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, : " SUMMARY

v s The goal of this. reseanch is to develop .and validate

< techniques for. measuring perceptual and cognﬁﬁ@%e skills that are'

. Y
- : Telated to reading proficiency. Studies are described
q ' . 1y .
N representing threé=domairs: the perceptual, decoding and lexical
) | , i _ ‘ .
} stages ‘of processing.

’

At ‘the perceptual 1level,. we were concerned ith visual

scanning "and the encoding of graphenic and supragraphemic units.

.

Us1ng a letter 1dent1f1cat10n task, we faund ° that subjects who

. A}

‘were \low in overall reading abklity scan a visual ipage more
'slonly than dao readers of high ability, and they are ’slower’ in
1dent1fy1ng letterss when theyﬂ do not occur in a famiiiar
sequence. Readéis generally are ableito exploit "the sequential
and ﬁos1ticn§i redundancies characteristic ~ of English
orthography. - ’ .

To study differences among readers in de¢oding skills, we

in both the accuracy and efficiéncy with theh' they' decode

Vo N
English» spelling patterns), particllarly when the patterns to be

o

.decoded are unfamiliar. A comparison of the effects of

¢
’

structural variations among words .and pseudowordg?on decoding

L] . . - \

Lo el =y
', times led us to conclude that™ low ability readers rely on

holistic properties of words °-- presumably their visual

— —— —

characteristics :7;in recognizing ccmmcn words. High gagilit'y

readers tend instead to use their well-developed decodin kills

' \
in recognizing words, whether they are ‘commen or uncommQn. !
. ~i-
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. selected an oral reading or pronunciation task. < Readers differ-




v , v X .

“Report No. 3756 . * ° - Bolt Beranek and. Newman Inc.

N .

At the'Iexical level, we explored the ‘effects of visual

\ o

familiarity on times for identifying words and pseudowords, using

hl

a lexical decision task.l The results suggest that decoding )

proceeds more.' slowly when the stimulus item' is visually .
, . .

. dnfamfiiar. While 1low ability readers were more susceptibie to >

g

the effects of .visual familiarity, they did,not dlffer from high

ability readers in times for lexical access and retrieval. N
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) o, ASSESSMENT OF PERCERTUAL, DECQDING, AND LEXICAL SKILLS
2 . ' AND THEIR RELATION TO READING PROFICIENCY
< . . "o
i S - ' ]

4 : s s
I. INTRODUCTION.
¢ > i 5 * : . . h.
A central problem in evaluationlfesearch is theqassessment
of effects of ‘rinstructional strategies on specific |

\; information-processing skills.. The goal of the research project

on which I shall }eport is to develop and validate techniques for’

. &

~ .

measuring perceptual and cognitive skills that are related to

!

-

reading’ proficiency, and to» investigate how deficiencies in -
: \ ' N . )

to read with

particula;-skflls,may limit an individual's abilit
speed and comprehension.- The measures to be developed are chosen
.to fepresenﬁg five skill_domains or levels of rocessiné as

°

. ~ 3 .
illustrated in Figure 1«

‘ 1. The Perceptual Level -includes processes involved
P3

X

encoding of visual .information, scanning a visual image,\pattern

’ 4
’ recognitionu encoding of graphemic or supragraphemic unit - and

=

visual units.

storinh the order of .encode

Y

2. The Decoding Level " includes skills involved in

" ‘translation of Engliéh orthographic patterns inte derived

phonemic patterns.

-

3. The Lexical Level inclﬁdéb skills 1involved in utilizing
. \ I

\ N " .
available evidence for accessing - the lexicon, in retrieving

1

.
i >

‘ - .

H v -13‘ .

H . .

A : I .
-9 11 .
. . ‘
FRIC . - .» o '
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3

lexical jinformation of either a semantic or articulatory nature, -

: " and’ in making semantic and lexical decisioms .on the basis of
' . ) . o . , .
retrieved information. : = . .

