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Summary

The dissertation explores the effect of the knowledge base on the acquisition of
memory strategies. It is postulated that ‘salient’ categories - highly elaborated
categorial structures in the knowledge base - facilitate memory performance so
that elevated levels of clustering and recall, and an emergent organisational
strategy, can be expected in young children’s memory performance with such
categories. Two multitrial, free-recall experiments were conducted to test the
hypothesis. ~ The first experiment analysed the memory performance of
preschool children and adults on category type (salient versus nonsalient
categories). The second experiment analysed the effect of category saliency on
memory search processes. The experiments yielded evidence suggesting that
highly salient items in the knowledge base are easily activated during the course
of memory retrieval, resulting in enhanced levels of recall with such items, and
the early manifestation of an organisational strategy.
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Chapter 1
General overview

Memory constitutes a particularly dynamic domain of psychological research and is
actively pursued in cognitive, physiological and developmental psychology. Part of
the interest in memory derives from the central role that it plays in theories of
learning. The ability to retain information about the world is a fundamental aspect
of the human cognitive system and a prerequisite for learning, because it is
impossible to acquire a stable body of knowledge about the environment unless the
information is encoded in some or other representational system. It is not surprising
therefore that many researchers in psychology proceed from the assumption that
there is a logical affinity between memory and learning, and consequently that
memory and learning form a single domain of research (see e.g. Horton & Mills,
1984).

Given the close connection between learning and memory, memory research can also
serve as a source of hypotheses about cognitive development. This is because the
process of cognitive development entails a gradual accumulation of knowledge about
the world and this knowledge must be stored in memory. Research into the
developmental aspects associated with the representation and processing of
knowledge in the memory system will therefore also yield insight into the
mechanisms underlying cognitive development. Clearly a coherent theoretical
model of memory development will make an important contribution to our
understanding of the processes underlying learning and cognition. * Yet, despite an
intensive research programme and substantial progress in uncovering some aspects of
memory, a true understanding of the dynamics of memory development continues to
elude us.

The main theoretical objective of this dissertation is to generate insight into the
principles underlying early memory development.  The study focuses on the
development of knowledge structures in permanent memory and investigates their
role in facilitating memory retrieval in the context of a free recall paradigm. More
specifically, the research reported in the dissertation is concerned with the effect of
category saliency on the early development of clustering strategies in free recall. The
basic aim of the overview is to sketch the general theoretical framework within which
the study is conducted. In the subsequent chapters a more detailed theoretical
motivation for the study will be given.

1.1  The structure of memory

In psychology a distinction is usually drawn between different types of memory.
Most researchers seem to agree that memory is not a single monolithic entity, but a
complex set of interdependent processes and subsystems. Memory is now
commonly partitioned into a working memory and a permanent store. The latter is
usually conceptualised as involving a declarative and a procedural component, while



the declarative component is divided into a semantic, and an episodic or
autobiographical subsystem (Shachter, 1988).

The distinction between a semantic and an episodic subsystem was originally
postulated by Tulving (1972), who suggested a conceptualisation of memory
comprising two different categories of declarative (i.e. factual) memory. He posited
a semantic system dedicated to the processing of language, embodying knowledge of
verbal information, conceptual categories and algorithms for manipulating such
symbols, and an episodic system devoted to the processing of temporally dated
information about events and the subjective knowledge associated with them. In his
initial formulation of the distinction Tulving claimed that it captured the essence of
two logically separate memory systems and that the proposed distinction enjoys
empirical support (Tulving, 1983).

However, the conception of memory involving a logically separate semantic and
episodic system has limited explanatory value in developmental psychology. This is
because the distinction fosters a static view of the memory system and does not lend
itself easily to a description of the dynamic aspects of memory development. The
problem is that the development of abstract conceptual structures (i.e. semantic
memory), logically entails some or other specific event (i.e. episodic memory) in
which the content knowledge is anchored. For instance, a child clearly requires
exposure to at least one instance of a semantic category in order to be able to form
an abstract conceptual representation of the category. The point is that there is an
interaction between the semantic and episodic components in early memory
development which makes the postulation of completely separate systems
problematic.

