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discussed. They are; (l) bottom—up processing interactions,
(2). top~-down processlng 1nteractlons,1and (3) sequential
-interactions in text processlng.

Results of studies. of perceptual and‘linguistic'subpro—
cesses in word analysls illustrate interactions within this
domair. Readers who were able to profit from_orthographic

1. a large priming effect for high constraining contexts, with a

‘of frequencies. The. eV1dence shows all groups of readers used

*hlgh ability readers who- were able to reduce substantially

‘comparison
”W°€§5 led us to conclude that low ability readers employed a
.cohtrolled, serial process. for generating contextually

" available a parallel automatic process for fac111tat1ng the

.of reference, we found a conslstentspattern of differences
,among readers of varylng abllltles. .

regularity in encodlng sets of letters were also able to
efficiently recognize multlletter units covering a wide band

processes of orthographlc analysis in recognizing words as
well as in pronouncing pseudowords. However, it was only the -

their degree of word analyslsﬁprocesslng when the stimuliis

word was, ‘of high flequency. - . ‘-

To study the characteristic ways in which readers
1ntegrate informatioh derived from context with that of the
prlnted page,.readers of high and low ablllty were asked to
pronounce target words that were either tightly or loosely
constrained by a prior context sentence. All subjects showed :

smaller priméng effect for weakly constraining contexts. A
of the effects of high and low frequency target

relevant lexical items to test against perceptual evidence.
On the other hand, high ability readers appeared to have

idéntification of contextually relevant lexical items, even
when the context pointed to-a large set of 1tems and. the
target was a low probablllty word. -

éequentlal 1nteractlons were explored in ah experlment
de31gned to identify’ text characterlstlcs’that influence a
reader's dlfflculty in resOIV1ng problems of pronominal
reference. We found that readers require time to analyze the
coherent features of a- text, and the time they require is
greater when a reference problem must be solved, Evidence
suggests that when a pronoun»ls encountered, readers
"relnsta*e" ,the set of potentlal referent noun phrases that
are avallable in prior text, and make' a selection from among
them as soon as semantic constraints within thé sentence allow
such a selection. When: we manlpulated a number of text
variables thought ta alter the difficulty of resolving problems
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A ‘
. SUMMARY

. i . .
This paper presents. the view that skilled reading is the
* Y c, .
successful acqu1s1tion of a “number -of hlthy _
component processes—ﬁthat~ﬁoperate—~togethef—~1n-ﬁnr———————

result of the
Studles of good and L

automatlg,
integratea and mutually fa0111tating manner.

poor readers are described representlng three general domalns of
analy21ng and \comprehendlng text, and
in ° encoding

procéssing:’ decoding,
information:

integrating contextual and gerceptual
Three types of interactions:occurrlng within
They  _.°

words aud phrases.
the framework of these processrng domains are dlscussed.
bottom—up proceSSLng interactions, (2) top-down
r text

~are.° (1)
processing 1nteractlons, and (3) sequéntlal interactions: in

-

" processing. ;
Results of studies of perceptual and linguistic subprocesses
interactions W1th1n‘thls domaln. i
in -

illustrate
regularlty

&ﬁ word analysls ‘
Readers who were able to profitrfrom orthographlc
sfficiently recognize

" The

j encodrpg sets of letters were also able tc
: i. multi-letter units coverlug a w1de band of frequencies.
Eg T,“‘w»evidem':e_ _ shows alll éroups of readers used processes of*

2%j;ﬂ orthographio analysis in. recognizing - words as well as -’iﬁ

i ,

;i ) pronouncing ;pseudowords. However, it was only the high ablllty_ :
- »reaﬁefs1Who:were,abiéfto reducé -substantially thelr -degree. of ";
- word’ analysis processinq when the: stimulus word was of high
gi: frequency. ) i ) :
éot . ﬁ i i - )zhi

= e o : 1 ) - ” .

-
T




B LI ¢ ) . _ : . . : . .
. ‘Report ‘No. 4459 Bolt ‘Beranek and Newman- IncC. 7

-

. .

To study the dharacteriStic ways in whigh readers. integrate

4
,”‘

: »inforﬁatiOn derived<from cohte#tfwfth that of the printea page,
v T ) \ ’ . : ’ T ]

readert of h1gh and- low ability were asked to prondurce target

words that were elther t1ghtly or. loosely c0nstra1ned by a pr1or

context sentence. Al subjects showed a larqe priming effect for

M

“high constraunlng cOntexts, with .a smaller priming effect for -

* .

7.weakly constiiéainiing contexts. A comparison of the effects of . o

high 'and. Yow ﬁreq@ehey targetiﬁerds led us to conclude that low '
§“§5= ability ‘readers employed a EOﬁtrollea, seria% process ‘for“-f'~"L
o generatiug ,chtextually* relevant lexical itemseto.test'against ' 'i i
o ";.perqeptual‘eviqencer On the other hand, high ability readers ’
- appeared’ te have available» a parallel automatic~prqcess‘fqrf

faciligating the identification of contextually relevant lexical-_f—_;—i
yZitems, eveﬂ.When the cqntext pointed to a large set of items and? ,

'.the~target'Mas.a Yow probability word.

[

Sequential interactions were. explored in an experiment

-designed: . tc 1dent1fy text characteristics that influence 'a

<

% .reader’s d1ff1cu1ty ln resolving ~<prehlems of pronpminai A
2 R A . N\

N h ABfed v er et avr

references We found that readers require time to analyze the

coherent- features of a text, -and- the t1me they requ1re is qreater

L when a referei:zzé problem must be solved, EV1aence suggests that .

G

- when a pr0noun -is . encountered, readers "reinstate" the setvof ) sQf

notentlal_referent noun phrases that are ava11ab1e in pr1or “text, ) ré

gﬁ%af?’_ﬁanddmakg; a selectiecn from among them as soon as 'semant1c
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con§trainvs‘§ithin thétéeﬁtencexallow such a selection. ﬁheﬁ;we )

.méniégi;ted a ﬁumper of text. variables thought _to alter thg N

éifficulty of ;esoivihé p(obiems of reference, we found a |
____;consistent pattern of\_difgerences amony readers of 'v;;yiﬁg ', fj;

»
-

abilities. - S ' '- -

H
. >,
L4 5
.
~ - \
A ¥
- - - ¢ - -
. .
v .
-
-3 -
— —— —p——e et A
- - - N
C. Y~ . - PO
- . - ..
R - ..
‘ -
’
» “
- l
- ,‘,l
- -
- \ |
- s - -
.
L
° . - |
= -
- ER -
& N N
- N
- - |
. . . :
- - . - -
< .
- .
.
5
—~—
- -t
N % .
- - -
v -
- - *e -
. e et e - .
- R
T ) P
- . , .
LY - - -
i
< Cerein




S T S I N - =
S PO - . - ;
L 4
s - Report No.- 4459 Bolt Beranek and. Newman Inc. £
. > i . <
. S - ACKNOWLEDGMENTS
;i :’ ‘ g : ’ - 0:
i The research descrlbed here1n was supported pr1mar11y B?*fﬁ .
- Personnel and Tra1n1ng ‘Research Programs, Psychologlcal SC1ences ' ;
.y L
‘) N D1v1sxon, Offlce of Naval Research, under Contract ~No. )
~

: N00014 76-0461, Contract Authorlty Identlflcaflon ‘No. NR 154 -386,
g- -and also by, the Natlcnal Institute of.Educatlon, under Contract )
EA ;No. HEW—NIE-C-400-76 0116. The support and encouraoement of g
gﬁ‘ .Marshall Farr and. Henry Halff,; -are gratefully acknowledged. i :
e - )

’ would like to thank.Richard,Pew*fpr‘fruitful discussions during_

. the many phases of. the -work; ‘Marilyn Adams with whom I
$ ¥ _collaborated in the anagram experiment, andJBarbara ‘Freeman <and i
b Jessica‘Kurzonj.who implemented the experimental design.
. N .
A ! - i S
. . - & ! - - : |
S ) o
4" Y
o i & } :
o ¥ . . 1 -
}'52 ,“l ‘;{ ;,: . - - - N ,.? <

o k -- - 1l0> . .
. ‘4 . ;- .
A// \




—Boltﬂhétgnek‘énd5Newman;In¢y'

o .
- > > /
‘ LIST OF TABLES s
] . Ny - . ’ .- Page
.~ . Table 1. Discourse Processing: Finding Reéferents 37
< - . ) .. o N - :
. . . for Pronouns. . .
v - - - - A i
- P . L ;
- - - o, & - ’ s
. ; . h . - . AN :
(" .‘ -
e . . ] .
: . : 6
= - / ? ‘ :
- N - - -
. ‘ -
) - g
- ) N =~ N ;
~ ~ N
- - 5 - “:}
) ~ ) )
, ;
. . ) v - “
. . 2
. - - '
oo S S A
. - - :}
® ) -
- O ‘ ‘ !
- - ; "
;-Mé;nm;'l,.» ! - . & ;

- - ez l




X ] 6 .