N

‘. S ¥
s
14

y, Ihe Phrasal Levei includes skills,inrolmed in the use of

“propositional and syntactic structure to guide lexical search and
+ retrieval, the construction of a ruynning model of text and the

use yof contextual information in making lexical identifications

-

and semantic decisions. A , ’ K

5. Inte;aotions among processes occuring at different 1levels

‘Yiﬁonstitnte a fifﬂh\domain of interest.  To take one example, the
N \

=g . presence -of phrase- level constraints on a . lexical itdm ca

influence the mode ‘of lexical ‘access and the use of decoding

*

- ~prooesses in lexicai retrieval. Such- interactf@ns can be
exnected to contribute to a fluent, integrated’ approach to

P reading. - '

.
- . ~ 4

I shall review a set of experiments we have carried out
s 4 .
which are aimed at the measurement of processing strategiés and

.

v

1evels of processing accuracy and efficiency in aﬁnumber of these
domains. The folleowing general approach has begen taken. On tée

basis,of pertinent_existing‘tpeory, experimental tasks are chosen

RY

o

for eaoh domain and variables 'selected that allow us to’

-4

, .
<. manipulate the degree to which" the relevant processiné skill

contributes to task performance. Validation, of the experimental -

L]

.. . ‘ . -.3- - .
e .7 . 1ﬁ4 ’ c. . -




-

\ | - . S ' :
Report No. 3756 "~ Bolt Beranek and Newman Inc.

.

a

v
a *

procedufes is based upon the correspondence " between theoretical

ld

- predictions and 3exper§menta1 resul'ts, and qn their*reiationship

to an external measure of reading ability. Contrasts‘qmong' the

experimentalr conditions’ are ‘then ~defined which (1) represent
selected probeSsing‘ski11§ wi;hin_the'dbmain under investigation,

.énd (2) are related to an individual's leveél of reading ability..

-

Individual subject's scores.on these contrasts serve as measures

’
. > -~

H >

of processing skill.
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yoc R IT. EXPERIMENTAL STUDIES
174 da o K s N
. ' ' . Y. [ RV ’

3 S o : e :
The- PercepBual Domain - - : <

© 0

’-
A el - 4
-

»

Method- and Subjects. 1In order to measuré skills in the
perceptuali-dpméiﬂ; a letter identificatioh task wé; selected.
Subjects were’askgd ta-repoyt all of tkg letters they could"
identify in a masked, Sriéfly-pqe§entgd s iﬁqus array. Whilé a
third oftphe stimulus items were fourflette English words, the
remaining itgms were English-like fduf;lette;\éqggggtin which two .
letters * were masked d@ring the exposure'so‘thét pn%y a'éingle_
béir of adjacent Tetters was available for th; subject to report.
. The.criticél*(unmasked) letters were either the first éi letters

(e:g:, kN--), the middle 2 letters (e.g., -NC-), orﬁthe final 2

leétefs (e.é., ~-=-RD). ;In‘éddition to varying in their: locétioﬂ,

thé critiecal biérams were ‘chosen to represent pwqfsourcés’of
- -t

'redundapcy_ in English ortheography: (1) redundaney due to

r ~

Lo - ! ’ : ;" ) - ’
. sequential congtraints ' which oqcﬁr among letters, and- (2)

-

redundancy due to positional constraints on letter. occurrence.
. S , - ol .
Accordingly, the critical bigrams  varied” (1)’ in the overall:

~

frequency with which the letters occur togethér in English prose

.(e.g., TH ([highl, GA [middlel, and LK [lowl), and (2) in their
likelihood of occun?ing in their presented position in a normal,
four-letter English word (e.g., TH-- [hiéh] vs. -TH- [low]).l

LS

. IBigrams 'were selected on the ‘basis of 'f?eqden¢ies of
. occurrence and b positional 1likelihoods 1in four-leTter Words as
- ' Ny ' . ) . -

¢ , © ..

