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I SUMMARY

The goal of this researc h is to develo p and val idate

I techniques for measuring perceptual and cognitive skills that are

i relate d to reading proficiency. Studies are described

I representing three domains: the perceptual , decoding and lexical

* stages of processing.

At the perce ptual level , we were concerned with visual

scanning and the encoding of graphemic and supragraphemic units.

Us ing a letter ident if icat ion tas k , we found that subjects who

were low in overall rea d ing ability scan a v isual ima ge more

slowly than do readers of high ability, and they are slower in

ident ify ing letters when they do not occur in a famil iar

sequence. Rea ders generally are able to exploit the sequential

and posit ional redun dancies characterist ic of Engl ish
-
~~~~~ orthogra phy.

To stud y d i f ferences among readers in decod ing sk ills , we
— 

selected an oral reading or pronunciation task. Readers differ

-- 
in both the ac curacy and eff iciency wit h wh ich they deco de

English spelling patterns , particularly when the patterns to be

decode d are unfamiliar. A comparison of the effects of

structural var iations among words and pseudowords on decoding

times led us to conclude that ‘low ability readers rely on

hol istic properties of words —— presumably their visual

characterist ics —— in recognizing common words. High ability

readers tend instead to use their well—developed decoding skills

in recogniz ing words , whether they are common or uncommon.
4
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At the lex ical level , we explore d the effects of visual

famil iarity on times for identifying words and pseudowords , using

a lex ical decision task. The results suggest that decoding

proceeds more slowly when the stimulus item is visually

unfam iliar. While low ability readers were more susceptible to

the effects of v isual familiarity, they di d not differ from high

ability readers in times for lexical access and retrieval.
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ASSESSMENT OF P E R C E P T U A L , D E C O D I N G , A N D  L E X I C A L  SKILLS

AND T H E I R  R E L A T I O N  TO R E A D I N G  P R O F I C I E N C Y

I . I N T R O D U CTION

A central probl em in eva lua t ion  research  is the assessment

of e f f ec t s  of in s t r u c t i o n a l  s t ra teg ies on spec if i c

i n f o r m a t i o n — p r o c e s s i n g  s k i l l s .  The goal of the r e s e a r c h  pro ject

on wh ich I shal l re port is to develo p an d va l i date techni ques for

measur in g perce ptua l  an d cogn it ive sk ills that  are re la te d to

reading proficiency, and to investigate how deficiencies in

particular skills may limit an individual ’ s abi l ity to rea d with

speed and comprehension. The measures to be developed are chosen

to represent five skill domains or levels of processing as

illustrated in Figure 1:

1. The Perceptual Level includes processes involved in the

enco di ng of v isual info rma t ion , scann ing a v i sua l  image , pa t t e rn

- . recognit ion , enco di ng of gra phem ic or su pra gra phem ic un i t s , and

stor ing the order of encoded visual units.

- 
2. The Decoding Level includes skills involved in the

- t r an s l a t i on  of Engl ish ort hogra phi c pa t t e rns  into  der ive d

- - phonemic patterns.

- 3. The Lexical Level includes skills involved in utilizing

- ava i lable ev id en ce for access ing the lex icon , in re t r iev in g 
-

— 1—
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- 

lexical informat ion of either a semant ic or art iculatory nature ,

- - and in m a k i n g  s eman t i c  and l ex i ca l  dec i s ions  on the basis  of

retr ieved information.

k. The Phrasal Level includes skills involved in the use of

•

~~~~ propositional and syntactic structure to guide lexical search and

retrieval , the construction of a runn ing model of text , and the
- use of contextual information in making lexical identifications

* - 
and semantic decisions.

5. Interact ions among processes occuring at different levels

constitute a fifth domain of interest. To take one example , the

presence of phrase level constra ints on a lex ical item can

influence the mode of lex ical access and the use of decodi ng

processes in lexical retrieval. Such interactions can be

ex pected to contribute to a fluent , integrated approach to
- 

reading.
a .