Frs

Figure 1.

0y T - - -

7 .LIST OF/FTGURES . . Y b
ST " page

V' . . . . . . ’
Categories 6f.x§@dihgip¥o¢esses and the nature

< = ° -

of thelr 1nteract10n-ﬁ . A

‘7 ; - ‘4~" * e * - 2. . < > - - ‘ .

> Figure 2. Mean response\latencyAfor reportlng blgrams that 17
e S S . g, T e

(< ‘vary inwtheir fregpeneyfor-qccurrence within

4/; ~ . : v . :

b v . :
- Figure 4.
. ] -

L Figure

. “ 2 ) ’ )
English words. T .- « )

P o

Results for one subject obtalned for the anagrgm

~ B "

-egperiment, . . S

v - .
-

Mean values of the slope parameter for ngnword :

andgrams and pseudowords, plotted separately for

21

4 rfeading groups, T . - =
i . .

A schematic rendering of the processing. model 227

representing component skills in reading.

. < ) L) :
o . Figure 6. Measure of decoding efficiéncy for euh3€e§s 24 - :
;ﬂ ;ep;esenting 4~reading‘abilitj‘ggngls.{ s
I Figure 7. 'A.neasure of tne‘extent ef decoding for isolated / 27 N
e ’ fwogd; plqtﬁed for. readers in‘the.ﬁottom and.top o f
;, ) ability groups. Lo S PR “ ;2;
7 : . . . ;
;5 Figure 8: Effects of sentence context on: word 'naming’ ‘ .“36,, ;
y ; " latencies. - ' o T 3 ' 7ﬂi;
%a, - Figure 9. Measures of tne extent of decoding when words ‘are 34. ‘
® ;;*;;;T‘fizwfﬂ '“wgééggﬁéééﬂl§‘;££6ng1y or weakly constralnlng -- 4%
;f d“‘ . 'eontext. Co _ - S - . c

G o 1 D L e oot e 8 e o e i st T . e - -




T ] o ~ e B
* N = .- . , - 2
3:-4 3 / * ) ~ -'{
i « 4 PR
f,}‘ * A " " s . B =z . < kit
‘Report. No..:4459 ’ ‘Bolt Beranek and Newman Inc. £
- > 7 ot . o ) . ' - o P

" “ . a - " ' d * :
. . ’ . .
o, - .o 3
ot T e :,1 . Page_l'_ . N

’ " ’ . . ’ N

‘Figure 10. ‘Mean reading time for reading sentences containing ‘41
N v . ‘k. '\“ ‘,

a repeated noun phrase, -a pronoun substitited for

. the-repeated noun phrase,fand no.direct reference, s
. . . N i C : L
T but conta1n1ng leX1cal references.. ) o -
: g . Iy ) o , : A Py

P .
. ,Figuﬁe 11. Fffect on: reading. time for sentences conta1n1ng a, 44

N R \ - -f, “ T

' i I Y
Lloee i \ pronoun brought about by varylng the numbe pf, - :
< , * b . A
: . y L VU T ?
i avallable, potential referent noun phrases‘z7 the. .
. . S -
SR C s o Y .
T Sy o initial séntence of a two-sentence paragrap :
. . » Figure iz. _Effect on reading times for sentences containing 47 E
o . ~ 4 . . s N
7 A - ’ 2 - e ’ -0 -/ - : - ¢ N
: C Lt ‘ pronouns brought about by foregroundlng/the o, ooy
’ “1-‘:- : ot ’ o ! o C . T o
e S .. referent noun phrase. ‘. T ! .
;’;h . . v - . B . . €. . - . . ..::' ) .
? . Flgure 13 Effeﬂt on reading t1mes for sentences containing 49. :
ok, v ot : :
'N\::‘,.\ v : . . - ’ 3
Y PR pronouns brought about by prlor use of the same ' .
i S e - w . . - .
N D LT PO : .
; g ..»4*~pronoun W1th1n a medlatlng sentence, in subjec,‘ W
N R L Y - . R ) . - ‘ . . . h .
L L, B oA -~ . 3 g,’ . . PO
Cu - 'or predlcate p051tlon: D T . . :
- - : ) . .3 a= . ';' - ‘ MR - “ ’ ¥
- & c g B - - N W N o
, s Cet L . e , ) ;
. rFlgure 14*.«h Effect on reaalng t1mes for sentences contalnlng .50 g
S . ”:‘ P - f., 4 - - :
AR ‘ pronouns brought about by foregroundlng an . T :
R 1&;5 1ncorrect referent by leX1cal repetltlon, ‘or . o T
S vl oy T . s
T s " Fad - . - N
Co * pronominal eférence, - S Cooe e
g ‘l,:',; . » . I i N , "““ . e - ,_‘)‘“‘ ~ T
IR ST o o e Y - : Y
‘:/, - . ', . b .‘ . s - - . . :v‘ ) . ‘:,’
:A Niad « EXN . . N t . . e - - “:‘ ! -
¢ . - s - . . - . T X
L T Wl 'y ’ R T
= - * ¢ . « 5
v L T i A o~
i ' . . at ~, ! oA - M
M X -~ - - ‘. * K v u“ - » ; L] ~ " ~
oL ‘ v - - s, v/ ‘ . 'i 3
AR P R . : ’ . -
A X ! Js 3 ) . ‘ L -7 , .
:’1 , ,i" ,E_.A M P 13— " ¥, . 4
5 =" g P o
g; . . " ~ 1t 1 .t P ¢ !
»
)4 Y - (% ’
= - C . \ ! . - .
: " ' T ‘ ‘;, * = . .




: ﬁ.f "Reporttﬂo. 4459 - . ‘,Bolt Beranek;and Newman Inc.

N .
B - .
\i -
- N » .

SOURCES OF PROCESS INTERACTIONS
. IN READIEY

3 : ; -
) . ‘ . wilo‘
N - Introdqctlon

’ - .~

-~ -

in 1solatlon..a They 1nterpret words as lexical units that are

-

S ' referentially related to ear11er text elements. They build

bl

proposltlonal structures for. sentences in the 11ght of previous

- - -

struqtures théy ‘have built in readlng ear11er ‘text. They are

-
v

sensitiVe to the. cohes1ve elements of a Lext and are inflnenced

Ve .

by the author s stag1ng of references to one idea or another.

L)

e

'-’i -

W This rendition of reading ‘is a statement of ’an

'1nteractionist theory of_'reading _(cf. Runelhart, 1977). It

assumes that decoding of orthographic forms and interpretation of

lexical categorles take. place under the control of a discourse

’ printed page is integrated with the "top—down" processing that
;3 ) ‘proceeds - from prlor mean1ng to the d1scovery of future meanlng.

;. A We undertake an -analysis of how such processes. interact once our

~ . ey-

- "+ general view of components of readlng has been presented.

Thegvieh of reading ability we espous€ is a pluralistic one:

?;ﬁ= Skilled‘ reading:‘fg. ‘we: believe, a _result of the successful

Readers process and decode words and phrases in context, not'

‘context. The‘ "bottom-up" process1nq of information from the :

P

-
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e - acquisition of .a numier of highly automatic, component prooesses
that operate together in an integrated and mutually facilitative

/ manner. If the human central nervous system has any one salient
characteristic, it-isfan extremely large capacity for_ storing.
%nformation -- and procedures for processing information. Yet a
™gecond, all too familiar charagteristic of human cognition is the
limitation in processing oapacity that is revealed whenever one

is required to perform two or more 1nformat10n-process¢ng tasks

; ) simultaneously. Studies of dual-task ;performance have shown,

however, that with practice, a 'c0ntrolled, resougce-limited -

: . Pprocess .can become in effect an automatic, data-limited process

¥y
'-’ce

(Shiffrin and Schneider, 1977; Norman & Bobrow, 1075) Moreover ,

such an automatic process does not degrade performance_on some’

(e [

other task with which it is performed concurrently. ' Given the _-

> 4 -

SR

large stcrage capacity available, 'there is clearly great
.Qotential for a learner to develop automatic skills for handling
N a . variety of information-processing tasks. And these automated
. . skills will enahle the learner, with practice; to meet the
| 51multaneous proce551ng demands of complex tasks,. such as that of

reading, that draw up0n those skills. Skilled reading may, in.

effect, represent the culmination point in the development of a
powerﬁdl multiprocessor that can simultaneously analyze word
i structure, make léxical identifications, and process discourse

etructures)\and do all'this in”an integrated fashion. -
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The. ONR—sppnsored_ research p:?ject%‘On which I .report
represents. our éttempt to i@entify‘component'skills’ involved in
e _reading. fhe domain of our inquiry includes processing of
,infq;makion thatttakes piadé: (1) in decoding the printed word,
(2) in analyzing and cgmgﬁehending text (or discourse), and (3):-
in 1ntegra§ipg contextual and perceptual ingprmationvin encoding
words and phfaseg (see Figure:l). Witgiq these three general
' doméins_ of proéessing, sets of cbmponent :pfocesses %fe

distinguished: Word analysis processes deal with the perception

of multiletter "“chunks" (such as SH, OU, ABLE, ING,) with the
e translation of graphemic units to the phoriological units of

speéch, and with tﬁg retrieval of appropriate lexical categqries.