[
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To maQe the task perceptually demanding, the stlmulus array

[y

was preceded and followed by a 300 msec. mésklng field and - the

.

stimulus duration chosen was the shortest duration that qpuld

. still allow 95% qf the stlmulus letters to be correctly reported

)

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

Q

performance to reading skill, the twenty {EUbJects (hlgh schoal

students) were d1v1ded ifito 4 levels (quartiles) on the bqs1s of

ﬁelson-Denny reading test scores.

+
-

Results, anduDiscussion. We found that our subjects were

‘-

sensiéive to the h%nipulations of.'sequential ‘and spatial

~

redundancy; bigrams having low, middle,.andlhigH”p}ob%bilities of
occurrdnce were reported correctly 88%, 92%, and 93% of "the time,
respectively, whilé bigrams oceurring in -unlikely and -~likely

.1ocatié§s were°reported correctl& 90% and §2% of the time. . These

&

differences,’ while small in -maghitude, were highlf rei;able

. ¢ .o - .
(p<,001 and p<. 005, respectively) and suggest "that letters within

’
~

an orthographically regular array  are not processed

1ndependently, and that positlonal cues can facllitate encoding.

ll R . e
. . R

* -~
-
. ~

- LA % . . ~

. . -~ . - e, N
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Jrecorded in the Mayzner "and Tresselt .(1965) tables. Twelve

bigrams were selected for each combznatlon of ;dlocation (positions
1 and 2, 2 and 3; and 3 and. 4), bigram probabﬁlity (low, middle,
and high), and positional *ikelihood (Iow and high). Theré were
no signifl%ant differences among these groups of bigrams in (a)
the product ‘of the pro jlities of the individual ~ letters, or
(b) -the product of the positional likelihoods of the individual
letters. :

) . . -
+ . '

. . , %M
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In addition to these general results, %We found that subjécts"

who vary in reading ability differ }eliably both in their rate of- ﬂ*kﬂ

"r% . . P N =
~>" scanning a - perceptual array, and in their sensitivity to
, redundancxrguilt into the stimulus. In Figure 2, we have plotted .
Ly ’ ’ i ) ' ) o
& mean Aidentificaéion latencies for bigrams occurring in each of

three positions within \ 4-letteq array for subjects at each

ability level. While overall letter identification latencies are

lonmger only ~for the poorest éroup of readers, the slopes of the

B array-length functions decréase as reading ability increases.
-7 . ) ’
The hlgh rate of scanning obtained with high ability readérs (250
) . , .

letters/sec.) is:jgive times fhg; obtained with the poorest -

-~

readers (48 1letters/sec.), and suggests that the strongest
. . * » .

N readers may Qe prdcessi g letters in parallel.
o 8

t

The interaction between bigram frequency and reading ability

is iliustrated +in Figure 3. Tﬁe magnitude of the bigram effect
.decreases as. readi‘gﬁ ability fincreases. While high -ability

B ¥ : — ' - N

v ) .
readers are capable of efficiently grocessing;}eﬁtgrs that occur

- » v

together in English over & broad .frequency band, iow . ability
/’/’& . readers:\gfficiean,ih processing is limited to létter'pairs that

- bypicélly chur together, with high frequency. -
. ’ ™ a

N .
- ", - . i

For all\\sdbjects,.the efféctiof“bigram probability: is most

marked when the critical pair of- letters is presegted in the

-

first 2 positioﬁ§, and-appears to decrease as the position of the .
. letter pair is moved from left to right within the array (see g
P . . T
\ ’ . |
. \

-T=

-

b . :
18 5
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ﬂ: ’ Figure u) Finally, positional’redundancy was found to_influence
letter identifications only when the bigrams are of low frequnecy

and in the. first position., In that 1nstance, bigréms having high

— 4

positional 11ke11hoods were identlfied an average .of 14 msec.
A}

S

faster than were those having low positional likelihoods. - N
’ [ ’ - ‘ ) . "

To summarize, we found difTerenceslin_processing efficiency .

at thé perceptual level between subjectsWho are high or low in

o

overall reading ability Low ability, réaders scan a visual array

da ~

> more slowly than do high ab111ty readers, and they are slower 1#

Ed S
identifying letters when they do-. not occur 1in a predictable

»

sequence. . The fact that readers in general are ablevﬁp exploig

-

sequential and positional redundaneies characteristic of English-
orthography suggests that the‘processing—of individual letters
does not proceed ind&pendently from the processing of. adjacent

1etters (cf, Landauer, DLdner, & Fowlkes,,Note .