- - I sha l l  r e v i e w  a set of e x p e r i m e n t s  we have  c a r r i e d  out

which are aimed at the measurement of process ing strategies and

levels of processing accura cy an d efficiency in a num ber of these

- - 
domains. The following general approach has been taken : On the

basis of pertinent existing theory, ex perimental tasks are chosen

-- for each doma in and varia bles selected that allow us to

mani pulate the degree to which the relevant processing skill

contr ibutes to task performance. Validation of the experimental-
a.

—3-
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procedures is based upon the correspondence between theoretical

predictions and experimental results , and on their relationsh ip

to an external measure of reading ability. Contrasts among the

experimental conditions are then defined which (1) represent

selected processing skills within the domain under investigation ,

and (2) are related to an individual’ s level of reading ability.

Indi v idual subject’s scores on these contrasts serve as measures

of processing skill.

_ q_
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II. EXPERIMENTAL STUDIES

The Perceptual Doma in

Method and Subjects. In order to measure skills in the

perceptual doma in , a letter identification task was selected.

Subjects were asked to report all of the letters they could

ident ify in a masked , br iefly—presented stimulus array. While a

th ird of the stimulus items were four—letter English words , the

rema ining items were English—like four—letter arrays in which two

letters were masked during the exposure so that only a single

pair of adjacent letters was available for the subject to report.

The crit ical (unmaske d) letters were either the first 2 letters

(e.g., KN—— ), the m iddle 2 letters (e.g., —NC— ), or the final 2

letters (e.g., —— RD ). In addition to varying in their location ,

the cr itical bigrams were chosen to represent two sources of

redun dancy in Engl ish orthogra phy: (1) redun dancy due to

sequent ial constra ints whi ch occur amon g letters , and (2)

redundancy due to positional constraints on letter occurrence.

Accor dingly, the critical bigrams varied (1) in the overall

frequency with which the letters occur together in English prose

(e.g., TH [high], GA [middle], and LK [low]), and (2) in their

likelihood of occurring in their presented position in a normal ,

four—letter Eng]Jsh word (e.g., TH—— [high] vs. —TH— [low]).1-

- 1Bigrams were selected on fFi~e basis of frequencies of
occurrence and positional likelihoods in four—letter words as

-5— 
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To ma ke the task perc eptually deman di ng , the stimulus array

was preceded and followed by a 300 msec. masking field , and the

stimulus d urat ion chosen was the shortest d uration that would

still allow 95% of the stimulus letters to be correctly reported

(generally 90—100 msec.). Finally, in order to relate

performance to readi ng skill , the twenty subjects (high school

students) were divided into ZI levels (quartiles) on the basis of

Nelson—Denny reading test scores.

Results and Discussion. We found that our subjects were

sensitive to the mani pulat ions of sequent ial and spatial

redun dancy ; bigrams having low , middle , and high probabilities of

occurren ce were reported correctly 88%, 92%, and 93% of the time ,

respectively, while bigrams occurring in unlikely and likely

locat ions were reported correctly 90% and 92% of the time. These

differences , while small in magnitude , were highly reliable

(p< .001 and p< .OO5 , respectively ) and suggest that letters within

an orthogra phically regular arra y are not processed

independently, and that positional cues can facilitate encoding.

recorded in the Mayzner and Tresselt (1965) tables. Twelve
bigrams were selected for each combinat ion of locat ion (positions
1 and 2, 2 and 3, and 3 and Z~~) , bigram probability (low , middle ,
and high), and positional likelihood (low and high). There were
no sign ificant d ifferences among these groups of bigrams in (a)
the product of the probabilities of the individual letters , or
(b) the product of the positional likelihoods of the individual
letters.

— 6—
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In addi tion to these general results , we found that subjects

who vary in readi ng abi lity di ffer rel iably both in the ir rate of

scann ing a perceptual array, and in the ir sensitiv ity to

redun dancy built into the stimulus. In Figure 2, we have plotted

mean identification latencies for bigrams occurring in each of

three positions within a LI—letter arra y for subjects at each

ability level. While overall letter identification latencies are

longer only for the poorest grou p of readers , the slopes of the

array—length funct ions decrease as reading ability increases.