Discourse analysis processes are those employed in retrieving and ‘

( integratiggl wérd‘ meanings, in comp:ehehding the  Dbasic
‘ propcsitiOps underlying sentences, i; tyiné con&épts in a'given’
éentenqe with éhose in previous sentences, and in inferring
aﬁd}gion;i gacté or eventé that are not explicitly prﬁsented'inla ; #
text but that are nonetheless a part of the underlying meaning to : j

v

be éomnrehended: Integrative‘brocesses are those that pegmit'd

reader to use information from perceptual sources in conjunction
with. information <derived. from comprehension of prior text to

eﬁcode~shbseQuent words and phrases efficiently. ’ Integraéive_

processes operaté on .two conceptually distinct data bases'fé,g., - :E

‘the orthogiaphic and semantic/conceptual bases) that are

e
. [ -
- RGNS

- ! 16 - o, ) s
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themselves developed- as a result of prior (or concurrent)

" . information .processing (eﬂg.; word analysis or discourse
»'0 ' pioéessipg{. Thgir*efﬁgét,is: (1) to reduce the level of word.
-analysié.redgifedvar lexical retrieval, and (2) when successful,.

‘;o~ihcrease,d0nfidence in the text model that is providing the
;> _ basis for°éx£ra§olations‘to'upcomiﬁg_text. )

e Withiﬁ‘ éhe~jframgwork of the componential analysis of

reading, three types of process interaction are ‘discussed:

IR : 1. 'Battom-Up Processing InteractiOns: The manner _of, oOr

- o .- e 2 o . - ‘ (] -
efficiency 1in, processing information _at one level may

.

influence processing of information at a higher level.

5 ' . IIqutrétions include effects of éérceptual skills on

. o

" manner of orthographic decoding and lexical retrieval. R

2. Top-Down Processing -Interactions. Availability of

c information Eoncerning discourse context infiuenées the ‘
ig“ o ) depth. and character of “word »anélysis jdéé;aing),
2 - mgthoégffgr lexical retrigval,laﬁd é;ze :of units %P -
-encoding . ;exE} ,& second exampie ?;%ich ig not
& discussed he;é) might .beé the- .effeéEET of
5';‘ o mactopfopQSitidﬁs p; égx; éghema on the manner in which ‘
gz‘ ‘ _ ) propositions ﬁre encoded from iﬁdividuai sentences. . l
. witbin'altéxt (cft.‘Andé:SOn, ReYnolds; Schal;éré, &h
S ‘1“ .qutzgilgjﬁ)L -; : l _'; T “.‘ C
T . - . v . i :
' .13 -
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. 3. Segﬁential Interactions in Text Processing. Although

- ' it.is obvions~that prooessing<o§»prior text conditions

A . the conoeptual X analysis' of ‘subsequent text, the

}' ,{nvestigation of rules used*byjreaders in'ﬁnderStanding
the- various cohesive forms'!of - English is in its
infancyu Studies of the effects of staging,
topicalization, syntaotic- form, number of available

S referents, and other - text var1ab1es on subjects

. performance 1n comprehending anaphorlc reference, wh1ch

4 ~

have iod to a tentative set of rules that agpear to- be
-uséd by ‘weaders in " assigning .text referents, - are

présented.

' - ~—
- .

.
- ~—

‘Perceptual Skills and Lexical’Retrieval ~ - .

Rather than treating word identifioation as a uhitary skill'

"~ having a;rsingle? measurable level of automatioity, we ‘have

- - S -

~attempted to 1dent1fy separate components represent1ng perceptual

~and lrngulst;o 'subprooesses (Frederiksen, 1977, 1979) . The
linguistic processe-phonemic translation  of orthograghio

-

'1nformatlon--1s measured by. studying subjects‘ vocalization
[4

latencres in pronounc1ng pseudowords-—that 1s,,orthograph1cally

regular nonwords. that vary in -complexity’ ﬁlenqth, syLIabicfi_

structure, types of vowels; etc.).. To identify the perceptuals” -
* * - ' * * * ‘ Af ‘( * < »
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_compouent of word analys1s, we have endeaVOred,to'show that good o

and poor -readers differ 1n their ability to encode letter:- o

3

patterns that are, orthographically regular in English, but that

»may have a relat1ve1y low frequency of occurrence (Frederiksen,

1978). . - S - , “ , o

N ) N
‘The task we employed allowed _us to measure the relative '

;,processing~times asreader requ1res in encod1ng_ common 1etter ! '°§
pa1rs (such .as SH): and less common letter pa1rs (such as LK), -all ,_?i
-of wh1ch actually occur w1th1n Engl1sh words. In. the b1gram o | Q
.1dent1flcat10n task, the cubject was shown ‘a 4-letter array - that

was: preceded and followed by a 4-character masking pattern. The ‘ ;

actual stimulus array varled from trial to trialy. On a third of

the tr1als, the st1mulus ‘1tems were fam111ar Engl1sh words,
-whereas on the rema1n1nc trlais, the items were presented w1th B
_two letters~ cont1nuouslv masked so that only a s1ngle pair of -‘!i
adJacent letters (a blgram) was v1s1ble (e.g., SH, AB, or ] TH) .. a ﬁ‘
The blgrams were cnosen 'so- as to d1ffer in location w1th1n the
1tem‘anqain' their frequencxd of occurrence in Enql1sh prose ~:}

¢

' (Mayzner. & Tresselt,. 1965) In -all cases, the subject”s taék\was

b '“‘-v

fxto report ‘all the letters -that he" or she could see, as quickly
and\accurately as ‘poss1ble. T Th1s task was a perceptually
-d1£frcu one, since the stimulus exposure allowed only 90 to 100' - :
msec.pr1or\\to% theﬂOnset of4the masking st1mulus. -The subjects I

‘were: 48 high scheol students, divided into subclasses on the _

otk o o AL AT i T NS e K N5 b tmrai Rt DN 1 s 8l e M tent T SR o e o m Sk iy o ~ DYV NIRISININPIRPS SRE SR s 3
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-subjects in each: group.

letter'groups 28 11m1ted to only ‘those letter groups that:
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-

‘basis _of scores on the Nelson-Denny Reading- Test. The -

Nelson-Denny test cons1st< of three sections: a vocabulary test[

oL - ’\ . -

a ‘timed readrng passage, and a series OL passages followed by

‘comprehens;on quest;ons. T total score is determlned by adding

together the vocabulary -and comprehension . scores. Four -
subclasses were defined on the basis of ‘total scores. Thesé

"were: (1) < 40th percentile; (2) 41-85th percentile; (3) 86-37th

percentile; and (4) 98 and 99th percentiies. There were 12

©

-

\\A.
The results show us, that -subjects of high: and low reading

=

ﬂabrllty‘ dlfﬁer ‘in the1r sen81t1v1tv to redundancy built into an

orthographlc array.. -Subjects response times in encoding low="

and h1gh-frequency blgrams are shown in Fiqure‘;Z. We -are,
partlcularly 1nterested in ‘the increment 1n RT as we go from
h1gh frequency to low-ﬁrequency bigram un1ts. The magnitude of

th1s RT dlfference is. greater for .the poorest readers than fox

-

" the prof1c1ent readers, and falls at 1ntermed1ate levels for ‘the

¢

-

1ddle groups. of readers. lhus, whereasﬂhlgheabrllty readers are

) capable of eff1c1ently process1ng onthographlcally regular letter

groups that occur in English, whatever the1r actual frequency -of. i

e

occurrence, IQW?ablllty readers efficiency 1n 1dent1fv1ng such

. T F
frequently occur W1th1n the words of the language. o .
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".. Figure 2, Mean response latency for reporting bigrams oo

) that vary in their frequency of occurrence
within English words. Results are plotted
for each of 4 reading ahility groups.
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A. second task we have studied allowed us to corroborate éur'

identification of this perceﬁtual skill COmponent. In this task’

PR

subjects were’ presented with a briefly lexposed four-lefter

“st1mulus array, followed by a masklng fleld Stimull were e;tder

-

hlgh-frequency words such .as SALT .or THIS, psEudowSrds such aS‘

ETMA or VIGE, or - unpronounceable nonword anagrams such as RT or.

