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Theory-Based Prediction of Early Reading 

This article presents a theory of the cognitive processes involved in learning to read and 
examines the degree to which measures derived from this theory are able to predict success in 
reading. Measures were selected to address five phonological processing constructs (naming 
speed, memory, rhyming, phonological synthesis, and phonological analysis), letter know
ledge, and the ability to pronounce words by analyzing them into smaller parts (decoding). 
Measures of these constructs and several measures of reading achievement were administered 
to an initial sample of 161 kindergarten children and then readministered to as many of the 
same children as possible in grades 1 and 2; in grade 3 the reading achievement tests were 
administered. Principal components analyses were used to derive factor scores for the 
phonological constructs in kindergarten and grades 1 and 2. In grade 2 five factors were 
found, but in kindergarten and grade 1 the phonological synthesis and analysis measures 
formed one phonological awareness factor. The factor scores, letter knowledge, decoding, and 
the reading achievement scores for each grade were used as predictors of reading achievement 
in subsequent grades in a series of hierarchical regression analyses. Results supported the 
proposed theory, with phonological awareness (or analysis), naming speed, and letter recog
nition being the most frequent significant predictors and R2s ranging from .69 to .89. The 
constructs identified in the theory are argued to be important targets for both assessment and 
instruction. The value of theoretical models of achievement is discussed. 

Cet article présente une théorie sur les processus cognitifs impliqués dans l'apprentissage de 
la lecture et étudie à quel point les mesures qui en découlent peuvent prédire le succès dans la 
lecture. Les mesures ont été sélectionnées pour refléter cinq éléments de traitement phonolo
gique (vitesse de dénomination, mémoire, rime, synthèse phonologique et analyse phonologi
que), la connaissance des graphèmes et la capacité de prononcer les mots en les découpant en 
plus petites unités (décodage). On a mesuré ces cinq éléments et, à plusieurs reprises, le 
rendement en lecture d'un échantillon initial de 161 enfants à la maternelle. Plus tard, on a 
refait l'analyse avec autant de ces enfants que possible alors qu'ils étaient en première et 
deuxième années. Quand ils sont arrivés en troisième année, on a administré des tests de 
rendement en lecture. Des analyses de composantes principales ont servi dans la dérivation 
des scores factoriels pour les éléments phonologiques à la maternelle et dans les deux 
premières années. Chez les enfants en deuxième année, on a retrouvé cinq facteurs, mais chez 
ceux â la maternelle et en première année, les mesures de synthèse et d'analyse phonologiques 
constituaient un facteur de reconnaissance phonologique. Les scores factoriels, la connais
sance des graphèmes, le décodage et les résultats des tests de rendement en lecture pour 
chaque niveau scolaire ont servi de valeurs prédictives du rendement en lecture dans les 
années scolaires subséquentes pour une série d'analyses de régression hiérarchicales. Les 
résultats appuient la théorie proposée, les valeurs prédictives les plus significatives étant la 
reconnaissance (ou l'analyse) phonologique et la connaissance des graphèmes. Les R2 va-
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riaient entre 0,69 et 0,89. Il est proposé que les éléments identifiés par la théorie représentent 
des cibles importants tant pour l'évaluation que pour l'enseignement. On discute de la valeur 
des modèles théoriques de rendement. 

O n e of the f irst lessons to be learned b y someone sett ing out to s t u d y m e n t a l 
p h e n o m e n a is the d i s t i n c t i o n b e t w e e n constructs (the m e n t a l p h e n o m e n a ) a n d 
the i r i n d i c a t o r s (our measures of them) . Indicators are imper fec t measures of 
constructs , a n d o v e r e m p h a s i s o n t h e m m a y w a r p the c o n c l u s i o n s one d r a w s . 
M a n y concerns h a v e b e e n r a i s e d about this issue i n e d u c a t i o n . F o r e x a m p l e , it 
has b e e n s a i d that the goals of the c u r r i c u l u m are too c o m p l e x f o r s tudent 
a c h i e v e m e n t to be assessed adequate ly b y s t a n d a r d i z e d tests a n d that speci f ic 
a c h i e v e m e n t tests m a y focus m o r e o n w h a t is easy to measure t h a n w h a t is 
centra l to the goals of the c u r r i c u l u m ( B a r l o w & Rober t son , 1994). F u r t h e r m o r e , 
it has b e e n a r g u e d that teachers w i l l change their teaching to meet the a p p a r e n t 
targets of assessment. T h u s s t a n d a r d i z e d , a n d therefore p r e s u m a b l y s i m p l i s t i c , 
assessment w i l l d r i v e teachers to focus o n the t r i v i a of indica tors ra ther t h a n o n 
the m o r e i m p o r t a n t core of the a c h i e v e m e n t constructs . 

O n the other h a n d , there is w i d e s p r e a d consensus , at least a m o n g p o l i c y 
m a k e r s a n d c o n s u m e r s , that assessment is n e e d e d to m o n i t o r p r o g r e s s a n d 
encourage i m p r o v e m e n t ( N i k i f o r u k , 1994). The s o l u t i o n to this c o n u n d r u m is 
to cons t ruc t better theories of w h a t ach ievement is a n d thereby d e v e l o p m o r e 
a p p r o p r i a t e m o d e l s of the l i n k s b e t w e e n indicators a n d constructs . W e argue 
that p e s s i m i s m about the consequences of s t a n d a r d i z e d assessment has 
s t e m m e d f r o m u n d u e focus o n large a n d i l l - d e f i n e d constructs s u c h as i n t e l 
l igence a n d self-concept, for w h i c h n o clear theories a n d therefore n o clear 
i n d i c a t o r s exist . 

E a r l y r e a d i n g a b i l i t y p r o v i d e s a w o r t h w h i l e case i n po in t . If e a r l y r e a d i n g is 
p o r t r a y e d as c o m p l e x , attempts to e m p l o y s t r a i g h t f o r w a r d measures w i l l be 
o p p o s e d , as w i l l a t tempts to a p p l y the findings f r o m s u c h m e a s u r e m e n t to 
i n s t r u c t i o n . T h e p u r p o s e of this article is to present a c o g n i t i v e t h e o r y of 
l e a r n i n g to r e a d , p r o v i d e examples of h o w the theoretical constructs c a n be 
m e a s u r e d , a n d demonst ra te h o w effective these measures are as p r e d i c t o r s of 
r e a d i n g ach ievement . 

The Theoretical Basis for Learning to Read 
T w o b r o a d l y d i s t inc t theoret ical v i e w s exist r e g a r d i n g h o w c h i l d r e n l e a r n to 
r e a d . T h e ana ly t i c v i e w , w h i c h attempts to ident i fy the c o m p o n e n t s k i l l s of 
r e a d i n g a n d the o r a l l anguage a n d other sk i l l s that contr ibute to r e a d i n g , a n d 
the ho l i s t i c v i e w , w h i c h m a i n t a i n s that r e a d i n g is too c o m p l e x a n d its c o m 
p o n e n t s too i n t e r d e p e n d e n t for analys is of c o m p o n e n t sk i l l s to be prof i tab le . 
T o a large extent the basis for this d i s t i n c t i o n is p h i l o s o p h i c a l , d e r i v e d f r o m 
i n d i v i d u a l s ' f u n d a m e n t a l w o r l d v i e w s . The analyt ic v i e w is essent ia l ly a sc ien
tif ic one , the hol i s t i c v i e w m o r e r o m a n t i c (Stanovich, 1994). T h e a n a l y t i c v i e w 
has b e e n associated w i t h the teaching of phonics a n d g r a m m a r , a n d the focus 
has b e e n o n the a u t o m a t i z a t i o n of basic sk i l l s to a l l o w attention to be d e v o t e d 
to h i g h e r - l e v e l act ivi t ies ( A d a m s , 1990). The hol is t ic v i e w has b e e n associated 
w i t h the w h o l e l a n g u a g e a p p r o a c h to r e a d i n g ( G o o d m a n & G o o d m a n , 1979; 
S m i t h , 1971), i n w h i c h r e a d i n g is seen as a n a t u r a l act ivi ty ( l ike o r a l language) 
a n d the focus is o n m e a n i n g a n d en joyment . It has also been associated w i t h the 
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w h o l e w o r d a p p r o a c h to l e a r n i n g to read , i n w h i c h the c h i l d is i n t e n d e d to 
l e a r n to r e c o g n i z e w o r d s as w h o l e uni t s . Instead of d e a l i n g w i t h w o r d s as 
w h o l e u n i t s , learners are e n c o u r a g e d to break w o r d s d o w n i n t o sub lex ica l 
parts . O v e r the last 30 years there h a v e been n u m e r o u s c o m p a r i s o n s of p r o 
g r a m s r e p r e s e n t i n g the t w o or ientat ions . T h e ev idence has been over 
w h e l m i n g l y o n the s i d e of the analyt ic a p p r o a c h ( A d a m s , 1990; C h a l i , 1967, 
1979, 1982; S y m o n s , W o l o s h y n , & Press ley , 1994). H o w e v e r , the w h o l e l a n 
g u a g e a p p r o a c h has been i n f l u e n t i a l i n m a n y j u r i s d i c t i o n s r a n g i n g f r o m N e w 
Z e a l a n d to O n t a r i o ( A d a m s , 1990). 

