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Abstract

Over the past three decades impressive progress has been made in documenting the devel-
opment of encoding, storage, and retrieval processes in preverbal infants and children. This
literature includes an extensive and diverse database as well as theoretical conjecture about
the underlying processes that drive early memory development. A selective review of some
of this literature is provided to illustrate the extent and scope of this research, what is currently
known about how memory develops over time, and some of the questions that remain to be
answered. Importantly, research on early memory development has provided insights into a
number of longstanding issues that have been prominent in the memory literature more gen-
erally (e.g., the memory systems question, infantile amnesia). It has also yielded practical in-
formation relevant to memory functioning in real world settings (e.g., for forensic and clinical
psychology). We conclude that the basic processes needed to encode, store, and retrieve infor-
mation are present very early in life and that although significant developmental advances take
place across early childhood, many of the processes that govern memory in preverbal children
are common with those of verbal children and adults. These issues are discussed and future
directions for research are suggested.
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We have come a very long way from Piaget!s observation that the mental life of
the infant was ‘‘unhappily, a mysterious abyss for the psychologist’’ (Piaget, 1927,
p. 7) with the chance of revealing its nature as remote as ‘‘the dark side of the moon’’
(Bower, 1977, p. 5). Indeed, the past thirty years have witnessed enormous advances
in our understanding of the mental life of infants and toddlers including for example,
the viability of the sensory and perceptual systems from birth (or before), the devel-
opment of discrimination abilities within and across modalities, perceptual and con-
ceptual category formation, problem-solving, recognition and recall memory,
language comprehension, and reasoning about the physical and social worlds (for re-
views see Baillargeon, 2001; Bauer, Burch, & Kleinknecht, 2002; Chen & Siegler,
2000; Courage & Howe, 2002; Gopnik & Meltzoff, 1997; Haith & Benson, 1998;
Howe, 2000; Kellman & Arterbury, 1998; Lacerda, von Hofsten, & Heimann,
2001; Rovee-Collier, Hayne, & Colombo, 2001). This evidence has been garnered
with a remarkable array of procedures and paradigms and an assortment of inge-
nious tasks that have harnessed the enormous curiosity of infants and toddlers
whose response repertoire is severely limited by linguistic, perceptual, cognitive,
and motor immaturities (e.g., see Hayne, this issue).

Given that the scientific study of early child development goes back at least to
Darwin!s observations (e.g., Darwin, 1877), this evidence has been a long time com-
ing. There are several reasons for this, but perhaps the most basic was the assump-
tion that infants! cognitive processes were qualitatively different from those of older
children and adults because: (1) infants are nonverbal and must therefore process in-
formation (or not) without language, (2) the underlying nervous system is structur-
ally and functionally very immature in the first two years and cannot sustain
information processing activities, and (3) Piaget had persuaded a generation of re-
searchers that the sensorimotor infant!s understanding of people, objects, and events
is limited to his or her immediate actions on and perceptions of them, but entails no
mental representation. This assumption about the qualitative difference between the
nonverbal infant and toddler and the verbal child and adult was affirmed by the re-
peated failure of early tests of infants!mental development (e.g., the Bayley Scales) to
predict IQ in later life (for a review see Colombo, 1993). Interestingly, vestiges of
these early assumptions about infant cognition can still be found in current develop-
mental theory and debate (e.g., arguments about the role of language in memory,
memory and brain development).

In this article, we provide a historical backdrop for the other articles in this special
issue and briefly summarize some of the literature on early memory that illustrates
our current knowledge of the factors that effect its development. We will then illus-
trate how progress to date in early memory research has provided insights into a
number of classical issues in the memory development literature. Some of these
are of theoretical significance, for example: (1) whether there are multiple memory
systems or a single memory system, (2) the longstanding puzzle of infantile amnesia,
and (3) whether basic memory processes and mechanisms are continuous or discon-
tinuous from the preverbal infant to the verbal child. Early memory research has also
provided answers (and provoked further questions) to a number of difficult practical
matters such as (4) how to provide reliable cognitive indices for infants at risk for
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intellectual impairment, (5) the durability and accuracy of traumatic and nontrau-
matic memories in forensic contexts, and (6) the difficulty of interpreting nonverbal
expressions of memory (especially event memory). We will conclude with some fu-
ture directions for memory development research in the new millennium.

What we know: The empirical database

In the arena of human memory, Joseph Fagan III conducted a series of elegant
studies in the 1970s using the paired-comparison procedure (Fagan, 1970, 1971,
1972, 1973, 1974) that provided three significant insights. First, that encoding, stor-
age, and retrieval processes in preverbal children could be examined objectively and
scientifically. Second, that even very young infants were able to recognize stimuli
that they had seen before and in certain conditions could retain that information
over several weeks. Third, that many of the processes and variables that were known
to affect encoding, storage, and retrieval in older children and adults were integral to
infant memory processes as well (e.g., interference effects, stimulus complexity, famil-
iarization time). This seminal work motivated a new era of inquiry into the funda-
mental cognitive and neurological processes that underlie early memory
development. This endeavor further fuelled in the past decade or so by pragmatic
concerns about the accuracy of memories laid down in infancy and their durability
across childhood and the adult years (for reviews see Howe, 2000; Howe & Courage,
1997b; Nelson, 1997; Rovee-Collier et al., 2001).

Since Fagan!s influential work, other researchers exploiting infants! visual respon-
siveness and robust preference for novelty have used habituation, paired-compari-
son, and other familiarization procedures to show that even neonates can
recognize certain patterns and forms seen previously (for reviews, see Rose, Feld-
man, & Jankowski, this issue; Rovee-Collier & Bhatt, 1993; Slater, 1995; Werner
& Perlmutter, 1979). Infants can also recognize stimuli in other modalities. For ex-
ample, Catherwood (1993) found that 8-month-olds could retain information about
the shape of an object explored haptically over a 5-min retention interval, in spite of
the presence of interfering haptic stimuli. Swain, Zelazo, and Clifton (1993) used ha-
bituation and recovery of a head-turn response to demonstrate that neonates ex-
posed postnatally to speech sounds retained them over a 24-h interval. Finally,
Cernoch and Porter (1985) found that neonates could recognize their mother!s axil-
lary odor 12 h following a familiarization procedure. Although studies using famil-
iarization procedures attest to infants! readiness to begin processing information
from their earliest days, their utility for studying long-term retention is limited
(for a discussion see Rovee-Collier & Bhatt, 1993; but see also Bahrick & Pickens,
1995; Courage & Howe, 1998).

