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ABSTRACT 

Resea rch  i n  r e a d i n g  s t r o n g l y  i n d i c a t e s  t h a t  s k i l l e d  r e a d e r s  

d i f f e r  from less  s k i l l e d  r e a d e r s  i n  many components of  t h e  reading 

process. However, d e s p i t e  much resea rch  and theor iz ing ,  the  causes of 

r e a d i n g  f a i l u r e  a t  both t h e  word recogn i t ion  and comprehension l e v e l s  

a r e  n o t  r e a d i l y  known. Recent  r e s e a r c h  on i n t e r a c t i v e  models  of 

r e a d i n g  o f f e r s  a  promising approach t o  s tudying read ing  processes and 

i n d i v i d u a l  d i f f e r e n c e s  i n  t h e s e  p r o c e s s e s .  S p e c i f i c a l l y ,  a n  

i n t e r a c t i v e  model of reading provides two c o n t r a s t i n g  views of reading 

f a i l u r e :  Conceptually based d a t a  may not  be s u f f i c i e n t l y  a v a i l a b l e  o r  

s u f f i c i e n t l y  used ; coding of  g r a p h i c a l l y  based information ( i .  e. word 

decoding and i d e n t i f i c a t i o n )  may not  be s u f f i c i e n t l y  f l u e n t .  

Based on t h e  l i t e r a t u r e  r e l a t e d  t o  i n t e r a c t i v e  models of  reading 

and types of poor r eaders ,  the  study attempted t o  d i f f e r e n t i a t e  f o u r  

t y p e s  o f  a d o l e s c e n t  r eaders  from an i n i t i a l  sample populat ion of 110 

grade e i g h t  s t u d e n t s  i n  Langley, B r i t i s h  Columbia. The f o u r  t y p e s  of 

r e a d e r s  c a t e g o r i z e d  on t h e  b a s i s  o f  t h e i r  performance on t h e  Word 

I d e n t i f i c a t i o n  and Passage  Comprehension s u b t e s t s  o f  t h e  Woodcock 

R e a d i n g  M a s t e r y  T e s t s  were: Good r e a d e r s ,  h a v i n g  a d e q u a t e  word 

r e c o g n i t i o n  and comprehension s k i l l s ;  D i f f e r e n c e  r e a d e r s ,  h a v i n g  

a d e q u a t e  word r e c o g n i t i o n  s k i l l s ,  b u t  poor comprehension s k i l l s ;  

D e f i c i t  r e a d e r s ,  p o s s e s s i n g  p o o r  word r e c o g n i t i o n  a n d  p o o r  

iii 



c o m p r e h e n s i o n  s k i l l s ;  and  Compensa tor  r e a d e r s ,  h a v i n g  a d e q u a t e  

comprehension s k i l l s  d e s p i t e  poor word r e c o g n i t i o n  s k i l l s .  

The D i f f e r e n c e  r e a d e r  g r o u p  was s u b s e q u e n t l y  dropped from t h e  

s tudy  because o n l y  f o u r  s u b j e c t s  could be r e l i a b l y  c a t e g o r i z e d  o n  a n  

"a p r i o r i n  raw s c o r e  l e v e l  of  performance on t h e  word r e c o g n i t i o n  and 

comprehens ion  t e s t s .  An a d d i t i o n a l  34 s u b j e c t s  c o u l d  n o t  b e  

c a t e g o r i z e d  as Good, D e f i c i t  o r  Compensator r e a d e r s  and were dropped 

from t h e  s t u d y .  The r e m a i n i n g  sample  o f  72 c o n s i s t e d  of  34 Good 

r e a d e r s ,  14  D e f i c i t  r e a d e r s ,  and 24 Compensator r eade r s .  The s u b j e c t s  

were  t h e n  a d m i n i s t e r e d  f o u r  p r o s e  p a s s a g e s ,  a n d  c o m p r e h e n s i o n  

performance on f a c t u a l  and i n f e r e n t i a l  q u e s t i o n s  was analyzed i n  terms 

o f  r e a d e r  type. 

The r e s u l t s  i n d i c a t e d  t h a t  t h e  ma jo r i t y  of  hypotheses,  r e l a t e d  t o  

r e a d e r  g r o u p  t y p e  and c o m p r e h e n s i o n  p e r f o r m a n c e  o n  f a c t u a l  a n d  

i n f e r e n t i a l  q u e s t i o n s ,  were s u b s t a n t i a t e d .  The r e s u l t s  t h u s  suppor t  

t h e  u s e f u l n e s s  of ana lyz ing  r e a d i n g  comprehension performance i n  terms 

o f  r e a d e r  g r o u p  d i f f e r e n c e s .  T h e  e d u c a t i o n a l  a n d  r e s e a r c h  

i m p l i c a t i o n s  of t h e s e  f i n d i n g s  are d iscussed .  
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CHAPTER I 

INTRODUCTION AND REVIEW OF LITERATURE - 
Researchers  i n  r ead ing  have l o n g  a g r e e d  w i t h  t h e  e v i d e n c e  t h a t  

r e a d i n g  i s  a v e r y  complex a c t i v i t y  (G ibson  & Levin, 1975; Goodman, 

1976; Huey, 1908, 1968; Lesgold & P e r f e t t i ,  1981). Previous  r e s e a r c h  

h a s  t e n d e d  t o  i n v e s t i g a t e  e a c h  a s p e c t  o f  t h e  r e a d i n g  p roces s  as a  

s e p a r a t e  r e s e a r c h  p rob lem,  r e s u l t i n g  i n  a  number o f  t h e o r i e s  and  

t y p o l o g i e s  o f  r e a d i n g  and  r e a d i n g  d i s o r d e r s .  D e s p i t e  a b u n d a n t  

r e s e a r c h  and t h e o r i z i n g ,  causes  o f  r e a d i n g  f a i l u r e  b o t h  a t  t h e  word 

r e c o g n i t i o n  and c o m p r e h e n s i o n  l e v e l s  a r e  n o t  r e a d i l y  known. To 

understand why the  ma jo r i t y  of  i n a d e q u a t e  r e a d e r s ,  t h o s e  who do  n o t  

posses s  s eve re  and d iagnosable  mental o r  phys i ca l  problems, exper ience  

r e a d i n g  problems, we need t o  unders tand  t h e  o v e r a l l  r e a d i n g  p r o c e s s  

s u f f i c i e n t l y  i n  o r d e r  t o  p inpo in t  its a r e a s  of v u l n e r a b i l i t y .  Given 

t h a t  r e a d i n g  i n v o l v e s  a  m a g n i t u d e  o f  n p e r c e p t u a l ,  l i n g u i s t i c  and  

c o g n i t i v e  processesn  (Adams, 1980, p. 111, and t h a t  r ead ing  processes  

and s k i l l s ,  and the  e x p e r i e n t i a l  base t h a t  r e s u l t s  i n  l e a r n i n g  t o  read  

a r e  b o t h  complex (Gibson  & L e v i n ,  1975; Huey, 1908, 1968; Lesgold & 

P e r f e t t i ,  1 9 8 i ) ,  i t  i s  a l l  t h e  more impor tan t  t h a t  r e a d i n g  p r o c e s s e s  

and  p rob lems  be viewed i n  t h e  con tex t  of a  theory  of r ead ing  t h a t  can 

account  f o r  f l u e n t  r ead ing ,  beginning  r ead ing  and r ead ing  p r o b l e m s  of 

young c h i l d r e n ,  a d o l e s c e n t s  and a d u l t s .  Recent ly,  renewed i n t e r e s t  



i n t o  t h e  i n v e s t i g a t i o n  of  r e a d i n g  comprehension by p ro fess iona l s  i n  

many f i e l d s  makes it apparen t  t h a t  we may be moving r a p i d l y  toward  

t h a t  goal (Wong, 1982). 

Many r e s e a r c h  f i e l d s  have  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  

present  t h e o r e t i c a l  and empir ica l  endeavours on t h e  s t u d y  o f  r e a d i n g  

comprehension,  namely, c o g n i t i v e  psychology, information-processing 

m o d e l s  o f  l e a r n i n g ,  l i n g u i s t i c s  and  p s y c h o l i n g u i s t i c s ,  a n d  

d e v e l o p m e n t s  i n  a r t i f i c i a l  i n t e l l i g e n c e .  Some of t h e  r e c e n t  

deve lopments  which h a v e  i n f l u e n c e d  c u r r e n t  r e s e a r c h  i n c l u d e :  

r e a f f i r m a t i o n  of  t h e  a c t i v e  and cons t ruc t ive  r o l e  of the  l e a r n e r  i n  

process ing information (Neisser, 1967; Wittrock,  1979) t h e  i d e a  of a 

l i m i t  on t h e  amount of conscious mental processing i n  which a person 

c a n  e n g a g e  a t  o n e  t i m e  ( A t k i n s o n  & S h i f f r i n ,  1 9 6 8 ) ;  t h e  

p s y c h o l i n g u i s t i c  view of r e a d i n g  a s  a complex language processing 

a c t i v i t y  i n  which grapho-phonic, semant i c  and s y n t a c t i c  i n f o r m a t i o n  

a l l  p l a y  a p a r t  (Goodman,  1 9 7 6 ) ;  a n d  t h e  p l a u s i b i l i t y  o f  t h e  

i n f  ormation-processing model o f  r e a d i n g  d i s a b i l i t y ,  i n  p a r t i c u l a r ,  

verbal  processing (Morrison, Nagy & Giordani ,  1977; Vel lu t ino ,  S teger ,  

Moyer, Harding and M i l e s ,  1 9 7 7 ) .  A s  a r e s u l t  o f  t h e s e  r e c e n t  

c o n t r i b u t i o n s ,  p r o f e s s i o n a l s  i n  c o g n i t i v e ,  deve lopmenta l  and 

educat ional  psychology, a s  w e l l  as t h o s e  i n  t h e  f i e l d s  o f  l e a r n i n g  

d i s a b i l i t i e s  and  r e a d i n g ,  h a v e  t u r n e d  t h e i r  a t t e n t i o n  toward 

understanding the  s p e c i a l  problems of the  d isabled  reader ,  e s p e c i a l l y  

the problems of the  poor comprehender . 



Severa l  important  t h e o r e t i c a l  approaches t o  the  study of r e a d i n g  

processes appear p a r t i c u l a r l y  germane t o  understanding t h e  problems of 

d i s a b l e d  r e a d e r s ,  s p e c i f i c a l l y  b o t t o m - u p  p r o c e s s i n g ,  top-down 

p r o c e s s i n g  and i n t e r a c t i v e  models of reading (Adams, 1980; Lesgold & 

P e r f e t t i ,  1978,  1981;  P e r f e t t i  & Roth,  1981;  R u m m e l h a r t ,  1 9 7 7 ;  

S t a n o v i c h ,  1 9 8 0 ) .  These  models  h e l p  t o  a c c o u n t  f o r  i n d i v i d u a l  

d i f f e r e n c e s  i n  reading a b i l i t y .  

Bottom-up processing is a n a l y t i c  i n  so  far a s  the  reader  analyzes 

t h e  v i s u a l  a r r a y  i n  order  t o  recognize words, letter by l e t t e r ,  u s i n g  

g rapheme-phoneme c o r r e s p o n d e n c e s  w h i c h  a r e  t h e n  f o r m e d  i n t o  

phonological r ep resen ta t ions  (Gough, 1972;  Rozin & G l e i  tman, 1 977) .  

Top-down p r o c e s s i n g  i s  s y n t h e t i c  i n  s o  f a r  a s  t h e  r e a d e r  se ts  up 

expecta t ions  o r  hypotheses f o r  word meanings, and s e e k s  c o n f i r m a t i o n  

b y  s a m p l i n g  s e l e c t i v e l y  f r o m  t h e  v i s u a l  c u e s .  Thus top-down 

p r o c e s s i n g  r e l i e s  on c o n t e x t  t o  a i d  word r e c o g n i t i o n  and t o  g a i n  

s e n t e n c e  and p a s s a g e  meaning (Goodman, 1976; Rozin & Gleitman, 1977; 

Smith, 1971; Wildman & Kling, 1978-79). 

An i n t e r a c t i v e  model of reading comprehension t akes  i n t o  account 

the  i n t e r a c t i o n s  between these  ntop-downn and nbottom-upn p r o c e s s e s ;  

d i f f e r e n t  processes a r e  r e spons ib le  f o r  providing da ta  and sha r ing  t h e  

d a t a  with o ther  processes (Rummelhart, 1977; P e r f e t t i  & Roth,  1 9 8 1 ) ,  
1 

s o  t h a t  "a p a t t e r n  i s  s y n t h e s i z e d  based on i n f o r m a t i o n  p r o v i d e d  
i 

u l t ~ n e o u s l v  from s e v e r a l  knowledge s o u r c e s  [such a s ]  f e a t u r e  



e x t r a c t i o n ,  o r t h o g r a p h i c  knowledge,  l e x i c a l  knowledge,  s y n t a c t i c  

knowledge, semantic knowledgew (Stanovich,  1980, p. 35). 

I n t e r a c t i v e  models  appear t o  d i f f e r  from topdown and bottom-up 

models  p r i m a r i l y  i n  terms o f  t h e  i n d e p e n d e n c e  o f  p r o c e s s e s  a t  

d i f f e r e n t  l e v e l s .  Bottom-up models  ( e .g .  Gough, 1972;  LaBerge & 

Samuels, 1974) p o s i t  s t r i c t l y  serial stage processing,  with processing 

a t  e a c h  l e v e l  b e i n g  completed before  processing a t  the  next l e v e l  is 

i n i t i a t e d .  I n  top-down models (Goodman, 1976 ; Smith , 1 97 1 ) s e m a n t i c  

p r o c e s s e s  a r e  assumed t o  d i r e c t  lower-level processes. Cr i t i c i sms  of 

b o t h  m o d e l s  a r e  f r e q u e n t l y  e x p r e s s e d  i n  t h e  l i t e r a t u r e  ( s e e  

Rummelhar t ,  1977;  S t a n o v i c h ,  1982a,  1982b; and Wildman & K l i n g ,  

1978-79). The main c r i t i c i s m  of bottom-up models is t h a t  they f a i l  t o  

a c c o u n t  f o r  f i n d i n g s  i n  t h e  e m p i r i c a l  r e s e a r c h  f o r  the  e f f e c t s  of 

p r i o r  semantic c o n t e x t  and s y n t a c t i c  c o n t e x t  i n  on-going r e a d i n g .  

Top-down o r  hypothes is - tes t  models have been c r i t i c i z e d  f o r  vagueness 

of conceptual iza t ion .  For example, Goodman (1976) doesn ' t  make c l e a r  

how t h e  r e a d e r  r e a c h e s  t h e  s t a g e  o f  a d e p t n e s s  a t  " s e l e c t i n g  t h e  

fewest ,  most productive cues necessary t o  produce  g u e s s e s  which a r e  

r i g h t  t h e  first t i m e w  ( p .  4 9 8 ) .  However, c r i t i c i s m s  o f  top-down 

models have mainly been d i r e c t e d  a t  the  inheren t  assumptions about the  

r e l a t i v e  s p e e d s  o f  t h e  p r o c e s s e s  i n v o l v e d .  A s  Samuels ,  Dahl and 

Archwamety ( 1974) have argued, f l u e n t  r eaders  can r e c o g n i z e  words on 

p u r e l y  v i s u a l  i n f o r m a t i o n  f a s t e r  t h a n  they  can genera te  hypotheses 

about upcoming words. 



C o n t r a r y  t o  S m i t h ' s  (1971)  n o t i o n ,  t h a t  t h e  more f l u e n t  t h e  

r eader ,  the  more top-down process ing is employed, it now a p p e a r s  t h a t  

f l u e n t  r e a d e r s  a r e  more l i k e l y  t o  engage i n  bottom-up p r o c e s s i n g  

( J u e l ,  1980; Lesgold & P e r f e t t i ,  1981 ; S t a n o v i c h ,  l982b) .  However, 

t h e s e  two models do not s u f f i c i e n t l y  allow f o r  ind iv idua l  d i f f e r e n c e s  

i n  reading s k i l l s ,  nor do they provide f o r  a compensatory a s s u m p t i o n  

by which readers  may overcome d e f i c i e n c i e s  i n  reading s k i l l .  

For the  s k i l l e d  r e a d e r ,  t h e  p r o c e s s e s  a r e  s o  w e l l  l e a r n e d  and 

i n t e g r a t e d  ( G o l i n k o f f ,  1 9 7 5 - 7 6 ;  G u t h r i e ,  1 9 7 3 a  t h a t  w r i t t e n  

information can flow almost a u t o m a t i c a l l y  from s e n s a t i o n  t o  meaning 

( Adams, 1980 1. S k i l l e d  r e a d e r s  a p p e a r  t o  be super io r  t o  unsk i l l ed  

readers  i n  many components o f  t h e  r e a d i n g  p r o c e s s .  The f o r m e r  are 

thought t o  use bottom-up and topdown processing simultaneously a t  a l l  

l e v e l s  of a n a l y s i s ,  thereby making optimal  use of t h e  i n f o r m a t i o n  on 

t h e  p a g e ,  t h e  r e d u n d a n c y  o f  t h e  l a n g u a g e  and  t h e  c o n t e x t u a l  

environment, a l l  with minimal e f f o r t  (Adams, 1980; Rummelhart,  1977;  

Wildman & Kling, 1978-79). A " t r i g g e r i n g  event*  (Brown, 1980) alerts 

them t o  comprehension f a i l u r e ,  a t  which time they slow down and a l l o t  

more processing capaci ty  t o  t h e  problem area .  

Moreover,  a n  i n t e r a c t i v e  framework p r o v i d e s  a f o c u s  f o r  two 

c o n t r a s t i n g  v iews  of  reading f a i l u r e :  1. Conceptually based da ta  may 

not be s u f f i c i e n t l y  a v a i l a b l e  o r  s u f f i c i e n t l y  u s e d ;  2. c o d i n g  of  

g r a p h i c a l l y  based information (i.e. word decoding and i d e n t i f i c a t i o n )  

may not be s u f f i c i e n t l y  f l u e n t  ( P e r f e t t i  & Roth, 1981). Few t h e o r i s t s  



today would advocate e i t h e r  purely bottom-up o r  purely top-down models 

of reading ( J u e l ,  1980; Wildman & Kling, 1978-79). However, one would 

e x p e c t  t h a t  t h e  r e a d e r  who a d o p t s  o n l y  bottom-up o r  top-down 

processing would experience reading d i f f i c u l t y  (Adams, 1980;  K o l e r s ,  

1975) 

S t a n o v i c h  ( 1980,  i n  p r e s s )  p r e s e n t s  an  i n t e r a c t i v e  model t h a t  

assumes a l s o  t h a t  t h e  v a r i o u s  component s u b s k i l l s  o f  r e a d i n g  c a n  

o p e r a t e  i n  a compensatory  manner. Tha t  is ,  the  model descr ibed by 

S t a n o v i c h  a l l o w s  f o r  h i g h e r - l e v e l  p r o c e s s e s  t o  c o m p e n s a t e  f o r  

d e f i c i e n c i e s  i n  lower- level  process ing i n  reading performance. I n  a 

d iscuss ion of s t u d i e s  of o r t h o g r a p h i c  s t r u c t u r e  e f f e c t s ,  s e n t e n c e  

c o n t e x t  e f f e c t s ,  and a u t o m a t i c  and a t t e n t i o n a l  context  e f f e c t s ,  he 

argues convincingly t h a t  an interactive-compensatory model may he lp  t o  

account f o r  ind iv idua l  d i f f e r e n c e s  i n  reading and, f u r t h e r ,  t o  exp la in  

many research  f i n d i n g s  t h a t  "had seemed paradoxicaln (Stanovich,  1980, 

P. 36). 

Levy (1981) a l s o  recognizes the  v i a b i l i t y  of an i n t e r a c t i v e  model 

which accounts  f o r  the  f l e x i b i l i t y  displayed by r e a d e r s .  She p o i n t s  

o u t  t h a t  ncomprehension cou ld  be a c h i e v e d  t h r o u g h  s t rong  top-down 

suppor t ,  with only weak bottom-up s u p p o r t  o r  v i c e - v e r s a ,  s o  l o n g  a s  

t h e  t o t a l  s t r e n g t h  was above some v a l u e w  ( p .  3 1 ,  t h i s  value being 

unspeci f ied  at  the  present  time. She concurs w i t h  Rummelhart ( 1977 ) 

t h a t  i n t e r a c t i v e  models need f u r t h e r  e l abora t ion  i n  order  t o  spec i fy  

the  "hown, i n  f a c t ,  "which mechanisms do whatn (Levy, 1981, p. 3 ) .  



Many good and poor r e a d e r s  undoubtedly d i f f e r  from each o the r  a t  

the  l e v e l  o f  word processing. Use of t h e  terms "word r e c o g n i t i o n n ,  

"decod ingw,  "word i d e n t i f  i c a t i o n w  v a r i e s  i n  t h e  l i t e r a t u r e .  For the  

purposes of t h i s  review, the  terms a r e  used i n t e r c h a n g e a b l y  and a r e  

t a k e n  t o  mean the  process of "ex t rac t ing  enough information from word 

u n i t s  s o  t h a t  a l o c a t i o n  i n  t h e  m e n t a l  l e x i c o n  i s  a c t i v a t e d ,  t h u s  

r e s u l t i n g  i n  semantic information becoming a v a i l a b l e  t o  consciousnessw 

v i a  the  use of  v i s u a l  o r  phonological informat ion  ( S t a n o v i c h ,  1982a,  

p. 486). 

While the  goal  of f l u e n t  reading is obviously comprehension, f a s t  

and accura te  decoding is a n e c e s s a r y  p r e r e q u i s i t e .  But  by i t s e l f ,  

a c c u r a t e  d e c o d i n g  i s  n o t  a s u f f i c i e n t  c o n d i t i o n  f o r  r e a d i n g  

comprehension t o  occur. In  o rde r  f o r  comprehension t o  occur ,  t h e  two 

components of word recogn i t ion ,  accuracy and speed, must develop. The 

speed of word recogni t ion  i s  r e l a t e d  t o  comprehension (McCormick & 

Samuels ,  1979)  i n  s o  f a r  a s  "less s k i l l e d  reading may be i n  p a r t  due 

t o  a f a i l u r e  t o  develop au tomat ic i ty ,  thereby causing a d e f i c i t  i n  the  

amount of  a t t e n t i o n  a v a i l a b l e  f o r  comprehensionw (Cur t i s ,  1980, p. 

6 5 6 ) .  Latency  i s  t h e  u s u a l  i n d i c a t o r  o f  a u t o m a t i c i t y  i n  word 

recogni t ion .  

It i s  w e l l  s u b s t a n t i a t e d  t h a t  i n d i v i d u a l s  who a r e  c l a s s i f i e d  a s  

poor r eaders  read more slowly (Biemiller , 1970; C u r t i s ,  1980;  Hatz & 

Wicklund,  1971; Kolers ,  1970, 1975; Lesgold & C u r t i s ,  1981; McCormick 

& Samuels, 1979; P e r f e t t i  & Hogaboam, 1975; Samuels ,  Begy, & Chen, 



1 9 7 5 - 7 6 ;  S h a n k w e i l e r  & Liberman,  1972) .  These d i f f e r e n c e s  a r e  

apparent  a t  the  e a r l i e s t  s t a g e s  of  r ead ing  a c q u i s i t i o n ,  and a l s o  w i t h  

a d u l t  p o p u l a t i o n s  (Cromer , 1 970; Jackson & McClelland, 1975; Mason, 

1978). These s t u d i e s  demonstrate a  c o r r e l a t i o n  r a t h e r  t h a n  a c a u s a l  

r e l a t i o n s h i p  between word r e c o g n i t i o n  and comprehension,  and as 

McClelland and Jackson (1978) point  o u t ,  "a d i f f e r e n c e  between f a s t  

and s low r e a d e r s  on one  p a r t i c u l a r  v i s u a l  component of t h e  complex 

r e a d i n g  p r o c e s s  i s  n o t  s u f f i c i e n t  t o  d e m o n s t r a t e  t h a t  i n d i v i d u a l  

d i f f e r e n c e s  a c t u a l l y  a r i s e  from t h a t  component i t s e l f w  (p .  192).  

However, Stanovich (1982a) c i t e s  f i n d i n g s  t h a t  suggest  t h a t  i n c r e a s e d  

word recogn i t ion  s k i l l  l e a d s  t o  improved comprehension r a t h e r  than t h e  

reverse .  

S t u d i e s  on t h e  speed  of  verbal  processing f u r t h e r  i n d i c a t e  t h a t  

the  less s k i l l e d  reader  is s l o w e r  i n  e x e c u t i n g  p h o n o l o g i c a l  c o d i n g  

(Lesgold & C u r t i s ,  1981; Lesgold & P e r f e t t i ,  1978; P e r f e t t i ,  Finger,  & 

Hogaboam, 1978; P e r f e t t i  & Lesgold, 1979) and t h a t  d i f f i c u l t i e s  of  the  

poor d e c o d e r  r e s i d e  a t  t h e  phonological l e v e l  of processing (Barron, 

1981 ; Shankweiler, Liberman, Mark, Fowler & F i s c h e r ,  1979;  Snowling,  

1980). 

