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) ptocessing model ) with theixr embhasis on routines which are'controlled and
: regulated by an ecutive, seem suitable zér desoribing the major psychological

H
processes of int est in both domains. ' Howevet, as our charge at this symposium

- . B
’ Co. - , -7 S f
1 . R Introduction ~ '

' - . 7

o T In thinking about memory deve opment, we have rarely questioned the essen?ial

isimilarity of the Processes studied/Ander the rubrics problem solving skills and

L4 - 1 il /

memory stra egies (Brown, 1 75a, 1977a, 1977b) A general class of information s

’ ES

: : - _ A
was to'funcéion nd§; the memor& developﬁént heading we decided to refocus our
thinking from ou usual position of regarding the problem-solving and memory -
people as those w 0 +study the same, processes but on different tasks, Instead o
. )
we began by Iooki g for any interesting differences between the major emphasis
' - &

instructional als,

1

second part we will’ c}ncentrate on one area of general concern to both the =,
* ‘ * .
problem aolving nd memery development literatures, that of self-regulatiom

and control' our ndidate for the most fundamental difference- between the

i

experiencedgand the naive. .In tbe finél Section we wi11 indicate new problem
g ' — ' .
areas and new’ ways \of considering what it is that develops with age and

N = » K 3

experience.: | \ \ . R e T ) .




W

P

*

{
% -
i

L II. Differences Between théfMemory Development and -

- - — Problem Solving Approaches to Cognitive Develgpment

As ‘our task is to consider what memory theorists—have to say concerning

¢
development, we will approach the issue ffom ‘the '‘perspective . of ‘tHe memory

f’j

:development literature. .Studies concerned‘ﬁith some aspect of memory dominate

N

" the’ field of cognitive development at this tipe at least in number if not in

~ € . - -

content. Befori‘we address the issues central to such research, a brief history

¥
of the way deVelopmental psycnologists ﬂnterested in memory have approached tha\

-

question of what develops might prove illustrative.

A. Early Studies R . . ’ -

-

» .

Prior to. the 19608’ the question, 'hhat develops,' would not have been

* E

raised. Obvioualy, memory develops. Lacking arfine grained analysis of memory'

processes, early researchers selected tasks and age groups somewhat randomly.

They . fcund that on most tasks, older children remembered more than younger ones,

PN \

and slow 1earners had. more difficulry remembéring than those of average ability!

The 5predomin:ant e&planation, when one was offered at all, wa.s that immature

leatners have-a ted memory capacity", and asg they mature this capacity

®

e
increages, allowing them to retain more. The underlying metaphor, whether

) implicitly or expli inly ‘stéted, was the mind as a container. little people

i_g.‘* ) ' E}

have little boxes or jars in’ their heads, and bigger. people have bigger con- .

. : )
- £ . . . .

tainers. Any demonétration of inferior performance on the’ part ‘of the smallet
| * .

person proved the capaciry 1imitation “theory", not surprisingly, as duch a

-

_theory wasg merely a restauement of the data (Chi 1976) The same general

LY L™
state of affairs alsq chardcterized the problem solving literature, where‘early

- <

. L. ) \
studies also illuétéated poor performance by young children on a variety of .-
N g 4 Pl .

tasks. Explanations of why the'young do poorly;were either_not forthcoming or




i,

’

+

.
\ — f - v

involved 3 circular argument—~li§%}e people have little,problem solving *

-
‘

capacity, a reStatement of the data mhsquerading as a theoretical explanation.

« -

w .
More sophisticated or simply more adventurous, theorizers subdivided the

‘ metaphorical ‘containers.” They attributed the deficits in memory or problemg

splving performance to a limitation in the space aVailable in,one of the main

architectural structures of the information processing system, with gpace defined

-

in terms pf the number of slots, spaced, or buffer units available to the system

-

at any one time. ‘It was thought that as a Chlld ‘matured,- his available space :-

.’
increased. The correlation of digit $pan ‘with age, intelligence, and gerieral
problem solving efficiency was talen as, firm support foR this notion of increasing

space with increasing age, and short ~term memory was cited as the most likely -

3

culprit.in the young,child s mental qverpopulation pgoblem. With Chi and Case
as the other speakers in this session, and Simon as a participant in another e
can ‘leave discussion of the pitfalls' of’ a simple capacity notion to the more .
. experigﬁged (Chi 1976). Historically, most developmental psychologists also
avoided ‘the issge of architectural systems and capacigy limitations thanks to
two important influences on the field, the pioneering work of. John Flavell (1970}7*
on memory strategies in the young, and the widespread dissemination of levels of -
processing approaches to memory (Craik & Lockhart, 1972) with their de-emphasis

s

on capacity, coding, and flow ir*and between containefs.,

ey

B.F The Production Deficiency Hypothesis “ - o '

>

v The guiding hypothesis of daVelopmental-memory research initiated by- :
FlaVell in the 19609 “and’ still popular today, is that the main difference between
young children and matute memorizers is the tendency to employ a Variety of o

-

1
mnemonic strategies whenever feasibl§§ Borrowing from mediational theories of
- . /‘

,
=1

learning, Flavellsintroduced the terminology of. production and mediational




e e

’ tegy of choice. When seeking to prove or disprove}proposition 3, they select o

- deficiencies tordescribe'this difference. A production deficiency is said-to=

== -

exist‘fhen the child does not spontaneously produce a task:suitable mnemonic;

however if grained to do so, the child can use the mnemonic and his performance -

improves as a reSult, A mediational deficiency exists when a child produces a

~ &

. - AN
necessary mnemonic either spontaneously or under instruction, but it fails to

¥

] enhance performance Probably due to the paucity of strategies selected for -

study, negiational deficiencies hgve rarely been documented, and therefore the

central 'issue in the memory development research has been the _spontaneous pro-

kY
¥ SN

duction offappropriate mediation

N

Simply stated, the theory consists of threg propositions: (l) young chil- |

*
dren do poorly on a variety of _memory tasks, because they, fail to introduce the

necessary mnemonic intervention, (2) if thgy,aig_Lxginedéto use a suitable ”

strategy, their performance improves, at least temporarily; (3) if the memory

Ed

task does not demand mnemonic 15tervention, developmental differences will be

minimal., Teo prove or d13prove one or the other of these hypoth?ses is still the;%

goal of the majority of -developmental mem@ry studies. . o

'.} "as.é

tasks selected for examination. When seeking to prove,or disprove proposition

1 or 2 investigators almost invariably chooie gome rote memorization situation,

1»‘ = -

such as list learning, where rehearsal or taxonomic categorization is the stra-s

some sort of recognition memory task. We have objectiOns to both approaches.

" We believe that the strategy-no strategy distinction served a valanle function

—_— -

in its” time by organizing a chaotic field and by attempting to distinguieh when

and where the limitations of youth, lack of experience, or low IQ would he-most

'debilitating. However, the twoimain‘lines of research now following thig

.
A . ) R
.

. - - » LR M
s = e - — - -
» - . 5 . i z
. . = "
L E; - N

It is also!reasonable to characterize the field as remarkably limitédiin,the

=

X
Il\
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f! -
radition have such severe built-in limltations that future proliferation should

’

) not be encouraged. The main problems center around the study of tasks rather
?>' than processes and the paucity of developmental information provided by the -

Particular tasks selected, . .- . .

1. Nonstrategic tasks. ‘The first of these two 1ines of‘research currently

E

R generating a «spate of studies is one for yhich we feel personally responsible.
These studies focus on proposition 3, which we were rasn enough to make explicit
(Brown, i%lj, 1974, 1975a) rather than implicit as Flavell had done (1970). The .

proposition asserts that if a situation exists where deliberate mnemonic inter-

- Y -

vention is not a prerequisite for efficient performance, developmental differences
* L - N - ~ —

will be minimized. Obviously, it would be futile t6 seek tasks wheré no develop-
5: mental differences occur for not only must the tasks selected be impervious to

mnemonicd efforts but they must -algso be uncontaminated by any othex develop-

- e
mentalliésensitive factsr. The point of the original statemgnt‘was not to prove

P ; , r * *
‘. the absence of developmental trends,.buf merely to demonstrate that the magnitude -

——"*of any develépuental effect is sensitive to the degree that sophisticated:plans -

. —
M by -

- P > =, .
. and strategies can interface the’subject-task interaction: In general, the ;

y D . - . .
. “hypothesis is well supported whether the c¢omparison involves intentional versus . .

-incidental learning instructions in adults or cross—age comparisons (Broé%s& o _
_Smiley, i977b). Situations do diffef in the degree'to wifich intentional memonic -

action can enhance performance, and some recognition memory and recency‘tasks are
- . £ =

. less sensitive to strategic intervention than are many other memory tasks that
¢ =

require rote recall (Brown, 1975a) ’ . i . B

LS

. This does not seem to ﬁe the point that the current set® f studies seeks

to prove. Interest ﬁas shifted from processes to tasks per se, and the game has

d ]

become one of trying to show developmental‘differences in reéognition%mempry tasks. =,




. R . ) -
** In general, such attempts are sgécessful,‘but their success is not surprising.

As -

- F
i

3

. S : [
Recognition memory as_a tash iS;élearly not' impervious to developmental dif-

-

ferences, ‘True: with distinct target and- distractor items, excellent levels-
4 . . .
'of’performance have .been found for very young children as well as adulte, a

7 : - - = R
ceiling effect which often clouds}intérpretatiOn of age effec{e. However, with

~

careful choice of distractors, one could easily -produce a floor .effect across‘

== ¢

all ages. Matching—to~samp1e tests have been dev1sed so that choice of the

¥

correct- alternative is extremely difficult even without any memory load. ”Floor

or ceiling:effects can completely obscure developméntal differences, and it was
for this reason that we selected variants of a recency problem for our earlier
studies of the strategy~no~strategy distinction (Brown 1973a, 1973b 1973c).

If the”question “of interest is whether or no% age differences will be found

in a recognition memory task, the distractor, items are crucial, *Even the simple

s

manipulation of increasing the number of distractors on a choice trial increases
the likelihood‘of finding a developmental'trend,'as young children's—performance
is disrubted‘hy this manipulation (Brown, 1975b).’~1f, however, one would like to
show that youg children' perform better-than o;ﬂer children, then a more.subtlt

manipulation night be needed but in principle, such a demonstration is&gdggible.

»
- -~ .

For example, on&,could vary the similarity of the distractor .and target items
along some scale of physical or semantic similarity ot yet salient to the yOung,

but distracting to the old. The less mature child would not "be snared{by the

"related" distractor and should outperform the c0nfused olderﬁparticipant. If

we knew enough about the development of conceptual systems, we should be able to‘

R !

%roduce any possible pattern of age effects in ‘recognition tasks by varying the

,4

target-distractor simibarity Qn dimensions differentially salient to-the ages

under investigatfon. . . ) .

-
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_Such an endeavpr however‘Lseful for‘testing hypotheses concerning conceptual _‘4

R N .

. development is not relevant to the original discussion of whether some situations .

L

exist where young ch11dren perform well on memory tasks The importance,of under—

standing that the magnitude of developmental differences varies as a function of . .

o 7

* task demands should not be lost in this argument. The “dramatic differences -

between evey college students trained in some exotic mnemonic and those not so

trained is enormous . (Bower, 1970 Crovitz, 1970), and the’ problem faced by the T,

&

/
young child who fails to introduce even simple aids must be seen in this light.
We would still defend the position that in order to understand what memory

deuelopment is, it is essential to identify areas of strength as well as areas

of. weakness (Brown 1974 1975a). Furthermore, if we wish to devé;e remedial

help. for the inexperienced we need both to capitalize on naturally«occurring .

,strén\ths " and to ‘identify major areas of deficiencies: Finally, as Chi (1976)
has argued persuasively, it is only by eliminating candidates for what does not -
develop that we can: identify the Erue areas of developmental deficfencies.