O n e consequence of the hol i s t i c a p p r o a c h has b e e n a s u s p i c i o n of measure 
m e n t a n d object ive assessment. R e a d i n g is so c o m p l e x , the a r g u m e n t goes, that 
n o object ive m e a s u r e c o u l d capture it f u l l y . F u r t h e r m o r e , i t has been a r g u e d , 
teachers are i n f l u e n c e d b y assessment: s i m p l i s t i c tests w i l l d r i v e teachers to 
s i m p l i s t i c t each ing ( B a r l o w & R o b e r t s o n , 1994). E v e n if this a r g u m e n t w e r e 
v a l i d i t w o u l d be p e r n i c i o u s , because i n the absence of a n y m e a s u r e m e n t the 
o n l y basis for d e c i d i n g w h e t h e r progress is b e i n g m a d e (by either the i n 
d i v i d u a l c h i l d or the system) is i n t u i t i o n . W i t h o u t m e a s u r e m e n t there c a n be n o 
assessment of progress , a n d w i t h o u t assessment there is n o g u i d a n c e for p r a c 
tice. P o l i c y - m a k e r s a n d c o n s u m e r s h a v e expressed the s u s p i c i o n , d i f f i c u l t to 
test, that these v i e w s h a v e l e d to l o w e r r e a d i n g competence ( N i k i f o r u k , 1994). 

O n the o ther h a n d , there is some reason to be s u s p i c i o u s of r e a d i n g 
measures . L i t t l e theory seems to h a v e gone i n t o the d e s i g n of s u c h measures 
b e y o n d the c o m m o n s e n s e n o t i o n s that r e a d i n g m a y be d i v i d e d i n t o w o r d 
r e c o g n i t i o n a n d c o m p r e h e n s i o n , a n d the latter in to l i tera l a n d inferent ia l c o m 
p r e h e n s i o n . M e a s u r e s of r e a d i n g c o m p r e h e n s i o n , for instance, h a v e been 
c r i t i c i z e d for m e a s u r i n g ne i ther r e a d i n g n o r c o m p r e h e n s i o n (not r e a d i n g , be
cause y o u c a n d o qui te w e l l o n s o m e measures w i t h o u t r e a d i n g the text, a n d 
n o t c o m p r e h e n s i o n , because the measures of ten o n l y require o n l y the l o c a t i o n 
of i n f o r m a t i o n or m e m o r y for i n f o r m a t i o n ) . 

W h a t has b e e n m i s s i n g u n t i l recently is a s o l i d theoret ical basis for w h a t to 
m e a s u r e , w h e n to measure it , a n d w h a t to r e g a r d as the cr i t i ca l outcomes . 
Recent research has f o c u s e d o n the i m p o r t a n c e of three factors i n l e a r n i n g to 
read : o r a l l a n g u a g e p h o n o l o g i c a l process ing , letter k n o w l e d g e , a n d k n o w l e d g e 
of h o w to p r o n o u n c e w o r d s b y a n a l y z i n g t h e m in to s m a l l e r c o m p o n e n t s 
( A d a m s , 1990; B r a d l e y & B r y a n t , 1985; E l b r o , B o r s t r o m , & Petersen, 1998; E l l i s 
& L a r g e , 1988; W a g n e r , T o r g e s e n , & Rashotte , 1994). P h o n o l o g i c a l process ing 
refers to the c o g n i t i v e m e c h a n i s m s b y w h i c h w e encode, m a n i p u l a t e , a n d 
generate the s o u n d s tructure of s p o k e n w o r d s . P h o n o l o g i c a l measures a d 
m i n i s t e r e d to c h i l d r e n as y o u n g as 36 m o n t h s p r e d i c t their later r e a d i n g s k i l l s 
( M a c l e a n , B r y a n t & B r a d l e y , 1987); w h e n a d m i n i s t e r e d to o l d e r c h i l d r e n , they 
are g e n e r a l l y excel lent predic tors of concurrent a n d later r e a d i n g achievement 
o v e r the l e a r n i n g - t o - r e a d years (ages 5-8, o r grades K-3) ( A d a m s , 1990; T o r 
gesen, W a g n e r , & Rashotte , 1994; W a g n e r , Torgesen , L a u g h o n , S i m m o n s , & 
Rashotte , 1993; W a g n e r et a l . , 1994). Recent w o r k has b e g u n to p u t theoretical 
o r d e r o n w h a t h a d b e e n a re la t ive ly d i s o r g a n i z e d co l lec t ion of p h o n o l o g i c a l 
measures a n d constructs ( K i r b y , Beggs, & M a r t i n u s s e n , 1995; W a g n e r , et a l . , 
1994). O u r c u r r e n t best sense of p h o n o l o g i c a l d e v e l o p m e n t a n d its c o n t r i b u t i o n 
to l e a r n i n g to r e a d is s h o w n o n the le f t -hand s ide of F i g u r e 1. T h e f ive 
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Figure 1. Schematic diagram illustrating the development of phonological processing, letter 
knoivledge, knowledge of pronunciation by analysis, and their contribution to learning to read. 

p h o n o l o g i c a l constructs l i s ted h a v e a p p e a r e d i n m a n y of the s tudies referred to 
above . Less cer ta in is their sequence a n d the causa l relat ions a m o n g t h e m . The 
sequence s h o w n w a s suggested b y K i r b y et a l . (1995) a n d has been s u p p o r t e d 
b y severa l thesis s tudies u s i n g s t r u c t u r a l e q u a t i o n m o d e l i n g (Beggs, 1996; 
James, 1996). 

T h e earl iest of the p h o n o l o g i c a l constructs to appear d e v e l o p m e n t a l l y is 
N a m i n g , w h i c h indicates the a b i l i t y to n a m e presented objects. A s N a m i n g 
d e v e l o p s , i t becomes faster o r m o r e eff icient. Ef f ic ient N a m i n g contributes to 
P h o n o l o g i c a l M e m o r y , w h e r e b y o r d e r e d sets of s o u n d s c a n be retained a n d 
repeated . B o t h of these sk i l l s appear i n the second year of l i fe a n d cont inue to 
d e v e l o p a n d i m p r o v e ; they also p r o v i d e the basis for the l a t e r - d e v e l o p i n g 
p h o n o l o g i c a l s k i l l s . T h e next a b i l i t y to a p p e a r is R h y m i n g , w h i c h is d e m o n 
strated b y the a b i l i t y to recognize or p r o d u c e r h y m i n g w o r d s ; it also represents 
the f irst s k i l l i n w h i c h the c h i l d m u s t d e a l w i t h un i t s smal ler than the i n 
d i v i d u a l w o r d . P h o n o l o g i c a l Synthes is requires the c h i l d to p r o d u c e a w o r d 
f r o m i n d i v i d u a l s o u n d s , a n d P h o n o l o g i c a l A n a l y s i s requires the b r e a k i n g 
d o w n of a presented w o r d i n t o c o m p o n e n t s o u n d s for subsequent m a n i p u l a 
t i o n . I n measures of the latter t w o abi l i t ies , somet imes j o i n t l y labeled phonologi
cal awareness, the s o u n d s i n v o l v e d m a y be syl lables , onsets a n d r imes , or 
p h o n e m e s . Onsets a n d r i m e s are the c o m p o n e n t s of sy l lables , the onset b e i n g 
the c o n s o n a n t o r consonant c luster at the b e g i n n i n g a n d the r ime b e i n g the 
v o w e l a n d a n y f o l l o w i n g consonants . I n F i g u r e 1 these f ive abil it ies are s h o w n 
i n d e v e l o p m e n t a l o r d e r ; w e expect, h o w e v e r , that l a t e r - d e v e l o p i n g abil i t ies 
c o n t r i b u t e to the i m p r o v e m e n t of e a r l i e r - a p p e a r i n g abi l i t ies (reciprocal causa
t ion) . It is a lso poss ib le that severa l of these factors, especial ly the t w o 
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p h o n o l o g i c a l awareness factors, d o not become d is t inc t f r o m each other u n t i l 
w e l l i n t o the l e a r n i n g - t o - r e a d p e r i o d . 