TBDA. St1mu11 vwere presented for duratlons ranglng from 6 tp. 50

msec, and for each subject, we measured the number of scorrect

reported 1etters~ for ‘each éxposure, duratlon and st1mulus type.

v

The subJects gere 20 hxgh school students, Ac’aé 1ed Aaccor,;nq

\
to reading ablllty as befoxe,, this t1me w1th 5 subject per -

group. The results for a typical subject are shown. in Figure 3.

P

A logit transformatzqn of Pr(correct) yields a linear plot (a

H

logistic function) with  two 'parameters: a location
et ine . /

parameter--representing\the duration=required to get 50?5correct}

and. a slope parameter--representlnq the rate ‘of growth in encoded

1nformat10n (measured. in loglt units per un1t time) .

A K]

Interestlngly, though there were no dlfferences among groups -of

goods and poor readers in the values of the locatlon parameter,

there. were :marked differEnees "in the ‘values "of the slope
) « [ ‘;A / .

parameter. ‘Phese  differences .in SloPi? fcfrpseudowords and

‘T‘_l’:ﬂ — — - /_

This: experament was carrxed out in collaboratlon with Marllyn

.Adams.
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_Figure 3. Results for one subject obtained for the anagram '

: experlment. Raw numbers_ -of letters correct are
_ + plotted at the bottom for each exposure time. The ¢
’ logit transformatiofis for the -same data are shown - s
at the‘top, along with 1east .square$ estimates of.. L O
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'nonéordiahagrams are shown-in‘Figure 4. 0£ partlcular importance

‘here’ is the aegree to which. good and poor re

TR N
L

~p§rceptual“wﬁengod1ng, sens1t1ve _ to thei presence of

. orthographlcally reguiar mu1t11etteriun1ts of which: pseudowords

: are composed. Good: readers srowed an 1ncrease in encod1ng rate-

. - of ,032 logits/msec when pseudowcrds were subst1tuted for nonword
PR DO f

. anagrams; whereas Jpoor readers ShOWed an: 1ncrease of -only ~ 010

loglts/msec. Thus, only the better readers showed an abillty to

:;é{‘ proflt from orthographlc regular1ty dn encoding sets of letters.

N A
. ‘«V/

. - -L; » - »
?'~. exdd Tty

These weze also the readers" we have seenf’who showed an ab1lity

- e - M . VA

e to *Tecognlze e1£1c1ently multlletter un1ts coverlnq a. w1de band.
e o s - .
ozt - Of freguencles, 1nc1ud1nq presumably those ‘of" wach ~our

2 * ,¢‘ o - -
: s pseudowords were composed. .o _" "
r‘{- - - ":’Kv‘. "»\ v ) ’ -7 ‘ ) Il
ce X

-~ Hayihg n‘eétab}ished fhat there dre goOd-péor reader

N

-differences in .encoding:. . of mu1t11etter perceptual unlts. the

- . ;question at *1ssue is. What are the effects of this perceptual

. . * - ares

.- R
H o

‘gsklll on a. reader s subsequent decodxng of °brthographically.

- PR

S 5 .
'regular‘ words* or pseudowords? We assume as we have rllustrated

s pERR

1n F1gure 5 that word analysls proceéses operate 1n a cascad1ng

—fashlon (McClelland, 1978), w1th hxoher-level processes of

~

:“ phonemlc oecodlng and IexiCal..retrleval operating,. from, the

™

. outset, with the 1nformat10n available to them. As-information
perta1n1ng to the presence of multlletter orthoqraphlc units

becomes avallable, decodlng can proceed .on the basrs of those

v
R . . . . - . . -

-

- - .
]
< . . * - -
o ) 2 2 ’
_ . JE . o ’
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dlagram is: meant

A schematlc rendezlng
’representlng component skills_in reading.
to 1llustrate the notion of

: q.
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units; 1f such units are not 1dent1f1ea decodlng must. be- C&ttl&d’ >
‘out .on 'the basis of‘srnglevletter patterns. leewlse, 1ex1cal ;
GO _‘fgtrieval éémﬂbeftgsed upon yyisual feature CharacterlzatlonSy
o8 :'l‘ encoded. letterss or multiletter units, .or~ phonological
,representations, depending on the: speed with whlch the 'earlier . f
/encodlng processes " are carrled out and on. the acceSS1b111ty of’

.-;.

‘the lexical category .in memory. ~ Here weé have an example of " . .

ptocess .interaction by -virtue of interlocking data bases. The
. operation of one process (perceptuel«encoding) z}ters_ the ~data

‘base, for a 'second process (translation) and mAy render it more

o * (ot less) effioieﬁtf‘ .

4 e . The conception of a series of cascading processing stages

A%

b ; : i es s . . s

Ve x allows wus _to make specific predictions about skill .interactions :

(R -among .components. Decoding from single letters involves a :

o complex series of rules acquired over several years of initial U
B A : ’ . :

i readimg.instrudtiom (cf. Venezky, 1970). Decoding based upon a ;

'set of muitiletter' units that have relatlvely invariamt- Lo ti

pronunC1atlons 1nvolves-much simpler rules and, can proceed more

» “—qurckly. Our f1rst predlctron, then, is that gooé readers, who

. are profic1ent at-percelvrng multiletter units, udll mot only :
—oecode pseudowords more qulckly but will also show sméller. ‘

e inorements in decoding time as. difficulty of decodlng is

R imereased; éhis,‘orediction received support. In Figure 6 we $

haue;plotted;-for pseuHOWord:h the mean decoding times for 12

e

= Jpleuiioge, W Sy,
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SED )
readers in each 6f 4 ability. groups (the total number of subjects

= ) +

mtines when,stimuli_were iengthenedofrom'4 to 6 fetters. In each
<~ ) . ’ v I .
' case, low-ability -readers: show less efficient décodiﬁ§ than do

i

t,t
,can,‘he evaluated by~ 1ook1ng at 1ntercorre1atlons between length

3 . . .
in, perceiv1ng wmultrletter units, as measured in the bigram

+ - [y

o ~exper1ment The correlatlon between the perceptual ab111ty (the

- - A%

appeags to proceed more -efficiently when the perceptual units are
S 3 - - .

‘letter groups rather than individual.letters.

- i e ' : .
- . L3
A second predlctlon‘ from our concegtlon of a ser1es of

3

cascad1ng processes deals with the access1b111ty of words in the

' TS % & .
i internal ‘1exicon. : The most " salient” variable 1nd1cat1ve of
lexlcal accesslbillty fs, of course, word frequency. Our

pred1ctab111ty of vocallzat10n 1atenc1es for words from those- for

.

.pseudowords hav1ng comparable orthographlc form,ew111 be more fn

was, inﬁ.this case 48), aleong with- their increments in decodin&*
Ahigh* ability~ readersk _The assdblatiOn 1,bétWeen decodingf
?I-- :Jeff1c1ency and: the perceptual ability to encode multiletter units
= 'effEcts'1n decoding&pseudowords,‘geadlng*abrllty level, and .skill
- blgram eﬁfect) and decod1ng efficiency . (the increment in latency
for each Qadded letter) was s1gn1f1cant (r = .27, E < .05). And

the .correlation did not drop apprecrab;y when general readin§

ability was partialed'out (r = .21 in that case). Thus, decoding

g “predlctlon is that orthographlc decod1ng, as -indexed by the

-ev1degce for low frequency words, which are less accessible and

*®

o

. Y . - -
R T R A TR Y R R




" .abi 1:1ty‘ . groups..

groups of readers:

thus processed to greater depth, than for h1gh-frequency words;

-

vh;ch»ate~mqfe access1ble and thus ,processed ‘to. lesser depth,

For .each_  subject, we .gorre;ated~p5eudoword—decoding latencies

o . N -

with those for words that wére matched in orthographic form:

- (1ength, syilabic: structure, vowel type, and initial phoneme).

>

’

fThe mean correlatrons are shown in Eigure» 7 for Jtﬁo reading_

(Levels 1 and 4). :%he evidence shows that all

~1in recognizin ! words. as well as in pronouncing pseudowords; the_

~mean correla ion for. words and pseudowords matched in

orthograph1 form was- .3?, End was significant (p < .001).