According t o  t h e  t h e o r y  o f  automat ic  information processing i n  

r e a d i n g  of LaBerge and Samuels ( 1 9741, s k i l l e d  r e a d i n g  i n v o l v e s  

s e v e r a l  s t a g e s  of information processing. The reader  can s e l e c t i v e l y  

a t t e n d  t o  any  s u b p r o c e s s  b u t  o n l y  a t  t h e  e x p e n s e  o f  some o t h e r  

component, o r  a t  t h e  expense of o v e r a l l  performance i f  t h e  capaci ty  of 



a t  t e n t i o n  i s  exceeded.  The same cogn i t ive  processes under l i e  coding 

and comprehension. Unless coding i s  automatic,  phonological d e c o d i n g  

i n v o l v e s  more work f o r  t h e  less s k i l l e d  reader.  Slow, inaccura te ,  o r  

incomplete decoding w i l l  demand a t t e n t i o n  t o  t h e  s t r u c t u r e  o f  t h e  

w o r d s ,  t h e  v i s u a l  a s p e c t  o f  t h e  a r r a y ,  and  w i l l  d e t r a c t  from 

comprehension. Also, i f  i t  t akes  t o o  long t o  read a given word, o r  if 

word a t t a c k  i s  i n i t i a t e d  t o o  f r e q u e n t l y ,  r a p i d  t e m p o r a l  decay  i n  

primary memory may r e s u l t  i n  t h e  p r e c e d i n g  words b e i n g  f o r g o t t e n  

- b e f o r e  a phrase o r  sentence is completed, and i d e a s  r e c e n t l y  gathered 

by the  r eader  may a l s o  be f o r g o t t e n  (Beck, 1977; Gough, 1972; LaBerge 

& Samuels ,  1974; P e r f e t t i  & Lesgold, 1979). Thus, working memory may 

opera te  a s  a p o t e n t i a l  nbot t leneckn i n  reading comprehension ( P e r f e t t i  

& L e s g o l d ,  1979). Addi t ional ly ,  t h e  poor comprehender who appears t o  

have i n t a c t  word r e c o g n i t i o n  s k i l l s  may, i n  f a c t ,  be a n l a b o r i o u s  

d e c o d e r n  (Adams, 19801,  and t h e r e f o r e ,  "observed d e f i c i e n c i e s  i n  

reading comprehension a r e  p a r t l y  due t o  unobserved d e f i c i e n c i e s  i n  t h e  

e x t e n t  t o  which decod ing  u s e s  a n  e x c e s s i v e  sha re  of t h e  resourcesn  

( P e r f e t t i  & Lesgold, 1979, p. 60). 

I n  an  a t t e m p t  t o  provide  empir ica l  suppor t  f o r  the  r e l a t i o n s h i p  

between decoding and comprehension c o n c e p t u a l i z e d  by P e r f e t t i  and 

Lesgold (19791, F l e i s h e r ,  Jenkins and Pany (1979) t r a ined  poor r eaders  

i n  decoding of s i n g l e  words and phrases. They found t h a t  the  t r a i n i n g  

s i g n i f i c a n t l y  increased the  decoding speed of s i n g l e  words. However, 

comprehension performance was not  improved. It i s  i n t e r e s t i n g  t o  note  



t h a t  a f t e r  t h e  s i n g l e  word t r a i n i n g ,  t h e  poor r eaders  increased i n  

r e a d i n g  speed  and d e c r e a s e d  on e r r o r s  o f  s i n g l e  word d e c o d i n g  t o  

approximately t h e  l e v e l  of t h e  good readers ,  but the  good r e a d e r s  read 

s i g n i f i c a n t l y  more words per  minute i n  context .  F le i she r  e t  a l .  t o o k  

t h i s  t o  mean t h a t  good r e a d e r s  take  more advantage of s y n t a c t i c  and 

semantic information inheren t  i n  c o n t e x t  t h a n  less  s k i l l e d  r e a d e r s .  

F l e i s h e r  e t  a l .  conc luded  t h a t  t h e  r e s u l t s  o f  t h e i r  e x p e r i m e n t s  

c h a l l e n g e  t h e  d e c o d i n g - s u f f i c i e n c y  o r  b o t t l e  n e c k  h y p o  t h e s i s  o f  

P e r f e t t i  and Lesgold  (1979),  as t r a i n i n g  succeeded i n  i n c r e a s i n g  the  

s i n g l e  word decoding speed of poor r e a d e r s  t o  a  l e v e l  comparable  t o  

t h a t  of  good readers ,  while comprehension scores  remained unaffected.  

However, Blanchard and ~ c ~ i h c h  (1980) ques t ion  whether the  F l e i s h e r  e t  

a l .  e x p e r i m e n t s  a r e ,  i n  f a c t ,  a test o f  t h e  d e c o d i n g - s u f f i c i e n c y  

hypothesis .  They present  criticisms of  t h e  methodology used i n  t h e  

f i r s t  e x p e r i m e n t ,  and s t a t e  t h a t  n t h e  f i n d i n g s  a r e  l i m i t e d  t o  an 

i n t e r p r e t a t i o n  t h a t  t h e r e  e x i s t s  a r a t e  t r a n s f e r  e f f e c t  b e t w e e n  

s ing le -word  d e c o d i n g  t r a i n i n g  and contextual  reading r a t e w  (p. 563) . 
Furthermore, they claim t h a t  "the second experiment d i d  n o t  t e s t  t h e  

decod ing-suf f i c i ency  hypothesis  because i t  f a i l e d  t o  e s t a b l i s h  a  r a t e  

t r a n s f e r  e f f e c t  t o  c o n t e x t u a l  r e a d i n g  r a t e  a n d ,  h e n c e ,  t o  

comprehension performancen (p. 563). 

Research reviewed t o  t h i s  point  s t rong ly  suppor ts  a  c o r r e l a t i o n a l  

r e l a t i o n s h i p ,  which i s  p o s s i b l y  c a u s a l  ( S t a n o v i c h ,  1982a) ,  between 

f a s t  and a c c u r a t e  word r e c o g n i t i o n  and comprehension. Furthermore, 



t h e r e  is  inc reas ing  evidence i n  t h e  l i t e r a t u r e  t h a t  younger and poorer 

r e a d e r s  may r e l y  on the  use of  c o n t e x t u a l  i n f o r m a t i o n  t o  f a c i l i t a t e  

word r e c o g n i t i o n  and t o  compensate  f o r  d e f i c i e n c i e s  a t  t h e  word 

r e c o g n i t i o n  l e v e l  ( A l l i n g t o n  & Fleming ,  197 8 ;  B i e m i l P e r  , 1 9 7 0 ,  

1977-78, 1979; G u t t e n t a g  & H a i t h ,  1978;  J u e l ,  1980; Kolers,  1975; 

P e r f e t t i ,  Goldman & Hogaboam, 1 9 7 9 ;  P e r f e t t i  & R o t h ,  1 9 8 1 ;  

S c h v a n e v e l d t ,  Ackerman & S e m l e a r ,  1977; Schwantes ,  1981,  1982;  

Schwartz & Stanovich, 1981; Simpson & Lorsbach, 1983; Stanovich, 1980, 

1981 , l982b,  i n  p r e s s ;  S t a n o v i c h  & West, 1979;  West & S t a n o v i c h ,  

1978). It appears t h a t  context  may in f luence  processing i n  a v a r i e t y  

of ways, and t h a t  t h e r e  i s  no s i n g l e  form of context  e f f e c t s  (Levy, 

1981). 

There  i s  e v i d e n c e  t h a t  context  e f f e c t s  appear ea r ly .  Guttentag 

and H a i t h  ( 1978)  found t h a t  t h i r d  g r a d e  poor d e c o d e r s  and normal 

c h i l d r e n  w i t h  o n l y  n i n e  months o f  r e a d i n g  i n s t r u c t i o n  were a b l e  t o  

e x t r a c t  meaning from f a m i l i a r  p r i n t e d  words a u t o m a t i c a l l y .  I n  a 

l o n g i t u d i n a l  s t u d y  of  g r a d e  one s u b j e c t s t  o r a l  r e a d i n g  e r r o r s ,  

Biemil ler  (1970) found s t a g e s  of development when e r r o r s  were analyzed 

i n  t e r m s  o f  c o n t e x t u a l  and g r a p h i c  c o n s t r a i n t s .  The first was 

charac ter ized  by a predominant  u s e  o f  c o n t e x t u a l  i n f o r m a t i o n .  He 

s u g g e s t s  t h a t  t h i s  e a r l y  s t a g e  r e p r e s e n t s  an at tempt t o  avoid us ing  

g r a p h i c  i n f o r m a t i o n .  I n  t h e  s e c o n d  s t a g e  t h e  p r o p o r t i o n  o f  

non- responses  and g r a p h i c a l l y  cons t ra ined e r r o r s  increased markedly 

and the  t h i r d  s t a g e  i s  one i n  which the  o r a l  r e a d i n g  e r r o r s  a r e  b o t h  



c o n t e x t u a l l y  and g r a p h i c a l l y  cons t ra ined.  A large propor t ion  of  the  

e r r o r s  of even the  l e a s t  f l u e n t  r e a d e r s  were con tex tua l ly  appropr ia te .  

Weber (1970)  found t h a t  approximately 90 percent  of the  o r a l  reading 

e r r o r s  of grade one s t u d e n t s  were g r a m m a t i c a l l y  a c c e p t a b l e  and t h a t  

t h e  p e r c e n t a g e  o f  g r a m m a t i c a l l y  a c c e p t a b l e  e r r o r s  produced did  not  

d i s t i n g u i s h  between good and poor readers .  

Othe r  s t u d i e s  o f  o r a l  r e a d i n g  e r r o r s  i n d i c a t e  context  e f f e c t s  

displayed by poor readers .  All ington and Fleming ( 1978) found t h a t  

t h e  poor r e a d e r s  approximated the  good readers  i n  the  use of context .  

The grade four  poor r eaders  i n  t h e i r  s tudy took a l m o s t  t w i c e  as l o n g  

a s  t h e  good readers ,  although accuracy d id  not  d i f f e r  between t h e  two 

groups. Kolers ( 1975) used- geometr ica l ly  transformed text t o  a n a l y z e  

t h e  o r a l  reading e r r o r s  of  h i s  grade seven good and poor readers .  He 

found a s i m i l a r  p a t t e r n  of  s u b s t i t u t i o n  e r r o r s  f o r  good and poor  

r e a d e r s ,  and h i s  r e s u l t s  f u r t h e r  may suggest  t h a t  o lde r  poor r e a d e r s  

may overre ly  on top-down processing t o  avoid decoding ( Adams , 1980) .  

J u e l  ( 1980) s t u d i e d  word i d e n t i f i c a t i o n  s t r a t e g i e s  of grade two and 

th ree  c h i l d r e n  with varying con tex t ,  word type and readers  s k i l l .  She 

c o n c l u d e d  t h a t  a s  r e a d e r s  become m o r e  s k i l l e d  t h e y  r e a d  i n  a 

p redominan t ly  t e x t - d r i v e n  f a s h i o n ,  s t a t i n g  t h a t  "it may b e  m o r e  

e f f i c i e n t  f o r  good r e a d e r s ,  wi th  well developed decoding s k i l l s ,  t o  

d i r e c t l y  i d e n t i f y  words i n  a t e x t - d r i v e n  manner t h a n  t o  l p r e d i c t l  

w o r d s  b a s e d  on c o n t e x t w  ( p .  3 7 5 ) .  The m o s t  a b l e  r e a d e r s  i n  

Bierni l le r l s  (1979) s tudy made p ropor t iona te ly  more non- responses  and 



g r a p h i c  s u b s t i t u t i o n  e r r o r s  a s  p a s s a g e s  i n c r e a s e d  i n  d i f f i c u l t y ,  

i n d i c a t i n g  t h a t  a b l e  r e a d e r s  d o  . n o t  make  l e s s  u s e  o f  g r a p h i c  

i n fo rma t ion  than  less a b l e  r e a d e r s .  

P e r f e t t i  and Roth (1981) a l s o  sugges t  t h a t  s k i l l e d  r e a d e r s  may be 

"not less s e n s i t i v e  t o  c o n t e x t  bu t  less dependent upon i t n  w h i l e  t h e  

s lower data-based p roces se s  o f  t h e  less s k i l l e d  r e a d e r s  make them more 

c o n t e x t  d e p e n d e n t  ( p .  2 7 7 ) .  I n  s u p p o r t  o f  t h e i r  v i e w  t h e y  c i t e  

r e s u l t s  o f  t h e  P e r f e t t i ,  Goldman and Hogaboam (1979) s t u d y  i n  which 

d i s c o u r s e  c o n t e x t  r e d u c e d  i d e n t i f i c a t i o n  l a t e n c i e s  f o r  t h e  l e s s  

s k i l l e d  a s  well a s  t h e  s k i l l e d  r e a d e r s ,  b u t  o n l y  t h e  less s k i l l e d  

r e a d e r s '  i d e n t i f i c a t i o n  l a t e n c i e s  were a f f e c t e d  by word l e n g t h  and 

word f r e q u e n c y  when t h e  word appeared i n  contex t .  P e r f e t t i  and Roth 

t hen  i n v e s t i g a t e d  what happens when concep tua l ly  de r ived  d a t a  f a i l  t o  

be  u s e f u l .  E x p e c t a t i o n s  t h a t  s k i l l e d  r e a d e r s  would be as capable  i n  

i d e n t i f y i n g  words i n  n seman t i ca l l y  s u r p r i s i n g  c o n t e x t s w  as i n  c o n t e x t s  

o f  l o w  p r e d i c t a b i l i t y ,  t h a t  i s ,  a t  a r a t e  s e t  by t h e  d a t a - b a s e d  

i d e n t i f i c a t i o n  p r o c e s s ,  were c o n f i r m e d .  A l so  c o n f i r m e d  w a s  t h e  

e x p e c t a t i o n  t h a t  l e s s  s k i l l e d  r e a d e r s  would p e r f o r m  more s l o w l y  

because  s l o w  i d e n t i f i c a t i o n  p r o c e s s e s  would a l l o w  t h e  c o n t e x t u a l  

p r o c e s s e s  t o  a c t i v a t e .  

West and S tanovich  (1978) found similar r e s u l t s  when s u b j e c t s  of  

t h r e e  d i f f e r e n t  age groups (grade  f o u r ,  g rade  s i x  and a d u l t s )  named a 

t a r g e t  word t h a t  was p r e c e d e d  by e i t h e r  a congruous, incongruous o r  

no-sentence con tex t .  Congruous c o n t e x t s  were found t o  f a c i l i t a t e  t h e  



reading times of a l l  t h r e e  groups, but  only t h e  a d u l t s  were unaffected 

by the  anomalous contexts .  These r e s u l t s  are a l s o  c o n s i s t e n t  w i t h  

t h o s e  found by Biemiller ( 1977-78) and Schvaneveldt e t  a l .  ( 1977). 

Biemiller found that a l l  c h i l d r e n  and a d u l t s  r e a d  words i n  c o n t e x t  

f a s t e r  than words out  of con tex t ,  and no d i f f e r e n c e s  i n  t h e  e f f e c t s  of 

c o n t e x t  were o b s e r v e d  a s  a  f u n c t i o n  o f  age  o r  ach ievement  l e v e l .  

Younger and less a b l e  c h i l d r e n  took longer  t o  read letters,  words out  

of context ,  and t e x t ,  than d i d  o l d e r  o r  a b l e r  c h i l d r e n  and a d u l t s .  

Thus c o n t e x t u a l  s t r u c t u r e  f a c i l i t a t e d  i d e n t i f i c a t i o n  speed, although 

B i e m i l l e r  found no e v i d e n c e  f o r  t h e  d e v e l o p m e n t  o f  t h e  u s e  o f  

contextual  s t r u c t u r e  from second grade on. 

Not a l l  s t u d i e s  provide suppor t  f o r  c o n t e x t u a l  f a c i l i t a t i o n  of 

word i d e n t i f i c a t i o n  by poor r e a d e r s .  S t e i n e r ,  Weiner and Cromer 

(1971) attempted t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  of  comprehension 

t r a i n i n g  ( p r o v i d i n g  c o n t e x t u a l  i n f o r m a t i o n )  t o  i d e n t i f i c a t i o n  

("sayingn words). F i f t h  grade poor r e a d e r s  showed no improvement i n  

i d e n t i f i c a t i o n  a f t e r  b e i n g  g i v e n  contextual  information. They a l s o  

f a i l e d  t o  u t i l i z e  c o n t e x t u a l  and s y n t a c t i c  c u e s  i n  t h e  m a t e r i a l .  

S t e i n e r  e t  a l .  desc r ibe  the  poor r eaders  a s  seeming t o  t r e a t  words as 

unre la ted  i tems i n  a list. 

I t  i s  i n t e r e s t i n g  t o  note t h a t  the  good readers  made more e r r o r s  

w i t h  c o m p r e h e n s i o n  t r a i n i n g ,  a n d  o n  t h e  p a r a g r a p h  mode  o f  

p r e s e n t a t i o n .  Apparen t ly  t h e  t r a i n i n g  i n t e r f e r e d  wi th ,  r a t h e r  than 

a ided,  the  reading process f o r  t h e s e  good r e a d e r s .  S t e i n e r  e t  a l .  



n o t e  t h a t  t h e  e r r o r s  were a l l  "goodu o r  a n t i c i p a t i o n  e r r o r s ,  most of 

which were spontaneously correc ted .  

There  does  a p p e a r  t o  be, however, s u f f i c i e n t  evidence from o r a l  

reading s t u d i e s  (Biemiller, l97O) ,  s i n g l e  word s e m a n t i c  c o n t e x t  on 

l e x i c a l - d e c i s i o n  time ( S c h v a n e v e l d t  e t  a l . ,  1 9 7 7 ) ,  f u l l  s e n t e n c e  

contexts  ( P e r f e t t i  e t  a l . ,  1979; West & S t a n o v i c h ,  19781, and from 

t a r g e t  words embedded i n  a meaningful s t o r y  context  (Schwantes, 1981, 

1982; Schwartz & Stanovich, 1981) t o  i n d i c a t e  t h a t  younger and poor  

r e a d e r s  can  and do use context  t o  f a c i l i t a t e  word recogni t ion  and t o  

compensate f o r  d e f i c i e n c i e s  a t  t h e  word r e c o g n i t i o n  l e v e l  ( K o l e r s ,  

1975; P e r f e t t i  & Roth,  1981 ; S t a n o v i c h ,  1982b) .  Furthermore, the  

r e s e a r c h  s u g g e s t s  t h a t  t h e s e  c o n t e x t  f a c i l i t a t i o n  e f f e c t s  may be 

a u t o m a t i c  o r  a t t e n t i o n a l  ( P o s n e r  & Snyder ,  1975; Stanovich & West, 

l979) ,  t h a t  the  automatic a c t i v a t i o n  p r o c e s s  i s  e v i d e n t  a t  a n  e a r l y  

s t a g e  (Gut tentag  & Hai th ,  1978; Golinkoff & Rosinski,  1976), and t h a t  

the  conscious a l l o c a t i o n  of a t t e n t i o n  i n c r e a s e s  w i t h  age  (Simpson & 

Lorsbach ,  1983). There is s t rong  evidence t o  suggest t h a t  a s  r eaders  

inc rease  i n  the  a b i l i t y  t o  use graphic d a t a ,  they r e l y  l e s s  on context  

( J u e l ,  1980; P e r f e t t i  & Roth, 1981 ; West & Stanovich, 1978). 

Because r e a d i n g  remains  one o f  t h e  main s o u r c e s  of  a c q u i r i n g  

i n f o r m a t i o n  i n  o u r  s o c i e t y ,  and e s p e c i a l l y  i n  t h e  schools (Olson, 

1977), i t  i s  e s s e n t i a l  t h a t  we i n v e s t i g a t e  t h e  e x i s t e n c e  o f  v a r i o u s  

types of readers  so  t h a t  we can optimize their  learning.  If d i f f e r e n t  

types of readers  do e x i s t ,  i t  is f u r t h e r  incumbent upon us  t o  separa te  



t h e s e  g r o u p s  f o r  a p p r o p r i a t e  i n s t r u c t i o n .  Addit ionally,  f o r  those 

s t u d e n t s  experiencing reading d i f f i c u l t i e s ,  i t  is c r u c i a l  t h a t  w e  have 

a n  a c c u r a t e  u n d e r s t a n d i n g  of the  na tu re  of t h e  reading d i f f i c u l t y  i n  

order  t o  provide s u i t a b l e  i n s t r u c t i o n a l  s t r a t e g i e s  i n  the  schools .  

Recently, s e v e r a l  r e sea rchers  have attempted t o  address  t h e  i s s u e  

of t y p e s  of  d i s a b l e d  r e a d e r s .  Cromer ( I g ' i ' O ) ,  was  t h e  f i r s t  t o  

address  empi r i ca l ly  the  i s s u e  of s e p a r a t i n g  homogeneous groups of  poor 

readers .  Based on the  t h e o r e t i c a l  model devised by Wiener and Cromer 

( 1 9 6 7 1 ,  he a t t e m p t e d  t o  s i n g l e  o u t  two k i n d s  o f  poor r e a d e r s ,  a 

" d e f i c i t w  reader  group, which lacked vocabulary s k i l l s  and t h e r e f  o r e  

d id  poorly on comprehension, and a "di f ferencen reader  group which d id  

poorly on comprehension d e s p i t e  a d e q u a t e  v o c a b u l a r y  s k i l l s .  Both 

g r o u p s  of poor r e a d e r s  were matched with good reader  con t ro l  groups. 

Cromer's d e f i c i t  r e a d e r s  had both poorer vocabulary and comprehension 

t h a n  t h e  good readers ;  t h e  d i f f e r e n c e  readers1  vocabulary s k i l l s  were 

s i m i l a r  t o  t h e i r  good reader  c o n t r o l s  and i t  was assumed t h a t  t h e i r  

comprehension problems stemmed from word-by-word reading o r  sentence 

o r g a n i z a t i o n  d i f f i c u l t i e s .  Tasks  i n v o l v i n g  r e a d i n g  s t o r i e s  a n d  

a n s w e r i n g  mu1 t i p l e  choice  ques t ions  were presented t o  sub j e c t s  under 

four condi t ions  : r e g u l a r  s e n t e n c e s ,  mean ingfu l  p h r a s e s ,  f r agmented  

p h r a s e s  and s i n g l e  words. Cromer predic ted  t h a t  the  d i f fe rence  group 

would perform l i k e  good r e a d e r s  i n  terms of  comprehension under  t h e  

p h r a s e  c o n d i t i o n ,  whi l e  performing a s  they usua l ly  did on t h e  s i n g l e  

word mode of p resen ta t ion ,  which was assumed t o  p a r a l l e l  t h e i r  t y p i c a l  



p a t  t e r n  o f  r e s p o n d i n g ,  t h a t  i s ,  word-by-word reading.  Phrase mode 

p r e s e n t a t i o n  was n o t  expected t o  f a c i l i t a t e  comprehension f o r  d e f i c i t  

o r  g o o d  r e a d e r s ,  w h i l e  s i n g l e  word p r e s e n t a t i o n  was e x p e c t e d  t o  

adve r se ly  a f f e c t  comprehension of d e f i c i t  and good r e a d e r s  b e c a u s e  i t  

was t h o u g h t  t o  discour 'age meaningful o rgan iza t ion .  A l l  s u b j e c t s  were 

p r o f i c i e n t  a t  word i d e n t i f i c a t i o n .  

The d i f f e r e n c e  g r o u p  d i d  p e r f o r m  as well as t h e  good r e a d e r s  

u n d e r  t h e  m e a n i n g f u l  p h r a s e s  c o n d i t i o n .  The d e f i c i t  r e a d e r s t  

comprehens ion  was poor  u n d e r  a l l  c o n d i t i o n s ;  t hey  performed b e s t  on 

t h e  s i n g l e  word mode but  worse  t h a n  a n y  g r o u p  u n d e r  a n y  c o n d i t i o n .  

The d e f i c i t  g r o u p  a l s o  took t h e  most time t o  answer t h e  least number 

of ques t ions  c o r r e c t l y ,  w h i l e  t h e  o t h e r  t h r e e  g r o u p s  c o u l d  n o t  b e  

d i s t i n g u i s h e d  f rom e a c h  o t h e r  i n  terms o f  t h e  r a t e  wi th  which they  

read  s t o r i e s  and  answered  q u e s t i o n s .  The d e f i c i t  g r o u p  a l s o  t o o k  

l o n g e r  t o  i d e n t i f y  words  a l t h o u g h  t h e r e  were  no d i f f e r e n c e s  i n  

accuracy  between t h e  d e f i c i t  and d i f f e r e n c e  r e a d e r s .  O v e r a l l ,  poo r  

r e a d e r s  made more o r a l  r e a d i n g  e r r o r s  than  d id  good readers .  S ince  

mastery o f  decoding s k i l l s  r e q u i r e s  both speed and accuracy ,  t h e  t i m e  

s c o r e s  are r e l e v a n t  i n  a s s e s s i n g  t h e  d e f i c i t  group's  performance. The 

good r e a d e r s  matched t o  t h e  d e f i c i t  r e a d e r s  s c o r e d  b e s t  o v e r a l l ,  

unsu rp r i s ing ly .  

