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ABSTRACT : )

o understand a 'I:ext, a reader must engage J.‘n three
1nportant cognitiye activities--recognition, comprehension, and
memory. Based on ¥his premise, two experiments were conducted with
children to assess inflividual and developmental differences in speed
of word recognition and how thése differences related to perfornangg
‘on 2 variety, of memory-tasks. One unexpected finding was that )
although rdpidity of word, recognition increased sharply and . - .

“ continuously from grade one’'to grade nine, developaent was
independent of this increase. An important implication of the two
experiments is-that developlental gains in rapidity.of word .

. Tecognition may have no necessary relation to meagry improvement, but
that individual differences may go hand in hand with /differences
anong the same individuals in memory skills.4Tw -otﬁér experinments
with school-aged ‘children pevealed that’ certaiyyeffects studied
extensively ih Sentence verification (the negdtion and‘conparator
effects) replicated well in sentence conpletion, that stable .
differences awong irndividuval children did ex;st. and that the
differences probably derived from variation iIn ghe é&ffaciency with

. which different children executed elementary co; nitive protesses.
_{The full reporf of the £irst tvwo experiments is’appended ) (HOD)
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E:g Introduction ' . . _./ \ . L
"He correctly read ;11 the words in the text, but he failed to *

understand 1t.” Statements-of this kind ' ‘are often made by teachets of,
children in the. early and middle grades. '
. .

If the child in question is in the early grades, some Jeducdtors and ‘&
psychologists would claim that .the child.is not really rgadng, he .18 nmerely
saying worde-— Underlying this claim is an assumption that the, child may have «
had sufficient intellectual prowess to understand the text, but was . >
.handicapped by having to read it. Perhaps the child would have comprehended
better if someone else had read the text to him, and the chi}d had simply
listened. e Ly \

* In ap plder child, one who has reached “the middle grades and is “able to
read words accurately, poor comprehension is typically attributed tb .
difficulties different frqm those that may ‘handicap a younger child. One |
night suspect that the vlder child would comprehend the text no better by - '
listening than by reading. Perhaps the Jbarrier %o understandinjﬁfor the

. - older child is unrelated-to the modality in which the message idy8xpressed.
Rather, the difficulty may reside in factors such as the compl y of the
text, thé reader's familiarity with the domain of ideas from wiich the text
is drawn, and the thild's skill in recognizing implicitly an xpllcitly "
stated meanings. .
This contrast between younger and older rgaders is ¢ ely related to 8
distinction Yetueen developmental’ and .individual differo n (S R

" comprehension. The younger child’s failure to read ef ctively for the

meaning of § text may be a handicap specific to the modg of reading. - -
Development of. reading skills removes this handicap @he improved

.._understanding of an older child is, therefore, pabtty'a result of
developmental processes involved in acquiring read;ng skills. Poor reading
skills may not be the only. impediment to undersi¥anding, however, and - : -
difficulties unrelated to bagic reading skiiisg  Ray binder novice readers and
persist even in-+skilled readers. . These difficulties may be viewed as ' , '
individual differences Some of the relevant dimensiong of differences among
individyals may be their background knowledge of the material to be .
uriderstood and their facility in such fundamental cognitiVe processes as, ,
inference, storage of coéncepis in memory, and. retrieval from medorf. The
distinction between developmental and individual difference 'is, to be sure; .
neither simple nor absolute. The two kindshof differences hay éoexist in a
child. A poor reader in the middle grade$ may suffér defigits that are
,partly developmental, partly individusl. Nevertheless, the distinction
proves to be.vglugble asg, a device for understanding possible causes of
children s‘difficulties ‘in seeing’meaning in what they read ¢ ’

. ,

The “general goal of the research described in thig report was t examine .
systematically individual and ﬁevelopmental differences, in cognitive o
abilities related to reading. The importardce of'research in this zrea is
implied by investigators who have reviewed the state of our current knowledge
of the psychology of readimg. Gleitmap.and Rozin (1977) proposéd that #

.. literacy should ba defined as the ability to comprehend at least as well by

reading as by listening, 'This proposa} was accompahied, however, by the
discouraging observdtion that too little is known about proper methods for
. » comparing redding and listening,comprehension, and that, as a consequehce,
there is no simple way o agsess whether an individual may be considered
’ r " o ‘ t v uh . ;"’ A
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‘literate under the éroposed definition. . Some of the conplexities of
assessmgnt are discussed later {in 'this report. C

Significantly, the ook containing the. article by Cleitman and Rozin,
al'though intended, apparently, to be a book on alli psychologically important
aspetts of reading, contains several chapters on visual recoénition of words
but only one chapter on comprehension. -A sinilar imbalance is evident in an
otherwise comprehensive book, The Psychology of Reading, by Gibson and
Levin (1975). The imbalance in both books is not the fault of the Tauthors.

-5

As Gibson and Levin rightly observed {p..392), "We know far less, in terms of

basic research at -least, about factors that influence comprehension of
sentences End longer passages of discourse in reading than we do about
factors, that influence reoognition 6f individual words.” Research in the

past five years has begin to correct this 1mbalance, but it still exists as a ~

problem.
-

The imbalance i3 unfortunate. Our knowledge of the psychology of )
comprehension is meager, yet domprehension:is the essence of literacy, if
attainnent of literacy is taken to be the achievement of equal facility in
.understanding spoken and printed meanings. Mdreover, an adequaté theoretical
and, empirical account of comprehension 1s critical for understandiidg and
alleviating the problems-of poor readers, who often recognize printed “words
well enough but fail, nevertheless, to comprehend. \

LI * -

The remainder of this report addresges thése issues in the fbllowing
nanner. First, a theory is described which outlfnes cognitive intérrelations
among processes ‘of visual recognition,. compreheff®ion, and nemory. The™ theory

. descrihes how these component processes interact during the ‘act of Teading
for meaning--how the processes interact effectively in readers who understand

well and how variong limitations én the component processés nay cause poor
unders%anding. Jecond, results are reported for a series of five experiments
¢onductéd under the terms of grant HIE-G?8-00522
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II. A Theory of Reading 'for.Meaning ‘ L ',' "
- . . * . " . . ) . .
- . Reading to understand is surely a complex and elaborate cognitive skilg. .
No complete theory of that skill is avajilable. Several theorists have . e

proposed models for facets of the larger process. There are models of word-
recognition (e.g., Massaro, 1975; Rumelhart & Siple, 19M), of ‘parsing and e’
remembering propogitional statements (e.g., Anderson, 1976;~-Kintsch, 1977),

and of recognizing highly abstract forms of meaning andftextua} structure

(e.g., Simon & Hayes, 1976,; -Thorndyke, 1977).s

q - The theory behind the xesent proposal is somewhat different from the . 't
. precedi theories. Rather than present & detailed account of an isolated ' .
facet oégreading couprehension, this report describes & general yiéw of the ~ )
holistic process of finding meaning in print. Discussion of the' theory, will-

be zomewhat brief. A more thorough presentation is availdble, however, in . 1. %
. |

¥ilkinson (198?}¢ . -
_1:1_:_ Essence of the Theory .

- ]

To understand & text, a reader must engage in many cognitive
agtivities. Three of the most important aolivities 'are processes of visual ’
recognition, comprehension, and memory. The four words underlined in the
preceding sentences ar® central to the theory. It seems best, thq}efdre, to -

. begin by defining these terms. . -

'Recoggition is identification of & printed configératfon‘as a known .
iten. The item is probably no larger than a short phrase (Rayner &_ystonkie,_ ™
1977). The perceptual process of recognition may, but need rnot, be . '
accompanied by asSociation of the recognized item with ifs sound, its
meaning, or both.

Comprehension™is the set of constructive and inferential processes '
(cf. Paris & Lindauer, 1977) by which an internal repreSentstion of the .
neaning of a text is derived. The representa%ion nay include propositional’
meanings (e.g., Anderson, 1976; Kintsch, 1977) as well as higher-ordexn
informetion about the sstructure of the ,text (Mandler & Johngon, 1977;
” Thorndyke,- 1977). Effective comprehension is the constryction of a

. .representation which is intermully cohesive, veridical, and well linked with

the understander's prior knowledge (Greeno, 1977). 2
- <

A Memory is the get of processes that store and retrieve the outpits of )
recogpition and comprehgnsion. . = , v

. . . .
Understanding, &8s the term will be used froh now on, is ‘o be

distinguhshed from comprehension. Undersfanding is the holistic process that ’

encompasses all of recognizing, comprehending, and remembering.