Tulving (1985) himself subsequently came to a realisation of these problems and
opted for a less rigid formulation in which he contended that the two systems are
probably interdependent, rather than logically distinct. He maintained, however,
that the proposed distinction has heuristic value, and can be invoked for classifying
memory research in terms of the two different domains. In view of the interaction
between semantic and episodic memory in memory development, developmental
psychologists now prefer to use the more generic term knowledge base to denote the
contents of permanent memory (Bjorklund, 1987). This term is also used in this
dissertation, although the focus is more specifically on the structures and processes
governing the development of semantic memory. The study addresses the initial
elaboration of conceptual categories in the knowledge base, and explores the way in
which knowledge of categorial relations promotes the development of organisational
strategies in the recall of verbal material.

1.2  The organisation of the knowledge base

A central tenet in many psychological approaches to memory is that the knowledge in
permanent memory is highly organised, instead of simply associated in ad hoc ways.
The organisational approach is perhaps most clearly articulated in gestalt theory.
The gestalt psychologists contended that the memory system is ruled by principles of



organisation and that the perceptual system groups incoming stimuli on the basis of
relational properties such as proximity, similarity, direction and prignanz (i.e.
closure) (Marx & Hillix, 1979, p. 184-185). They further argued that the durability
and accessibility of the resulting memory trace is largely determined by its underlying
cohesiveness, in other words its continued existence as a unit or gestalt (Postman,
1972).

The gestalt position has been criticised for its overly subjective and qualitative
approach and lack of quantitative and testable formulations (Marx & Hillix, 1979).
Yet the emphasis on organisational factors has endured and now attains an almost
axiomatic status in memory research. In fact, several lines of research converge on
the view that human memory is a highly organised system.

This organisational perspective receives support both from empirical research and
theoretical analyses. Empirical research on semantic categorisation and retrieval
from long-term memory suggests that the human cognitive system is structured in
terms of different content areas (Bower 1970; Puff 1979). There is ample evidence
showing that memory is organised on the basis of semantic domains such as
categories (animals, furniture, etc.) and schemata (stereotypical information
associated with restaurants, hospitals, supermarkets, etc.), and that these organisational
structures mediate inference and enable the individual to construct a mental model of
the world (see Johnson-Laird, 1983).

Theoretical analysis also indicates that unless the memory system is organised,
semantic inference could become intractable. For instance, by trading on our past
experience associated with, say, restaurants, we know that when we have just been
seated at a restaurant and a waiter asks us what we want, he means that we should
place an order from the menu. In the absence of such preknowledge, a host of
irrelevant inferences would have to be considered (e.g. that he wants to strike up a
conversation, that he is handing out presents, that he literally wants us to tell him all
our personal wishes, etc.).

The point is that the cognitive system can only eliminate irrelevant inferences if it has
recourse to a representational structure (i.e. content knowledge) to guide the
reasoning process. Indeed, Schank (1982) postulates that memory is a dynamically
organised system because he found in computer simulations that the process of
semantic inference can easily lead to a ‘combinatorial explosion’ of irrelevant
inferences unless the relevant content (ie. domain-specific) knowledge can be
invoked to constrain them (see King, 1989; Glassman, 1988).

1.3  The ontogeny of organisational structures

If we assume that human memory is a highly organised system, the nature and origin
of the structural elements in memory need to be specified. The problem confronting
developmental researchers is therefore to account for the initial acquisition and
elaboration of the knowledge base.

Logically there are at least three different positions on this issue:



One alternative is simply to deny that conceptual structures are acquired and to
postulate an innate system in which concepts are genetically prewired.  This is
roughly the position taken by Fodor (1975, 1981).  This approach advances a
deductive model of development which precludes the acquisition of completely new
structures, and only permits knowledge to be extended via deductions from an
existing knowledge base. However, Fodor’s approach has been criticised for its
failure to account for concepts such as gene or quark which have evolved in the course
of scientific innovation. To assert that children are born with preknowledge of such
concepts is tantamount to claiming that the theories in which the concepts originated
are innate, which seems rather extravagant (see Churchland, 1986).

A second possibility is to argue that cognitive structures undergo large-scale
maturational changes at specific, predetermined periods during the course of
development. Such changes permeate the whole knowledge base and bring about
widespread and dramatic changes in the conceptual system.  This position is
therefore based on the assumption that general-purpose algorithms for manipulating
knowledge suddenly emerge at given developmental stages, and characterises
Piagetian approaches to memory and cognitive development. However, the position
has been criticised on the grounds that it merely transfers the locus of change to the
concept of maturation, which is left unexplained, and consequently that it offers a
description rather than an explanation of conceptual change (Brainerd, 1978).