H o w e v e r ,  C r o m e r t s  f i n d i n g s  a p p e a r e d  t o  b e  l i m i t e d  by 

me thodo log ica l  problems. Calfee ( 19761, Kendall and  Hood ( 1 97 9  1  and 

Kleiman ( 1982 ) h a v e  r a i s e d  s e r i o u s  q u e s t i o n s  about t h e  method Cromer 



used  t o  c a t e g o r i z e  h i s  poor r e a d e r s  and match them t o  d i f f e r e n c e  and 

d e f i c i t  good comprehender c o n t r o l  groups. A s  r e a d i n g  and v o c a b u l a r y  

measures a r e  h ighly  c o r r e l a t e d ,  s e l e c t i n g  s u b j e c t s  who a r e  high i n  one 

and low i n  the  o t h e r  (Cromerts d i f f e r e n c e  poor r e a d e r s )  may r e s u l t  i n  

a h i g h  e r r o r  o f  measurement (Kleiman, 1982, p. 31) .  Indeed, i n  t h e  

r egu la r  sentence condi t ion ,  s i x  of  t h e  16 d i f f e r e n c e  poor r e a d e r s  had 

h i g h e r  comprehension s c o r e s  t h a n  t h e i r  matched c o n t r o l s .  Cromer 

reass igned these  s u b j e c t s  and reanalyzed the  d a t a .  A s  Calfee ( 197 6 ) 

n o t e s ,  "The D e f i c i t  and D e f i c i t - c o n t r o l s  a r e  poor and good readers ,  

r e spec t ive ly .  The Difference and Dif ference-contro ls  a r e  two g r o u p s  

of moderately poor r eaders ,  not  d i f f e r e n t  from one another. " (p. 32) .  

Resu l t s  of f u r t h e r  s t u d i e s  by Cromer and h i s  a s s o c i a t e s  (Oaken,  

Wiener & Cromer, 1971; S t e i n e r ,  Wiener & Cromer, 1971) and by o t h e r s  

(Guthr ie ,  1973b; Kendall & Hood, 1979; and Levin, 1973)  s u g g e s t  some 

s u p p o r t  f o r  t h e  Wiener and Cromer (1967) model, and do i n d i c a t e  t h a t  

t h e r e  may w e l l  be two t y p e s  of  d i s a b l e d  r e a d e r s ,  and t h a t  t h e r e  

a p p e a r s  t o  be more involved i n  comprehending t e x t  than t h e  ex i s t ence  

of adequate word r e c o g n i t i o n  s k i l l s .  Some f a c t o r s  l e a d i n g  t o  poor  

comprehension s k i l l s  may be an i n a b i l i t y  t o  use s y n t a c t i c  and semantic 

cues t o  ga in  meaning from t e x t ,  o r  a l a c k  of  appropr ia t e  s t r a t e g i e s  i n  

terms o f  p l a n f u l n e s s ,  p u r p o s e ,  and m o n i t o r i n g  o f  meaning g a i n e d  

(Baker, 1982; Garner & Reis, 1981 ; Golinkoff ,  1975-76 ; Markman, 1977;  

S u l l i v a n ,  197 8 ;  T o r g e s o n ,  1982;  Wong, i n  p r e s s )  ; a n  i n a d e q u a t e  

understanding of the  goal  of reading;  an i n a b i l i t y  t o  r e c o g n i z e  main 



i d e a s  o r  t h e  i m p o r t a n c e  o f  t h e m a t i c  u n i t s  (Brown & Smi ley ,  1977; 

Eamon, 1978-79; Smiley, Oakley, Worthen, Campione & Brown, 1977); o r  a 

n p r o d u c t i o n  d e f i c i e n c y n  i n  terms of us ing s t r a t e g i e s  t h a t  are wi th in  

an i n d i v i d u a l  1 s r e p e r t o i r e  ( F l a v e l  , 197 1 1. 

It seems a p p a r e n t  from t h e  a f o r e m e n t i o n e d  s t u d i e s  as w e l l  as 

s t u d i e s  by Garner  (198O),  Meyer, B r a n d t  a n d  B l u t h  ( 1 9 8 O ) ,  a n d  

P a l i n c s a r  ( 1982 ) , t h a t  poor comprehenders  possessing adequate word 

recogn i t ion  s k i l l s  are t o  be  found.  F u r t h e r  e m p i r i c a l  r e s e a r c h  on 

"di f ferencen readers  is obviously warranted. 

The first s t e p  i n  i n v e s t i g a t i n g  comprehension performance must be 

t o  d e t e r m i n e  i f  v a r i o u s  types  of r eaders  exist.  Given t h a t  t h e  v a s t  

major i ty  of r e sea rch  has concerned i tself  with young o r ,  t o  a lesser  

e x t e n t ,  a d u l t  p o p u l a t i o n s ,  i t  would be important t o  t h e  educat ional  

system t o  focus  on the  adolescent  age group. 

T y p i c a l l y ,  poor r e a d e r s  a r e  g i v e n  g roup  o r  ind iv idua l  reading 

t e s t s ,  and t h e i r  performance is noted i n  t e r m s  o f  y e a r s  below g r a d e  

l e v e l .  Older  poor r e a d e r s  are genera l ly  exposed t o  s i m i l a r  remedial 

ma te r i a l  a s  younger poor r e a d e r s  on the  assumption t h a t  such m a t e r i a l  

may h e l p  them t o  a c q u i r e  more e f f i c i e n t  processing s t r a t e g i e s .  I n  

B r i t i s h  Columbia, i t  was f irst  t h o u g h t  t h a t  s e t t i n g  up L e a r n i n g  

A s s i s t a n c e  Centres i n  t h e  elementary schools  would so lve  the  problems 

of the  o lde r  poor r eader ;  t h a t  e a r l y  i d e n t i f i c a t i o n  and remediat ion of 

young poor r e a d e r s  would p r e v e n t  development o f  more i n t r a n s i g e n t  

forms of reading d i s a b i l i t y .  Such an a s s u m p t i o n  h a s  n o t  been borne  



o u t .  It h a s  s i n c e  been found necessary t o  s e t  up s i m i l a r  c e n t r e s  i n  

the  secondary schools .  

I n  a d d i t i o n  t o  "good ", "di f ferencen and " d e f i c i t  r eader  types,  

t h i s  r e s e a r c h e r  b e l i e v e s  t h a t  t h e r e  may be a ' f u r t h e r  subgroup  of 

r e a d e r s ,  n a m e l y  n c o m p e n s a t o r s n .  nCompensatorn refers t o  t h o s e  

s t u d e n t s  whose a b i l i t y  t o  comprehend t e x t  i s  n o t  commensurate w i t h  

measures  o f  t h e i r  d e c o d i n g  s k i l l ,  i n  so  far a s  they comprehend a t  a  

much g r e a t e r  l e v e l  than may u s u a l l y  be e x p e c t e d .  These r e a d e r s  may 

o v e r r e l y  on  top-down p r o c e s s i n g  ( K o l e r s ,  19751,  and by making 

s u f f i c i e n t  use of contextual  cues and "scan f o r  meaningn ( G o l i n k o f f ,  

1975-76) s t r a t e g i e s ,  commensurate f o r  poor o r  non-automatic decoding 

of s i n g l e  words ( ~ c h v a n e v e l d t  e t  al.,  1977; Stanovich,  1980, i n  p ress ;  

West & Stanovich, 1978). 

c 
The present  s tudy,  then,  attempted t o  d i f f e r e n t i a t e  f o u r  g r o u p s  

of r e a d e r s  i n t o  s p e c i f i c  c a t e g o r i e s :  "Goodn readers :  r eaders  having 

adequa te  word r e c o g n i t i o n  and comprehension s k i l l s ;  " D i f f e r e n c e n  

r e a d e r s :  r e a d e r s  h a v i n g  a d e q u a t e  word r e c o g n i t i o n  s k i l l s ,  but not 

comprehension s k i l l s ,  " D e f i c i t  r e a d e r s  : r e a d e r s  h a v i n g  i n a d e q u a t e  

word r e c o g n i t i o n  and comprehension s k i l l s ;  and nCompensatorn readers :  

r e a d e r s  h a v i n g  a d e q u a t e  comprehens ion ,  b u t  poor  word r e c o g n i t i o n  

s k i l l s .  To a v o i d  problems o f  c a t e g o r i z a t i o n  o f  r e a d e r s  based on 

comparative measures (c .  f .  Cromer , l 97O) ,  r e a d e r s  were grouped "a 
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p r i o r i n  on a p r e d e f i n e d  raw s c o r e  l e v e l  of performance on t h e  word 

recogn i t ion  and comprehension tests administered. 

D e s c r U o n  of t h e  Reader G r o w  

Because c a t e g o r i z a t i o n  o f  r e a d e r  g r o u p s  was c o n c e p t u a l i z e d  "a 

p r i o r i n ,  t h e  g r o u p s  are d e s c r i b e d  below a s  well a s  i n  t h e  Method 

sec t ion .  

Good: 

These r e a d e r s  a r e  a b l e  t o  use bottom-up and top-down processing 

simultaneously a t  a l l  l e v e l s  of a n a l y s i s .  Because word r e c o g n i t i o n  

p r o c e s s e s  a r e  automatic ' ( l a ~ e r g e  & Samuels, 1974: P e r f e t t i  & Lesgold , 
19791, a t t e n t i o n  can  be d i r e c t e d  e n t i r e l y  a t  c o n s t r u c t i n g  meaning 

(Adams, 1980; Brown, 1980; Doctorow, Wittrock & Marks, 1978). 

Pif ference  R e @ d , :  

These r e a d e r s  appear t o  have the  word recogn i t ion  and vocabulary 

s k i l l s  necessary t o  comprehend, but  have poor comprehension. They may 

l a c k  c o n t e x t u a l  u t i l i z a t i o n  o r  t e x t  o rgan iza t ion  s k i l l s  necessary t o  

process meaning a t  deeper l e v e l s  of a n a l y s i s  (Condon & Hoffman, 1979; 

Cromer, 1970; J u e l ,  1980: S t e i n e r  e t  a l . ,  1971). They appear t o  be 

unable t o  ga in  meaning from t e x t ,  a r e  i n s e n s i t i v e  t o  i d e a  i m p o r t a n c e  

(Smi ley  e t  a l .  , 1977) and c o n s e q u e n t l y  a r e  l e s s  a b l e  t o  comprehend 

i n f e r e n t i a l  ma te r i a l .  



D i f f e r e n c e  r e a d e r s  may a l s o  be l a b o r i o u s  d e c o d e r s ,  s low b u t  

accura te  (Adams, 1980; P e r f e t t i  & Lesgold, l979) ,  and the  burden s low 

decoding p laces  on s h o r t  term memory may prevent t h e  deeper process ing 

necessary f o r  comprehending a t  an i n f e r e n t i a l  l e v e l  (c .f .  wbot t leneckw 

hypothes is  of P e r f e t t i  & ~ e s g o l d ,  1979). 

D e f i c i t  Readers: 

B e c a u s e  o f  s l o w  and i n a c c u r a t e  d e c o d i n g ,  t h e s e  r e a d e r s  a r e  

"s laves  t o  the  p r in ted  wordw (Gol inkoff ,  1975-76). Poor r e a d e r s  have  

been  shown t o  t a k e  l o n g e r  t o  name a p r i n t e d  word than more s k i l l e d  

r e a d e r s  ( P e r f e t  t i  & Hogaboam, 1975) .  P h o n e t i c  o r  v i s u a l  f e a t u r e s  

demand most of  t h e  r e a d e r s 1  a t t e n t i o n  due t o  l a c k  of  f a c i l e  verbal  

cod ing .  These r e a d e r s  w i l l  t y p i c a l l y  b e  r e l i a n t  o n  b o t t o m - u p  

processing,  and comprehension and r e c a l l  w i l l  decrease as a r e s u l t .  

w e n s a t o r  Readem: 

T h e s e  r e a d e r s  a p p e a r  t o  have  a d e q u a t e  comprehension s k i l l s  

d e s p i t e  poor word recogni t ion  s k i l l s .  These readers  may o v e r - r e l y  on 

top-down p r o c e s s i n g  i n  a n  a t t e m p t  t o  g a i n  meaning and t o  a v o i d  

decoding (Schvaneveldt e t  a l . ,  1977; Stanovich, 1980, i n  p ress ;  West & 

S t a n o v i c h ,  1 9 7 8 ) .  A s  p r o c e s s i n g  demands increase  with i n f e r e n t i a l  

ques t ions ,  the  a b i l i t y  of the  Compensator r eader  may break down. 
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The folzowing p r e d i c t i o n s  were made: 

Bvoothesis  I. I n  performance on both t o t a l  f a c t u a l  and 

t o t a l  i n f e r e n t i a l  q u e s t i o n s ,  t h e  p r e d i c t e d  o r d e r  of 

performance is:  Good r e a d e r s  b e t t e r  than Compensator 

r e a d e r s ,  Compensator r e a d e r s  b e t t e r  t h a n  D e f i c i t  

readers .  

H v o o t h e s i s  2 .  The Compensa to r  r e a d e r  g r o u p  w i l l  

perform b e t t e r  than t h e  D e f i c i t  r e a d e r  g roup  on e a c h  

s e t  o f  f a c t u a l  q u e s t i o n s  b u t  n o t  on  a n y  s e t  o f  

i n f e r e n t i a l  ques t ions .  

B v o o t h e s i s  7 ,  The Good r e a d e r  g roup  w i l l  pe r fo rm 

b e t t e r  than t h e  D e f i c i t  r e a d e r  g roup  on e a c h  se t  of 

f a c t u a l  and i n f e r e n t i a l  quest ions.  

J v ~ o t & s i s  4. The Good r e a d e r  g roup  w i l l  p e r f o r m  

b e t t e r  than the  Compensator r eader  group on each set of 

i n f e r e n t i a l  q u e s t i o n s  b u t  n o t  on any se t  o f  f a c t u a l  

ques t ions .  



H v ~ o t h e s i s  5. ( a )  The Compensator r eader  group w i l l  

perform b e t t e r  on t h e  t o t a l  sets o f  f a c t u a l  q u e s t i o n s  

t h a n  o n  t h e  t o t a l  s e t s  o f  i n f e r e n t i a l  q u e s t i o n s ;  

( b )  The Compensator r eader  group w i l l  perform b e t t e r  on 

e a c h  s e t  o f  f a c t u a l  q u e s t i o n s  t h a n  on e a c h  s e t  of 

i n f e r e n t i a l  ques t ions .  

J l v ~ o t h e s i s  6. The Good reader  w i l l  perform b e t t e r  than 

both the  D e f i c i t  and Compensator r eader  groups on o r a l  

r e a d i n g  p a s s a g e s ,  and t h e  D e f i c i t  and Compensator 

r eader  groups w i l l  not  d i f f e r  from each o the r .  

I f  t h e s e  p r e d i c t i o n s  were  s u b s t a n t i a t e d ,  t h e n  i n s t r u c t i o n a l  

programs should incorpora te  s t r a t e g i e s  and ma te r i  a 1  s a p p r o p r i a t e  t o  

t h e  t y p e  of  a d o l e s c e n t  d i s a b l e d  r e a d e r .  A d d i t i o n a l l y ,  t h e  s t u d y  

s h o u l d  c o n t r i b u t e  t o  c u r r e n t  i n t e r a c t i v e  t h e o r y  i n  l i g h t  o f  t h e  

r e c o g n i t i o n  p r e s e n t l y  b e i n g  g i v e n  t o  i n t e r a c t i v e  models of  reading 

(Adam, 1980; Lesgold & Perfett i ,  1978, 1981; P e r f e t t i  & Roth,  1981 ; 

Rummelhar t , 1977; Stanovich, 1980 ; Wildman & Kling, 1978-79) , and t h e  

d i f f e r e n t i a t i o n  o f  t y p e s  o f  poor r e a d e r s  (Cromer,  1970;  K e n d a l l  & 

Hood, 1979; Levin, 1973; Pa l incsa r  , 1982). 



CHAPTER I1 

Metfiod 

Sub i ec  t~ 

A l l  s u b j e c t s  were drawn from t h e  grade e i g h t  popu la t ion  i n  t h r e e  

seconda ry  s c h o o l s  l o c a t e d  i n  similar soc io -economic  a r e a s  i n  t h e  

s c h o o l  d i s t r i c t  o f  L a n g l e y ,  B r i t i s h  Columbia ,  Canada. S e l e c t i o n  

c r i t e r i a ,  gene ra l  and s p e c i f i c ,  were as fo l lows:  

a1 S e l e c t i o n  C r i t e a  

It was i n i t i a l l y  r e q u e s t e d  t h a t  s t u d e n t s  from both g r a d e s  e i g h t  

and n ine  be allowed t o  p a r t i c i p a t e  i n  t h e  s tudy.  However, t h e  s c h o o l  

b o a r d  w o u l d  p e r m i t  o n l y  o n e  g r a d e  t o  be u s e d ;  g r a d e  e i g h t  was 

s e l e c t e d .  

e A l l  s u b j e c t s  were  be tween t h e  ages of  13 yea r s ,  3  months 

and 15 y e a r s ,  1 mon th  (Mean Age: 1 4  y e a r s ,  0 m o n t h s ,  S.D.: 5 

m o n t h s ) .  The  r e a s o n s  f o r  s e l e c t i n g  t h i s  a g e  r a n g e  i n c l u d e :  

( 1 )  Excepting those  f o r  whom b a s i c  d e c o d i n g  s k i l l s  p o s e  a  p rob lem,  

most s t u d e n t s  have mastered t h e s e  s k i l l s  by t h i s  age; (2)  d i f f e r e n t i a l  

mastery of con tex t  t o  f a c i l i t a t e  word r e c o g n i t i o n  and comprehension i s  

e s t a b l i s h e d  by t h i s  age ;  (3) average  o r  below average r ead ing  a b i l i t y  

should be more d i s c e r n a b l e  a t  t h i s  age range than  a t  an  e a r l i e r  age. 



e n c e .  To i n s u r e  t h a t  t h e  ado le scen t s  p a r t i c i p a t i n g  i n  

t h e  s tudy  were a l l  of  adequate  i n t e l l i g e n c e ,  S t a n d a r d  Age S c o r e s  of 

t h e  Verbal and Nonverbal B a t t e r i e s  of  t h e  Canadian Cogni t ive  A b i l i t i e s  

Tes t  ( CCAT; Thorndike, Hagen & Wright ,. 1971 , 1974, 1977, Form 1,  Level 

F,  Grades  8  - 9) were used  t o  o b t a i n  a n  I.Q. s c o r e .  S tuden t s  who 

sco red  be tween 90 and 120 on  a  c o m p o s i t e  s c o r e  o f  t h e  V e r b a l  and  

Nonverba l  B a t t e r i e s  were then  inc luded  as p o t e n t i a l  s u b j e c t s  f o r  t h e  

s tudy.  The a v a i l a b l e  CCAT s c o r e s  were used because  t h e  s c h o o l  b o a r d  

i n v o l v e d  i n  t h e  s t u d y  d i s c o u r a g e d  l e n g t h y  i n t e l l i g e n c e  t e s t i n g  as 

e n t a i l e d  by t h e  Wechs l e r  I n t e l l i g e n c e  S c a l e  f o r  C h i l d r e n  Rev i sed  

(WISC-R, 19741,  and t h e  CCAT had r e c e n t l y  been adminis te red  t o  a l l  

grade  e i g h t  s t u d e n t s  i n  t h e  d i s t r i c t .  T e s t  s c o r e s  w e r e  a t  most  s i x  

months  o l d  a t  t h e  commencement o f  d a t a - g a t h e r i n g .  Because of t h e  

v e r b a l  na tu re  of  t he  t e s t  items on t h e  V e r b a l  B a t t e r y ,  and b e c a u s e  

each t e s t e e  has t o  read  t h e  i n s t r u c t i o n s  as it is a group-administered 

test ,  i t  was expected t h a t  d i s a b l e d  r e a d e r s  as a g r o u p  would s c o r e  

l o w e r  t h a n  t h e  good r e a d e r s  o f  similar i n t e l l i g e n c e .  Thus t h e  Verbal 

and Nonverbal B a t t e r y  s c o r e s  were a v e r a g e d .  The mean s c o r e  f o r  t h e  

p o o l  o f  110  p o t e n t i a l  s u b j e c t s  was 102.54 (S.D. 7 . 4 8 ) .  T a b l e  1 

p r e s e n t s  r e s p e c t i v e  means and s t anda rd  d e v i a t i o n s  o f  Good, D e f i c i t  and 

Compensator r eade r s .  

M o n U m u a l  backnroud .  A s  a c o n t r o l  f o r  t h e  p o s s i b l e  e f f e c t s  of  

b i l i n g u a l i s m  on reading ,  s t u d e n t s  whose school  r eco rds  i n d i c a t e d  t h a t  



Table 1 

Mean Performance of  Good, Deficit, and Compensator Reader Groups 

on t h e  Canadian Cognitive A b i l i t i e s  Test Scores (CCAT) 

and the  Woodcock Reading Mastery Tes ts  

Canadian Cognitive A b i l i t i e s  Test (CCAT) 

Group n Range Mean S. D. 

Good 3 4 91-119 106.74 8.24 

D e f i c i t  14 92-1 05 98.29 4.60 

Compensator 2 4 92-1 16 102.13 5.45 

Woodcock Reading Mastery Tes t s  (WRMT) 

Group n Range Mean S.D. 

Word I d e n t i f i c a t i o n  

Good 34 135-1 48 138.94 3.27 

D e f i c i t  14 89-130 119.86 12.00 

Compensator 24 110-130 123.38 5.75 

Passage Comprehension 

Good 

D e f i c i t  14 53-60 57 -29 5.58 

Cornpensa t o r  2 4 6 5-7 3 68.25 2.71 
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a second language was spoken at  home were excluded from t h e  s tudy .  

&noti- adjustment .  S tuden t s  known from c l i n i c a l  r e c o r d s  t o  be  

emot iona l ly  d i s t u r b e d  were excluded from t h e  s tudy.  

Sensorv and Dhvsical  Drob-. S t u d e n t s  whose s c h o o l  r e c o r d s  

showed them t o  be i n  p o o r  p h y s i c a l  h e a l t h  o r  t o  h a v e  u n c o r r e c t e d  

s enso ry  impairments were excluded from t h e  s tudy .  

S ~ e c i f i c  S e l e c t i o n  C r i t e r i a  and Reader GrouD Formation 

I n  a c c o r d a n c e  w i t h  t h e  c o n c e p t u a l  a n d  t h e o r e t i c a l  r e a s o n s  

d e t a i l e d  i n  t h e  ~ n t r o d u c t i o n  and Review o f  t h e  L i t e r a t u r e ,  g roups  were 

c a t e g o r i z e d  on a c h i e v e m e n t  d i f f e r e n c e s  i n  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 ,  as measu red  by t h e  Word I d e n t i f i c a t i o n  and Passage 

Comprehension s u b t e s t s  of  t h e  Woodcock R e a d i n g  M a s t e r y  T e s t s  ( WRMT, 

Woodcock, 1973) .  R a w  s c o r e s  u s e d  i n  t h e  c a t e g o r i z a t i o n  o f  r e a d e r  

groups are presen ted  i n  Table  2. 

E m p i r i c a l l y ,  f o u r  g roups  were formed based on t h e i r  performance 

on t h e  Word I d e n t i f i c a t i o n  and Passage Comprehension s u b  tes  ts of t h e  

W R M T .  T h i r t y - f o u r  s u b j e c t s  c o u l d  n o t  be c a t e g o r i z e d  as Good, 

D i f f e r e n c e ,  D e f i c i t  o r  Compensa tor  r e a d e r s .  B e c a u s e  o n l y  f o u r  

s u b j e c t s  ou t  of a sample popu la t i on  o f  110 f i t  t h e  d i f f e r e n c e  model of  

r e a d e r  d i f f i c u l t y ,  t h i s  group was subsequent ly  dropped from t h e  s tudy .  

Table  3 shows t h e  d i s t r i b u t i o n  o f  s u b j e c t s  i n t o  groups. 



Table 2 

Raw Scores Used i n  Categorization of Reader Groups 
Woodcock Reading Mastery Tests (WRMT) 

Group Raw Score 

Word Ident if icat ion 

Good 

Difference 

Deficit  

Compensator 

135 or more 

135 or more 

132 or l e s s  

132 or l e s s  
- - - 

Passage Comprehension 

Good 

Difference 

Deficit  

Compensator 

- -- --  - 

65 or more 

62 or l e s s  

62 or l e s s  

65 or more 

U. A raw score of 135 on the Word Ident if icat ion subtest of the 
WRMT corresponds t o  a grade score of 8.8; a raw score of 132 
corresponds t o  a grade score of 7.8. The raw scores of 65 and 62 
correspond t o  grade scores of 8.8 and 7.8 respectively, on the Passage 



Table 3 

Reader Groups 

Group na Males Females 

Good 

Dif fe rence  

D e f i c i t  

Compensator 

D i s t r i b u t i o n  of s c o r e s  as measured  by t h e  CCAT and t h e  WRMT a r e  

presented  i n  Table 1. 

A one-way a n a l y s i s  o f  v a r i a n c e  and m u l t i p l e  r a n g e  test us ing  

Newman-Keuls p r o c e d u r e  was r u n  t o  e n s u r e  t h e  v e r a c i t y  o f  t h e  

c a t e g o r i z a t i o n  p r o c e d u r e s .  On t h e  word r e c o g n i t i o n  v a r i a b l e ,  Good 

r e a d e r s  d i f f e r e d  s i g n i f i c a n t l y  f rom b o t h  D e f i c i t  and Compensator  

r e a d e r s ,  a s  e x p e c t e d .  On t h e  v a r i a b l e  of passage comprehension a l l  

t h r e e  groups d i f f e r e d  s i g n i f i c a n t l y  from each o t h e r .  However, i t  i s  

n o t e d  t h a t  t h e  d i f f e r e n c e  be tween  t h e  means o f  t h e  Good r e a d e r s  

(70.82)  and t h e  Compensator r e a d e r s  (68.25) j u s t  reached s i g n i f i c a n c e  

a t  t h e  0 . 0 5  l e v e l .  The c r i t i c a l  d i f f e r e n c e  f o r  comparing t h e  means 

was 2.55 and t h e  d i f f e r e n c e  between t h e  means was 2.57. 