2. The modal memory strategy experiment The second Jine of research

3

curreﬁtlf’dominating the field is a proliferation of Eeplication stosies demon-

5

strating the developmental sensitivity -of strategy susceptible tasks One

problem with these studies is overkill-—they long ago provided ample dbcumen-
tatiOnAOf young children's mnemonic ineptltude. Further, tbey have been designed

in such a way that they provide a surprislng dearth of information concerning

memory development, even-if by that we restrict ourselves to the emergence of -

“Ill

common mmemonic strategies. .
The main problems again stem from undue concentration on a limited subset
"of tasks and strategies. Almost all studies concerned with the. mnemonic pro- . .

duction deficiency hypothesis have centered on list learning tasks and the




o : ‘ ' T
strategies of taxonomic categorization and rehearsal Apart from tht obvious

| .o~ F

/ undesirability of any restricted focus if we wish to gain an overview of develop—
1 ~
/i mental processes, and the mow oft- lamented lack of ecological validity of such

/ tasks (Brown, 1977b), thére are some interestingilimitatiOns imposed by this

particular focus. First, these two strategies tend to emerge betwéen the ages M
B 2 . ' - R e
- of five and "ven\years and, under the conditions usually studied, *do not undergo

L3

T ——

much refinement after’ the grade school years.- Thus, we are 1ef* with an almost _

+ El

fotal lack of information concerning what develops before five "and after eight
or nine\years of/age The second problem is that we lack detailed models of the
™~
. gradual emergence of even these simple strategies and indeed they’ may not b*

. SuSceptlble to detailed task‘analyses ’ s

. L]
.ot R

The typical experiment in this aréajzonsists of crude assessments of the
AN I

-

presence qr-absence of,strategic intervention. Children are then divided into

-

those wholproduce and those who dqg notﬁ those who produce outperform those who

‘do #bt. {We rarely have evidence of intermedrégz\stages of production. Gonse-

-
i - - ’ . ’
$§§ uently, we are usually unable to describe the developmental progression of the:
s -

A

nu

5
R S%éll or to diagnose the current state of the learner_;o that instructionalf
péograms can be tailored *o fit “individual neeéds. . e ~“
~ - fr 2

' \ Probably the most important deficiency is that the tasks are set up in such

a way‘that we cannot say anything about, nonproducers. If children are not*

- § *

o rehearsing on ‘our task, 'we have no way of knowing what it is that they arxe doing.

\ &

From the standard production deficiency experiment we receive no informagion

‘ Ay 8 .t ‘
\ =

§EOncerning§§he_younger or lessgéfficient child, and it is often this information

that we real need? This criticism is true of other areas of cognitlve develop-
¢
ment, 7hich al o reflect the pexvasive influence of the production deficiency

Mn

pa:adigm in devielopmental research. Imprinted early on the five to seven ageii




>

period as one of important cogn1tive change (White, 1965)§ developmental

psychologiSts as diverse as, those with behavioristic (Kenﬁ%er & Kendler, 1965)

+
. i

~or Pidgetian (Kphn,‘l974) leanings have followed a modal.experimental design

"with the followingacharacteristics. The agé range of the children studied is

usually kindergarten to £ourth grade, although occasionally'fourﬁ}ear—olds and

. e,

fifth’ graders are included, Typically no more than .two or three ages are studied

£ 3

and age, notfpretest competency’, is the developmentel variable. Performance on
'’ . ' M x

%

one standard task is assessed. The main metriq is Ppresence or 'abgsence of a

L

strategy'or ryle; and the’ ineV1table finding is that younger children do not have

=
¥

“it, older children do, and _occasjonally, there 1s an intermediate stage ,The
— “ *-

. inclusion of . the youngest group, ensures that a reliable developmental trend cam
be reported, as they ;suall} perform abysmally. Even a cursory review of developL

mental jourpals'will show an amazingly large number of studies meeting these

EN i

- .

critéria of the modal produc&ion deficiepacy.experiment. - ,.
T Apart from prov%ging a baseline from which improvement with age can be

‘ measured the }nclusion of the younge£ or less efficient group in these enter-
prises prqvides little 1nformati0n: They perform poorly, and therefoge high-.
-light the imptovement with age we wish to demonstrate. But we know nothing

about their state of understanding‘ They are characterizgd as not béing at a

certain ievel, of not having a'certain attribugei they are nonproducers,
LA-S el - P

¥

nonconservers, nonmediators; they are not strategic or not planful; they lack -
3 = * « -
number concepts, reversible operatibns, or transitivity. -They are sometimes

e

described as passive, even though the tasks are designed so that the only way

to be characterized’as active is,to produce the desired strategy. All of these.

W

‘descriptions are bas sed. on what young children do not do compared with older

s » &

childrep, rather than wha} they can do; for we have no way of obsenying this in

. the confines of the taskSeselected for,study. , ; .
. . . > [ -4
z - :
« - .
4 ) ) “~ -
. 12

w

-
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" C. Task Analyses- . 7 s ’ "
Many of the major investigators in thé probleszolving area share a common = Y.

(Y
~

. - - . : > .
s .?‘,l hd - ' _ $] ‘

) ’ S S SRS ‘
) 5 ’ ~ - P - st !
‘%-‘é‘"} ,‘_ v 7 * S . ) . . . s

;- > . ;
In the memdry developmen% area, ,the- dominance of . the modal experimental

= g . -
~ o = - ’

.’ ”

¥ : .
design aimed at list-learning strategies has*led to two veritable wastelands in

.

Our~knowledge. we know next to—nothing concerning méhory development in the

.‘. * 's'- - TU

preschool period,and,even less;about hpw the process evolves during the adolegﬁ%@

L]
[ i .

' cent yeats. The major forays into these territodyxies have been the attempts of R

Iy

- - *

clever investigators to push down the-age at. which production of common strategies A

occurs (Wellman, 1977) There have beensuery few attempts to look at the emer~- " -

LA - -
toaw = s

gence of motre ingenious strategies in the ﬁiéh school population,&Brown & SmiIey,

v"-

=

1977bo e R A
‘v L d

This deseription of the modal production deficiency-experiment is overly

- . I

-
4

harsh but it is -intended ‘to indict the pedestrian nature of most of the current
« - \é; . R A R a
‘literature father than the=creativity of the original investigations in the area.

And we should not ignore a majbr strength of this. reséarchqggga;sthe sheer biylk
of data does provide impressivﬁ Support for the generality of the strategic '1 hd

i
deficit hypothesis. But there are also the attendant weaknesses we have mentioned"

(1) an undue concentration on a few standard tasks of limited scological validity,
(2) the lack of precise deVelopmental models of emergent skills, (3) ‘the concen-

tration on a very narrov age rangg, and (4) the lack of dinformation ckncerning -

+ 1 &

approath tﬁat of providing detailed task analyses of . the prbcesses they study{

They also share a common’ locationh Carnegie-Mellon and Pittsburgh, so, not sur-
. &

prisingly, their approach iS'well represented at this symposium. Therefore, we

,;willbconcentrate on just a_few main facets of_this york, which!contrasts sharply )

' +with the modalgproduction deficiency’experiment of developmental meﬁory’researchﬁ

o
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/Z , , The main emphasis is on' providing detailed explicit models ‘of cognitive
* - ‘7
development within a‘!imited task domain. The alm is to provide precise

- L]

descriptions o%igie initial and frnal form of the cognltive process under

3
-

. - investigation and to delineate important intermediate stages. The area is
‘ characterized by %}ahr and Wallace's (1940) “principle of developmental tracta-_
bility, i. e., the charge that developmental models should."allow us to statg

botb,earIy and later fprms of competence and provide an easy interpretation of

each model as both a precursor and Successor aof other models in a developmental
LI ’ . & #

sequence" (Klahr & Siegler, in press,,p "). With a well~designed task analysis, )

-

. it shouLd be possible to detect not only the presence or absence of a desired
N ik,

¢

ledge or Sklll but starting apd intermediate stages as well. One

4

piece of {ﬁw

*

‘ important featuxe of thettypical experimental des1gn in this area is that the

&

problems selected are "sensitive .to the -gradual emergence of the knowledge studied.:

%
Errors produced by the novice are as informative as correct responses produced by

t r-. gi“‘e”
the proficient, thus providing as rich a picture of the [non-producer's"“strategy

— =

as of the producer's end state rules. ”~ o e
A .

2

One of our main c:iticisms of developmental memory research is that such )

k3
— - . - - - —

detailed. task analyses have rarely been perforfied. Notable exceptions are the
worh of Ornstein and Naus (1977) and Butterfield and Belmont (l977) on the

emergence o£L§ophisticated rehearsal strategies. Ornstein and Naus have shown

£

an interesting developmental progression from no production,’ to an intermediary

e stage of repeating single items, to an effdcient s;rategy of cumulative rehearsaln
’ The cunulativéjréhéarsal'sﬁage is also subject to gradual refinement as the size -
QF\ and stability of the chunks selected becone more uniform. -Butterfield, Waribold,

and Belmont (1973) have shown that adenuéte encoding, retrieval, and @ coordination

Fa —

k]

., “‘f both are necessary for efficient performz;nce.on rheir circular recall task.

5; Immature memorizers perform inadequately due to a failure Of any one or all of

' . . -

. -
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w
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- . ’ .
these activities._ Such attentdon’ to intermediate stages of competenece is rare.

€

Although interesting production inefficiencies were documented in the early -

Hinnesota studies (Corsini Pick & Flavell L966), in general, memory tasks

[
; -

have not been designed so that Systematic stages in “an emergent strategy could .

N -
L —

be detected ° v - ’ . L - . '

¥

In contrast to the memory research, consider two experiment&l‘programs from —

the problem—solving literature-—Gelnman' s (this volume) analysis of the emergence
— .

of counting principles in very young children, and Siegler 8 (1976, and this -

volume) detaifed developmental description of children 8 strategies for solving o a

£, *

the’ balance scale problem. As these programs are also represented at the con-

N\ -
ference, we will not give a detailed deacription here. Note, however, that both £
programs do share ‘two important features that are not commonly found in studies

of memory strategy development First the knowledge under investigation emerges
e - T, -
gradually with several readily identifiable substages. This is parricularly=true

of Siegler s work, for the balance task has provided interesting information con-
. cerning the levels of competence of childrggggrom five to ‘seventeen’ years, | Gelman's
i impressive success at uncovering the'richness, rather chan the poverty, of numerical
reasoning in preschool children has attenuated the 3ge range over. which the skillélIh ' {

she investigates develops. Second, both programs provide ‘detailed specification

7
of feasible rules for solution,:and the tasks are engineered so that the particular

rule used (or not used) by the?child can be detacted. Thus, both programs provide

information which is optimal for those who would attempt instructiqnal intervention.,

-

Systematic error patterns can be used to diagnose the child 8 pretraining com~ ) .

> +
petencies and areag 6f weakness, so that instructional routines can be tailored to

fit the diagnosis. ' — v . ' . . °

- -t -

To illustrate we will use the balance scale problem because of the derailed

/.

description of stages and because the instructional relevance of the task analysis

|

=

_has already been demonstrated (Klahr & Siegler, in press; Siegler, 1976) The

+

4RIC - ¥ |

wll Toxt Provided by ERIC . —
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apparatus is a balance scale with four equidistant pegs og each side of a fulcrum,

. Small circular discs, all of equal weight, can(be placed on the pegs in various /
L I
:configurations. The arm of the balanc; canctip left or right or remain level, .
‘é

depending on how the weights-are arranged The'arm is prevented from tilting, !