Consequently, a variety of alternative procedures were developed to study infants!
and toddlers! immediate and long-term retention of both experimentally induced and
naturally occurring events. In one of the most comprehensive research programs,
Rovee-Collier and her colleagues employed a mobile conjugate reinforcement para-
digm to identify the factors that affect 2–6-month-olds! immediate and long-term
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retention of an operant foot-kick response. They found that 6-month-olds learned
the basic contingency faster than 2- and 3-month-olds and that despite similar levels
of performance at the end of acquisition, infant age and the length of the retention
interval were positively correlated. Further, they found that as with older children
and adults, retention was affected by factors such as the amount and distribution
of practice, the match between the proximal (mobile) and distal (context) cues pres-
ent at acquisition and those at long-term retention, and exposure to reinstating or
interfering stimuli following simple forgetting and acquisition, respectively (for
reviews see Hartshorn et al., 1998b; Rovee-Collier, 1997; Rovee-Collier et al.,
2001). The operant conditioning paradigm has also been used to explore neonates!
ability to retain auditory information. DeCasper and his colleagues showed that
newborn infants can recognize the prosodic characteristics of a story heard in the last
trimester of their prenatal life and have identified a number of variables that affect
their recognition of auditory stimuli (DeCasper & Prescott, 1984; DeCasper &
Spence, 1986, 1991; Spence & Freeman, 1996).

Infants! and toddlers! willingness to imitate motor activities performed by an
adult or a peer model has also provided invaluable information on the development
of long-term retention. In a series of classic studies Meltzoff and colleagues demon-
strated that 6-week-olds will reproduce certain facial expressions and head move-
ments modelled by an adult and can retain these over a 24-h interval (Meltzoff &
Moore, 1994). Further advances in infants! recall of actions occur during the second
half of the first postnatal year at which time 9-month-olds! show deferred imitation
of novel object-specific actions witnessed (but not performed) by them 24 h earlier
(Meltzoff, 1988a). Older, 14-month-olds retained 6 novel actions in memory for 1
week following live modeling (Meltzoff, 1988b) and for 24 h following symbolic
modeling via television (Meltzoff, 1988c). More recently, Meltzoff (1995) found that
14- and 16-month-olds retained multiple acts across 2- and 4-month retention inter-
vals and that also in their second year infants will imitate actions modelled by peers
and will generalize across novel contexts (Hanna & Meltzoff, 1993; Klein & Meltzoff,
1999). A strength of Meltzoff!s work is that as the novel activities were modelled only
briefly without instruction and were not performed by the infants themselves prior
to the retention test, their imitation was likely based on the stored representation
of what they had seen previously and, as such, indexes recall rather than simple
recognition.

Building on Meltzoff!s work, Hayne and colleagues (e.g., Barr, Dowden, &
Hayne, 1996; Collie & Hayne, 1999; Hayne, MacDonald, & Barr, 1997; Herbert &
Hayne, 2000a, 2000b) investigated developmental changes in deferred imitation by
6–30-month-old infants and found that even the youngest showed some evidence
of deferred imitation on a series of up to 8 unique actions with toy props after a
24 h delay. However, substantial developmental improvements were also evident.
Younger infants (6-month-olds) required twice as much exposure to the target ac-
tions to show deferred imitation and they (6- and 12-month-olds) were less accurate
in their imitation (i.e., produced fewer components) than older infants. Moreover,
12-month-olds generalized the modelled actions less readily to a new object at test
than did older (18- and 21-month-old) infants, and it was not until about 30 months
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that infants generalized the actions readily to a new target after a 24-h delay (Herbert
& Hayne, 2000a). Finally, the duration of the interval over which observed three-step
sequences could be retained increased from 14 days for 18-month-olds up to 3
months for 24-month-olds (Herbert & Hayne, 2000b).

In a variation of deferred imitation, Bauer and her colleagues (e.g., see Bauer,
1995) used elicited imitation (in which the infant performs the modelled actions after
the demonstration), to show that 11–24-month-olds represent order information in
their recall of 2–8 component event sequences. Moreover, their recall was facilitated
and prolonged (to several hours in the youngest infants and up to several months in
the older children) if the components of the events contained enabling relations, were
familiar, and accompanied by verbal cues at the retention test (for reviews see Bauer,
1995; Bauer et al., 2002). More recently, they reported that after multiple exposures
to the events, some 9-month-olds showed ordered recall of multistep sequences 1
month later, although their recall was sparse. Subsequent retention tests after in-
creasing delays of 3, 6, 9, or 12 months showed an age-related increase in the robust-
ness of long-term retention (Bauer, Wenner, Dropik, & Wewerka, 2000; Bauer,
Wiebe, Waters, & Bangston, 2001).

Finally, using procedures such as behavioral re-enactment, researchers have
shown that young children!s memory for both naturally occurring and contrived
events that occurred during their infant and toddler years are retained and under cer-
tain conditions can persist for months or years, although with the passage of time
recollection of these events becomes increasingly fragmentary. For example, Mc-
Donough and Mandler (1994) found some evidence of recall of single object-specific
actions in 2-year-olds who had participated in an experiment a year earlier. Simi-
larly, Sheffield and Hudson (1994) reported that 18-month-olds who experienced a
series of toy-play events recalled them after 6 months. However, a longitudinal study
of infants! memories of a toy-play event experienced at home when they were 10 and
14 months old and in a laboratory setting when they were 32 and 60 months old, re-
vealed progressively less recollection of the event over time (Myers, Perris, & Speak-
er, 1994). Similarly, Boyer, Barron, and Farrar (1994) failed to find evidence of
recollection of a 9-action event sequence learned by 20-month-olds and tested after
a 12–22-month delay. Finally, in an investigation of children!s memories for injuries
requiring emergency room treatment, Howe, Courage, and Peterson (1994, 1995) re-
ported that children who were younger than 2-years-old expressed recollection of
their accidents nonverbally after a 5 day retention interval, but expressed very little
recall of the events 6 months later.

Developments in very early memory

The research from these diverse procedures and paradigms indicates clearly that
infants and toddlers are remarkably proficient in encoding, storing and retrieving in-
formation about characteristics of objects, people and events that they experience
(sometimes only once). However, much of the early research was designed to
test the effect of specific manipulations on infants! and toddlers! ability to process
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information rather than to describe the development of the memory system across
age per se. For example, researchers have sought to establish: (1) the earliest age
at which infants show long-term retention (i.e., for at least 24 h) (e.g., Meltzoff &
Moore, 1994; Pascalis, de Schonen, Morton, Deruelle, & Fabre-Grenet, 1995; Swain
et al., 1993), (2) the duration of the interval over which information can be retained
(e.g., see Bahrick & Pickens, 1995; Courage & Howe, 1998; Fivush, 1997), (3) the
amount of information (e.g., number of components in a sequence) that can be
retained (see Bauer, 1995), (4) the effect of the organization of information to be
retained—for example, whether it is, causally or arbitrarily ordered (see Bauer,
1997), (5) the impact of postevent information or experience and its timing on subse-
quent retention (e.g., see Boller, Grabelle, & Rovee-Collier, 1995; Rovee-Collier,
1995; Sheffield & Hudson, 1994), (6) the effect of variations in context on retention
(e.g., see Hartshorn & Rovee-Collier, 1997; Hayne & Finlay, 1995; Klein & Meltzoff,
1999), and (7) the nature of the memory system(s) (e.g., declarative or nondeclara-
tive/procedural; preexplicit/explicit or implicit) that is (are) hypothesized to mediate
the retention of information (e.g., see Bauer, 1995; Mandler & McDonough, 1995;
Nelson, 1997; Rovee-Collier, 1997).

