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SUMMARY

A component skills model of read ing is presented . On the

basis of the model , five component factors are hypothesized : (I)
a .

- - Grapheme Encoding , (II) Encoding Multi—letter Units ,

- - (III ) Phonemic Trans la tion , (IV) Automaticity of Articulation ,

- - and (V) Depth of Processing in Word Recognition. The fit of the

hypo thesized componen t fac tor model is tested usin g covar ian ce

data for eleven chronome tr ic  measures , cho sen to r e f l ec t separa te

- - 
stages of processing . The fit of the structural model is found

to be good (p=.2). Three alternative models are developed , each

represen t ing a simpl if i ca tion of the genera l model ; in each case
• the alternative structural model is rejected . The component

skills model accounts for nearly all of the variance in subjects ’

general  rea d ing abi li ty, as measured by standard tests of reading

comprehension .
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A CHRONOMETRIC STUDY OF COM PONENT SKILLS IN READING

I .  INTRODUCTION

Psychome tr i c i ans  have long sought to deve lop sk il l measures

covering the repertoire of human cognitive abilities (cf.

Thurs tone , 193 8; Thurs tone & Thurs tone , 1941; French , 1951;

French , Eks trom , and Price , 1963; Guilford , 1967; Carroll ,l974).

The goal has been to build tests of information—handling skills

that represent par t icular methods for proc essing informa tion , but

that aè the same time have applicability across a variety of task

environmen ts. While this early work on cognitive and perceptual

abi l i t ies  is in many ways compa tible wi th modern cogni tive

psychology in its effort to distinguish component processes in

human sk i l led performance , the h is torical  emphasis upon

cross—si tuational information—processing abilities has limited

the u t i l ity of such measures  in the analys is  of the par ticul ar

componen t skills tha t are acquire d in becomin g prof icien t wi th in

a single task domain such as that of reading .

In an effort to develop measures that are diagnostic of the

sources of reading disability among naval recruits , we have been

engaged in a series of stud ies of ind iv id ual d i f f e r e n c e s  in the

component skills involved in reading . The general goal of this

work has been to develop a set of componen t sk ill measures  tha t

represent the particular information—handling processes used in

— 1—
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read ing , as they are conceptualized in current theories of the

reading process. These include skills involved in the

translation of orthographic patterns into “ soun d ” patterns and

the accessing of lexical information , as well as perce ptual

skill~ of pattern recognition and encoding . A second goal has

been to explore the potential offered by a chronometric approach

to the measurement of component skills in reading . There are a

number of reasons why the measurement of processing times may

provide an important tool for the assessment of skills in young

adults. First , it is difficult to generate errors in such basic

skills as letter identification , phonic analysis , and the like in

mature subjects. Yet , individual differences in skill may still

be apparent in their processing efficiencies. Second , studies of

reac tion times in human informa tion processing have served

experimental psychologists well in their efforts to build precise

models for reading . In particular , the subtractive method for

analysing reaction times (RT5) has proven its value as a

technique for deriving measurements that reflect a single locus

of information processing . In the subtractive method , the

difference in RTs is calculated for expe r imental conditions that

vary in the processing load they place on some single processing

subsystem . RT differences (or contrasts) then provide a measure

of the relative difficulty in processing under the contrasted

conditions. With a careful choice of contrasts among

—2— 
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exper imen ta l  cond i t ions , it has been our  hope that  m e a s u r e m e n t s

of component processing skills can be derived .

Approaches to V a l i d a t i o n

The assertion that a particular RT contrast represents a

designated component skill must in the first case be backed up by

exper iments designed to establish the construct validity of the

particular constrasts. Thus , the first source of information

concerning the validity of component skill measures comes from an

analysis of the individual experimental tasks from which the RT

contrasts are derived . In this analysis , v a r i a t ion s in

experimental conditions must be shown to yield the expected

changes in response times as required by theory.

The second source of information leading to construct

val idat ion re sul ts f r o m  a compa r i s o n  of measur es de r i v e d f r om

different experimental contexts . From a set of experimental

tasks , several measur es are derived for each hypothesized

componen t process , each one based upon a sepa ra te cons tast amon g

RTs for a different set of exper imental conditions.

theoretical prediction can then be made about the relationships

among these sk ill measur es: al terna ti ve measures  of a designa ted

componen t sk i l l  are hypo thes ized to f orm a common fac tor tha t is

distinct from the factors formed by other component skills. Note

tha t it is the h ig h degree of spec if i c i ty abou t the componen t

sk i l l s  measure d by the chosen RT con tr asts that a llows us to

—3—
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generate and test a specific hypothesis about the factor

structure underlying our set of component skill measurements.