A third and more modern approach postulates that knowledge structures evolve on a
domain-specific rather than a domain-general basis. In terms of this position no
general-purpose algorithms for manipulating knowledge exist. Rather, procedures
and heuristics are invented in the course of dealing with specific microstructures or
content areas in memory so that the knowledge base expands in a gradual,
incremental manner rather than in a sudden and dramatic way. Although the latter
approach is inductive rather than deductive and is based on the assumption that
cognitive development is governed by some kind of learning process (in contrast to
deductive models which eschew the problem of learning), it does not carry the
implication that innate factors are irrelevant in conceptual development. Rather, it
is now generally accepted by many cognitive researchers that induction is probably
subject to some fairly specific constraints germane to the human species (e.g., Keil,
1989; Keil, 1990). For instance, the investigation of early lexical acquisition and
conceptual development suggests that children rely on specific ontological
assumptions about the extension of (i.e. the set of elements included in) semantic
categories.

Thus Markman (1989) observes that very young children (1 to 3 years of age) enter
the language learning game with considerable theoretical baggage and proceed on the
basis of the assumption that each object has only one label. Markman calls this
constraint on word learning the ‘mutual exclusivity bias’, and argues that it serves to
reduce the number of hypotheses about word meaning a child needs to entertain
when learning a new word. When an adult points to an object and labels it, the novel
term can refer to a part of the object, or its substance, colour, texture or size. The



acquisition of word meanings would be a very difficult, if not impossible, task if all
these alternative hypotheses have to be considered each time a new word is heard.
Instead, children may initially constrain word meanings by assuming that a novel label
is likely to denote the whole object, and not its part, substance, size or other
properties (see also Merriman & Bowman, 1989; Markman & Wachtel, 1988).

Two additional claims concerning the initial ontological biases of children may have
about conceptual structures derive from Rosch’s (1975, 1978) programmatic work on
categorisation. She argues firstly that there is a specific entry point, called the basic
level of categorisation, into the cognitive system which maximises the similarities and
differences between different semantic categories. The implication then is that
children will find it easier to acquire basic level concepts than concepts located at
higher or lower levels of the conceptual hierarchy. For instance, the words cat, dog,
horse are basic level concepts whereas animal is a superordinate concept and siamese
cat, bulldog, racing horse are subordinate concepts. What Rosch in effect claims, is
that children will acquire a concept such as caf, which is in the middle of the
conceptual hierarchy, before they form the abstract concept animal or make a
conceptual distinction between different kinds of cats. Secondly, Rosch contends
that certain words are particularly good examples of a category and are consequently
associated with clusters of semantic properties typical of the category. For instance,
a sparrow is a more typical member of the category bird than a penguin, because a
penguin cannot fly. These typical members of a category are called prototypes, and
there is now evidence that children acquire them prior to the atypical members of the
category (e.g., Bjorklund & Buchanan, 1989). The claim is therefore that children
find prototypical members of a category easier to learn than non-prototypical
members.

The research described in the dissertation is situated within this general theoretical
framework and draws extensively from the work on prototype theory. The
hypothesis developed is that children will find certain semantic categories more
salient and inductively richer than others. The basic idea is simply that the finding
about prototypical elements in a category applies recursively to the conceptual
structure as a whole. In other words, it is posited that certain categories are more
‘prototypical’ for the young child, and that these categories will be elaborated prior to
other less salient categories, so that the knowledge base expands on a differential
basis. This theoretical claim is set out in more detail in Chapter 2.

The discussion so far has concentrated almost exclusively on the structural aspects of
the knowledge base. However, some assumptions about the processing of
information in the knowledge base is also required in order to adequately account for
the processes underlying the early acquisition and refinement of conceptual
structures.

1.4  The activation of knowledge in permanent memory

In terms of the theory outlined above it is claimed that certain categories are
particularly salient for young children, and that such categories are endowed with a



special status during the course of early cognitive development. It can also be
conjectured that these categories will be easier to access during memory tasks, so that
memory recall can serve as an objective test for the proposed theory. In this study it
is hypothesised that children will exhibit higher levels of recall and clustering in
memory tasks associated with salient categories, than with nonsalient categories, and
that this pattern of performance would obtain even if the nonsalient categories
contain prototypes.

