skill differenc s among subjedts in

1.4
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