.Ins_truments 

Uj. C o m t i v e  A b w e s  T e s t  (CCAT) (T-. 

W r i a h t . - ) .  The CCAT mu1 t i - l e v e l  e d i t i o n  f o r  use  wi th  g rades  

t h r e e  t o  nine was developed from t h e  Lorge-Thorndike I n t e l l i g e n c e  Tes t  

series, which were modified and s t anda rd ized  i n  Canada as t h e  Canadian 

Lorge -Thornd ike  I n t e l l i g e n c e  T e s t s .  The p re sen t  CCAT c o n t a i n s  t e n  

s u b t e s t s  a s s e m b l e d  i n t o  t h r e e  s e p a r a t e  b a t t e r i e s :  V e r b a l ,  

Q u a n t i t a t i v e  and N o n v e r b a l ,  e a c h  i n t e n d e d  t o  be homogeneous i n  t h e  

f u n c t i o n  t h a t  is  measured. Each b a t t e r y  i s  g r o u p - a d m i n i s t e r e d .  R a w  

s c o r e s  a re  f irst  c o n v e r t e d  t o  U n i v e r s a l  S c a l e  S c o r e s ,  which  are 

normalized s t anda rd  s c o r e s .  These  s c o r e s  may t h e n  be c o n v e r t e d  t o  

S t a n d a r d  Age S c o r e s  ( S A S ) ,  w h i c h  a l l o w  f o r  c o m p a r i s o n  o f  a n  

i n d i v i d u a l ' s  performance wi th  those  of  o t h e r s  i n  h i s /he r  ch rono log ica l  

a g e  g r o u p .  The SAS is a  normalized s c o r e  s c a l e  (Thorndike, Hagen and 

Wright,  1974, p. 45) i n  which t h e  average s c o r e  f o r  each age  g r o u p  o n  

e a c h  t e s t  b a t t e r y  i s  set a t  100 and t h e  s t anda rd  d e v i a t i o n  i s  set  a t  

16. 

No r e l i a b i l i t y  and v a l i d i t y  s t a t i s t i c s  have been publ ished f o r  

t h e  CCAT. The test-makers  r e f e r  t h e  u s e r  t o  t h e  C o g n i t i v e  A b i l i t i e s  

T e s t  (CAT, Thornd ike  and Hagen, 1974) f o r  in format ion  on r e l i a b i l i t y  

and v a l i d i t y .  For Level  F (g rades  8 and 9)  Kuder-Richardson Formula  

#20, r e l i a b i l i t y  e s t i m a t e s  a r e  .95 f o r  t h e  Verbal Ba t t e ry ,  and .93 f o r  

t h e  Nonverbal Ba t t e ry .  The average  s t anda rd  e r r o r s  of  measurement i n  

SAS U n i t s  a s  a f u n c t i o n  of raw s c o r e  l e v e l  a r e  r epo r t ed  as 3.6 f o r  a  



s c o r e  of 1 5 ,  4 .6 f o r  a  s c o r e  of 85 on t h e  Verbal Ba t t e ry ,  and as 4.2 

f o r  a s c o r e  o f  25 and 7.0 f o r  a s c o r e  of 75 on t h e  Nonverbal Bat te ry .  

I n  a d d i t i o n  t o  c o n t e n t  v a l i d i t y  d e s c r i p t i o n s ,  c r i t e r i o n - r e l a t e d  

and c o n s t r u c t  v a l i d i t y  are repor t ed .  Concurrent c o r r e l a t i o n s  of CAT 

s u b t e s t s  w i t h  Iowa T e s t s  of B a s i c  S k i l l s  (ITBS), g rades  3 t o  8,  0s 

T e s t s  o f  Academic P r o g r e s s  (TAP), g r a d e s  9 t o  1 2 ,  are h igh .  The 

p r e d i c t i v e  v a l i d i t y  c o e f f i c i e n t s  f o r  midyear  CAT s u b t e s t s  w i t h  

end-of-year t e a c h e r s  ' marks show c o r r e l a t i o n s  ranging  from .50 t o  .65 

C o r r e l a t i o n s  of  t h e  CAT wi th  t h e  Stanford-Binet I n t e l l i g e n c e  S c a l e  a r e  

r epo r t ed  as .77 (S.D. 19.2) f o r  t h e  12 t o  14 age g r o u p  on  t h e  V e r b a l  

B a t t e r y  , and as .6 8 ( S. D. 1 8.5  ) f o r  t h i s  age group on t h e  Nonverbal 

Ba t t e ry .  

Woodcock Re- Masterv T e s t s  (WRMT) (Woodcock. 1971).  The WRMT 

comprise a b a t t e r y  of  f i v e  i n d i v i d u a l l y  a d m i n i s t e r e d  r e a d i n g  t es t s ,  

f o r  u s e  w i t h  K i n d e r g a r t e n  through Grade 12. The f i v e  tests inc lude :  

L e t t e r  I d e n t i f i c a t i o n ,  Word I d e n t i f i c a t i o n ,  Word A t t a c k ,  Word 

Comprehens ion ,  and Passage Comprehension. A t o t a l  r ead ing  s c o r e  can 

be obta ined  by combin ing  p e r f o r m a n c e s  on  t h e  f i v e  s e p a r a t e  tes ts .  

D e r i v e d  s c o r e s  i n  t h e s e  s i x  a r e a s  i n c l u d e  s c o r e s  a t  e a c h  of fou r  

l e v e l s :  e a s y  r e a d i n g  ( 9 6 %  m a s t e r y ) ,  r e a d i n g  g r a d e  s c o r e  ( 9 0 %  

m a s t e r y ) ,  f a i l u r e  r e a d i n g  l e v e l  (75% mastery) ,  and r e l a t i v e  mastery 

g r a d e  l e v e l .  The tes ts  are h a n d s c o r e d ;  two p a r a l l e l  f o r m s  a r e  

a v a i l a b l e ,  and t o t a l  t e s t i n g  t ime i s  quoted as 20 t o  30 minutes.  The 



WRMT have a s  one of t h e i r  o b j e c t i v e s  p r e c i s i o n  of s k i l l  measurement i n  

each t e s t  a rea .  

The Word I d e n t i f i c a t i o n  Test c o n s i s t s  o f  150 s i n g l e  words i n  

i s o l a t i o n .  These words cover  a  r a n g e  o f  d i f f i c u l t y  (e.g., "gon t o  

n f a c e t i o u s n ) ,  and items include  i r r e g u l a r l y  pronounced words as w e l l  

a s  those which may be c o r r e c t l y  pronounced t h r o u g h  a p p l i c a t i o n s  o f  

p r o n u n c i a t i o n  g e n e r a l i z a t i o n s .  A s  i s  t h e  c a s e  w i t h  each  o f  t h e  

s u b t e s t s ,  a  basa l  and c e i l i n g  format i s  u t i l i z e d ,  and r e d u c t i o n  and 

e x t e n s i o n  of  the  basa l -ce i l ing  r u l e  c r i t e r i o n  ( 3  o r  8 p a s s e s / f a i l u r e s  

i n s t e a d  of 5) i s  included t o  provide f o r  s h o r t e r  a d m i n i s t r a t i o n  time 

o r  g r e a t e r  prec is ion .  Time and s tandard  e r r o r  of measurement inc rease  

o r  d e c r e a s e  i s  r e p o r t e d .  S p l i t - h a l f  r e l i a b i l i t i e s  f o r  t h e  Word 

I d e n t i f i c a t i o n  test f o r  grade 7.9 f o r  a  mean score  of 132.2 and a S.D. 

of 11.8 a r e  repor ted  a s  r = .97, with a s tandard e r r o r  of measurement 

of  2 . 0 .  T e s t - R e  t e s t  Al t e rna te -Form r e l i a b i l i t i e s  f o r  t h e  Word 

I d e n t i f i c a t i o n  test a r e  repor ted  a s  .93 f o r  grade 7.9. 

The Passage  Comprehension Test c o n s i s t s  of 85 items which the  

s u b j e c t  r e a d s  s i l e n t l y .  P a s s a g e s  b e g i n  a t  f i rs t  g r a d e  l e v e l  and 

e x t e n d  t o  c o l l e g e  l e v e l .  T h i s  s u b t e s t  u s e s  a  modi f i ed  c l o z e  

procedure, t h a t  is, key words o r  nonspecif ied words are d e l e t e d ,  and 

t h e  reader  must supply the  missing word. Sp l i t -ha l f  r e l i a b i l i t i e s  f o r  

the  passage comprehension test f o r  grade  7.9 f o r  a  mean s c o r e  o f  63.5 

and a S. D.  o f  10 .3  a r e  repor ted  a s  r = .93, with a s tandard e r r o r  of 

measurement of  2.7. Test-Retest Al t e rna te  Form r e l i a b i l i t i e s  f o r  t h i s  



test a r e  repor ted  a s  .78 f o r  grade 7 . 9 .  

V a l i d i t y  o f  t h e  WRMT is d i s c u s s e d  i n  t h e  Manual i n  terms o f  

content  v a l i d i t y ,  p r e d i c t i v e  v a l i d i t y ,  a mult i t rai t -mult imethod mat r ix  

a n a l y s i s ,  and i n t e r c o r r e l a t i o n  d a t a .  The m u l t i t r a i t - m u l t i m e t h o d  

m a t r i x  g i v e s  v a l i d i t y  c o e f f i c i e n t s  of  .93 f o r  Word I d e n t i f i c a t i o n  and 

.78 f o r  Passage Comprehension. However, a l t e r n a t e  fo rms  o f  t h e  test  

were used r a t h e r  t h a n  d i f f e r e n t  methods.  The p r e d i c t i v e  v a l i d i t y  

s t u d y  o u t l i n e d  i n  t h e  Manual a l s o  may i n d i c a t e  a l t e r n a t e  f o r m  

r e l i a b i l i t y  r a t h e r  than v a l i d i t y  because the  p red ic t ion  of s c o r e s  on 

one form is made from performance on the  o ther .  That is, no e x t e r n a l  

c r i t e r i a  were used. 

G r a v  O r a l  Read- T e s t s  (Grav .  1961. 19671, The Gray O r a l  

Reading Tests  c o n s i s t  of  13 passages of  inc reas ing  d i f f i c u l t y  designed 

t o  o b j e c t i v e l y  measure growth i n  o r a l  reading from e a r l y  first grade 

t o  co l l ege ,  and t o  a id  i n  t h e  d iagnos i s  of o r a l  reading d i f f i c u l t i e s .  

F o u r  f o r m s  o f  t h e  t e s t  a r e  a v a i l a b l e .  The t e s t  i s  a d m i n i s t e r e d  

i n d i v i d u a l l y ;  time taken t o  o r a l l y  read each passage, and t o t a l  number 

and t y p e s  of e r r o r s  a r e  recorded. A passage score  (0 - 9 )  i s  der ived 

from the  number of  e r r o r s  and t h e  reading time. These passage s c o r e s  

a r e  added t o  o b t a i n  a  t o t a l  passage score.  Grade equivalent  (G.E.) 

norms and s tandard  e r r o r s  of measurement a r e  p rov ided  i n  t h e  Manual 

f o r  e a c h  form and s e p a r a t e l y  f o r  boys  and gi r ls .  Average s tandard  

e r r o r s  of measurement f o r  t o t a l  passage scores  f o r  boys and g i r l s  on 



Forms A and B r a n g e  from .42  f o r  a passage score  of 0 ,  G. E. 1.1, t o  

1 .TO f o r  a passage score  o f  72, G. E. 12.0 f o r  boys on Form B. 

The d i f f i c u l t y  of each passage i n  t h e  Gray Oral Reading Tes t s  was 

increased by means of  vocabulary, range and d e n s i t y  of t h e  v o c a b u l a r y  

( p e r c e n t a g e  o f  d i f f e r e n t  words among t h e  t o t a l  number o f  running 

w o r d s ) ,  s y l l a b i c  l e n g t h  o f  words ,  l e n g t h  and c o m p l e x i t y  o f  t h e  

s t r u c t u r e  of the  sentences and t h e  m a t e r i a l  of  t h e  concepts  (Gray Oral 

Reading Test  Manual, 1963, 1967, p. 3).  The Spache (1953) formula was 

u s e d  t o  a n a l y z e  t h e  r e a d a b i l i t y  of p a s s a g e s  one t o  f i v e  and t h e  

Dale-Chal l  (Da le  & C h a l l ,  1948)  f o r m u l a  was used t o  a n a l y z e  t h e  

r e a d a b i l i t y  o f  p a s s a g e s  s i x  t o  t h i r t e e n .  The a v e r a g e  s u b j e c t  is 

expected t o  read a t  l e a s t - f i v e  o r  more passages t o  al low f o r  a d e q u a t e  

sampl ing .  The Gray Oral Reading T e s t s  a r e  not designed t o  measure 

comprehension,  a l t h o u g h  f o u r  comprehension q u e s t i o n s  c a l l i n g  f o r  

l i t e r a l  meaning a r e  included f o r  each passage. Total  number of e r r o r s  

and time taken t o  read each p a s s a g e  d e t e r m i n e  t h e  g r a d e  e q u i v a l e n t  

s c o r e  o b t a i n e d .  Types of  e r r o r s  t o  be recorded a r e  l i s t e d  as :  Aid, 

g ross  mispronunciation, p a r t i a l  mispronunciat ion,  o m i s s i o n  o f  a word 

o r  group of words, i n s e r t i o n  of  a word o r  group of words, s u b s t i t u t i o n  

of one meaningful word o r  s e v e r a l  f o r  o t h e r s ,  r e p e t i t i o n  of one o r  

more word (s)  , i n v e r t i n g  o r  changing word order  (c. f .  Gray, 1963, 1967, 

PP. 5-61. 

C o e f f i c i e n t s  o f  i n t e r c o r r e l a t i o n s  among grade scores  on each of 

the  four  forms of t h e  Gray Oral Reading Tes ts  a t  each g r a d e  l e v e l  of 



t h e  s t a n d a r d i z a t i o n  sample  r a n g e  f rom .973  t o  .982. The s t anda rd  

e r r o r  of measurement is used as a second estimate o f  t h e  r e l i a b i l i t y  

of t h e  Gray Oral Reading  T e s t s .  The Manual states t h a t  a s t anda rd  

e r r o r  of measurement "of l e s s  than  4.00 p o i n t s  may be expec ted  i n  t h e  

t o t a l  pas sage  s c o r e  f o r  any p u p i l  6 8  per  c e n t  of  t h e  timen (Gray Oral 

Read ing  T e s t s  Manual ,  1 9 6 3 ,  1967,  p. 3 0 ) .  The t e s t - m a k e r  b a s e s  

v a l i d i t y  c l a i m s  on t h e  procedures  used i n  test cons t ruc t ion .  Details 

of test c o n s t r u c t i o n  a r e  desc r ibed  i n  t h e  Manual on pages 25 t o  29. 

Procedure 

S e l e c t i o n  ~ r o c e d u r e .  P a r e n t a l  c o n s e n t  was o b t a i n e d  f o r  a l l  

s u b j e c t s  meeting t h e  g e n e r a l  cr i ter ia .  A t o t a l  o f  110  s u b j e c t s  was 

then  ca tegor ized  as Good, D i f f e rence ,  D e f i c i t  o r  Compensator r eade r  on 

t h e  s p e c i f i c  c r i t e r i a  desc r ibed  earlier. 

The Word I d e n t i f i c a t i o n  o f  t h e  Woodcock Reading Mastery Tests 

(WRMT) was adminis te red  i n d i v i d u a l l y  i n  a  p r i v a t e  room. The P a s s a g e  

Comprehens ion  s u b t e s t  o f  t h e  WRMT was admin i s t e r ed  t o  groups of  15  

s u b j e c t s  a t  one time. There were two r easons  f o r  t h i s  a d m i n i s t r a t i o n  

p r o c e d u r e :  ( 1 )  T u i n m a n ,  K i n z e r  and  Muhtadi  ( 1 9 8 0 )  s t u d i e d  t h e  

f e a s i b i l i t y  o f  a d m i n i s t e r i n g  t h e  P a s s a g e  Comprehension t e s t  as a 

w r i t t e n  r a t h e r  t h a n  a s  a n  o r a l  test  t o  g rade  e i g h t  s tuden t s .  They 

found n e a r l y  i d e n t i c a l  r e s u l t s  between a group a d m i n i s t e r e d  t h e  t e s t  

o r a l l y  and t h e  w r i t  t e n - t e s t  g r o u p .  The product-moment c o r r e l a t i o n  

between the  o r a l  and w r i t t e n  s c o r e s  was . 82 ,  w i t h  a  r e l i a b i l i t y  sf 



a p p r o x i m a t e l y  .80 ,  and a s t a n d a r d  e r r o r  o f  measurement of  f o u r .  

(2) Tota l  WRMT a d m i n i s t r a t i o n  time is s u g g e s t e d  as b e i n g  20 t o  30 

minu tes .  The amount of t ime  a l l o w e d  i n  t e s t i n g  is u n r e a l i s t i c  f o r  

poor r eaders ,  i n  t h a t  they have i n s u f f i c i e n t  time t o  respond, and t h a t  

"the poorer a  decoder a  s u b j e c t  is,  r e l a t i v e  t o  t h e  norming group, t h e  

more  t h e  t e s t  becomes  a  m e a s u r e  o f  word a t t a c k  r a t h e r  t h a n  

c o m p r e h e n s i o n  s k i l l s n  ( T u i n m a n ,  1 9 7 8 ,  P.  1307)  The Passage  

Comprehension test admin i s t r a t ion  i n  w r i t t e n  form t o o k  a p p r o x i m a t e l y  

25 m i n u t e s ,  compared t o  13 m i n u t e s  f o r  o r a l  a d m i n i s t r a t i o n .  The 

w r i t t e n  tests were s c o r e d  s i f  t h e y  were o r a l  tests .  Tha t  i s ,  a  

b a s a l  l e v e l  was e s t a b l i s h e d  i n  terms of  the  first f i v e  consecutive 

c o r r e c t  answers, and a c e i l i n g  l e v e l  was es tab l i shed  i n  te rms of f i v e  

c o n s e c u t i v e  i n c o r r e c t  answers. This scor ing  method was used t o  make 

scores  on the  w r i t t e n  form comparable t o  those on the  o r a l  form. 

A l l  tests  were a d m i n i s t e r e d  by t h e  i n v e s t i g a t o r  o r  one of two 

resea rch  a s s i s t a n t s .  A l l  t e s t s  were scored by the  i n v e s t i g a t o r .  A l l  

t e s t i n g  took  p l a c e  dur ing  May and June of 1979. Categor iza t ion  i n t o  

r eader  groups on s p e c i f i c  c r i t e r i a  has a l r eady  been described.  

O n l y  t w o  p a s s a g e s  o f  t h e  Gray  Oral R e a d i n g  T e s t s  were 

administered i n d i v i d u a l l y  t o  a l l  s u b j e c t s  i n  t h e  s t u d y  a t  t h e  same 

t i m e  t h a t  t h e  Word I d e n t i f i c a t i o n  s u b t e s t  o f  t h e  WRMT was  

administered.  These were passage number seven of both Forms A and B. 

T h i s  p a s s a g e  i s  r e p o r t e d  t o  be a t  a  g r a d e  5 r e a d i n g  l e v e l .  The 

purpose of  adminis ter ing  the  two forms of t h i s  passage was t o  compare 



t h e  r e a d e r  g r o u p s  on  a  p o s t  hoc  b a s i s  on  time i n  o r a l  r e a d i n g  and 

t o t a l  e r r o r  s c o r e s  (words c o r r e c t l y  r e a d  per  minute).  These data a r e  

i n c l u d e d  i n  t h e  a n a l y s i s  and are presented  and d i scussed  i n  Chapters  

I11 and N of t h e  t h e s i s .  

Stimuli. Four  e x p o s i t o r y  p a s s a g e s  from Wong & Winnets (1981) 

s tudy  were used. The passages  shared  a common theme and were e n t i t l e d  

r e s p e c t i v e l y  Eco logy ,  Energy i n  t h e  Ecosystem, The Flow of Energy i n  

t h e  Ecosystem and Matter i n  t h e  Ecosystem. The s h o r t e s t  p a s s a g e  was  

857 words  i n  l eng th  and t h e  l o n g e s t  passage was 1445 words i n  l e n g t h .  

The average passage l e n g t h  was 11 53.65 words .  The p a s s a g e s  w e r e  a t  

a p p r o x i m a t e l y  a  grade  5  l e v e l  of d i f f i c u l t y  (Fry  Readab i l i t y  Formula, 

Fry ,  1968). Each passage was typed,  double-spaced,  on s i n g l e  s h e e t s  

of 8  1/2  x 19 inch  paper. Each passage was followed by 12 q u e s t i o n s ,  

6 f a c t u a l  and 6 i n f e r e n t i a l ,  on  s e p a r a t e  s h e e t s  o f  p a p e r .  T h r e e  

i n d e p e n d e n t  r a t e r s  judged  t h e  q u e s t i o n s  t o  be e i t h e r  f a c t u a l  o r  

i n f e r e n t i a l .  I n  o rde r  t o  ensu re  complete i n t e r - r a t e r  r e l i a b i l i t y ,  two 

q u e s t i o n s  were  s u b s e q u e n t l y  d r o p p e d  f rom e a c h  passage .  Thus each  

passage was then  followed by 10 q u e s t i o n s ,  5  f a c t u a l  and 5  i n f e r e n t i a l  

ques t ions .  These q u e s t i o n s  served  as t h e  dependent v a r i a b l e s .  

Procedure. A l l  s u b j e c t s  were a d m i n i s t e r e d  p a s s a g e s  o n e ,  two,  

t h r e e  and  f o u r  i n  g r o u p s  of 1 5  i n  a  se l f -conta ined  classroom by t h e  

i n v e s t i g a t o r  o r  one  o f  two r e s e a r c h  a s s i s t a n t s  o n  c o n s e c u t i v e  



o c c a s i o n s .  S u b j e c t s  were t o l d  t h e  purpose  of t h e  study,  namely t o  

f i n d  ou t  more about how people read  s o  t h a t  i n s t r u c t i o n  and m a t e r i a l s  

could be improved. They were reminded t h a t  scores  obtained would have 

no bearing on grades  o r  promot ion.  They were asked t o  do  t h e  b e s t  

they could. Each group was then given t h e  fol lowing i n s t r u c t i o n s :  

I want you t o  read t h i s  passage s i l e n t l y  and t o  answer. 
the  ques t ions  t h a t  fo l low it. The ques t ion  s h e e t  looks  
l i k e  t h i s  (show q u e s t i o n  s h e e t ) .  Read t h e  s t o r y  t o  
understand i t  as b e s t  you can  s o  t h a t  you c a n  answer  
t h e  q u e s t i o n s  a b o u t  i t .  You may take  a s  long a s  you 
need and you may l o o k  back t o  t h e  s t o r y  i n  o r d e r  t o  
a n s w e r  a q u e s t i o n .  You may a s k  me f o r  h e l p  on a 
d i f f i c u l t  o r  unknown word. When you have  f i n i s h e d ,  
g i v e  t h e  p a s s a g e  and your  q u e s t i o n  s h e e t  t o  me and 
r e t u r n  t o  your c l a s s .  Are t h e r e  any q u e s t i o n s ?  Okay, 
s t a r t  when you a r e  ready. 



CHAPTER I11 

Results 

It i s  r e c a l l e d  t h a t  o n e  of  t h e  s e l e c t i o n  c r i t e r i a  f o r  a l l  

s u b j e c t s  was a  CCAT score  of between 90 and 120. To test f o r  poss ib le  

d i f f e r e n c e s  among t h e  Good, D e f i c i t  and Compensator groups on t h i s  

i n t e l l i g e n c e  measure ,  a  one-way a n a l y s i s  o f  v a r i a n c e  ( A N O V A )  was 

performed on t h e  mean CCAT scores .  

The r e s u l t s  of the  one-way ANOVA on CCAT mean scores  ind ica ted  a  

s i g n i f i c a n t  d i f f e r e n c e  between Good and  D e f i c i t  r e a d e r  g r o u p s  

f E L ( 2 . 6 9 )  = 8.45,  JL< . 0005) .  No r e l i a b l e  d i f f e r e n c e s  o c c u r r e d  

between the  means of the  Good and Compensator g r o u p s ,  o r  between t h e  

means of t h e  Compensator and D e f i c i t  reader  groups. The r e s p e c t i v e  

means on the  CCAT of Good, D e f i c i t  and Compensator r eaders  were 106.74 

(S.D. 8.24),  98.29 (S.D. 4.60) and 102.13 (S.D. 5.45). The f i n d i n g  of 

a s i g n i f i c a n t  d i f f e rence  on the  CCAT means between Good and D e f i c i t  

r eaders  p laces  a  c o n s t r a i n t  on da ta  i n t e r p r e t a t i o n s  of the  performance 

d i f f e r e n c e s  be tween these  two reader  groups. 