The conjunction of these two hypotheses (about the representation and access of
categories) presupposes some particular processing mechanism. In this study it is
assumed that the retrieval from the knowledge base is governed by the process of
spreading activation. The notion of spreading activation has a long history in
psychology (cf. Collins & Loftus, 1975; Anderson, 1983) and has been proposed to
overcome the difficulties inherent in earlier information processing models
containing a central executive (a mechanism that controls the flow of information).
One of the problems with the earlier models is that the assumption of a central
executive reifies the control structure of the model and acts as an undefined
homunculus (a little man who makes all the important decisions; cf. Postman, 1972).
Postulating a homunculus leads to an infinite regress (the homunculus needs another
homunculus to tell him what to do) so that subsequent models have attempted to do
away with the notion of a central executive. The theory of spreading activation
constitutes one such attempt.

In spreading activation theories of memory processing a richly interconnected
network of semantic relations is posited with weighted links between concepts. It is
customary to use a graph-theoretical representation in these approaches and to
represent concepts as vertices (called nodes) and the relations between them as edges
(called arcs or links). The idea then is that conceptual relations are accessed in
memory tasks or language understanding via a process of activation which spreads
automatically through the network in such a way that the path connecting closely
related nodes is traversed more quickly than the path joining less closely related
nodes. This weaker relation between concepts is generally represented by a lower
weight on the link joining them. An additional assumption is that activation spreads
on the basis of some threshold function (fixing the extent and duration of the
activation) so that the probability of closely associated concepts activating one
another is much higher than is the case with nodes further apart in the network (see
Anderson, 1983).

The spreading activation paradigm has been applied to memory development by
Bjorklund (1987) and is also adopted here. The idea is that initial processing of
categorical structures is a fairly automatic process governed by the associative links
between the members of the category. We can think of the cognitive system as a
network of associative relations and of the energy driving the system as a limited pool
of cognitive resources which spreads automatically through the network when
activated. During the course of cognitive development, more and more associative
relations are forged in the conceptual system and higher-level, more hierarchical



structures such as schemata and well-elaborated categorial structures are established.
The better organisation of the higher-level semantic structures and the stronger
associative relations and pathways linking various structures and concepts in the
conceptual system means that cognitive processing becomes increasingly automatised
during the course of development. As a result of this optimisation of the processing
mechanism, cognitive resources will become available for metamemorial tasks such as
organisation, rehearsal, elaboration and the development of retrieval plans. This in
turn means that a better and more flexible use of the memory system will occur
during cognitive development, resulting in enhanced performance on memory tasks.

1.5  Summary of theory and proposed research

This study is situated within the general theoretical framework sketched above. It is
assumed that categories are elaborated on a differential basis and that highly salient
categories are extended first. Such categories exhibit better organisation than non-
salient categories in memory and are marked by strong semantic associations.
Because of the fairly elaborate semantic structure characterising salient categories it
can be conjectured (a) that they will be easier to access during recall and (b) that the
strong associative links joining members of the category together will result in a
limited form of clustering in the recall output (e.g. Lange 1978). Moreover, the
enhanced semantic structure associated with salient categories implies that they can
be processed in a fairly automatised manner and consequently that they will require
less cognitive resources than non-salient catergories.  The general picture is
therefore of a cognitive system which develops on a domain-specfic basis in that
specific semantic structures are salient in early memory development, are connected
by strong associative relations and manifest an emerging hierarchical structure. The
elaborate structure of these categories facilitates processing (they can be accessed in
the system) and promotes the efficient functioning of the conceptual system.

This general theory is tested in this study on the basis of a multitrial, free recall
paradigm (Murphy & Puff, 1982). The procedure employed involves the
presentation of two lists of words to the subjects, who are then required to recall
them over three trials. Both lists consist of five members from each of four different
semantic categories. One list contains categories that can be regarded as salient to
children (as pre-experimentally established) and the other list consists of categories
which are non-salient (to the children), but contain members that normative studies
have shown to be prototypical elements of the categories concerned. The two lists
are presented to three groups of subjects. A group of 4-year-old children, a group of
6-year-old children and a group of adults. The research hypothesis is that the
children will find the salient categories easier to process (as revealed by number
recalled and amount of clustering), but that different patterns of performance will be
observed with the adult subjects. This is because categories that are salient to
children are not necessarily equally salient to adults. In this case it is conjectured that
the adults will exhibit better recall with the prototypes from the categories included in
the other list.