- - @ -

The Decoding or Word-Analysis Domain . - T ot ., ~A\

Y

- -

- * iy . .
Method and - Sulpjects. To study differences -in decoding
- v . S ]

skills among readers,‘ we: selected + ‘an ;oral 'reading (or
pronunciation) task. "Our strategy‘here was -to vary difficulty in
decoding arrays of letters. by manipulating the ort&ographic
f”; structure of our stimulus materials. We cén determine the effect
of orthographic variations .on decoding‘ fatencres -by studying
subjects' responses in pronouncing pseudoword items&- If the

v . s
&
N
. » . .
. .
. .

. .
. .
w10= . s
«
, 5




, ! < I
. g20p~ . L R
Y : -~ . \ . . . .
800 - LI : : ' -] 7
§ 3/ ' ] , . . . .
9 i _— ' . LETTER .- .
E | , : / POSITIONS | .
_,.;n.zuwno"', LD 3+ 4 — ‘
b4 - »
Q .
.;"" 760— : —
- 2+3
w _ \
. @ -
2.
+2 .
o 740} T2 |
- I ) —
= 720_7. " g» ) -
/' -
7001 L | l
. © LOW MIDDLE HIGH -
. .
BIGRAM PROBABILITY Co
40
| RIE |
.
. S| -
ey
. w3 20
= 1o
) - & ‘ ‘
- - @ “ N
. 0 |

1+2 243 | 3+4
LETTER POSITIONS . ~

"Fig. 4. Mean reaétion times in letter identification% plotted as g function of
bigram location and bigram probabilitf. . The_size of the bigram effect
is plotted at -the bottom of the figure for each location.

[

o . W .




/) 54

Report No. 3756 C "Bolt Beranek'and Newman Inc.
. .

)

pattern of response times observed in the pronunciation of words,

is found to :resenble that obtained . in this pure decoding

-~

situation, we will have evidence, for a decoding component in

le}ical retrieval. Absence of such a pattern of response times

will indicate that some, other form of code is utilized in gaining

4

access to the lexicon,

/

The stimuli were words of high and low frequency, and
pseudowords’ derived from -the words H&'cgangiing\g_single Jowel.

The words and pseudowords include 22 separate orthographic forms

i

representing variations in length (4, 5, and 6 letters), number

\

of:syllables (1 and 2), lengtp of first. syllable (2 or \3

letters), type of vowel (primary or secondary; af. Venezky,\

(../
*1970), presence of a sileht -e marker, and length of initial and \

)

terminal consonant clusters. These 22 forms were-matg¢hed on

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

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

)\u

same ones who participated in the previous experiment. ‘o

-

Results and Discussion. In Figure we see that there are

e

significant differences in onset latencies for 'subjects having
different reading 1eve1s, and the>magnitude of these differences
> is greater for pseudowords than it is for 1low frequency words,

- which 1is 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

3 hnd

-12-
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low frequency words than j/do " less skilled readers, but these

différences in accuracy of pronunciation are not present when the

ot

~ 3

.stimnli, are commqQn words. In summary, readers appear to differ

in both the, accuracy and efficiency with which they decode'

gnglish spelling pattergs, and the differences in performance for
high - and low ability readers are most .marked when the letter

patterns to be decoded are unfamiliar%
Turning to the effects of variations ini orthographic

9
)

" struecture,, within each$ of the classes of stimuli (words and

pseudowords of hj gh and low frequency), 22 separate orthographic

forms were represented. Restricting our attention for the moment

_to pseudoword .decoding, 'we find th@t the differences “in mean

’

onset latercies across these 22-forms are reliable, ‘the average -

reliahility across thé four groups of readers being .72 (for

) g

. levels One to Four, respectively: .69, ;90, .57, and -.73). ﬁ*xt
* we can compare the effects\gf~orthographic variables on mean onst

latencies for words with those for pseudowords by compnting the’