To examine h y p o t h e s i s  one, t h a t  the  order  i n  performance of the  

t o t a l  f a c t u a l  and t o t a l  i n f e r e n t i a l  ques t ions  c o r r e c t l y  answered w i l l  

be Good b e t t e r  t h a n  Compensator, and Compensator b e t t e r  than D e f i c i t  

r e a d e r s ,  two one-way A N O V A f s  were c a r r i e d  o u t ,  one t o  a n a l y z e  t h e  

Good, D e f i c i t  and Compensator r eader  groupsf  performances on t h e  t o t a l  

f a c t u a l  q u e s t i o n s  ( 2 0 )  c o r r e c t l y  answered ,  and one t o  a n a l y z e  t h e  



r e a d e r  g r o u p s r  pe r fo rmances  on t h e  t o t a l  i n f e r e n t i a l  ques t ions  (20) 

c o r r e c t l y  answered. These r e s u l t s  i n d i c a t e d  r e l i a b l e  d i f f e r e n c e s  

among t h e  t h r e e  g r o u p s  f o r  t o t a l  f a c t u a l  q u e s t i o n s  and f o r  t o t a l  

i n f e r e n t i a l  ques t ions  c o r r e c t l y  answered,  [E's ( 2 , 6 9 1  = 8.35; 7.91 , 
r e s p e c t i v e l y ,  p < .001]. 

P o s t  hoc m u l t i p l e  compar i sons  o f  t h e  means using Newman-Keuls 

procedure ( s e e  Table 4) i nd ica ted  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  

Good a n d  D e f i c i t  r e a d e r s  o n  b o t h  t h e  t o t a l  f a c t u a l  and t o t a l  

i n f e r e n t i a l  q u e s t i o n  v a r i a b l e s  (p < .O5). The Compensator r e a d e r  

g roup  performed s i g n i f i c a n t l y  b e t t e r  than t h e  D e f i c i t  reader  group on 

t o t a l  f a c t u a l  q u e s t i o n s ,  and no d i f f e r e n t l y  f r o m  them o n  t o t a l  

i n f e r e n t i a l  q u e s t i o n s ,  a s  e x p e c t e d .  Fur the rmore ,  t h e  Compensator 

r eaders  d id  not  d i f f e r  i n  performance from t h e  Good r e a d e r s  on t o t a l  

f a c t u a l  q u e s t i o n s .  However, t h e r e  were no d i f f e r e n c e s  between 

Compensator and Good r e a d e r  p e r f o r m a n c e s  o n  t o t a l  i n f e r e n t i a l  

q u e s t i o n s .  The mean d i f f e r e n c e  between t h e  Good and Compensator 

r eader  groups on the  v a r i a b l e  of  t o t a l  i n f e r e n t i a l  q u e s t i o n s  ( 1 .?6) 

was c l o s e  t o  r e a c h i n g  s i g n i f i c a n c e  ( c r i t i c a l  d i f f e r e n c e  = 1.80). 

Hence hypothesis  one was p a r t i a l l y  supported. 

B e f o r e  h y p o t h e s e s  two, t h r e e  and f o u r  cou ld  be s p e c i f i c a l l y  

examined,  i t  was n e c e s s a r y  t o  c a r r y  o u t  a  one-way m u l t i v a r i a t e  

a n a l y s i s  of  v a r i a n c e  ( M A N O V A )  and fol low-up u n i v a r i a t e  analyses  of 

var iance  of the  performances on the  e i g h t  s e t s  of  ques t ions  ( f o u r  sets 

of f a c t u a l  and f o u r  s e t s  o f  i n f e r e n t i a l  ques t ions ) .  The r e s u l t s  of 



Table 4 

Comparison of Reader Group Means on Performance of Tota l  Factual  
and I n f e r e n t i a l  Ques t ion  S e t s  Using Newman-Keuls b o c e d u r e  

Variable Group Mean 
C r i t i c a l  

Difference 

Factual  
Quest ions  

Good 

D e f i c i t  

Good 

Compensator 

Compensator 

D e f i c i t  ' 

Good 14.09 
1.80 * 

D e f i c i t  11.07 
I n f e r e n t i a l  
Ques t ions  

Good 14.09 
1.80 

Compensator 12.33 

Compensator 

D e f i c i t  



t h e  MANOVA i n d i c a t e d  r e l i a b l e  d i f f e r e n c e s  among t h e  t h r e e  groups on 

the  e i g h t  sets of ques t ions ,  E(16,123) = 2.42, p < .01. To l o c a t e  t h e  

e x a c t  s o u r c e  of  v a r i a n c e ,  r e s u l t s  from t h e  u n i v a r i a t e  analyses  o f  

var iance  were examined. The r e s u l t s  showed t h a t  r e l i a b l e  d i f f e r e n c e s  

o c c u r r e d  among t h e  t h r e e  groups f o r  each of the  four  sets of  f a c t u a l  

q u e s t i o n s  and f o r  se ts  one and two o f  t h e  i n f e r e n t i a l  q u e s t i o n s ,  

F'S ( 2 , 6 9 )  = 5.77;  4.17;  4.75; 3.05; 3.65; and 7.58, r e s p e c t i v e l y ,  

g < .05. 

To examine hypothesis  two, t h a t  t h e  Compensator reader  group w i l l  

perform b e t t e r  than the  D e f i c i t  r e a d e r  g r o u p  on e a c h  se t  o f  f a c t u a l  

q u e s t i o n s  , b u t  n o t  on any set of i n f e r e n t i a l  ques t ions ,  Newman-Keuls 

pos t  hoc m u l t i p l e  compar i sons  o f  t h e  means o f  t h e  Compensator and 

D e f i c i t  r e a d e r  groups were used ( see  Table 5 ) .  The post  hoc m u l t i p l e  

compar i sons  o f  means i n d i c a t e d  t h a t  t h e  C o m p e n s a t o r s  p e r f o r m e d  

s i g n i f i c a n t l y  b e t t e r  than t h e  D e f i c i t  group on f a c t u a l  ques t ions  s e t s  

one and th ree  only. A s  expected, t h e r e  were no d i f f e r e n c e s  between 

Compensator and D e f i c i t  r eaders1  performances on i n f e r e n t i a l  ques t ions  

s e t s .  P a r t i a l  suppor t  f o r  hypothesis  two was thus  obtained. 

H y p o t h e s i s  th ree ,  t h a t  the  Good reader  group w i l l  perform b e t t e r  

than the  D e f i c i t  r eader  group on each set of  f a c t u a l  and i n f e r e n t i a l  

ques t ions ,  was mainly supported. Post hoc mul t ip le  comparisons of t h e  

means of the  Good and D e f i c i t  r eader  groups ind ica ted  t h a t  s i g n i f i c a n t  

d i f f e r e n c e s  i n  performance between Good and D e f i c i t  r eaders  occurred 

on a l l  four  s e t s  of f a c t u a l  q u e s t i o n s  and on t h e  f i rs t  two s e t s  of 



Table 5 

Multiple Comparisons of Group Means for  Factual and In fe ren t i a l  
Question Sets  using Newman-Keuls Procedure 

Groups 
- - - - - - - - - - - --- - - 

Cr i t i ca l  
Variable Mean Mean Difference 

Good Defici t  

Set 1 - 4.03 3.14 0.62 * 
Set 2 4.12 3.14 0.80 * 

Factual 
Set 3 3 91 2.86 0.77 * 

Questions 
Set 4 3.53 2.64 0.80 * 

. Compensator Deficit  
---- --  - - - 

Set 1 4.04 3.14 0.62 * 
Set 2 3.54 3.14 0.80 

Set 3 3.71 2.86 0.77 

Set 4 3 -25 2.64 0.80 

Good Compensator 

Set 1 4 .03 4 .04 0.62 

Set 2 4.12 3.54 0.80 

Set 3 3.91 3.71 0.77 

Set 4 3 53 3 .25 0.80 



Table 5 (Continued) 

C r i t i c a l  
Variable Mean Mean Dif ference  

Good D e f i c i t  

S e t  1 4.24 3 -29 0.79 * 
S e t  2 3.94 2.79 0.69. 

I n f e r e n t i a l  
S e t  3' 2.76 2.71 0.75 

Ques t ions  
S e t  4 3.15 2.29 0.86 

Compensator D e f i c i t  

Set 1 3.88 3.29 0.79 

S e t  2 3 33 2-79 0.69 

Set 3 2.38 2.7 1 0.75 

S e t  4 2.75 2.29 0.86 

Good Compensator 

S e t  1 4.24 3.88 0.79 

S e t  2 3.94 3.33 0.69 

S e t  3 2.76 2.38 0.75 

S e t  4 3.15 2.75 0.86 



i n f e r e n t i a l  quest ions.  

H y p o t h e s i s  f o u r ,  t h a t  t h e  Good r e a d e r  g roup  w i l l  per form 

s i g n i f i c a n t l y  b e t t e r  than the  Compensator r eader  group on e a c h  se t  o f  

i n f e r e n t i a l  q u e s t i o n s ,  b u t  n o t  on any set  of f a c t u a l  ques t ions ,  was 

par  t i a l l y  subs tan t i a t ed .  Post hoc comparisons showed t h a t  t h e r e  were  

no s i g n i f i c a n t  d i f f e rences  between Good and Compensator r e a d e r s  on any 

set of ques t ions ,  f a c t u a l  o r  i n f e r e n t i a l .  

Taken a s  a  group, hypotheses two, t h r e e  and four  suggest  t h a t  t h e  

Compensator reader  g r w p t s  performance appears t o  p a r a l l e l  t h a t  of t h e  

Good r e a d e r s .  However, analyses  of f a c t u a l  sets of ques t ions  r evea l  

t h a t  a  super io r  performance by Compensator r e a d e r s  i n  compar ison t o  

D e f i c i t  r e a d e r s  occurred. on s e t s  one and t h r e e  only, whereas the  Good 

readers  performed b e t t e r  than t h e  D e f i c i t  r eaders  on a l l  f o u r  se ts  of 

f a c t u a l  q u e s t i o n s .  Furthermore, t h e  Compensator group's  performance 

d i d  n o t  d i f f e r  f rom Good r e a d e r s  or from D e f i c i t  r e a d e r  g r o u p ' s  

performance on any of t h e  s e t s  of i n f e r e n t i a l  quest ions.  A s  expected,  

the  worst performance was given by the  D e f i c i t  readers .  

To t e s t  t h e  f i rst  p a r t  of hypothesis  f i v e ,  t h a t  the  Compensator 

r e a d e r  g roup  w i l l  pe r fo rm b e t t e r  o n  t h e  t o t a l  s e t s  of  f a c t u a l  

q u e s t i o n s  t h a n  on t h e  t o t a l  s e t s  of i n f e r e n t i a l  ques t ions ,  pairwise 

comparisons of the  means of the  t o t a l  f a c t u a l  and t o t a l  i n f e r e n t i a l  

q u e s t i o n s  c o r r e c t l y  answered by t h e  Compensator r e a d e r  g roup  was 

c a r r i e d  o u t ,  u s i n g  one d e p e n d e n t  t - t e s t .  T h i s  p r e d i c t i o n  was  

s u b s t a n t i a t e d  Ct(23) = 3.85, Q < .00051. 



The second p a r t  of hypothesis  f i v e  predic ted  t h a t  the  Compensator 

r eader  group w i l l  perform b e t t e r  on eaoh set of f a c t u a l  ques t ions  than 

on t h e  c o r r e s p o n d i n g  s e t  o f  i n f e r e n t i a l  q u e s t i o n s .  To t es t  t h i s  

p red ic t ion ,  a  repeated measures MANOVA was c a r r i e d  o u t ,  t h e  s c o r e  on 

t h e  f a c t u a l  ques t ions  of each passage and the  score  on the  i n f e r e n t i a l  

ques t ions  of eaoh passage being t h e  two dependent v a r i a b l e s  f o r  e a c h  

ana lys i s .  The r e s u l t s  ind ica ted  t h a t ,  o v e r a l l ,  t he  Compensator reader  

g r o u p  performed b e t t e r  on f a c t u a l  q u e s t i o n s  t h a n  on i n f e r e n t i a l  

q u e s t i o n s ,  m u l t i v a r i a t e  F ( 4 , 2 0 )  = 11.54,  g < .0001. The repeated 

measures ANOVA revealed t h a t  t h i s  group performed b e t t e r  s p e c i f i c  a l l y  

on f a c t u a l  ques t ion  s e t  t h r e e  than on i n f e r e n t i a l  ques t ion  set t h r e e ,  

E (1,231 = 27.77, < .0000. No r e l i a b l e  d i f f e r e n c e s  were o b s e r v e d  

f o r  t h e  o t h e r  t h r e e  s e t s  of ques t ions .  The first p a r t  of hypothesis  

f i v e ,  t h a t  the  Compensator r eader  group would perform b e t t e r  on t h e  

t o t a l  s e t s  of f a c t u a l  ques t ions  than on t h e  t o t a l  sets of i n f e r e n t i a l  

ques t ions  was thus subs tan t i a t ed .  However, only  marginal s u p p o r t  was 

found f o r  the  second p a r t  of hypothesis  f i v e ,  t h a t  Compensator r eaders  

would perform b e t t e r  on each set of f a c t u a l  ques t ions  than on each set 

of i n f e r e n t i a l  quest ions.  

To t e s t  hypothes is  s i x ,  a  u n i v a r i a t e  ANOVA and pos t  hoc m u l t i p l e  

comparisons of the  means of the  t h r e e  r eader  groups on words c o r r e c t l y  

r e a d  p e r  minu te  were performed ( s e e  Tab le  6 ) .  R e s u l t s  i n d i c a t e d  

r e l i a b l e  d i f fe rences  among the  groups, E(2,69) = 66.17, < .O. It is 

r e c a l l e d  t h a t  both the  D e f i c i t  and Compensator reader  groups possessed 



Table 6 

Means of Words Correctly Read Per Minute by 
Good, Deficit  and Compensator Readers 

Group n Mean S.D. 

Good 

Deficit  

Compensator 

&&.. Critical difference = 21.74 

a One subject was l o s t  from the sample for th is  variable. 



poor  word r e c o g n i t i o n  s k i l l s  as  measured by t h e  Word I d e n t i f i c a t i o n  

s u b t e s t  of t h e  Woodcock Reading Mastery Tes t s  (WRMT, Woodcock, 1 9 7 3 )  , 
and as compared t o  t h e  Good r eade r s .  These pos t  hoc ana lyses ,  t hen ,  

were expected t o  d i f f e r e n t i a t e  t h e  Good r e a d e r s  from both t h e  D e f i c i t  

and Compensator r eade r s .  

The  m u l t i p l e  c o m p a r i s o n s  i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  

between t h e  means o f  words  c o r r e c t l y  r e a d  p e r  m i n u t e  by Good and  

D e f i c i t  r e a d e r s  (mean d i f f e r e n c e :  48.69), and between t h e  means of  

Good and  Compensator  r e a d e r s  (mean d i f f e r e n c e :  29 .67) .  Thus t h e  

p r e d i c t e d  d i f f e r e n c e s  between t h e  groups on words c o r r e c t l y  read  per  

minute were s u b s t a n t i a t e d .  

To summarize the  r e s u l t s ,  Good r e a d e r s  performed b e t t e r  t han  t h e  

D e f i c i t  r e a d e r s  on b o t h  f a c t u a l  and t o t a l  i n f e r e n t i a l  q u e s t i o n s  

c o r r e c t l y  a n s w e r e d  ; t h e  Compensa to r s  pe r fo rmed  b e t t e r  t h a n  t h e  

D e f i c i t  r e a d e r s  on  t o t a l  f a c t u a l  b u t  n o t  o n  t o t a l  i n f e r e n t i a l  

q u e s t i o n s  c o r r e c t l y  answered; t h e r e  were no d i f f e r e n c e s  between Good 

and Compensator r e a d e r s r  p e r f o r m a n c e s  on  t o t a l  f a c t u a l  o r  on  t o t a l  

i n f e r e n t i a l  q u e s t i o n s  c o r r e c t l y  answered .  The p r e d i c t e d  o r d e r  i n  

p e r f o r m a n c e  o f  Good, Compensa tor  a n d  D e f i c i t  r e a d e r s  was t h u s  

p a r t i a l l y  s u b s t a n t i a t e d .  

A n a l y s e s  o f  e a c h  s e t  o f  f a c t u a l  and i n f e r e n t i a l  q u e s t i o n s  

i n d i c a t e d  t h a t  t h e  Compensator  r e a d e r s  per formed b e t t e r  t h a n  t h e  

D e f i c i t  r e a d e r s  on f a c t u a l  s e t s  one  and t h r e e ,  and t h e r e  were no 

d i f f e r e n c e s  be tween them on any  s e t  o f  i n f e r e n t i a l  q u e s t i o n s .  



H y p o t h e s i s  two was t h u s  p a r t i a l l y  s u b s t a n t i a t e d .  The Good readers  

performed b e t t e r  than the  D e f i c i t  r e a d e r s  on a l l  f o u r  sets o f  f a c t u a l  

q u e s t i o n s  and  on  t h e  f i r s t  two s e t s  of  i n f e r e n t i a l  q u e s t i o n s ,  

providing p a r t i a l  suppor t  f o r  hypothesis  three .  H y p o t h e s i s  f o u r  was 

a l s o  p a r t i a l l y  s u p p o r t e d  a s  t h e r e  were no d i f f e r e n c e s  found between 

Good and Compensator r e a d e r  g r o u p s f  pe r fo rmances  on any  s e t s  o f  

ques t ions ,  f a c t u a l  o r  i n f e r e n t i a l .  

Within-group analyzes ind ica ted  suppor t  f o r  hypothes is  f i v e ,  t h a t  

t h e  Compensator r e a d e r s  would pe r fo rm b e t t e r  on t h e  t o t a l  sets  o f  

f a c t u a l  q u e s t i o n s  t h a n  on t h e  t o t a l  se ts  of i n f e r e n t i a l  ques t ions .  

Analyses of Compensator performance on each set of f a c t u a l  q u e s t i o n s  

c o m p a r e d  w i t h  e a c h  se t  of  i n f e r e n t i a l  q u e s t i o n s  was m a r g i n a l l y  

supported. F i n a l l y ,  a s  p red ic ted ,  c o r r e c t  words p e r  minu te  on o r a l  

r e a d i n g  passages did r e l i a b l y  d i sc r imina te  the  Good readers  from both 

the  D e f i c i t  and Compensator readers .  



CHAPTER IV 

D i s c u s s i o n  

The p r e s e n t  s t u d y  was d e s i g n e d  t o  d i f f e r e n t i a t e  fou r  t ypes  of  

a d o l e s c e n t  r e a d e r s :  Good, D i f f e r e n c e ,  D e f i c i t  and Compensa to r ,  on  

t h e i r  performance on two dependent v a r i a b l e s ,  f a c t u a l  and i n f e r e n t i a l  

c o m p r e h e n s i o n  q u e s t i o n s .  B e c a u s e  a n  i n s u f f i c i e n t  number o f  t h e  

D i f f e r e n c e  r e a d e r s  could  be c a t e g o r i z e d  on "a p r i o r i n  cr i ter ia ,  t h i s  

group was subsequen t ly  dropped from t h e  s tudy .  

The i n t e r p r e t a t i o n  o f  t h e  d a t a  r evo lves  around t h e  i n t e g r a t i o n  o f  

t h r e e  i s s u e s :  top-down, bo t tom-up and i n t e r a c t i v e  p r o c e s s i n g  i n  

r e a d i n g  p e r f o r m a n c e ;  t y p e s  o f  r e a d e r s ;  and d i f f e r e n t i a l  p roces s ing  

demands of f a c t u a l  and i n f e r e n t i a l  q u e s t i o n s .  The h y p o t h e s e s  w e r e  

b a s e d  o n  t h e  a s s u m p t i o n  t h a t  f a c t u a l  q u e s t i o n s  a r e  m o r e  

s t r a i g h t f o r w a r d ,  demand less p r o c e s s i n g  t h a n  i n f e r e n t i a l  q u e s t i o n s  , 
and  t h a t  a n s w e r i n g  i n f e r e n t i a l  q u e s t i o n s  may r e q u i r e  i n t e g r a t i n g  

i n f o r m a t i o n  a c r o s s  s e n t e n c e s  and  p a r a g r a p h s ,  t h e r e b y  i n c r e a s i n g  

p r o c e s s i n g  demands on  t h e  r e a d e r .  The mean o f  t h e  t o t a l  f a c t u a l  

q u e s t i o n s  was t h e r e f o r e  expected t o  be s i g n i f i c a n t l y  greater t h a n  t h e  

mean of  t h e  t o t a l  i n f e r e n t i a l  ques t i ons .  The r e s u l t s  of  one dependent 

t - t e s t  c a r r i e d  o u t  on t h e  means o f  t h e  t o t a l  f a c t u a l  a n d  t o t a l  

i n f e r e n t i a l  q u e s t i o n s  c o r r e c t l y  answered by t h e  e n t i r e  sample ( n  = 72) 

i n d i c a t e d  s u p p o r t  f o r  t h i s  assumption [t (71) = 5.01, g < .0001. 

Top-down p r o c e s s i n g ,  o r  u t i l i z a t i o n  o f  c o n c e p t u a l l y - b a s e d  



i n f o r m a t i o n ,  and bottom-up processing,  o r  u t i l i z a t i o n  of g raph ica l ly -  

based in fo rmat ion ,  are b o t h  t y p e s  o f  p r o c e s s i n g  i n  which a f l u e n t  

r e a d e r  i s  thought t o  engage. Because of  f l u e n t ,  f a c i l e  verbal  coding 

and the  a b i l i t y  t o  use s y n t a c t i c  and semantic c u e s ,  good r e a d e r s  are 

a b l e  t o  e x t r a c t  meaning from tex t .  Addi t ional ly ,  they a r e  thought t o  

employ o the r  genera l  comprehension strategies such  as m o n i t o r i n g  and 

debugg ing  d e v i c e s ,  as a r e s u l t  of which they a r e  a b l e  t o  a l l o t  e x t r a  

processing t o  a problem a r e a  when i t  o c c u r s .  Good r e a d e r s  i n  t h i s  

s t u d y  were t h e r e f o r e  e x p e c t e d  t o  pe r fo rm w e l l  on both f a c t u a l  and 

i n f e r e n t i a l  q u e s t i o n s .  The r e s u l t  c l e a r l y  i n d i c a t e d  t h e  o v e r a l l  

s u p e r i o r  performance of t h e  Good readers .  Good readers ,  however, d id  

perform s i g n i f i c a n t l y  b e t t e r  on the  t o t a l  sets of f a c t u a l  t h a n  on  t h e  

t o t a l  se t s  o f  i n f e r e n t i a l  q u e s t i o n s  [t (33)  = 3 .38 ,  2 < .0011. Two 

poss ib le  explanat ions  may be profer red  t o  account  f o r  t h e  d i f f e r e n c e  

i n  t h e  Good reader  group's  performance between f a c t u a l  and i n f e r e n t i a l  

ques t ion  sets: ( 1) Level o f  p r o c e s s i n g  demanded by t h e  i n f e r e n t i a l  

q u e s t i o n s  may be s u f f i c i e n t l y  t a x i n g  even  f o r  Good r e a d e r s ;  and 

(2) passage d i f f i c u l t y  on passages t h r e e  and f o u r  may o f f e r  a  second  

avenue of explanation.  It is r e c a l l e d  t h a t  t h e r e  were no main e f f e c t s  

found on the  i n f e r e n t i a l  q u e s t i o n  se ts  o f  p a s s a g e s  t h r e e  and f o u r .  

T h i s  n e g a t i v e  f i n d i n g  s u g g e s t s  t h a t  d i f f i c u l t y  o f  t h e  l a s t  two 

ques t ion  sets may have masked e x i s t e n t  performance d i f f e r e n c e s  among 

the  Good, D e f i c i t  and Compensator r eader  groups. 

Conversely, D e f i c i t  r e a d e r s ,  l a r g e l y  a s  a  r e s u l t  of  a  l a c k  of 



f a c i l e  v e r b a l  c o d i n g  s k i l l s ,  may be more r e l i a n t  on bottom-up 

p r o c e s s i n g ,  and t h e  amount o f  a t t e n t i o n  r e q u i r e d  t o  d e c o d e  was  

e x p e c t e d  t o  i m p a i r  t h e i r  performance a t  both l e v e l s  of  quest ioning.  

The r e s u l t s  s u p p o r t e d  s u c h  a p r e d i c t i o n  i n  t h e  D e f i c i t  r e a d e r s  

performed equal ly  poorly on f a c t u a l  and i n f e r e n t i a l  quest ions.  

The d a t a  c l e a r l y  s u p p o r t e d  t h e  d i f f e r e n t i a t i o n  o f  Good a n d  

D e f i c i t  r e a d e r s  i n  comprehension performance, except f o r  sets t h r e e  

and four  of i n f e r e n t i a l  ques t ions ,  where no main e f f e c t s  were  found .  

The p o o r e r  performance of  t h e  D e f i c i t  r eaders  is thought t o  r e f l e c t  

t h e i r  undue r e l i a n c e  on bottom-up p r o c e s s i n g  a t  t h e  e x p e n s e  o f  

top-down p r o c e s s i n g .  Consequent ly ,  they do not process information 

s u f f i c i e n t l y  f o r  good comprehension and r e c a l l  t o  occur. According t o  

t h e  hypotheses of LaBerge and Samuels (19741, and P e r f e t t i  and Lesgold 

( 1 97 9) , these  r eaders  d i r e c t  a t t e n t i o n  pr imar i ly  a t  the  v i s u a l  a spec t s  

of t h e  t e x t  and t h e i r  l a b o r i o u s  d e c o d i n g  c a u s e s  a  nbot t leneckn i n  

working memory r e s u l t i n g  i n  impaired comprehension performance. 