The first experiment focuses on different patterns of performance that can be
expected when children and adults are tested on the free recall of categorised lists.
Assuming that such differences are found, it is also important to establish whether
the differences are due to encoding or to retrieval processes, as both these factors can
affect recall. A second experiment addresses this issue, and also explores other
aspects of children’s memory performance. This experiment is performed with a
different sample of children, and tests for a hypermnesic effect (i.e. that gains in
recall will be observed over trials even if the subjects are not given renewed
opportunities for encoding the relevant stimuli). The experiment has two main
objectives.

Firstly, it attempts to show that the problems: children experience in the course of
early memory development are not solely attributable to a storage deficit. In other
words, it is intended to demonstrate that children’s impaired memory performance
(relative to adults) does not only derive from an inability to attend to and to store the
relevant stimuli in the memory system, but concerns a more general retrieval deficit.
The issue concerning the relative contributions of storage and retrieval processes to
children’s memory performance is important, because it is assumed in this study that
children’s impaired memory performance derives at least partly from difficulties in
activating (i.e. accessing) the relevant items in memory. Now, if a hypermnesic
effect does obtain with the children, we have reason to believe that the recall deficit
shown by children in free recall is to some extent due to the inefficient use of
retrieval strategies.

Secondly, the experiment is aimed at exploring the nature of cumulative memory
search processes on the recall of salient and non-salient categories. It is predicted
that different levels of hypermnesia will be found with salient and non-salient
categories, because the former will be easier to activate during the memory search
processes. In other words, the hypermnesia test constitutes a means of exploring the
way in which items from different categories are activated during the course of
memory retrieval.

The structure of the dissertation is as follows: The second chapter provides a review
of the theoretical and empirical literature concerning the role of the knowledge base
in memory development. = The theory underlying the empirical study and the
research hypotheses emerging from it are also developed in this chapter. The third
chapter is concerned with the methodological procedures followed in the empirical
study, and describes two experiments designed to test the hypotheses developed in
Chapter 2. The fourth chapter is devoted to a statistical analysis of the results
obtained, while the results of the empirical study are discussed, and some of the
general implications of these results are drawn, in the fifth and final chapter.



Chapter 2
Review of the theoretical and empirical literature

A large body of research has been amassed documenting developmental changes in
memory performance. This research seems to suggest that there are fairly general
improvements in children’s abilities to execute memory-related tasks during the
period of cognitive development (e.g. Wellman, 1988; Schneider & Pressley, 1989).
In contemporary psychological theory the development of the memory system is
usually attributed to the acquisition and elaboration of memory strategies such as the
rehearsal (i.e. vocal or subvocal repetition) and organisation (i.e. grouping) of the
material to be remembered (Ornstein, Baker-Ward & Naus, 1988).  Memory
strategies are generally defined as deliberate plans intended to improve performance,
and subject to conscious evaluation (Bjorklund, 1988). These strategies are thought
to enhance memory performance because they lead to the formation of efficient
retrieval schemes for the material to be remembered. On this account, children’s
memory performance improves because they become increasingly strategic with age.
That is, they gradually learn to apply appropriate mnemonic strategies effectively
during the execution of memory tasks.

Although the view that memory development is mediated by the acquisition and
increasingly effective utilisation of memory strategies permeates the psychological
literature, it suffers from at least two defects. Firstly, the term strategy lacks a clear
definition, so that it is not always apparent what counts or does not count as a
memory strategy (Bjorklund & Buchanan, 1989). In fact, some researchers go so far
as to drop the requirement that strategies be considered voluntary (i.e. conscious)
operations, and only stipulate that strategies ‘be potentially available to
consciousness’ (e.g. Pressley, Borkowski & Schneider, 1987). Secondly, most of the
research on memory strategies has focused on school-going children, and in the case
of such children the acquisition and elaboration of strategies are typically attributed
to the demands placed on memory by the educational system (e.g. Bjorklund, 1985).
Much less is known about the emergence and refinement of strategies in preschool
children, and indeed about the, factors governing the initial stages of memory
development.

This review addresses the latter issue and examines the hypothesis that early
improvements in children’s memory are mainly the result of developmental changes
in the organisation of their conceptual knowledge. The assumption that conceptual
knowledge is a factor that influences memory performance is a theme that now
dominates much of the current research on memory development. Essentially the
claim is that young children’s performance on memory tasks is impaired, not only
because they lack sophisticated memory strategies,