’ correlations (calculated over the 22 forms) between mean: onset

' latencies for pronouncing h1gh ‘and low frequency words with those

for pseudowords. These correlations, expressed as percentages of
- . . [4 ; '
the reliable variance in pseudoword dgcoding times, 4d&re also

. L -
given in’' Figure'5. For poor readers, latencies for naming high

5

;frequency words ar77 not predictable «d?bm pseudoword decoding

times (11% and 28%), while latencies for naming low frequéncy

3, ~ .

N
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words are closely related (61% and T%%) "to thoSq_“obtained for
o .

_ pseudoyords having simiian orthographic forms. Hoﬁever;‘in the’

case of high ability readers, latenciees for nanming words are

7 + * . o
¢ predictable to the same degree for both high and low frequency
4 : ¢ B} .
words. For 1low ability readers, the identificaiion of " low
; , N frequency words utilizes word- analys1s (decoding) skills similar
P .‘Q,v ,,u‘

e

rd
[

”ﬁﬁi ‘to those that are required in pronouncing pseudowords, 'but the

A
recognltlon of" hign-frequency words relies on more holistic

properties of words -~ presumably their visual characteristics,

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

readers," and tend

on the other hand, are efficient decoders to

employ those highly-dereloped skills in thé*reccgnition of high

as well és 1cw frequency words.

1
b
A

A detailed analysis //%f .the effects of™ particular

orthographic variables on .word necbgnition.latencies is shown in

) Figure T Here are shown the results of planned comparisons

[

among. orthographic forms, which yie{ced significant effects in

the decoding of pseudoword items: Onset latencies are longer fo#
a) .

items having longer initial consgnant clusters. They are

¢ ¢

pseudowords. and low frequencyewords having sécondery vowdls

longer

for,

‘

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

1Y - - 3 . . . .
and these differences are larger for poor reafjers than for good

-

'_ readers. Onset latencies ‘for g-syllaple.items exceed.'those for

1-syllable

L]

items, and these effects are greater for poor reeder'f,é’»1

<

~16-
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: 7than for ‘good readers. The syllabfe effects appear to be larger

when the initial syllable is two letters long than when it has 3

letters, Finally, the ihcrease in response time for each added

°1etter is greater for poor readers than for good readers, and
_depehds upon word frequency. Together, these resulﬁ show that

.readers “of varying ability differ substant}ally in their

efficiency in decoding the more complex orthographic forms.
R . . w.

-

*

-

" The Lexical Domain “ . - )

The purpose: of the lexicai decision experiment was to
investigate methods used for decoding and lexical access during
sileht reading, by subjects who vary in overall reading_ ability,

’ $
In addition, we were .interested in evaluating the effects of’

[}

manipulating the wvisual - familiarity of a letter airay on

"subjects' performance in _decoding and (lexical retrievélf‘*This

was accompiished\iz altering the letter cases used in presenting

stimulus words d pseudowords. Visually familian stimuli were

presented in a consistent letter case (e.g., WORDS ‘or words);

while visually unfamiliar” sté?uli were presented using a mixture”
3
of letter cases (e. g., WoRd)

1 "2

The effeets of- case mixing on times for lenical deeiSions

can- be anticipated "on: the basis of an analysis of decoding
% 7 .

presented in Figure 8, When stimuli are presented in = a

comsistent case, multiletter .units can be directly-identified,
- , . ’ 3 )
- B2 ’
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i Decodiné under Two Levels of _Perceptual Encoding

-~

[

L]

.