Following this progress, memory researchers have focused more directly on iden-
tifying the changes in encoding, storage, and retrieval processes that occur with age.
For example, it is clear that as infants get older they can encode information more
quickly. This is evident from habituation and paired comparison procedures in
which older infants habituate faster and require less familiarization time to show
novelty preferences than do younger infants (e.g., Bornstein & Seuss, 2000; Hunter
& Ames, 1988; Jankowski & Rose, 1997; Rose, Feldman, & Jankowski, 2002).
Similarly, in the mobile conjugate reinforcement paradigm, older infants learn
the contingency faster and with fewer study trials than do younger infants with
6-, 3-, and 2-month-olds requiring 1-, 3-, and 6 min to reach criterion, respectively
(see Hartshorn et al., 1998a; Ohr, Fagen, Rovee-Collier, Vander Linde, & Hayne,
1989). Finally, research findings from deferred and elicited imitation procedures
indicate that younger infants (6-month-olds, 9-month-olds) require more exposure
time and/or more exposure opportunities to show imitation than do older infants
and toddlers (12-, 18-, 24-month-olds) (see Barr et al., 1996; Bauer et al., 2001;
Hayne, Boniface, & Barr, 2000; Meltzoff, 1995).

The question of developmental changes in long-term retention of information
has been more difficult to address. Indeed, the methods that have been used to
study infant memory contain a potentially serious threat to the validity of conclu-
sions about development—namely, the failure to control for the effect of age dif-
ferences in initial learning (for discussions see Howe, 2000; Howe & Brainerd,
1989; Howe & Courage, 1997a). The basic issue is that if, as is the case with adults
(see Underwood, 1954), individual differences in learning rates contribute to indi-
vidual differences in retention rates (i.e., slower learners forget more rapidly) and
individual differences in developmental studies are age-related (i.e., younger partic-
ipants are slower learners), then younger children will forget more rapidly because
they are slower learners and age differences found at retention become difficult to
interpret.
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Although several research groups have routinely controlled for levels of learning
at the end of acquisition (e.g Hartshorn et al., 1998b; Howe & Courage, 1997a), this
important point has only recently been appreciated by memory development re-
searchers more generally. The consensus from studies that equate initial learning
across age is that there are developmental differences in long-term retention that
are independent from developmental differences in learning such that as young in-
fants and toddlers get older they remember more information and retain it over long-
er periods of time. For example, Howe and Courage (1997a) found a developmental
decline in 12-, 15-, and 18-month-olds! forgetting of novel activities over a 3-month
interval after equating for levels of learning at the end of acquisition. Consistent with
this, Hartshorn et al. (1998b) showed that after being trained to the same criterion,
infants from 2- to 18-months old showed a linear increase in retention as a function
of age, with 2-month-olds retaining the contingency for about 24 h, 3-month-olds for
5 or 6 days, 6-month-olds for 2 weeks, 12-month-olds for 8 weeks, and the 18-
month-olds retaining it for up to 13 weeks. Finally, though it is not possible in de-
ferred and elicited imitation studies to equate levels of learning across age directly
after the demonstration, those in which immediate retention control groups have
been employed indicate that across the ages of 6–24-months there are significant in-
creases in both the amount retained (number of actions; order information) and the
duration of retention (e.g., 24 h–12 months) with increasing age (Barr & Hayne,
2000; Bauer et al., 2000; Meltzoff, 1995).

But what develops?

The question remains, what is it that develops? What are the underlying mecha-
nisms and processes that mediate these improvements in infant and toddler memory
over time? These theoretical questions have been addressed from a number of differ-
ent perspectives some of which emphasize advances in brain maturation and others
of which focus on developments in cognitive processes themselves, though these two
approaches are not mutually exclusive. From the cognitive perspective for example,
Howe and colleagues (e.g., Howe, 1991, 1995, 2000, 2002; Howe & Brainerd, 1989;
Howe, Courage, & Bryant-Brown, 1993; Marche & Howe, 1995), contend that with
increasing age, infants and toddlers (like older children) are better able to maintain
information in storage. In a comprehensive series of studies, they used the trace in-
tegrity framework and its associated mathematical model to dissever the effects of
storage and retrieval processes in infants! and children!s long-term retention on a
wide variety of tasks (e.g., free and cued-recall) materials (pictures, words, catego-
rized lists, object location pairings, narrative recall, and event memory), manipula-
tions (retroactive interference, reinstatement, intentional forgetting, recoding), and
ages (infants to elderly participants) (for a review see Howe & O!Sullivan, 1997). Col-
lectively, this literature shows that forgetting is dominated by storage failure rather
than retrieval failure and that storage failure decreases with age in childhood.

In the trace integrity framework, storage and retrieval are processes lying on a sin-
gle continuum and traces consist of collections of primitive elements (e.g., features,
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nodes). The key to initial acquisition is integrating features into a single, cohesive
structure in memory. Across any retention interval, traces that are not well inte-
grated tend to disintegrate and their stability (both in terms of storage and retrieval)
is compromised. When this occurs, the original memory trace begins to lose its co-
hesion and distinctiveness, and fades into the background noise of other memory
traces (for a discussion see Howe & Brainerd, 1989). This view of how storage
and retrieval processes operate in children!s memory is generally consistent with
other views of these processes in both the developmental and adult literatures
(e.g., see Estes, 1988; Schneider & Bjorklund, 1998; Tulving, 1984). In addition,
the trace integrity framework has the added value afforded by its associated mathe-
matical model, one that permits the extraction of theoretical processes (e.g., storage,
retrieval) from the empirical data.