And , ver i fica tion of th is hypothesi s w ill perm it us to conclu de

wi th con fidence tha t the componen t sk i l ls  de r ive d form our model

of rea d ing do in fact represen t the postula ted sources of

individual differences among readers.

F ina l ly ,  the ro le of componen t sk i l ls in establ ish ing an

individual’ s general level of reading ability can be investigated

by using the component skill factors to predict other , more

general measures of readinq performance . This provides us with a

third source of validating information : the evidence that

particular component skills contribute to skilled reading as

measur ed by conven t iona l tests of rea d ing abi li ty and

compr ehension.

II. COMPONENT SKILL MEASURES

Theoretical Model

The theor et ical model gui d ing the selec t ion of componen t

skill measures is illustrated in Figure 1. The model

disinguishes four main processing levels: I. Visual Feature

Ex traction , II. Perceptual Encod i,~~~ III. Decoding, and

IV. Lexical Access. Perceptual Encoding is further subdivided

in to a componen t re pr esen t ing the encod ing of in divi dual

g raphemes and a componen t represen t ing the encod ing of v i sua l ly

familiar, mul ti—grapheme u n i t s  (e.g., SH , ING). Finally,

-4- ~~ 
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Decoding is divided into processes of parsing (Spoehr & Smith ,

1973), phonemic translation , and articulatory programming .

A genera l fea ture of the model is the no t ion tha t, whi le

these processes are h i e ra rch ica l ly a r ran ged , the initiation of

higher-level operations does not necessarily await completion of

pr ior operations in the hierarchy. Thus , Lexi cal Access can be

initiated on the basis of any of the following input

representations : (a) a spatial d istr i bution of visua l fea tures ,

(b) an array of independently encoded graphemes (e.g., T R A I N

I N G), (c) encoded , overlapping multi—letter perceptual units ,

as in ((TR) ((AI)N)) (I (NG)) (see also Figure 2), (d) a parsed

grapheme a r r a y  (having a f o r m  that may be s imi l a r  to tha t

illustra ted in Fi gure  2) , (e) a phonemic trans la t ion of the

orthographic pattern , as in t r ~ n r r , or (f ) a speech con tour ,

having assigned stress and intonation. Input representations a—f

represen t d i f f e r ing depths or degrees of processing pr ior to

lexical access. 1 In a s imi lar  fashion , Decod ing can take plac e

on the basis of (a) a set of indepen den tly encoded graphemes , or

(b) encoded , mul ti—letter perceptual units. Note that , according

to the model , the deman ds placed upon the decod in g componen t are

1To handle reader’ use of context in lexT3al Letrieval, an
add itional inpu t code (q) represen ts seman tic/ syn tac tic
constraints based upon a contextually—derived model of discourse.
However , skills involved in the use of con tex t are not inclu ded
in the present set of exper imental measures and will not be
considered here.

—6— 
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T R A I N I N G

a —

- 
Figure 2. An illustration of the structural organization

that is implicit in the perceptual encoding of
the multi—letter units (TR), (Al), (N), (I),
(NG), (MN) , (ING), and (TRAIN) .
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greatly lessened when the grapheme representation is made up of

mu lti—letter units having functional utility for decoding , such

as affixes , double—vowels , consonant clusters , and the l ike , as

illustrated in Table 1.

Experimen tal Tas ks

Componen t ski ll measures tha t are reference d to pa r t i c u lar

stages of processing have been derived from four  experimen tal

tasks:

1. Letter Matching . In the letter matching task , the

subjec’F .s shown a brief (50 msec) display containing a pair of

iettt~rs tha t (a) have the same name and form (AA , aa), (b) have

s imilar  names but d i f f er in form (Aa ) , or ( C )  are totally

different letters (Ad , ad , AD). The subject’s task is to

indica te whe ther the letter names are the same or d i f f e r e n t  by

pressing an appropriate response key. Two RT contrasts are

der ived from this  task: Speed in Letter Encod ing (Var ia ble 1 in

Table 2) is measured by subtracting the mean RT for physically

simila r  letters (AA , aa) f rom the mean RT for  le tters  di f f e r i n g

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

Encod ing Join tly Occur in g Le tters (Var ia ble 3) is me asure d by

su btrac t ing  the RT for le tters d i f f e r i n g  only in case (Aa , Dd)

f rom the RT for  le tters  that are comple tely d i f f e r ent (Ad , aD).