-
. N 3 - ' L]

There is more than one way in which processes of recognition, .
comprehension, and memory might be organized in the cognitive activity of * . /S
| _underatanding. One possible form of organization adBumes an interactive :

nodel of reading (Stamovich, 1980; Wilkinsom, 1980).  In an interactive - ~. ~ 7
model, processes of recognition, comprehension,’and memory are all ~, ' | C
interdependent. Any of the tbree processes may hinder or fagilitate the
operations of any other. In adgition, the processes are all assumed tg draw
» upan & common pQol &Y, cognitive resources, although it is.neither known nor
hypothesized whefher the common r?sources are central attentiongl capacity,

rs -
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limited buffer storage, shidred, informational pathways, or some other form vof
interdependency. One purpos’fkf the proposed research is to .obtain evidence .
that hay reyeal fiore clearlty the nature ©f the interdependence smong
recognition, comprehension, and* memory. That there is some feorm of shared
1imitat10n on the three processes seems likely,ahOWever. .

B. Linitations on the Readgr's Understanding

”~ L]

4
.

The preceding discussion suggests that there are several ways In "which a
réader might fail to understand a text. A texonomy of causes for poor
underitanding must include the following. . *

«

= Recognition 1imits: Restrictions on the use of external data. One
kind of limitation may occur in g young.child who has a small sight
vocabulary.qr in a nore ékillful reader who scans a passage too quickly.
Understanding of the passage ray be impaired in either case by failure to
recognize words or phrases that are critical to the meaning. This impairment
is similar (but probably not identical) to what Norman and Bofrow (1975)
called a signal data limit. RecogniEed words are the data on which .
conprehengion dependa, and the data secured from the printed page are so
crude that an ade%gate understanding is not attained.

Conpirehension limits: Restrictions on the availability of internal
data. A limitation of another kind might arise when words are accurateiy
recognized but an essential process of comprehenslon is not available to the
reader. For examnple, one who cannot-do mentdl arithnetic would fail when i
asked to verify, without the aid ‘of pencil and paper, the, statement, "Two
Rundred and thirty-four minus sixty-six is one hundred 31xty-e13ht. Failure
to comprehend the arithmetical statement may be defined operationally as .
lnability t0 verif§ its correctness (Trabasso, 1972). One might fail to
verify the .statement.despite accurate recognition of all the constituent
words, The difficulty, then, is not that data from external sources are
poor¥ On the contrary, the printed words are accurately recognized. Rather,
the cause of failure is a paucity of internal data; veridical couprehension
requires capabilifies in mental arithmetic that the reader does mot possess.

. - Norman and .Bébrow*£1975) descriqu cognitive phenomena of this sort and

calted them interngl 1% limits.
c e .
Menmory limits. Failure to store or retrieve what was comprehended. A
third restriction "may arise when the reader comprehends the important .
.concepts but fails to save or recall them. The difficulty could be in the
process of storage. An adequats representation of a text night be
constructed in a short-ternm store but never properly transferred to a more
permanent repositery. Alternatively, there could be prleems of retrieval.
A properly stored representation may decay on become inaccessible with the
\-passage of time and the intervention of new experiences. *

‘Intefhctivp 1imi ts: Cogpetition for shared cognitive resources,
Limitation of anothen kind may arise when the reader accurately recognizes

the esaentigl uogds, possesses thegconstructive and inferential operations
neceqsary “to comprehend the intendgd meaning, and is competent in storing and
“recalling idead. In this case, there mapy Ve processing resources used
Jointly for recognitdon, comprehension, and memory. Competition for these
resources nay diminish the rpgader's ability to infer meanings or to store

. them in an easily retrievable form. If, for example, recogrnition is
aeebmpliShed ip an inef;iciéht menner demanding a generdus allocation of
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cognifive resources, only very limited mental capacities may remain to be
deployed for comprehension and memory. It is asiif so nuch effort were given
to accurate recognition that little is left to %e given to other processes.
JIn the terminology of Norman and Bobrow {1975 the reader's performange 4s
resource-limited in this case. Restricted understanding is not caused by
forgetting or by inadequacy of internal or external data. Rather, the 'fault
lies in competition for cognitive resources that cannot in the end meet’all,
the demands placed upon them. LaBerge, and Samuels (1974) have argued that an
understanding of. limited attentional resources is an important foal

research on yeading. ' . .~
~ J b)

.EL; Individual and Developmental Differences
, : -
.. What characteristics of a child may be expec d to chaflge in the usual ’
course of developnent, and what characteristic resistant to cHange? In '
a reader who understands poorly, what conBina oﬁ of develommental lags and lf/'
individual qualities are rdsponsible for the-thild's difficulties? How are g
these diffiqulties related the several kinds of cognitive limaitation , ‘
discussed abovéa? These questions are importart but are not easily answered.

.'A beginning can be made by considerang in a ‘more precise mand.r the
kindg of differences among children that could occur. Differences of dne
kind are sfable variations_among individuals. An exanple could be the
efficiency and capacity of short-term memory. Individual differences in
ghort-tern memory appear fo provide a partial explanation for variation in
ve?bhliability andng adults who are highly skilled readers (Hunt Lunmeborg,
& Lewis, §T5) Perhaps such memory differenqges explain some portion of the
variabiiity in understanding at all levels of evelopnent. .Thus memory
1in;ts, as defineil above, ‘could be a source of stable variation, - ™

Experiential variations among individiuals could.also occur in
understanding. For exanple, a reader s background knowlddge of a tppic nay .-
be viewed, in certain contexts, as a "frame"#(Minsky, 1975% of relationships
among,concepts axpected to be found .in a text that is being read. The frames
used by different individuals may var} in amount of detail, degree of .
suitability for the text at hand, and similar factors...With Feleveht :
experience, perhaps'almost any 1ndividual could acquire an adequate frame for . s
some domain of knowledge, such as a frame for understanding cooking reuipes.

As this example suggests, experiential veriations nay be similar to stable
variations in being relatively unaffected by modal developmental processes,

but dissimilar to them in ﬂ\ing ameliorable by a’ specifie. program of »

instruction. Some cases of comprehension limits, as defined ebove, may be '

experiential : \ . .
Finally, developmental differences are veriations emong individuals ) ’ _; “

which change with age and which thange in similar ways over a broad range of oo
-environmental ;and experiential influences on the individual (Wohlwill 1971)..

The developdent of deliberate_ﬁpproaohesﬂxg_memgxization nay be an example |

(Hagen, Jongeward & ¥ail, 1975; Wagner, 1974). Specific experience may

influence how speedily developnent occurs ‘or, how far it progresses, but not .
whether it occura. ‘Development of skill in manasing one's own cognitive .
aysten could be viewed as & Qevelopmental difference in vulnerabllifyvto

interactive limitation. .

r - A
'ﬁﬁIE*SBf/;f distinctions seems relevant to theé teaching of reading in
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two ways. -First, it would be valuable to know which aspects of the ,
understanding process may be altered by instruction and which may ‘not.
Second, assessment of an individual's standing on dimensions of
developuental, experiential, and stable ‘variation would seem fo be a2
prexequisite for devising a program of instrucnon well suited to that

individual. . .
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. III." Results of Experjments ) . o ' : . .

In all, five eXperiments were performed. Four.of them formed a* .
longitudinal project in which a singlé sample of children was tested in a
variety of ways from 1978 to 1980. The longitudinal project provided data
concerning,both individual and developnental differences among the chiIdren
in the sanple. In the fifth experameht, a sample of yourlg adults was tedted
in 1981, The aduit study and two of the studies with children examined the T
relation betWeen rapidity in initially recognizing words and accuracy in
. later remembering thes. The remaining two studies.with children examined
- relations between comprehension and memory. . .

A. Recognition and Memory .

There weré+three major reasons for conducting the experimenﬁs with
children. ¢oncerning the relation between rapid recognition of words and .,
« Rmemory of the words. Firgt, 'under the theorptical principles discussed *
_above, a child's readi \g/abildity nighd be fFestricted by an interactive
limitation in which the child is han apped by inefficiency in coordinating
processes “of recogntion an memory. Second, there is.little doubt that
during the first few years.of.schooling, the speed with which children |
recognize words increases dramatically (Doehring, 1976; Friedrich, Schadler,
& Juola, 1979), but there is, at the same fime, little research on whether
this increase has any affect on children s ability to remember. Finally, it -
is known that nemory span correlates well with reading ability (e.g.,
Steverdson, Parker, Wilkinson, Hegion, & Bish, 1976\,and it has been proposed
that.developmental improvement in memory span derives from increasing .
efficiency in initially recognizing the items that are to be reiembered
(Kuttenlocher & Burke, k976)--

N
.