- % I x
howeVer, until the child predicts which side (if either) will go down:K Siegler /
N * ! i

identified four systematic rules that children can employ to solve this task, .
rules which fall into a nice hieraréhy of increasing maturity. A child using /
Tule 1 attends only to weight the number of circular discs on each gide. of the '. |

fulc'—’/,/lf they are the same, the child predicts baIancef otherwige he predicts

%1‘

B
. that the 'side with the greater weight will go down.g A child following rule 2 is

\

more aivanced for he considers both distance from the fulcrum and smount of weight

€ - . <

whenever the weight (number of diS”S) on the two sides is equall When they are AR )

s *

-

'weight and distance, but when the cues conflict they lac&

.5 s,

unequal weight alone dominates. Children using rule 3 alyays consider both j
f§ rule for conflict

Yo

_resolutions and must guess. Rnle 4 represents,fmature" knowledge or—the "en

e N H

;’ state," and solution is based on theisum-of-products calcuiation. While\gome,

Lo % N k 2
five-year—olds can operate systemﬁ"ically with rule l some 16-year—olds still

£ .t N . * . 4
have problems with rule 4, a nice developmental spectrum for description. 1l

Siegler 8 task analysis is successful because he can detect not only whqn

mature knowledge of the torque principle is rehched but also significant mitk-

1 3

stones along the route. *Similarly, ?y coné?dering the errors produced by twot to

s

four-year-~olds in a counting task, Gelman can diagnose which counting prindip e

f;;: the child lacks-uthat of one-to-ong correspondence, stable ordering, cardinali Ys

. etc. In both cases the key word is diagnosis not oﬁﬁy of end state sctivity,

N
- N :

+ but of starting and intermeddate levels as well. ,

. . | i
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D. Instruétional Relevance and Training Studies

A )

o Trainino studies have become a characteristic feature

»

1

-

of both the mempory

adeyelopment and problem solving.literatures, although such endeavors are nitiated

/ .
Training studies in the memory development literature are

~

for different reasons.

by-products of the production deficiency modal experiment and_are usually?designed

" to answer a question of theoretical rather" than practical: interest. Having demon-

- T

' —deemed one of production if pot, a defic1t in mediation is ipferred.

- ) s , R
tion of whether production or mediation deficits underlie poor performance. That-

1

strated that, on their own volition, young children do not use a particular

.

strategy effectively, the researcher moves=on to the next step in the modal -
L

experimept--determining whether the deficiency is one of production or mediation.

Training is in tigated -1 performance now improves, the. original problem is

These

studies are, in genefgg, successful in providing answers to the original ques-*

:ﬂ% mattbr rests here, and the modal experiment is judged complete,&is justi-

fiable giVen the original reason- for conducting the" experiment.

Sinoe iustructional relevance was not a guiding concern-of the area, the

s

;oponents*can scﬁrcely be blamed for falling short’ of some criteria of accoun=-

tability The outcomes of such studiea, ‘howeve‘ have }.ittle practical utility. »

Iy

W

The fact that fiVe-year-olds can be trained to rote rehearse like seven-yeareolds

may answer a theoretical question, but is of questionable practical significancé
Indeed it is interesting that the only programs in the area of ‘memory develop- -
ment where practical application has been a major isaue are those aimed at

inducing strategic behavior In aberrant populations (Brown, 1974:. Browu & Campione,
1977b Butterfield & Belmont, 1977; Cappione & Brown 1977). The question of .

practical outcomes of training is of r‘1:1tic:-ar=1l conhcern when the subject -population

is educationally delayed

-




- F

§ ' . . . . .
One must doubt the practical utility of training memory strategies because,
. rd -
at best, the result is durable impr8Vement on’ the training task itself but there

>

"is little evidence for general Amprovement in perrcrmance on similar tasks

-

0
-

%&i!lllll!ikiﬂﬂ"

(Brown, 1974, 1977b) To borrow from Gréeno (1976), we can satisfy behavioral

objectives in that the SubJects do perform the traineJ behaviors, but we cer~

«
tainly haye not satisfied cognitive objectives of changing the subject s under-.

lying cognitive processes or the way he views memory problems in the future t

-

_“Without‘evidence of transfer;,of a gﬁhuine imprOVement in the subject's under-

- stanﬂing of the processes involVed one must ask ﬁhether improvement on the

® -

PH [ H

tfaining task itself is a desirable end product ~As the majority of memory -

= TR _

training studies have fOcused on inculcating specialized skills of rote Iearning .

.

LT

lists, the instructional relevance o£~these outcomes is,questionable. . -l .

- -

Given the ‘undoubted: cost oﬁ the detailed task analyses needed beforesinformed

S -~

instruction can be initiated. (Broun, 1977b* Butterfield & Belmont /1977 Kxghr

-

& Slegler, infpress), it seems reasonable to suggest that instructional relevance

K-y

be the guiding,force in the initial choice of training tasks éResnick 1976). We

-
L -

should consider tasks where imprduement Would be a desirable outcome even ggihOut

. generalizatiOn from the graining situation. For example, severely retarded .

institutionaliged people can be trained to perform complex industrial assemﬁly -

[ 3

jobs if the seemingly complex tasks are’ broken into easily manageable subunits @

(Gold 1972 Wade & Gold, 1977) " The goal of the traiming procedure is to aclileve

quick rorless perfgrmance on the training task itself because,armed with this
1 » -
gkill the hitherto un‘mployable individual can earn a living wage. Generalization

F

- =

of the training is not ggprerequisite for a substantial practical improvement in

the tyainee's situationm. Most training attempts “in the problem—solving literature

~

have ocused on elementary arithmetic, counting, reading subprocesses, seientific

reasoniﬁgg etc. The major investigators in this area have taken the instIUCtionaI“

A

-




N - '
- ‘ . " 4 . 16‘?\
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: relevance principle seribusly, dhile this has not. been a main purpose of memory |
training studies, - a3 - . o

®

A-second featurezof pemory'trainihg studies is that ‘the training.itself is

somewhat cursory. Some of the better procedures consist of the experimenter -

3

modelling briefly what he determines (intuitively) to be the desired stragegy.-

* Some ¢f the worst procedures consist of the experinenter restructuring tg; to-be- ‘

#

-remembefed material (e g., by blocking categories) presumably in the hope that

- - -

the trainee will derive the implicit strategy for himselfs The superiority of PRI
explicit intervention has been ampiy documented (Brown & Campione,alﬁ77a, 1977b, T

€ Butterfield & Belmont 1977 Campione & Brown, 1977) However, eyéh the better

- - - e ‘”’"»r—u - o E .
= .= e B

, attempts(at explicit instruction are not based on sophisticated task analysis

—

and do not take int3 consideration the particular needs of the trainee The one
/ .
notable exception to this rule is the program of Butterfieldfand Belmont (1977)

In contrast,}detailed task analysis is a characteristic feature of training

LS . . -

studies in the problem solving_area, and the benefits of this approach for 7
. _

tailoring individual instruction can be illustrated by sgain considering the - <

balance scale _problem. Having established the psychological reality of the £our— ~

* rule hierarchy, Siegler (19?6) proceeded to prbvide training relative to the

start::g leVel of the trainee.. Groups‘of fiveé aﬁé@éightayear—old children who -

were ething with rule 1 wefe presented with two*types o§ training, distance

] problems and conflict problemé. Distance problems provide the childﬁiith experin '¢Q
-~

-

ence with ‘rule 23 hile conflict problems provi&e experience necessary for rule 3,

-

Thusv/training with distanca problems wss geared one level above the child's- <

PO
—r [ i
" x

original starting point and conflict trainiqg vas aimed dm two' (or more) steps
Sy - %l* s ; - .

ahead R . . N ;
/ :

_ . : . 3 -

The stage was set 5? test a widespread aseuﬁption concerning training, that

é

',i

7/
4%-

.. the distance between the child's exisiing indwledge apd new information is a

~
== - - - f . -

IM'“M
"
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.
""




" . ~ s . . 5 . ¢

= ”~
- , ‘,‘17 -~

&

. - - . e
critisal determinant of how successful that, training-will bT (Browiy, 1975a, l978;

Inhelder, Sinclair & Bovet, 1974; Kuhn, 1974: Piaget, 1971)! This was.eonfirmed, ’

L]

as both age groups benéfitted from training only one Level beyond*their initial
a : ) ' *

competence. When training was geared two levels beyond pretest levels, pnly the

older children showed improvement . In subsequent studies it was determined that

the five—year-olds difficulty was one of encoding, they failed to ehcode distance ' v

.

information, concentrating their attention solely on weight After training in

[ t -

encoding distance, they too could receiye someﬁbenefit from the conflict problems

. As expected, near training\Las found to be more effective, although.trainiﬁg aimed‘ /

two levels above pretest éompetency-provided some help. Presumably, training on

Iy

- - rule 4 wonld not improve the: lot of rule 1 subjects. Of main interest here is
that‘detailed task analyses informed intglligent instruction// As a’tresult of his

task decomposi;ion, Siegler was able to determine the initial level of the trainee'

. i“ - ~ 3 * ‘ .

and what would constitute near ES far trainingtfor him, Training could therefore
. 3

"be aimed at the child's present level and entering ability was the determinant

i

of what type “of. training was needed rather than age or ptretesg failure as is the

- o r
! & f »
) case in memory studies.. , '
! In this section we have emphasized differences in the currentrapproaches,
taken in the;mainstream:of the, memory development and problem sdlving areas. ////'

. -These.differences are most apparent when ome congiders task analyses and ins:ruc—=

tional relevance. Note, hosgver, that although there is a clear difference im

[

- emphasis,‘both literatures have followed a similar evolution. Boeth have pro- -

gressed from a concentration on demonstration studies, through a period of pro-
) \
ductipn deffciency examinationsg to a concern with training (Kuhn, 1974) By
] ]

emphasizing recent advances in the. problem_solving 1iterature, we hoped to
4

g
i

-

illustrate a weakness in the current state of the art concerning memory develop-

-

[
=

- I's { ;
-
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= intelldgeﬁ%e alsd‘make a distinction between . the knowledge and routines availabl

R - .

- A. Self-Interrogation and Self-Regulation o

III. Commonalities Between Memory Development and Pﬁgblem-Solving Literature * .

In theTprevious sections we have emphasizew divergence between investigators

‘in the mainstream of memory development research and those classified as cognitive

[ ]
psychologists interested in problen solving. /Here we will emphagize an area of

.

T——ig

convergence,,fo estigators in both aread are becoming increasingly concerned

with the child’s knowledge about the rulesh strategies; or goals needed for

efficient perfgrmance Klahr (1974) disﬁinguished between knowledge and the
N A
understanding of that knowledge. For memory theorists the divigion is between

“ -

memory‘skills and capacities,andmetamemory, the knowledge ore has coneerning -
‘Ehem (Flavell & Wellman, 1977). Mbst theoéies of human cognition and artificial

to the aystem ‘and the ‘executive that monitors andeconttbis the use of these data.
F

though we appreciate”?hat there are serious problems with -this simple dichotomy l

rown, 1977a, 1977b; Klahr, 1974 Winograd 1975 Woods, 1977), in the interest

of brevity we will accept the division here1and ignore the Eheoretical complica-

tions:-,Aléo in the interest of brevity, we will not review the literature con- -

4
cerning m‘facognitive development as there are now available several reviews of

the gradual emergence- of seff—inter*&gation and regnlation over a wide range of

situations (Brown, 1977a, 1977b 1977c Flavell 1376 Flavell & Wellman 1977).

3 =

{

r

The main premise we would like to discuss is that when faced with a new type.

e Tl
of problem, anyone 1s a novice to a certain extent. wNovices ofxen fail to perform

a

-~

efficiently not only because they may lack certain skille but because they are

deficient in terms of self—consciouS'participation and intelligent selfnregulation

I

‘of their actions. The novice tends not to know much about either his capabilities .

on a new task or the techniques necessary to perform efficiently; he may even have

- . . . ) ) Co |
difficuley determining what goals are desirable, let alone what steps are required

[




to get there. Note that this innocence is not necessarily age reldted: (Chi, this

- P .
Y
-

' Nolume) but is more a function of inexperience i a new problem situation.‘ -

1'% —tt

== )

Adults and ¢hildrec display similar confusion when confronted with a new prqblem.
a novice chess player. (Chi, 1977) has many of. the same problems of metacognition
thar the very small card player exper ences (Markman, 1977). For both, the

situation is relatively nev and difficult.— harring significant Eransfer from

="

" poior experience, the beginner in any problen!solving situdtion has not deveIoped
4, L
the necessary knowledge about how and what to think under the new circumstances.

iy, &

The point we wish to emphasize is that children find themselves 80 situated

more often than adults, and Qery young ch ldren nay be neop tes in almost-all

4

problem situations. Thus an explanation of why young children have such generalized

i 8 -

metacognitive deficits (Brown, 1977b,.Flavell & Wellman, 1997) is that most- of

- our experimehtal tasks are' both new and difficult for- them.‘ It is this lack of ~ r
A < . o £5 LF L
s = i ?;?
familiarity with the game at hand that leads to a concomitant lack of self-. -
'interrogation*concerningmthe current sta;e of knowledge and to inadequate sélec-
. . R % . - .

tion and monitoring of necéssary stepg,tb decrease the'distance between starting

levels and desired goals. -The child's initial passivity" in many memof;’and

problem solving tasks; his failure to check and monitor his ongaing activities, .
his failure to make hig_own tesk analygis, could bé the directirésult of grose .

inexperience on such tasks. This‘does not, mean that young children gre incapable

B . < ;
of self-regulation, only that they tend not to bring such procedures to bear

2

. N
immediately on new problems. -Children are uniVersal novices, it takes experience
P

before they build op the knowledge and confidence Which would ehable them to adopt .
! .
routinely the self-intérrogation mode of the expert (Bransﬁord Nitsch & Franks, -

- i =};‘ -
F ¢
o

1977)l ) . A e - . -

Althbugh absolute, novices tend not to intorporate effective metacognitive
= 3:-@5 -

activities into their initdial attemp;e to solve probleme, it i3 not simply the case




. x ' 20
that experts do and novices, do not engage in effective geif- rggulagjon, As

~ £

91m0n and Simon (this volume) have pointed out in their study of physics
. ) - - ) r
problem,sclvers,‘the‘expert epgaged 1n less obgervable aé%f:questiOning than
. T « -
did the relative novice, for the processes of problem solving in this domain
%

,kad heconme relatively.automatiiégrfir the expert. The relative novice, however,

and‘SimBn's novice had received stfficient background instfuction so that the

*

-
5

t;a 1c rules for “Qolutlon were knom t:o her. We would char‘ecterize her state of

» "

. krowing s typical of the leainer, acquainted with the rules of the game ana
- ) . = , w .
beginnirg *dé%gquire expertise.