This RT comparison measures what Posner in his la ter work has

—8—
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TABLE 1
• Decoding under Two Levels of Perceptual Encod ing

Perceptual EncodingProcess

Single—Letter Units Multi—Letter Units

Stimulus SHOOTING SHOOTING

~1~Encoded Visual Units S/H/o/O/T/I/N/G SH/OO/T/ING

~1~Decoding: Parsing SH/OO/T/ING

Grapheme Array

Decod ing : Phonemic
Translation futio futlf)

Assignment of Stress 
fut~ i~and Intonation

—9—
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TABLE 2
Variables Used in the Component

Skills Analysis of Covariance Structures*

VARIABLE CODE TASK

1. Speed in Letter Encoding : Letter Letter p< .O5
RT for dissimilar cases (Aa) Encoding Matching
minus RT for similar cases
(AA, aa)

2. Scanning Speed : Increment in Scanning Bigram
RT per letter position. Speed Identif

cation
3. Facilitation in encoding jointly Percept. Letter

occuring letters: RT for dissim— Facilita- Matching
ilar letters (Ad) minus RT for tion
similar letters (Aa).

4. Bigram Probability Contrast: Bigram Bigram p< .O5 LRT(Low Prob. Bigram) minus Proba- Identif i-
RT(High & Middle Prob. Bigrams) bility cation

5. Array-Length Contrast: Increase Length : Pseudoword p< .O6
in RT for each added letter . Pseud. Decoding

6. Syllable Contrast: RT for Syllable: Pseudoword
2-Syllable minus RT for 1-Syll. Pseud . Decoding

7. Vowel Complexity Contrast: Vowel: Pseudoword
RT for -vv- minus RT Pseud . Decoding
for —v—

8. Syllable Contrast (as above, but Syllable: Pseudoword p< .tll
for vocalization durations.) Pseud . Decoding

(Dur.)

9. Vowel Complexity Contrast: (as Vowel: Pseudoword p< .l0
above, but for vocalization Pseud . Decoding
durations). (Dur.)

10. Percent Drop in Decoding Indica- L~%Decodinq Wordtors for HFW and Pseudo.: (Sum 5-9 Pseud .- Naming
for Pseud . - Sum 5-9 for HFW)/(Sum HFW
5—9 for Pseudowords) -

11. Percent Drop in Decoding Indica- ~%Decoding Wordtors for HFW and LFW: (Sum 5-9 LFW—HFW Naming
for LFW - Sum 5-9 for HFW)/
(Sum 5—9 for LFW)

All comparisons are for mean response times unless otherwise noted.
+Values of the variable differ for subjects at four reading levels at
t -hp indir’.~t-pd sianificance level.

—10—
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termed category facilitation (Posner & Snyder , in press). These

two measures are thought to refer respectively to the two

- . subd ivisions of Perceptual Encoding —— encoding of individual

graphemes , and encoding of multi—grapheme units.

2. Bigram Identification. In this task, the subject is

- - shown a 4—letter array , preceeded and followed by a 300 msec

pattern mask (e.g., * # # # ,  followed by SHOT, and that followed by

# # # # ) .  The actual stimulus array varies from trial to trial: On

a third of the trials , the stimulus items are familiar English

wor ds , while on the remaining trials the items are presented with

two letters masked so that only a single pair of adjacent letters

(a big ram) is visible (e.g., Silti, #AB#, ##TH). Further , the

bigrams are chosen so as to differ in location within the item

(posi t ions  1—2 , 2— 3,  or 3 — 4 ) ,  frequency of occurence in English

- - (e.g., TH (high], GA [middle], and LK [low]), and likelihood of

- - occuring in their presented position within a four—letter word

(e.g., TH#* [high] versus *TH* [low]) (cf. Mayzner & Tresselt ,

1965). In all cases, the subject’s task is to report the letters

that he can see, as quickly and accurately as possible. The

response measure is the RT measured from the onset of the

stimulus item to the onset of the subject’s vocal report of the

letters (Frederiksen , 1978). Two measures are derived from this

experiment. Scanning Speed (Variable 2) is measured by

subtracting the mean RT for bigrams presented in positions 3—4

-il—
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from the mean for bigrams presented in positions 1—2 and then

divid ing by 2. This gives the increment in RT for each shift to

the right in letter position . The Bigram Probability Contrast

( V a r i a b l e  4) is measure d by subtracting the RT for h igh and

middle probability bigrams from that for low probability big rams.

Th is varia ble gi ves the penalty in processing t ime b roug ht by

reducing the linguistic frequency of a big ram unit by the given

amount. Variable 4 provides a second measure of the ability to H

encode orthographically regular multi—grapheme units. Variable 2

(scanning speed) is thought to prov ide a more general measure of

Perceptual Encoding , and to reflect both the single grapheme and

mul ti—grapheme subprocesses.