Like all good theories, this one gives rise to the further question of why it is that
infants and toddlers are better able to maintain information in storage as they get
older. According to the trace integrity framework, the answer lies primarily in devel-
opmental advances in a host of cognitive factors that facilitate the cohesion of trace
elements or bundles of features in memory (e.g., knowledge, distinctiveness, strate-
gies such as rehearsal, scripts), reduce the likelihood of their modification (e.g.,
through blending, recoding, reconstruction, reorganization) or disintegration (e.g.,
interference, trace decay, or disintegration) over time, and that facilitate or promote
trace redintegration (e.g., reinstatement, testing, and provision of retrieval cues).
Moreover, improved storage maintenance may be facilitated in very young children
by neurological developments known to be ongoing in the time frame considered
here (e.g., proliferation of dendrites, synapses, fibre bundles, neurotransmitters,
and myelin) (see Johnson, 1997, 2000). For example, the process of synaptogenesis
peaks in infancy and toddlerhood and following a period of overproduction, connec-
tions are pruned back and decline across early childhood (Huttenlocher, 1999).
Greenough and colleagues (e.g., Greenough & Black, 1999; Greenough, Black, &
Wallace, 1987) have argued that experience is critical to the selective survival or loss
of certain synaptic connections and to the growth of new ones. In that sense, expe-
rience-based synaptogenesis and related developments likely contribute some of the
neural infrastructure or ‘‘hardware’’ that supports the advances in encoding ob-
served in the early years and perhaps contributes to the ‘‘glue’’ that provides cohe-
sion, integration, and consolidation among trace elements in memory. However, the
extent and manner in which these neural developments contribute to the malleability
of information in storage and to its accessibility at retrieval is less clear but may be
related to structural and functional plasticity within the system.

From a more traditional cognitive neuroscience perspective, Nelson (1995, 1997,
2000) has argued that it is primarily the extensive and rapid growth that takes place
within the structures of the brain itself in this time frame that underlies improve-
ments in memory performance (also see Rose & Tamis-LeMonda, 1999 ). Drawing
on evidence from the clinical literature on brain injured (and memory impaired)
adults, experimental analogues to brain injury conditions provided by lesioning non-
human species, and the developmental literature documenting memory performance
in immature human (intact) and nonhuman (lesioned and intact) subjects, Nelson
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argued for the existence of multiple memory systems with different developmental
time courses. Specifically, he contends that certain neurological structures which
develop early in postnatal life (e.g., the hippocampus, striatum, cerebellum, and
olivary–cerebellar complex) are sufficient to sustain a ‘‘pre-explicit’’ or procedural
memory system which makes possible the types of recognition memory performance
expressed in certain early novelty preferences, habituation, operant and classical con-
ditioning, and visual expectancy tasks. In contrast, performance on certain other
‘‘explicit’’ memory tasks (e.g., deferred and elicited imitation, event memory, and
cross-modal recognition) depend in addition, on later developing structures of the
medial temporal lobe (e.g., the amygdala), inferior temporal cortical regions, and
regions of the prefrontal cortex, which do not begin to come ‘‘on line’’ in human
infants until the latter half of the first postnatal year. Consistent with this approach,
Hayne and colleagues proposed that developmental advances in deferred imitation
over the first 2 years can be attributed (at least in part) to an increase in representa-
tional flexibility, an inherent characteristic of declarative memory processes that
depends on maturing interactions between the hippocampus and the association
cortex as well as on experiences at encoding and test (e.g., see Eichenbaum, 1997;
Hayne et al., 2000).

Leaving aside for now the contentious issues of: (1) generalizing from the mem-
ory performance of brain damaged adults and lesioned animals to that intact hu-
man infants, (2) whether or not there are multiple memory systems at all, (3) if so,
whether they develop sequentially or in tandem, and (4) what exactly is meant by
‘‘representational flexibility’’, neurological development during the early years of
life will at best provide only part of the answer to the progress in memory devel-
opment over the early years of life. In fact, Bauer (1997) has argued that once the
information has been acquired neither age per se nor neurological developments
seem to be the primary determinants of whether or for how long an event will
be recalled. This is not to diminish the importance of maturational or ‘‘hardware’’
factors in early memory development (especially in early infancy), but simply that
in the time frame considered here, such changes are not paramount. Instead, the
duration of recall seems to depend on a variety of ‘‘software’’ changes that affect
both storage and retrieval processes such as (a) the organization of the event rep-
resentation (e.g., whether the temporal relations among the event elements are en-
abling or arbitrary; the familiarity of the event sequence; whether and how often
the event is repeated and the timing of that repetition), (b) the availability of
and the ability to use cues or reminders of past events (e.g., through passive expo-
sure, direct re-enactment, videotapes, still photos, or verbal narration), and (c) im-
provements in cognitive, linguistic, and representational processes that enhance
and facilitate strategy use.

Finally, Fuzzy Trace Theory is a general model of cognitive development with di-
rect implications for memory development (e.g., see Brainerd & Reyna, 1998, 2001;
Reyna & Brainerd, 1995). The basic idea of fuzzy-trace theory is that memory traces
exist on a continuum from literal, factual, verbatim traces to fuzzy, imprecise, gist-
like traces. Both children and adults store separate, parallel memory traces about
an event!s or a test item!s verbatim information (e.g., surface forms, item specific
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properties) and its gist (e.g., semantic, relational, elaborative) information. An im-
portant assumption of fuzzy-trace theory is the idea that gist can exist at several dif-
ferent levels for the same information and a single event will be represented in
memory by a variety of traces from exact verbatim traces to a variety of inexact fuz-
zy traces. Fuzzy or gist-like and verbatim traces also differ in important ways. For
example, relative to verbatim traces fuzzy traces are easier to access and generally
easier to use. In fact, people of all ages generally prefer to use fuzzy traces when solv-
ing problems, meaning that there is a bias in human cognition toward thinking and
solving problems intuitively rather than logically (the reduction to essence rule). Gist
and verbatim representations also have different life spans with verbatim representa-
tions being more susceptible to interference and are forgotten more rapidly than gist
representations.

Although verbatim memories undergo considerable change, the main source of
change is in the ability to encode, store, and retrieve gist information. Essentially,
young children are biased towards extracting verbatim information and processing
verbatim traces. They do extract gist, but relative to older children and adults, are
less likely to do so. A verbatim-to-gist shift occurs sometime during the elementary
school years when children begin to show bias for encoding and processing gist in-
formation. Thus, verbatim and gist memories of the same inputs develop at different
rates. In terms of acquiring information, the assumption is that memory for the gist
undergoes a more protracted developmental course, as it is to a large extent knowl-
edge driven (for a discussion see Howe, 2000).

Although this theory is intended to cover a variety of memory development phe-
nomena (e.g., output interference, infantile amnesia), it is perhaps best exemplified
by its unique and comprehensive account of the development of false memories in
childhood. Consider the fact that the effects of misinformation are thought to decline
with age (e.g., see Bruck & Ceci, 1999). For example, older children are less likely
than younger children to confuse something that they were told happened during
an event that they witnessed with what they actually witnessed. Although such effects
can arise because of source monitoring failures, they can also arise because of differ-
ential access to verbatim and gist traces in memory. Indeed this latter account can
not only explain how suggestibility arises and how false memories occur but it can
also explain opposite developmental trends in both (Brainerd & Reyna, 2002a,
2002b; Brainerd, Reyna, & Forrest, 2002).