T h e o ther t w o k e y contr ibutors to ear ly r e a d i n g are s h o w n o n the r ight of 
F i g u r e 1. Let ter k n o w l e d g e i n v o l v e s first the k n o w l e d g e of letter names , then 
their r e c o g n i t i o n as p r i n t e d characters, a n d f i n a l l y the s o u n d s they m a k e as 
i n d i v i d u a l s a n d as g r o u p s . Letter k n o w l e d g e then contr ibutes to the l e a r n i n g of 
w o r d d e c o d i n g w h e r e b y presented w o r d s are s o u n d e d out to a i d i n i d e n t i f i c a 
t i o n . A l t h o u g h these connect ions are not s h o w n i n F i g u r e 1, the earl ier 
p h o n o l o g i c a l abi l i t ies faci l i tate the a c q u i s i t i o n of letter k n o w l e d g e a n d d e c o d 
i n g , w h i c h i n t u r n facil itate the fur ther d e v e l o p m e n t of p h o n o l o g i c a l process
i n g abi l i t ies . 

E a c h of the c o m p o n e n t s i d e n t i f i e d i n F i g u r e 1 has been s t u d i e d extens ive ly . 
The deta i l s of the i r o p e r a t i o n a l i z a t i o n i n the present s t u d y are presented b e l o w . 
These measures are u s e d i n this s t u d y to demonstra te h o w the constructs of a 
c o m p r e h e n s i v e theory of l e a r n i n g to read c a n be m e a s u r e d a n d h o w effective 
these measures are as p r e d i c t o r s of r e a d i n g achievement , to i l lustrate the v a l u e 
of a w e l l - d e v e l o p e d t h e o r y for e d u c a t i o n a l assessment. 

Method 
Participants 
In the f irst year of the s t u d y , 161 c h i l d r e n i n senior k i n d e r g a r t e n (mean age 66.7 
m o n t h s ) w e r e r e c r u i t e d to part ic ipate (senior k i n d e r g a r t e n is the f irst year of 
c o m p u l s o r y s c h o o l i n g i n O n t a r i o ) . Letters d e s c r i b i n g the s t u d y w e r e sent to 
parents of a l l c h i l d r e n i n the targeted classes. A l l p a r t i c i p a t i n g schools w e r e i n 
K i n g s t o n , O n t a r i o , a n d served a b r o a d range of soc ia l class n e i g h b o r h o o d s . In 
g r a d e 1, 121 of these c h i l d r e n w e r e tested a g a i n , together w i t h 42 n e w p a r 
t i c ipants . In g r a d e 2 105 of the o r i g i n a l par t i c ipants w e r e tested for the t h i r d 
t i m e , together w i t h 37 par t i c ipants w h o c o n t i n u e d f r o m grade 1. N o n e w 
p a r t i c i p a n t s w e r e a d d e d i n grade 2. In grade 3, 95 of the o r i g i n a l par t i c ipants 
w e r e a d m i n i s t e r e d a subset of the o r i g i n a l tests, i n c l u d i n g a l l r e a d i n g tests (see 
b e l o w ) . A t t r i t i o n w a s d u e to c h i l d r e n either m o v i n g out of the area, b e i n g 
u n a v a i l a b l e for tes t ing , or parents w i t h d r a w i n g their c h i l d ' s p a r t i c i p a t i o n . 
C o m p a r i s o n s b e t w e e n the c h i l d r e n w h o r e m a i n e d i n the s t u d y a n d those w h o 
left i n d i c a t e d n o s ign i f i cant differences b e t w e e n the g r o u p s . Therefore , it seems 
reasonable to a s s u m e that a t t r i t ion w a s r a n d o m a n d d i d not result i n a b iased 
s a m p l e at the later stages of the project. 

Tasks 
Phonological Analysis 
P a r t i c i p a n t s ' p h o n o l o g i c a l ana lys i s sk i l l s w e r e assessed w i t h t w o tasks taken 
f r o m W a g n e r et a l . (1993). S o u n d Isolat ion (SI) r e q u i r e d the p a r t i c i p a n t to 
i d e n t i f y the f irst , the last, o r the m i d d l e s o u n d i n a w o r d . There w e r e s ix 
pract ice i tems a n d 15 test i tems cons i s t ing of three- a n d f o u r - p h o n e m e one- or 
t w o - s y l l a b l e w o r d s . P h o n e m e E l i s i o n (PE) r e q u i r e d the par t i c ipant to repeat a 
w o r d after d e l e t i n g a n i d e n t i f i e d p h o n e m e . T h e specif ic ins t ruct ions w e r e as 
f o l l o w s : " S a y the w o r d / c a t / . N o w say the w o r d / c a t / w i t h o u t the / k / . " A l l 
p h o n e m e s to be de le ted w e r e consonants , the p o s i t i o n of w h i c h v a r i e d . A f t e r 
d e l e t i n g the target p h o n e m e , the r e m a i n i n g p h o n e m e s f o r m e d a w o r d (e.g., 
I s e e d / w i t h o u t the / d / leaves / s e e / ) . There w e r e six pract ice i tems a n d 15 test 
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i tems c o n s i s t i n g of three- to f i v e - p h o n e m e one- o r t w o - s y l l a b l e w o r d s . B o t h 
tasks w e r e d i s c o n t i n u e d after four mis takes i n the last seven i tems. A 
p a r t i c i p a n t ' s score w a s the n u m b e r of correct i tems. 

Phonological Synthesis 
T h e t w o p h o n o l o g i c a l synthes is tasks w e r e t a k e n f r o m those u s e d b y W a g n e r 
et a l . (1993). I n each i t e m of B l e n d i n g O n s e t (BO) a n d R h y m e the p a r t i c i p a n t is 
o r a l l y presented the onset (the i n i t i a l consonant or consonant cluster) a n d r i m e 
(the r e m a i n i n g v o w e l s a n d consonants) of a w o r d at the rate of t w o per second 
a n d t h e n a s k e d to p r o n o u n c e the w o r d that resul ted w h e n the onset a n d r i m e 
are b l e n d e d together (e.g., " W h a t w o r d does / b / - / i g / say?") . The task 
cons is ted of s ix pract ice i tems a n d 15 test i tems. The second b l e n d i n g task, 
B l e n d i n g P h o n e m e s (BP), is o therwise s i m i l a r b u t n o w the par t i c ipant hears 
a n d b l e n d s i n d i v i d u a l p h o n e m e s in to w o r d s (e.g., " W h a t w o r d does / m / -
/ 0 0 / -1 Vi I say?" ) . T h e first i t e m cons is ted of t w o p h o n e m e s , whereas the m o s t 
d i f f i c u l t i t ems h a d s ix p h o n e m e s . B o t h tests w e r e d i s c o n t i n u e d after four m i s 
takes i n the last s e v e n i tems. 

Rhyming 
T h e t w o r h y m i n g tasks w e r e a d a p t e d f r o m M a c l e a n et a l . (1987). R h y m e 
P r o d u c t i o n (RP) r e q u i r e d the c h i l d to repor t a w o r d that r h y m e d w i t h the one 
presented b y the e x p e r i m e n t e r (e.g., " S a y a w o r d that r h y m e s w i t h ta i l " ) . B o t h 
rea l w o r d s a n d nonsense w o r d s w e r e accepted as correct responses. The task 
i n c l u d e d f ive pract ice i tems a n d f ive test i tems i n k i n d e r g a r t e n a n d 15 test 
i tems i n grades 1 a n d 2. Presenta t ion w a s d i s c o n t i n u e d after four errors i n the 
last s e v e n i tems . N u r s e r y r h y m e k n o w l e d g e ( N R ) r e q u i r e d the c h i l d to recite 
f o u r c o m m o n n u r s e r y r h y m e s : " H u m p t y D u m p t y , " " H i c k o r y D i c k o r y D o c k , " 
" B a a B a a B l a c k S h e e p , " a n d "Jack a n d J i l l . " T h e c h i l d w a s g i v e n a score of 0 (no 
k n o w l e d g e ) , 1 (at least one comple te l ine) , o r 2 (a complete recital). 