3. Pseudoword Decoding . In the pseudoword decoding task ,

subjec ts ar e asked to pronounce pseudowor d items tha~ have been

derived fr om ac tual Engl ish wor ds by changing a sing le vowe l

(e.g., BRENCH , derived from BRANCH). The set of pseudowords

cov ers a number of or thograph ic forms , inc lud ing v a r i a tions in

length , number of syllables , and type of vowe l (Frede r i ksen , Note

1) . We measure the RT from the presen tat ion of the di splay to

the onset of the subject’s voca l i za t i on  and the duration of his

vocal response . Five measures of decoding are derived from this

expe r iment: The A rray Leng th Contr ast (Varia b le 5) is the

increase in mean RT for each added letter (e.g., CCVC , CCVCC ,

CCVCCC). The Syllable Contrast (Variable 6) is measured by

— 12—
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subtracting the mean Onset RT for two—syllable items from that

for one—syllable items that are matched on initial phoneme and

- - orthographic form (e.g., CVC—CV and CVCCV) . The Vowel Complexity

Con trast (Var iable 7) is measured by subtr ac t ing the mean onse t

RT for pseudowords having sequences of two vowels (e.g., CWCC)

from that for pseudowords having single vowels (e.g., CVCCC). In

addition , the syll able and vowe l complexi ty con tras t s  wer e

caluclated using voca l iza t ion dura t ions , formin g Var ia bles 8 an d

9. ~~~~~ -ontrasts in all cases reflect the increase in

processing ditL iculty occasioned by increasing the orthographic

complexity of a stimulus item in a designated manner, and are

regarded as measures of Decoding . It is thought that measures

based upon RT to onset of vocalization tap earlier decoding

processes of pars ing arid phonemic translation , w h i l e  measures

based upon vocalization durations tap later processes of

ar ticula tory  prog r ammin g , stress assignmen t, and the

establishment of prosodic features.

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

the Pseudoword Decoding task , excep t for the use of English wor ds

in place of pseudowords. In addition to variations in

or thograph ic  f o r m , the st imulus wor d s are chosen to represen t two

l inguistic fre quencies of occurrence , low fre quency wor d s (having

— 13—
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a mean SF1 inde x 2 of 27.0) and high frequency words (having a

mean SF1 index of 5’~.4). Each of the five contrasts described

above for the Pseudowor d Decod ing task is also calculated for the

Word Naming task , for both high fre quency wor ds (HFWs ) and low

frequency words (LFWS) . Two measures were constructed in order

to compare the ex tent of use of Decod ing in processing high and

low frequency words and pseudowords. The Percent Drop in

Decoding Indicators for HFWS and Pseudowords (Variable 10) is

measur ed by summing the values of the five contras ts for both

HFWs and Pseudowor ds , and ca lculating the percent d rop us ing the

formula :

% Drop = (Sum(Pseudowords) — Sum(HFWs)) / Sum(Pseudowords).

The Percen t Drop in Decod ing In di cators for  HFWs and LFWs is

measure d in a s imilar manner , by substituting LFWs for

pseudowords in the above comparison. These variables were

deve loped to measure a fundamental charac teris tic of Lex ical

Access : the depth of proc essing of or thograph ic  i n f o r m a t ion tha t

charac teristically takes place prior to lexical retrieval . Large

values for either of these contras ts indicate a decrease in depth

of processing when the stimuli are fam iliar English words , while

small values incidate that there is a cont inued use of

word—analysis skills in the recognition of common words.

2 The SF1 or Standar d Frequency Index is a logarithmically
transforme d wor d frequency scale (Carroll , Davies , & Richman ,
1971). High values represent English words that occur commonly
in text; low values represent uncommon words.

— 14—
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Rela t ion to Hy pothes ized Componen t Sk i l ls

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

described will perm it us to d istinguish the f ive componen t

processes alluded to above and listed in Table 3. The first two

components (or factors) refer to the two subprocesses of

Perceptual Encoding , dealing wi th the encod ing of ind ividua l

graphemes and with multi—grapheme units. The third and fourth

components refer to hierarc h ically or ganized levels of Decod ing:

Phonemic transla tion includes the parsing of a grapheme array and

the applicat ion of or thog raphic rules to derive a phonemic

represen tation. Automaticity of articulation refers to

opera t ions performe d on an init ial phonemic represen tation in

deriving ~n ar t icu latory  or speech represen tat ion , inc lud ing the

assignment of stress pattern arid other prosodic features. The

last compo nent process ref ers to wha t is probably the mos t

fundamental charac teris tic of Lex ical Access, namel y , the depth •1

of pro?-cssing of the orthographic code prior to lexical

retrieval.