• . The high rate of scann ing obta ined with high abi lity readers (250

letters/sec .) is five times that obtained with the poorest

readers @8 letters/sec.), and suggests that the strongest

- . 
readers may be processing letters in parallel.

The interaction between bigram frequency and reading ability

. - 
is illustrated in Figure 3. The m agn itude of the big ram effect

decreases as reading ability increases. While high ability

readers are capable of effici ently proces sing letters that occur

together in English over a broad frequency ban d , low abi lity

readers ’ efficiency in process ing is lim ited to letter pairs that

typ ically occur together , with high frequency.

For all subjects , the effect of big ram probabi lity is most

marke d when the cr itical pair of letters is presente d in the

first 2 positions , and appears to decrease as the position of the

letter pa ir is moved from left to right with in the array (see

—7—
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LEVEL
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740 -

.
1

720 — —

700 I I I
1+2 2+3 3+4

LETTER POSITIONS WITHIN THE ARRAY

40

v30 —

E

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

16

~~~~

c ’

READING LEVEL

Fig. 2 Mean reac tion t imes in letter identif ication plotted as a functio n of
bigram location and reading level. The slopes of f i t ted lines are
plotted at the bottom of the figure fo r each reading level .
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-
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- 
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BIGRAM PROBABILITY

40 I I I I
I-

READING LEVEL

Fig. 3 Mean reaction times in letter identification, plotted as a function of
bigram probability and reading level. The size of the bigram effect

- (mean for low frequency bigrams minus the mean for middle and high
frequency bigrams ) is pl otted at the bottom of the figure for each

- reading level.
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F i g u r e  L I ) .  F i n a l l y ,  po s i t i ona l  r e d u n d a n c y  was found to in f l u e n c e

letter identifications only when the bigrams are of low f r e q u n e c y

and in the first position . In that instance , bigrams having high

positional likelihoods were identified an average of 1LI msec .

faster than were those hav ing low positional likelihoods.

To summar ize , we foun d di f f e r e n ces in process in g e f f i c iency

at the perceptual level between subjects who are high or low in

overall reading ability. Low ability readers scan a visual array

more slowly than do h igh a bi l ity rea ders , an d they are slower in

identifying letters when they do not occur in a predictable

sequence. The fact that readers in general are able to exploit

sequential and positional redundancies characteristic of English

ortho graphy suggests tha t  the process ing of i n d i v i d u a l  l e t t e r s

does not procee d in depe n d e n t l y  from t he process ing of adjacent

letters (of. Landauer , Didner , & Fowikes , Note 1).

The Decoding or Word—Analysis Domain

Method and Subjects. To study differences in decoding

sk ills amon g rea ders , we selected an oral  rea di ng (or

pronunciation ) task. Our strategy here was to vary difficulty in

decod ing a r r a y s  of l e t te rs  by man ipu la t in g the or thogra phi c

structure of our stimulus materials. We can determine the effect

of orthogra phic variations on decoding latencies by studying

sub jects ’ responses in pronouncing pseudoword items. If the

— 10—
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.. I I I
820 — —

800 —
a
U
V LETTER

POSITIONS
~~~~~~~~~~~ 3 + 4

1- ::: :

720 — -

700 I
LOW MIDDLE HIGH

BIGRA M PROBABILITY

40 I I -  I
C-,
Lii 30- —

1+2 2+3 3+4
LETTER POSITIONS

Fig . 4. Mean reaction times in letter identification,, plotted as a function of
bigram location and bigr ani probability. The size of the bigra ts effect
is plotted at the bottom of the figure for each location .
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pattern of response times observed in the pronunc iation of word s

is found to resemble that obta ined in th is pure decod in g

situat ion , we will have ev idence for a decod ing com ponent In

lex ical retrieval. Absence of such a pattern of response times

will indicate that some other form of code is utilize d in gain ing

access to the lex icon.

The stimul i were wor ds of high and low frequency, and

pseudowords derived from the words by changiing a single vowel.

