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ABSTRACT -
- \ This paper describes thtee studies designed to

.. determine whether there are age-related differences in children's
memory for implicit and explicit 1nformathp/1n prose.. In the First
study, six experlmen%al paragraphs were read 1nd1v1dually to a total
of 60 children in grades K-5. Each child was then asked four verbatim
recall questions (specific adjectives and prepositions) and four ,
inferential questions. The results indicated that the amount of both

. explicit and implicit information comprehended from the paragraphs
increased with age. Due to a question about the saliency of
ddjectives and prepositions‘'in sentences, the second study used
verbatim recall questions with nourns and verbs. A total of 48 «
children in grades K, 2, and 4 part1c1pated in this sgtudy and were
administered the Same tasks as in the first study plus a delayed- free
recall task..The results showed specifically that the ability to draw
.and remember inferences\improved vith age. The third study used a
‘cued recall paradlgm toldetermine whether the spontaneity of
inference drawing was related to age. A total of 48 children in l
grades 1, 3, and 5 heard . action sentences with the instruments used
stated explicitly in half -of.the sentences and only implied in'the
other half. They were then given a cued recall test which included
the appropriate instrument nouns. Results suggested that children
apply inferential operations more often and more | effectively with
1ncrea51ng ege. (JME)
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o Developmental Changes 1n Constructlve Memory Ab?htles .

: Scott G. Parls - .

/ Purdue UniVe'i'sity )

1\’\' R ~ Today, I want to d1 scuss sevoral studles concernlng the role

of mferentlal processlng in chlldren s memory A |

Spec1f1ually, I will con51der two questaons*

S . 1. Does th~ abl,llty to. spontaneously apply 1nferent1al
B processes to'prose increase with ago" and,

Wﬁat is the rolat: onsmp between sentenCo memory and.

X

11(,

9/1 bloneck 1973 I’xn’bsch & MonJ\, 19725 Potts, 1972; Sachs '%1567)

G

—,
-

-

The conxon theme wnonr thm studneq is tho Bmphasis on ti'an.s,fdmatlon

- ' )
_f ’m, e . I
g4 ,L*‘mm, l[,dn 'W.Lll 1972} or oo~zstruct1ve {Burtlett 1932) but the ':n{m}ortant o _ |
R pomt is that the meunmg derived from language 15 a consécment of the | BN
) - - /l‘ .avw; \. 4 ’
e rrutlve act1v1‘(:1ua and “sCmantic cEans fonnatjonc dppll.(}(.% by the comprehender,

This research wasis,upported by NIE grant NE-G—OO-3~Q089.
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* in préss), we still do not have evidence

. (" >

The mferentlal nature of comprehenslon i a focal tenet of the/

‘constructlv1st approach (Cofer, 1973 Jenklns 1974) because it
| f"';permlts the pe-}son to "go beyond the mfonnatlon glven" and under— o - ,_..,

"Zstand 1n1p11ed relata.onshlps When. adults attend to prese they

typlcally attempt to mterpret the new 1nformat10n w1th regard to pre- -

ex1st1ng llngulstlc and nonlmgU1st1c contexts (Bransford § McCarrell o
1974). and ofté‘h mteg-\rate thesé¢ relat10nsh1ps 1nto hOllSth, s1tuat10nal
‘memory representation (Barclay, 1973 Bransford Barclay & Franks

: 1972 Trabasso G R11ey, in bress) 'Ihe :mferred relatlonshlps are not .