The rela t ions we have descri bed between component skill

measures  and component processes can be summar ized compactly in a

factor matrix , shown in Table 4. Ignoring for the moment the

numerical values contained in the tab le , the hypothesized factor

struc tur e is represen ted by the pos itions of zeroes and posit ive
- 

values in the table. A value (or loading ) of zero for a variable

--  -15-
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TABLE 3

Definition of Component Processes

Hypothesized in the Analysis of Covariance Structures

FACTOR NAME DESCRIPTION

I. Grapheme Encoding Efficiency in Letter
Identification

II. Perceptual Facilita- Efficiency in Encoding
tion in Encoding Orthographically Regular
Multi-letter Arrays or Redundant Letter

Sequences -

III. Phonemic Translation Efficiency in Applying
Spelling Rules to Derive
a Phonological/Phonemic
Representation

tv. Automaticity of Efficiency in Articulation;
Articulation Syllabication , Assignment

of Stress, Prosodics.

V. Depth of Processing in Use of Visual or Whole-Word
Word Recognition Recognition Strategy in

Recognizing Common Words.

: ~
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TABLE 4

Maximum Likelihood Estimates of Factor

Loadings and Uniquenesses for the Experimental Variables*

VARIABLE FACTOR Unique-
I II III IV V ness

1. Letter Encoding 1.00 0. - 0. 0. 0. .00

2. Scanning Speed .64 .53 0. 0. 0. .53

3. Percep. Facilitation 0. .62 0. 0. 0. .62

4. Bigram Probability 0. .54 0. 0. 0. .71

5. Length : Pseud . .16 0. .77 0. 0. .36

6. Syll.: Pseud . 0. 0. .80 0. 0. .37

7. Vowel : Pseud . 0. 0. .55 0. 0. .70

8. Sy1L Pseud. (Dur.) 0. 0. 0. .96 0. .08

9. Vowel : Pseud. (Dur.) 0. 0. 0. .36 0. .87

10. ~% Decod. :Pseu.—HFW 0. 0. 0. 0. .24 .94

11 ~% Decod . :LFW-HFW 0. 0. 0. 0. 1.00 .00

*Zero loadings were fixed by hypothesis; the goodness of fit of
the hypothesized structure is measured by x

2 (32) = 38.4, p = .20.

—17—
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indicates that that variable is by hypothesis not considered a

measure of the pa r t i cu la r  componen t process , and is not expected

to be rela ted to that componen t excep t throug h possible

correlations between component processes. A positive loading

indicates that the variable in question is hypothesized to be a

measure of the par ticular  componen t process , al thoug h the exact

value of the load ing remains to be est ima ted on the basis of

data. By reading down a column of Table 4, one can see which RT

contrasts have been hypothesized to be markers of a given factor.

By rea d ing across rows , one can see the hypo thes ized fac tor ia l

composition for each variable.

III. EVALUATION OF THE COMPONENT SKILLS MODEL

Method

So fa r , this discussion has focused on the nature of

component processes in reading and the types of chronome tr i c

measures used in their measurement. Our ability to validate the

componen t skills analysis is based upon an impor tan t developmen t

in the application of statistical theory to the problem of factor

analysis , worke d ou t a few years ago by Kar l  J~ reskog (1970).

J~ reskog ’s techni que allows us to est ima te d i rec tly the

parame ters of a factor model using the method of maximum

li kelihood , provi ded tha t the num ber of parame ters to be

estimated does not exceed the degrees of freedom in the

—18—
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covariance or corr elation matrix being factored arid that the

hypo thes ized fac tor ma tr i x  is uni que in that it preclu des S

• rotation of axes. The investigator reduces the numb~- -r of

parame ters in the analysis  by cons tr a i n ing the parame ters of the
• model (values in the factor matrix , in te r c o r r e l a tions among the

fac tors , or uniquenesses ) to have specif ied valu es or to be equal

to other parameters in the set to be estimated . J~ re sko g ’s (Note

- . 2) prog ram provi des a test of the f i t of the hypo thesized fac tor
- - struc ture , represented by the choice of constraints on the values
- - 

of the parameters. Finally, comparisons among alterna tive

structural models can be made using a likelihood ratio test.

Subjects

Da ta ava i la ble for test ing the struc tura l  model in Table 4

are the scores of 20 subjects who were tested on each of the

- . tasks we have described . The subjects were high school

- - sophomor es , juniors , and seniors , and represen ted a wi de ran ge of
- reading ability levels. Their read ing scores on the Nelson—Denny
- - 

Reading Test ranged from the 16th to the 99th percentile.

- - 
Approxima tely equal numbers of subjec ts were d rawn f rom a ci ty

- - and a suburban high school .