! Process . ) Perceptu.al Encoding
.o ‘ Single-Letter Units Multi-Letter Units
~ » . .
L3 ! —~ .
‘Stimulps - snoo'rmL SHOOTING
' P .g’." . \,
Encoded Visual Units - . S/H/0/0/T/I/N/G SH/00/T/ING
’ .~ , . ™ B
. e Vv
Decoding: Parsing SH/00/T/ING '
Grapheme Array ' o
y e , * . '
) q,:;*f ) \~/\
' *Decoding: Phonemic v \/
. Translation . Jutzn Jut1g
~ - i . ) ) . N
i £ st \ 4 . \ 2
Assignment of Stress Iut'Ir; J IU‘t'IrJ

. and‘Inténation

£

Figlh 8. Hypethetical p‘roc.essin&\_s_;_tages in decoding under single case

.

1 3

- and,mixed case conditions.
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‘ )

leading to a simplification in the decoding process. “Presenting

items in mixed cases decreases the size of visually-encodeable E

r

S
units,’ and increases .decoding demands, since decoding must begin

with a larger number. of n1t1a1£.units. " Mixing letter ~cases

should therefore increase the magnitude of array-length effects,

which are attributable to letter encoding and processes of,

decodiﬁg; however mixing of letter cases shduld_not lead to an
increase in size of syllable -effects, since syllapicat%on is
thought to take place after decoding of the letter array.2 ) -We
expect the effects f 1letter mixipg to be greater for poor

readers than for good readers, since 5§§ increase in tHe demands
. .Q >

AN . -
placed upon decoding skills will -have a particularly strong

impact on readers who are poor decoders.

The effects of mixing letter cases on word frequency effects

should be minimal for high ab111ty readers, since for these

N » H
; readersrthe coded_phopemic representation accurately portrays the*

stimulus item which furnishes the basis for lexical retrieval.

[ 4

For poor readers, however, the picture 1is expected to be

- different. Poor- readers are not only deficient in decoding

»

skilis; .they tend ¢to employ visual strategies for ' word
recognition when a“word-is familiar to them. The effect'of case
mixing is simultaneously to eliminate the possibility of using a

visual .reeognition' strategy and to increase the difficulty.of

+

rNote that- other theorists (e.g., Spoehr and Smith, 1973) have
favored a theory of syllabication prior to decoding.

-
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[ !
-

successful decoding, and thus obtaining an accurate- phcnemic
representatidn of the stimulus. Since poor readers must.base
their lexical decisions on an imperfect representation of the.
stimulus, they can be expected to require additional time for -

lexical retrieval. A N

Method and Subjects. . The stimulus items included 1in the

’

experiment were words and pseudowords varying in length (4,5,: and
6 letters), syllablc structure (1 and 2 syllables), and frequency
class (four, equal logarithmic frequency 1ntevals) . The subject's
task ‘was  to judge whether an item was a word‘or pseudoword, and
to respond by depressing an appropriate‘respcnse key. One‘ group
‘of subjects was presented with 1tems in a cons1stent letter case
while | a second group was presented the“rtems*”using“a*mixture of-

. letter cases. There were 16 subJects in each treatment group,

" with .4 subjects representing each level of” readlng ability. T

*

Results and Discussion.. Reaction time cha ges obtained as_a

.
i w Y

result of case mixing are shown in Figure 9. There was an

incréaSe in magnitude of array-length effects f on an average of .

" 17 msec. in the single-case condition? . to .an average of 66

)

o .o . o . \ ' - F Y R e -
.msec. in the mixed-case condition. - The interaction between
visual familiarity (single VS. mixed case presentation) and- array
) 4 ‘ -W%

—=3Tn this and subsequent analiyses reported, distinctions
between upper ' and lover single-case presentations are ignored.
In¢ a prior analysis .of wvariance of single case data, no
significant effects of case were observed.

SN - =21- ' C\J‘
: . Lo o ‘
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"Fig. 9 Mean response latencies fa,r sinéle and mixed case stimulus presentation obtained in
" the lexical decision .experiment. 'On the left, mean latencies are shown for words
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length was sighificdnt at the .805 1evel. £t the same time,

there was ‘no significant interaction between syllabic length and

(visual familiarity (F[1,241 = .46, p = .50) aIthough the main .