The general strategy of: the two experiments with children was to .assess
indiv}dual and_develomental differences in. spted-0f word recognition “and
_then to exanine how .these differences related °to perfornance on a variety of
' ‘memory tasWs. A sample of 144 children was tested during ,the 1978-79 and
1979-80 school years., The children were grades 3-8 during the first year
and 4-9 during the second, 4 report of thé expériment in the first year is
‘in press in the Journal of Experimental ChEld Psychology and will be
blished in August of ¥his year; galley proofs of this publication are .
attach as Appendix A. Data from the second experiment have been analyzed
completely and are currently being written for submission to a @cientific -
Journal. Omly the or findings of these experdimemts are summarized*in this
report. P L /g

'S
) ¢ - - . - .

One unqxpected finding was that although rapidity of word racognition
increases sharphy and continuously from grade 3. to grade 9, memory
development is jndependent of this increase. In the first experiment, it was |
found that memory variables such as storage and retrieval in free recall and .. }
. pemory for the items in a series and their order all exhibited a pattern of
‘daevelopuéntal growtk,different from the groWth pattern for rapidity of
ifnitial visual recognition. For xanple, developmental gains occurred early
but not late within the grade levels that were studied for & measure of
stophge in free recall, but growth was contifuous over these grades for a..
measure of efficient worq recognition. In the second experiment, several
, “memory tasks were presented under'two conditions, one“that made it
difficult for the children to initial y recognize the words they were to

remeaber and another condition that pade word recognition easisr. ir younger

+
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children's poorer memOry were.paitly the result of inefficiency in word
recognition their memory performance should have been handicapped nore
sevérely in the difficult condition than would be the case for dlder
children. In fact, however, the handicap was equal and consistent across.
the broad range of ages in the experimental sample. Finally, corrslations
across the two experiments showed that there were stable individual
differences, among the children in such aspects of memory as rapid storage and
efficient retrieval. There‘was some evidence, however, that these

cogrelationﬁ did depend ir part on individual differences in efficiency of
word recognition. e el__,$$j>\\ﬁ_J T

»

Thus an important implication ofithe two experiments with children is

that developmental gains in rapidity of word recognition may have na 5
neccessary relation with memory improvement, but thdt individual '
differences in word recognition may go hand in hand with differences among i#

the same indivaduals in memory skills. It remains an open question whether

children who suffer difficulty in remembering what %hey read will benefit

from training programs, such as courses in speed reading, that are

designed primarily to accelerate word recognition. R
Similar conclusions were implied by the experiment on the relatlon .

between word recognition and memory iam’adults. This experiment was motivated

by resgarch previously reported by Kolers (1Q75) Masson and Sala §1979)

and Wilkinson, Guminski, Stanovich, and West (1“91) The sttategy gf these

various studies was to slow the speed with which adults readers could

recognize the words of a sentence or text, an order ito agssess whether this.

handicap would affect how well they_ remembered the ;Sn¢Eﬁce or fext. The

previous studies by Kolers and by Masson and Sala showed thai, surprlsingly.

one method of making reading difficult actually improved the rdader's memory.,

The study by Wilkinson et al. showed that a diffefent méthod of making ) .

reading difficult had no effect, either positive or negative, on & variety of

menory veriables. The study with adults that was performed under this grant

was a direct comparison of the two methods. Data from ,the 30 adult subjects

in this experiment have been completely analyzed, and they suggest that'

nenory for the méaning of a text is protected from being damaged by slow

word recognition if a certain condition obtains.,K A sufficient -

conditon for preventing memory loss is that immediatelylafter reading a

difficult sentence the reader must attend in some way.td\the meanifig of that

sentens\. Under this conditon, memory forsthe sentence mich later is - -

uninpa¥red.

Plans are now undefway to exanine this condition systematically in an
additional experiment.. In the interim, two,conlusions may be drawn )
tentatively. First, in adults as in children, visually reognizing words
nay be substantially independent of processes for-remembering either ithe
words‘themselves or the megnings they convey. Second, if the first conlusion
is qorrect, then it can also?be conluded that both word recogpition and the
interaction between word rfecognition and ‘memory can be ruled out as significant
caugses of limited understanding in reading. These conclusiona_arﬂ.ienfatiYQJ_ -
however, because their relation to individual differences in .cognitive
abilities and in reading skill remains to be worked out. N
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B. Qnmprehension and-Hemory R N

- In psychometric asgessment of schoolvaged children, comprehen31on is )
qften measured with tests that require completion of unfinished sentences. In
psycholinguie;io research usually done with adults, a cqmmon heasuve of . .
comprehension is a ‘sentence verification task in ghich a‘yes-no response is |
given to indicate whether a complete sentence is Erue or false. Are these two .
measures related? Are the cognitive processes identified by. pscholinguistic |
research on sentence verification the same ag those that are operative in |
psychometric assessment of sentence completion° Is the peychometriﬁ method .
correct in its tacit assumption.that there are stable differences among
children in the efficiency with which they perform- the underlying cognitive
processes? If stable differences eiiet, do they involve the'Tﬂmzraction ' »
between-cognitive processes of comprehending and remembering? . -~

.
l s L]

- Two of the experiments that were performed under the grant examlned
thege questions.. The childres in these experiments were 96 of the children
from the longltqdinal sample. They were tested twice, once in the spring of S *
1979 and then again in the fall of 1980. The .two stuiips have "been written
up, for publication and subnitted to a sclentific Journal; the submi.ted -
manuscript is reproduced in Appendix B.° ) P

One goal of the experimente was to ascertain whether certagn well .
gatablished findings concerning sentence verification could be replicated,in
sentende completion. The resul'ts showed that certain effects atudied ¢
extengively in sentence varification, the negation and comparator effects
(Carponter & Just 1975; Trabasso, 1972; Wason, 1959), replicated wéll in

. sentence completion. In this respect, the, experiments helped“fo build an

' sentence completion. Por example, one meajure. was the, magnitude of the '

empirical bridge between previous psycholinguieti& research and traditional
methode of assessing children 3 ability to comprehend’ - .

A second goal of the experiments was to investigate the cognftive o
foundations of individual differences im ability on_tests of sentence
completion. In recent years, there have.been numerous studies of individual ¢ -
differences in £Undamental cognitive processe3°féee Hunt, 1978, and . . T
Sternberg, 1951° for reviews). To.investigate whe ther there weresdifferences
in fundamental cognitive processes among the children in the longitudinal
project, various measures of cognitive processing were derived from wests/af _
negation effect for an individual child. Another.example is, that the .
children’s efficiency in sentence completion was measured under conditlons
that imposed either an extra memory load or no extra load. These conditions
,ngde it possible to measure for each child the degree to which ¢comprehension .,
suffered when memory was heavily taxed. By correlating measures bath within
and across experiments, it was possible to assess whether individual
differences were robust over time apd across variations in experimental .
procedure. The correlations showed that stable differences among individual
children did éxist and that the differences probably derived from two ..
underlying cognitive processes: the act of traneforming the mental
representation of an idea by negating it, and the procegs of managing demands .
on memory while concurrently trying to comprehend. This latter pfocess of )
managing memqry while.comprehending is particularly interesting because it .
implies that individual differences may derive from interactive limitation .
concerning Ihe coordination of memory and cotprehension. - - .
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LY, , JOULNAL OF EXTERIMENTAL CHILD PSYCHOLOGY B, 88-88 (1981) FES
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Cee > Growth Functions for Rapid Remembering xx - e

- . <

. ' ALEX CHERRY WILKINSON .

University of Wisconsin-Madison . . '-
) ’ - , ' . :
. r - 7 » Cluldren between ;scs 9 and 13 were tested for fecognlzaing and remembenng
words from 6- 2nd 12-woed lists. Opportunities for using deliberate maemonics .
, .. B were severely restricted, Developmental functions showed different growth pal- <
temns f6¢ remembenngdhe items in a short hst than for cemembenng order, and
different patterns for stonng Hems from a long hst than for retrieving them. .
However, none of thes¢ funclions was paralic] to the growth {unction of rapid .
o word recognition. This absgnce of parallel growth contradicted a hypothesis Lhat .
. memory deyelops when stem recognition develops The data suggested, instead, *
that modest bul rehable gains in rapid processes of storage and retneval con- .-
tibute 1o meniory development 5ut'ing middte chitdhood. ’ »

. » . -:'!\. - . - ~

. * . - - . -
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. e S ‘ Abstract ‘ v,
! In two experime .on ctoprehensicn, a new paradé.gm was used in 'which a _
¢hild first received enm input specifying a serial order, atd then gavg a .
fbroed-choice response/toc complete a sentence testing comprehension of.a -
‘yebal description hé order. The hew paradigm provided, an empirical ¢ o~ "

bridge hotween a standard psychometric method of assessing comprehensiconeand

the method of sentence verification often uséd in psycholinguistic research.