Memory development and the big picture: Theoretical issues and practical implications

Research on the development of memory in human infants and toddlers has been
enormously influential. Collectively, this large corpus of literature has provided in-
sights into a number of theoretical issues relevant to memory development specifi-
cally and also to cognitive development more generally. In addition, these research
findings have provided practical information that can be applied to a number of ‘‘re-
al world’’ issues in human development. A brief summary of some of these theoret-
ical and pragmatic insights will be presented next.
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Theoretical issues

The nature of human memory
The essential question of whether human memory consists of a unitary system

that can be accessed through different routes or processes (e.g., implicit or explicit
tests) or comprises a number of functionally and structurally separate and different
systems (e.g., implicit/explicit; declarative/nondeclarative; and episodic/semantic) has
a long, familiar, and contentious history in the adult literature that is well beyond the
scope of this article (for reviews see Buchner & Wippich, 2000; Roediger, Rajaram,
& Srinvas, 1990; Rovee-Collier et al., 2001; Schacter & Tulving, 1994; Squire, 1987;
Tulving, 1984; Willingham & Preuss, 1995). For developmentalists, there are two key
aspects of this issue that have been informed by research findings from the early
memory literature: (a) the question of establishing a measure of ‘‘consciousness’’
in recall and (b) the developmental order in which memory systems (assuming that
there are different memory systems) emerge. Concerning (a), in the adult literature, a
key criterion of explicit or declarative memory is that its content is available/acces-
sible to conscious recollection (e.g., verbal recall) whereas implicit (nondeclarative)
memory, which is based on unconscious influence, is not. As conscious recollection
cannot be assessed directly in preverbal children, the case has been made that
9-month-old infants! robust recollection of novel events in the absence of perceptual
support for those events constitutes a nonverbal analogue of verbal recall. By impli-
cation then, it is the result of a conscious or deliberate effort and therefore explicit/
declarative in nature (e.g., see Bauer, 1995; Mandler, 1990; Meltzoff, 1995).

Consistent with this conclusion, and concerning issue (b), speculation in the cog-
nitive neuroscience literature held that the memory system necessary for explicit or
declarative (i.e., conscious) memory does not come ‘‘on-line’’ until the latter half of
the first year of life when certain critical brain structures become sufficiently ma-
ture. Prior to this the infant brain can only support memories of the implicit or
nondeclarative type (e.g., Mandler, 1990; Nelson, 1995, 1997; Schacter & Moscov-
itch, 1984). Though this conjecture was based largely on comparisons between the
memory difficulties experienced by amnesic adults and surgically lesioned animals
and those of intact, developing infants (for a critique see Rovee-Collier et al.,
2001), the time-frame was consistent with the early studies that showed the onset
of robust nonverbal recall in infants at about 9 months (e.g., see Bauer, 1995;
Meltzoff, 1988b). However, more recent empirical evidence showing deferred imita-
tion in 6-month-olds (Collie & Hayne, 1999), retention of single events by
3-month-olds (see Rovee-Collier et al., 2001), and deferred imitation of facial
gestures by 6-week-olds (see Meltzoff & Moore, 1994) have provoked a re-evalua-
tion of: (1) the wisdom of making conscious recollection the sine qua non of an
explicit or declarative memory system given that the level of awareness of infants!
recollections cannot be ascertained with confidence, (2) the hypothesis that implicit
and explicit memory systems develop hierarchically in infancy, and more generally
(3) whether a multiple memory systems model is the appropriate one to character-
ize human memory more generally (e.g., see Buchner & Wippich, 2000; Rovee-Col-
lier, 1997; Rovee-Collier et al., 2001).
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Among those who are re-thinking these questions, Rovee-Collier (1997) has pro-
vided a strong evidence-based argument that if indeed there are separate implicit
and explicit (or nondeclarative, declarative) memory systems, they are both opera-
tional in infants from at least 3 months of age and hence do not develop hierarchically.
Further, she contends that the weight of evidence from her own research favors the
more parsimonious position that there is a single memory system with multiple routes
of access (see Rovee-Collier et al., 2001). The crux of this argument is that a newly ac-
quired memory can be retrieved either using delayed recognition (an explicit memory
test) or once forgetting has occurred, following a memory prime or reactivation (an
implicit memory test). Importantly, as the characteristics of recognized (explicit)
and the reactivated (implicit) memories share many identical properties (e.g., forget-
ting rate), the case can be made that they are in fact the same memory. What differs
between them is the route of access, through an explicit test or an implicit test.

In sum, these difficult and unresolved issues concerning the nature of infants!
long-term retention processes call into question the utility of dichotomizing complex
memory processes at this point in time. Referring to the adult literature, Buchner
and Wippich (2000) recently argued that the ubiquitous performance dissociations
between implicit and explicit measures that have been found in the adult literature
may not reflect functional dissociations at all, but are (at least in part) methodolog-
ical artifacts of the low reliability of tests of implicit memory. As we have argued
elsewhere (e.g., see Howe & Courage, 1997b) in light of these unresolved issues
and until there is clear evidence to the contrary, it is perhaps more prudent to con-
sider the development of infant memory in terms of a unitary memory system that
can be accessed through implicit and explicit routes or tasks providing of course, that
appropriate and reliable tests can be developed and implemented in research with
nonverbal organisms.

Infantile amnesia
A second theoretical issue that has been illuminated (though not entirely resolved)

by the examination of early memory development is that of infantile (or childhood)
amnesia, the puzzling phenomena whereby adults cannot recollect the events of their
past before the age of about 2 years (Eacott & Crawley, 1998; Usher & Neisser, 1993)
in spite of having good recall of childhood events after that age (for a review see
Howe & Courage, 1993, 1997a, 1997b). This issue is important because to goes
the heart of the question of what happens to information in long-term memory. If
storage is permanent, then the inability to recall early experiences may be a matter
of retrieval failure that can be alleviated by reinstating the appropriate testing con-
ditions. Thus, early memories are intact but cannot be accessed because the context
in which they were laid down in infancy in too discrepant from the one in which it is
being retrieved (see Hayne, 1990; Hayne et al., 1997; Rovee-Collier, 1997). On the
other hand, if storage is labile and not permanent or events were not properly en-
coded, as might be expected in the neurologically and perceptually immature infant,
then recall of early experiences may be impossible and infantile amnesia may be due
to storage failure (e.g., Nelson, 1995). Finally, the possibility remains that elements
of both storage and retrieval may be involved.
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Research on the storage and retrieval of information in infancy and early child-
hood has clarified some of these issues. As the contributions to this special issue
make plain, infants and toddlers have remarkably robust memory for aspects of
the events that they have experienced. However, there are also equally dramatic de-
velopmental advances in what they encode, how quickly they encode it, how it is or-
ganized in storage, in the range of effective cues that can elicit retrieval, and in the
duration of the interval over which information can be retained. Importantly, this
progress in long-term retention appears to be a steady one with no evidence of
abrupt change in neurological, perceptual, or mnemonic processes per se that might
account for the infantile amnesia ‘‘barrier’’ in the time frame in question. We con-
tend that the capstone event in the demise of infantile amnesia does not occur in
the memory mechanisms themselves, but in the onset of the cognitive sense of self,
an event that occurs at about the age of two years (Howe & Courage, 1993,
1997a, 1997b). The cognitive self provides a new organizer of information and expe-
rience and facilitates the personalization of memory for events into what becomes
autobiographical memory. Prior to the articulation of the self, infants will learn
and remember but these experiences will not be recognized as specific events that
happened to ‘‘me.’’ After the onset of the cognitive self, adults! recollection of child-
hood events become more numerous, and like increases in memory more generally,
are due to increases in storage maintenance.