. . —-;; f— ;}

’
of sctivity cheracteri21ng the process of becoming an expert. First, the

absolute novices would shew littlc.or no intelligent self-regulation due to

FompIEte uefemiliarity w%th the task, This would be follgwed by an increasingly

active pericd of deliberate 3elf—;egulatign as the problem solver be&omes
[N / A - ~

F4

ﬁaﬁi]ier with the necessary rules and subprocesses, and attempts to orchestrate

. s

-hese activities which are deliberate and demsad effort. Finally, the performance

of the expert would run off smoothly-as the necessary subprocesses and their

coordination have all been overlearned tc the point vhere they cam be coordinated

:eletively automatically. ‘.

. &

We have as yet little developméntal data to suggest that such a pattern is”

e
.

a characterigtic feature of growth during problem solving, but we would like to,

¥ *

predict that such a progression would be a relatively stable feature of learning

E

in many domains. Furthermore. although age and?experienqg aré obviously intimately

) relafed we do not believe that th® growth pattetn is. nedessarily age related. )

P i
;

Young children may show the same prngression of naivety to eompgtence within

-
-

3impler task domains. Evidence such as that prouided by Child (vﬂis volume)

= - - . =
j_{ - -

- . - . -

N ‘l‘hﬂ

" N
et
!
Do
G
L

1

==

yrovided peny"igetanges of)p%ert gelf-qﬁestioning and checking. Note that Simon_

.

.

We would ﬂOt be surprised to flnd that there is a relatively typical pattern

»
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21

y6dng chess experts is exactly the hind needed to support this conjecture4
. R . ~ ' &. / N
. we wigh to understand how much ofrths:young'child's ineptitude is due to ta

—

expertise, rather than age per se, we must look at behavior in areas wher

- - e

child is competent as well as those where he is inefficient. .
T There 1s one other factor that might contribute to’the young child Ageneral

pmtacognitive'problém.-fIn-additdon to being hampered by the‘novelty most

u ”il

experimental sigiafiansj_;oung children may simply not realize that there are . o
_certain metacogn tive operations Which-W1ll be useful in practicall /any situation.

T

' These generaly;e acognitive skills are discussed at 1ength in anot/er paper

(Browm, 1977b P &nd we will only briefly summa“ize them here. Thé basgg‘skills

. £
of metacognition which the child must acquire include Eredicting the consequences

;‘L

of an action or event, checking the results of one! s own actions (did it work),

monitoring one's ongoing activity (how aﬁ I doing), Teality teéting (does this

make sensge), and a variety of OthEl behaviors for coordinating,and controlling

< B

deliberate attempts to learn and solve problems. These skills are the basic

W

-

characteristics of efficient thought, and one of their mostfimportant properties

is that they are transsituational. They apply to’ the whole range of Pfdbl@m'

-

‘ﬁ' solving_activi;ies,‘from artificially. spruetnreé~ex?erimenfal settings to what

13
‘e

we psychologists defensively refer to as reel world, everyday life"‘situations.

-

It is equally important to check the. results of an operation againgt some cri-

= oy

_terion of acceptability, vhether one is memorizing a prose passage or reading a

- textbook: following instructions in a 1aboratory experiment, a classroom, or on
the street. A child has to fearn these Various skills, but perhaps of equal
importance he has to learn that they are almost universally applicable,- that
" whenever he is faced with a new task, it will be to his ‘advantage, to attempt +to

b -

apply his general knowledge about how to learn and solve problems.

fiy

/

o .

=
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Not onl, does interest in metacognition<characterize\both the problem-

--~-golving and memory development literatures of American’ developmental psychology,
but traditionally this has been a prime eoncern Qf Soviet studies of cognitive

- developmeng. Vygotsky (l962) waegpne of ‘the first to describe the two phases in

s o —— k]

the development 6f knowledge: first its automatic unconscious acquisition;

¢

followed by a gradual increase=in active, conscious control over that knowledge.

- -

" Recent translations of previously unknown work:of Vygotsky 8 attests to his life-

-

long 1nterest in what we row call metacognitgon (Wertsch, personal communication).

The“ingenious studies of Istomina in tracing the goal-directed, gonscious control:
- of early memory strafegies (Istomina, 1975) and later study skills (Smirnov,
Istomina, Mal! tseva and Samokhvaleva 1971) are notable exceptions to the
wastelanﬁs discussed above Thus, there is considerable agreemedt among -

- American and Soviet psychologists that what develops in a variety of problem-
solving situations is the increasing conscious control and regulation of goal—

-

oriented strategies. L . . -

B. Invention and Generalization - - : -

LI

&iven their common .interests in training strategies or rules and in meta-

"}coghitivexdevelopment, it is not surprising that in both the problem—solving and

’meﬁory development fields, there is a growing interest in whether Eetacognitive

development can be fostered or accelerated by direct intervention. The position

has;oeen nicely stated by Norman, Gentner and Stevens: O .

e . The skills of debugging are clearly important ones. Papert . .
believes it is perhaps even ngre important tv teach g child how fo
debug his own knowledge than to teach him the knowledge itself,
The implication is that if a child knows how to learn, then he can
. get the knowledge by himself. We find that tHis philosophy strikes -
? a sympathetic’chord: Why do we not attempttx)teach some basic . -
- cognitive skills such as how to otganize one's knowledge, how to
learn, how-to solve problems, how to correct errors in understanding.
These strike us as basic components which ought to be taught along
wi;hﬁthé‘content matter (Norman et al., 1976, p. 194).
. - . .
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The same philosophy haﬁ been s*ated rccently in both the memory training .

and problem—solving literatures Brown, 197Zb); and of course it’ is the essence

"of the diatinction between co\ itdve and behavioral objectives of f%aining i

(Greeno, 1976). The central quﬁstio; is how do we foster the de;elopment-of )
generalized knowledge concerning one's own cognitive actions and to go even. = o
further, how do we induce invention of new and more efficient skillsrfor problemé =

\ -

solution’ Facile ggperalization and invention are traditional skgns of intelli-

~r.r » - -

gent activity and a%ekprime candidates for’ '%hat develops _ Young and slow-
learning children are'ndbt efficient at: (1) going beyond the information given,

2) anénting new solutJons, or (3) transpcrting old solutions acrogs tasgk ) .

=7

boundaries. These problems distinguish their’behaviorsover a wide variety of

- -
- LI

tasks. ) . - A ' e : ,

Fd

The question of whether direcdfintervention can bring about improvement in

metacognitive functions is only 3ust beginning to be Ehe subject of intensive

- - =
-~

research activity. It is easy to suggest that. training should be aimed%gt showing

children "how to organize their knowledge," "how to, learnié and "how to solve

Eal - -

problems ; but it is considerably more difficult Yo instantiate these suggestions

in concrete training programs. Some advances have been made, however, Resnick

s 3 ’ hd 4 -

has had some success in th%,area‘of_elementary mathematical reasoning in instructing

"routineslthat put the learner in a good position to,digcgvef’oriinvent strategies
for themselVes" (Resnick 1976, p. 72). Similé:ly, our initial attempts at Y,

inculcating simple check*ng and monitoring strategieS'have been quite successful 3

¥ B}

and, indeed, represent odur chly evidence of genesaligation in educable retarded:

children,(Browﬁ &.Campione, 1977b). Fer ‘example, ehildren’trainfd to estimate
é - ) . %
their recall readiness prior to a test of ordered rote recall of a list of
£

picture names, became more erricient ‘and maintained their efficiency for at least

wl”w
1

a year. Furthermore, the effects of training generalized to_a somewhat different._ s

s SRt
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splving skills proggded§for college students (Hayes, 1976). Self-reports at the
: -5
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task wherekthe childrén{were required'to‘}ndicate their readiness totreproduce
the gist ofesimple storiesy: Training children to:stop;‘check, and self~question

. ZEI ~ . L4
before respondfig does-seem to be effective, . . St

a

- -

73_9 As a fuxther illustration!of the convergence of the problem-solving and

® ~memory development fields, both Resnick (Resnick & Beck, 1977) and BroWn (l977c)

®E
—

have’ independently extended €he ngiOn of self-regulation as a general charac-_ )

teristic of successful 1earning to the problem of reading comprehension Both
et

suggest that instructioff in conscious use of self interrogation and self-

*

monitoring strategies might prove effective in enhancing comprehension skills

3

of poor readeré ’ - ; s - .o

These preliminary successes with training self-monitoring in children areg

- %

_.mgst encouraging' Eqﬁally encouraging for the prognosis ‘of successful training

of metacognitiveaiﬁsightu is the outcome of an fhtensive course in problem-

a

) end of ‘the semester~long training progrem indicated that the main areas of = -

T wa? in out laborator;:(Brown, l977b)

E e
improvemenq v§:: ones wé would term metacognitive. The students reported

increased awa

AN

&hd o:ganizing, increased _diagnostic SRills (or personal task analysgs), and

-

ess of th?ir own cognitiveqprocesses, improvement in planning

-

improvement intgeneralized problem*solving skills. Attempts to develop*intensive

s A

training programs aimed at young and slow*learning cbildren are currently under-

.

= - "

= ay

L]

AB we haveﬂh§En, it is primarily in the area of metaoogni%ive development

y *

. that .the areas‘of problem solving and memor9 development converge. ,It is also,

- =

hére that current interest and actlvity is heing generated and; ;%are optimistic

3 . .

that frsm such apprdhches we will gain cbnsiderable insight-&hto'Jﬁhat develops§

\.

in normal children and what can be induced in the léss proficient.

.
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c. Strengths and Weakneés of Both Approaches .. { j . ' -

3

The two major bodies of‘knowledge concerning cognigive development, the

problem-solving and memory development literatures,\}a&%?been compared ‘and con-

trasted. We have emphasized the major differences in approach and indicated that

-

the one topic. of current concern in both areas is that‘%f mexacognition This
— _ hl ﬁ
mer'gl ngﬁof interest from two distinct fields of inquiry is exciting, and it is -

because of this convergence that we select the Qegacdghitive skills ofziself~

s 1nterrogation and self—regulation ‘as prime candidates for what develops.,

In con’rasting the differences rather than the éimilarities of evolution in
the two research areas, we have also highlighted the strengths and weaknesses of
each approach,rfor the strengths of one are the weaknesses- of the orher The large -
body of 1iterature in the memory development area has provided us with impressive
evidence of the generality of the strategy deficit problem in yOung children‘d‘

-« =
thinking. There dre literally hundreds of examples of the young child 8 failure

gv’to employ commonf!Peqonibg;en—lagafatﬁéyjrote—learning tasks. ) A
We know a considerable amount about how the child comes to employidii:ZSrate )
skills of rememberifhg, first in the realm‘of real~world‘activities (Istom .
19?5), and then as a deliberate(goal of laboratory tagks. ﬁz also know a con- i

giderable .amount about what does\not-devélop (BroWn, 19725; Chi, 1976):‘}He can

N
Predict fairly, accurately not only that the young will perform poorly on'memory
- e
tasks, but where or'when theif‘difﬁiculties will be most apparent. We also are

,{ & N
begiming to- make progress in identifying the underlying processes responsible
[ %

for inadequate performance (Chi 1976 Huttenlocher & Burke, 1976). Thesgpare

a

.

real and important‘advances. Researchers in tfe~problem~solving a*eas, because

» ~ s
A data to support their conclusion. Their conc tration on a very limited set of
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The major weaknesses in ‘the memory development  literature are ‘the strengths‘
of the problem-solving area. Whereas the memory studies can be chafacterized

py a general lack of detailed explicit }wdels;of varying states of competence,

-

the problem-solving literature has severil good examples of detailed models.