Naming 
T w o n a m i n g tasks w e r e a d m i n i s t e r e d to assess r a p i d p h o n o l o g i c a l code 
r e t r i e v a l . T h e C o l o r n a m i n g ( C N ) task r e q u i r e d the par t i c ipant to state as 
q u i c k l y as poss ib le the nam e s of f o u r co lors (blue, green, r e d , a n d y e l l o w ) . T h e 
co lors w e r e presented i n 4 x 4 arrays i n r a n d o m order . Before b e g i n n i n g the 
t i m e d n a m i n g , each p a r t i c i p a n t w a s a s k e d to n a m e the colors to ensure that the 
co lors w e r e f a m i l i a r . T h e total t ime i n seconds to n a m e 32 targets w a s the score. 
P i c t u r e n a m i n g ( P N ) w a s o therwise s i m i l a r to C N b u t n o w the targets were 
o u t l i n e d r a w i n g s of f o u r c o m m o n a n i m a l s ( b i r d , horse , p i g , a n d cat). 

Phonological Memory 
B o t h p h o n o l o g i c a l m e m o r y tests w e r e a d a p t e d f r o m the D a s - N a g l i e r i C o g n i 
t ive A s s e s s m e n t S y s t e m (Das & N a g l i e r i , 1997) i n w h i c h they are u s e d to 
m e a s u r e success ive p r o c e s s i n g , b u t d u e to their v e r b a l nature are also sui table 
for assess ing p h o n o l o g i c a l m e m o r y . Sentence repet i t ion (SR) requires the p a r 
t i c ipant to repeat sentences that use c o l o r w o r d s i n place of nouns a n d verbs . 
F o r e x a m p l e , i t e m 1 is " T h e w h i t e is b l u e , " whereas I tem 10 is " T h e green reds 
the b l u e a n d y e l l o w s the b r o w n . " E a c h i t e m is scored pass o n l y w h e n i t is 
repeated c o m p l e t e l y accurate ly . Presenta t ion is d i s c o n t i n u e d after four c o n 
secut ive fa i lures a n d the par t i c ipant ' s SR score w a s the n u m b e r of sentences 
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passed . W o r d series (WS) is a w o r d m e m o r y s p a n test i n w h i c h the par t i c ipant 
is a s k e d to repeat a series of w o r d s i n the order they are presented (e.g., shoe, 
d o g , m a n , b o o k ) . W o r d s are presented o r a l l y at a rate of one per second. T h e 
first t w o series consis t of o n l y t w o w o r d s , a n d the l e n g t h of series is g r a d u a l l y 
increased so that the m o s t d i f f i c u l t i tems consist of n i n e w o r d s . O n l y n i n e 
s i n g l e - s y l l a b l e w o r d s are u s e d as targets. Presentat ion of i tems is d i s c o n t i n u e d 
after f o u r consecut ive fa i lures . The p a r t i c i p a n t s ' W S score w a s the n u m b e r of 
series correc t ly r e p r o d u c e d . 

Letter Knowledge and Reading Tasks 
P a r t i c i p a n t s ' letter k n o w l e d g e w a s assessed b y a d m i n i s t e r i n g a Letter recogni 
t i o n test ( C l a y , 1993). T h i s s i m p l e test asks the par t i c ipant to i d e n t i f y each of the 
u p p e r c a s e a n d lowercase letters. T w o lowercase letters, a a n d g , are presented 
i n t w o di f ferent fonts , so the total poss ible score is 54. 

R e a d i n g p e r f o r m a n c e w a s assessed i n a l l grade levels u s i n g tests f r o m the 
W o o d c o c k R e a d i n g M a s t e r y Tes ts -Revised battery ( W o o d c o c k , 1987). F o r m G 
tests w e r e u s e d i n k i n d e r g a r t e n a n d grade 2, F o r m H i n grades 1 a n d 3. The 
W o r d attack test w a s u s e d to measure par t i c ipants ' a b i l i t y to a p p l y p h o n i c a n d 
s t r u c t u r a l a n a l y s i s s k i l l s to p r o n o u n c i n g nonsense or l o w - f r e q u e n c y w o r d s that 
are not r e c o g n i z a b l e b y sight . S t i m u l u s w o r d s i n this test consist of s i m p l e 
c o n s o n a n t - v o w e l c o m b i n a t i o n s (e.g., " d e e , " " a p t , " " i f t " ) . T h e W o r d ident i f i ca 
t i o n test requires the p a r t i c i p a n t to read i s o l a t e d — a n d at this l eve l also h i g h 
f r e q u e n c y — w o r d s a l o u d (e.g., " i s , " " y o u , " " a n d " ) . T h e Passage C o m p r e h e n 
s i o n test requires the p a r t i c i p a n t to read a short passage (usua l ly t w o to three 
l ines) a n d i d e n t i f y a k e y w o r d m i s s i n g f r o m the passage (e.g., " M a r t h a ' s p a i n t 
i n g is d r y . She it y e s t e r d a y " ) . 

Procedure 
E a c h of the tests d e s c r i b e d above w a s a d m i n i s t e r e d i n k i n d e r g a r t e n a n d grades 
1 a n d 2 ( w i t h the e x c e p t i o n that the Passage c o m p r e h e n s i o n test w a s not 
a d m i n i s t e r e d i n k indergar ten) . T h e three W o o d c o c k subtests w e r e also a d 
m i n i s t e r e d i n g r a d e 3. A l l par t i c ipants w e r e tested i n d i v i d u a l l y i n their respec
t ive schools d u r i n g s c h o o l h o u r s b y t ra ined exper imenters . T e s t i n g w a s 
d i v i d e d in to f o u r sessions, each las t ing r o u g h l y 20 to 30 m i n u t e s . 

Results 
T h e results are presented i n t w o sections. T h e first addresses the structure of 
the p h o n o l o g i c a l p r o c e s s i n g d o m a i n at the k i n d e r g a r t e n , grade 1, a n d grade 2 
leve ls , a n d the s e c o n d presents regress ion analyses p r e d i c t i n g the grade 1, 2, 
a n d 3 W o r d Ident i f i ca t ion a n d Passage C o m p r e h e n s i o n scores. 

Structure of Phonological Processing 
P r i n c i p a l c o m p o n e n t factor analyses w i t h V a r i m a x ro ta t ion w e r e p e r f o r m e d 
w i t h k i n d e r g a r t e n , g r a d e 1, a n d grade 2 data separately to e x a m i n e the u n d e r 
l y i n g factor s t ructure of the 10 p h o n o l o g i c a l tasks. 

T a b l e 1 d i s p l a y s the corre la t ions a m o n g the 10 p h o n o l o g i c a l measures i n 
k i n d e r g a r t e n . In k i n d e r g a r t e n the i n i t i a l p r i n c i p a l c o m p o n e n t s s o l u t i o n 
s h o w e d three factors w i t h e igenvalues larger t h a n 1. In this three-factor s o l u 
t i o n , the f irst factor i n c l u d e d analys is a n d synthesis tasks together w i t h R h y m e 
P r o d u c t i o n (RP) . T h e second factor i n c l u d e d n a m i n g tasks a n d N u r s e r y R h y m e 

434 



Table 1 
Correlations Among the 10 Phonological Variables in Kindergarten (n=161) 

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

Mean 3.07 4.05 6.47 5.89 5.29 3.12 39.68 42.37 5.14 9.49 

SD 3.95 4.51 5.69 5.25 2.59 2.03 12.47 11.53 2.29 2.99 

1. Phoneme elision 

2. Sound isolation .657 , 

3. Blending onset and rime .568 .674 • 

4. Blending phonemes .596 .698 .853 

5. Nursery rhymes .198 .266 .288 .243 

6. Rhyme production .370 .416 .421 .468 .374 

7. Color naming -.397 -.328 -.320 -.289 -.336 -.301 

8. Picture naming -.336 -.381 -.327 -.321 -.297 -.297 .683 

9. Sentence repetition .393 .309 .399 .354 .132 .259 -.210 -.261 _ 
10. Word series .375 .342 .355 .297 .189 .292 -.249 -.273 .626 — 
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Table 2 
Rotated Component Matrix for Four-Factor Solution in Kindergarten 

Factor 
Variable 1 2 3 4 

1. Phoneme elision .720 -.274 .262 .002 
2. Sound isolation .819 -.206 .131 .144 
3. Blending onset and rime .848 -.103 .190 .200 
4. Blending phonemes .894 -.008 .122 .185 
5. Nursery rhymes .007 -.219 .004 .869 
6. Rhyme production .393 -.008 .168 .663 
7. Color naming -.183 .878 -.009 -.178 
8. Picture naming -.201 .864 -.137 -.135 
9. Sentence repetition .239 -.009 .863 .004 
10. Word series .173 -.130 .865 .139 

Note. Extraction method: Principal component analysis; rotation method: Varimax with Kaiser 
normalization. 

