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Abstract. Explanations for memory development have tended to focus on acquisition of
general strategies and metaknowledge. Recently, emphasis has been given to the knowledge
base as a whole, including general world-krnowledge and domain-specific knowledge and pro-
cedures. Evidence is presented from the memory development literature showing why strate-
gies and metaknowledge, although undoubtedly important in development, are not sufficient
factors to account for memory development, especially if considered in isolation. Current
rescarch on the influence of the general knowledge base and the kinds of questions that must
be considered by future research are summarized.

The goal of thi article is to interpret the
shift in memory developmental research
from an emphasis on the developmenc of
strategies or control processes to the develop-
ment of knowledge. This shift is apparent
from examination of a recently edited vol-
ume on Trends in Memory Development Re-
search [Chi, 1983]. One facet of this shift is a
focus on content knowledge as well as general
world-knowledge, as exemplified by some of
my own work in memory [Chi and Koeske,
1983], as well as by work in other areas such
as ccmprehension [Pearson et al., 1979].
Another facet is the inclusion of both strate-
gies and metamnemonics as parts of the
knowledge base. This latter change is subtle.
Although it sometimes adds more confusion
than clarity (for example, there is now an

extensive taxonomy of different kinds of
knowledge, such as knowledge about person,
task, and strategy variables [Flavell and Well-
man, 1977] and knowledge about when one
knows and what one needs to know [Brown,
1978], it nevertheless forces investigators to
be more concerned with the representation of
that knowledge. That is, when onc thinks of a
strategy sucn as rehearsal simply as a form of
skill, then one tends to be concerned only
about issues such as when a child acquires it,
when the child can use it, how generalizable it
is, and how transferable it is. However, as
soon as stratcgies are considered a form of
knowledge, then one 1s forced to become con-
cerned with issues such as how it i repre-
sented [Chi, 1984, Nelscn et al., 1983], how it
interacts with content knowledge [Chi, in
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press, Naus and Ornstein, 1983}, and the con-
ditions under which it can be applied [Paris
co al., 1983] and accessed [Brown, 1982).
Thus, the consideration of strategies and me-
tamnemonics as different forms of knowl-
cdge 1s defimitely a worthy shift, even though
nitially there may be confusion and vague-
ness with respect to definition, measurement,
taxonomy, and so on.

The main question in memory develop-
mental rescarch 1s what accounts for devel-
opment. For instance, if one uscs recall as a
dependen: measure, the question becomes
why the recall of older children is quantita-
tively as well as qualitatively different from
that of younger children. Both the quantita-
tive and qualitative differences have been
attributed to three possible factors: strategics,
mctamemony, Jand content knowledge. We
will review cach in turn to sec how and why
there has been this shift in rescarch.

Strategies

A strategy, as the term is used in the
developmental literature, is a procedure,
which might be represented as a rule or set of
rules, which is relatively non-specific. That
15, 1t can be applicd in a variety of situations
and perhaps across several domains. For ex-
ample, rchearsal is a strategy that can be
applied to digits, words, nonscnse syllables,
and so on. In the context of memony re-
search, thc number of strategies that have
been identified as useful has been limited.
claboration, rehearsal, grouping or categori-
zation, and alphabetization, to name a few.

In the seventics, the attention given to the
use of strategics as a major source of devcelop-
mental differences reflects the theoretical
bias of the decade. during which multi-store

modcls with control processes were popular
[Athinson and Shiffrin, 1968). The question
to ask was whether children were deficient in
the use of control processes, and the evidence
ovcrwhelmingly supported such a claim. Be-
cause deficiencies 1n strategy usage have been
casily identified, and since such deficiencics
do correlate with performance, strategy de-
velopment has been postulated as a basic
source of cognitive development [Belmont
and Butterfield, 1971, Flavell, 1970; Kail and
Hagen, 1977].

This strategy development hypothesis as-
sumcs that the child fails to bring to bear some
important and useful strategy (a failure known
as production deficiency). Failure implies that
the child must seck and use a strategy deliber-
ately. For example, Ornstein and Naus [1978]
referred to rehearsal as a member of a group
of memorization processes which are avail-
able to children in the context of deliberate
memory tasks’ (p. 69). Failure to use a strategy
is often interpreted as a faulty characteristic of
the child, as if the child is unaware of the need
to use a strategy (thus lcading to the rescarch
on metamemory).

Let us take a closer look at the historical
rationale for proposing that strategy develop-
ment is an underlying source of develop-
ment, by examinitg the kind of data used to
draw such a conclusion. One implication of
the strategy development hypothesis is that
when one obtains performance differences
between age groups, then one should presum-
ably sce underlying strategy differences. This
vbservation is almost universally true. and
led the majonty of the participants in Flay-
ell's [1971] lardmark symposium at the
mecting of the Society for Research in Child
Development to conclude that strategy usage
1s what develops [Chi, 1983]. In the case of
rchearsal, which is a prime example of strat-
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egy usage, data in support of this assumption
appear in Belmont and Butterfield [1971] and
more recently in Ornstein and Naus [1978).
That 1s, children with poor memory perfor-
mance arc less likely to usc a strategy, or else
they do not usc the adult, fully developed,
form of the strategy, compared with children
who perform well. The implication was that
strategy usage is necessary for competent per-
formance.