=

Similarly, a,concern for instructional relevance is a notable feature of the

AR

P - Es

problem-solving area, but memory-trairming studies have not been designed to answer

L B

- 1 -

quéstions of instructional relevance..
. _ . ) .
What is needed at this point is a merging of the two disciplines, a convergence

which can most readily be achieved by considering new tasks an& processes where

a dichotomization hetveen strictly memory versus problemlsolving tasks would not

~

be made; In the next section we'will introduce some of oui%favorite candidates.

"IV. Alternate Methods for Asking What Develops

.7

- - -

- In ordq; to anawer the pertinent question concerning cognitive development,

what develops+ it pay be necessary for us_to expand the repertoireaof-tasks and —

strategies we ‘select for intensive examinhtion. If such an expansion is warranted, -

-

s

St might be wise, before embarking, to consider critically the criteria by which
! " we select new tasks. Ideaily, we would like to harness the strengths of both the

4
traditional memory and’ problem-solving literatures. In this section we will

" (a) indulge in speculation concerning ideal criteria for task selection, (b)

’ introduce a subset of tasks where we have some initial data end which we believe
tap important paychological—processes, and (c) gluggest alternate methods. of
T st B
observing cognicive-growth. ’ ) ’ . ’ o

- - k3

. .A. Criteria for Selecting Tasks and Strat;giea

.
-

P -

Extrapolating from the previous seCQions, He,believe that an ideal strategy

to study VOuld be one that is within the repertoire of the child across a wide 5

LY & * A o b,
4{ age range and one that d!h fairly be said to.represent an important cognitiye -}L
- . - . - N ‘e . . . o= »
) activity. Fuyrthermore, starting, interundiate,'and'ending states'shonla all be




.
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‘;;aceable. Ideally, the procegs under examinatibn should be susceptible to
description by means of detailed, explicit models which can map its developmental

progression.' The type of activity ve have been looki#hg for, therefore, are thoée

~ -
-

that show interesting early precursors and are activities engaged in during problem

solving by both young- and old.

In addition tQSa broad age range'where the processes of interest are undergoing

- -

> . . N
; _change, a broad task range should also be a selection criterion. By this we mean v
that the process under investigation should be a useful activity across a wide -

L 4 -
variety of tasks. If we are to invest considerable effort in mapping a develop—

»I]W

, mental progression in some cpgnitive domain, we should focus on a,cognitiVe process

of widespread generality. And, in the ~same Vein, if we are prepared to embark on

) training atuempts, whether for basic or applied raasons, the process we wish to \ é
.- F
inculcate should have reasonable instructional relevance. Furthermore, training . '
3
preferably should result in cognitive gains as well as behavioral gains {Greeno,
' ) o N— ’ -
1976) -, . N - '
. 1o B . - ) - "_5
rFinally, we should select a task where we can consider not only the activity

5 h N ﬂ} . - -

of intereSt but the growing knowledge'that the child has, concerning that acti@ity.*

w

This knowledge should be measurable by me;ps other than just self-report, i. e.,

there should be some method of ext%rnalizing the’ flexibility with which the child
%\ :

[
- f
1

controla and governs his own behavioral repertoire. o - J ?

= 1

* ¥ g
of course;-varioue criteria become differentially important depending on the

* #omes : -
S

particular goal’oﬁ a research program. For exampleig for those interested in
training,-tﬁe criteria of instructipnal relevance and a broad range of applicability

- = < -
are: paramount. But these criteria ﬁbuld not be -s0 important for thoge concerned

'

vith; for example, ‘the earliest signs of, strategié planning. We have included the“”""

*
!

adt of criteria here merely'xo illustrate some of the general,noncerns which should

=

-

- ebe considered when' embarking on a program of developmental resegrch. The ones we

E"* i

. - i b
+ . e - . =
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A ) . e . ‘
_— + have chosen are no doubt jimportant but there are no®doubt others we have over:

i S
. x

‘loogbd. In addition, we would not pretend that the tasks we have selected
sy ’ ‘ : - -

sﬁcceSSfully meet eveh our own criteria; Rather, we have introduced a few .

idiosyncratic candidates which we favor and which we believe have the potential

J . ,
of eventhally satisfying a subset of the criteria . < ' }
N B. Selected Tasks and Strategies. . ' . .
Y N .
K 1. Extracting‘the main idea. Getting the gist.of a message, whether orhlr‘

or written, is an essential communicative as well as information—gathering

&
activity. Without this ability, children would never learn a language and wohld

certainly nevet come to use that language as a vehicle for communication. The :

- -

[

ability to extract the main idea, to‘the exclusion of nonessential detail, may

be a naturally—occurring'prqclivity, given of course a reasonable match between ~

~ & &
the complexity of .the message and the receiver s current cognitixe status . v
- (Brown, 197Sa). A ) L - -
« v In airecent series of studies (Brown & Smiley, lﬂ?7a, 1977b), we have been /

oy =

considering the limited case where children must extract “the main _theme af a

h . 7

-

g&gse passage; a stofy. Our subJect population has ranged from preschoolers as /

young as three years of age to college students, and the stories are adag;eﬂfto )

- 8

sult the different age groups. We find the same pattern across age: with or

without conscious intent to do so, subjects extract the main: theme of a story i

X
*

~_and ignore trivia. Even the youngest child's recall favors the essential action
- - e " . B -
sequences of the story. Preschool children provide less detailed recall of stories

or events, but they do favor the main theme. Older childnen have more highly-

developed scripts (Nelson, 1977; Nelson & Brown, 1977) for storytelling, but

even very young children apprehend the essential gist of a story plot (Brown, 1976),

Children are misled in.their comprehension of stories by the same anares _

‘ /
that trap adults (Browm, Smiley, Day *Toﬂnsend & Lawton, 1977)i‘iLed to bel}eve

-

; = N L. .
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) certain "ﬁacts concerning“afmain character or the location of an action, facts
whicb never appear in the original stoery,” children disambigu te and elaborate in

" the same way as adults. They false _recognize theme-congruént distractors in
=~

F

g

recognition tests, and introduce importarions from their preexisting knowledge
. N — f’ -
; when recalling. In addition, they have difficulty distinguishing between their

;’
own elaborations ;and the actual story contentr’ B ”»
If there is such essential)similarity across ages in how chilfren construcf ‘ .
- . -~ v
3 /,;/ , - ] : o L
' . 2 message from prose passages, what then is the interesting developmental trend?

Not surprisingly, given the theme of this chapter we believe that what develops

is incredsing conscious controf%éf the naturally—occurring tendency, a control

3

which allows more efficient gathering of information. e ' s

- ¥

-

As children mature they become able to predict in advance;what are the ’

essential orggnizing features and crucial elemen:s.of texts CBrown & Smiley,

- e e e i - \

~.1977a, 1977b)n Thanks to this foreknoﬁledge, they make better use of extended
2 - .-

study‘time. 'Ifrgiven an extra~period for study (equal to three times their: - ' -

- - - _ 7 . .
\‘reading rate), children from seventh grade up improve their recall considerably

s

P

for- important elements of text; recall of less important details does not improve. = -
’ e ) - é Ead
Children below seyenth grade do not usually'show such effective use of additional

% 7 *

study tihe their recall improves, if at all evenly across all levels of impor- -

*)"
"
i

tance. As a resuLt, olden students recall protocols following study include - Lo

all Ehe essentfal elements and little trivia. Younger children 8 recall: though‘

-

; still fevoring important elements, has many such elements missing. . ' . z

K

WHe- believe—shat older students benefit from increased study time as a direct
. { c
reSult of their metacognitive insights and their ability to predict ahead of time’

what are the important elements\ Younger students, not so prescient,’ cannot be

-

expected to.. distribute extra time inrelligently, they do not concentrate on only

,!‘. . [

the.imporgént elements of‘texn, since they do not know id adyance what they are:
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- To substantiate our belief that metzcognitive coutrol governs this develop— y
L mental trend we heye observed the study actions of our aubjects In particular,

* —

we, have examined the physical records they provide, records that can be scored

objectively—-notes and underlining of texts. & certain proportion of childreqig

-

from fifth grade end up spontaneougly underline or take notes during scudy. At

all ages, the physical records of gpontaneous squect& favored the imgorcant
e - = 1

elements; i.e., the notes or‘underlined sectxpns concen;rated on -elements of the

text -previcusly rated as crucial to .the theme.
- = N 1

Students induced to adopt one of these gtrategies did not show a aimilar N—_

‘sensibivity to importance; they took notes or underlineé‘more randomly. §Sqme of'
the very young children underlined all=the text when Eold to underline. \Aithough

. R . - y - L

o the efficienoy of physical record geeﬁing in induced sﬁbjects did 1mp§ove with ‘

. . . : Y o
age, it never reached-the standard set 'by 'spontaneous users of .the strategy. ,

Furthermore, the recall scores of spontaneous producers were much superior. Evem = -

[

- . . o fy

fifth graders who spontaneously underlined showed an edult-like pattern and used -

extre atudy to differentially/improve their recall of, important elements. Hhen

we combined all—fifth graders, the few spontanedﬁe ﬁroducers apd the rest, the

F —

, efficient .pattern of the spontaneOus children was masked
It should be pointed out that we do not believe there is a megical age at .

A T

which children becoméééyle to indicate the important elements of a text. .This

is obviously a case of headfitting (Brown, 1975a, 1978), i, e., the intimate-

. 7 relation of the chiig’ 8 current knowledge and the comhiexity of the stimulus "
materials. We have found that withfmuch simpler texts ohildrengcan pick out the -

main ideasg at a much earlfer age. we are currently examining whether they *ahow

- a concomitant decrease 1n the age of onset of simple’strategies g?ven this -
! ) = 'l ” .« i . » - >

foresight. o . T

e

- &n short, knowledge about texts (or an§7messege%sbﬁree'for that matter) must

-

L4 = ¢ ( . - S *
consist of general knowledge about consistent featiires of all texts and specific . R

. . -
— = . o . 3 = +
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knowledge about: t:he particular explar at hand, a specific knowledge which muqt:
be influenced by the idiosyncrat:ic characteristics such as complexit:y. Similarly,

* we would expect that'strategies for learning from text would dep_end on general

-strategic knowledge about suitébliactiv;it:ies ‘but these would have to be

-

\ .
t:riggered by certain specific featBres of the text now being st:udied. Quite
simply, if tl@ text is so complicated that the reader cannot ident:ify t:he main

points, he can scarcely be exper.t:ed to select them for extra st:udy, even if he *

- posseéses t:he prerequisit:e strategic knowledge that this would be a good study

ploy, Thus, we wou1d predict: that even the sophist:icat:ed college,,e‘( dent may

: Y
behave iunnat:urelyxwhen studying a diffic ext, g . T

- > -

P
-

This brief SUNMAYY' of gome gf our ongoing regearch (for ‘details see Brown }g'}’k
- \ -
& Smiley, 1977b), illustrates wh ve believe to be a repetitive pattpm in cog-

nitive developmént:. What develo is often increasing conscious‘cbnt:rol over ‘an

€

eerly emerging process. Even young children ext:ract: the essential gist: of massages
if they are not misled by red herrings, such as ert:ificially increaeed salierice

of nonessential detail (Brown, 41977b). All our subjects have shown this abilit:y

»

t:o a lesser or greater extent-~even presc'hool children (Browm, 1976), poor

2

readers (Smile}yr’g Oakley, WOrthen, Campione & Brown, 1977), and slow leamere

~ (Brown & Cqmpione: 1977b) . . What, develops with age is strategies to ass“ist this

process and enhanced sophisticat:ion and control over thesé strategies; a sophis-

B )
5 ]

" tication embedded in increasing nfetacognitive insights, Using his knowledge about

elementﬂ of texts, his knowledge concerning how to study, and the interface of

tbeae two factors, the older st:udgnt: can beeome much more efficient: when processing

Pl
s

information presented in t:exts.,'

1
H
i
1y

! 2. Viaual scanning. Our neéct eelection of a na_t;uralj,.y-occurring ability

which shows interesting refinement and deve‘loping conscious control with age

.

and experignce ig the behavior of yisua}_ scanning, the process by which one

13
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e ‘ e

actively, selectively, and sequentially acquires’information‘from the visual

_#.._,,

. environment" (Day, 1975) E;\\ttive and- efficient visual scanning.gequires*a
high degree’of exacutive_control,directing fixations and sequencing eye movements -
. from one podint of the vigual array to another.