", ¢ effect of syllabic length was significant (p<.05). Two-syllable

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

‘one-syllable items., The magnitudes of array-length ‘and syllable .

effects under each mode of stimulus presentation are shown at the

¥

g right of Figure 9 for subjects at each readipg level. Several .

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

‘of array-length functigns is greater for,lou ability readers than

- .
W e

! For high ability readers. Second syllable effect@ disappear in

Lows
i»

~.  the -case of. hlgh abllity readers but. are .present in the case of‘l

‘e
-~

" low abilitl readers. *

v

The effects of case mixing on mean response latencies for

words in e#ch frequency class are shown in Figure 10. “There are .

no significant differences among subjects at the four reading

levels ~ when the single case mode of presentation is employed.

However, when visually unfamiliar“stimuli “are used we {find an
‘increase in the height and: slope of the _reaction time functions.

-The overe#ll mean response 1atencies for"words and pseud0Words

presented\ in single and mixed case modes are shown in Figure 11,

"

for subjects at each read1ng level. Mean reaction times for the
poorest group of readers jumped from 866 ,msec. in the single case

eondition to 1281 msec. in the mixed case condition when words

RO .‘ - . - I
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Fig. 10 Mean lexical decision latencies are shown for words beloriging to four frequency
classes, presented under single case and mixed case comditions. Data are plotted
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- were judged, and from 831 msec. to 1629 msec. when pseudowerds

were judged. However:, only small effects of visual familiarity

on response latency yére found” for the two sirong groups: of
readers.” The magnitude of the frequency effect islﬁlotteﬁ in

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

2 R 3

groups of readers, there 1is an increase in size of frequéggy

b

effects when visuall&nﬁhfamiliar stimuli are employed. No such
increasé is found for high abilit} r;aders. This suggests that
the adequacy of‘a.phdnemic(bradslation, as a éue fo; lexical
retrieval, dependﬁj upon the reading level of the subjects. Th%

tyﬁ%s of errors made by good and poor readers’ 'lend additional
: R
support to this interpretation. ’ ’

e T -
.

L3
"In Figure . 13; we see that the major source of errors was a

i

failure of subjects to correctly identify 1low .frequency words.
,' ' While the error rates in recognizing low*frequency Qords'ar; not
. ~af‘f‘ect:ed by the~ mixiﬁé of lgéte;_ cases to produce visuglly
unfamiliar stimuli, effor ;ateé— in decoding and categorizing
. .pseudowords are influencgd substantially by visual- familiarity.

f » |
There were more errors when the pseudowords were presented.in a
) :

v “ S
mixture of letfer cases then when they were presented iq/F single

4 PR Y v / \ |
letter case. The overall error rates for poor regdders were -

[Tl
.
.

s

A - \

-

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

% : . . . ) /
"Poor .readers were less able to recognize law frgauency words than
X P . ;"

m:‘ good readers (39% correct compared with 58% correc ), and

were less able to -accurately decode 111ngﬁisticélly .\eghlaf -

A t
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' Fig. 12 Magnitude of the word frequency effect obtained with words and
o ’ pseudowords, using single and mixed case modes of presentation.

¢ The ordinate values are magnitudes of negative fitted slopes,

" and represent decreases in reaction time for unit increase$ in
frequenq'y class. Frequency effects are plotted as a function
of subjécts' reading ability.
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. pseudowords -(821 correat compared with 93% correct for good/

L3

readers) , AV e - .
o : In summary, the strong effects of case. mixingu.on reaction
’,:"“ R “"“’%&
§w ,?ﬁtimes and errors in making lexical decisions demonstrate that