Hoﬁevér, it is only the h1gh-ab111ty readers ‘'who were able to

reduce .

when 't

how ‘differences in the involvement of the higher—level word

i’ ferences in the aCCESSIblllty of 1ex1ca1 1tems 1n memory.

. H . 5.‘ .
Context Effects on Lex1cal Decod1ng and’ Retrieval

[P ——— e s

E z.’ "i

. Lt %
. The next experiment (Fréderiksen, 1978) I describe was aimed
at uncoverzng the character1st1c ways' in which readers integrate

1nformat10n derived from context with that from the pr1nted page

-, as' they 1dent1fy words in a. text. Readers. of high and iow-

ability were asked to. pronounce target words that were either

- ¢,

do utilize processes of orthographic analysis,\

ubstantzally 'themr degree of word analysls processzng-

- stimulus word was.of;high frequency. These data show us

sis processes are determined,- for skilled . readers, by
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tightly or loosely constrained by a prior -context sentence.

3Con31der, for. example, the following sentence in Whlch the final

word’has been omitted- ) . . ' -,

L]

_..-(1) I reminded 'her gently -that this was something that she
z - . - \

~really‘should?not~,.,4~.-. : : -

N -

.

'ihis sentence prov1des a context for a target word, which could’

‘be any one. of a number of pOSSlbllltieS' buy., do,’. take, see,

TR

t,read, tell, etc. Look nowrat-a.second sentence:

o

- 7 N

(2) Grandmother called the children over to the sofa

because she had quite a story to .

~

—

_Here, ‘there are only a few words that might fit the sentence°

).

te11, relate, present,,and the like.. In our experiment, we * were’

]
interested in how readers use the weak context (as in the first
sentence), ‘or the strong context (as in the second) in decoding
A and identifying a final target word. The constraining power of a

context was scaled by presenting sentences such as (1) and (2) asv

free: responsenCLOZE items.. Subjects read each sentience stem-and

wrote down. all the ,words they could' think of that )fit Athe

-

sentenc° context. ‘We. then counted the total number of separate

words ‘that the: subjects as a group were able to generate for each

=

-

®gq
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,context, ‘we termed this value the domarn size, pomain.siz;:\uere ::E
§aj\ . 'appr03§mate1¥'15 items fdr=the~weak contexts and 8 for thé ;£r5;§¥, ;
; { - ‘The,supjects\in this experimentugere.zpihigh SCh9¢l students iir ;%
;Aﬂ ~chosen to .represent a wide: range of readirg,abrritY"levels. as ;é
?“ before,. readers were class1ffed into 4 groups of 5 on the basis~: .:}g
%‘L‘ - ~of .8cores ton ‘the Nelson-DennX;Readlng Test. The.subjects'first ;ii
X : L re;d a..context sentence. ‘They then oressed 2—'putton ~and were i
%k | shownl the target word, which they wére»required~to pronounce.. .i
; ’,'Our response measure was thefr latency 1n pronouncing. the target | -;é
f word, measured from the onset of the target. The pr1m1ng efﬁé’t : ;
E ) ".of context was wthen. the RT 'for ‘readrng woxrds 1n context . ?
f'; subtracted from that for s1m11ar words presented in isolation. k . 52
2‘{¢ '§ome,of the,key f;ndings.are~presented in Figure 8r in which we i
P "have. . plotted the decréase in vocalization latency from a ° i
. noecontext'control condition_nhenestrongly-or weak1§ constrainingn
. contexts were»provided; Data are plotted here for the'-top -and "5’
‘bottom reading ability groups. | N “ L
SEmL ‘ o NN
fj#‘- . :A;; subjects' showede(a large prining effect for nighly ’fvﬁ
@f“ _ -‘constrafning~éontexts.(shown at the top),‘with‘a,smalier priming E
iﬁi' "effect for wi%kly, constraining contexts (shown at the bottom) . :
%@:. Howcver, it is the differential effect of context for :highe' and " %
%% llow-frequencggtest;yords=that'provides.the most inﬁormation about o
5%? - v : i , ) n - “
¢ ) . | 29 E ‘ )
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~t0‘ enploy a controllad, ‘serialf>:process ” for. gerierating—

'1mprOVed with the addition of a context sentence, but only when

» -
‘the context was. strongly constrainlng. Even-’ then, thé only
Aextensive 1mprovement was when the targef word was a hlgh‘ ) ;ﬁé
u_fprobability word (such as back) that was: ‘the first one they would‘ °

‘be. likely to guess Context was of 1ittle help to this group of
}and h;gher,probahlritv options existed for ‘them, such as ;g;;gv
gparallel, automatic process;forrfaciiitating the identification
of contextually relevant lexical items. This process operated»:_
'—different for ’high— or sloweprohahility' words Awithin’\ the
- press) have manlpulated ease of word decodlng and found ev1dence _;

. _ contextual facllitatxon that leads to. a pr1m1ng of contextually

. recognition times increased, there was evidence for a controlled,

,readers when the target item was an uncommon: word, such as buns,

2 i H
. .
» PR

processes for context util1zat1on. Low-ability readers‘appeared

k4

contextually relevantA Lexical items to test against perceptual . %

evidence when the final  word abpeared; Their- performance I

*Good" readers, on theﬂother hand, appeared to have availablé .a

for. them even when the context polnted to a 1arge set or domain

%

of -items, and the degree of facilitation due to context was- no :

context-relevant domaln.: We rnote that ‘Stanovich and West (in

for _a rap1d, automatlc, spreadlnq act1vat1on process forx

relevant words, w1th »no inh;bitory effects on contextually

inappropriate words.. Wwhen <the stimulds was degraded, and:

.
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i attentional process: for memory ~Search {cf. Posner & Snyder,

:-Segarately the peréormahcec of 'good and poor readers, similar

di?férences are<yfound in the processing, of high- and

low-frequency words. Good ana ‘poor ‘readers appear to differ in

has “supplanted the‘control-led~ arch process asathe mechanism for
contextual influence. Wg_note‘also~that it is the. existence 'of

an automatic -process’,that"ailows for substahtial‘effects_of

-

context in good readers, even when the context is a weak one. .

In addition to evaluatingﬂthe overall ability .of readers ‘to
utilige context in recognizing words, we were interested in how

i - - .
readers would réduce ‘their °reliance on bottom-up word analysis

thls end,. we employed our measure of the deptr or degree of

T orthographic degodlng . readlng. As before,' we .used the.

~

vatieﬁy of orthographic forms (varylng in length, number of
SyllablesL tgpe of‘VQWELr etc.) as a measure of their dlfficulty

%n»deooéihg'those forms. ;Rgading'times' for -words (having the

same variety .of forms) were then correlated for each individual

"subject with decoding times for thé corresponding pseudowords..

32
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1975a, 1975b) that ‘had,_ as well as a facilitative effect, an .
inhibltory effect on recognltion of contextually inapproprlate,"

,unexpegted words. Our testlts show that whén ‘one examlnes‘

the ‘extent’ to Whlch the automatic, spreadlng actlvatlon mechanism~

procésses ‘when they were reading words as part of a. éentence.' TO

~§ub3eotsz onset RTs in _pronounc1ng~ pseudowords- made up of a
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:decoding is not employed,. then we. could expect to find a

. is particularly evident when the vcontext sentence strongly ' "j
’%sgproceed%_to- lesser . depth, or perhaps to “the same depth on fewer :

.,decodingrsare also the:-ones- who appear to be'the least able to T

-

P ™ . P~

P = - - By

Oﬁ; notion was. that if decoding activity continues in thé

processing of words in. context we would find ‘this to be a high izgé

correlation* since- whether 1t is. dealing with words. or -' .

pseudowords, the decoder will have the same degree of difficulty

-t

with each of the orthographic fornis 1t is processan. If z

. . v B . F iy .
correlation of zero: | .- : - . %

e ———

In Figure 9 we ‘have plotted the means of ‘these- 1nd1v1dua1 .

ccrrelations.for -each context condltion, The provision Oof
context brings about a reduction in depth of processingd; and this.