The process of visual scanhing begins iu the first hours of life. Even
newborn infants scan visual stimuli (Salapatek ,1975), but iﬁ a very restricted
fashion.‘ the young infant ié 1ikely to limit his fixaéions to qnhy one corner

"of a simple geometric figure (Salapatek 1968), or to just one £

e of a face
" (Maurer & Salapatek, 1976) Thg,nggg‘igfent s attention ig-dfawn, almost com-

pelled tgesmall areas of high contrast. He seems to have ver} ited‘vedudtary

- ~ ==

coatrol over his looking and has been characterized, as captured" by visual
£

stimli (Ames & Silfen, 1966; Stechler & Laxz, 1966). ' >

A

Z This involuntary luoking gradually gives way during the first few months to

¢

much more voluntary control. ?y three ot four;months 4 baby scans the entire

-—~’A

pattern, not just a single feature (Gibson, 1969)1*and thus becones capable of
- !

extracting moTe, higher—level‘information In addition, active stimulus compari-

con is performed (Rﬁff 1975)- when presented wiuh‘tgo visual.patterns, -3 baby

- i

-looks back and forth between the two. 7The degree of shifting increases with age.

The more similar the stimuli, the more looking back and forth the infant does,
suggesting that even for infantskthe deplovment of a strategy depends on the
-difficulty of the task. Thus, in the first few months aof life we can see impo;-
ttanf refinements in vi8ua1 scanning. The behavior comes more and more under
voluntary control and gains the infant an ever—increaainégamount of information, i

“and rudimentary strategieﬁ’fgzigathering information can be identified.

:-The later developmental course of wisual scanning parallels the changés

eccﬁrring during infancy. Many aspects*of development can be attributed to the .

=
-

expanding role df inte“nai planful, gelf-regulation of scanning and the concomitant
T ; 7

- P . TS E
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c*creasing importance of external variables. ;Aithopgh the” young infant graduaily
:;ops being "captured" by.simple stimuit; we see repeated examﬁles of  this. same
problem dn older =hildren autempting tc cope with more _complex tesks. :The‘exact
wanifestation var%es accoroing to the situatiun. For example, when studying an
unﬁam* iar irregular shape, three-year—old subjects make fewer eye movements than

gsix—yczar-olds (Zinchenko, Chzhi~tsin, & Tarakanov,s1963). Furthernore, the -

yoanger children fiiated primarily in the center of the figure, while the older

. . . i
Although six-year-olds in thé Zinchenko et al. étudy showed relatively mature

= -

chlidren's fi.atione)cover its more informativa contours. T e

H -

scanning, if a more ‘cemrlex stimulus were presented, they might digplay immature
scanning., Mackworth and Bruner (1970) showed 5duits and six-year—old children

l"
-~ sharply focussed photographs with & éﬂeat deal of detail information. The six-

year~glds often bhecame "'so hooked by the details" that they failed to Tfan broadly

over the rest of the stimulus: “Having arrived at a 'good place' on which to

3 p
»/ffigxfneir gaze;”they—gﬁem to feel 'disinclined' to leap into the unknown areas
e ] . -

of the’sharpigicturgs" (p- 165). Mackworth and Bruner concluded that adults

“0Sbe°543ﬁ effectiye visual search program, which enables them to coordinadte

ceatral ano peripheral vision together, but that children do not. , Chiidren can’
. extract detail i.formation centrally, and they can detect peripheral stimuli.
? .
Powever, they cannot execute *the two operations simdltaneously. Thus, the main

- —

‘a

. problem is one of coorEination and control)gnot the pregence or abgence of ebecific

. -

skilis. 7 R : ’ ' ’ )

s =
-y

: m-.l{p‘

- . - » . ., - . - —_
Ircreased.cognitive control fis also reflected id other important developmental

[}
s

}gl =

chenges‘in visual scanning. For example, children's scanning gradually becomee‘ »

’

\ ™ore systematic, inoioating the presencé of h{gher—order organization of the
. ’ i " . —~ 3 ) .

behavior.. Vurpillot (1968) filned the eye movements of foux- to nine-year-old
caildren as they decided if two houses were identicai.- Unlike the older subjects,

the youngest children rarely made the systematic!pairedzcomparisons of comparably
\J . e

R -~ T 38 T,
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located windows that are necessary ¥or succdssful performance., Furthermore, thes

young children's scanning was less exhaustiye. Hhen two identical houses were
-3 . 9*..

shown, "they often failed to look at all the windows %efore pronouncing the

. . T e i
'houses the same. . . - R

Another important developmental change iniuisual scanning is that with age

children focus on the more informative areas of a visual stimulus. The older the
— ¢

child, the more likely he is to fixate those distinctive features that give him

-—_f

the greatest amount of relevant information for the task at hand (Mackworth &

"Bruner, 1230; 0lson, 1970; Zinchenko et al., 1963). ,Conversely, young children
. .

7find it more difficult to ignore irrelevant information. Just as in incidental

memory studies 2nd in prose studying experiments the younger .the child the more

attention he is likely to devote to stimnli that dre irrelevant to the task he “

is performing (Pushkina, 1971). . - ) /
Although W%e have mentioned several general developmental trends. in visual

scanning, it is extremely important to recognize that scanning behavior at ‘any

age will- vary greatly depending on the nature of the task and situation

estimate of children's capabilitias will always, necessarily, be a ~fufiction of the

task we use to make the estimate, and we will probably err any time we characterizé

the child as "being either strategic or not strategic at a givéen age, as being

-

deficient at one‘point and productive=at another. For ample; considerzthe 1

&

* question of whether preschool children can employ a} trategy of scanning

.
3

1

IS

rsystematically. The answer will depend very much on the stimulus presentéd A

Al

child might scan quite ‘systematically around a group of figures arranged in a

%
- [

circle, in which case, 4s DPay (1975) notee, the strategy is essentially "eiven"

by the” stimulus. However, the same child might scan randoml& the same number of

&
1.

Ey
]
) ; M -
.

figures i in a more complex;arrangement. Thus it ﬁill be crucially important to

;"

y

what extent, the child must generate and impose his own strhtegy on a visual array.

A argges“ ‘ , -

= -
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Similarly, the degree of difficulty children haoe attending to‘informative ‘§

and ignoring irrelevdsmt aspects depenes on tHe stimuli. 7The/c1earer the ‘stimuli,
the more likely children are to locate informative areas. The less organized the

é; ) etimulus and the greater the number of distracting elements it-confains,’the
harder it will-be for the child to ignore those irrelevant elements, Although ..l

‘by adulthood scanning has usually‘developed into ‘quite an efficient, individu-

a1i2ed process (Noton & Stark, 1971), adults are by no means immuneyto the meta-

4

cognitive problems childreh experibnce so frequently. If required to perform'a‘
. B \ ‘ . .

difficult scamning ‘task, such as inspecting chest x-rays for signs of pathology

(Thomas,71968), adults (relative novices) often suffer soe;*of the same defici— .

— 'encies seen in children, e.8., failing to scan as exhaustively as neceSSary or

failing to focus on the most informative areas.

¥

-

Scanning tasks thus reveal the same general pattern illustrated by the gist

recall procedure. Scannfhg a visual array, like extracting the main idea, is a

) naturally—occurringiresponse necessary for a wide variety of tasks, and for sur-
vival.® As the child matures. he develops the ability to éontrol‘and coordinate
scanning, to make.scanning a strategic action tailored fipely to changing task

demands. - ) . .

- "3 Retrieval processes. For our third example we have selected retrieval,

considered broadly ’'to encompass f£inding objects hidden in the external environ~

4 N

ment as well as rétrieving information tempprarily lost in memory. In both casess

+_the subject often must’ use some other information to help him track down the™
a 7 Y ! ) )
desired object ox thought. Although children can use external cues to search

{
the enviromment before they use internal cues to search their own memories, many
A h '

<

E of‘the same strategies are relevantato both activities. Fu:thermdre, insboth

- s

these activities an importqnt aspect of what develops is that the child ig’

increaaingly able to diréct and control his searchﬂgfocedures, i. e., he achieves

1“

increasing metacognitive control in¢luding planning ahead to facilitate 1ater

wle o0 8

W
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retrievaldand executing a search according to & logical plan. Our discussgion

'!hefe #ill draw heavily on theiwork of John FlaVeli and his colleagues, for they

have been by far the most active and creative investigators in this area.
Ret;ieval activities occur naturally at an early .age and contin%e to develop
- over a long period &f time Even infants are capable of organizing a sequence of

behaviors ﬁnto a search but their initial efforts are very limited _The earliest

\g - L~
i
information we have concerning the development of retrieval comes from object

permanence tasks. When six- or seven-month-old infants first start searching for

- <

hidden objects,gthey often do something very interesting from the point of view

of seif—regulation. A ghild may initiate what appears to be an attempt to remove
the cloth concealing a desired gggect, only to become distracted by the cloth
‘itséff. We can characterize this as a failure to maintain executive‘control: in ’

the midst of conducting a search, the child appears to forget the goal of the -

-

search, #ind subsequently ceases those behaviors origindlly directed toward

{

achieving the goal, A minimal requirement for the coordination and control of

retrieval efforts is the ability to keep the goal in mind for a sufficient perfod

of time and in the face of distractions. ) ‘, ‘ :
Another- interesting aspect of eagly%retrieval activities is that even
toddlers employ rudﬁmentary strategles in theirrsearch effosts, as reveaied by
the perseverative search errors they maké in object permanence tasks (the"Stage
IV 'error). . Begimning at about eight months, an infant who has previously found
an objecqﬁhidden at one place - (A) is likely to sea*ch for it again at<A, even
though he has,just witnessedwthetobject being hidden at a second location (B).

& ”

. We would say, with Harris (1973), that the infant seems to be employing a stra-

~

tegy of looking for an object _p the place where he found it before. Although

TSy

this strategy has obvious limitations and often causes the fnfant to fail in -

Object permanence tasks, it seems reasonable that looking for .an objecg-where -

. .
/ . - 4 B « . R -
.

.
o
- : . .
. =z .
.
. .
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7 hﬁ found it before would serve the child relatively well in his everngy inter~

actions %ith objects. Interestingﬁy, children as old as’two-have been found to

rely on this same strategy (Loughlin & Daehler, 1973; Webb, Masur, & Nadolny,

Ca972). SN L . L

. s : : I S P -
b We have characterized the toddler's search as strategic, because it suggests

— B

the systematic execution. of a plan. - The degree of self-conscious participation

involved however, is proBably minimal. As with the other areas we have reviewed

children achieve increasing sophistication at’ retrieval processes as sonscious,

voluntary control over them intensifies. In the case of retrieval, this ,,90@-.3'

A

tication is clearly»reflected in at least two characteristics of performance:
children become more likely,to do something Yliberate at the time of stotage to
facilitate later-zetrieval, "and their attempts at retrieval become more systematic

iy d
s - . .

and efficient. - . i ‘ L “,;‘

Even very young children engage in relptively simple behaviors whose sole
I | SR
fupction is to help them remember where something is for later retrieval. vChil-
;o . . Tl Y = ii‘i. ""
dren asfyoung as three years old -who ‘have béen in&tructedrthat‘they will later -

/ have to recall the location & an object (Wellman, Rittep, & Flavell, 1975), bt
\ $ ¥

P ¢ - = .

an event (Acredglo, Pick, & Olsen, 1975), show better memory than children not -’

~c " B
informed about a subsequent recall test. Thus& the children must do something to-

;,ﬁ

help them remember during the delay. Wellman et al. (‘é?S) observed their sub—
jects and reported that, while they waited the children in the instructed memory .