Although t h e r e  i s  a p o s s i b i l i t y  t h a t  the  D e f i c i t  r eaders  f a i l e d  

t o  use,  o r  made l i t t l e  use of context  t o  f a c i l i t a t e  word r e c o g n i t i o n  

and p r o s e  comprehension,  i t  i s  o u t s i d e  t h e  scope  of  t h i s  s tudy t o  

a t t r i b u t e  t h e i r  poor performance t o  a n  i n a b i l i t y  t o  u s e  c o n t e x t u a l  

c u e s .  There  i s  c l e a r  e v i d e n c e  i n  t h e  l i t e r a t u r e  t h a t  less s k i l l e d  

r e a d e r s  can  and do use  c o n t e x t  t o  f a c i l i t a t e  word r e c o g n i t i o n  

( B i e m i l l e r ,  1970;  J u e l ,  1980;  P e r f e t t i ,  Goldman & Hogaboam, 1979; 

Samuels, Begy & Chen, 1975-76; Schvaneveldt,  Ackerman & Semlear, 1977; 



West & Stanovich, 1978). Stanovich (1982b) sugges ts  t h a t  

t h e  s low and inaccura te  decoding processes of t h e  poor 
r eader  may i n  f a c t  degrade the  c o n t e x t u a l  i n f o r m a t i o n  
t h a t  t h e y  r e c e i v e ,  r e n d e r i n g  i t  u n u s a b l e .  The 
observat ion  t h a t ,  under such c o n d i t i o n s  , poor r e a d e r s  
r e l y  less  on context ,  is not  necessa r i ly  an i n d i c a t i o n  
t h a t  they cannot use  con tex t  t o  speed word recogn i t ion ,  
R a t h e r ,  t h e  f i n d i n g  may be  an  epiphenomenon of t h e i r  
poor decoding s k i l l s .  (p. 551 ) 

Theore t i ca l ly ,  this  explanat ion  of  processing d i f f e r e n c e s  between 

t h e  Good and D e f i c i t  r e a d e r  g r o u p s  i s  s o u n d l y  b a s e d ,  However ,  

f ind ings  i n  support  of process ing d i f f e r e n c e s  between Good and D e f i c i t  

r e a d e r s  are c o n s t r a i n e d  by s i g n i f i c a n t  d i f f e r e n c e  i n  C C A T  m e a n s  

be tween t h e s e  two g roups .  Performance d i f f e r e n c e s  between Good and 

D e f i c i t  r e a d e r  g r o u p s  on f a c t u a l  and i n f e r e n t i a l  c o m p r e h e n s i o n  

ques t ions  may t h e r e f o r e  be i n  p a r t  due t o  d i f f e r e n c e s  i n  i n t e l l i g e n c e .  

Both Good and Compensator r e a d e r s  perf  omed s i g n i f i c a n t l y  b e t t e r  

on t h e  t o t a l  se ts  of  f a c t u a l  q u e s t i o n s  t h a n  on t h e  t o t a l  se t s  of 

i n f e r e n t i a l  ones. Furthermore, t h e r e  were no d i f fe rences  between Good 

and C o m p e n s a t o r  r e a d e r s  o n  a n y  s e t  o f  f a c t u a l  o r  i n f e r e n t i a l  

ques t ions .  These r e s u l t s  o f f e r  s u p p o r t  b o t h  f o r  t h e  e x i s t e n c e  of 

compensator group readers  and f o r  an interactive-compensatory model of 

r e a d i n g  ( ~ t a n o v i c h ,  1980) .  Compensator r e a d e r s  were presumed t o  

u t i l i z e  conceptually-based d a t a ,  s y n t a c t i c  and semantic cues,  i n  such 

z way a s  t o  compensate f o r  poor decoding s k i l l s .  Their performance a t  

t h e  f a c t u a l  l e v e l  of  ques t ioning was t h e r e f o r e  predic ted  t o  p a r a l l e l  



t h a t  o f  Good r e a d e r s  and  t o  be s u p e r i o r  t o  t h a t  of  Deficit r eade r s .  

I n  o v e r a l l  performance, t h i s  p r e d i c t i o n  was s u b s t a n t i a t e d .  

When C o m p e n s a t o r s  a r e  c o m p a r e d  t o  Good r e a d e r s  and  when , 

Compensators are compared t o  D e f i c i t  r e a d e r s  t h e r e  are some s p e c i f i c  

f i n d i n g s  which are d i f f i c u l t  t o  exp la in .  Post  hoc comparisons between 

Compensator and Good r e a d e r s  i n d i c a t e d  t h a t  t h e r e  were no d i f  f e r e n o e s  

be tween  t h e  performances o f  t h e s e  two groups on any set of f a c t u a l  o r  

i n f e r e n t i a l  ques t ions .  Pos t  hoc comparisons between Compensa tor  and  

D e f i c i t  r e a d e r s  i n d i c a t e d  r e l i a b l e  d i f f e r e n c e s  on f a c t u a l  sets one and 

t h r e e  o n l y .  Thus t h e r e  were no d i f f e r e n c e s  be tween C o m p e n s a t o r  

r e a d e r s  and  Good = D e f i c i t  r e a d e r s  on f a c t u a l  q u e s t i o n  sets two and 

f o u r ,  and on i n f e r e n t i a l  q u e s t i o n  se ts  o n e  a n d  two.  The d a t a  

i n d i c a t e s  f u z z y  b o u n d a r i e s  between t h e  compensator r e a d e r  group and 

t h e  o t h e r s ,  Good and D e f i c i t  r e a d e r  g r o u p s .  The Compensator  r e a d e r  

g r o u p  i s  a f a s c i n a t i n g  o n e ,  b u t  i t  would a p p e a r  t h a t  me thods  and 

s t i m u l i  i n  t h e  p r e s e n t  s t u d y  a r e  n o t  s u f f i c i e n t l y  s e n s i t i v e  t o  

a s c e r t a i n  e x a c t l y  what t h i s  group is. 

P a s s a g e  d i f f e r e n c e s  may p r o v i d e  o n e  p o s s i b l e  s o u r c e  f o r  

e x p l a i n i n g  c o n f l i c t i n g  r e s u l t s .  There were perhaps an  i n s u f f i c i e n t  

number of passages and c e r t a i n l y  an  i n s u f f i c i e n t  number of q u e s t i o n s  

of b o t h  t y p e s  t o  p r o v i d e  more conc lus ive  d a t a ,  e s p e c i a l l y  r ega rd ing  

t h e  Compensator group. Also, g r e a t e r  un i fo rmi ty  i n  l e n g t h  of  bo th  t h e  

p a s s a g e s  a n d  t h e  p a r a g r a p h s  w i t h i n  t h e  p a s s a g e s ,  a n d  u s e  o f  

o r g a n i z a t i o n a l  cues  such as subheadings may have a s s i s t e d  r e a d e r s .  It 



i s  r e c a l l e d  t h a t  t h e  passages used ranged i n  l e n g t h  from 857 words t o  

1445 words. Thus a g r e a t e r  number o f  q u e s t i o n s  p e r  p a s s a g e  may h a v e  

a f f o r d e d  more d i s c r i m i n a t i o n  between each r eade r  group by p rov id ing  

more d a t a ,  w h i l e  o r g a n i z a t i o n a l  c u e s  may h a v e  made s t i m u l i  m o r e  

s e n s i  t i v e  q u a l i t a t i v e l y .  

It i s  a l s o  r e c a l l e d  t h a t  s u b j e c t s  were i n s t r u c t e d  t o  a s k  f o r  h e l p  

on unknown o r  d i f f i c u l t  words; none d i d  so. Moreover,  time t a k e n  t o  

complete each passage was no t  measured and s u b j e c t s  were no t  monitored 

i n  terms of  looking  back a t  a passage i n  o r d e r  t o  answer  a q u e s t i o n .  

They  had  been  i n s t r u c t e d  t o  do s o  i f  t h e y  wi shed .  The n e g a t i v e  

f i n d i n g  of no main e f f e c t s  f o r  i n f e r e n t i a l  q u e s t i o n s  on passages  t h r e e  

and f o u r  a l s o  i n d i c a t e s  a need t o  examine these  passages c l o s e l y .  

The need f o r  f u r t h e r  r e s e a r c h  i s  c l e a r l y  e v i d e n t ,  e s p e c i a l l y  

r e g a r d i n g  t h e  D i f f e r e n c e  and Compensator r eade r s .  Such r e s e a r c h  may 

e n l i g h t e n  us  on the  n a t u r e  of  Compensator r e a d e r s ,  a g r o u p  wh ich  i s  

n o t  d e p e n d e n t  on bo t tom-up p r o c e s s i n g  d e s p i t e  poor decoding s k i l l s ,  

bu t  which may depend unduly on top-down process ing  t o  compensate f o r  a 

l a c k  o f  au tomat ic  and a c c u r a t e  decoding s k i l l s .  Fu r the r  r e s e a r c h  may 

a l s o  i d e n t i f y  D i f f e rence  r e a d e r s  and perhaps a l s o  e n l i g h t e n  u s  as t o  

w h e t h e r  t h e s e  r e a d e r s  a r e ,  i n  f a c t ,  l a b o r i o u s  decoders ,  posses s ing  

a c c u r a t e  but  no t  au tomat ic  decoding s k i l l s  ( P e r f e t  t i  & Lesgold , 1 97 9) , 
o r  whether they  l a c k  t e x t  o r g a n i z a t i o n a l  s k i l l s  (Cromer, 1970).  

Given t h e  importance of r e a d i n g  i n  s c h o o l s  and s o c i e t y  g e n e r a l l y ,  

and t h e  e f f e c t s  o f  r e a d i n g  f a i l u r e  on  t h e  development of e f f i c i e n t  



r e a d i n g  strategies, i t  is o f  paramount importance t h a t  a d o l e s c e n t  poor 

r e a d e r s  b e  g i v e n  a p p r o p r i a t e  i n s t r u c t i o n  b a s e d  o n  a  c l e a r  

u n d e r s t a n d i n g  o f  t h e i r  r e a d i n g  p r o c e s s e s  and d e f i c i e n c i e s .  Such 

i n s t r u c t i o n  should i n c o r p o r a t e  means o f  c o m p e n s a t i n g  f o r  as  w e l l  as  

means of improving d e f i c i e n c i e s .  Th i s  s tudy  does  provide s u p p o r t  f o r  

t h e  n o t i o n  o f  t y p e s  o f  r e a d e r s  and  t h e r e f o r e  some i n d i c a t i o n  t o  

e d u c a t o r s  t h a t  r e a d i n g  i n s t r u c t i o n  s h o u l d  p r o v i d e  f o r  i n d i v i d u a l  

d i f f e r e n c e s  and t h a t  s t a n d a r d i z e d  r e a d i n g  a c h i e v e m e n t  t e s t  s c o r e s ,  

u s u a l l y  r e p o r t e d  i n  terms o f  y e a r s  below g r a d e  l e v e l ,  s h o u l d  be 

i n t e r p r e t e d  and used wi th  cau t ion .  However, t h e  q u e s t i o n  o f  w h e t h e r  

d  i s t  i n c  t g r o u p s  o f  a d o l e s c e n t  r e a d e r s  e x i s t ,  o r  w h e t h e r  r e a d e r s  

pos se s s  a  v a r i e t y  of  d e f i c i e n c i e s  i n  v a r y i n g  a b i l i t i e s  and s t r a t e g i e s  

t o  compensate f o r  d e f i c i e n c i e s  remains t o  be answered. 

C e r t a i n l y ,  t h e  l i m i t e d  c a p a c i t y  m o d e l s  o f  LaBerge and Samue l s  

( 1 9 7 4 )  and  P e r f e t t i  and L e s g o l d  ( 1 9 7 9 )  a s  wel l  as t h e  i n t e r a c t i v e  

models of r e a d i n g  o f  Rummelhart  ( 1 9 7 7 )  and S t a n o v i c h  ( 1 9 8 0 )  o f f e r  

v i a b l e  t h e o r e t i c a l  frameworks f o r  both t h e  s tudy  of  r ead ing  p roces se s  

and f o r  t h e  s tudy  o f  i n d i v i d u a l  d i f f e r e n c e s  i n  r e a d i n g  s k i l l .  The 

r e s u l t s  o f  t h i s  s t u d y  are b e s t  i n t e r p r e t e d  i n  terms of  t h e s e  models, 

and  f u r t h e r  i n d i c a t e  t h e  i m p o r t a n c e  o f  f a s t  a n d  a u t o m a t i c  w o r d  

r e c o g n i t i o n  a s  a  de te rminant  of f l u e n t  read ing .  



APPENDIX A 

Stimuli 



ECOLOGY 

Imagine y o u r s e l f  on a  w a l k  t h r o u g h  t h e  f o r e s t s  n e a r  Squamish .  

L iv ing  t h i n g s  a r e  a l l  around you. Bi rds  f l y  he re  and t h e r e ;  s q u i r r e l s  

c h a t t e r  as they g a t h e r  p ine  cones.  Some trees reach  t a l l  f o r  t h e  s u n  

w h i l e  s h r u b s  s q u a t  o v e r  large  p a r t s  o f  t h e  ground. The warming sun 

b e g i n s  t o  d r y  away l a s t  n i g h t ' s  r a i n .  A n t s  move back  i n t o  t h e i r  

u n d e r g r o u n d  homes  a s  t h e  water s e e p s  d e e p e r  i n t o  t h e  e a r t h  and 

e v a p o r a t e s  i n t o  t h e  a i r .  You g l i m p s e  a r a b b i t  munching  o n  some  

c l o v e r ,  but  i t  s c u r r i e s  f o r  cover  when a  hawk's shadow pas se s  nearby. 

There a r e  many b e a u t i f u l  and i n t e r e s t i n g  s i g h t s .  Bu t  t h e r e  are  

r e a s o n s  why you see many o f  t h e  t h i n g s  you do. For example, we know 

why some sh rubs  s q u a t  c l o s e  t o  t h e  ground wh i l e  o t h e r  trees grow t a l l .  

We c a n  t e l l  what  t h e  r a b b i t s  w i l l  d o  i f  t h e r e ' s  t o o  l i t t l e  r a i n  t o  

h e l p  t h e  c l o v e r  grow. These and o t h e r  t o p i c s  are o u r  f o c u s  i n  t h e  

next  few sets of read ings .  

You have  been  on  a n  imaginary walk through t h e  ecosystem of  t h e  

Pine f o r e s t .  Le t  ' s look  more c l o s e l y  a t  t h e  word necosystemn. It c a n  

be  b r o k e n  down i n t o  two p a r t s  - eco  and system. "Econ reminds you of 

a popular  t o p i c  today  - ecology.  

Ecology  is a s c i e n c e  t h a t  s t u d i e s  p l a n t s ,  an imals ,  people ,  and 
* 



p a r t s  o f  t h e  environment l i k e  s o i l ,  water, and wind. But it examines 

more than j u s t  a  c o l l e c t i o n  of these  d i f f e r e n t  t h i n g s .  The nsys temn 

P a r t  of  ecosystem g i v e s  us a  h i n t .  A 'system is a  set of th ings  t h a t  

a r e  a r r a n g e d  and r e l a t e d  t o  one  a n o t h e r .  For example ,  w e  have  a  

muscle  sys tem whose r e l a t e d  p a r t s  a r e  muscles. It determines how we 

move. We a l s o  have a  system of t r a f f i c  laws t h a t  a r e  r e l a t i o n s  among 

ind iv idua l  laws. For example, i t  te l l s  us when t o  s t o p  o r  tu rn  r i g h t .  

An ecosystem i s  a r e l a t e d  c o l l e c t i o n  of l i v i n g  th ings  l i k e  p l a n t s  

and a n i m a l s ,  and non-living th ings  l i k e  s o i l  and weather. The r a b b i t  

depends on the  c lover  f o r  food. This i s  a  r e l a t i o n  between two p a r t s  

of the  ecosystem. The c l & e r  needs r a i n  t o  grow. The hawk depends on 

the re  being enough r a b b i t s  s o  i t  can have food. A l l  t o g e t h e r ,  t h e s e  

i n d i v i d u a l  r e l a t i o n s  make up a  complex r e l a t i o n s h i p  between p l a n t s ,  

weather , and animals. 

More p r e c i s e l y ,  ecology is t h e  sc ience  t h a t  explores  these  kinds 

of r e l a t i o n s h i p s  and systems. Since the  r e l a t i o n s h i p s  between l i v i n g  

and non- l iv ing  th ings  a r e  bas ic  t o  ecology, a  good place t o  s t a r t  our 

s tudy of ecology is  t o  examine some k i n d s  o f  r e l a t i o n s h i p s  t h a t  w e  

might  f i n d .  We have a l r e a d y  s e e n  s e v e r a l  of these  r e l a t i o n s h i p s  i n  

our imaginary walk through the  pine f o r e s t  ecosys  tem. L e t  ' s  l o o k  a t  

them more c l o s e l y  t o  see  what they a r e ,  and how they a r e  s i m i l a r  and 

d i s s i m i l a r .  
* 



Imagine a r a b b i t  s i t t i n g  on a h i l l s i d e  munching grass .  A hawk 

f l ies  overhead, and its shadow p a s s e s  n e a r  t h e  r a b b i t .  The r a b b i t  

g e t s  f r i g h t e n e d  and s c u r r i e s  t o  i t s  hole. The r e l a t i o n s h i p  between 

these two animals is common i n  n a t u r e  : one an imal  i s  t h e  food  t h a t  

h e l p s  t h e  o t h e r  animal  l i v e .  We c a l l  t h i s  k ind  o f  r e l a t i o n s h i p  a 

predator-prey r e l a t i o n s h i p .  The r a b b i t  is the  hawk's p rey .  It must 

be k i l l e d  t o  feed the  predator ,  t h a t  is, t h e  hawk. Another example of 

a predator-prey r e l a t i o n s h i p  is seen when a woodpecker e a t s  i n s e c t s  

t h a t  l i v e  i n  t r e e  bark. 

A s e c o n d  k i n d  o f  r e l a t i o n s h i p  o c c u r s  when one l i v i n g  t h i n g  

depends on another  f o r  someth ing ,  b u t  d o e s n l  t do i t  any harm. For 

example ,  p l a n t s  l i k e  m i s t l e t o e  climb t r e e s  t o  get more sun l igh t .  The 

m i s t l e t o e  depends  on t h e  t r e e  t o  h e l p  i t  l i v e ,  b u t  t h i s  k i n d  of 

dependency d o e s  no damage t o  t h e  tree. This i s  c a l l e d  a benefi t-no 

d i f fe rence  r e l a t i o n s h i p .  Another example of a b e n e f i t - n o  d i f f e r e n c e  

r e l a t i o n s h i p  can be seen i n  t h e  way g r a s s e s  get a b e t t e r  supply of a i r  

when t h e r e  a r e  earthworms i n  the  s o i l .  By burrowing around t h e  r o o t s  

of t h e  g r a s s ,  earthworms l eave  passages f o r  a i r  t o  flow t o  t h e  r o o t s  

of the  g rass .  The g r a s s  b e n e f i t s  a t  no expense t o  the  earthworm. 

You p r o b a b l y  know t h a t  b e e s  c a r r y  pol len  on t h e i r  l e g s  a s  they 

t r a v e l  from flower t o  f lower .  The f l o w e r  needs  p o l l e n  g r a i n s  f rom 

o t h e r  f l o w e r s  t o  make s e e d s .  The bee needs  t h e  n e c t a r  from t h e  
* 



f l o w e r s  i t  v i s i t s  t o  make its food c a l l e d  honey. A s  t h e  bee c o l l e c t s  

the  f lower ' s  n e c t a r ,  i t s  h a i r y  l e g s  p i c k  up p o l l e n .  Then t h e  bee  

f l i e s  o f f  t o  another  flower where t h e  pol len  is scraped o f f  the  b e e t s  

legs. This second flower can then make seeds. We l a b e l  t h i s  k i n d  of 

r e l a t i o n s h i p  a  mutual  b e n e f i t  r e l a t i o n s h i p  because the  bee he lps  t h e  

f l o w e r  by t r a n s f e r r i n g  p o l l e n  a n d  t h e  f l o w e r  h e l p s  t h e  b e e  by 

providing nectar .  

Before  we t a l k  a b o u t  o t h e r  k i n d s  of r e l a t i o n s h i p s ,  no t i ce  t h a t  

each kind of r e l a t i o n s h i p  described s o  f a r  has  some similarities. For 

e x a m p l e ,  t h i n k  a b o u t  a  r o b i n  t h a t  e a t s  a  c a t e r p i l l a r .  I n  t h i s  

r e l a t i o n s h i p ,  the  robin  has the  p a r t  of predator  and t h e  c a t e r p i l l a r  

h a s  t h e  p a r t  of  p rey .  A s  p r e d a t o r ,  t h e  rob in  does something t o  t h e  

c a t e r p i l l a r .  Another way t o  say t h i s  is t h a t  t h e  f i rs t  a c t o r  i n  t h e  

r e l a t i o n s h i p  h a s  an e f f e c t  on t h e  second ac to r .  This happens i n  a l l  

the  kinds of  r e l a t i o n s h i p s  i n  t h e  ecosys tem.  There a r e  a lways  a t  

l e a s t  two a c t o r s ,  and one h a s  an e f f e c t  on the  other .  This is what 

makes an eco log ica l  r e l a t i o n s h i p  a  r e l a t i o n s h i p .  

B e s i d e s  t h e  t h r e e  r e l a t i o n s h i p s  a l r e a d y  d e s c r i b e d ,  t h e r e  a r e  

o t h e r s  t h a t  a r e  t y p i c a l  i n  l o c a l  e c o s y s t e m s .  A s q u i r r e l  a n d  a 

chipmunk both l i k e  t o  e a t  the  same food, p a r t i c u l a r l y  pine cones. If 

t h e r e  were n o t  enough p i n e  cones  f o r  b o t h  t h e  s q u i r r e l  a n d  t h e  



chipmunk,  then  both might begin t o  s t a r v e .  This  kind of r e l a t i o n s h i p  

i s  c a l l e d  a Competit ive r e l a t i o n s h i p  because two animals  f i g h t  over  o r  

compete  f o r  t h e  same s o u r c e  o f  food, Animals can compete f o r  o t h e r  

t h i n g s  bes ides  food ,  of course.  Two k inds  of b i r d s  may want t h e  same 

P l a c e  t o  b u i l d  a  n e s t .  H e r e ,  t h e  c o m p e t i t i v e  r e l a t i o n s h i p  i s  

concerned wi th  t e r r i t o r y .  

Ano the r  i m p o r t a n t  r e l a t i o n s h i p  happens when two o r  more of t h e  

Previous k inds  of r e l a t i o n s h i p s  we have examined a r e  combined i n t o  One 

1 a r g e r  r e l a t i o n s h i p .  We c a l l  t h i s  more complicated r e l a t i o n s h i p  a 

combined r e l a t i o n s h i p .  Here 's  a n  example of  a combined r e l a t i o n s h i p *  

A r o b i n ,  a  moth and a  t r e e  are t h e  a c t o r s  i n  t h i s  r e l a t i o n s h i p .  The 

r o b i n  n e s t s  i n  t h e  t r e e .  T h i s  i s  a b e n e f i t - n o  d i f f e r e n c e  

r e l a t i o n s h i p .  It b e n e f i t s  t h e  r o b i n  t o  n e s t  i n  t h e  t r e e  because i t  i s  

safer there .  The t r e e ,  on t h e  o t h e r  hand ,  n e i t h e r  g a i n s  n o r  l o s e s  

a n y t h i n g  b e c a u s e  t h e  r o b i n  i s  j u s t  n e s t i n g  i n  it. A t  t h e  same t ime,  

t h e  moth uses  t he  same t r e e  t o  h i d e  f rom t h e  b i r d  b e c a u s e  t h e  t r ee  

b a r k  i s  s i m i l a r  t o  t h e  c o l o r  of t h e  moth. Again, t h e  moth b e n e f i t s  

from t h e  r e l a t i o n s h i p ,  bu t  t he  tree n e i t h e r  g a i n s  n o r  l o s e s  a n y t h i n g  

from t h e  m o t h ' s  p r e s e n c e .  T h i s  i s  a  s econd  b e n e f i t - n o  d i f f e r e n c e  

r e l a t i o n s h i p .  But,  t h e  moth is a  sou rce  of food f o r  t h e  r o b i n .  T h i s  

i s  a  p r e d a t o r - p r e y  r e l a t i o n s h i p .  A s  you can  s e e ,  t h e  combined 

r e l a t i o n s h i p  be tween t h e  r o b i n ,  moth and  t r e e  i s  made up  of t h r e e  

s i m p l e r  r e l a t i o n s h i p s  -- two benefi t -no d i f f e r ence  r e l a t i o n s h i p s  and 



one predator-prey r e l a t i o n s h i p .  