The words and pseudowords include 22 separate orthographic forms

represent ing variations in length (LI, 5, an d 6 letters), number

of sylla bles (1 and 2), len gth of first sylla ble (2 or 3

letters), type of vowel~ (primary or secondary ; cf. Venezky,

1970), presence of a silent—e marker , and len gth of initial and

terminal consonant clusters. These 22 forms were matched on

initial letter (and phoneme). The stimulus array was exposed for

50 msec . without any masking stimuli. The subjects were the

same ones who participated in the previous experiment.

Results and Discussion. In Figure 5 we see that there are

sign ificant differences in onset latencies for subjects hav ing

different reading levels , and the magn itude of these di fferences

is greater for pseudowor d s than it is for low frequency words,

which is in turn greater than that for high frequency words.

Percentages of correct pronunciations are shown in Figure 6.

Skilled readers make fewer errors in pronouncing pseudowords and

— 12—



r w~~~--~-—- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—— Report No . 3756 Bolt Beranek and Newman Inc.

a.

a.
1000 - I I I

900 - READING
LEVEL 1

-0~~~~a - a .69

~~80O - 
_ _ _ _ _

- -  7~~/~~ .—o.—--4-.-—.o11u700 -

6oO -
4

~~~~~~~~~~
46

500 HIGH LOW HIGH LOW- . A 

WO~~DS PSEUDO WORDS

* - Fig. 5 Mean onset latencies obtained in the pronunciation experiment
- - for high and low frequency words and pseudowords, plotted

separately for subjects at four reading levels.

a —

• —

—13—
a..



Report No. 3756 Bolt Beranek and Newman Inc .

100 

:

8 5-  ~~~~~~~~~~~~~~~~~~~~~~ -

80 - -

7C I I I I
HIGH LOW , HIGH LOW E

WORDS PSEUDO WORDS

Fig. 6 Percentage of correct responses obtained in the pronunciation
experiment for high and low frequency words and pseudowords, plotted
separately for subj ects at four reading levels.

—14—



r - _ _ _ _ _ _ _ _ _ _ _ _

I

Report No. 3756 Bolt  Be ranek  and Newman In c .
-a ~~

low f r e q u e n c y  words t han  do less s k i l l e d  r eade r s , bu t  these

d i f f e r e n c e s  in a c c u r a c y  of p r o n u n c i a t i o n  are not p resen t  when the

stimuli are common words. In summary, readers appear to differ

in both the accuracy and efficiency with which they decode

English spelling patterns , and the differences in performan ”e for

• high and low ab ility readers are most mar ked when the letter

patterns to be decoded are unfamiliar .

-. . Turning to the effects of variations in orthographic

structure , with in each of the classes of stimu li (words and

pseudowords of high and low frequency) , 22 separate orthographic

- . 
forms were represented . Restricting our attention for the moment

to pseudoword decoding, we find that the di fferenc es In mean

onset latenc ies across these 22 forms are rel iable , the avera ge

reliability across the four groups of readers being .72 (for

leve ls One to Four , respectively: .69, .90, .57, an d .73). Next ,

- 
we can compare the effects of ortho graphic var iables on mean onst

latenc ies for word s with those for pseudowords by com put ing the

• correlations (calculated over the 22 forms) between mean onset

• latenc ies for pronouncing high and low frequency words with those

for pseudowords. These correlations , ex pressed as percentages of

the rel iable var iance in pseudoword decodi ng times , are also

- - g iven  in Figure 5. For poor readers , latencies for naming high

- - f re quency  wor d s are not p re di cta bl e f rom pseu d owor d d eco di ng

-- t imes ( 1 1 %  and 2 8 % ) ,  w h i l e  l a t enc ies  for n a m i n g  low frequency

a .  — 15—
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words are c lose ly  r e l a t e d  ( 6 1 %  and  7 2 % )  to those o b t a i n e d  for

pseu dowor d s hav ing s im i lar ort hogra phic forms. However , in the

case of h igh a bili ty rea ders , latenc iees for namin g wor d s are

predictable to the same degree for both high and low f r e q u e n c y

words .  For low a bi l ity rea ders , the identificaiion of low

frequency words utilizes word—analysis (decoding) skills similar

to those tha t  are r e q u i r e d  in pronouncing pseudowords , but the

recognition of high— frequency words relies on more holistic

proper t i e s  of words —— presumabl y the ir v isu al cha racter ist ics ,

as Perfetti and Hogaboam (1975) have suggested. High ability

readers , on the other hand , are  e f f i c i e n t  decoders  and tend to

employ those highly—developed skills in the recognition of high

as well as low frequency words.

A d e t a i l ed  a n a l y s i s  of the  e f f e c t s  of p a r t i c u l a r

ort ho gra phi c var iab les on wor d reco gn it ion la tenc ies is shown in

Figure 7. Here are shown the results of planned comparisons

among ortho gra phic forms , which yi elde d s ign i f icant ef fe cts in

the decoding of pseudoword items. Onset latencies are longer for

i tems h a v i n g  longer i n i t i a l  consonan t  c lu s t e r s .  They are longer

for pseu dowor d s an d low f re quency wor ds hav ing secon da r y vowels

(e.g., SAID ) than for those having primary vowels (e.g., SONG),

and these  d i f f e r e n c e s  are l a r g e r  for  poor readers  than  for  good

readers. Onset latencies for 2—syllable items exceed those for

1 — s y l l a b l e  i tems , and these e f f e c t s  are g rea te r  for  poor r eade r s

—16—



Report No. 3756 Bolt Beranek and Newman Inc .

LENGTH OF 1ST C.C. MODEL TYPE OF VOWEL100 - (cc and c) 100 - (vv andy)

E E
HFW LFW PSEU HFW LFW PSEU

_ NUMBER OF SYLLABLES ..LENGTH OF 1ST SYLLABL E
E 10° (2 a nd l )  50 (3 and 2)

75 162 2 5 -

25:~~~#,r
0