- e .Y -
copdition looked at and touched the 1ocation they,were supposed to remember. . =

-

Preschool children are also able to use a specific cue provided for them; when an

- . - - 3

external cue marking the location of an object is made available, they can use it =

_to help retrieve the quect (Ritter, Kaprove, Fitch, & FlaVell 1973). In‘

-‘t

addition, they are sometimes capable ‘of arraﬁging a cue themselves to aid their

-

later retrieval (Ryan, Hegion,‘& FlaVell; 19?0).-
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;.} ‘;' 2 Not: surprisingly, the t:endency to use such cues incremexits with age. However, .
T 7 even when t:hey t:hink to .use a retrieval cue,, yuunger children may!-fail t:o use it: )
! . P
- [ & M AN %
A o gs effect:ively as an. oldsr child.,- In a st:udy by Kobasigawa (1974) first: grade )
* o %
. chi-ldren -whd spog‘taneously uwd an available category cue still ret-.alled fewer *
@ N - . . . A T
o <’ i ’.it:ems per category t:han did thirg graders. In ot:her words, even when thly T \ "
‘g . § 2 . . * . .
" ‘t:hought: to use t:he ret:rieval cues, the younger children failed -to'conduct an .
f e.xhaust:ive search for t:he items associat:ed with each cue. Istominew(lQ?S) also L

) n o L
s noted 'Ehe tendency of younger children not -0 execute ‘an exhaust:ive search, of

-
"

their memories. Alt:hough some of her four- an.d five-er—old subjects activel}y
. ‘ at:t:empt:ed to recall a list of items, t:hey st:ill did not t:ry to retrieve it:ems not
f o 'immediat:ely recalled‘ Older.réhildren, however; of‘t:en showed signs of. conducting ~ .
ca an 'act:iVe internal seafch' ”In some cases the child recalled what he had forgotten '
. \ ‘ only wit:h lonygauses during whic.:h he would try:noe, to look at: those around him, e
‘ {\i'e. » he-would direct his gaze downward to the side or screw up his eyes" (p. 31).

-
. %

' . ' . ‘The' non-exhaust:ive se%rch of t:he younger subj ect t;:;.muld result from several possible
s e factors. The child may nﬁ check’ his output: against: a criterion of acceptability,’
Lo ﬁ . . - 14

¢ ’_ or, alt:ernatively, he may have' a different: c;f:it:erion from%he experimenter’g _ .

(Ko’basigawa, 1974) Or his- monitpring of his own memory may be inadequéte to <.

in.form him t:hat: there Aare items yet to be recalléd -In an'y case, these all & j'

£ represent‘ problems’of metacognigion of one sort or anot:her. The essential gimi-

.
we

-

, . larit:y of t:he problem/ of non-exhaust:iveness in :ﬁth “visual scanning and ret:rieval
- ."3, % : p 4

N v ., - i - B . : | ‘ !

= is obvious,ré' <L . , S < e . f‘ .
. S

- - 9 » * .

" We hav‘e argued that t:here are some essential similarit:ies~between the / ?}
}: 4_ : 'ztrie\tal of objects fronl the env.ironment: and‘ t:he retrieval of inf‘o‘rmat:iqn from L
( -}’ ) memory an?/t:hat: many of 4:=he gaine strauegies will be relevant in both cases, e. B ) :
SR conducting an exhuast:kve@rch. SHowe'Ver it is clear, t:hat: expernal retfieval :Es.' -

;%,“ ) " an eaaier taak than is memory seanning " Object re‘trieval gtuc[ies showsevidence

H
P box,
é N . -

&

., N s e ) ¢ 2 A +a ) s z - 7 7'
} \).( . ; L . Lo . "fg‘ ;:-;, 341 - ) 5 ‘ — & ..




<y

e n?

of intentional efforts to remeﬁber and the use of strategies in children as-young

e,

asithree, whiEE‘is a-much younger age than Istomina (1975) found that children
+ could delibg;ately adopf, the ‘goal of remembering and recalling a list oftwprds.

4

* .
»s
L3

In object retrieval situations the .cues available to aid memory are external and

®

physically present all the child must do is think to use them 'or orient to them,

Thus, the problem is much simpler than Qne in which t!% child* must initiate and

-
#ibaintain a purely internal cognitive orientation to information in memory. " The
1; the child must use

,degree of metacognitive contro 4

latter requires a greater
internal processes, cognitions, to‘control other internal processes
= = . 4'.

. . . . .
There is again some similarity betwien another’crucial variable ift visual
—— = v . - ‘ -

all. When strugture is provided by the.external .

scanning, retrieval, and story recall
o & : ’
. environment, a young child will perform\much better than when he must.provide that
gtructhre for himself (Day, 1975) In story recall a simfiar Hependence on
as been reported by Mandleg and beForest (1977). ?oung children -ate -
- —
fo
»

ependent than their elders on the fact that the structure of stories

- structuré.}
e
A0k

conforms to an idealized Séhema.
child is lost but the older learner can use strategies to recover to some exten%

4
Disturb this familiar structure and’ the young

.

‘-

from the violagion of the normal story structure.
Anather interesting aspect of ,the development of retrieval processes concerns
this process. Although~young children

" the growing knowIedge children h‘ about’
can use an external cue progided for them to set up ‘'such a cue ghemselves, they

-

rdi
of cues would be most effective (Gordon & Flavell in press; Kreutzer, Leonard,

+

- have at best very limited knowledge about why such cues are useful pr what ﬁypeé

,Mmm

& Flavelli)l975) Such metamnemonﬁc:knowledgez which permits intelligent direc—
$
For example, not until the age of
h -
-~

tion of memory activities develops gradually.
sevel” or eight do most children understand that the search for a lost object
¥

4
»
*should be limited to the area in which the object could logically be, 1i.e., .the _,

'3

- -
¥

o7 -
.42 D - .
e - - o
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area-between where one first discovers its absence and where one last remembers

havipg it (Drozdal & Flavell, 1975). Nine to lMyem\children realize one of

'_ the points we have emohaaized in this section, that an external retrieval taskr

'finding a jacket 1oat at school would be easier than a purely internal one,
. . .
remembering a great idea one had for a birthday present but then forgot (Yuaaen

& Levy, 1977). Better informed about retrieval processes in general, the old=zr

child can become.more flexible in generating atrategiea appropriate to the aolution

LY
« )

of a given problem. K
T

Our three selected tasks, extracting the gist, visual scanning and retrieval,

cannot be claimed to satisfy all the criteria set out at the beginning of this

\§§ction, but they approach thiaxgoal The processes examined clearly are impor-

4

“tant cognitive activities, relevant to a broad range of tasks. And they, develop

over a qide age range, during which starting, intermediate, and end states can he

Ientified, and reidentified at. several developmental stages depending on the

. A N ° . ’ %

difficulty of the task and the match betwgen the task demands and the child's

‘extant coénitgge statuys. tk?know that extracting the gist and retrieval ha‘% -

. o s - ) - .
reaeonable instructional relevance; this has already been demonstrated and,

indeed, is obvioua. Visual acanning has received %ﬁltle attentioﬁ from the

-

ppvapective of relevance for’ inatructivd'purpoaes, although training in acanning

b,

- strategies has been found to modify the behavior of impulsive children who fend

1

not to focus on éE%—nQre important areas of a atimulua (Egeland, 1974) Finally,

the knowledge that chiidren possess has been shown to augment with experiences

in the domaina of *retrifval and getting the gist; both self-reports and observed

behaviors confirm the notion of increasing aelf-regulation. Although scanning

also, shows increasing aelf—regulation, we know of no investigationa aimed at the

/ a3 }9‘

L4
%

. child's consoﬁius knawledge of his own viaual segnning behavior. This would be |

s

an intpreating area of inquiry, although we hopefit will not be dubbed mefa*scannir
. , = ‘,“ -‘5 ) L;“-;‘!
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The main criterion left unsatisfied by all' our tasks is that none of the processes
. ha%ﬁbeen described by detailed explicit developmental models of the type formu-
? i

.« lated by Klahr &, Siegler (in press)~; This unfortunately does not distinguish

them from most other’ processns under investigation.by developmental psychologists,
. . ® )

and suggests what’our future goals should ‘be. The pos%ibility of formulating

B4

m -

such models, we’ believe, depends on first selecting ‘a task meeting at least the -
- ]
criteria of development OVer aforoad age’ range with identifiable states.

e
" mﬂj‘

In summary, we believe that one’ main aspect of what develops is metacognition

= ¥

. -~the Yoluntary control an ind*vidual has ove1 his own cognitive processes. This

'is certainly not to say *hat metacognitien-ig,the’only'thing that develops; o .
T T . s .
however, we have tried to illustrate our ’oelieF that the growth of metacognitive

" abilities underlies many of the behavioral changes that take~place with develop-

ment. When we examine a natucally occurring behavior, a behawior which begins

- ke . -
very early in the child s life without tutelage, what develops iz}often ot so
E ; i
much the process itself, but increasino sophistication and reﬁinemeng;in its

. exercise. .We have seen various aspects of this gradual refinement in all three ’ .

- 5 -, -

Processes examined. Children become increasingly fffi,cientat extracting infor-

mation, whether from-a story, a picture or. Eheirgownfdemories. They come to rely
Iess on externally provided structure for they-begé%e ébléigo ‘generate their own f
- structure interpally. This erficiency seems,in pgit traceableﬁto the development
of more efficient and” effective,strategies toqﬁerp organizegthe extraction process
and.a growing tendency to monitor them. Thesgast;agegies include:making more

4 .

B
W

exhaustive attempts, whether at recalling or scanning, the spontaneous*adoption -
A
of skills, such ds note—taking and underlining texts or using a cue for retrieval;

co and greater reliance on internal Versus external control “whether scaqying a IR »

picture, comprehending a story, 0T retrieving ide@sv By examining a variety of ° .

~
— = ;e

apparently unrelated processes which develop oVer a wide age range, these ) n

commonalities iniwhat develops become quite striking. .

*




C.. Methods for Observing Developmental Change

As our last general point, we wouldflike to emphasize that in order to ‘con=-

struct a réalistic picture of the child" 8 csmpetencies, it is sometimes necessary

Her

to use methods other than traditlonal exoerimentation.‘ We sometimes gain our
wfost interesting &nformation from informally observing, questioning, and playing
with children, particularly the very young. Indeed without these methods we

would have even less 1nformation about cognitive development below five than we E

.

now do. We do not wish'to denigrate experimentation. In fact, it is our bias-
that in order to confirm a hypcthesized developmental trend,-it is almost always

. . - Iy 4 v
“" necessary tb devise a t ghtly-controlled experimental test-. But we plead for

other approaches because of the predominance of laboratory experimental methods

-~

¢ -
in our field.

L7 Although;we Tealize that calls for an increased concern with the ecological

- vaLid’ty of our research enterprises are becoming commonplace, and to some
wearisome, _we would snoport the movement in the area of the development of cognitive

) sxills. For it is true that our estimite of a child s competencies are some-
times dramatically changed if-we consid’? his behaviorﬁif naturally—oecurring :

) situations. " If, ,herefore, we are in.the business of delineating the cognitive

L4 s

competencies of the four-year-old, we will gain a distorted pictuﬁgéif we Only

- -

see the four-year—old in a laboratory setting. of course, the four-gear-old’

4 e
‘laboratory performance is infoﬁig;;;giﬁut it is only one side ogﬁthe picture, y

and it is the side we tend to concentrate on. To fill in the picture we Aeed to ..