The Howe and Courage proposition motivated an intense debate in the literature
concerning the relative importance of coincident and subsequent developments in
language, parent–child interactions, and metacognition to the offset of infantile am-
nesia and the emergence of autobiographical memory (e.g., see Fivush, 1997; Perner
& Ruffman, 1995; Pillemer & White, 1989; Povinelli, Landry, Theall, Clarke, & Cas-
tile, 1999). Take for example, the sociolinguistic view that parent–child conversa-
tional interactions underlie the emergence of autobiographical memory (e.g.,
Fivush, Haden, & Reese, 1996; Fivush & Reese, 1992; Hudson, 1990; Nelson,
1993). In this view, autobiographical memory begins when children can share their
past experiences linguistically with others, thus developing a life history (i.e., an au-
tobiography) by telling others who they are. Thus, autobiographical memory is pred-
icated on the development of sophisticated language-based representational skills,
ones that do not emerge until children are about 5 or 6 years old, a time frame that
departs notable from data on the recall of personal events by young children. In any
case, research conducted within this framework reveals that individual and cultural
differences in the way that parents talk to their children about the past are associated
with individual differences in the quantity and quality of children!s reports of their
own past experiences as well as the age at which adults report their earliest autobio-
graphical memory (e.g., Haden, Haine, & Fivush, 1997; Han, Leitchman, & Wang,
1998; MacDonald, Uesiliana, & Haynes, 2000; Reese, Haden, & Fivush, 1993). What
these and other language-based theories of the development of autobiographical
memory contribute to the debate is that following the emergence of the cognitive self,
the language environment of the child be it familial or cultural serves to teach chil-
dren that reporting memories is important, that such reports have a particular nar-
rative structure, and a particular social and cognitive function. However, these
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narrative reports of personally experienced events should not be equated with their
representational structure in memory, one that is fundamentally amodal (e.g., Man-
dler, 1992).

In sum, considerable progress has been made in our understanding of infantile
amnesia. Additional insights will be gained once we establish a nonverbal reporting
technique for autobiographical memory in preverbal children. As we have yet to de-
velop such a technique for eliciting autobiographical recall prior to the onset of pro-
ductive language, some researchers have arbitrarily equated the age of the earliest
personal memory with the earliest verbal report of that memory—which children
spontaneously provide at about the age of 3 years. Not only does this definition con-
found the representation of an event in memory with its narrative report, it fails to
account for the considerable gap between the onset of the cognitive self late in the
second year of life and the age of spontaneous verbal report. In any event, pinpoint-
ing the onset of autobiographical memory in young children will signal the impend-
ing demise of infantile amnesia and open the door to further questions of why a
particular individual may or may not recall his or her earliest years.

Continuity of memory processes
The continuity–discontinuity debate has a long history in developmental psychol-

ogy and has relevance not only for the emergence of memory in infancy and child-
hood but also for cognitive development more generally (see Courage & Howe,
2002). The issue is an important one as it is fundamental to questions about the na-
ture of development itself, e.g., whether it is stage-like or gradual; whether (and
which) aspects of human mental capacity are constant over development and which
aspects change (and how) with maturation and experience; whether the complex re-
lationship between underlying psychological processes and their behavioral manifes-
tations is linear or dynamic. Here we illustrate how the findings from research on
early memory development have been instructive in this debate.

To some extent, the phenomenon of infantile amnesia served to reinforce the con-
ventional belief that basic memory processes in preverbal infants and toddlers are
qualitatively different (and discontinuous) from those of verbal children and adults.
However, the extant empirical database on early memory indicates that this assump-
tion is probably incorrect. Instead, the weight of evidence shows that many of the
mechanisms that govern storage and retrieval processes in infancy are the same as
those that regulate memory processes in older children and adults. Specifically, in-
fant and toddler memory performance varies as a function of: (a) the amount and
distribution of practice (see Rovee-Collier & Bhatt, 1993), (b) organization (see
Bauer, 1995), (c) reinstatement (Howe et al., 1993; Hudson & Sheffield, 1999), (d)
postevent information (Boller et al., 1995; Rovee-Collier, Borza, Adler, & Boller,
1993), (e) retroactive interference (see Rovee-Collier & Boller, 1995), (f) conditions
at encoding (e.g., encoding specificity) (see Rovee-Collier & Bhatt, 1993), and (g)
the effect of retrieval on subsequent recall (e.g., test effects) (Fivush & Hammond,
1989; Myers et al., 1994), to name a few. All of these effects are well known in the
literatures on older children!s and adults! memory (e.g., see Howe, 1991, 1995,
2002; Howe et al., 1993; Marche & Howe, 1995; Schneider & Bjorklund, 1998).
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Although there is marked continuity in the functioning of the human information
processing system across age, it is equally clear that there are also substantial devel-
opmental advances in memory performance with age (e.g., faster encoding, storage,
and retrieval processes; increases in the ability to maintain information in storage for
longer periods of time) which are undoubtedly supported by changes in other cogni-
tive processes (e.g., changes in knowledge, strategies, attentional processes, metame-
mory). Importantly, considered in a dynamic systems theory framework, this
continuity is in no way inconsistent with the emergence of apparently sudden and
dynamic changes in memory performance that occur at the behavioral level (e.g.,
the offset of infantile amnesia and the onset of autobiographical memory) which
can be driven by changes in underlying processes that are continuous (see Courage
& Howe, 2002).

Practical implications

Prediction and intervention
At a very basic level, early memory development research has informed us about

the ‘‘starting state’’ of the human information-processing system. More than a mat-
ter of keen academic interest, this knowledge has important practical implications.
For example, once the normal course of early human development has been estab-
lished (be it the development of memory or any other function or process), it be-
comes possible to identify individuals whose developmental trajectory is abnormal.
Early identification in turn, makes earlier intervention and better outcomes possible.
In the memory development literature, there have been several such findings. Susan
Rose and her colleagues (see Rose et al., this issue) found that compared to full term
infants, very low birth weight preterm infants showed poorer performance on visual
recognition memory tasks in infancy and continued to do so on tests of memory, lan-
guage, and cognition across the preschool and school years. The difference was par-
ticularly significant on tasks where speed of encoding and retrieval were key for
success (for reviews see Rose & Tamis-LeMonda, 1999; Rose et al., 2002). Consistent
with this, De Hann, Bauer, Georgieff, and Nelson (2000) found that healthy but very
preterm infants (27–34 weeks gestation) showed poorer elicited recall of action se-
quences than did their full-term counterparts. Similarly, infants of diabetic mothers
showed neurological evidence of persistent subtle impairments in hippocampally
based recognition memory not apparent in normally developing control infants (Nel-
son, Wewerka, Borscheid, DeRegnier, & Georgieff, 2003). Although, the extent to
which any of these cognitive deficits can be reversed is variable, at the very least their
early identification may ameliorate difficulties associated with delays in learning and
memory later in childhood.