Just addltlonal 1a‘*rfomat10n wh1ch .can be accessed but are often mtegrated

semant1c representatlons Wthh appear to be constructed d,urJng encod1ng

-"and assmllated to organlzed schemes in the- Pgiagetlan sense. Inferred

L

_semantic agents ! locatlons 1nstruments consequences of actlons and

"tran51t1ve lmear orders have all been shown to be asszmllated 1nto the

memory representations that adults have for the 1deas of related sen-
tences (/Eransford & Franks, 1971; Johnson, ansford & Solomon 1972;
Paris, Sorkin, & P.1son1 1974‘: Potts, 1972) - }

Although several studies have demonstrated that chlldren mtegrate

(Barclay & Re:l,d, 19745 Parls & Carter, 1973 Tra’basso Riley § Wllson’,
w{a/t the ab111ty or prbpen51ty
changes with age: These three stud1es employed dlfferent types of
mferences, somewhat art1f1C1a1 stlmulus materlals, and vastly dlfferent
paradlgms, some of wh1ch may be inapproprlate for developmental analyses
(e.g., false- rec:ognltlon paradigm). R ] B

¢

Our first study ~(Paris & Upton 1974) was an attempt to ameliorate

)

these problems and deter;nlne if there are age related \hfferences in -

chlldren S memo:ry for 1mp11c‘1t and exp11C1t 1nformat10n in prose We

. constructed paragraphs conta1n1ng partlcular éXpllClt and 1mp11c1t

L S S

'Jmplled mfomatlon into the1r memory representatlons for sentences B R ‘
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N re1at10nsh1ps presehted them orally to elementary grade SChOOS

chlrdren, and assessed thelr understandlng through directed qu stlons. -

We sel'ected four d/J.fferent 11ngu1st1c mferences to study, 'I’he f1rst

-

we labelled contextual J_nferences becaUSe they requn}ed the amal-

gamatlon of mformatlon from several sentences. 'Ihese were preSUPPOSJ.tJ.OIIS

the pre ex1st1ng condltn.ons necessary to make a sentence or paragraph

true; and mferred consequences the probablv end ,pé’sult of a series

? . .

- of staftements or' condltlons “The other two mferences were termed

‘lexigcal mferenceswbecause the ﬂerentlal relatlonshlp was dependent

upon a smgle word These included semantlc entallment' a word is‘a -

\

subset of a 1arger class and Jmplled 1nstruments a verb J.mplles a-:

partlcular mstrument t? accompllsh the actlon. S LA ")"' -

We constructed s1x paragraphs ranglng from seven to mne sentences
wh1ch pennltted these ;mferences. (Axf example of a test paragraph and
the- questlons arey g,1ven in the handout. The paragraphs were read to
1nd1v1dua1 sub)ects, 12 each £rom’ Grade ‘through 5. ﬁnmedlately after

llstelpng to a paragraph, subJects were asked eight Yes/Ixfo questions

-

\
concerning the story. Four of these questions were the--prevn.ously '
I

'_‘des-cribed inferences. We also asked four questlons of Verbatlm infor-

R x\

‘ matlon in order to prevent subJects from b1as1ng thelr processlng towards .

only. 1nferent1a1 relatlonshlps and in order to prov1de a baselme com-~

parison:of exp11c1t mfonnatlon retentlon. . The verbat:m items *1nc1uded

I3

prenomln-al adJectlves such as big, new, and red and Tlocative gepositions ,,

such as in, over, -and under* The elght' questlons were baﬁ.anced for

- verbatim, and 1nferent1a1 items as well as truth falslty ‘yithin each

category. The orders of paragraphs and'questions were randomlzed for
. ' o oo . .

évery subject.

We performed an analysis of variance ‘(with—bot% subjects and stories
R N ~ 5 - B . . .
. .

fg,- T T 1'1 7 L
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_questlon by, grade level. Performance s1g111f1can5tly 1mproved (quasi- F

‘?p_ < .01) monotonlc%illy across grades showmg the sen51t1v1ty of th1s

task to dlfferences between chlldren s comprehens1on and memory in 'h
succes51ve %rades. A response b1as is often observed in ioung chlldren :
and, indeed, our klndergarten subJects responded affirmatively to 72%

of the questlons wh11e f1fth-graders responded afflmatlvely only 48"'

: of the time. A S1gnal detectlon analy51s takes response bias 111@0 ‘

account and we calculated d's for the data and found the same age-'
'related 1mproVement (shown in Flgure 2).