K n o w l e d g e ( N R ) . T h e t h i r d factor consis ted of the t w o p h o n o l o g i c a l m e m o r y 
tasks. T h i s s o l u t i o n e x p l a i n e d 69.3% of the var iance , a n d c o m m o n a l i t i e s were 
g e n e r a l l y large (>.61) w i t h the except ion of the t w o r h y m i n g tasks. The f o u r t h 
factor h a d a n e i g e n v a l u e of .88, a n d w h e n a four- factor s o l u t i o n w a s c o m p u t e d 
the f o u r t h factor i n c l u d e d the t w o r h y m i n g tasks. T h i s s o l u t i o n is d i s p l a y e d i n 
Tab le 2. T h e four - fac tor s o l u t i o n s h o w s clear awareness (analysis a n d synthesis 
c o m b i n e d ) , n a m i n g , m e m o r y , a n d r h y m i n g factors a n d e x p l a i n e d 78.1% of the 
tota l v a r i a n c e . A l l c o m m o n a l i t i e s w e r e .63 or larger . The f ive-factor s o l u t i o n 
k e p t this factor s t ructure o therwise intact, b u t sp l i t the t w o r h y m i n g tasks in to 
their o w n factors. The four- factor s o l u t i o n w a s selected for later use, p r i m a r i l y 
because of its theoret ica l m e a n i n g f u l n e s s . 

Tab le 3 d i s p l a y s the corre lat ions a m o n g the 10 p h o n o l o g i c a l measures i n 
g r a d e 1. In g r a d e 1 o n l y t w o factors h a d e igenvalues larger than 1. E i g e n v a l u e s 
for the t h i r d , f o u r t h , a n d f i f th factors w e r e .89, .82, a n d .60, respect ive ly . In the 
i n i t i a l two- fac tor s o l u t i o n , the first factor i n c l u d e d analys is a n d synthesis tasks 
a n d the s e c o n d r h y m i n g , n a m i n g , a n d m e m o r y tasks. T h i s s o l u t i o n e x p l a i n e d 
60.1% of the v a r i a n c e , a n d c o m m o n a l i t i e s for a l l r h y m i n g a n d m e m o r y tasks 
w e r e s m a l l e r t h a n .5. A three-factor s o l u t i o n e x p l a i n e d 68.9% of the var iance 
a n d w a s s i m i l a r to the three-factor s o l u t i o n i n k i n d e r g a r t e n . C o m m o n a l i t i e s for 
the r h y m i n g tasks w e r e s t i l l l o w (.50 a n d .47). The four- factor s o l u t i o n d i s 
p l a y e d i n Tab le 4 w a s s i m i l a r to the four- factor s o l u t i o n i n k i n d e r g a r t e n a n d 
e x p l a i n e d 77.2% of the var iance . A l l c o m m o n a l i t i e s w e r e n o w h i g h e r than .65. 

T h e f ive- fac tor s o l u t i o n p u t R P a n d Sentence R e p e t i t i o n i n one factor a n d 
left N R a n d W o r d Series o n factors of their o w n . T h e four- factor s o l u t i o n w a s 
selected for f u r t h e r use. 

F i n a l l y , Tab le 5 d i s p l a y s corre lat ions a m o n g the 10 p h o n o l o g i c a l measures 
i n grade 2. In g r a d e 2 three factors h a d e igenvalues larger than 1. E i g e n v a l u e s 
for the f o u r t h a n d f i f th factors w e r e .67 a n d .65 respect ive ly . The three-factor 
s o l u t i o n e x p l a i n e d 68.3% of the var iance a n d h a d analys is a n d synthesis tasks 
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Table 3 
Correlations Among the 10 Phonological Variables in Grade 1 (r>=163) 

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

Mean 5.84 6.87 10.44 9.38 6.06 11.83 32.33 33.81 6.24 10.87 

SD 4.83 4.84 4.56 4.32 2.06 4.81 11.18 11.72 2.72 2.82 

1. Phoneme elision 

2. Sound isolation .777 * 

3. Blending onset and rime .569 .570 — 

4. Blending phonemes .586 .600 .800 — 

5. Nursery rhymes .338 .393 .357 .287 — 

6. Rhyme production .423 .485 .376 .318 .481 — 

7. Color naming -.465 -.497 -.281 -.228 -.338 -.395 — 

8. Picture naming -.461 -.439 -.235 -.286 -.424 -.393 .673 — 

9. Sentence repetition .390 .477 .323 .311 .333 .414 -.370 -.370 

10. Word series .241 .326 .131 .143 .230 .209 -.287 -.316 .410 — 
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Table 4 
Rotated Component Matrix for Four-Factor Solution in Grade 1 

Factor 
Variable 1 2 3 4 

1. Phoneme elision .715 -.449 .117 .164 
2. Sound isolation .692 -.398 .202 .291 
3. Blending onset and rime .870 -.002 .245 .004 
4. Blending phonemes .901 -.005 .129 .007 
5. Nursery rhymes .159 -.189 .832 .111 
6. Rhyme production .253 -.233 .744 .149 
7. Color naming -.163 .861 -.172 -.154 
8. Picture naming -.130 .823 -.262 -.169 
9. Sentence repetition .260 -.162 .330 .670 
10. Word series .004 -.164 .003 .894 

Note. Extraction method: Principal component analysis; rotation method: Varimax with Kaiser 
normalization. 

o n the first factor , n a m i n g tasks a n d R P o n the second factor, a n d m e m o r y tasks 
o n the t h i r d factor. N R h a d a sp l i t l o a d i n g o n the t w o latter factors. The 
four - fac tor s o l u t i o n s p l i t ana lys i s a n d synthesis to d i f ferent factors (Phoneme 
E l i s i o n h a d a h i g h l o a d i n g o n both) a n d the f ive-factor s o l u t i o n p r o d u c e d clear 
ana lys i s , synthes i s , r h y m i n g , n a m i n g , a n d m e m o r y factors. Table 6 d i s p l a y s the 
f ive- fac tor s o l u t i o n that w a s selected for fur ther use. T h i s s o l u t i o n e x p l a i n e d 
81.5% of the v a r i a n c e a n d a l l c o m m o n a l i t i e s w e r e .72 or h i g h e r . 

T o s u m m a r i z e , four- fac tor so lut ions w i t h separate factors for p h o n o l o g i c a l 
awareness (analysis a n d synthesis c o m b i n e d ) , r h y m i n g , m e m o r y , a n d n a m i n g 
speed f i t ted the d a t a f r o m k i n d e r g a r t e n a n d grade 1. F o r the grade 2 data a 
s o l u t i o n w i t h f ive factors represent ing the suggested f ive p h o n o l o g i c a l c o n 
structs w a s o b t a i n e d . 

Predicting Word Identification and Passage Comprehension 
A series of h i e r a r c h i c a l l i n e a r regress ion analyses w a s p e r f o r m e d next i n order 
to assess the re la t ive i m p o r t a n c e of p h o n o l o g i c a l processes i n p r e d i c t i n g r e a d 
i n g p e r f o r m a n c e . Fac tor scores f r o m the k i n d e r g a r t e n a n d grade 1 four-factor 
s o l u t i o n s ( w i t h ana lys i s a n d synthesis c o m b i n e d as awareness) a n d f r o m the 
grade 2 f ive- fac tor s o l u t i o n w e r e u s e d as predic tors i n these analyses , together 
w i t h the r e a d i n g scores f r o m p r e v i o u s years (Letter R e c o g n i t i o n , W o r d I d e n 
t i f i ca t ion , W o r d A t t a c k , a n d Passage C o m p r e h e n s i o n ) . 