Twe major effects known to oceur in sentence verification, the negation and

comparator effects, were replicated with the new paradigm of sentence .
completion, although differences between the paradigms were also suggested.

How children selected a response for an incdm e sentence appaared to'

+ depend on how the input wrder was represented 1in mehory. Individual '
differences in ability were examined by testimg the same sanple ¢f children
{10-14 Jears old) in bbth experiments. Correlatiocns across and within = -
experiments\suggested that differences in ability were stable and derived
from variance in two cegnitiveé skills: executing a process of negation and .

' managing memory lcads. . . - . -
\ .
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. ) Memory and Individual Differencés in Children's . ‘ ’
>, N . Comprehension of Incomplete Seritences
- 4

In psychometric assessment of school-aged children, comprehension is .
often meagsured with tests that requirg completion of unfinished sentences. I
r\psycholinguistic researcH usually done with'adults, a conmon measuré of e
.comprehension is a sentence verification task ih which a yesenc response is
given to. indicate whether a complete sentence is true or false. Are these two
. measures related? Are the cognitive processes identifisd by pschelinguistic
research on sentence verification the same as those .that are operative in
. psychometric .assessment of sentence completion? Is the psychomettic method
corfect in its 2acit assumpiion that thert are stable differences among
. children in the efficiency with which they perforn the underlying cognitive
,processes?. The present' research examined these questions.

Cne purpose of our regsearch was to ascertain whether certain well N
established findings concerning sentence verification could be replicated in
sentence completion. Perhaps the cldest and most robust finding concerning ¢
sentence. verification is the negatign effect (Carpenter & Just, 1975;

Trabassc, 1972; Wason, 1959). When' the sentence to be verified’is negative,
t takes longer to be verified and is more likely to ‘be verified erronscusly
. tHan when the sentence is affirmative, This effect of negaticn holds whether

" .the suntence to be verified is true or false. Theoretical accounts generaily.

attribute the negation effect to a stage of the, verification process that

. nust occur for a negated sentence but is omitted for an affirmative one. ¥We
A investigated whether a similar negation effect occurs in sentence ,
completion. - S
« N Another effect ofien reported ‘in studies of sentence verificatitn
- s cofjcerns cpmparators. good example is the pair of comparators abbve and
P below {Clark & Chase,, 1972). Suppose one sees a picture of a * befeath

which 3s a +. Two logically equivalent statements concerning thig picture
are The star is above the plus &nd The plus is below the star. The
sentencp with before i& verified less rapidly and with more errgrs than is
.. the sentence with gbove. The reason for this difference between
conparators may be that above is held in memory in' a semantically
\ prinitive, unmarked form, whereas belc¥ is stored as a marked derivative of
- above (Clark & Chase, 1972; Carpenter & Just, 1975). The more primitive
meaning is .presumed tc be accessible nore rapidly and with less likelihood of _
error. For our purposes, the important point of this exanmple is that
semantically related cemparators may have different .representations in memory o
and may differ, therefore, in their effect on comprehension. We investigated
this possibility with two pairs of comparators: “before-afier dnd N
faster~-aslower,
‘When negation and comparaxor effects are considered together,.it is
. rtant % ask whether they interact. What kind of interaction may exist
- how it should be interpreted are unsettled and hotly debated questions
(Carpenter & Just, 1975; Catlin & Jones, 1976; Shoben, 1978). The debate on
. this issue has neglected, we ghink, an’important fact: An interaction
. . between negation and comparajfor speci ies an effect of position. Consider
for example,/the following Seatences, hich are like the sentences we used’in

one of our.experiments; - X
) . Joh was faster than Susan, afd ahe was_ faster than Tom. (1)
-« "Susan was faster than #*#% ‘(2) .
‘ Susan was not slover than, ##% (3)

Sentences 2 and 3 ajp logically equivalbni and they éan both be completed

Ay

. -

]
4
-




[

_e

. . . L] .-3
’ correctly with information from Sqntence 1. In both eases, the correct *

response is the fhird name menticned in Sentence 1; thus position three is
torrect. Sighificantly, if there were a crosscver interaction between * '
negation and comparator, then Sentences 2 and 3 would be statistically
,Lquivalent. The statistical interaction could mean that’ psychologicsglly
there is an effect of positicy, faster being like not slower because they
\both specify position three.and, similarly, slGWer beipg like not faster
because they both specify positicn one. y
.. The possibility of a position effect in remembering an¢ comprehending ° ) |
sentences like 1 is of interest because pesiticn effects are known fo oceur .
in cognitive processing of information that, unlike a Sentence, had ac

syntactic atructure. Most notably, position gffectd atre known to beecur in "”

. recalling itens frem a serially presented list and in comparing terns from an

overlearned ordinal set (Potts, JBanks, Kosslyn, Moyer, Riley, & Snith, 1978;
Trabasso, 1977). Identifying position effects in sentence cpmpleticn and
specifying the conditicns under which théy wccur could help to pinpoint
fuqdamental properties of memorial representation that affect cognitive
processing-edthgp syntactically structured sentences and ordinally
structured seriea. Consequently, cur experiments examined whether position
effects cccur when® the information needed tc complete a sentence nust be
found in the memorial representaticn of a sentence or an ordered series.
Pinally,.'our research was designed tc investigate. the cqgnitive
foundations 6T individual differenceg in ability on tests of sentence ¥
completion. In recent years, there have been numercus studies of individual
differences in fundamental cognitive processe (see Hunt, 1978, and
Sternberg, 1979, for reviews). Scme studies fave shown that there are
individual dffferences in the strategies that individuals prefer (e. 8oy p
MacLeocd, Hunt, & Mathews, 1978) whereas cothers have suggested that -
individuals may use the same strategy with diffbring levels of efficiency
(e.g.7 Keating & Bobbit, 1978). We aseuqed that there were differencés in
ability among the children we studied, and®we assesshdd them in two experiments
with varicus measures‘cf sentence completion. Por example, cne measure was
the magnitude of the negation effect for, an {ndividual child. By
correlating neasures both within dnd across experiments, we scught to
establish whether inhdividual. differences were robust over tige and across
variadions in experimental procedure. . 1 >
Before turning to the det 1s of our ezperimente, we wish ‘tc nsgke
‘explicit the scope of our goald, First, regarding individual diffsrenices,
our primary goals were tc estahlish the fobustness of differentes in ability
and to find pgssible causes of the differences, rather than to identify ‘the .
causes definitively., Thus, for example, the.correlaticns we report nay ?
derive either from differences in the effectiveness of children's varicus
strategies or from differences in how officiently they executed a conmor!
gtrategy. Second, regarding ‘sentence completion, our principal concern #as
to establish whether fmajor empirical effects from the paradigm of sentence
verification, especially the negaticn and comparator effects, were replicable
in the new paradigﬁ‘of‘sentence completion. Explicating & theoretical i
in%egration of the two paradigms 1is an inportant but Separate task not .
undertakén in this articlé. , .
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"« Melhod »t
o, In.each of two experimenta“we presented children with an input order
that specified @ three-term series and then tested the children's
comprehension by having them complete a sentence concerning the ilnput order.
In both efperimefts, we manipulated the conditions of input.in ways that were
, intended to reveal the®role of memorial processes in’ sentence cumpletion.
- Manjpulation of input cundition in the first wexperifient involved presenting :
inputs that formed a meaningful spoken or printed sentence, a meaningless
printed word list or a familiar sequence of: printed letters. We eXpected
that differences in the content ‘of these inputs might result in different
ways of representing the criticsl ordinal information in memoryy with
differential consequences for sentence ccmpletion. In the.secand experiment,
input conditian was manipulated with a dual-task .technique. During input, )
l!the children were given, first, a sentence t¢ be remeabered and, second, an
input order in a\mesningful prildted sentence. - They were theh tested in one
of tvo ways. They either recalled the first input sentence or completed a
sentence involving ordinal information from the second input sentence. Not
knowing whether they would be tegted for recall or order on any given trial,
the children had t¢ be prepared for both kinds of test. Their performance in
this dual-task condition was compared with their performance in a control
condition in which thete was n¢ extra sentence to be remembered. We reasomed
that imposition of an added memory leoad in the dual-task condition might
- geveal.how memcrial processes are managed during sentence completion.
Sitjects > ), .
In Experiment 1, the subjects were 96 children, aged 9-13 years. The
subjects in Ezperiment 2 were 90 of -these same children and 6 replacements.