| | Although J.nferences were answered correctly more often than factual
questlons, 1t should be noted that}ere was -age- related 1mprovement
on the same items WELthln all\ca'?egorles. We do not want to emphasue
absolut'e comparlsons among categorles on thls task rather we waflt to
ask if there is.developmental mprovement for the operat10nss of infer-
ence and the spontaneous process1ng of :unp11c1t 1nfomat10n a‘bove and
beyond developmental increases in memory span. - -/

In order,t,o answer this question, we will assume that a correct_

' answer t6 a verbatim question involves memory for a bit of information

while ‘a cérrect answer to an inferentidl question involves remembe?’:g
the information plus performlng an.i ferent1a1 operatlone In esse ce,

~We can regard the developmental improvement on verbatlm 1tems as ev1d-_ .

ence for- Jmprovement in memory capaclty and ask if th)a developmental

- effects for mferences merely parallel thJ)sscurve or, interact Wl‘th it.

We part1alled out the effects of memory improvement from the in-
ferential operatl); by computlng an analysis of covariance and covarylng
out the effects of verbatim J.tems. 'When we did th1s our adJusted |

scores, (shown in Figure 3), still reVealed significant developmental -

a

I 11 1

. . o
“treated as randOm effects) with the number of correct answers to each : '\_-
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o w1th age\appéars to reflec:t more than 1ncreased memory span. ’

| account the var1ab111ty due to paragraphs, items,. and response b1as, .

mferentlal Operatlons on 11ngu1st1 materlalw '

, 1t10ns are less sa11ent and mportant for the sentence meaning and"

* ' ran the expern.ment again with 16 Ss from klndergarfen, second and fourth» .

. ‘{ .
mprovement in the mferentlal operatlons The more dlf'flcult context~ o
ual mferences accouted for the maj or1ty of the nnprovement. 'Ih1s
mtgractlon appears to be mdegendent of response ilas as shown by the :
d's and the greater comprehenf:lon and memory for contextual mﬁerences e

The }esults of this study suggest that cluldren from s‘.uc to eleven
years of age increase the amount of both explicit and 1mp11c:Lt 1nfor-

W

mation that they comprehend from paragraphs. Even when we take mto & 3

there 1s an mcreased proflclency w:Lth age of spontaxqeously performlng

A few caveats are 1n order though ' Certainly, corrprehension and
memory are related and developmental :unprovements in one should faci?lltate :
the other. We have trred to separate the effects in a stat1st1cal sense »" R
simply to show that ch:.ldren s comprehensmn of prose is dependent upon :
the operatlons applied to the mater1a1 as well as the memory span for s
‘specific items. Also, this task assesses. ch:.ldren s spontaneoUs com-
prehenswn processes and we do not wish to imply that young children ' o
cannot comprehend some of these llngUISth mferences. They probably |
c;:m when mstructed to do so in simple tasks But thelr normal compre- A .

hens:Lon strategles may not involve the) 1mp11c1t embelllshment of :mfor~

matlon necessary for mferentlal comprehensa.on and good memory.

It might,be argued that. ou covariance analys:Ls overemphasized ‘the

S Y

¢

develoPmental 1mprovement on inferences because adJectlves and prepos-

[ “/
the}'efore they were poorly remembered. We therefare rev1sed our ques— :

. tions toiinclude noun and verb categorles elimin ated two st“ones and

*

T L 1L L R .
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' ,xv:.ous study and peljomance 1mproved wlth gmde although the maln B 7

| sYgni f:.cant developmental :mprovement for contex
o

operqtlons, \

A

grade frof a dz.fferent school. In addltlon to the Ss' responses to the
questlons we & so requlred Ss to free recall the stomes approxnnately
20 m1nu1:es later (after an mterpolated ta?k). SR b |

'I’he results o the :mterrogad{ed recall were’ s:.mllar to the- pre-

}’ da.fference was in the two. youngest groups. There were no dlfferences
 between’ :mferentlal and verbatim questlons :m this study because ‘the
'nouns and verbs were gene‘rally answered correctly more than adJectWes