- 
Results

The goodness of fit of the hypo thes ized fac tor stru c ture  is

given in Ta ble 4 , along with estimated values for the factor

—19—
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loadings. The obtained Chi—square of 38.4 (with 32 degrees of

fr eedom) has a probability of .2, indica ting tha t the sample

corre lation ma tr i x  woul d be ob tained wi th h igh li kelihood given

that the hypothesized structure is the true factor structure.

Moreover , the values of the loading s in the factor matrix support

in detail the hypothesized component processes model. Factor I,

Grapheme Encod ing , is c lear ly  marke d by the letter encod ing an d

scanning speed measures. Factor II , Encoding Multi—Letter

Units , is marked by the perceptual facilitation contrast derived

from the letter matching task and the big ram probability contrast

derived from the bigram identification task. The three decoding

indicators calculated from onset RT5 in the pseudoword

pronuncition task load on the Phonemic Translation factor (III) ,

and the two decod ing con tras ts based upon vocal iza t ion dura tions

load on the A r ticula tion fac tor (IV ) - Fina lly,  the measures  of

processing depth in reading words both load on the last

fac tor (V), Depth of Processing in Word Recognition .

Es t ima tes of the in ter cor r elat ions among the fac tors ar e

presented in Table 5. A likelihood ratio test of the hypothesis

that the factors are mutually orthogonal yielded X 2 (l0)=20.29 ,

wi th p<.05. The factors can therefore be assumed to be

correla ted with one another. Several patterns among these

correla tions are of interest. (1) Factors Ill—V appear to be

mu tua l ly  or thogonal , suggesting that each is tapping an

— 20—
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5 .

TABLE 5

• . Maximum Likelihood Estima tes of In tercorrel ations
- Among the Factors*

FACTOR I II III IV V

- 
I. Grapheme Encoding 1.00

- II. Percep. Facilitation -.32 1.00

• III. Phonemic Translation .09 .41 1.00
- - 

IV. Automaticity of .58 .24 — .17 1.00
- Articulation

- V. Depth of Processing — .11 .52 .08 .01 1.00

- 
in Word Recognition

- - A likelihood ratio test of the hypothesis of orthogonality of

the factors yielded x
2 (10) = 20.29, with p < .05.

* —

—21—
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independent aspect of the reading process. Facility in

parsing/phonemic translation appears to be uncorrelated with

processes rela ted to ar ticula t ion , and the exten t of decod ing in

reading common words is not related to a subject’s level of sk i l l

at the decoding level. (2) The two aspects of Perceptual

Encod ing , on the con t r a ry ,  do appear to be related to skill in

decoding and lexical access. Subjects who are highly efficient

in encoding multi—letter graphemic units are faster in phonemic

translation (r= .4l) and in articulation (r=.24), and tend to use

their decoding skills in accessing common English words in their

lexicon (r=.52). It is subjects who are less proficient in

identifying mul ti—letter units that decrease their depth of

processing when reading high frequency words. Interestingly,

there appears to be a small , reciprocal relationship between

efficiency in single letter encoding and in encoding multi—lette r

units (r=— .32). (3) Finally, it appears that subjects who are

rapi d in encodin g ind iv idua l  graphemes are also more rapi d in

ar ticulatory processes (r= .58).

Evalua tion of Alterna tive Struc tura l  Models

Three al terna tive hypotheses abo ut the fac tor struc ture wer e

developed in order to see if the finer distinctions made between - 1
subprocesses of Perceptual Encoding and Decoding are necessary.

The results of these investigations are presented in Table 6. In

the f i r s t a l t e rna t ive  model , we were interested in the

—2 2—
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TABLE 6

Test of Fit for Three Alternative

Hypotheses about the Covariance Structure

Alternative Model Effects on Hypothesized Number of Chi- d.f. p
Factor Structure Factors square

1. No distinctions Factors I and II 4 54.16 37 .034
are made between are combined into
Subclasses of a single Perceptual
Perceptual Skills Encoding factor.

2. No Distinctions Factors III and IV 4 54.00 36 .027
are made between are combined into
Subclasses of a single Phonemic
Decoding Skills. Translation factor.

3. No Distinction Factors II and III 4 51.12 36 .049
is made between are combined into
the Perceptual a single Parsing
Encoding of Multi— and Phonemic Translation
letter Units and factor.
the Parsing of a
Grapheme array as a
Component of
Decoding.

—23— 
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distinction between perceptual encoding of individual graphemes

and multi—grapheme units , represen ted by factors I and II. These

two fac tors were , accor d ingly ,  combined into a single Perceptual

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

the general model in Table 4. The test of fit yielded

x 2 (37)=54.l6 with p= .034, leading us to reject the first

alternative model and to conclude that a distinction must be

main tained between the two aspec ts of Percep tual Enco di ng as

originally hypothesized .