The problem with that interpretation,
however, is that children’s memery perfor-
mance did not nccessarily improve when
strategics were provided for them. For ex-
ample, since it was found that older chil-
dren and adults group incoming stimali
into scts of three's, then one would predict
that grouping the stimuli for younger chil-
ren would faailitate their recall. The fact
that this facilitation did not overcome age
differences [Huttenlocher and Burke, 1976)
suggested that children's inferior recall per-
formance could possibly not be attnbutable
10 the absence of a simple strategy. At least
this appears to be the conclusion from the
straightforward way in which rescarchers
have tried to simulate the use of a strategy.
This unexpected outcome. that is, the in-
ability to find a facilitating effect of provid-
ing grouped sumuli [Hutenlocher and
Burke, 1976}, 1s further coniplicated by
studies which found age differences 1n recall
with no apparent differences 1n strategy
usage, as In the case with preschoolers
[Myers and Perlmutter, 1978).

Hence, the increasing use of strategies
with development seemed by 1tself to be an
inadequate explanation for memory develop-
ment in general. A more fruitful arena of
research would be to seek the represcentations
of strategies at different stages of develop-
ment, and to understand the conditions un-

der which they change, the conditions under
which they can be clicited, how they interact
with content knowledge, and how they can
become less context-specific. Representative
works taking these new directions are those
by Naus and Or. tein [1983), Siegler and
Robinson [1981], and Chi [in press], among
others.

Metamemory

An alternative route to improving chil-
dren’s memory performance is to make the
child more aware of his or her failure to
deliberately use mnemonic strategies. This
vicw stems from the implicit assumption that
children’s failurc to use strategies is a conse-
quence of a lack of deliberate actions or con-
scious control. As Brown [1978, p. 79] putsit,
*what is of major interest i1s knowledge about
one’s own cognitions rather than the cogni-
tions themselves ... [because] in the domain
of deliberate lecarning and problem-solving
situations, conscious executive control of the
routines available to the system is the essence
of intelligent activity’.

The carly rescarch on metamemory, pio-
nczred by the work of Flavell and Wellman
[1977}) and Brown [1975], showed great
promisc because the results clearly demon-
strated that younger children were less aware
than oldei children of the need to use mne-
monic strategics to cope with studying and
recall demands. For example, younger chil-
dren were less able than older children to
plan the use of claboration, rehearsal, or cate-
gonization strategies when faced with a set of
pictures that had to be remembered [Kreuizer
ct al., 1975]. Younger children not only do
not plan to use strategies to help them to
remcmber. they also do not use them in a
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task where the instruction caplicitly demands
later recall [4ppel et al., 1972] as compared to
an instruction which does not. Hence, meta-
memory rescarch points to the interpretation
that young children may lack the knowledge
about when one nceds to apply a straicgy.
That is, they cannot discriminate between
conditions that requirc strategic behavior
versus those that do not. In this sense, meta-
memory rescarch has substantially increased
our understanding of one aspect of young
children’s failure to usc stratcgics, which
seems 1o be independent of whether the strat-
cgics arc there or not, cven in some incom-
plete form. This is an important advance,
particularly for training, becausc it directs
our attention away from teaching the proce-
dural aspect of knowing how 1o cxecute a
strategy. and towards the raur, Jiscraminat-
ing aspect of understanding the conditions
under which a strategy is called for.
Complications arise, huowever, when in-
consistencics are obtained in the data be-
tween metamemory and memony results.
That is, it is sometimes the case that differ-
cnces in metamemory performance are ob-
tained. but not in memory perforinance, and
vice versa, ror cxample, young children were
able 1o sclect for restudying the items that
they had failed to recall. And yet, their recall
for thosc items did not improve even with
repeated studying, although 1t did for older
children [Masur et al., 1973]. One possible
interpretation is that even though the youn-
ger children knew which items had to be se-
learned (metaknowledge), ihey did not have
available adequate learning strategies. In
other cases, differences exist in metamemonry
performance, without correspunding differ-
ences in memory performance. For example,
in the study by {ppel ct al. [1972]. although
some 7-year-olds were observed to respond

differently to items that were presented with
the instruction ‘memorize for future recall’ as
opposed to the instruction 'look carefully at
the items’ (children named the stimuli twice
as ofien under the ‘memonze’ than the ‘look’
instruction), their recall performance for the
two instructions did not differ. The same
interpretation provided above for the reverse
situation can be used here as well: younger
children can be planful, but they do not have
avaijable the more potent strategies (assum-
ing that naming the items twice is a less ade-
quate stratcgy).

It has been difficult 1o reconcile such dis-
«niminant findings. namely, the lack of a cor-
rclation between metamemory and memory
performance. The pnmary explanation for
such findings has tended 10 consider method-
olugical 1ssucs. These range fromt a concern
that mctamemory rescarch relies predomi-
nantly on verbal rcports and interviews, a
tecchnique which has a built-in bias against
the younger children, to concern that usually
only one vanuble is manipulated at any one
ume [Wellman, 1983). In one study, for ex-
a:nple, Hellman et al. [1981] asked children
1o predict how many items they could re-
member by varying both the number of items
presented and the amount of effort nceded 10
remember the items. Both vanables affected
the prediction results.