It is still a  r e l a t i o n s h i p  i n  t h e  g e n e r a l  sense  because it  has  a t  

l e a s t  two a c t o r s ,  and  one  a c t o r  h a s  a n  e f f e c t  on  a n o t h e r  o f  t h e  

a c t o r s .  E a r l i e r ,  you found  o u t  t h a t  a s y s t e m  is  made up o f  many 

d i f f e r e n t  p a r t s  t h a t  work t o g e t h e r .  A combined r e l a t i o n s h i p  h a s  

s e v e r a l  p a r t s  t h a t  are r e l a t e d  t o  each o the r .  The p a r t s  i n  a  combined 

r e l a t i o n s h i p  a r e  t h e  s i m p l e r  r e l a t i o n s h i p s .  Because  o f  t h i s ,  a  

combined r e l a t i o n s h i p  can be c a l l e d  a system. A change i n  one of t h e  

s impler  r e l a t i o n s h i p s  t h a t  makes up a  combined r e l a t i o n s h i p  w i l l  l e a d  

t o  a  c h a n g e  i n  a n o t h e r  p a r t  o f  t h e  combined r e l a t i o n s h i p .  Fo r  

i n s t a n c e ,  i f  t h e  moth moves t o  a d i f f e r e n t  tree, t h e  r o b i n  l o s e s  i t s  

b u i l t - i n  f o o d  s u p p l y .  A c h a n g e  i n  t h e  b e n e f i t - n o  d i f f e r e n c e  

r e l a t i o n s h i p  between t h e  moth and t h e  t r e e  p r o d u c e s  a  change  i n  t h e  

p r e d a  t o r - p r e y  r e l a t i o n s h i p  be tween t h e  r o b i n  and t h e  moth. Perhaps 

t h e  r o b i n  w i l l  ea t  worms i n s t e a d  o f  m o t h s .  S o ,  i f  o n e  s i m p l e  

r e l a t i o n s h i p  i n  t h e  s y s t e m  c h a n g e s ,  w e  can  p r e d i c t  something about  

what w i l l  happen t o  o t h e r  s imple  r e l a t i o n s h i p s  i n  t h e  system. When we 

c a n  p r e d i c t  c h a n g e s  i n  a  system, we have a  lawful  system. The s tudy  

of a l awfu l  system is c a l l e d  a sc i ence .  Since ecology s t u d i e s  l a w f u l  

ecosystems,  ecology is a  sc ience .  



L Name : 

Choose one bes t  answer f o r  each of t h e  fol lowing quest ions.  Write the  
-lUl~bX corresponding t o  your choice i n  the  blank t o  t h e  l e f t  of t h a t  
quest ion.  

- Why do robins l i k e  t o  nest i n  trees? 

1. It i s  n e a r e r  the  rob in ' s  supply of food than o t h e r  
nes t ing  places.  

2. Because b i r d s  can be warmer i n  t r e e s .  
3. There i s  more s a f e t y  from p r e d a t o r s  h i g h  i n  t h e  

trees. 
4 .  Because , t h e i r  n e s t s  b e n e f i t  t he  t r e e ' s  growth. 

- When a woodpecker eats grubs i n  the  bark, the grubs 

1 .  a r e  a system 
2. a r e  the prey 
3. P a r t i c i p a t e  i n  a  benefit-no d i f fe rence  r e l a t i o n s h i p  
4. a r e  a predator  

- If t h e  b e n e f i t n o  difference relationship between trees and 
moths is changed, robins mag change 

1.  t h e i r  nes t ing  p laces  t o  t h e  ground o r  shrubs 
2. the  time when they migrate south  f o r  winter  
3. from prey t o  predators  
4. from e a t i n g  moths t o  e a t i n g  worms 

- When s q u i r r e l s  c a r r y  pine cones far away from the tree t o  
s tore  them, some seeds i n  t h e  pine cone sp rou t  where they  
can  ge t  l o t s  o f  s u n l i g h t .  Which kind of  r e l a t i o n s h i p  
between squi r re ls  and pine trees is th i s?  

1. competi t ive 
2. preda tor-prey 
3 .  mutual b e n e f i t  
4 .  combined 



- 'kaffic laws form a system because they 

1. always t e l l  d r i v e r s  t o  do t h e  same th ing  
2. make use of d i f f e r e n t  k inds  of road s i g n s  
3. r e l a t e  t o  one another  i n  l o g i c a l  ways 
4. apply t o  t rucks  as w e l l  a s  c a r s  

- Forest trees are tall because they 

I .  need d i r e c t  s u n l i g h t  
2. have t o  g e t  away from preda to r s  
3. c a n ' t  p a r t i c i p a t e  i n  b e n e f i t - n o  d i f f e r e n c e  

r e l a t i o a s h i p s  i f  they a r e  s h o r t  
4. a r e  a source of food f o r  b i r d s  

- m a t  kind of relationship is it  when rabbits and woodchucks 
try t o  use the same burrow for their homes? 

1 .  combined 
2. competi t ive 
3. benefit-no d i f fe rence  
4. predator-prey 

- Relations between which t w o  groups o f  things make up the 
science of ecology? 

1 .  humans and p o l l u t i o n  
2. sc ience  and technology 
3. b i r d s  and i n s e c t s  
4. l i v i n g  th ings  and non-living th ings  

- What food do rabbits depend on t o  l i ve?  

1 .  i n s e c t s  
2. f i e l d  mice 
3. pine cones 
4.  c lover  



A s i l v e r  moth is trying t o  hide from a hungry robin. Which 
tree w i l l  it choose for hiding? 

1 .  yel low cedar 
2.  grey oak 
3 .  brown pine 
4 .  s i l v e r  b irch  



W R G Y  I N  THE ECOSYSTEM 

L i v i n g  t h i n g s  i n  t h e  ecosys tem t a k e  p a r t  i n  many k i n d s  o f  

r e l a t i o n s h i p s .  I n  each one of these  r e l a t i o n s h i p s ,  l i v i n g  t h i n g s  have 

t o  do something. For example, t o  ca tch  a  r a b b i t  f o r  food a f o x  has  t o  

r u n  a f t e r  t h e  r a b b i t .  Even f l o w e r s  a r e  a c t i v e  because  t h e y  a r e  

growing.  What s t a r t s  and k e e p s  up t h e s e  a c t i v i t i e s  i s  e n e r g y .  

Whenever the re  is a c t i v i t y ,  t h e r e  is energy. 

Energy is an important i d e a  i n  t h e  s c i e n c e  o f  e c o l o g y .  If t h e  

fox had no energy, i t  couldn ' t  chase the  r a b b i t .  I n  f a c t ,  i t  couldn ' t  

do anything! Because the  energy t h a t  a  fox  o r  any o t h e r  l i v i n g  t h i n g  

h a s  c o n t r o l s  what  i t  c a n  d o ,  i t  a l s o  c o n t r o l s  t h e  r e l a t i o n s h i p s  

between t h a t  l i v i n g  th ing  and its ecosystem. T h e r e f o r e ,  e n e r g y  i s  a  

b i g  i n f l u e n c e  on t h e  k i n d s  o f  r e l a t i o n s h i p s  t h a t  we f i n d  i n  a n  

ecosystem. Let s explore  t h i s  i d e a  f u r t h e r .  

Whenever you s e e  a n  a c t i v i t y ,  l i k e  running o r  growing, you need 

t o  ask where the  energy comes from. One s o u r c e  of  e n e r g y  i s  food .  

For example, a  g l a s s  of milk has enough energy t o  keep you jogging f o r  

about h a l f  an hour. I n  the  ecosystem o f  t h e  p i n e  f o r e s t ,  t h e r e  a r e  

l o t s  of d i f f e r e n t  f o o d s  t h a t  s u p p l y  e n e r g y  t o  a l l  kinds of l i v i n g  

th ings .  For example, the  s q u i r r e l  g e t s  energy from e a t i n g  p i n e  s e e d s  

i n  P ine  cones .  The b i r d s  e a t  i n s e c t s  l i k e  moths and worms t o  g ive  



them e n e r g y .  Mushrooms o f t e n  l i v e  on decaying leaves .  I n  f a c t ,  a l l  

l i v i n g  th ings  and many n o n - l i v i n g  t h i n g s  have  e n e r g y  s t o r e d  i n s i d e  

them. Even t r e e  bark, which d e e r  sometimes e a t ,  has  energy s t o r e d  i n  

it. 

These sources  of  energy a r e n ' t  moving. But, we s a i d  earlier t h a t  

energy meant a c t i v i t y  -- r u n n i n g ,  b r e a t h i n g ,  g rowing  f o r  example .  

Each o f  t h e s e  t h i n g s  i n v o l v e s  movement, no matter how slow. But a 

p ine  cone t h a t ' s  f a l l e n  from t h e  t r e e  doesn ' t  move before  t h e  s q u i r r e l  

e a t s  i t .  I t l s  j u s t  l y i n g  o n  t h e  ground.  But we know t h a t  i t  has  

energy s t o r e d  i n  it  because when s q u i r r e l s  eat pine cones,  they  can be 

a c t i v e  -- run and brea the 'and  grow. There seems t o  be a  c o n t r a d i c t i o n  

he re  because i f  energy i s  t h e  same as movement, t h e n  t h e r e  s h o u l d n l  t 

be any energy i n  t h e  pine cone t h a t  j u s t  l ies  on t h e  ground. 

We can g e t  r i d  of t he  c o n t r a d i c t i o n  by having d i f f e r e n t  k i n d s  of  

e n e r g y .  One k i n d  of e n e r g y  means a c t i v i t y .  Another kind of  energy 

means t h a t  a c t i v i t y  i s  p o s s i b l e  sometime l a t e r .  Energy t h a t  we see i n  

t h i n g s  t h a t  a r e  a c t i v e  o r  moving i s  c a l l e d  k i n e t i c  energy. The word 

k i n e t i c  comes from a  Greek word f o r  moving. The o t h e r  kind of e n e r g y  

i s  s t o r e d  i n  l i v i n g  t h i n g s  t h a t  a r e n ' t  moving, l i k e  t h e  energy i n  t h e  

Pine cone. There i s  a  p o s s i b i l i t y ,  o r  a  p o t e n t i a l ,  f o r  a c t i v i t y  o n l y  

if s o m e t h i n g  h a p p e n s ,  l i k e  when t h e  p i n e  cone i s  changed t o  energy 

a f t e r  i t ' s  e a t e n  and d i g e s t e d  by a s q u i r r e l .  T h i s  k i n d  of e n e r g y  



t h a t ' s  s t o r e d  i n  t h e  pine cone is c a l l e d  p o t e n t i a l  energy. There i s  a  

p o s s i b i l i t y  t h a t  i t  w i l l  become k i n e t i c  energy,  b u t  s o m e t h i n g  h a s  t o  

happen t o  it first. 

So  f a r ,  we h a v e  t a l k e d  a b o u t  e a t i n g  f o o d  as  one  way t o  get  

energy. Bi rds  e a t  i n s e c t s ,  snakes  eat mice, humans eat a p p l e s .  L i k e  

a n i m a l s  and o t h e r  l i v i n g  t h i n g s ,  p l a n t s  are sources  of  energy,  too. 

But s i n c e  p l ans  don ' t  "eatn i n  t h e  same way as animals ,  t h e y  must  g e t  

t h e i r  energy i n  some o t h e r  way. 

P l a n t s  are  a  s p e c i a l  k i n d  o f  l i v i n g  t h i n g .  They are l i v i n g  

t h i n g s  t h a t  make t h e i r  o& food. They do t h i s  by combining c h e m i c a l s  

and s u n l i g h t  t o  make sugar .  They need a p a r t  of t h e  air  c a l l e d  carbon 

d i o x i d e ,  some w a t e r ,  s u n l i g h t ,  a n d  a  s p e c i a l  c h e m i c a l  c a l l e d  

ch lo rophy l l  and -- poof -- sugar .  The kind of  chemical p roces s  p l a n t s  

use t o  make suga r  has  a  s p e c i a l  name -- photosynthes is .  

Not a l l  p l a n t s  c a n  p h o t o s y n t h e s i z e  t o  make sugar  -- only g reen  

p l a n t s  do. I n  f a c t ,  t he  green  c o l o r  o f  t h e s e  p l a n t s  comes f rom t h e  

s p e c i a l  chemical ,  ch lo rophy l l .  Mushrooms and o t h e r  p l a n t s  t h a t  a r e n ' t  

g reen  u s u a l l y  l i v e  o f f  green  p l a n t s  by "ea t ingn  t h e  r e m a i n s  o f  g r e e n  

p l a n t s  t h a t  have d ied .  

L e t ' s  r e t u r n  t o  t h e  importance of  energy as a  c o n t r o l l e r  i n  t h e  



e c o s y s t e m .  P l a n t s  are  s o u r c e s  o f  e n e r g y  f o r  a n i m a l s  who ea t  t h e  

p l a n t s .  Because an imals  eat p l a n t s ,  w e  c a l l  t h e  a n i m a l s  consumers .  

S i n c e  p l a n t s  make f o o d  r a t h e r  t h a n  consume i t ,  w e  ca1 . l  p l a n t s  

producers.  So, we have a b a s i c  e c o l o g i c a l  r e l a t i o n s h i p  a b o u t  e n e r g y  

i n  t h e  ecosystem. Producers,  who are t h e  p l a n t s ,  make energy f o r  t h e  

consumers ,  t h e  a n i m a l s  and  non-green  p l a n t s .  Wi thou t  t h e  p l a n t  

producers ,  t h e  animal  consumers wouldn't  have energy -- t hey  a l l  would 

d i e .  Therefore ,  t h i n g s  t h a t  e f f e c t  t h e  w o r l d  o f  p l a n t s  h a v e  a b i g  

i n f l u e n c e  on t h e  wor ld  o f  an ima l s .  And, t h i s  whole r e l a t i o n s h i p  i s  

based on how energy g e t s  from one p l ace  t o  a n o t h e r  -- f r o m  t h e  p l a n t  

producers  t o  t h e  animal consumers. 

T h u s  p r o d u c e r s  a r e  t h e  s o u r c e  o f  a l l  p o t e n t i a l  e n e r g y  f o r  

consumers.  T h i s  r e l a t i o n s h i p  be tween p r o d u c e r s  and  consumers  i s  

l a b e l l e d  t h e  e n e r g y  f l o w  b e c a u s e  t h e  energy f lows i n  one d i r e c t i o n ,  

from producers  t o  consumers. A s  a n  example, t h i n k  of a r a b b i t  t h a t  is 

e a t i n g  g r a s s .  The  g rass  i s  t h e  p r o d u c e r  and t h e  r a b b i t  i s  t h e  

consumer. Once t h e  r a b b i t  e a t s  t h e  g r a s s ,  t h e  energy i n  t h e  grass i s  

p a s s e d  on t o  t h e  r a b b i t .  The r a b b i t  u ses  t h e  p o t e n t i a l  energy i n  t h e  

grass f o r  its own needs. When t h e  r a b b i t  is a c t i v e ,  i t  t u r n s  some o f  

t h e  p o t e n t i a l  e n e r g y  from t h e  g r a s s  i n t o  k i n e t i c  energy. The energy 

t h e  r a b b i t  g e t s  from the  grass can never  be g iven  t o  t h e  g r a s s .  Green 

p l a n t s  , t h e  producers ,  can never g e t  t h e i r  energy from t h e  consumers. 

Producers  always get t h e i r  energy  from t h e  sun. 



Choose one bes t  answer f o r  each of the  fo l lowing ques t ions .  Write t h e  
u$. r&&,corresponding t o  your choice i n  t h e  blank t o  t h e  l e f t  of t h a t  
ques t ion .  

- Before hibernating i n  winter, a bear eats a l o t  so that  i t  
g e t s  very f a t .  It does t h i s  to: 

1. become a producer 
2. s t o r e  l o t s  of k i n e t i c  energy 
3. s t o r e  l o t s  of p o t e n t i a l  energy 
4. u s e  up , l o t s  o f  k i n e t i c  e n e r g y  s o  i t  can  g e t  t o  

"sleepn.  

- Potential energy is energy that 

1. is poss ib le  a f t e r  something happens 
2. never g e t s  used 
3. i s  t h e  same a s  k i n e t i c  energy 
4. can be s e e n - i n  movement. 

- Which of the following is a consumer? 

1. a  bee 
2. a  mushroom 
3. a  dog 
4. a l l  of the  above. 

- Which o f  the following is a producer? 

1. r a b b i t s  
2. bees 
3. hawks 
4 .  corn p lan t s .  

- Which is the source o f  energy for producers? 

1.  green p l a n t s  
2. the  sun 
3. animals 
4 .  non-green p lan t s .  



- In which direction does energy rove i n  an ecosystem? 

1. from p l a n t s  t o  animals 
t2. from consumers t o  producer 
3 .  from animals t o  t h e  ground 
4. from the  sun t o  animals. 

- Which o f  the following is a source o f  energy? 

1. a worm 
2. a b i rd  
3 .  a pine cone 
4. a l l  of the  above. 

- Plants make what kind o f  food? 

1. vitamins 
2. minera ls  
3. p o t e n t i a l  
4. sugar.  

- Which plants l i v e  o f f  the remains of green plants? 

1 .  flowers 
2. mushrooms 
3. a lgae  
4. grasses .  

- Wby do birds e a t  moths and other insects? 

1. t o  keep down t h e  populat ion of these  l i v i n g  th ings  
2. t o  provide energy 
3. t o  keep food away from competi tors  
4. t o  complete a food chain.  



3HE FLOW OF ENERGY U E  ECOSYSTEM 

,Energy i s  an  e s s e n t i a l  i n g r e d i e n t  f o r  l i f e .  L i v i n g  t h i n g s  need  

e n e r g y  f o r  e n e r g y  i n f l u e n c e s  many o f  t h e  r e l a t i o n s h i p s  i n  a n  

ecosystem. One of t h e  impor tan t  t h i n g s  which e c o l o g i s t s  s t u d y  i s  how 

energy moves from one p l ace  i n  t h e  ecosystem t o  another .  For example, 

p l a n t s  l i k e  c love r  use  energy from t h e  sun  t o  make s u g a r .  The s u g a r  

i s  s t o r e d  i n  t h e  p l a n t .  La t e r  i t  becomes food f o r  animals.  But t h e  

u s e f u l  energy t h a t  a  r a b b i t  g e t s  by e a t i n g  p l a n t  r o o t s  i s  l ess  t h a n  

a l l  t h e  u s e f u l  e n e r g y  t h e  p l a n t  r e c e i v e d  from t h e  sun. When a f o x  

e a t s  t h e  r a b b i t ,  t h e  amount of u s e f u l  energy t h e  f o x  g e t s  is less than  

a l l  t h e  use fu l  energy t h e  r a b b i t  had. L e t ' s  s e e  why energy is l o s t  a t  

each of t h e s e  p o i n t s  and what i t  means f o r  t h e  ecosystem. 

P l a n t s  u s e  e n e r g y  from t h e  s u n  i n  two ways. F i r s t ,  they  make 

sugar  and s t o r e  i t  i n  t h e i r  l e a v e s ,  stems, and r o o t s .  T h i s  i s  how 

p l a n t s  grow. Second,  p l a n t s  use energy t o  s t a y  a l i v e .  This  p a r t  of 

t h e  o r i g i n a l  energy does no t  get s t o r e d ,  b u t  is l o s t  after i t  is  used. 

So,  t h e  e n e r g y  s t o r e d  i n  t h e  p l a n t  i s  l e s s  than  a l l  t h e  energy t h e  

p l a n t  r ece ived  from t h e  sun because some of t h e  s u n ' s  energy  was u s e d  

t o  k e e p  t h e  p l a n t  a l i v e .  But t h e  energy t h a t  was s t o r e d  by t h e  p l a n t  

can be used l a t e r  by t h e  p l a n t  t o  s t a y  a l i v e  o r  by a n  a n i m a l  wh ich  

e a t s  t h e  p l an t s .  



Now l e t ' s  see what happens  t o  t h e  energy a r a b b i t  gets when it 

e a t s  clover.  The r a b b i t  uses  energy from the  p l a n t s  t o  make m u s c l e ,  

bone,  and o t h e r  l i v i n g  t i s s u e s .  These body p a r t s  are p l a c e s  f o r  

ene rgy  t o  be s t o r e d  i n  t h e  r a b b i t .  The r a b b i t  a l s o  changes  some 

e n e r g y  from t h e  p l a n t  i n t o  k i n e t i c  energy t o  s t a y  a l i v e .  The r a b b i t  

walks around t o  get t o  o the r  p l a n t s ,  brea thes ,  s l eeps ,  s c r a t c h e s ,  and 

d o e s  many o t h e r  t h i n g s .  Each a c t i v i t y  uses  some energy. So, when a 

r a b b i t  i s  ea ten  by a fox ,  t h e  f o x  g e t s  l e ss  e n e r g y  t h a n  t h e  r a b b i t  

from e a t i n g  t h e  c l o v e r .  Now, t h e  fox  uses  some energy t o  d i g e s t  t h e  

body of the  r a b b i t .  It a l s o  u s e s  energy t o  run ,  t o  reproduce ,  and s o  

on. By t h e  t ime  something e l s e  e a t s  t h e  f o x ,  t h e r e  i s  e v e n  less 

energy than can be used f o r  l i v i n g .  

I n  g e n e r a l ,  t he  movement o r  flow of energy through the  ecosystem 

is l i k e  t h i s  example. The amount of u s e f u l  e n e r g y  g e t s  s m a l l e r  and 

s m a l l e r  a t  e a c h  s t e p  i n  t h e  e n e r g y  f low.  S i n c e  t h e  r a b b i t  i s  t h e  

first l i v i n g  th ing t o  g e t  energy from the  producer p l a n t s ,  i t ' s  c a l l e d  

a f i r s t - o r d e r  consumer. Being second i n  l i n e ,  t h e  fox  i s  c a l l e d  a 

second-order  consumer. The n e x t  a n i m a l  i n  l i n e  i s  a t h i r d - o r d e r  

consumer. 

The way energy  f l o w s  through the  ecosystem involves a p r i n c i p l e  

about energy. Energy t h a t  i s  u s e f u l  t o  th ings  i n  the  ecosystem moves 

i n  o n l y  one d i r e c t i o n  -- from t h e  s u n  t o  p r o d u c e r s  t o  f i r s t - o r d e r  



consumers t o  second-order consumers, and s o  on down t h e  l i n e .  Energy 

never goes backwards i n  t h i s  f low.  We g i v e  t h i s  c h a r a c t e r i s t i c  of  

one-way flow the  name un id i rec t iona l .  Thus, t h e  flow of energy i n  t h e  

elcosystem from p r o d u c e r s  t o  f i r s t - o r d e r  consumers t o  second-orde r  

consumers, and s o  on, is a  u n i d i r e c t i o n a l  energy flow. 

L e t ' s  explore  some t h i n g s  t h a t  happen i n  t h e  e n e r g y  f low.  We 

a l ready know t h a t  the  amount of energy use fu l  t o  animal consumers g e t s  

s m a l l e r  and s m a l l e r  a t  e a c h  s t e p  i n  t h e  e n e r g y  f l o w .  T h e r e ' s  

someth ing  e l s e  b e s i d e s  a c t i v i t y  whenever k i n e t i c  e n e r g y  i s  used, 

however. Any a c t i v i t y  r e s u l t s  i n  some h e a t .  You n o t i c e  h e a t  most  

when t h e r e  i s  a  g r e a t  dea l  of a c t i v i t y ,  l i k e  when you get warm a f t e r  

running. But hea t  is given o f f  f o r  l i t t l e  a c t i v i t i e s ,  too ,  l i k e  when 

a  p l a n t  grows,  o r  when we b r e a t h e  and d i g e s t  food. I n  o t h e r  words, 

when k i n e t i c  energy is used f o r  l i f e  a c t i v i t i e s ,  h e a t  i s  always g i v e n  

o f f .  I n  o u r  example,  when t h e  f o x  f i n a l l y  a t e  the  r a b b i t ,  t h e  fox  

g e t s  less use fu l  energy from t h e  o r i g i n a l  food  s o u r c e ,  t h e  c l o v e r ,  

p a r t l y  because the  r a b b i t  has a l ready used some energy from the  c lover  

f o r  l i f e  a c t i v i t y  and p a r t l y  because some p o t e n t i a l  e n e r g y  was g i v e n  

o f f  a s  heat .  

A major  c h a r a c t e r i s t i c  o f  e n e r g y  f low i s  t h a t  i t  fo l lows  t h e  

p r i n c i p l e  of conservat ion  o f  e n e r g y .  T h i s  p r i n c i p l e  s a y s  t h a t  t h e  

t o t a l  amount o f  ene rgy  o r i g i n a l l y  i n  the  ecosystem always s t a y s  t h e  



same i n  t h e  ecosystem even though t h e  energy changes forms. Thus, a l l  

t he  energy i n  an ecosystem is  e i t h e r  p o t e n t i a l  e n e r g y  o r  h e a t .  For  

i n s t a n c e  , l e t  s b e g i n  w i t h  a l l  t h e  p o t e n t i a l  energy i n  p l a n t s  t h a t  

comes from the  sun. Some o f  t h e s e  p l a n t s  are e a t e n  by f i r s t - o r d e r  

consumers--animals.  Now i f  we could cap tu re  t h e  hea t  given off  by a 

p l a n t ,  the  energy used by t h e  p l a n t  f o r  l i f e  a c t i v i t i e s ,  t h e  h e a t  

given off  by the  f i r s t - o r d e r  consumer, and t h e  p o t e n t i a l  energy s t o r e d  

i n  the  f i r s t - o r d e r  consumer, we would have a l l  the  energy from the  sun 

t h a t  o r i g i n a l l y  went i n t o  t h e  p lant .  The amount s t a y s  t h e  same, but  

t h e  form changes .  The o r i g i n a l  e n e r g y  o f  t h e  p l a n t s  h a s  b e e n  

c o n s e r v e d  i n  t h e  e c o s y s t e m  a c c o r d i n g  t o  t h e  p r i n c i p l e  o f  t h e  

conservat ion  of energy. 