.and preposa.tlons. However, our mam concern whs ‘the ana1y51s of co- o

¢ \

varlance mth nouns and verbs as the covarlate. 'I‘he ai Justed mean %

COI’I'eCt (after nouns and verbs effec‘ts are partlalle , out) showed 1;
mferences (<.

d appears ~to reflect age*related nmprove nt in mferencmg

After the 1nterpolated task subjects were ; ked to free recall

-
as much of the story as p0551b1e. The:Lr recall was scored*«for the

--r{wnber of 1dea unlts ‘recalled per. story whlch included verbatJ.m recail
parapbrase, lexical mferences ‘and contextual mferences.- Extraneous .

and erroneous elaborata.ons were not :anluded in the totals Wthh sh d.. v

ﬁ"

that kindergarten subJects averaged 1.9 1deas/story, second-graders 4. 4, o

and fourth graders 9.3. Thé mter—rater rellablllty on the scorlng sys- .

’
tem, computed on :.ndlvz.dual S‘torleS accorchng to the four categorles

'des'%rlbed above, wasr = 98. ‘ L ,‘ L. ~N

We were mterested ih the relatlonslnp between children's perfor-

mance durmg mterrogated recall and later free -recall 1f understand-

v )

1ng~ inferential relatlons in sentences is 'crucnal to memory, there. should

-

be a strong relationship between initial comprehensmn and memory for
re

the inferences and SUbSequenﬁ rgﬁtlwi the prose passage. We performed

A Q0087



| . a step-W1se multlple regressmn ana yS1s to detetmlne which category
: } ' < of questions best pred1cted free rec 11 perfomance and the. results R |
P o S are she\-f in Table 4 Over all grades and stor1es, grade accounted ‘

orrectly respondlng to contextual mference o AP
- ‘ L v

: for 66% of the varlance.

\ o ‘ questlons was the next"best D edlctor and both of these varlalrfles_

] o [N

accounted for a slgnlf:.cant amount of the va\rlance (p < 401). W1th1n
grades the best predictor. was a1Ways contextual mference which was the

T only 51gnlf1cant predlctor for allNgrades. 'Ihus, the best prech.ctor -
“ ' .
L. ( L 4
~of 1ater recall was initial comprehensmn of thq contextual Inferences,
!
presupposrtlons and consequences.' Performance comparlsons between grades -

1nd1cated that contextual inferences were 51gnlf1cant1y better at
! PR

successive grade 1evels (p_ < .01, Not only were contextual mferences / '

the‘best predlctor at each grade level but they were better and better ,7 ‘

predlctors W1th 1ncreas:mg age of the ch11dren. B ) \

These two studles show that young chlldren do draw and remembcr
\ o ‘some inferences from prose but the ability impreves with age. This g T
v appears to"be a spontaneous aspect of co}nprehensi'on which is*applied o

more often and more effectlvely by older ch11dren in order to remcmber ‘

- c .

sentences. The rela;tlonshlp between maklng 1nferences durmg compre-
hen51on and subsequent good fnemory was correlatlonal 1n the study." We

wanted to find a more direct test of the developmentally emerglng role

of* inferential operatlons as critical components of memory. We decided .

¢

t 1nvest1\\4te the problem with a cued recall parad1gm
. ¥
The rationale beh:md thls series of studies is that a memory cue

Wlll only be effectlve to the extent that it "makes contact with" a e

t “

51gnlf1cant part of the memory representatlon for the sentence. If the Rl

:., 9 cue is 1ndu_rect and only‘lmplled by the original sentence, then it o j

\

; .

' [l{llc ‘ : ~shou1d not be effectlve hnless the subJect has dlready Jncorpora‘ted

= th,,;,.g ”UUﬁS e Vo
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\ ‘ §
. Or can smsequently construct the 1mp11ed relation mto hlS mcmory' | / |
N representatlon for the sentence. For example, if we presént the -, ,
- : 'senten_ce, "The workman‘-dug .a_hole in the ground," the word s_h_o\_rglf ’

| should be an effective memory cue only" if the subject constructs

the mferred mstrumental relationship. OQur first study simply : ~ .