. In bot¥ efperinents, the samg}e of+children ineluded 12 boys and 12 girls at
each of four consecuyive school grades. The grades wore 4-7 in the spring
when Experiment 1 was conducted, and 5-8 in the following fall when
Experiment 2 was conducted. . -
Experiment 1 . .

Materials. The test item for an individudl trial wasa white card
printed on both sides. One side contained an input order, and the other, a
- ‘test sentence. Both sides were printed in large plain letters witha

L 9

-

"+ g-pitch typewriter. . —

.» The input order was in upper.case ahd wes one of three types: (a) three
consecutive letters from the _alphabet that formed an overlearned triple
(ABC, EPG, r X¥z); (b) a meaningful three-word sentence structured
grammatically as svo (subdect-verb—object e.g., KIDS PLAY GAMES); or (c) a
meaningless, string of three nouns or three verbs (e.g., CARS QUEENS KIDS).
Twelve three-word sentences were prepared; then the three-word strings were
nade by randonly selecting eithsr ncuns or verbs from the santences,‘SubJect
to the constraint that no two words from the same sentance Were selected fér
the same string. Two additional sentences and strings were nade for
practice. ;

s The test sentence was either'a choice sentence or a contrdl sentence.
Symbolically, a choice sentence, as printed had one of the two general fords:

. s 17 3 .
~ ..2V  gr. 2V
o1 1.
Sinmilarly, a control sentence had either of the following forms:
2V1 or 2V3. .

In these synbolic forms, a nunber stands for the element with.the
corresponding ordinal position in the input order, and V stands for a ver’b -
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. phrase. The verb phrase was cne of the four thet can be generated by
conbining was or ¥as not with before.or after. A child saw test . -
sentences with actual Q{dS, not the symbolic forms. An example is .

O XIps. - - y
- PLAY was before ) Ta . 4
causs.. €.
Capitalizatiocn of the test sentencbs was as in the example. 1In the case of’ .
choice sentences, the word that ccmpleted/the seﬁtence correctly- was equally . ;
often on the top or the bottom. In the case of control sentences, the
sentence was always correct as, printed.

An audic tape was nade for the sentende inputs and their associ;ted
! L

test sentences. On the tape, a male or fenale . speaker said the inpu
. Sentence, then said all but the last word ¢f the test sentence.

Prgcedure. A child had 2 practice trials and 12 test trials 1n’each
of four conditicns: (a) read sentences: The child rédad input and test
sentences. {b) lock-listen tc sentences: The input and test sentences .
were presented by audio tape through headphones with tHe corresponding )
printed sentqnces concurrently available tc be seen on cards. The child

said only the word that completed the test sentence.’ {c¢) read words: The - _

child read word-string inputs and test sentences. (4) read letters: The -

¢hild read input letter-triples and test sentences. The 12 test trials in a .
given condition formed'a 4 x 5 design. The four possible verb phrases in H -

the test sentence were croased with three kinds of sentence cempletion: tgp
choice correct, bottem choice correct, and control with one choi :
A single set of the 4 letterqtniples, 12 input sentences, and 12 word- 3
strings was peérmuted to generate six ccunterbalanced arrangements.. These
arrangenents balanced type of test sentence asscciated with a given input,
* presentation order of the input types, and identity of the experimenter. Two
arrangetients were assigned to each of three exper;penters, each of whom
tested cne third of the subjects at each age. . .
.~ Subjects were tested individuafly in a single session lasting 20-30
dinutes. The data for gach trial were times recorded by the experimenter
with a stopwatch and, in the kase of choice sentences, ‘the cprrecthess of the
subject's choice. Timés recorded by the’experimenter were the choice time
from the beginning of a choice sentence until the child said the word tha¥/
completvd it, and the_analogous control time on a control sentence. Choice
‘ times were averaged over the two trials {top-correct and bottom-correct)’ for
‘each combination of input gondition and verb phrase of the tpst sentence.
Then the single corresponging Ee¥trol-time was_ subtracted from this average
. to yield an eatimate of decision time. ' , v
* Experiment-2 .
The second experiment was presented on a CRT monitor under the control
of a microcomputer. Réaction times were measured by a clock in the computer
withyan accuracy of * 8 msec. , .
ﬁaterialg. Some trials had a menory’ sentence. All trials had both -
an order sentence and a response segment. -~ oo >
« A memory sentencejbegan with a tempdral clause in the past tense, 1 .
consisti of one of the pLgsible combinations of & number from the set {two, k
« four, si:§ and a temporal unit frem the .set (hours, days, weeks, months). - .

v aarh

The temporal clause was followed by & commcfi surname prefized by Mr. or Mrs.
. A stopwatch clause followed. It wags the invariant phrase "timed the
children with a stopwatch to find out who could.” fThe last portion ¢f the
. aentence, the activity phrase, named a familiar activity and ended with the
words "the fastest.” An example is: "Six days ago, Mrs. Young timed the - - -
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children with a stopwatch to find out who could %tie théir shoes the
fastest. PO

2., Order sentences hed an invariant grsmmatical structure but differed
in proper names and pronouns. 'Names were arrange§ in sets &f.three, either
two boys and one girl, or two girls apd one boy, ‘where the odd sexed name .
,referred to as the pivot, cccurred in the middle of the sentence, between the
two referents. An example is: "Tom was faster than Judy, and she was faster.
than Jim." ! . . o

3. A response segment was one of two types. (a) bn haif of the trials

" that included a memory sentence, the word "stopwatch™ was presented after the
order sentence ag a recall cue. (b) On all other trials, the order sentence

_was followed"by & test sentence in cne of the four.forms: (pivot) was
(faster, sXcwer, not faster, not slower) than ** . Following this phrase
the subject was shown both refersents or only the referent that correctly
conpleted the test sentence. Hhen.both referents.vere shown, they were on
the same line and-the correct referent was equally likely to be on the left
or *the right.
. ‘Procedure..’ Each subject redeived 12 trials in each of three
conditicns. (a) order only: Subjects were shown an order sentence, a test
sentence, and one or two referents. On choice trials with two referents, the
subject responded by ‘pressing one of two- buttons, which were held '
continucusly in the left asg right hands. On contrcl trials with one
referent, subjegts were Jdndtructed to press either buttoen as fuickly as
possible. (b) dual-order: Subjects were shown a memoty Sentence, an order
sentence, a teat seritence, and one or two referents. The procedure for

. responding was the same as in the order-cnly conditicn. (c) dual-memory:
Subjects were shown a memory sentence, an order sentence,”’and the stopwatgh”
cue. On seeing the cue, subjects were to try to recall the memcry sentence
verbatim. ’

In each condition -the subjects were requirkd to read every. gentence
aloud at a normal and tomforiable .rate. During a trial, ad soch as the
subject finished reading a sentence, the. experimenter preaseg a key on the
computer keyboard to remove the sentence from, the sereen and replace it with
the' next sentence. 7

.. The three conditions were presented in two blocks; the order oEiyhese
blocks was ccunterbalanced across subjects. One block contained theYorder-
only trials. The other block contained dual-memory and dual-order;érials,
randomly intermixed; the rapdcmization was done independently,for edch
subject. In this block, subjects did not knoy whether they would be tested
for mexory or order until the response segmeh f the trial began.