~~~~o3a4 :5~~~~~~~~~~~~~~

-25 HFW LFW PSEU HFW LFW PSEU

100 ...LENGTH OF ARRAY
(rt per additional letter)

7 5 -

~~~~~ _ _ _ _ _ _ _ _ _ _ _ _

- HFW LFW PSEU

Fig . 7 Differences in onset latencies for the planned comparisons among
orthographic forms as a function of stimulus type (high frequency
words, low frequency words, and pseudowords). Separate plots are
given for readers at the top two and bottom two levels.
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than for good readers .  The sy l lab le  e f f e c t s  appear  to be l a r g e r

when the in i t ial sylla b le is two letters lon g than when it has 3

l e t t e r s .  F i n a l l y ,  the inc rease  in response time for each added

le t ter  is g rea t e r  for  poor r eaders  than  for good readers , and

depends upon word frequency. Together , these results show that

readers  of v a r y i n g  a b i l i t y  d i f f e r  s u b s t a n t i a l l y  in t h e i r

efficiency in decoding the more complex orthographic forms .

The Lex ica l  Domain

The purpose  of the lexical decision experiment was to

invest igate met hod s use d for decodi ng an d lexical access dur ing

s i lent rea di ng , by subjects who vary in overall reading ability.

In addition , we were interested in evaluating the effects of

mani pulating the visual familiarity of a letter array on

subjects ’ performance in decoding and lexical retrieval. This

was accomplished by altering the letter cases used in presenting

stimulus words and pseudowords. Visually familiar stimuli were

presented in a consistent letter case (e.g., WORDS or wor d s),

while visually unfamiliar stimuli were presented using a mixture

of letter cases (e.g., WoRd).

The effects of case mixing on times for lexical decisions j
can be ant icip ate d on the bas is of an anal ysis of deco di ng

presented in Figure 8. When stimuli are presented in a

consistent case , multiletter un its can be directly identified ,

— 18— 
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Decoding under Two Levels of Perceptual Encoding

Perceptual Encoding
Process _________________________________________________

Single-Letter Units Multi-Letter Units

Stimulus SHOOTING SHOOTING

~Ll SI,
Encoded Visual Units S/H/O/O/T/I/N/G SH/oo/T/ING

‘I,Decoding : Parsing SH/OO/T/ING

Grapheme Array

Decoding : Phonemic
Translation $ut I r ~ f utIt)

Assig~~ ent of Stress fu~~ I~and Intonation

Fig. 8 Hypothetical processing stages in decoding under single case
and mixed case conditions .
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l ead ing  to a s i m p l i f i c a t i o n  in the decod ing  process.  P r e s e n t i n g

i tems in mixed  cases decreases  the size of v i s u a l l y — e n c o d e a b l e

units , and increases decoding demands , since decoding must begin

with a larger number of initial units. Mixing letter cases

should therefore increase the magnitude of array—length effects ,

which are attributable to letter encoding and processes of

decoding; however mixing of letter cases should not lead to an

i nc rease  in size of sy l l ab le  e f f e c t s , since s y l l a b i c a t i o n  is
2

thought to take place after decoding of the letter array. We

expect  the e f f ec t s  of l e t t er  m i x i n g  to be grea ter  for poor

rea ders than  for  good readers , s ince any  increase  in the demands

placed upon decoding  s k i l l s  wi l l  have  a p a r t i c u l a r l y  s t rong

impact on readers  who are poor decoders .

The e f f e c t s  of m i x i n g  letter cases on word frequenc y ef fects

should be minimal for high ability readers , since for these

readers  the coded phonemic  representation accurately portrays the

s t imu lus  item which furnishes the basis for lexical retrieval.

For poor rea d ers , h owever , the p i c tu r e  is expected to be

d i f f e r e n t . Poor readers  are not only d e f i c i e n t  in decod ing