- 4‘.:»,“",’;:*’ -t - o

the visual familiarity and integrity of multiletter units is

: , . . M em iy bt e e e

essential .to, the, process of word recognition... The interaction =~  =u =
' ) - s 4 - T2 e ‘

between array-length and wvisual familiarity  supports the -

conclusion that decoding processes--dependent és‘they.are on the

& - - A
. ‘nuimber of units to be decoded--proceed at a slower pace when the

units to be decoded are individual letters. On the other‘hand,
the minimal influence\of case mixin% on the ma:gnitud_e,_of‘___s_pl_'laole~ -
~effects suggests that syllabication‘:nd'gtress 'assignment océur
after " a phonemic“representatipn has “been--built-- which is
independent of the visual familiarity of theﬁfsgimulus. Poor 7
readers' were found to Dbe partlcularlygsUsceptible to stimul%?ﬂm‘ i
manipulations that 'increase ,demindsslplaced on the decodis%{x @§~

system--in tnp present case, by reducing visual famillarity.
. ' This deficiency in decoding ability may .be due to -an imperfect

2

‘lmastering of rules for phonic analysis, to deficits in more ba810 ";;:;f,

r

A Y

proqessing subsystems (e.g., immediate memory) ‘which are utilized

in. decoding, .or . to both of .these 3ources. ‘That sugﬁepts of
- . .o &

yaryinh~reading ability do not-differ in times for retrieving low

and nigh'freduency words that are visually familiar suggests that

. g . »*
thelr skill deficiencies may be localized at the _perceptual »and
| d ,decoding 7leyels, however, the effect ~of case mixing on word
LIV o '\ S o L. .' - . ‘ , .
: - , : 229w o c. " . et
{- { .2 P . . *
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3

»~

~frequency effects for poor readers shows that times fo;h lexical

‘retrieval can. be elevated if the stimulus rgprésentatidn used in

+

accessing the lefiqon is of uncertain accuracy and quality.
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and Hogaboam (1975) have suggested that decoding and phrase-level .

. d o

g , , )
»

* LII. CONCLUSIONS : ’

SRR . N~

ﬁe have demonstrated that there are strikigg;fdiﬁfef;nces

-

-

among readefs.in'percgptual and decoding skills, and in the#r use
of such §kills in making lexical identifications. /We ‘have not,
how?ver;: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 Healing

r
with variations in the extent of vocabulary.

4

The question can ,be asked, why do readers who differ in
skills at the perceptual and decoding levels also g}ffer in their
ability to comprehend ‘written discourse,’ as required in’ the- VJ‘
»~ - - . .

Sy, - . ’,
Nelson-Denny Reading Test. Two possibilities come §o mind:

- ]

1. Processing Capacity and Automaticity of Decoding. ‘' Perfetti

processes- compete for 1limited processing resources. %m}hus, ia )
rea&éﬁ who must const;ﬁtly shift his attention from phrase-levél
‘proce;sing (e.g., building semantic. representations, drawing °
.inferéncés, solving 'problems of reference; etec.) .to individual
worq decodiﬁg will have greater difficulty in comprehension of a
text * than will a reader who decodes ;wifyly and automatiéally;,~
an; wh? can concentrate prdbessiﬁg resourcés on the pr?blem of . ﬁggggw
~1ext?unders£anding. ‘ E ° \x : (
A

-31- '




" also likely to- differ
S “a

. - £
“specified. domains, through the use of expeyimental ﬁzthods

W

-

|
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-

2. Covariance.of Skill Dgficienceis across Levels of Processing.
) 4 :

oo ‘

Another possibility 1is that, due to educational and cultural

“fggﬁbrs, readers who differ in perceptual and decoding skills -are

in ‘higher-level skills 1involved in
!

@

understanding text. These phrase-level ékills, apart from the
cond;tions undef which they are 1learned, may be functionally
independent of lower-leve} decoding skills. If ;hrs is the ca;e,
tests of reading comprehension that have béen matched to a

reader's level of broficigncy in decoding should cogtinue to show

N ¢

reliable differences in’ readers' responses to comprehedsion

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

basis of our results that 3} is feasible to measure diffefencéé
/

among subjects in processing efficiency 7and"accuracy w1j7&n

of
. . ) * /
analysis. .. Hopefully, the results -of this effort will p:z&ide

measures that\han be used to eviluate the effecté'o .ihstrl‘tion

and to suggest alternative strategies for impgoving reading

- L)

4

ability- | B . s . - o
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