Forensic issues
Prompted by pressing forensic questions, the starting point in the quest for scien-

tific information about the veracity and durability of long-term memory began with
an inquiry onto the nature of basic memory processes in infants and young children.
Building on this literature (a sample of which is cited above), researchers have
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established many of the variables that affect the quality of children!s remembering
and forgetting as they pertain to these forensic questions (for reviews see Cordon,
Pipe, Sayfan, Melinder, & Goodman, this issue; Howe, 2000). This burgeoning liter-
ature includes data on the formation and maintenance of false memories in pre-
schoolers and older children (Brainerd & Reyna, 2002a, 2002b; Brainerd et al.,
2002; Ghetti, Qin, & Goodman, 2002; Loftus, 1997) and the role of factors such as
misinformation, suggestibility, and source misattribution in these (e.g., Bruck & Ceci,
1999; Drummey & Newcombe, 2000; Hyman & Loftus, 2002; Marche & Howe, 1995;
Poole & Lindsay, 2002; Sussman, 2001). Researchers have also addressed the ques-
tion of how best to elicit accurate recall from children across the repeated interviews
typical of forensic procedures (Cassidy & DeLoache, 1995; Salmon, Roncolato, &
Gleitzman, 2003; Saywitz, Goodman, & Lyon, 2002) and assessed the efficacy of
using props (DeLoache & Marzoff, 1995; Goodman & Aman, 1990; Salmon, 2001)
and other nonverbal modes of reporting (e.g., drawing) to facilitate accurate recall
(Poole & White, 1995; Salmon & Pipe, 1997, 2000; Wesson & Salmon, 2001).

Though enormous progress has been made in understanding memory perfor-
mance in forensic settings, there are still a number of outstanding issues to be re-
solved. For example, questions concerning the effects on encoding and retention of
stress, trauma, and individual differences (both temperamental and experiential) that
children bring to the situation are the focus of active research, though as yet there is
little consensus on the individual and interactive effects of those complex variables
(e.g., see Alexander, Quas, & Goodman, 2002; Eisen, Qin, Goodman, & Davis,
2002; Engelberg & Christianson, 2002; Goodman & Quas, 1997; Howe, Cicchetti,
Toth, & Cerrito, 2003; Toth & Cicchetti, 1998). Second, as the characteristics of true
and false memories of an event share many common features, there are no definitive
criteria whereby memories for these two types of events can be reliable distinguished
(e.g., Brainerd, Reyna, & Brandse, 1995; Pezdek & Taylor, 2000). Even panels of ex-
perts watching children!s videotaped statements are unable to reach agreement on
the veracity of the statements (Ceci & Bruck, 1995). However, recent progress has
been made in this regard as a number of statement validity analyses of witness state-
ments have been developed and refined (see Hershkowitz, Lamb, Sternberg, &
Esplin, 1997). Third, it is unclear whether traumatic and stressful events have any
special status in memory. Traditionally, two hypotheses have been entertained about
the fate of early traumatic memories: (1) they are less memorable (i.e., inaccessible)
because they are repressed into the unconscious and (2) they are more memorable
because of their uniqueness and the stress and arousal that they entail (e.g., see Carl-
son, Furby, Armstrong, & Shales, 1997; Cordon et al., this issue; Nadel & Jacobs,
1998). However, research on the retention of traumatic events in controlled (e.g.,
painful or embarrassing medical procedures) (e.g., Merritt, Ornstein, & Spiker,
1994) and naturalistic (e.g., hurricanes, tornadoes) settings (Bahrick, Parker, Fivush,
& Levitt, 1998) cast doubt on these alternatives and indicate instead that memory for
traumatic events may be governed by the same laws that direct the storage and re-
trieval of memory for salient but nontraumatic events (e.g., they deteriorate over
time, are subject to misinformation effects, become more script-like with repeated ex-
perience) (for a discussion see Howe, 2000). In effect then, it may be the case that it is
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the distinctiveness of the event rather than its valence per se that confers memorabil-
ity on it (e.g., Howe, 2000; Howe, Courage, Vernescu, & Hunt, 2000).

Issues of measurement
A third practical issue underscored by research on early memory development is

the question of how to interpret the data from nonverbal measures of long-term re-
tention. Although the evidence that infants and toddlers have a robust memory sys-
tem is not in question, exactly what it is that they remember remains an empirical
question. For example, when children possess the narrative skill to talk about per-
sonally experienced events at about two to three years of age we can normally be
confident that they are exercising conscious recall and that the event has been orga-
nized autobiographically in memory. However, if their retention of prior events is
expressed in single words or simple motor responses we cannot be sure that their be-
havior reflects anything more than conditioned responding or reenacted sequences
cued by the situation. This does not mean that autobiographical memories do not
exist prior to language, just that in the absence of verbal confirmation the organiza-
tional structure of the memory is unknown. Indeed, as we have argued elsewhere,
autobiographical organization is theoretically possible after the onset of the cogni-
tive self, an event that precedes the onset of language about the self (e.g., Courage
& Howe, 2002; Howe & Courage, 1997a, 1997b ). Yet because this measurement is-
sue is unresolved, there is no litmus test for identifying a memory as autobiograph-
ical prior to its verbal report (but see Howe, Courage, & Edison, 2003).

To deal with the issue of interpreting nonverbal memory, some researchers (see
Bauer, 1995; Mandler, 1990; Meltzoff, 1995) have distinguished between nonverbal
methods that simply provide evidence of ‘‘retention over time’’ (e.g., novelty prefer-
ence, operant conditioning) and those that indicate recollection of a specific event
provided in the absence of perceptual support for the event (e.g., deferred or elicited
imitation). From this perspective, visual preference behavior following familiariza-
tion does not unambiguously index recall (but see Rose et al., this issue), as these
procedures do not require infants to generate actions based on stored representa-
tions. In contrast, as deferred and elicited imitation procedures do require the infant
to reproduce an action or a sequence of actions from a stored representation, the
case has been made that these behaviors are analogous to cued verbal recall in older
children and adults (see Bauer, 1995; Mandler, 1990; Meltzoff, 1995).