In e v e r y regress ion analys is , step 1 consis ted of e n t e r i n g the autoregressor 
f r o m the p r e v i o u s year (see b e l o w ) . F o l l o w i n g this , a l l other p r e d i c t o r scores 
( r e a d i n g a n d p h o n o l o g i c a l ) f r o m the p r e v i o u s year w e r e entered s tepwise (the 
i n c l u s i o n c r i t e r i o n w a s p<.05). F o r the grade 2 analyses , the k i n d e r g a r t e n 
autoregressor w a s entered (stepwise) after grade 1 pred ic tors , f o l l o w e d b y the 
other k i n d e r g a r t e n p r e d i c t o r var iab les . F o r grade 3 analyses , the same proce
d u r e w a s r e p l i c a t e d w i t h b o t h grade 1 a n d k i n d e r g a r t e n p r e d i c t o r scores i n this 
o r d e r . T h u s i n a l l analyses autoregressors w e r e entered before other p r e d i c t o r 
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Table 5 
Correlations Among the 10 Phonological Variables in Grade 2 (/7=143) 

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

Mean 10.95 9.26 13.85 10.92 5.78 13.43 27.93 31.01 7.40 8.82 

SD 3.52 3.69 1.76 2.90 2.13 2.45 7.70 7.59 2.57 2.31 

1. Phoneme elision 

2. Sound isolation .616 

3. Blending onset and rime .533 .418 • 

4. Blending phonemes .628 .470 .639 — 

5. Nursery rhymes .344 .371 .277 .366 — 

6. Rhyme production .410 .346 .334 .453 .440 

7. Color naming -.382 -.335 -.276 -.342 -.347 -.402 

8. Picture naming -.361 -.294 -.264 -.408 -.443 -.420 .636 . 

9. Sentence repetition .459 .393 .355 .468 .454 .432 -.282 -.327 

10. Word series .380 .252 .298 .325 .396 .274 -.186 -.272 .672 — 
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Table 6 
Rotated Component Matrix for Four-Factor Solution in Grade 2 

Variable 1 2 
Factor 

3 4 5 

1. Phoneme elision .528 .247 -.217 .607 .010 
2. Sound isolation .229 .115 -.134 .891 .178 
3. Blending onset and rime .859 .150 .010 .163 .008 
4. Blending phonemes .776 .192 -.201 .231 .238 
5. Nursery rhymes -.001 .355 -.239 .273 .682 
6. Rhyme production .332 .009 -.220 .006 .807 
7. Color naming -.144 -.005 .872 -.183 -.133 
8. Picture naming -.152 -.167 .839 -.006 -.245 
9. Sentence repetition .238 .782 -.117 .192 .278 
10. Word series .148 .918 -.010 .007 .008 

Note. Extraction method: Principal component analysis; rotation method: Varimax with Kaiser 
normalization. 

var iables , a n d v a r i a b l e s c loser i n t ime to the d e p e n d e n t var iab le w e r e entered 
before v a r i a b l e s fa r ther a w a y i n t ime. 

T h e a u t o r e g r e s s o r w a s the score o n the same measure f r o m the p r e v i o u s 
year . D u e to the l o w r e a d i n g levels i n k i n d e r g a r t e n ( W o r d Ident i f i ca t ion m e a n 
= 5.11 a n d m o d e = 0), Let ter R e c o g n i t i o n w a s i n c l u d e d as a second autoregres
sor, r e p r e s e n t i n g r u d i m e n t a r y l i teracy s k i l l s . A l s o , because Passage C o m 
p r e h e n s i o n w a s n o t a d m i n i s t e r e d i n k i n d e r g a r t e n , W o r d Ident i f icat ion a n d 
Letter R e c o g n i t i o n w e r e u s e d as autoregressors for grade 1 Passage C o m 
p r e h e n s i o n . E n t e r i n g the autoregressor a l w a y s first in to the p r e d i c t i o n m o d e l 
p r o v i d e s a c o n s e r v a t i v e estimate of the i m p o r t a n c e of the other p r e d i c t o r 
var iab les . 

Tab le 7 s u m m a r i z e s the results f r o m the h ierarchica l l inear regress ion 
analyses p r e d i c t i n g the W o r d Ident i f i ca t ion score i n grades 1, 2, a n d 3. Table 7 
s h o w s , not s u r p r i s i n g l y , that the p r e v i o u s year 's W o r d Ident i f i ca t ion score 
accounted for m o s t of the W o r d Ident i f i ca t ion var iance i n each grade leve l . In 
essence, this t e l l s the o l d d e v e l o p m e n t a l s tory : If y o u w a n t to p r e d i c t the 
p e r f o r m a n c e l e v e l at t i m e T i n a n y task, the best p r e d i c t o r is the per formance 
l eve l o n the s a m e t a s k at t ime 7-1. 

H o w e v e r , e v e n after c o n t r o l l i n g for the effect of the autoregressor , W o r d 
Ident i f i ca t ion s c o r e s w e r e p r e d i c t e d s ign i f i cant ly by t w o or m o r e p h o n o l o g i c a l 
p r o c e s s i n g m e a s u r e s f r o m the p r e v i o u s year. A w a r e n e s s a n d N a m i n g were the 
p h o n o l o g i c a l p r e d i c t o r s for grades 1 a n d 2, A n a l y s i s (part of A w a r e n e s s ) , 
N a m i n g , a n d M e m o r y for grade 3. The changes i n R2 w e r e , h o w e v e r , re la t ive ly 
s m a l l w i t h the e x c e p t i o n of grade 2. A d d i n g grade 1 A w a r e n e s s a n d N a m i n g to 
the m o d e l p r e d i c t i n g the grade 2 W o r d Ident i f i ca t ion score increased the 
var iance a c c o u n t e d f o r b y 14% c o m p a r e d w i t h the m o d e l i n c l u d i n g o n l y the 
autoregressor . 

T h e p r e v i o u s y e a r ' s Let ter R e c o g n i t i o n score w a s a s igni f i cant p r e d i c t o r i n 
a l l analyses . W e s h o u l d note that corre la t ion b e t w e e n W o r d Ident i f i ca t ion a n d 
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Table 7 
Summary of Hierarchical Regression Analyses for Variables Predicting 

Word Identification in Grades 1, 2, and 3 

Variable R2 B SEB ß 

Grade 1 

Step 1 .84 
Word Identification in K 1.12 .05 .82"* 
Letter Recognition in K .204 .04 .19"* 

Step 2 .86 
Word Identification in K 1.04 .06 .76*** 
Letter Recognition in K .15 .04 .14" 
Awareness in K 2.69 .82 .15" 

Step 3 .86 
Word Identification in K .99 .06 .73*** 
Letter Recognition in K .12 .05 .11* 
Awareness in K 3.39 .86 .19*** 
Naming in K -1.64 .68 -.09* 

Grade 2 

Step 1 .53 
Word Identification in grade 1 .76 .07 .73*** 

Step 2 .63 
Word Identification in grade 1 .56 .07 .54*** 
Awareness in grade 1 6.98 1.33 .37"* 

Step 3 .67 
Word Identification in grade 1 .46 .07 .44*** 
Awareness in grade 1 8.04 1.30 .42"* 
Naming in grade 1 -4.18 1.19 - .22" 

Step 4. .70 
*** Word Identification in grade 1 .43 .07 .41 

Awareness in grade 1 7.05 1.28 .37*" 
Naming in grade 1 -3.68 1.15 -.19** 
Letter Recognition in grade 1 .41 .13 .19** 

Grade 3 

Step 1 .83 
Word Identification in grade 2 .79 .04 .91*** 

Step 2 85 
Word Identification in grade 2 .74 .04 .85*** 
Analysis in grade 2 2.31 .77 .14" 

Step 3 86 
Word Identification in grade 2 .71 .04 .82*** 
Analysis in grade 2 2.44 .74 .14** 
Naming in grade 2 -1.96 .68 - .12" 

Step 4 .87 
Word Identification in grade 2 .68 .04 .78*** 
Analysis in grade 2 2.16 .74 .13" 
Naming in grade 2 -1.71 .68 -.10* 
Letter Recognition in grade 2 .94 .48 .09* 
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Table 7 (continued) 

Variable R2 B SEB ß 

Step 5 .88 
Word Identification in grade 2 .72 .04 .82"* 
Analysis in grade 2 2.10 .71 .12" 
Naming in grade 2 -1.60 .65 -.10* 
Letter Recognition in grade 2 1.68 .51 .16" 
Letter Recognition in grade 1 -.28 .09 - .15" 

Step 6 .89 
Word Identification in grade 2 .71 .04 .81*" 
Analysis in grade 2 2.11 .69 .13" 
Naming in grade 2 -1.41 .64 -.08* 
Letter Recognition in grade 2 1.70 .50 .17" 
Letter Recognition in grade 1 -.30 .09 - .16" 
Memory in K 1.36 .59 .09* 

Note. 'fx.05. "fx .01. *"p<.001. 