Although these methodological criticisms
arc legtumate, the thrust of the problem is
more wonceptual 1n nature. An alternative
cxplanation for the discriminant memory-
mctamemery finding is that the way the re-
scarch has been donce is too general for us to
say anything specific. For cxample, as men-
tioned carlier, children’s deficient memory
performance can be attnbuted either to a
strategic defiul, a metamemory deficit, or
both. On the other hand, a mectamemory
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deficit (being unplanful, and not knowing
which strategics 10 choosc) can also be atrnib-
uted to a strategic deficit, and a strategic defi-
cit can also be autributed 10 a metamemory
deficit. Clearly, the expianations can be cir-
cular. Until we become more explicit about
what cach task taps and what knowledge 1s
nceded to perform a task (here knowledge
refers to cither the conditions of the strategic
rules or the rules themselves), we will not be
able to improve our understanding of mem-
OFy Or melamemory.

Knowledge

The knowledge cxplanation for memony
devclopment differs from both the strategy
and mutaniemury explanations in one funda-
mental way. In the strategy approach, the
explanation for developmental differences in
memory performance is that younger chil-
dren lack the adequatc strategics that adults
possess. The metamemory approach is a sec-
ond-order cxplanation. The explanation is
that younger children do not usc sophisti-
cated memory strategics, besides the fact that
these strategics may be absent. Instead of
lacking the strategics altogether, children
may lack hnowledge of the conditions of ap-
plicability of the strategies - a symptom
somctimes referred to as a problem of aceess.
Because mctamemory explanations were not
intcnded to explain memory findings directly
{they were meant to cxplain strategic defi-
cicncies). it is not really surprising that often
memony and metamemory performances do
not corrclate.

The knowledge eaplanation is an integra-
tion of these two explanations into one, by
concentrating on the representation of strate-
gics and domain knowledge. One could view

the representation of the conditions for appli-
cation of the stratcgic rule as constituting the
declarative aspect of the knowledge, as does
Anderson [1976). According to such a frame-
work, a strategic rule is applied whenever all
the conditions are met [sce Chi and Rees.
1983, for an overview of rules]. The refine-
ment, claboration, or generality of the condi-
tions determine when a given rule is applica-
ble. The more general the rule, the more likely
that 1t will be applied ofien. On the other
hand, the more specific the conditions, the
morc the rule encompasses the details of the
domain knowledge and hence the more likely
that a rule, if applicd, will produce a fruitful
outcome. The trade-off between the general-
ity and specificity of a rule is what Newell
{1980] has referred to as weak versus strong
mcthods. A general rule 1s weak, in that it can
be applied under many circumstances, and
yet may not necessarily be productive. On the
other hand, a gencral rule is also more acces-
sible across a wide number of domains. Re-
hearsal may be viewed as a general but weak
rule. A specific rule is strong because a great
many explicit conditions have to be met be-
fore it can be applied. But, once it is applied,
1t will usually result in a4 productive outcome.
These explicit conditions denve from the re-
presentations of the domain knowledge in
which a rule is useful and developed.
Although general rules may be weak, they
prubably are evolved from the speafic rules.
When muluple specific conditions can be sc-
placed by a single general category of condi-
tions. then a general rule emerges. With such
a framework, it is not surpnsing that general
rules emerge later in development. Also, it
would seem 1o make sensc 1o hypothesize
then that specific rules depend on the knowl-
cdge of a given domain 1n o-der for them to
develop. A great deal of evidence has already
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been accumulated in developmental research
to show that domain knowledge per se can
affect developmental performance, whether
this is accomplished through the application
of specific rules (acquired as a consequence of
developing domain knowledge) or gencral
rules is yet unclear. The fact that expert chil-
dren (children who have acquired a great deal
of domain 1information) can excel in memory
performance only in that particular domain
of knowledge suggests that they have ac-
quired specific rules. To what extent general
rules emerge from the acquisition of specific
rules in a number of domains is an open and
cmpirical question. Chi and Rees [1983] have
suggested that these general ruies do develop
from acquisition of domain knowledgs. Such
a supposition would account for the develop-
mental findings, given that there is a general
corrclation between the acquisition of knowl-
cdge and maturation.

Clearly, many questions concerning mem-
ory development have been raised by the
shift from stratcgics and metamemory to-
wards a focus on knowledge. Many of these
questions are raised by Trabasso [1983). The
most tmportant of thesc concerns the need to
understand how domain-specific knowledge
1s represented. Knowing exactly how 1t 1$
represented will guide us towards the nature
of the representation of general and specific
rules. That is, how do general rules emerge
from specific rules that incorporate domain
knowledge? Understanding the exact repre-
sentation that a child's knowledge takes will
also inform us about how that knowledge can
be modificd and cxpanded, and how miscon-
ceptions occur The changing conception of
sources of memory development appears to
be promising in shedding new light on chil-
dren’s developing capabilitics in memory
and problem solving tasks.
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