4 , compared the effectiveness of such instrumental cues some eW1tly

stated in the sentences and. some implicit. If young children do not ¢
spontaneous-ly constr}ﬁt and supply “inferred relatJ,ons to a sentence, |
/ or are wnable to do so, then on would predlct Z. superlorlty of "explicit.
) cues for MEMOTY. relative to 1mp11ed cues, If older ch1ldren do mfer :
relatlons as they comprehend sentences or durlng d1rected retrieval, ’

then one, would expect no' dlfferences between the cue types. We presented .

elght sentences, half with mstruments expllCltl}’ shated _and. half

o N ¢ .
\_ , 1mp11ed to 16 Ss in each of grades 1, 3 and, 5. The children repeated

A

)
1c1patid in a 4 minute mterpolated number-circling task, and were
given a cued recall test with approprlate instrument nouns. ’l‘he '
Sentencgs were counterbalanced across Ss for 1mp11c1t4and exp11c1t cues. ’ .
The results are shown in' Figure 5 and 1nd1cate a slgnlflcant gradc X
cue-type mteractlmon ‘(as well as slgmfrcant main effects for each fac”'tor)}

» This interaction strongly suggests that children apply inferential oper-
_Ei.tions more often and more effectively with increasing age. '

| 'Ihere ‘are also several controls which we rany For instance, one

| c0u1d argue that the young S: Ss did not lcnow <he instruments that were

o ‘ v
appropfrf}:r/ each sentence and therefore, could not make thé gorrgct

3

inference. We presented four pictsres of common instruments with each
test sentence to groups of k1ndergarten and flI‘St grade chlldren. Fven

the 6 year—old kmdorgarten Ss selected the appropriate 1ns‘tmmont for

each sentence aloud after the expenmenter throughout the lth part- .

4



N e e BT
R each sentence more than 95% of the t:une - e )
IR .- Another pote t141 cr1t1c1sm is that the exp11c1t 1nstrument

cue '1s an mapprOprlate comparlson because it undgestlmates Ss ' i o
knowledge of the sentences. We conducted another study which employed
e:@-l1c1t subject, verb, and obJect retrleval cues and cb?réd these ‘ .
to 1mp11c1t§ 1nstruments. These data are-shown in Flgure and agaln
reveal an age X cue type mtéractlon such that young Ss do not access .
. R the sentences easily w1th 1mp11ed Cues and older Ss do {
~ The last, exPFrlment was’ concemed with faC111tat1ng chlldren\' ._ e

memory “One mlght characterlze the lack of 1nferent1:>\ proccssmp

as a strateg1c *‘"producf'tlon def1.c1ency" or a ''shallow level" of pro—

' cessmg‘ We decided to reun./re Ss to act- out the sentences after L
they repeated them,because ‘they necessarily would have to. pretend to |
use the appropriate 1mtnm1ent'. We constructed a ten sentence 11st
f1Ve2mrp11ed 1élstruments and five. exp11c1t1y stated, presented thdm .
.to'Ss with the action mstructlons, gave the usual four-nunute inter-
polated task and tested oued recall. Total recall for ten sentences
was very good for the f1rst graders, 74% A t-test revealed\ no -
dlf'ference between the numbe,r of sentences 'recalled w1th exp11c1t

* ctes and 1mp11ed cues, 78% and 70% respectlvely. . | .
In conclusmn, these studies 1nd1cate that chtldren ‘often under-

- stand'a great deal of impligit mformat-lon in sentences and prose. The
nature of their understand_mg, or operatlons of comprehensmn and memory, ‘
may be best characterlzed as constructlve att's/ 'I'hese studle% a.lso ‘
suggest that the ablllty to spontaneously appl?-fmferentlal processes to
d1scourse increases w1th Jage from ap;prox1mate1y six to eleve

N | | v' (the dge range studled in this research) Fu , these P gesses are
, /crn,tlcallv related to recall and the utility o onstructed segantlc en-~
o co\da.ngs as’ retrle\al cues 1ncreases uitg age._ Hopefull; , ta.sks such as
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