s k i l l s ;  they tend to employ v i s u a l  s t r a t eg ie s  for  word

recognition when a word is familiar to them . The effect of case

mix ing is simultaneously to eliminate the possibility of using a

visual recogn ition strategy and to increase the difficulty of

2Note that other theorists (e.g., Spoehr and Smith, 1973) hav~
favored a theory of syllabicat ion prior to decoding.
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• - successful deco d ing, and thus obtaining an accurate phonemic

representation of the stimulus . Since poor readers must base

their lexical decisions on an imperfect representation of the

s t imulus , they  can be expected to require additional time for

• l ex ica l  r e t r i e v a l .

Method and Subjects. The stimulus items included in the

experiment were words and pseudowords varying in length (LI ,5, and

• 6 letters), sylla bic structure (1 and 2 sylla b les ), ar1d frequency

class (four equal logarithmic frequency intevals). The subject’s

task was to judge whether an item was a wor d or pseudowor d , and

to res pond by depressing an appropriate response key. One group

of su bjects was presente d w ith items in a cons istent lette r case

whi le  a second group was p resen ted  the i t ems  us ing  a m i x t u r e  of

le t ter  cases.  There were 16 subjects in each treatment group,

with LI subjects representing each level of reading ability.

• Resu l t s  and Discuss ion .  Reac t ion  t ime changes ob ta ined  as a

resu l t  of case m i x i n g  are shown in F igure  9. There was an

increase  in m a g n i t u d e  of a r r a y — l e n g t h  e f f e c t s  from an average  of

17 msec . in the s i n g l e — c a s e  cond i t ion 3 to an average  of 66

- - msec . in the m i x e d — c a s e  c o n d i t i o n . The interact ion between

v i s u a l  fam i l i a r i t y  ( s i n g l e  vs .  m i x e d  case p r e s e n t a t i o n) and a r r a y

3 1n this  and subsequen t  ana lyses  reported ,  d i s t i n c t i o n s
between upper  and lower s ing le—case  p r e sen t a t i ons  are ignored .
In a prior analysis of variance of single case data , no
s i g n i f i c a n t  e f f e c t s  of case were observed .

— 2 1 -
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l eng th  was s i g n i f i c a n t  at the .005 leve l .  At the same t ime ,

t here  was no s i g n i f i c a n t  i n t e r a c t i o n  between s y l l a b i c  l e n g t h  and

v i sua l  f a m i l i a r i t y  (F [ 1 , 2 LI )  = .Z4 6 , p . 50) ,  a l though  the ma in

effect of syllabic length was significant (p< .O5). Two—syllable

items required an average of 27 msec. longer to process than did

one—syllable items. The magnitudes of array—length and syllable

e f f ec t s  un d er each mo de of st imulus  p resen ta t ion are sh own at t h e

right of Figur e 9 for subjects at each reading level. Several

trends are apparent: First , the effect of case mixing on slopes

of array—length funct ions is greater for low ability readers than

for high ability readers. Second , syl lab le effects di sa ppear in

• the case of high ability readers but are present in the case of

low ability readers.

The effects of case m ixing on mean response latencies for

words in each frequency class are shown in Figure 10. There are —

no s ignificant di f ferences amon g su bjects at the four rea d in g

levels when the single case mode of presentation is employed .

However , when v isually unfam iliar st imuli are used , we f ind an

increase in the height and slope of the reaction time functions.

The overall mean response latencies for words and pseudowords

presented in single and m ixed case modes are shown in Figure 11 ,

for subjects at each reading level. Mean reaction times for the

poorest group of readers jumped from 866 msec . in the single case

• cond ition to 1281 msec . in the mixed case condition when words

— 23—