- Name : 

Choose one bes t  answer f o r  each of t h e  f o l l o w i n g .  Write t h e  number 
c o r r e s p o n d i n g  t o  y o u r  c h o i c e  i n  t h e  b lank  t o  t h e  l e f t  o f  t h a t  
quest ion.  

- A b i r d  e a t s  a mosquito. Last night the mosquitoe b i t  a cow 
f o r  blbod, and t h e  cow had ea ten  some g r a s s  earlier t h a t  
day. The b i rd  c a n ' t  g i v e  a l l  the  energy it gets from the 
mosquito t o  a second mosquito because 

1. energy is conserved i n  an ecosystem 
2. energy flow is u n i d i r e c t i o n a l  
3. t h e  cow d i d n ' t  g i v e  enough e n e r g y  t o  t h e  f i rs t  

mosquito 
4 .  mosquitoes won't b i t e  b i rds .  

- For what do plants use energy from the sun? 

1.  t o  make sugar and s t a y  a l i v e  
2. t o  s t a y  a l i v e  and feed consumers 
3. t o  feed producers 
4. t o  s t o r e  k i n e t i c  energy. 

- When energy flows from a flower t o  a bee t o  a bear (when the 
bear eats the bee's honey), where is the energy los t?  

1 .  i n  t h e  t r a n s f e r  from flower t o  bee 
2. i n  the  t r a n s f e r  from bee t o  bear  
3. i n  t h e  t r a n s f e r  from flower t o  bear 
4. a l l  of the  above. 

- The amount of energy stored by a plant is 

1. t h e  same amount as i t  received from the  sun 
2. more than i t  r e c e i v e s  from the  sun 
3. less than it received from the  sun 
4. e i t h e r  the  same as o r  l e s s  t h a n  i t  r e c e i v e d  from 

the  sun. 



- When a r a b b i t  breathes, eats, and does other things t o  s t ay  
al ive,  it 

1. changes h e a t  i n t o  k i n e t i c  energy 
2. s t o r e s  k i n e t i c  energy a s  p o t e n t i a l  energy 
3 .  s t o r e s  h e a t  a s  p o t e n t i a l  energy 
4. changes p o t e n t i a l  energy i n t o  k i n e t i c  energy. 

- A worm e a t s  some r o t t i n g  a l d e r  leaves, Later a f i s h  e a t s  
the worm on a fisherman's hook, Then, t h e  fisherman e a t s  
the f ish.  Who gets the most energy? 

1. t h e  worm 
2 .  t he  f i s h  
3 .  t h e  fisherman 
4. they a l l  g e t  the  same amount of energy. 

- A c a t e r p i l l a r  e a t s  p l a n t  l e a v e s .  A f r o g  ea ts  t h e  
ca te rp i l l a r ,  and then the f rog  is eaten by a f i s h ,  You eat 
the f i s h  for  dinner. Who is the  third-order consumer? 

1. t h e  f r o g  
2. t h e  f i s h  
3 .  t h e  c a t e r p i l l a r  
4. you. 

- What does a first-order consumer eat?  

1. i t  makes its own food, l i k e  p l a n t s  
2 .  p l a n t s  
3 .  second-order consumers 
4. a l l  of the  above. 

- I n  t h e  flow of energy, what category of l iv ing  things is 
next i n  l i n e  a f t e r  first-order consumers? 

1. people 
2. p l a n t s  
3 .  second-order consumers 
4. o t h e r  f i r s t - o r d e r  consumers. 



- A l l  the  energy that a bean receives f r o m  the sun equals the 
potential energy i n  the bean plus  energy the bean used 
grow plus heat l o s t  by the bean. What principle is this?  

1. u n i d i r e c t i o n a l  flow of energy p r i n c i p l e  
2. k i n e t i c  energy  - h e a t  p r i n c i p l e  
3. conse rva t ion  o f  energy p r i n c i p l e  
4. consumer o r d e r i n g  p r i n c i p l e .  



MATTER I N  THE ECOSYSTEM 

You've probably heard t h e  word r e c y c l e  many times. We t a l k  abou t  

recYCl  i n g  aluminum cans,  g l a s s  b o t t l e s ,  paper bags, and o t h e r  th ings .  

What we mean by r e c y c l e  i s  t h a t  we u s e  t h e  t h i n g s  o v e r  a g a i n  -- 
r e t u r n a b l e  s b d a  b o t t l e s  a re  c l e a n e d  and  f i l l e d  wi th  soda a g a i n  and 

again.  The same t h i n g  h a p p e n s  t o  a l l  t h e  n a t u r a l  materials i n  a n  

e c o s y s t e m .  I n  f a c t ,  materials a r e  always recyc led  i n  na ture .  Let's 

look  more c l o s e l y  a t  some o f  t h e s e  m a t e r i a l s  and t h e  way t h e y  are 

n a t u r a l l y  recyc led .  

Meet Harvey Carbon -- h e ' s  a chemical subs tance  t h a t  is e s s e n t i a l  

f o r  l i f e .  We s e e  him b e s t  as coa l .  But he r e a l l y  g e t s  around more i n  

s h a p e s  t h a t  a r e  h a r d e r  t o  see t h a n  c o a l .  L e t ' s  go wi th  him on h i s  

adventures .  We begin i n  t h e  air. 

A i r  i s  made up o f  l o t s  of t h i n g s  -- oxygen, n i t rogen ,  and o t h e r  

gases .  Harvey s t a r t e d  o u t  a s  a  g a s  c a l l e d  c a r b o n  d i o x i d e .  He hung 

a r o u n d  f o r  a  whi le  u n t i l  a p ine  t r e e  took him i n  through i ts  needles .  

I n s i d e  t h e  t r e e ,  h e  was mixed up  w i t h  some o t h e r  c h e m i c a l s  i n  t h e  

P r o c e s s  o f  p h o t o s y n t h e s i s  and  became o r g a n i c  m a t e r i a l ,  a  s o l i d  

chemical compound. A s  such he was pu t  t o  u s e  i n  making s e e d s .  I n  a 

f e w  months  he  had a  n i c e  home i n s i d e  a  r i p e  pine cone. So, f o r  t h e  

first p a r t  o f  Harvey's t r a v e l s  i n  t h e  ecosystem, we see him c h a n g i n g  



from a g a s  c a l l e d  ca rbon  d iox ide  i n t o  t h e  organic  material i n  a p ine  

cone. 

Nex t ,  Harvey and h i s  p ine  cone f e l l  o f f  t h e  tree's branches. A 

hungry s q u i r r e l  happened  a l o n g  and  s n a t c h e d  up t h e  p i n e  c o n e  f o r  

l u n c h .  When t h e  p i n e  cone  was d i g e s t e d  i n  t h e  s q u i r r e l ' s  stomach, 

Harvey Carbon moved i n t o  some of  t h e  fa t  t h e  s q u i r r e l  c a r r i e d  a r o u n d .  

He s tayed  t h e r e  f o r  a  wh i l e  u n t i l  t h e  s q u i r r e l  d ied .  

After t h e  s q u i r r e l  d i e d ,  b a c t e r i a  began  t o  grow o n  i t s  d e a d  

f l e s h .  Some o f  t h e  b a c t e r i a  g a v e  o f f  g a s e s  t h a t  con ta ined  carbon 

d ioxide .  Harvey was p a r t  o f  t h e s e  g a s e s ,  and he became carbon d i o x i d e  

i n  t h e  a i r  again.  

As w e  c a n  s e e ,  Harvey Carbon r e a l l y  t r a v e l l e d  around -- from t h e  

a i r  t o  t h e  pine cone t o  t he  s q u i r r e l  and back a g a i n  t o  t h e  a i r .  NOW 

h e ' s  r e a d y  t o  be used  a g a i n  by a n o t h e r  p l a n t .  Much l i k e  t h e  soda 

b o t t l e  t h a t  i s  r e f i l l e d  o v e r  a n d  o v e r ,  H a r v e y  C a r b o n  h a s  b e e n  

r ecyc led .  But un l ike  t h e  soda b o t t l e  which cannot  be r ecyc led  if i t ' s  

broken, Harvey Carbon is always u s a b l e  i n  one form o r  another .  

A l l  o f  t h e  m a t e r i a l s  i n  t h e  e c o s y s t e m  a r e  recyc led .  Some are 

p a r t i c u l a r l y  impor tan t  i n  e c o l o g i c a l  r e l a t i o n s h i p s .  One o f  t h e s e  i s  

n i t r o g e n .  L i k e  c a r b o n ,  n i t r o g e n  is a  b a s i c  i n g r e d i e n t  f o r  l i fe .  A 



83. 

good p l a c e  t o  s t a r t  i n  t h e  n i t rogen  cyc le  is when it is a gas  i n  t h e  

air. When i t  r a i n s ,  n i t rogen sometimes combines c h e m i c a l l y  w i t h  t h e  

w a t e r  and f a l l s  t o  t h e  s o i l .  Here, c e r t a i n  kinds of  b a c t e r i a  c a l l e d  

n i t rogen-f ix ing b a c t e r i a  make the  n i t r o g e n  i n t o  a chemica l  compound 

t h a t  p l a n t s  need t o  grow. These b a c t e r i a  l i v e  i n  t h e  s o i l  near  t h e  

r o o t s  o f  p l a n t s  l i k e  c l o v e r .  After t h e  n i t r o g e n - f i x i n g  b a c t e r i a  

change t h e  form of the  n i t rogen,  p l a n t s  ga the r  up n i t rogen and use i t  

t o  make new stems, r o o t s ,  and l e a v e s .  Animals e a t  t h e  p l a n t s  and 

p e r h a p s  o t h e r  animals e a t  these  first animals. When the  animal d i e s ,  

the  n i t rogen i s  given o f f  a s  a gas i n t o  the  a i r  from t h e  decomposing 

f l e s h .  So, i t  i s  back i n t o  t h e  air  a s  a gas. The n i t rogen cyc le  can 

involve  l o t s  of o the r  l i v i n g  th ings ,  t o o ,  t o  make a f u l l  c y c l e  from 

gas  t o  gas. 

Each one of t h e  l i v i n g  t h i n g s  t h a t  has a p a r t  i n  t h e  carbon o r  

n i t rogen cycle  can be grouped i n t o  a c a t e g o r y .  For example ,  p l a n t s  

make o r g a n i c  m a t e r i a l s  made up of n i t rogen,  carbon, and o t h e r  th ings  

which o t h e r  l i v i n g  t h i n g s  u s e .  We c a l l  p l a n t s  p r o d u c e r s .  Othe r  

l i v i n g  t h i n g s ,  e s p e c i a l l y  an imals ,  e a t  the  p l a n t s  t o  get energy and 

recycled mate r i a l s .  This group is c a l l e d  consumers -- t h e y  consume 

the  organic m a t e r i a l s  produced by t h e  p lan t s .  A t h i r d  group of a c t o r s  

i n  the  cycle  of  m a t e r i a l s  i s  the  group of  l i v i n g  th ings  which g e t  t h e  

m a t e r i a l s  out  of organic m a t e r i a l s  and put them back i n t o  t h e  s o i l  o r  

the  atmosphere. These l i v i n g  t h i n g s  a r e  c a l l e d  decomposers.  They 



he lp  break down, o r  decompose, complex organic  ma te r i a l s ,  l i k e  bone o r  

l e a v e s ,  i n t o  s i m p l e  o r g a n i c  m a t e r i a l s  l i k e  n i t r o g e n  and c a r b o n .  

S n a i l s ,  maggots, fungi ,  and b a c t e r i a  are good examples of  decomposers. 

When w e  want t o  speak a b o u t  t h e  way m a t e r i a l s  l i k e  c a r b o n  are 

r e c y c l e d  i n  g e n e r a l ,  we can u s e  t h e  names of  these  t h r e e  groups of  

l i v i n g  th ings  -- producers, consumers, and decomposers. For example ,  

c a r b o n  u s u a l l y  i s  c y c l e d  f r o m  t h e  env i ronment  t o  p r o d u c e r s  t o  

consumers t o  decomposers and back t o  t h e  env i ronment .  But  t h i s  i s  

o n l y  t r u e  f o r  most of the  time. An important  except ion  would be when 

a  p l a n t  d i e s ,  i ts  carbon might never get t o  a consumer. It might  go  

r i g h t  back i n t o  t h e  air asv  carbon dioxide  t o  be used by another  p lant .  

This is still a  cyc le  f o r  carbon,  on ly  i t ' s  a  s h o r t e r  c y c l e  t h a n  we 

usua l ly  f ind  i n  t h e  ecosystem. 

The ca rbon  c y c l e  and t h e  n i t r o g e n  c y c l e  a r e  two matter  cyc les  

involving producers, consumers, and decomposers.  We a l s o  ment ioned 

t h e  same k i n d s  o f  a c t o r s  i n  d e s c r i b i n g  t h e  energy flow. There a r e  

important similarities and d i f f e r e n c e s  be tween t h e  a c t o r s  i n  m a t t e r  

cyc les  and a c t o r s  i n  t h e  flow of energy. F i r s t ,  t h e  genera l  idea  of a 

p r o d u c e r  i s  a lways  t h e  same w h e t h e r  we a r e  t a l k i n g  a b o u t  m a t t e r  

c y c l e s ,  o r  ene rgy  f low.  A p r o d u c e r  a lways  makes someth ing ,  f o r  

example, d i r e c t l y  use fu l  f o r  l i f e  a c t i v i t i e s .  P lan t s  a r e  bo th  e n e r g y  

p r o d u c e r s  and mat t e r  producers. The i d e a  of t h e  consumer remains the  



same, too .  The consumer is u n a b l e  t o  change s u n l i g h t  i n t o  energy 

Usefu l  f o r  l i f e  a c t i v i t i e s  i n  t h e  e n e r g y  f l o w .  T h e r e f o r e ,  t h e  

consumer has t o  get its energy from p l a n t s  and o the r  animals. It a l s o  

is unable t o  make d i r e c t  u s e  o f  m a t t e r ,  l i k e  n i t r o g e n  i n  t h e  a i r ,  

w i t h o u t  t h e  m a t t e r  b e i n g  changed i n t o  a new chemical compound by a 

mat t te r  p roducer .  For example ,  cows t h a t  e a t  g r a s s  are n i t r o g e n  

consumers.  A d i f f e r e n c e  between matter cyc les  and energy flow occurs 

when we t a l k  about decomposers. I n  the  energy f low,  t h e  decomposers  

a r e  t h o u g h t  of a s  t h e  last consumers. This i s  because energy flow is 

u n i d i r e c t i o n a l  and energy i s  not  recycled.  The decomposers a r e  simply 

t h e  l a s t  ones  t o  g e t  e n e r g y  from dead a n i m a l s  and p lan t s .  I n  t h e  

mat ter  cyc le ,  however, we emphasize decomposers because  t h e y  r e c y c l e  

t h e  m a t t e r .  They b r e a k  t h e  matter down i n t o  i t s  s impler ,  o r i g i n a l  

form f o r  r e - u s e  by t h e  p r o d u c e r s ,  l i k e  t h e  b a c t e r i a  t h a t  h e l p  t o  

decompose dead a n i m a l s  t o  r e l e a s e  n i t rogen and carbon back i n t o  t h e  

a i r .  

I n  d i f f e r e n t  m a t t e r  c y c l e s ,  a s i n g l e  l i v i n g  th ing  may take  on 

d i f f e r e n t  r o l e s .  For example, i n  the  n i t rogen cycle ,  n i t rogen-f  i x i n g  

b a c t e r i a  a r e  t h e  p r o d u c e r s  because  p l a n t s  cannot take  n i t rogen  gas 

r i g h t  from the  a i r  and use it. Ins tead ,  the  n i t rogen-f ix ing b a c t e r i a  

change t h e  gas i n t o  a s o l i d  n i t r o g e n  compound t h a t  p l a n t s  can use. 

P lan t s ,  then,  a r e  the  f i r s t - o r d e r  consumers i n  the  n i t rogen cyc le ,  not  

t h e  n i t r o g e n  p r o d u c e r s .  A r a b b i t  who e a t s  t h e  g r a s s  would be a 



s e c o n d - o r d e r  n i t r o g e n  c o n s u m e r .  F i n a l l y ,  o t h e r  b a c t e r i a  w i l l  

even tua l ly  break down the  n i t rogen  t h a t  is i n  the  dead r a b b i t  s o  t h a t  

i t  can r e t u r n  t o  t h e  air. 

Much of  what we l ve  been t a l k i n g  about has t o  do with how energy 

and m a t e r i a l s  move th rough  t h e  ecosys tem.  A s i m p l e  p r e d a t o r - p r e y  

r e l a t i o n s h i p  l i k e  t h e  one between a  hawk and a r a b b i t  is an example of 

one l i n k  i n  t h e s e  c y c l e s .  We c a n  t h i n k  o f  o t h e r  l i n k s  t o o .  The 

r a b b i t  e a t s  c l o v e r .  Decomposers l i v e  o f f  the  decaying f l e s h  of dead 

hawks. When we put  a l l  t h i s  t o g e t h e r ,  w e  have  a  food c h a i n  t h a t ' s  

made up of s e v e r a l  s i m p l e r  l i n k s  -- c l o v e r  t o  r a b b i t s ,  r a b b i t s  t o  

hawks, and hawks t o  decomposers. Both m a t e r i a l s  and energy a r e  passed 

along t h i s  food chain. 

But we a l s o  know t h a t  more t h a n  one animal e a t s  r a b b i t s  t o  get 

organic mat ter  and energy. For example, c a t s  e a t  r a b b i t s  and s o  do 

s n a k e s .  Hawks a l s o  e a t  snakes. We a r e  beginning t o  make t h e  simple 

food chain have a l o t  of complex r e l a t i o n s h i p s .  When s e v e r a l  food 

c h a i n s  a r e  all in terconnected ,  w e  c a l l  t h e  whole set of food chains  a  

food web. The food web i s  a way of showing how l o t s  of  l i v i n g  t h i n g s  

r e l a t e  t o  e a c h  o t h e r  i n  m o v i n g  m a t t e r  and  e n e r g y  t h r o u g h  t h e  

ecosys tea .  



- Name : 

Choose one bes t  answer f o r  each of  t h e  f o l l o w i n g .  Write t h e  numher 
c o r r e s p o n d i n g  t o  y o u r  c h o i c e  i n  t h e  b lank  t o  t h e  l e f t  of  t h a t  
quest ion.  

- What is the difference between a food chain and a food web? 

1. Food c h a i n s  don ' t  t r a n s f e r  energy, while food webs 
do. 

2. A food web is more complex than a  food chain. 
- 3. Food webs a r e  n o t  ways o f  r e c y c l i n g  m a t t e r  i n  

ecosystems. 
4. None of the  above are di f ferences .  

- Uhat l i v i n g  things first make use o f  carbon and nitrogen t o  
produce organic materials? 

1.  animals 
2. humans 
3 .  green p l a n t s  
4. non-green p lants .  

- By what process does carbon combine with other chemicals t o  
become organic material? 

1. decomposition 
2, oxidat ion  
3 .  photosynthesis  
4. recycl ing .  

- Where do we begin when tracking haw carbon moves through the 
ecosystem? 

1 . water 
2. the  a i r  
3 .  i n  l i v i n g  th ings  
4. the  sun. 



- A p l a n t  r a k e s  n e c t a r  which bees use to  make honey. A bear 
eats honey. men when it dies,  a vul ture  eats some of t h e  
bear's flesh. What does this series of events describe? 

1. t h e  carbon cyc le  
2. the  n i t rogen cyc le  
3. a food chain  
4. the  r o l e  of decomposers. 

- A s t a l k  of  corn was left  to  r o t  i n  a farmer's barn where no 
animals could reach i t  f o r  food. Which kind of l iv ing  thing 
would be the  one left out of the usual pattern of recycling 
chemicals? - 
1. producers 
2. consumers 
3 .  decomposers 
4. ni t rogen-f ix ing b a c t e r i a .  

- When a sandwich is left  t o  r o t  i n  the woods, how does carbon 
that it contains move t o  the next s tep  i n  its cycle through 
the ecosystem? 

1. Bacter ia  feeding on t h e  sandwich r e l e a s e  the  carbon 
i n t o  the  a i r .  

2. The carbon drops t o  t h e  ground. 
3. Rain  c a r r i e s  t h e  c a r b o n  t o  s t r e a m s  where w a t e r  

p l a n t s  use i t .  
4. A l l  of the  above. 

- When a plant dies,  its carbon 

1. may be consumed by an animal 
2. may go d i r e c t l y  i n t o  the  air 
3. may be used by n i t rogen-f ix ing b a c t e r i a  
4. a l l  of the  above. 



What group o f  l i v i n g  t h i n g s  r e t u r n  chemicals  t o  the 
atmosphere or the s o i l ?  

1. decomposers 
2. consumers 
3. producers 
4. animals. 

Bow much are the materials i n  nature recycled? 

1. about 2 o r  3 times 
2. about 50 t o  100 times 
3. they are usua l ly  recycled  
4. they a r e  always recycled.  
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Means and Standard Deviations o f  Factual and Inferent ia l  
Question Sets  Across the Three Reader Groups 

Variable Mean S. D. 

Factual 

Questions 

Set 1 

Se t  2 

Set 3 

Set  4 

Set  1 
Inferent ia l  

Set  2 
Questions 

Set 3 



Within-Group Reader Performance on Fac tua l  and 
I n f e r e n t i a l  Q u e s t i o n s  Across Passages 

Group Var iab le  Mean S. D. t . B 

T o t a l  Fac tua l  3-63 0.81 
( n  = 72) 5.0 1 ,000 ** 

I n f e r e n t i a l  3.23 0 .70 

Good Fac tua l  3.90 0.73 
( n  = 34) 3.38 .OOl ** 

I n f e r e n t i a l  3 52 0.62 

D e f i c i t  Fac tua l  2.95 0.83 
(n = 14) 1.02 .16 

I n f e r e n t i a l  2 .77 0.56 

Compensator F a c t u a l  3.64 0.67 
( n  = 24) 3.85 .0005** 

I n f e r e n t i a l  3 .08 0.69 



APPENDIX C 

Letter Requesting Parental Consent 



Mrs. Jan Eas tman 
3749 1968 S t r e e t  
Langley, B.C. V3A 4T8 
Phone 530 2966 

Dear Parent : 

I am p r e s e n t l y  c o n d u c t i n g  a r e s e a r c h  study i n  t h e  school which your 
c h i l d  a t t ends .  The aim of t h i s  s t u d y  i s  t o  f i n d  ways o f  improv ing  
r e a d i n g  comprehension. S p e c i f i c a l l y ,  I w i l l  attempt t o  i d e n t i f y  what 
k inds  of comprehension q u e s t i o n s  p r e s e n t  most problems t o  r e a d e r s .  
The e x p l o r a t i o n  o f  t h e s e  i s s u e s  i s  c e n t r a l  t o  my Mas te r  o f  Arts 
(Education) t h e s i s .  ' 

I am c o n d u c t i n g  t h e  r e s e a r c h  u n d e r  t h e  s u p e r v i s i o n  of  D r .  Bernice 
Wong, A s s i s t a n t  P r o f e s s o r ,  F a c u l t y  o f  E d u c a t i o n ,  Simon F r a s e r  
U n i v e r s i t y .  T h i s  r e s e a r c h  s t u d y  h a s  been approved by t h e  Langley 
School Board and by the  p r i n c i p a l s  o f  t h e  s c h o o l s  i n v o l v e d .  D r .  L. 
Sampson ,  S u p e r i n t e n d e n t  of S c h o o l s ,  and D r .  S. Rawlyk McBride, 
Supervisor  of Spec ia l  Education, a r e  suppor t ive  of it. 

To a c h i e v e  t h e  a i m s  o f  t h e  s t u d y ,  I need t o  p r e s e n t  some s h o r t  
passages t o  r e a d e r s  a t  d i f f e r e n t  l e v e l s  and have them answer  b o t h  
f a c t u a l  and i n f e r e n t i a l  q u e s t i o n s .  A r e a d i n g  comprehension,  
vocabulary and word recogn i t ion  test  w i l l  a l s o  be adminis tered  t o  t h e  
s t u d e n t s  i n v o l v e d  i n  t h e  s t u d y .  Any information r e s u l t i n g  from t h e  
t e s t s  which i s  of b e n e f i t  t o  s t u d e n t s  w i l l  be shared wi th  t h e  s t u d e n t  
and school.  

R e s u l t s  o f  t h e  s t u d y  w i l l  be presented t o  t h e  Langley School Board. 
Names of s t u d e n t s  w i l l  not  appear i n  the  completed t h e s i s .  

I Would a p p r e c i a t e  i t  v e r y  much i f  you would a l l o w  your  c h i l d  t o  
p a r t i c i p a t e  i n  t h i s  s t u d y .  P l e a s e  i n d i c a t e  y o u r  a p p r o v a l  O r  
d i s a p p r o v a l  on t h e  e n c l o s e d  form and r e t u r n  i t  t o  t h e  s c h o o l  by 
Friday,  May 11 , 1979. 

I w i l l  be pleased t o  answer any ques t ions  you may have. 

Thank you i n  advance f o r  your kind considera t ion .  

Yours t r u l y ,  

Jan Eastman 



Do you approve o f  your c h i l d  p a r t i c i p a t i n g  i n  t h e  r e s e a r c h  study 
outl ined? 

Yes 

Signature : 
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