In the second al terna tive model , the d istinct ion between

ear ly  (parsing , phonemic transla t ion ) and la te (ar ticula tory

prog ramming) decoding processes was dropped . Accordingly,

fac tors I I I  and IV were comb ined in to a single Decodin g fac tor ,

while  in all other respects the model was s imilar  to our ori g inal

model . The test of fit yielded X 2 (36)=54.0 with p= .027. We

were thus again led to r ejec t the al terna tive model and to

conclu de tha t the d ist inc t ion between levels of analysis  wi thin

the decoding process must be maintained .

In the third alternative model , we were in terested in

testing the importance of the distinction between the perceptual

pars ing of a g rapheme a r r ay  (represen ted by fac tor II ) and

parsing conceived as a component of decoding (factor III).

Accor d in gly ,  in this model factors II and III were combined into

a single factor. The likelihood ratio test yielded X 2(36)=5l.l2

—24—
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with p=.049, and again we were led to reject the al terna tive

model. Evidently the perceptual grouping of graphemes into

overlapping, mul ti—grapheme units is distinct from rule—based

processes involved in the trans la tion of an or thographica l ly

regular array .

Testing the Ex ternal  Valid ity of the Componen t Skills Model

A final source of information concerning the validity of the

componen t skil l measures l ies in their  rela tionship to other ,

more general measures of reading proficiency. We are interested

here in establ ishing wha t role the componen t processes play in

sett ing levels of read ing ski l l , as measured by conven tional

tests of read ing ability and comprehension. Two sets of

cr i ter ion var iables  were used : (1) Chronome tr ic  Measures

represen ting overall  levels of performance in rea d ing

individual ly  presen ted wor ds and pseudowor ds, and (2) Reading

Test Scores, including the Nelson—Denny Total Score (the sum of

Voca bu la ry  and Read ing Comprehension subtests) , Nelson—Denny

Read ing Ra te, and the Gray Oral Reading Test, Total Passage Score

(which includes number of pronunciation errors and reading rate).

The load ings of each of these criterion variables on the

component skill factors were calculated using a factor extension

procedure , and are presented in Table 7.

—25—
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TABLE 7

Loadings of Criterion Variables

on the Component Skill Factors

FACTOR

I II III IV V
Criterion GRAPHEME PERCEPTUAL PHONEMIC AUTOMA- WORD SQUr~RED
Variable ENCODING FACILITA- TRANSLA- TICITY RECOG- MULT .

TION TION OF NITION CORRELA-
ARTICU- TION
LATION

Chronometric Measures

1. Mean Onset .14 .70 .35 .59 .29 .73
Latency :Pseudo.

2. Mean Onset .33 .43 .01 .49 .36 .56
Latency:LFW -

3. Mean Onset .27 .55 .12 .46 .35 .68
Latency : HFW

4. Word Frequency .08 .72 .33 .27 .22 .99
Effect (Onset RT)

Re ading Test Measures

5. Nelson—Denny: — .42 — .59 — .02 — .69 — .35 1.00
Total Score

6. Nelson—Denny: - — .12 — .52 -.23 — .62 — .25 .73
Speed

7. Gray Oral — .39 — .24 .09 — .43 — .37 .53
Reading

—2 6— 
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Chronometric Measures. Mean onset latencies for pronouncing

pseudowords and low or high f re quency wor ds (cr i ter ion var iab les

1—3) are highly predictable from the component skill factors ,

wi th mul tiple correla tions3 of .85, .75, and .82, respectively.

There is a high degree of consistency in the pattern of load ings

for  each of these cr i ter ion  var ia bles : Wh ile Graphem e Encod ing is

positively ——but not strongly —— related to efficiency in reading

wor ds and pseudowor ds , the ability to encode multi—letter units

is the strongest predictor of oral reading latencies. Phonemic

- Translation is related to pseudoword decoding latencies , but not

to latencies for pronouncing English words. However ,

Automatici ty of Ar ticulat ion does turn  ou t to be a s trong

predictor of reading latencies. Finally, the load ing s on the

Visual Recognition factor support our earlier contention

(Frederiksen , 1976 ) that it is the poorer rea ders tha t use a

visual or whole—word basis for recognizing familiar words.

The difference in reading latencies for low and high

frequency words was entered as the fourth cirterion variable.

The items contributing to the high and low frequency scores were

balanced in number of letters , and we f i n d tha t the grap heme

encod ing component does not predict this criterion . On the other

hand , high and low frequency words do differ in the populations

The mul tiple correlations ar~~ su bjec t to shr inkage  and shoul d
be regarded only as indices of the degree of shared variance
between the component skill factors and the criteria.