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1600 - 
1 q MIXED CASE
2

LABELS INDICATE
• 1500 - READING LEVELS

OF SUBJECTS

1400 -

1300 -

U

In
E 1200 -

I—

1100 -

SINGLE CASE
1::: :

FREQUENCY CLASS
Fig. 10 Mean lexical decision latencies are shown for words belonging to four frequency

classes, presented under single case and mixed case conditions. Data are plotted
separately for subjects at each reading level. The frequency classes represent
the following intervals: l=l/M (Million) or fewer, 2.2/M to 5/N, 3-6/M to
29/N , and 4—30/M or greater.
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READING LEVEL

Fig. 11 Overall mean lexical decision latencies for words and pseudowords
- - presented under single and mixed case condi tions, plott ed as a function

- 
o~ the subjec ts’ reading level .
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were judged , and from 831 msec . to 1629 msec . when pseudowords

were judged. However , only small effects of v isual familiarity

on res ponse latency were found for the two strong grou ps of

readers. The magnitude of the frequency effect is plotted in

Figure 12 as a function of reading level. For the two poorest

groups of readers , there is an increase in size of frequency

effects when v isually unfamiliar stimuli are employed . No such

increase is found for high ability readers. This suggests that

the adequacy of a phonem ic translat ion , as a cue for lex ica l

retr ieval , depends upon the reading level of the subjects. The

types of errors made by good and poor readers lend additional

support to this interpretation.

In Figur e 13, we see t hat  the major  source of e r ro r s  was a

failure of subjects to correctly identify low fre quency wor ds.

While the error rates in recogniz ing low frequency wor d s are not

affected by the mixing of letter cases to produce visually

unfam iliar stimuli , error rates in deco d ing and cate gor iz ing

pseudowords are influenced s u b s t a n t i a l l y  by visual familiarity.

There were more errors when the pseu dowor d s were presented in a

mixture of letter cases then when they were presented in a single

letter case. The overall error rates for poor readers were

higher than those for good readers. This was due to two sources:

Poor readers were less able to recognize low frequency words than

were good readers (39% correct compared with 58% correct), and

were less able to accurately decode linguistically regular

-26-
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300
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I I I

1 2 3 4
READING LEVEL

Fig. 12 Magnitude of the word frequency effect obtained with words and
pseudowords, using single and mixed case modes of presentation.
The ordinate values are magnitudes of negative fitted slopes,
and represent decreases in reaction t ime for unit increases in
frequency class. Frequency effects are plotted as a function
of subjects’ reading ability.
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Fig . 13 Percentage of correct lexical decisions for words varying in
length , number of syllables, and frequency class (shown on the
le f t ) ,  and for pseudowords and words varying in frequency class
(shown on the right) .
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p seudowords  ( 82% correct  compared w i t h  93% cor rec t  for  good

r e a d e r s) .

In s u m m a r y ,  the s t rong  e f f e c t s  of case m i x i n g  on r e a c t i o n

times and errors in making lexical decisions d emonstrate that

the visual familiarity and integrity of multiletter units is

essen tial to the process of word recognition . The interaction

between array— length and visual familiarity supports the

conclus”:n that decoding processes——dependent as they are on the

num ber of units to be decoded——pro ceed at a slower pace when the

un its to be decoded are individual letters. On the other hand ,