. consider the other side, How our four-year-old fumctions in the world around

V- - -
him, outside the <onfines of the laboratory. This_argumeng probably holds for
any population;includiﬁg-the rat, but gains more credence the §ounger and less ]
§

“compliant the laboratory game playesx. - ) :

For these reasons we would like to advocate a three-prong research plan

sy - _ -—

similar to.that described by Cole and Scribner (1975) for cross-cultural
- 1 14 i R

o ® . > -
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_ research comparisoas., The basic theme is an interweaving of experimental and ~
ethnéfraphic research to investigate a pa;ticular activity in a range of situa-

tions, from the naturally occurring té the experimental Such a strategy seems
i f %

ideally suited for comparative research with groups that differ not in terms of

national origin or degree of formal.schooling, but in terms of_age or school

- s -

success within our society. o - ) : ¢ . L

First, one should investigate the subject's understandihg of the experiment
: ¢

<or task and his role as :subject. Before reaching any conclusions concerning com-
petencyjone should become thoroughly familiar with the task demands and how these
appear to the child as well as the experimenter. We must Kknow whether the child
is familiar with the materials and thé response Jdemands, whether he can under- .
stand the instructions, and whether the point of the experiment seems reasonable

to him. In short, is the leading activity (Meacham{ 1977) envisaged by the -

80 countenanced- by the child?

E

ezperimenter (e.g., &eliberate retention as goal) a

7

A3 a second approach, -Cole and Scribmer (1975) suggest that we should_“experiment -

with the experiment.” Instead of repeating oné fixed paradigm across _ages, we

e should work with many different variations of a paradigm, variations suited to

- -

the interests and abilitie§ of the children studied. The third strategy is to
inveStigate the same process in a’range* of situations, including the naturally-
occur*ing context of the culture e.g., early childhood.

e t

‘Cole and Scribher's plea is similar to that made by Soviet developmental

-

psychologisté (Brown, 1978; Heacham, 1977). They emphasize that cognitive
H - - )

*

activities develop: and change within a socio-historical cultural context and the

nature of these acculturation processes influence the activities, motives, focusl .

- and types of cognitive competence displayed by the individual. Therefore, it

‘must be profitable to view the memory abilities of the developing child in
L

relation to the ecology of- childhood . o ' . . ;
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We know of few studies that exemplify-thiSLapprosch}_in fact, to illustrate "

it we will turn to some research conducted "long ago and far away." Almost

& 2

thirty years ago Istomina (1975) published a study in the Soviet Union on - the A

development of vo]untary memory in children between three and seven years.— We  =*

would like to’ describe this experiment in some detail,’ because it provides such

&

an— excellent example of our argument that assessment of children 8 memory capacity
and metacognitiVe skillis is influenced by the artificiality of many laboratory

tasks, which the child may. not fully understand or be fully.engaged in. r e

o

- One of the most interesting features of" Istomina 8 experiment was .a compariaon

~between children 8 memory for_lists of words in a relatively atandard list-learning B

¥

e

situation versus their memory for comparable lists embedded in a meaningful (to

i -

the child) activity. Istomina's reasoning for contrasting these two conditions
was “"that the development of retention and recall as internal, purposeful acts

takes place iuitially as part of a broader, articulated, snd meaningful activity

- .

(since it is only within the,context of guch activity thag‘the specific acts of

-~

remembefing and recall can have any meanfng for a child)"” (pp. 8-9). A game that

made<sense to the child and ‘aroused a desire to participate ‘should provide moti-

1] ’ -~

vation for theqchild to set memory goals for himself and to discover various

* - ’ - ’ ‘ - -

mnemonic means for remembering. The child should be more likely to adqpt the goal ~ -

of remembering and to seek strategies to help him remember if he is highly ’

motivated to perform some task in which memory plays an essential role.

Istomina get children the task of remembering a list of items to be bought *

—
.

at a play store. The store was set up in their preschool and equipped - with a cash

B
»

register scale, play money, and a variety of items '"for sale," including toys,

food, clothing, etc. One at a time, the children were recruited to go on a ] \T\f\c

shopping errand. The teacher would slowly name five items for the child to buy

L4 -

“and send him to the store in the next room. , An assistant at the stoif’rEcorded

= .

13
= 3




1 & _ - . *
how_many items the child-recalled and observed the accompanying activitx. P

o ?
- f

The childrenfwere also tested for nemor§ of. comparable lists of words *
preEented ina traditional learmning situation. The experimenter called each child
. +
: - for a "lesson » and instructed the child to listen attentively 80 he could Jater

+

recall all tﬁ!‘hords. The list of words was of comparable length meaning, and

difficulty to the list of store items. In both the game and learning situations,
the experimenter prompted the child to remember as much as he could asking if he

could,rememher any more if he had-forgotten apythinga
; P .

' Recall-was olearly superior in the game Eituation,indeed almost twice as

high at!the younger ages." When remembering is ‘an intrinsic part of some meaningful
¢

activity, we obtain a higher estimate of young children $ memory capabilities
-\ - 5 -
(Murphy & Brow, 1975). R

E__ -
- HWe do not know exactly why recall is higher in a megningful activity, but - .

Istomina suggests several possibiiities, For one té%ng, the children are more

- ®

motivated to remember: they want to play the game properly, and at some point
- - - ’ !i i

mpst of the oldér children realize that this means they must remember their

} ahopping!liéts.‘ Istomina argues that although the youngest children know what
?j * 7 : o . -

it means to remember, this is-not enough:- "they must not only know what =

~ remembering is by itself, but also be ablz to see;it'as an ond result, an -objective
’

.6 which activity must be directed, i.e., to grasp it as a goal" .(Istomina, 1975,

LI

. P. 59). The goal of remembering 1} more salient in the game situation and * . _ ‘

children are more likely to adop¢ it as their own goal in that task. This ig

.§° -

. Oncde the child can-set remembering as a conscious goal for himself he then

. starts gearching for mor effective ways to carry it out. Istpmina s naturalistic -7
T situation produced a delightful set of protocols detailing individual children's

T * - T
- p - - .

5,
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emergent procedures for remembering. Many of her subjects.seem to have dis- -

covered spontaneously most of the mnemonic strategies developmental psychologists

- have identified The strategies adopted ‘and the way in which they are.used.

= 4

become increasingly complex and sophistic*ted with age.!

Three-year~old Valerik barely waited for the lisf.of-items to be read before

rushing off ,to the stor24 -The three-year—old s=view of the gaee seems to be

limited to assuming the role of going to the store and'returning with items,

s
but does not seem to include the notion of bringing back the gpecific items on
¢

the list: ' Four-year—old Igor listened attentively to the shopping tist, and ) . -

o embe e e —

then tried to carry out his errand as quickly 3s possible.. ﬁé evenr seemed to

) try to avoid distraction, refusing to stop and talk when on his way to thg store.

Il

Very few four-year—o}ds showad more specific mnemonic behaviorsg, but between ;{)

four and five aAqualitative‘ahift seemed to oOccur, and_all the older subjects

—

—_ Il - - ﬁ
seemed to make active attempts ro remember. Many five-and-six-year~olds

actively rehearsed: they were often observed moving their lips, repeating the

. _ P .
words over to themselves as the experimenter read them and as\they walked to the
store, ~—  ° = . - QA -

Hany of the’ o}der cQ\}dren -showed strong evidence of executive control, and

seemed to be monitoring their own memory states and even checkingffﬁEmselves to

3

* -

determine how well they remember.

Slava M. (five years, six months) listened silently as the lidt
wag read, looking at the experimenter tensely, and after a slight pause
adked him to repeat the list one more time. He did not recall the list
immediately, frowning, shrugging his shoulders, and saying: "Wait a
minute, I'11 get’it, hold on . . . ' (p. 26). . -

Dima F. (six yeaxs, six months)‘listened to.the 1ist, muttering
silently, and then repeated it almost as-if -o himself. At the store,
he quickly recalled three items, then paused, screwed up his eyes, and
saig, with concern: "Oh! What else was there? Nope, I can't remember

what else I have to buy . . ." (p. 26). ! . -
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"Alik K. (five ycafs eight months) listened to the message to th2 end and then

w

quickly went off to the store, However, halfway there he turned baek. L can.,
- < - ¢ 7
only remember endive. What else was there?' he asked the experimenter" (p. 27).-

Alochka also returned from the store to agk the experimenter'for'the'items she

- i3

/ had forgotten. Clea}ly;‘these children must have been testing themsélvea on their

. - . o )
way to the store. Finally, the dldest children (six-seven years o1d) displayed

more sophisticated strategies of trying to foim logical connectiona _between the

&

@
items on their lists, often learranging the order of the words based on their

v — .

meaning. . >
- ” , R .

"

Istomina's (1975) work is fascinating not just for the information it provides’

S S

about-;oaﬁgyzﬁfidren'e memory processes, but also for the methodological point it

i é&phasizes. Thepbestzeituation in which to ;tudy very early memory development is -
ﬁlin_a natural context in which the child is likely to understand the task and be

‘metivated to perform it. The young child's performance on laboratory tasks 1s

) —

oftep markedly inferior to his performance in a game aetting. Although- this

-

variable is crucially important when studying very yoﬁng children,.the, same geoeral

.
L T
. .

point 1is applicable to other ages as well, Subjecte of any age, even, adults, are

1lkely to perform bettor _n a meaningful task in which they are actively engaged -

-« 1)

“Thus, if we want accurate, generalizable information about development, we shoSid

—

extend the realm of our invesfigations from the laboratory into the real world.
However, a vital aepect of this approach is that We éﬁst *nVesti§$tg\the same

{ process in both these situations, we must Jook at the procesa in a natural activity s

that is meaningful to the subject and suited t¢ his.-apilities, and we must also

use well-controlled experiments to tesf particular hypotheses about the process.

Experiments themselves can bc engineered to provide controlled observatione, and

exciting activities for children. .
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on three main tasks:

enviromment, and retrieving lost information from the external world or from the

A considerati6tn of cognitive growth in these domains, from infancy to maturity,

-

v.

Summary

48
The first section of this chapter was devbted to a consideration of tradi-
what develops.

o
/

80 lving‘ skills,

tional memory studies which have provided us with much of our information concerning

Major strengths and weaknesses of memory development studies were

illustrated by means of a comparison with recent research into children's problem-

In the second part we concentrated on alternate methods and
think, rgﬂson,and!solve probledts

. ]
procedures for attacking the problem of important developments in the ability to

“
I

A common theme throughout was the gradual emergence of finely tailored
skills adapted to meet specialized task demands.

We attributed the‘heightened

o

sensitivity to fine gradations of the task and strategy interface. to enhanced?
metacognitive insights, i.e., the thinker's Enowledge, control, and coordinatiomn

of his own cognitions. . This accumulation of knowledge about how to $hink in an
more complex problems.

tncreasing array of problem situations is an outcome of experience with more and

Yeung children's insensiti;ity to their problem=-solving
potential is the result of lack of expoéure to such situations, rather than age
impede effective thigking in the adult novice!

per se, for the same problems that beset the, very.s small problem solver can often

uun“

Thes

-

To illustrate £h emergence of increasingly strategic action we concentrated

extracting the_gist of a message, scanning the visual

three tasks ghare several interesting similarities in development.

provided :he principal support—for our conceptualization of what develops. Our

candidate for a priméry developmental agent is an expanding knowledge concerning

* how to think and the ability to monitor and coordinate the activities displayed

in effective thinking.

Y

[]
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-As a final point, we havei! concentrated in this chapter on 'what develops”

in keeping with the title of tﬁg volume., However, we would like to point.out
that an eqhélly impoftauthuesifon is how developﬁent occurs {(Brown, i978). It 4‘
seems to be fairly representative of the develdpmental literature”éhat ;6n814§rab1e

progress Has been made in mapping what develops but there has been far less

X = v

attention paid to what mechanisms underliéffhis progression. The proﬁlgms of
3 .

growth'énd change are qqintéssentiaf developmental questions and are of ?quamental

=3

importance no less to the instructional psychologist who wishes to accelerate
w3 e

growth,‘Fhan to the theorists who seek to understand development. Therefore; in

conjunction with descriptions of the steps along the routé from naivety to -
expertise, we would like to see extended discossion of the conditions fostering
.}‘ = o

this growth in competence.&.

w
il .

LY
e
|
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