—27— 
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of g raphemes they con ta in , and we ar e thus no t sur pr ised to f i n d

that the multi—letter encoding factor is a strong predictor of

d i f f e r e n c e s  in la tencies for rea d ing low and hi gh frequency

words. Finally, the positive loading s on factors Ill—V suggest

again tha t high and low f r e quency wor ds are analysed in d i f f e r e n t

ways prior to lexical retrieval .

Reading Test Measures. The scores for the three reading

test measures are high ly pre dictable from the componen t skill

fac tors , with multiple correlations of 1.00, .85, and .73 for the

Nelson—Denny Total , Reading Rate , and Gray  Oral  Read ing Test

scores , respec tively. Again , the stron gest pre d ic tors appear to

be Encoding Multi—Letter Units and Automaticity of Articulation.

Subjects scoring highly on the reading tests also tend to be

e f f i c i e n t in Graphme Encod ing and to use thier  decod ing ski l l s  in

recognizing familiar English words as well as less familiar

items. Low scoring subjects again are found to be less efficient

in encodi ng in d ividual graphemes , in perce iving multi—grapheme

un i ts, an d in thei r  degree of automa tici ty in the f ina l stages of

decoding , and they tend to recogn ize f ami l iar wor ds on the basis

of their visual characteristics.

The loading s are negative , indica ti ng tha t e f f i c ie n c y  in
processing within the domain of each component skill is related
to high scores on the reading tests.

— 28--
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IV. SUMMARY AND CONCLUSIONS

The evidence we have collected supports a componen t process

model for read ing that d istinguishes at least f ive  componen t

skills: I. Efficiency in perceptual encoding of individual

graphemes , II. Efficiency in encoding orthographically regular ,

mul ti—grapheme units , III. Efficiency in pars ing an encoded

grapheme array and in applying letter—sound correspondence rules

to derive a phoriological/ phonemic representation ,

IV. Automaticity in deriving a speech representation , in the

assignmen t of stress and other prosod ic fea tures , and V. the

process of lexical retrieval , charac te r ized by the depth of

processing (perceptual encoding and decoding ) that takes place

pr ior to lexical access. The picture we have gained of the

patterns of intercorrelation among component skills and their

rela tedness to measures of rea d ing prof ic iency  permi t us to d raw

two more general  conclusions :

1. While component processes can be regarded as hierarchically

ordered, the initiation of high order processes (e.g., lexical I

retr ieval) does not necessarily await the completion of earlier

p~9cessing operations. Thus, the depth of processing pr io r  to

lexical retrieval is seen to vary with the familiarity of a word.

High frequency wor ds may be recognized on the basis of their

visual  charac te r i s tics , wi thou t the comple tion of the grapheme

encod ing and decoding processes required for recognizing

unfamiliar words.

—29—
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2. There are interactions (trade—offs) between the use of s k i l l s

at one level of processing arid the ~~~~~~~~~~~~~~~~~~~~~~~

processing efficiency at higher levels of processing . Thus , an

ability to perceptually encode multi—letter units reduces the

demands placed on the decoding component , wi th a consequen t

increase in efficiency of decoding. Readers who have high scores

on factor II (Encoding Multi—letter Units) are also the fastest

decoders , and they are l i ke ly  to apply their  ef f i cien t

word—analysis skills in recognizing common as well as rare words.

On the other hand , rea ders who have a low level of ski ll in

perceptually encod ing multi—letter uniis have the greatest

d i f f i c u lty in decod ing g rapheme a r r a y s  into “ sound ,” and they are

the ones who are mos t l ike ly  to reduce the depth of process ing

when visually familiar words are encountered . This processing

interaction illustrates how the mode of processing at a high

level (here , the type of evi dence used as a basis for  per formin g

lexical acce ss) is inf luenced by the level of ski ll in proc essing

at a lower level. The modification in procedures for high—level

processing (lexical access ) serves to compensa te for  low

efficiencies in lower—level component processes . Thus , the

system adapts to it ’ s own de f i c i enc ies , and is able to im prov e

i t’ s overall  per formance  when the stimulus  ma ter ia ls permi t such

an adjustment of processing characteristics to take place. In

general , we believe tha t models for human in fo rma t ion processing

—30—
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• . 
wi thin a complex domain such as tha t of rea d ing will  have to

- account for individua l d i f f e r e n c e s  in the procedures used by the

system in a l locat ing its components for  the solut ion of a
- - pro blem , as well as for sk i l l  d i f f e r ences  among subjects in

- 

processing e f f i c i e n c i e s  w i t h i n  the component processes

themselves.
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