Let ter R e c o g n i t i o n w a s .39 a n d .51 i n grades 1 a n d 2 respect ive ly , i n d i c a t i n g 
that these t w o tasks e x p l a i n e d la rge ly o v e r l a p p i n g var iance . 

T w o o d d features of the results i n Tab le 7 are w o r t h n o t i n g . F irs t , W o r d 
A t t a c k d i d n o t p r e d i c t W o r d Ident i f i ca t ion s i g n i f i c a n t l y at a n y grade . T h i s is 
m o s t p l a u s i b l y a n artifact of m u l t i c o l l i n e a r i t y i n these data : the corre la t ion 
b e t w e e n these t w o measures w a s .89 or h i g h e r i n each grade . Because W o r d 
I d e n t i f i c a t i o n w a s a l w a y s entered first in to the analyses , W o r d A t t a c k h a d little 
u n i q u e v a r i a n c e left to e x p l a i n . Second, i n steps 5 a n d 6 of the grade 3 analys is , 
grade 1 Let ter R e c o g n i t i o n a p p e a r e d as a negat ive p r e d i c t o r , f o l l o w i n g grade 2 
Let ter R e c o g n i t i o n as a p o s i t i v e pred ic tor . T h i s a g a i n is also m o s t p r o b a b l y d u e 
to m u l t i c o l l i n e a r i t y , the corre la t ion b e t w e e n the t w o Letter R e c o g n i t i o n scores 
b e i n g .58. H a v i n g a c c o u n t e d for 87% of the var iance , there m a y be l i tt le left to 
e x p l a i n b u t error . 

T a b l e 8 s u m m a r i z e s the results f r o m the h ie rarc h ic a l l inear regress ion 
analyses p r e d i c t i n g the Passage C o m p r e h e n s i o n score i n grades 1, 2, a n d 3. A s 
w i t h W o r d Ident i f i ca t ion , the autoregressors accounted for the largest share of 
the Passage C o m p r e h e n s i o n var iance at a l l grade levels . Spec i f i ca l ly , k i n d e r 
gar ten W o r d Ident i f i ca t ion a n d Letter R e c o g n i t i o n e x p l a i n e d over 80% of the 
g r a d e 1 Passage C o m p r e h e n s i o n var iance . A l t h o u g h k i n d e r g a r t e n W o r d A t 
tack, A w a r e n e s s , a n d N a m i n g w e r e also s igni f i cant pred ic tors , they accounted 
for o n l y 2% of a d d i t i o n a l var iance above that accounted for b y the t w o 
autoregressors . 

I n g r a d e 2, the R2 increased b y .12 w h e n grade 1 A w a r e n e s s w a s a d d e d to 
the m o d e l a n d b y another .10 w h e n grade 1 N a m i n g a n d Letter R e c o g n i t i o n 
a n d k i n d e r g a r t e n A w a r e n e s s w e r e a d d e d to the m o d e l . I n grade 3, a d d i n g 
g r a d e 2 A n a l y s i s a n d g r a d e 1 R h y m i n g i n t o the m o d e l increased R2 b y o n l y .04. 

T h e effects of m u l t i c o l l i n e a r i t y appear at t w o po in ts i n Table 8. W o r d A t t a c k 
is a negat ive p r e d i c t o r i n g r a d e 1, after the autoregressors accounted for 83% of 
the v a r i a n c e , a n d the k i n d e r g a r t e n A w a r e n e s s factor is negat ive i n grade 2 after 
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Table 8 
Summary of Hierarchical Regression Analyses for Variables Predicting 

Passage Comprehension in Grades 1, 2, and 3 

Variable fl2 B SEB ß 

Grade 1 

Step 1 .83 
Word Identification in K .58 .03 .81* 
Letter Recognition in K .11 .02 .19* 

Step 2 .84 
Word Identification in K .75 .06 1.05* 
Letter Recognition in K .10 .02 .17 
Word Attack in K -.47 .15 - .26" 

Step 3 .85 
Word Identification in K .71 .06 .99*** 
Letter Recognition in K .08 .02 .14" 
Word Attack in K -.45 .15 - .24" 
Awareness in K 1.13 .44 .12* 

Step 4 .86 
Word Identification in K .64 .06 .90*** 
Letter Recognition in K .05 .02 .09* 
Word Attack in K -.36 .15 -.20* 
Awareness in K 1.66 .46 .17"* 
Naming in K -1.19 .37 - .13" 

Grade 2 

Step 1 .47 
Passage Comprehension in grade 1 .71 .08 .68*** 

Step 2 .59 
Passage Comprehension in grade 1 .51 .08 .49"* 
Awareness in grade 1 4.11 .74 .40*" 

Step 3 .64 
Passage Comprehension in grade 1 .38 .08 .37*** 
Awareness in grade 1 4.80 .72 .47*** 
Naming in grade 1 -2.63 .68 -.25*** 

Step 4 .67 
Passage Comprehension in grade 1 .35 .08 .34*** 
Awareness in grade 1 4.28 .72 .42*** 
Naming in grade 1 -2.39 .67 -.23** 
Letter Recognition in grade 1 .21 .07 .18" 

Step 5 .69 
Passage Comprehension in grade 1 .45 .09 .43*** 
Awareness in grade 1 5.04 .78 49««* 

Naming in grade 1 -2.08 .67 -.20** 
Letter Recognition in grade 1 .21 .07 .18" 
Awareness in K -1.88 .82 -.19* 
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Table 8 (continued) 

Variable P? B SE B ß 

Grade 3 

Step 1 .57 
Passage Comprehension in grade 2 .66 .06 .75"* 

Step 2 .59 
Passage Comprehension in grade 2 .58 .07 .67*** 
Analysis in grade 2 1.59 .71 .17* 

Step 3 .61 
Passage Comprehension in grade 2 .59 .07 .67*** 
Analysis in grade 2 1.50 .69 .16* 
Rhyming in grade 1 1.73 .75 .15* 

Note. *p<.05. **p<.01. ***p<.001. 

the g r a d e 1 A w a r e n e s s score is entered. G i v e n the s t r o n g l y p o s i t i v e correlat ions 
b e t w e e n these p r e d i c t o r s , these results s h o u l d be taken to m e a n that the l i m i t s 
of p r e d i c t i o n h a v e been reached. 

In s u m , autoregressors accounted for m o s t of the var iance of b o t h W o r d 
I d e n t i f i c a t i o n a n d Passage C o m p r e h e n s i o n . H o w e v e r , at least t w o p h o n o l o g i 
ca l p r o c e s s i n g scores w e r e s ign i f i cant predic tors of every outcome, e v e n after 
the autoregress ive effect w a s accounted for. N a m i n g a n d A w a r e n e s s (or, i n 
g r a d e 2, A n a l y s i s ) w e r e the m o s t f requent predic tors , a p p e a r i n g i n a lmost 
e v e r y a n a l y s i s . 

Discussion 
O u r d i s c u s s i o n focuses f irst o n w h a t these results h a v e to say about theories of 
r e a d i n g , a n d s e c o n d o n the i m p l i c a t i o n s for assessment a n d teaching i n prac 
tice. 