Subjects wefe tested individually in a single ‘session lasting 20-30
ninutes by one of two experimenters. The data for eagch order-cnly,-and dual-
order trial were reaction times measured by ‘the. conputer, a and in %he case of,
choice tria}s, the correctness of’ the subject's choicg, As in the first
experident, two.+times were of Anterest: .the choice tine from the onset of two
referents tc the subject'ls responSe, and ‘the control time from the'pnset of a
single correct referent tc the pressing of either nesponse button. Decisicn
time was computed by averaging, choice timaes for the left-correct and right-
correct trials for one of the four kinds of teat sentences, and then
subtracting the control time for that same kind of test gentencé. For each
memory trial the subjects were giVen a memory score comprised of one point
for each of the.following items correctly recalled:” the number in the e
temporal clause, the temporal unit in the temporal clause, the name, ahd the
activity part of the activity phr&se.
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. accuracz, as reccimended by Hosteller and Tukey (1977). The formula for -

~out of N, p= (x+ .167

J - b .
: 4 ( . : T )
\ . . ,

Statistical Analysis / ‘ ’ . :

With each child having two thoice trials and one control trial fora -
given type of test sentehce, the data were too sparse to pravide. reliable ' L
estifates of time and accuragy for every,individual on every type of test -
sentence. Thus it was advisable to average. For analyses concerned with f
memcry pyocesses and develonmental differences, averages were computed for, a .
sentence ‘type across subgroups of children. For analyses concerned with *
individusal differences, averages were computed for a child across susets of .
sentences’, - - . e

In conputing these averages, twe corrective steps were taken. Pirst,
a@ean decisicn™jimeg, were computed as trimmed.means, excluding a fixed rdumber
of both high &nd low vdlues. According £ Hosteller and, Tukey (1977),
trinmed means are mcre efficient than ordinary medns for distributions which
have markedly long tails, as did thgse of the decisicn times in the present
experinents. ,Second, to prevent restriction of variance for proportions that
sonetines approached 1.0, proportion correct was iransformed to lbgistic

this transformation isy = In'( p/ 1 - p) ), where\fbr X correct’ .
%/ (N + .333)
In analyses concerning memory processes and developmental differences,
logistic accuracy with N = 12 and mean decision time with N trimmed to 8
were computed across the 12 children in a cell of the experimental design. .

¢ These means were then used as the data for analyses of covariance. Two . . i

sinple analyses of covariance were doné, dne on accuracy with time as the
covariate and the cther on time with accuracy as the covariate. Factors in
these analyses were age, sSéx, test sentence, input conditicn, anq all two- .
way interacticns among these factors. Higher interacticne were pocled as °, .
error. These analyses made the simplifying assumption of a single common )
slope for the covariate. Of greater interest was ancther analysis, called
the full covariance analysis, in which the éf3pe of the covariate was allowed -
to vary according to age, sex,. test senience, input condition, and the two-
way interacticns. In this analysig, accuracy wa$s tg. dependent variable,nnd
tine the covariate because the principalconcern wad to examine accuracy &s .
a fungtion of the time taken to decide %on a response. Effects that were ,
empirically null in the full covariance analysis were successively deleted
from the full covariance analysis until only significant effects remained.
In all analyses, age was coded as the contrast bétween children in the #wo
older groups combined {averaging 13 yeara) and‘thcse in the two younger groups . ,
(averaging 11 years). Comparable gnalyses using the linear trend in school
grade ylelded comparable rasulis but will not be reported.

» To analyze individual differences, logistic accuracy and t{rimmed mean
decision time were conpg}ed for groups of test sentences. that had been found .
in the covariance analysea toc be appropriately greuped together. Values were
computed for each child individually in each experiment., AIl the child's .
data were used in computing logistic accuracy fo; a particglar group of
sentences. The slowest and fastest times ‘for that child on a grodp of
sentences were trimmed from that child 3 mean decisién time. ©nly the data
of children who were gybjects in both experiments ware uspd in tE: analyses
of individual differences. .
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’ . . Results R ’
E;pefiment 1: Analyses Corcerning Mdmory and Development -
A simple covariance anhlysid shoyed that decision time, adjusted for
logistic accuracy, was faster for 1¢king and listening to sentence input
(.91} sec) then“for reading séntenceinput (.28 sec), F(1, 102) » 7.75, p
++ wwr$ -Ol. This finding jlobably indicates $hat in looking-listening, the’ child
L Fopla‘beg{n.§91ded3de on a rebponse to the test sentence as the togt was
presented, and so could respond quickly. In reading, however, the requiremenf’
+ 3o say the test sentence aloud may have inhibited the decision process until.
oral reiding had ended. . -
.A second effect in the same analysis was that adjusted\mafimumtdecision
. time was faster for printed and spoken sentences (1.10 sec) than for word- »
“¢ lists and letter-triples (1.25 sec), P(1, 102) = 6.10, p < .05. This
finding suggests that during decision making, acess tc the memorial , '
representation of a sentgnce was faster than to that of a series.
. In one of the simple covariance analyses, the slope for logistic accuracy
was virtually zero, and so was the slope for decision time 'in the other
sinple analysis, both Efs <1. wever, ‘the full covariance analysis showed
that the slope for decision time fin the tige-accuracy function varied
according to an interaction between age and test sentence, EKB, 112) =
3.41, p < .05, Inspection of the slopes revealed that in all but one case
the slope was virtually zero. The single exception was when older 'cjrildren
respgnded to tast sentences containing before. Consequently, a& mcdel was
fitfto the data in which this slope alone was free to differ from zero. The
estimate of thi? slepe was .98 .units of logistic accuracy per sec, which is
approxinateiy a'gain of .20 per sec in proportion correct.
. Given ope nonzerc slope, it ¥as nécessary to select a benchmark time at
* which mean.accyracies,could be compared. The time chosen for this purprds~_. .
#as 1 sec, which was approximately the median time and was within the range :
. of observed times 4t each of the fowr ages investigated in the study.
Estimated accuracy at 1 sec, as conputed from the model with one nonzero
slope, will be called benchmark accuracy.

Converting from logistic values back to proportion correct, the benchmark
accuracy of older children (.78) was greater than that of younger cHildren -
(.66),"F(1, 119) = 13.53, p < .004. In addition, there was a comparator ,
effect, after producing greater benchmark accuracy (.76) than before
(.63), F(1, 119) = 9.65, p < .0l. These mean differences concerning age
and prepqgition Aust be interpreted with an eye to the previcusly mentioned
effects concerning slopes. Within the range of observed decision times, the .
averaged time-,accuracy functions for younger children were two parallel
lines, both with zero slope, the after line being .13, higher than the
. before line. The zero slopes hay meap that the,younger chlldren responded
. at times when:their accuracy had reached an asymptotic plateay. In contrast,

the fitted fynctions for older children were, first, a line with zero slope
but high benchmark accuyacy for after and, second, a line with positive
_slope but with benchmark accuracy lower by. .13 for before. Extrapolation
implied that the two lines for the older children yguld converge at 1.6 sec,
but this projection is tenuous because it is at the bbundary of the observed
decision times. These results imply an interesting kind of development.

‘Younger children were handicapped by before, as were the older children,

‘but the older ones were able to compensate for this handigap, at least in
, part,, 1f they delayed their response. . ) ’

' In addition to this developmental interaction, effects Wwere found
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cohcerning mamory p’%cesses;that witﬁig the age range and statistical power
of the experiment, eﬁgvelopméntqlly constant. Two such effects were :

‘interactions bbtyeen npuf condition and an aspect of the test sentence.

Pirst, the praposf?ion effect-was in one direction for familiar letter- ~, —
triples énd in thé‘opposiﬁb direction for unfamiliar word-lists, F(1, 119)

T, «0, p < 01, Means for this interaction are in Table 1.. Second,
,ﬁ,letters and words shoyed opposite position effects, F(1, 119) = 13.67, p
"¢ .001. The relevant «eans are in Pable 2. Note that the tabled means Show

*

, o ﬁosition effect {or sentences and a preposition effect for sentences

resemhking that for 'letters, < ~
. .

Irisert Tables twadf 2 herel : ) .

--------- i -

3

’ s .
One explanation of these results is that thére were directicnal biasLs
deriving from the¢ manner in which various inputs were Tepresented and
accessed in jemory. With familiar letter-triples, a bias favoring both
after and the first position could have resulted from a serial ) .
representation. Perhaps the letter inputs were available in long-term mLmory

as serially ordered sebs most readily accessed at their initia elemgnt.‘ In
constrast, the unfamiliar word lists may have been held in a te ry

representation for which, as in free recall, recent elemen li ely to
be accessed first for outpqt. Thus,a ,bias favoring both be and the .
third position may have resulted from factors similar to those responsible
for the well known recency effect. More problematic is the finding that,
sentences, unlike the other inputs, showed no position effett. A plausible
arguzment can be made that sentences produced different results because their
nemorial representation was different from that of both letter-triples and
word-lists., Rather than Deing stored as an ordered series, a sentence may
have been represented as a hierarchically organized proposition. Perhaps
access to the propositiocn was gained through the verb, which in & simple SVO
construction could well have been equidistant in memory from thé two response
choices. Kintsch's {(1974). theory:of propositional representatigns in memory
seems compatible with this account, becawse the verdb , according to Kintsch,
is the leading constituent in the memorial representation of an SVQ

construction. Admittedly, the present data do not estqplish conclusively how

the .various inputs wewre memorially represented. Without ‘some i@ssumption of
differing representation, however, it would be difficult to e;}iain the
observed directional biases. .