— ' N

constrains the missing word., Here, word analysxs can be said to

.u?

occasions, Thé poor readers, who 'show the lowest skill levels in~

I N

reduce their dependence on thelr inefr}c1ent decoding skills when. i‘i

context is prov1ded. For the strong readers, however, contextual

e :
informatlon is traded of £ agalnst effort expended at orthographic e

-

analysis:— - Indeed, 'when, these readers are presented high
frequency,words in a highly constraining éontext, they -appear to
be able to circumvent completely the use-of a decoder (r = 0.). - ° s

The reader differences we have found in dépth of decoding in the

‘Ppresence of context are similar to those .postulated by Perfetti

. -
O\ e

and Roth (1979, p. 2) for thez t ird hvpothetical individual.-
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. ' 1iq lsummary, then,. teaders--depending on their
:abilﬁty--appear_to be ‘capable of reducing »their reliahce on -
uorthographxc ’decodiné ‘ processes. when contextﬁa}f
~-irxfox:ma*-i.on—--along with +visual ihformatiOQJ;is available for -
Amaklng' 1exica1 ldentificatlons. The general finding * that
information pertainlng to likel1hood (frequehcy) Tof a Vlexical i
a,category and that derlved from context both influence recognltlonv
"&latencies is compat1b1e with e1ther a logogen ‘theory (Morton,
1969) orka spreadlng actlvatlon theory (Col11ns & Loftus, 1975).,
‘However, . e1ther of these ‘views represents fully the dlfferences
zbetween good and poor readers 1h the lex1ca1 doma1n (or scope) of
context effects. Ne1ther v1ew gives adequate cons1derat1on to
:‘the d1fferences shown by these groups of readers in what we have
called automat1c1ty of context effects. ~ And ne1ther v1ew901nt
fully ,captures the effect of integrative processes on depth of
orthographic decoding. These latter findings are more cons1stent
wrth‘the notion of .concurrent--and interacting--top-dowh land"
bottom-up .proceSses‘ sugéeSted by Rudelhart (1977) and with the
| distinction between automaticAahd controlled processes for using

_ context suggested by Posner and Snyder (1975a, 1975b) and by

. Stanovich and.West‘(inrpress).
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\Solﬁing;rrohlemsaofkText‘Reference -

The £inal ,experiment I describe ‘(Frederiksen, in press)'

represents a first attempt at explicating the kinds of sequential

teractions tnat occur in text. proce551ng. The experiment was

concerned particulariy with the _use of knowledge derived from

text 1n a551gn1ng referents for words that follow. Although the

.range of cohe51ve forms in English 1ncludes more subtle forms of

lex1cal reference that are - alséo of 1nterest (e.g., svnOnyms,

superordinates, properties, collocational expre5510ns, etc.,_cf

~ [l

Halliday & Hasan, 1976), the experiments we have carried out to

LY

date have concentrated on ‘2 much less subtle form of text

reference——pronominal reference. Pronouns are referential words;.

instead of being interpreted semantically 1in .their own right,
they; nake reference‘to something eéelse for‘their interpretation.
The referential relatiOn is thus“explicitiy marked in the case of
‘pronouns, whereas it is not,generally narked in othér cases of

r R .
lexical reference.

Our purpose . was to identify text characteristics that

influence -a reader”’s difficuitm_ in resolving problems of

pronominal reference. In the. process, wé hoped to draw’

1nferences about .the rules used by readers in searching for and
selecting referents from prior text at the time a pronoun is

encounteredl Table 1 illustrates somé of "~ the text
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Table 1. Discourse Procéssing: Finding Referents for P

RE

o

ronouns.

A

T ro _ B -
A. iﬁpmbéf of P§£éﬁtigr Referents - -~ o _ ; ;
Thg‘engingen,goid EﬁeAfifeman ;6 pull to brake LeQér, e
) but he said iE was.stuck. . ) _;

s

Number of Intervening Sentences .. ] = i

»

Arnold7askedtRaym0nd'Es{play bail;‘

But.unfortunately. it starteé to réip. ’ - - L

So they waited for it to stop. . B

"‘Mediated versus Nonmediated Iﬁtervening Sentencés R

Alice rubbed her eyes, and iooked again.

L3

She couldn't make out what had happened at all.

Was she in a‘ shop? - -

Al
.

'Thé sun had just set, and there was little light.

Topicalizing the Referent

‘asya rule, seek to
3
demonstrate the superior quality of the product.

. Modern advertising does not,

It plays up to ﬁhe desire of Americahéité épﬁfofm,
to be like the Joneses. ‘ ‘ : -

" The #uperibr quality of the product is not, as. a rule,

Ls

what modern advertising seeks to demonstrate: . \ -

L]

f

&

’ - -~ 37 Co S : ’ -

4@1.;

¥

- 4
o e e v pinies an v P mmcor an® % et 3




ﬂ:R\,

[Avui et provided by eric

o . and very much part of the-current picture.
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Foregroundlng an Incorrect-Referent

The. congressman s early struggles were a subject he /

':eminiscedwabOut in th;cgnd;d 1nterv1eWS.

The interviews were filmed in the spacious corner

- ‘office'ghat he’had océupied for the past 30. years. ]
Lo t © g X ‘. " ‘. B
‘They were,pieceé—bg‘arpast that was still clearly alive

- h a . -
F. Lexical Reference )
w - N - R

N "The 19th century was a perlod in which numerous

- immigrants.dame;to America.

+ R N -,
~ -
. »

1

At first, people came from Fngland, Irelandx Germany,

and ‘Sweden. .
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characteristics that,we~have-egplored. For example, in Sentence .

“initiai sentence ..of the -set. ’In

A, the number of potenhial 'referents for~ a propoun has:*been

yaried, He ‘could potentially refer to. elther -engineer or fireman

-ﬁhereas it ,can only refer to the brake levér. In B, we have

manipulated the distance in the text befween referent and

pronoun. A sentence_intervenes-betWeenct e pronoun thex in the

final ‘gentence and its referent, Arnold and Raymond, in the -

‘r We have a set where an

intergening‘sentence uaee tne:bronoun e 1n the.same way as does
the final sentence, to refer to Alice ‘
case* if the alternatrye intervening sentence, beginning "The sun
nad ¢ . " had been usedii. The s ‘

£ placing a referent noun rase

H

study- the topicalizing effect,

in the. subject position.

L]

‘aGVertising and pronodn ig' are subjects of their respective

rl

. séentences. If the paraphrase of the first sentences printed at
\the bottom were qsea instead, this would not have been the case.
In E,j%e i;lustrate how texts can be constructed to manipulate

the. staging of references to alternatibe noun phrases. In E[j

folloﬁing the‘initial sentence, yhere is an_interven{ng _sentence

that brings to'the foreground an, "incorfect" potential referent’

]

"‘M’l—‘_

(1nterviews) and thus places the correct referent for the. tavget

icd

pronoun-fstroggles-~1n the ) background. Finally, in F we

illustrate another-form of reference we, hHave , explored -- what )

v £ . 0

- “e - . ~
£ .

(This would not "be the
tences in Pair ) aliow. us- to

n b,' both the referent modern.

o

o b e
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_‘Halliday and Hasan ‘term “lexical reference."gfhe lexical termi -“é
' peogleﬂin Sgntenceiz iQ'semintically~~related ‘to immigrants in '
‘Sentencef l,<iand by yirtue of"that :relation, it ~serves to
~reference the earlier concept. .Each of these text»yariables -h&é

X . .

‘been explored in the. present research. ’ ' 33
« ° The sublects were 44 high .school students who varied, as: .aof
t RN
. before, in reading ability. In the experiment, the subject reads L

wa'text,_sentence by sbntence. From time to time, an underscore -
_appears beneath a word (pronoun) in a current sentence, and the
'subject must at that time supply (vocally) the -correct referent .
,jfor the pronoun., ‘However, the primary data obtained aré the ; \f

reading:times per syllable for each»sentence in~the text.

-

Some of our most 1mportant findings are presented in Figures:

' /
10-1i4. We first asked if there. ‘'was” an increase in reading time ’}

when a. pronoun was S bstitutéd for its referent noun phrase. ‘The' . ‘4§

relevant 'data -ar ~,shown in Figure 10. We found an increase in

, reading time whe the referential relationship was pronominal R

3

1compared with “that when a 1exical category was simply repeated

Reading times for finding pronoun referents were as larqe as

~those for reading sentences that contain no direct references but ' “r?

\
include other forms of lexical reference--particularly lse of

collocational expressions (see'F in\ Table 1). Finally, ‘the:

;'bottom of Figure 10 .shows that increments in. reading times for

| these conditions were larger for the poorer readers.
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fREPEAI ED

, (_A)

PRONOUN ‘NO* DlRECT
NOUN' PHRASE REFERENCE REFERENCE'

{B):

ey
o

£\ PRONOUN

'REFERENCE
(B-A)

(c)

NO DIRECT
REFERENCE'
«}A)

q,

READ!NG LEVEL

2 s .

P PR T

READING LEVEL .