This interpretation of nonverbal or behavioral indices of memory continues to be
problematic in the developmental literature however (see Rovee-Collier et al., 2001),
and has wider implications for interpreting behavioral indices of the recall of trau-
matic events in forensic and clinical venues. Concerning these latter cases, there is
also a recognition that although the cohesiveness and detail of a specific event
may be lost to conscious verbal recollection, this does not preclude the possibility
that a residue of the event might still exist in memory in some form with the potential
to influence current behavior, though to date scientific evidence for this has not been
reported. The difficulty faced by researchers and professionals alike is in establishing
the correspondence between the current behavior in question (e.g., a phobic reaction;
depression) and its source (e.g., a fearful event) in the absence of any objective
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standard of validation. This is especially problematic after lengthy retention intervals
(e.g., years, decades) and when verbal recollection is predictably fragmentary and
subject to the constructive and reconstructive forces that can degrade and distort
all memories over time. Thus, there is an inherent danger in using current maladap-
tive behavior patterns to make inferences about events that might (or might not)
have happened in the past (e.g., see Terr, 1994), a judgement that is especially prob-
lematic when, as is usually the case, the information that was encoded from the ini-
tial event at the time it occurred is also an unknown.

These measurement and interpretation issues are extremely important and some
of them may never be resolved. Infants will never provide us with verbal reports that
we can use to validate their behavior and it is unlikely that adults will ever be able to
recall their past experiences with the accuracy that good science requires. What re-
mains then, is to interpret nonverbal behavior parsimoniously, using it to make in-
ferences about memory processes and performance that are guided by the
appropriate caveats.

From the past to the future: Quo vadis?

This overview of the early memory development literature has highlighted just
some of the research findings and theoretical and empirical issues that currently
dominate this growing field. This work has enabled us to answer a number of long-
standing questions and has left us still struggling with others. Importantly, in the
quest to understand the structure and functioning of the human memory system,
new questions have emerged and new directions of inquiry and methodology are be-
ing undertaken. To conclude this review, we will highlight just a few of these.

First, there is a growing interest in both cognitive and noncognitive factors that
underlie individual differences in memory performance in infancy and also in the
longer term. Much of the literature summarized and discussed in this article has con-
cerned normative trends in the development of early memory and in the factors that
facilitate or impede its functioning over time. However, it is also becoming increas-
ingly apparent that there are individual differences in memory performance among
infants and young children, with some children able to encode, store and retrieve
more information than their same-aged peers. For example, Bauer and her col-
leagues (e.g., Bauer et al., 2002) have recently examined how infants! temperamental
characteristics relate to their long-term recall of event sequences. They reported that
between about 9 and 13 months of age, infants! recall is positively associated with
positive affect, whereas by about 20 months of age, the ability to sustain and focus
attention becomes more important to recall. Likewise, individual differences in early
visual recognition memory have been associated with performance on tests of mem-
ory, language, and IQ in later childhood such that infants with brief look durations
on early tests outperform those with longer look durations (e.g., see Colombo, 1993;
Rose et al., this issue). The fundamental question is to discover why this is so and to
establish the underlying mechanisms and processes as well as the interactions among
them and the interactions of these variables with the neurological (e.g., speed),
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constitutional (e.g., temperament), and experiential factors (e.g., maternal interactive
style) that children bring with them to any testing situation.

A second area of research that has enjoyed increasing prominence over the past
decade is the cognitive neuroscience of memory development. To date however,
brain structures and processes identified in the clinical and animal literatures have
been related only imprecisely to memory functioning in normal adults (e.g., Squire
& Schacter, 2002). The relevance of these sources of information to the developing
human infant needs to be substantiated and better models that tie changes in the
brain to changes in memory performance more precisely need to be developed.
Though progress to date has been focused on identifying the structures that are likely
to mediate performance on certain tasks (e.g., visual recognition, A-not-B, deferred
imitation) (e.g., Nelson, 1995, 1997), the behavior-brain inferences that have been
made are largely based on whether or not they pass through an ‘‘amnesia filter’’
(see Hayne, this issue). That is, if infants as a group are unsuccessful at a particular
task and amnesic patients with medial-temporal damage are also unsuccessful, the
inference is that that region is immature in infants of that age. Though this line of
research has merit, as Hayne notes, it should not preclude the more rigorous stan-
dard afforded by passing a ‘‘parameter filter,’’ which depends on the finding of exper-
imental dissociations. That is, retention on tasks that are thought to index
declarative or explicit memory are influenced by independent variables that do not
influence performance on tasks that are thought to index nondeclarative or implicit
memory, and vice versa. In addition, recent advances in neuroimaging technology
(fMRI; PET) and high-density EEG/ERP have given the search for the neural sub-
strates of memory and its development new direction. These techniques involve anal-
ysis of the brain activity (e.g., electrical potentials, cerebral blood flow) that occurs
during the performance of memory tasks (e.g., visual recognition, deferred imitation)
and the subsequent localization of the source of this activity within the brain (e.g.,
see Nelson, 2000; Richards, 2003). The ultimate utility of this approach in informing
us about the complex processes inherent in long-term memory development remains
to be seen, but will likely remain front-and-center in the immediate future (see
Spelke, 2002).

A third (and not unrelated) direction for future research comes from computa-
tional cognitive neuroscience, specifically the connectionist modeling of memory be-
havior (e.g., see Munakata, this issue). Connectionist networks are built of
interconnected processing elements (nodes, units), akin to neurons which can modify
themselves as a consequence of their interaction with the environment in which they
are placed (e.g., see Elman et al., 1996). The behavior of the network is determined
by the connection weights among all the units. Initially the connection weight values
are random but with experience are tuned to produce meaningful and task appropri-
ate internal representations across the hidden units. Thus, learning consists of adjust-
ing the connection weights in the network—as the weights change so does the
behavior. An important implication of this is that networks develop their own inter-
nal representations as part of the learning process and have the capacity for self-or-
gainzation and change and as such are ideal systems for modeling development (see
Shultz, 2001, 2003). Importantly, as small changes in the weights can lead to
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dramatic changes in observable behavior, abrupt changes in behavior can be ex-
plained without necessarily postulating the existence of a new underlying mechanism
or process. These characteristics of connectionist models have already provided im-
portant insights into why different neural regions (e.g., posterior cortical, hippocam-
pal, and prefrontal cortical) might be specialized for different types of memory (e.g.,
semantic, episodic, and working) and how this may effect early memory development
(Munakata, this issue; Munakata & Stedron, 2001).

In conclusion, these new directions in early memory development research will no
doubt provide us with the answers to some old questions and will also generate fur-
ther questions and new challenges for the future. However, it is also clear that the
traditional questions and the research methods that have been so remarkably pro-
vocative and fruitful over the past three decades will continue to generate and resolve
theoretical and pragmatic questions in early memory development. Indeed, it has
been the revelation of the early viability and competency of infants! mental processes
provided by this basic work that has motivated the examination of their origins
and developmental course, wherein may ultimately lie the key to understanding
the adult mind.
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