Finally, a strong effect on benchmark accuracy was observed for negation,

. P(1,119) = 7.53, p < .01, Children were more accurate far affirmative test

‘sentences {.75) than for negatives {.64). No interaction compromised this
effect, ‘
Experiment 2: Analyses Concerning Memory and DeVelqpmenf

In a dual-task paradigm like that of the second experiment, the” Secondary
task should have certain properties. To assure that it requires attention,
the secondary task should be difficult but not overly so, avoiding both floor
and ceiling effects. In addition, it should be equally difficult for
different groups of children; otherwise, group differences on the primary
task might be unwanted side effects of differences in ability to manage the
secondary tdsk. The recall task had the desired properties.' Overall, the
nean proportion of items correctly recalled was .52, ‘ An analysis of variance
showed no hint of age or sc: differences, all Fs < 1. There were, hoyever,

individual differences amehg chkildren in exces% of the variation in n asq;ed

a4
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abilities that would be expected if all children had the same true ahllity.

Under an assumption of binomial sampling and equal true ability, the exphcted
standard deviation of measured abllities on the seccndary recAll task would

ke .072; empirically it was J144. The large ¢ariation among individuals .
raises the possibility thdt different children had different strategies for
managing the secondary recall task, some strategles belng more effe¢tive than
others. Nevertheless, the task was appropriatehy dzfficult on the average,_
and differences in strategy, if pregent, left group averages virtually equal
gcross age and sex.

A full covariance analysis showed that imposition of the secondary recall
task penaliebd performance on the primary sesk of senjence completion. The
_ mean propoTtion correct on the prihary task was .62 with the sec¢ondary task

and: .68 without it, F(¥,.116) = 8.64, p < .01. This result implies that
the primary, task of sentence completion made demands on memory that
conflicted with those of. the Secondary recall task. Importantly, there was no
Ynddication.that the penalty of the secondary task interacted with.any other "
factor, not even marginally. Thus, for example, any developmental differences
on the primary tgsk were, in the present data, a consequence of factors other
than developmental improvement in ability to manage competing demands on
memory.

The means reported in the preceding paragraph, and others to be reported
below, were computed by untransforming -logistic values from the full -
covariance analysla. The untransformed values estimate accuracy at a |
benchnark decision time of 250 msec. This benchmark value was, likeé that . of
the first study, approximately thé median time and was within the range of
observed times at all ages. The 250'mseét benchmark of Experiment 2 is
markedly shofrter .than the. 1 sec benchmarksf Experiment 1, however. This
difference ma?“derlve in part-ffom the us¥ of a stopwatch in the first
experiment and.%{donputer in the second. In additidn, under the progedure of
the first study, times on control tridls could have been unreascnably short 8
because the subject new while reading the initlel part of "the test sentence
on a control trial_that there was only one cholce for response. Consbguently,
the control time may ‘have been speeded and, when subtracted from the choice
time, 1t could have produced a rous estimqte of decision time. In '
contrast, when a child read tie inidlal part of a test gsentence in the second
study, there was no way to know whether two Choices would appear for regponse
. or only one. There was frobabl} no Speed-up of the control time, therefore,

., and the estimate of decision time was correspondingly morqﬁgonservative.

Benchmark times a;?'reported for Experiment 2 because \as in the earlier .
e¥perident, the sloped varied. Unexpectedly, they variéd by sex. The slope .
of the time-accuracy function was -.33 per sec in loglstic_ units foragirls .
and +.99 per sec far boys,‘F(1, 116) = 6.45, p < .02. —Translating to
proportion correct, these slopes mean that over the interval from O to, 560
msec decision time, girle' accdracy would decline slightly and
nonsignificgptly from +67 to .63, whereas boys' accuracy would rise reliably
from ,59 to .71. The constancy of the girls' accuracy is sensible if, in
fact, the girls rarely responded with.declsion times near zero, preferring &o
walt until they had reached a point at which b further galn in acquracy ., . .
could be achieved. The boys, however, may have preferred a atrategy
. enphasizing speed, resulting in some quick but 'inaccurate responses and in
| better accuracy when Tesponese were delayed. Data frow a simple covariance
| analysis.of decision times, adjusted for logietic accuracy, supported this .
| interpretation of the &bx difference. Boys' times averaged 49 maec faster ’
- than girls', gj1, 108).v 61, p= .01, a epeed-up of aboqt 20% relative o

LTY

|-’

¥

; ) : Lo

5 (4 . ’ e

- ERIC-™~ . . ..+ Rbe ,
e g .




P , ) ‘ . l ‘ . hd '\
O ' .;‘\ ) . - . ] N
caam . . ' et T o -
v T, e . AR
e’ . , b L .' P - -
o~ " . * - 'f' * ‘ 11 Hhd ‘-
‘(\J > ’ }'\‘\‘ + v, R - ‘ . i ] .
{ZATE\‘thgvbenchmcrk decision ¥Me of 250 msec. T - 1
. D elopnentally, three effectsqdnvolving age were fouynd in the, full ,

.covarianceyanaly$is. Fﬂtst the benchmark accuracy.of bl er children {.68)

. .awas greate% than that ‘of yousger children (.63)5 F {1 = 5.52, p <

. 05. ﬁiis difference was present, however, only- when he correct choice

. corresponded to the first position in the order sentence. As shown in Table

: 3, age interacted with Popition, (1, 116) = 7.73, p.< .01, A sptisfying
erplanatidn of this interattion is elusive. Theré was also a significant
interactidn between age and adjective, as shown in, Table 4, E(1; 116) =

S P 95,_2 < .05. Although 3tatistically significant, this interaction seems
artificial because a floor effect attenuated the age difference for the ,
adfective glowe . " .« 4
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. Insert\mables 3 and 4 here.
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Notably, neither of the interactions it Tablés 3 and 4 is a crossover
interaction; nor does either have a compelling theoretical interpretation.’

It is,Teasonable, therefore, \to gxamine fhe cogresponding main effects. The

nedest ef?ect of position, shown in the margin of Table 3, was significdnt, &

rQ1, 118) = 1e? ¢ <05, In direction, this effect is like the

Pesition effect £3¢ word-listg in Experiment. (see Table ®). "It may be that

. a-bias favoring posi ion 3 cccurs whenever the inputﬂorder is arbitrary,

for g:th the word-lists in Experiment 1 and the sequdhces of names in the .

ordeS*sentences in Experiment 2 were haphazard In magnitude, however, the

positipn effect ‘o small in the present ‘experinent that it bargly ° -

differed from the null effect for sentence inputs in “the earlier gxpoeriment.
o Thus one,might argue that whenever the input order is embedded in a sentence,
the position effect wtll be negligible. ng interpretations may be giyen,
therefore, cdncerning the relation betwoeh dentence content and positional
, blas. Only additional-data can establish which of the two i$ better,

In ‘contrast to the ambiguous regults concerning position effects, the
main effect of adjective, shown in the margin of Table 3, is cornvincingly -,
large, (1, \316) = 42,51, . p< .001. In magnitude, %his “cotipatator effect
is conpafable to the prepositio .effects in Experiment 1 (see Table 1). Two
factors may have contributef the adjective effect. First, the dJective
.in the oiddb sentence was fastér; when this adjective also appea in the ®
teat sentence, it may cued retrieval of the order sentence. Fecond,
when faster was in the teat‘sentence, the correct response was the referent
that had .followed’ this edjective in the order sentence; .thus the ‘ordinal -

sgctures of the two senfe ces were compatible. But i# ordinal compatibility

¥s helpful? There was ordina cémpatibility for test sentences with
+ bapfore in the prévious experiment, and, :l.ncl‘e’ed‘l performance was generally
better on these sentences. The o site was true, however, when the input

'vﬁith

-

'y was an overlearned letter-triple Pe:haps/ﬂhat nattered was not compati
. between témporal order of input-and sequence of*mention in the test .