‘Mean readlng t1me for readlng sentences conta1n1ng

(a). a repeated houn phrase,

(b) a prorioun substltuted Tl

for the repeated nnoun phrase,. and {¢) no- direct
reference, ‘but ¢containing lexical references. . y
‘Differences among reading ability groups for selected . .~*%

e

, contrasts are shown at the bottom of the figure. . Y
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rwhe’ a reference problem must be solved. When reference is by

i'pronoun, a: search ~ofﬁ9revious text and. selection of a referent
»collocation? semantic distinctiors must be evaluated to establish.

. differences for theseé two types of..cohesion were highly. similar'

“despitef‘ the ,processing differences . that are likely to-

as. socn as- sem~ i constraints within the sentence will allow

such ,a selectiona Or, on the other handj the pronoun might

~constraints 'within the sentence containing the pronoun. Toa_, —

®

- - - P ow

These analyses show- that readers require time to analyze the

coherept. teatures of a text. “The timetthey reguirecis greater

[,

noun phrase is: involved, whereas when reference is by lexical

referential .relationships. Note. that the patternS'ofireader

differentiate these ‘two types of cohesion. o

— -

- N . ’ 4 ¢

‘The.second‘question'weAdealt with concerned the nature “of

proce331ng -that takes place when a pronoun is encountered. A

pronoun marks a need to establish a refetence to earlier text,
v .
Beyond this marking ’function, readers might "reinstate" or

. ¥

“recon51der" the set of potential referent noun phrases that, are

avarlable ~in the orior text and’ make a selection from among them

AN

3

-

:merely serve A marking function, with retrieval. of - the

-

»appropriate'referent awaiting the occurrence of adequate ‘semantic

i . ek

investigate these possibilities, we analvzed the effect of

-

varying the, number of antecedent noun phrases that agree with the

P
- -}

‘pronoun in gender and number. " We noted also that our final

v "
7 > 7 - i «o- .. B i ~ - ®
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(target) sentences were conStructedvso that the pronoun‘ocCufred“
.at or near the beginning, ahead‘of its disambiguating semantic
context. , This 'feature of our target sentences should maximizé -
Ithe possibility of reinstatement of multiple »antecedents. our’
q.results, shown in.Figure» 11, support theAreinstatement’theoryr'
tTherevwere»increases in reading times,when.the initial rsentehces
~were rewritten to contain _a second noun¢phrase that agreed in
,gender and number with the referenced noun ohrase, even though it
was not referenced by the, pronoun and was .not semanticallyv

compatiblerwith the.context.provided‘for the pronoun'infthe~final

I3

.sentence.

3
\ -

\\&ﬂaai;ianal .evidence supporting the réinstatement theory was
~obtained- by introducing~another‘set'of‘ eXperimentai ‘conditions.

“For each *text;‘ we COnstructed an_alternative final sentence in

which the pronoun could refer to either of the antecedent noun :

phrases of Sentence 1, For example, an alternate for D in Table

" »

l_is: "It is‘seldom presented with any view/towards.educating;taer
publié about. possible uses or‘ab&ses." Here it can refer either.

to modern advertisi_g or to the groduct, whereas in the sentence °

< mm—

it replaced, semantic constraints allowed the pronoun to- refer '

3

only, to the former noun phrase. If readers select only a sinqle'

. . -l .
antecedent‘noun phrase as-  a trial :referent for%the—pron‘ounh

whatever antecedent they select will fit the context of the

ambiguous target sentence., This will not be ‘the case for the

-

o At ek e S o e s e e o+ o i marr B e o kSt s
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unambiguous 'target sentence. If both antecedents are 1n1tia11v_‘

e

) 8e1ected\as the r'instat ment theory prescribes, then a selection

T among them must be. made on the basis of the semantic context ofﬁﬂ

~

the . target. sentence, . and this selection should ‘be more

difficult--and timebconsumihg-thén thet‘sentence is'oambiguous,f'
pur results. again ‘clearly supported the lattér hypothesis. -

‘Reading’ times for . ambiguous target sentences were ‘372M

‘@séc/sjllﬁble, but they were only: 208- msec/syllable for the

. ‘unambiguous target'sentences. Thus *there was an ‘increase in

‘reading time when the target sentence was semantically compatible -

with either of two prior text referents over that when only ‘one
. !

referent was: sensible--even though both referents, in pr1nc1p1e,

constituted a correct responsez Our general conclusion is that'

.

when they encounter pronouns, good and poor readers both- appear
<

to retrieve a11 of the alternative referents that are availablef

for .a. pronoun (i. e., nouns that agree in qender and number) d

then se1ect from .among them the referent that fits the semantic

Ev

constrain.s of the sentence in which it occurred.

Our\third,purpose in the experiment was to study the ‘effects

v

l of text characteristics on rules or priorities used by subjects
in assigning referents»to~pronouns. Our notion ‘hére is that fn

,author can manipulate the topicalization of particular

noun phrases through the:use_of sty11stic*devices that emphasize

_one or another noun iphrase ,(Grimes7 1975).‘ Emphasized or

At e A b et b e ot ik e e n 0 1 R e B ™ s

- o~
_owey ¢t

,,._*1
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;? topicalized ‘houn: phrases\ may be more readily “assignable‘as

referents than -noun: phrases:that are relegated to: the background

One devrce used to establish\a topic is the placement of ‘a~ noun

phrase in the subJect position of a sentence. Accordingly, we

PR

;;?“;Nu studied ‘the effect of varying the position of the referenced noun

‘ phrase ‘within t itial sentence. Ouf results are shown in
o - A

; h Figure 12. 1t 111ustrates that readers, particularly the poorer o

SO - readers, appear to use a straté@y of selecting the grammatical

sub;ect of an initial sentence "as.-the preferred referent for a

pronoun occupring;infa followingnsentence. Their- reading _times

N e were - faster when the referent for a ‘Qronoun' in the target’
l sentence was the: subject of the prior sentence than when it h;s~,;‘
«p’aced in: the: bredicate. _ Note. that this result is at variance
withdproposals such as that of Kintsch and van Dljk (lp?&y,e‘whoz

sugdest that subjects develop a propositional base for each

- 3 £ "., S et =

sentence as they progress through a text, with the resulting ,;5

ropositional representation serving as the sole basis ‘for

,.;kj .
anglyzlng cobesive ties among séntences. oy
e

PR B 4 . z

- The topical status of a concept introduced by a noun phrase v

in Sentence 1 can/be manipulated by varying the manner in which

s-‘...ﬂ:
it is referenced/}n other, intervening sentences. Referring to a

noun phrase within an,intervening sefitence can serve to. increase ’ 1f

_’u“"

1ts topical status' if the pronoun used to reference it is also

3

the subject of the intervening sentence. Data relevant to this

.t
PR
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predicti?n . are ShownlintFigure 13. Alprior pronominai,reference Lk
! - D - :
to the. target noun, within the intervening ‘sentence reduced the .

2wy &
& > : 7

time needed to find the appropriate referent for the pronoun when'

3

4

reading the final sentence. . However, this facilitating effect of T E

{ - -an earlier pronominal reference to the target was only found when

2 - the / referring pronoun was the subject of the intervening RN

P -

sentence. Put another way, referring to the target - noun phrase

-.\

through a pronoun in the predicate of the’ intervening-sentence

- appears to have demoted. its topical status, probablv at the
L expense ) of an increase in cthe topical value of whatever

- 'aiternative noun phrase is the subject of the intervening

-

H N
~

R sentence. .

Lo o This last observation led us to invéstigate a final set of

ot

staging features of text _that could influence priorities in
assigning pronoun " referents. Our idea was to introduce an i
.intervening sentence that began with the alternative noun phrase

of Sentence l--the one that was not to be referenced in the final

sentence. . By introduc1ng a sentence that stresses the

o Z g e e

i ’ alternative noun phrase we would be reducing the topicaL status

of the -or1ginal subject noun phrase, -and increasing the time

~

needed to find it when it is referred to in the target = sentence.

& : Results of this text manipu]ation are given in Figure 14, It is \\\ Lo

- " evident - that bringing the alternative noun phrase tor the. N,

- - . - . . e :
foreground within an intervening sentence (as in Condition B)

55
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Figure 14, Effect on reading times for sentences containing
pronouns brought about by foregrounding an
incorrect referent by (b) lexical repetition, or
"(c) pronominal reference. The reading.time for
the case. where an intervéning sentence refers

_ pronominally to the correct referent is shown for
_comparison. {This value, taken-from the previous
figure, has been increased by 8. msec to adjust
for the effect of adding an addicional neutral
* intervening septence.) - ’
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_-lengthened the -time for finding the correct referent for a

-pronoun occurring subsequently over that: obtained when the

~ . ¢

1nterven1ng sentence was "neutral” and did not conta1n a d1rect

reference to either _houn phrase (Condition A)

There 1s another interesting finding in Figure 14. ﬁhen a

pronoun ‘was substituted for the lexically repeated NP2 in the

.8écond sentence (Condition C), not only was there no increase in_

,_time‘ needed;to~orocess~the final sentence comparahle to'that for

Cond1tion B but actually a small decrease in read1ng t1me below
that obtained when a neutral sentence replaced the referencing
1nterven1ng sentence. Moreover, the mean read1ng time for
Condition C was _only 11 msec longer than that found when the
pronoun 1n the 1nterven1ng sentence referred to the same referent

as the nronoun in the f1na1 sentence (Condition D in Figure‘ 14).