T h e a r g u m e n t u n d e r l y i n g this article is that c o m p r e h e n s i v e theories of 
a c h i e v e m e n t constructs w i l l h e l p so lve m a n y p o t e n t i a l l y p e r p l e x i n g p r o b l e m s 
i n e d u c a t i o n a l m e a s u r e m e n t . T h e o r y i n the area of ear ly r e a d i n g has a d v a n c e d 
to the p o i n t that w e are c o n f i d e n t i n p r o p o s i n g the l ist of constructs s h o w n i n 
F i g u r e 1, a n d n o t least i n the d o m a i n of p h o n o l o g i c a l process ing . The results 
c o n f i r m the b r o a d o u t l i n e of w h a t is s h o w n i n F i g u r e 1, i n that several 
m e a s u r e s of p h o n o l o g i c a l p r o c e s s i n g a n d letter k n o w l e d g e w e r e s h o w n to be 
s i g n i f i c a n t p r e d i c t o r s of r e a d i n g progress e v e n after a c c o u n t i n g for the 
autoregress ive effect of the p r e v i o u s year 's r e a d i n g score. It s h o u l d be e m 
p h a s i z e d h o w c o n s e r v a t i v e a n a p p r o a c h this is . The p r e v i o u s year 's achieve
m e n t score is the result of the f u l l range of other i n d i v i d u a l differences, 
i n s t r u c t i o n , a n d h o m e factors. T o s h o w , for instance, that grade 1 p h o n o l o g i c a l 
awareness is a s ign i f i cant p r e d i c t o r of grade 2 w o r d r e a d i n g , after t a k i n g 
a c c o u n t of g r a d e 1 w o r d r e a d i n g , is to indicate that p h o n o l o g i c a l awareness is 
p l a y i n g a s p e c i a l a n d i m p o r t a n t role . The o n l y construct s h o w n i n F i g u r e 1 that 
d i d n o t e m e r g e as a s ign i f i cant p r e d i c t o r i n the present results w a s " p r o n u n c i a 
t i o n b y a n a l y s i s k n o w l e d g e " or , m o r e s i m p l y , d e c o d i n g . T h i s construct w a s 
represented b y the W o r d A t t a c k score i n this s t u d y . O t h e r measures , perhaps 
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of s trategy use , m a y h a v e a d d e d to the p r e d i c t i o n . It is i m p o r t a n t to r e m e m b e r 
that W o r d A t t a c k w a s h i g h l y corre la ted w i t h the other r e a d i n g ach ievement 
scores to the p o i n t that i t h a d l i t t le to contr ibute after the autoregressors . These 
results p r o v i d e n o reason to d i s c o u n t the i m p o r t a n c e of d e c o d i n g s k i l l s . 

A l t h o u g h w e are c o n f i d e n t i n p r o p o s i n g the l ist s h o w n i n F i g u r e 1, w e are 
less cer ta in about the i n t e r n a l s tructure of the p h o n o l o g i c a l p r o c e s s i n g d o m a i n 
a n d of the c a u s a l connect ions b e t w e e n it a n d letter k n o w l e d g e a n d d e c o d i n g . 
In other w o r k ( K i r b y et a l . , 1995) w e h a v e a r g u e d for the p a r t i c u l a r sequence 
s h o w n i n F i g u r e 1 ( w i t h some fur ther d i rec t l i n k s b e t w e e n nonadjacent c o n 
structs , a n d a l l o w i n g the p o s s i b i l i t y of r e c i p r o c a l l i n k s ) , a n d s o m e s u p p o r t has 
b e e n p r o v i d e d (Beggs, 1996; James, 1996). W e are c o n t i n u i n g to invest igate this 
a n d other m o d e l s w i t h o u r l o n g i t u d i n a l data . 

T h e p a r t i c u l a r p h o n o l o g i c a l constructs that e m e r g e d m o s t f requent ly as 
p r e d i c t o r s are w o r t h n o t i n g . A w a r e n e s s (or A n a l y s i s ) is the m o s t a d v a n c e d of 
the p h o n o l o g i c a l constructs , d e v e l o p i n g the latest ( W a g n e r et a l . , 1993) a n d 
b e i n g the m o s t s i m i l a r to r e a d i n g i n that it requires o p e r a t i o n at the p h o n e m i c 
l e v e l . A w a r e n e s s m a y represent o v e r a l l d e v e l o p m e n t i n the p h o n o l o g i c a l d o 
m a i n ; there is n o lack of ev idence that those w h o lack it are not d o i n g w e l l i n 
r e a d i n g a n d are n o t l i k e l y to b e g i n to progress s o o n ( A d a m s , 1990; Torgesen et 
a l . , 1994). N a m i n g is a d i f ferent construct , b e g i n n i n g d e v e l o p m e n t m u c h earl ier 
a n d b e i n g m e a s u r e d m o r e i n terms of e f f ic iency. Recent ev idence suggests that 
s o m e c h i l d r e n d o p o o r l y i n r e a d i n g because of s l o w n a m i n g speed i n spite of 
adequate p h o n o l o g i c a l awareness (Bowers , Sunseth , & G o l d e n , 1999; K i r b y , 
E t m a n s k i e , P a n i l a , & D a s , i n p r e p a r a t i o n ; W o l f , 1997). 

T h e p r i m a r y i m p l i c a t i o n for pract ice e m e r g i n g f r o m this research is that w e 
h a v e i d e n t i f i e d i m p o r t a n t constructs i n v o l v e d i n l e a r n i n g to read a n d h a v e 
i d e n t i f i e d effect ive i n d i c a t o r s of those constructs . These indicators d i d not 
i n v o l v e a n y r e a d i n g a n d w e r e a d m i n i s t e r e d a year or m o r e before the o u t c o m e 
measures . F u r t h e r m o r e , m o s t of the constructs h a v e s t r a i g h t f o r w a r d re la t ion
s h i p s w i t h their ind ica tors . B y this w e m e a n that the indica tors h a v e face 
v a l i d i t y a n d const ruc t v a l i d i t y as measures of the constructs a n d that i t is 
d i f f i c u l t to i m a g i n e a c h i l d b e i n g able to p e r f o r m the measures successful ly 
w i t h o u t h a v i n g a n adequate a m o u n t of the construct i n quest ion . 

These constructs are a p p r o p r i a t e targets for assessment a n d i n s t r u c t i o n . 
These constructs , o r rather their i n d i c a t o r s , are the r i g h t tests to teach to, at least 
d u r i n g the ear ly years of s c h o o l . If teachers m o d i f y their teaching to target 
these tests, l i t t le h a r m s h o u l d occur . It w o u l d be i m p o r t a n t to k e e p i n m i n d 
f u r t h e r r e a d i n g d e v e l o p m e n t t o w a r d m o r e elaborate f o r m s of c o m p r e h e n s i o n , 
a n d n o t focus o n l y o n the ear ly stage. A greater a n d m o r e theory-based focus 
o n the e a r l y stage, h o w e v e r , w o u l d p r o v i d e a s t ronger basis for s u c h further 
d e v e l o p m e n t . 

D o e s ear ly r e a d i n g ach ievement p r o v i d e a m o d e l for other areas of e d u c a 
t i o n a l ach ievement? C a n s i m i l a r l y d e t a i l e d theoret ical m o d e l s of ach ievement 
be d e v e l o p e d i n other areas, a n d c a n s u c h v a l i d a n d s t r a i g h t f o r w a r d indica tors 
be i d e n t i f i e d ? B o t h of these goals seem attainable i n ear ly mathemat ics s k i l l s , 
w h e r e k n o w l e d g e of s i m p l e n u m b e r facts seems cr i t i ca l for fur ther achieve
m e n t ( K i r b y & Becker , 1988). R e a d i n g c o m p r e h e n s i o n has y i e l d e d quite s o p h i s 
t icated theoret ica l m o d e l s la te ly ( K i n t s c h , 1998), b u t it is not yet clear h o w these 
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theories w o u l d l e a d to c l a s s r o o m or s t a n d a r d i z e d assessment. B iggs a n d C o l l i s ' 

(1982) S O L O T a x o n o m y m a y offer b o t h a theoret ical m o d e l a n d a m e t h o d to 

d e r i v e v a l i d assessment i n areas as d iverse as the h u m a n i t i e s a n d the sciences. 

T h e art ic le i l lustrates i n ear ly r e a d i n g the v a l u e of d e v e l o p i n g a c o m p r e h e n 

s i v e a n d d e t a i l e d theoret ical m o d e l of ach ievement tasks a n d the i m p o r t a n c e of 

d e r i v i n g u s e f u l i n d i c a t o r s of the theoret ical constructs . W e be l ieve that rea l 

p r o g r e s s has been m a d e i n this area a n d that it is n o l o n g e r jus t i f i ed to ignore 

this w o r k w h e n d e v e l o p i n g c u r r i c u l u m a n d assessment. W e h o p e that other 

areas of e d u c a t i o n a l a c h i e v e m e n t w i l l p r o c e e d i n the same d i r e c t i o n . 
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