the minimal influence of case mixing on the magnitude of syllable

e f f e c ts su gges ts th at sy l la bi cat ion an d stress ass ignment  occur

a f t e r  a phonem ic re p r e sen ta t ion has been bu ilt wh ich is

independent of the visual familiarity of the stimulus. Poor

readers were found to be particularly susceptible to stimulus

man ipu la t ions  tha t  increase d eman ds placed on the decod in g

system—— in the present case , by reducing visual familiarity.

This def ic iency in deco di ng a bi l ity may be due to an imper fec t

mas t e r ing  of rules  for phonic  ana lys i s , to deficits in more basic

processing subsystems (e.g., immed iate memor y) wh ich are ut i l ize d

in decoding, or to both of these sources. That subjects of

vary ing reading ability do not differ in times for retrieving low

an d high frequency words that are visually familiar suggests that

their skill deficiencies may be localized at the perceptual and

decoding levels; however , the effect of case mixin g on word

— 29—
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frequency effects for poor readers shows that times for lexical

retr ieval can be elevated if the stimulus representation used in

accessing the lexicon is of uncertain accuracy and quality.
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III. CONCLUSIONS

We have demonstrate d that there are striking differences

among readers in perceptual and decoding skills , and in their  use

of such skills in making lexical identifications. We have not ,

however , so far found any substantial differences among readers

in times for lexical retrieval beyond those that are attributable

to - skill differences at the perceptual and decoding levels.

Differences among readers at the lexical level are those dealing

with variations in the extent of vocabulary.

The quest ion can be aske d , why do rea ders who di f f e r  in

skills at the perceptual and decoding levels also differ in their

abi lity to com prehen d wr it ten di scourse , as requ ire d in the

Nelson—Denny Reading Test . Two possibilities come to mind :

1. Processing Capacity and Automaticity of Decoding . Perfetti

and Hogaboam (1975) have suggested that decoding and phrase—level

processes compete for limited processing resources. Thus , a

reader who must constantly shift his attention from phrase—level

processing (e.g., building semantic representations , drawin g

in fe rences , solv in g problems of re fe rence , etc.) to individual

word decoding will have greater difficulty in comprehension of’ a

text than will a reader who decodes swiftly and automatically,

and who can concentrate processing resources on the problem of

text understanding.
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2. Covariance of Skill Deficienceis across Levels of Processing .

Another  possi bi l i ty  is that , due to educational and cultural

fac tors , readers who differ in perceptual and decoding skills are

also likely to differ in higher—level skills involved in

understanding text. These phrase—level skills , apart  from the

conditions under which they are learned , may be functionally

independent of lower—level decoding skills. If this is the case ,

tests of reading comprehension that have been matched to a

rea der ’s level of proficiency in decoding should continue to show

rel iable di f fe rences  in readers ’ res ponses to com prehens ion

items. Whatever the resolution of this issue , I feel  on the

bas is of our resul ts  that  it is feas ib le to measure  di f f e rences

amon g subjects in processin g eff ic iency  an d accura cy wi th in

specified domains , through the use of exper imenta l  metho ds of

analys is. Hopefully, the resul t s of th is e f f o r t  will prov ide

measures that can be used to evaluate the effects of instruction

and to suggest alternative strategies for improving reading

ability.
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