We <can. conclude from this rather surprising finding that: (1)

referring to a referent pronominally does not have as large an

effect on topical status as does the actual repetition of the

referent noun phrase as the.subject.of a sentence; and (2) the
use of a pronoun in an intervening sentence to refer to one noun

phrase -does not increase difficulty in later using the same

pronoun to refer to another referent noun ohrase, it actuallv has

‘“v LY

a small pr1m1ng‘effect.‘ This last result is consistent with the

reinstatement theory, ~ since processing . of the first pronoun

“reinst. .es both NPl and NP2 to working memory until the point at

51
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?x f%. which a selection can be made of NP2 on, senantic grounds. Thus, 5
3@‘: ] paradoxically, in the processing ‘of the intervening sentence the

nonreferenced noun phrase has been primed” as well as the ‘noun ~

£ ;,-phrase\actually referred to. -+ . ' -

;‘ * N ' ) v t-' . N 1 o ' ) .

In.sumﬁary, when'we-manipul%ted a number of text variables
» N

\§\ _ thought ~ to alter difficultyvof resolving problens of anaphoric ’ “:- :
s . ~ : ;

¥ \\‘5»reference iz a text, we found a consistent pattern of differences

-

:\ among readers of varying ab111t1es,‘ suggesting that there "are’

S
‘ ~ N .

g d1fferences in the automaticity of skills employed in dealing

_ with this prohlem. 3eaders appear to be sensitive to surface 7"
.grammatical structurg of “the text in selecting the prope7 § »
:%éferentS‘for pronouns. [ Text ‘yariables that ‘emphasize the” |
1mportance of a particular'noﬁﬁ phrase simultaheously serve 20

J_make that noun phrase more readily available as a referent for a -

pronoun. Poor .readérs..appear to be more dependent on topical : §
‘status in finding pronom1na1 referents than good readers.  This

P suggests that their search of _memory for prior discourse may be
llesstautomatic.and more attention‘demandingzlas it was found to

. be‘ in the. earlier-study of context utilization. Incidentally,:

?f . Lesgold Curtis, and Gallagher .in an unpublished study “reported

by Perfetti and Lesgold (1977), . found s1m11ar differences in
sens1t1v1ty to prior discourse for skilled and less skilled

readers 1n their study of direct and indirect antecedents. "The - ;2

S ]
substitution of an 1nd1rect antecedent such as grass in Sentence -

P
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- 3

ek readers when readlnq Sentence 2, but Only 57 msec for the - hlthy

A . - e T" . - ¥ i
: . . L . - o : e L . S R
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Y of: ' '
AR . ‘
) Jane llkes the smell of freshly cut. grass.
'-’The grass was wetw_ ' ] S - A

for - a direct antecedent, such - as grass - in ‘the following.

alternatlve to Sentence 1-

, ‘.,‘ '. “,_ - - . ' . . . X
-Jane degided .not -to sit on°the grass.- . T :

produced an incdrease 1n read1ng t1me of 238 msec for less skilled

’

s§killed readers., Th}s result is typlcal of many of ‘the good-popr

reader " differences we have observed.. When the ccmplexity of

v f

‘proce551ng is 1ncreased, the resultlng proce581ng time increments
are - greatest for readers who lack automatlc processes for;

performing the routine functions of text referencing and lexical

- PURSE—)

retrieval that occur in reading connected discourse.

General Discussion : ) :

-

. In studies of representative skills in the domains of word
analysis, discourse analysis, and integrative pr6cesses, we have
identified differences in the proce351ng characteristlcs of

‘highly skilled and poorly skilled high-school-age readers. A
. P

~ ]
. N
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—number of generalizations can. be drawn from theg) esults we have ‘ Vo
iaccumulated. First, young adult readers who differ widely in ;nf

.skill as measured by a standard test of reading comprehension -do
-not. differ_fi their ability to decode orthographic ) forms
successfully, find referentsrfor pronouns, or perform any ‘of the S

‘jother tasks we have used to analyze ‘the componePts of reading.

’ J

‘Rates -of errors -do not as a rule distinguish groups of hiqh- and ;

low-ability readers. Rather} it is’the chronometric, aspect of
1process1ng that consistently provides a basis for distinguishing “*z,f

levels ‘of expertise in this subJect population.-.Second, we can -

~ e

? say that performance differences within the various components we
\

have investigated typically take the same form°_ When test\

rmaterials are_ increased in difficulty, ia larger price in-

;procesSing time is paid by poorer readers than by the stronger

readers. Third, this distinction in. the- efficiency _or .

automaticity of components appears to extend to all three of the
\ 1

'<processing domainsrwe have explored. And fourth, we‘ have found

evidence that. - less efficient . processes are . 6f an

i L .

atrention—demanding nature. They behave like serial‘ processes,

!

W, e gt

~

and this restricts their usefulness to only the most regular, and
predictable circumstances of application' to the most frequent -
letter’ patterns, to-- the most predictable words, to| thé most .

salient topics in a discourse, and so forth.

.-z:'
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Vthat when skill ﬁis low and attention-demanding mechanisms are’

.eognitive . systems viewed as single-processer devices. In
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Prompted in 'part by remarks of Perfetti ‘at a 1979»APA

= 0

- symposium, T would like now to indulge in a little speculation

~

about the role of an,executive in controlling and coordinating

'“';the component processes that are active in reading. I believe

? ~

1nvolved in performing the ‘subprocésses of reading, an executive
H

of a sort may be involved in aIIdcating the proce551ng resource
Eo\the various processing components, a1be1t inefficiently. I am :
persuaded of this as much as anything by Perfetti and Lesgold S :
01977) 1nterest1ng depiction of hysteresis problems that plague
"poorer.or younger readers.. The role of an executive in the

5

normal" reading of, skilled readers is,. I believe, another
§ . s, . . - = i} - .

-matter. 1f such readers have devéloped.component processes"that
Qare highly automatic and that 1nteract primarily by v1rtue of the

'oommonn memory 'stores on which they act (cf. Rumelhart, l977),

then there is little need for an egecutive"processor. Perhaps we

areltoo'much influenced by the control ‘problems inherent in’

'reading, as in other'studies of skilled human performance in

dual- (or multi -) task environments (Hawkins, Church, & de Lemos,
1978),“ we may 1ncrea51ngly come to view a skilled performer as

the”beneficiary of a system of integrated, automatic processing

" components. Such components, I ' believe, will ‘be found to

interact by virtue -of interlocking data bases, or on account of

o o - . v
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- kill 1nteractions whereby expertise in one processing component
alters the character "of proces31ng for some: other component.‘
: Only in less skilled readers, whose proces51ng is typified by its

é2 A . controlled, attention-demanding character, will we expect process
. : interactions to ‘be 1ntroduced due to competition for a limited"
: - processing resource. An adequate ' conception of interactive

B ™ .
- . n

processes in .. reading ‘must, )I believe, recognize that the

~

. ¢ mechanisms for process int' ctiona may ' differ eforr'expert and

>
- ~

nonexpert*readers.‘

< ’ N .
2 . N ~ £ . .
. . s * -

L - * [

We have. characterlved the mechanism for process 1nteractions

]

LT in- skilled readers as_ due primarily to the Joint effects of

X * - .

- Pl

automated component processes on a common memory store. - The=

.o

: notion< that . integration of processes in reading can he achieved

i

N in this. way w1thout an—-executive scheduler must,‘ however, be

‘qualified. It is very likely that in less routine reading aasks

rar A s oy

that 1nvolve reading for the purposes of solving particular,

o problems, a strategic component is introduced. Skimming for the‘

Yo gist, locating main 1deas, finding text that is informative about
a -particular topic, and _even the careful follow1ng of a difficult

- argument all. involve -nonautomatic skills and the executive

e AR te ha s om amfs

é't control of readinq components in ‘the service of particular
‘readingpgoals. Interactions between processes involved in these
goaledirected reading .activities- and . the more automatic
components of reading remain'to be ,explored and are a -worthy

topic-for future research. -,
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