sentence. Instead, the crifical Tactor may have been a tacit assumption that . <
. as elements of the input order were retrieved from memory, the one mosi . )
readily retrieved was likely to be the correct one, This account squares
with the §indings from both experiments. ‘ .
FinaYly, benclmark accuracy was greater for affirmative test sentenceg .
, (.68) than for negatives (.63), B(1, 116) =5.43, p'< .05. « This effect . '
vas somewhat smaller than in Equriment 1, although not unreascrably so. The
effect beld have been attenuated by the generally lower level of perfprfiance
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in the second e:periment in whichcmean benchmark accuracy was .65 as .
- . compared to .70 in the first ezperiment.
Both Experimenta: Analyses Concernihg Individual Differences
To investigate the stability of individual differences among children,
.averages were conputed. across test sentences for each child: For ezample,}
from the data of Experiment 1 four values were, computed: (a) %he logistic
transform of mean accuracy over all tast sentences, (b) mean decision, time

. E

negation effect for gecuracy, computed as the difference between logistic

'{; trimmed to exclude the chigg’s fastest and slowest responses, {c) the child's cj

accuracy on affirmative and negative test sentences, and {d) the child’s
_negation effect for decision time, computed as the difference between trimmed .
mean times o affirmative and negative tests., (Estimates of a child's
individual positipn and preposition effects ﬂére not computed .for this
. expariment, however, because these effects interacted with input condition, .
as reported in Tables 1 and 2). ¥ariables (a) and {b) were used together as
a composite indicator of the child’s overall perfopmance.in the experiment,
and variables {c) and (d) were used together as a composite indicator of the
negation effect for thAt child. Similarly, accuracy and time variables
comp&!ed from the, daté of Experiment 2 provided composite indioators of a
child's overall performance negation effect, adjective effect, position
aeffect, and dual-task penalty. A final variab}g was the, child s total score
on the secondary recall tdask in Experiment 2. .
Canonical correlations were computed among these composite indicatiors. A,
canonical correlation measures the asscciation between two sets of variables;
. Yin the special case wherd one “set contains one variable (i.e., the recall
score) and she segond set contains mcre than one, a canonical .correlation is .
identical to a multiple correlation. Actually, the canonical correlations °
were computed twice, first on the .original variables as defined abgve and
then on residual variablas couputed by removing lihear and quadrafic trends
in achool grade from every original variable. The otiginal and resifiugl
canonical correlations were nearly identical. Differences in absolute
. , magnitude between the two correlations ranged from zerc to .054 dnd ayeraged
.016. Thus the correlations remained the same when developmehtal variance

was removed. . . . . .
i * ../ _________________ t LI | . | ‘Q:“
. Insert Table 5 here. "
. - ’ ’
. Table 5 shows the canonical correlations for the original variables. It

E " * “*

should be noted that these variables are bas¥d on, at best, a modest nunber

of trials per child and that most of the variables are difference scores, .

which are notorious for having low reliability. Thus the correlations nay be

- attenuated. Despite this poasibility, aseveral correlations were .
' sigmificant. Thg correlation between overall perforiance in the two

experiments indicates that, the cognitive adilities underlying sentence

. completion are moderately sfable over time (approximately nire montha) and

over nontrivial modificatigns of ezperimental design.

Hotably, the negation effect vas associated with overall performaﬁce. of
the four correlations between two estimates 6f the negation effect and two of
overall performance, three were significant. Inapection of the canonical
coefficients (analogous to regreasion coefficienta) showed that children with s
higher overall performance had smaller deficits on negative sentences. ¢
. Finally two resulls concerning the dual-task penalty were 1ntereat1ng.

First, the penalty wa3 smaller for children with high overall performance

-
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than for those whd were low overall. .Recall that the dual-task penalty was,
not assaciated with age. It was, however, associated with individual R .
. differences in ‘tentence completion. Apparently, ability to manage an extra ‘
neztory-load varied anong individuals in’a way that-did not change with dge .
- ovet the range of ages in these experiments. Second, the dual~-task pena ty -
was clearly associated with the position effect. The csnonical coefficients . |
showed that children who suffered a large penalty when the secondary recall . |
task was inposed also experienced a snaller benefit when' the gorrect response
was from the last {easier) position. This finding lends support to thé .
argument made above that the positiofi effect inm sentence completion may be
related to the recency effect in free recall.
. General Conclusions - ’ L d
. Our experinents support the conclusion that sentence completion produces
" effects broadly parallel to thqse typically obeserved in sentence
,verification. Whatever cognitive processes produce the negation.and - .
comparator effects in verification were piitably responsible for the similar
effects we found in completion. However spite the presence of similar
-~ effekcts, tggre nay be am important differermce concernifng magnitude of
effects. ve ;fication, where theggajor variable is usually reaction time
.at nearly perfect accuracy, the extra tinme for negation is ordinarily much
larger t the difference in time between comparators (Carpenter & Just,
1975; Trabasgo, 1972). - In the pressnt experiments on completion, where the
najor variasble was benchmark accuracy at intermediate levels between chance
and errorless peformance, the effect of negation was distinctly and
consisteritly smaller than the difference in accuracy between comparators.
. This, reversal in the relative magnitude of the negation and ccmparator
effects could.be attributed to nunerous procedural differences between the
é present experiments and published studies of verification. New studies that
directly compare the two paradigms seem warranted. . T
An additonal conclusion is that individual differences in sentence
conpletion:are at least mcderately stable.. There is good reason to believe .
that such differences derive from variation in the efficiency with whigh
different, children executed elementary cognitive processes, including »
processes for mangging memory loads and for performing an act of negation ’
upon_information held in a memorial representation. What. remains in doubt is
. not whether there is stability in these differencgs but how much. It is
possible hat Jour correlations might have been greater if more extensive data
" involving many nore trigls had been obtained from each child. )
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~ Table 1 i
. . Interaction concerning the Prepssition Effect: Accuracy for . . |
- After and Before with Letjers and Words as Input (Experinent 1) _ _ - |
L + "i
’ . ' Preposition Letters Words Sentences . i
i after . +86 B2 T .16 . |
‘ before 43 - 19 .63 . o
I
Note. The tabled values are on a scale of proportion correct, computed by : . i
. converting to this scale fron adjusted benchmark accuracy on the logistic |
. ‘scale. . . . T
r- . - 4 ‘
- -~ ‘ . . J
* ‘ '
! : Table 2 - I Ce
Interaction concer,ning the Position Effect: Accuracy for Positions 1 and 3 ' |
as the Correct Position wilhLetters and Words as Inpyt (Experinent 1) -
. N - - s * '
- Position _ Letters’ Words Sentences :
~t 1 J v om o56 ’ o70 * *
3 0 .84 ) ,

Rote. The tabled values are on a scale of proportion correct, .computed by
converting to thia scale from adjusted benchmark afc/uracy on the logistic sc

) scaJ.Q .
) 4 . . .




Tab
Interaction hetwsen Age and Adjective: Accuracy of Iounger and Older
.+ Childrex for Same and Opposite Ad;]ective (Experineit 2)

e SN

Ad:]?cti\re ) . < Younger Older ., "Mean - .
‘ ¥ Same (faster ".69 .15 2
- f Opposite zslower) * 56 .59 .57 <y

s .

Note. The tabled values are on a scale of proportion correct, computed by °
converting to this scale, from.ad,justed benchmark accuracy on the, 1ogistic
scale.

- ~
. : b

. . L4

. - ~Table 4
Interaction.between Age an'd osition: Accuracy of Younger and Older
. . Children for Positions 1 and 3 as thesCorrect Position %Experiment 2)

{ Pogsition '  Younger Older Hean °
] A ~ . .59 .67 L 63
: LN, 3 \ 66, .68 - S

! v ~ . N
The tabldd values are on a .scale of, proportion correct, computed by
rting to this scale from adjusted benchmark accuracy on the logistic

] b ,
3 -, N
‘ Table 5 . .
w Lanonical COrrelations Within and Between Experiments
. ) , - Yariable . - .'(ir (3) (&) (s) -(6) (1) (8)
™ b . 4
EIE eriment 1 . - B .
- Overall performance (1)" g 3o% 3g%s 19 15 .09 * .28*
Hegation effect (2) , 25 9 .26 .16 16 .13
I-}xgeriment 2 )
Overall perfome.nce (3) . 34% 22 30 JBR*
.« Fegation effect ( . Y20 W30 .23 .10
* Adjective effectlvg AN .28 ,24 2
’ Position effect ( . ’ N - AW 08
"Dual-task penalty (7) ! - 04
Recall’ score 8) ' 1 S ‘
¥ L] - '
N < .05 ' i » * * ’
“ .
_2 4 001 / 32\ . -
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