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On Resolving the Enigma of Infantile Amnesia

Mark L. Howe and Mary L. Courage

Historical and current theories of infantile amnesia are examined. To evaluate the viability of these
theories, as well as the phenomenon of infantile amnesia itself, a review of memory development
from birth through the preschool years is provided, including an overview of relevant perceptual
and neurological maturation. In the context of this review, extant theories of infantile amnesia are
shown to falter, and it is concluded that infantile amnesia is a chimera of a previously unexplored
relationship between the development of a cognitive sense of self and the personalization of event
memory. This hypothesis is examined in detail and discussed in the context of related develop-

ments in language and social cognition.

The fate of very early childhood memories has remained an
enigma for over a century. Most people, when queried about the
events of childhood, normaily fail to recall the very earliest of
occurrences. In fact, according to a review by Dudycha and
Dudycha (1941) published over half a century ago in this jour-
nal, this infantile amnesia spans the first 3.5 years of life. More
recent investigators have generally confirmed this average age
(eg., Kihlstrom & Harackiewicz, 1982), although there are
others who claim that the actual age of our first recoverable
memory is much earlier and who cite individuals able to recall
at least one memory from around the age of 2 years (e.g., Usher
& Neisser, in press; Winograd & Killinger, 1983). Alternatively,
there are those who would have us believe that autobiographi-
cal events recovered from this era are not true memories at all
but rather remembrances of things told to us by others.

The study of infantile amnesia has a hoary tradition, and
many of the original reports of adults’ failure to provide verbal
recall of early (primarily nonverbal) experiences were anecdo-
tal. However, discovering the fate of early memories has consid-
erable theoretical importance because of its relevance to issues
concerning the relative permanence of long-term memory stor-
age. For example, historically, a variety of hypotheses have been
entertained concerning the locus of forgetting, ranging from
theories in which permanently stored information simply fluc-
tuated in its retrievability (e.g., Freud, 1914/1938; Hoffding,
1891) to speculation that changes in the information in storage
were at the root of memory failure (e.g., Kohler, 1929, 1941).
Modern-day theories echo a similar range of conjecture about
whether memory is a permanent or labile storage system (e.g.,
Howe & Brainerd, 1989; Loftus & Loftus, 1980). On the one
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hand, if storage is permanent, then the inability to recall early
experiences may simply be a matter of retrieval failure and can
be alleviated by reinstating the appropriate testing conditions
(a particularly poignant discussion can be found in Nash’s,
1987, review of the hypnotic age regression literature). In es-
sence, this is a model of contextually dependent memory in
extremis in which, although early memories survive intact in
storage, the context (both internal and external) in which these
memories were laid down (infancy) is so discrepant from the
one in which they are trying to be retrieved (later childhood or
adulthood) that it is impossible to make contact with the rele-
vant traces. On the other hand, if storage is not permanent,
particularly in an immature organism, then no matter what
retrieval remedies are implemented, recall of early experiences
may be impossible.

If, as has been commonly assumed (see Loftus & Loftus,
1980), storage is permanent, then early childhood memories,
although gone from consciousness, are not forgotten. Perhaps
the best known proponent of this view was Freud (1905/1953,
1916-1917/1963), who argued that early autobiographical
memories persist, unknown to us (repressed in the uncon-
scious), and serve to influence everyday behavior (albeit in a
disguised fashion). In fact, according to Freud, favorable thera-
peutic outcomes in adulthood hinge on the successful retrieval
of these early childhood events. Clearly, then, in Freud’s
implicit theory of memory, autobiographical events from
childhood remain intact, but locked safely away, in long-term
memory.

More recently, the notion that memories affect behavior in
the absence of conscious awareness has appeared in theories of
implicit and explicit memory (e.g., Reber, 1989) and procedural
and declarative memory (e.g., Mandler, 1984; Willingham, Nis-
sen, & Bullemer, 1989). In both cases, behavior is affected by
previous experience, but only one form of memory is subject to
conscious inspection (explicit and declarative) and the other is
not (implicit and procedural). Perhaps early experiences are
stored as implicit or procedural records and are not subject to
conscious inspection.

Unlike proponents of the retrieval failure hypotheses, other
theorists suggest that these very early autobiographical events
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either were never registered properly initially or were rapidly
lost from long-term memory. More specifically, either the
events of early childhood were improperly or poorly encoded in
storage to begin with, and hence “decayed” rapidly, or the mem-
ory system was too immature to support long-term retention of
information (for an overview, see Kail, 1984). According to this
line of reasoning, we owe our common experience of failing to
recall early events to the fact that these events simply do not
exist in long-term memory.

As in other areas of the literature on memory development in
childhood, it is clear that an understanding of the phenomenon
of infantile amnesia requires an answer to the question of
whether failures to recollect early autobiographical events are
due to problems of retrieval, problems of storage, or some com-
bination of the two. From this perspective, then, the problem of
infantile amnesia can be framed in the following manner. First,
if durable memories of early autobiographical events are not
formed in the first place and infantile amnesia is the result of
storage failure, then what are the nature and cause of this stor-
age problem (e.g., neurological immaturity, perceptual imma-
turity, both)? Second, if durable memories are formed for these
events, and infantile amnesia is the result of retrieval failure,
then what is the cause of this inaccessibility (e.g., inappropriate
retrieval cues)?

The resolution of this issue is complicated by an apparent
paradox—namely, that although there is considerable evidence
that adults fail to recall events that occurred prior to an average
age of 3 years (with an estimated range between 2 and 4 years;
e.g., Pillemer & White, 1989; Wetzler & Sweeney, 1986), a grow-
ing body of research indicates that preschool children’s mems-
ory for events is quite remarkable (e.g., Fivush, Gray, & From-
hoff, 1987; Fivush & Hamond, 1989; Nelson, 1986, 1988). If 2-
to 4-year-old (and older) children can recall events from the past
with a reasonable degree of accuracy, the following question
arises: What exactly is infantile amnesia and when exactly does
it occur?

Given the importance of the theoretical issues involved in
the phenomenon of infantile amnesia, it is essential that we
reconcile the seemingly universal finding that adults fail to re-
call early life experiences with the apparent ability to re-
member such experiences during childhood. As Spear (1979)
pointed out over a decade ago, perhaps the enigma of infantile
amnesia can best be unlocked by first examining the properties
of the immature memory system. Given the rapid growth of
this field in recent years, we now have a considerable database
from which to draw. In the present article, we reconsider the
phenomenon and paradox of infantile amnesia in light of these
(and other) recent findings. We begin by reviewing the empiri-
cal and theoretical literature on very early neurological, percep-
tual, and memory development and then critically examine the
conditions surrounding attempts to retrieve information about
early autobiographical events in later childhood and adulthood.
To anticipate the outcome of this review process, the results of
our analysis indicate, somewhat ironically, that basic memory
mechanisms per se are probably not directly involved in infan-
tile amnesia, and therefore the term armrnesia may be somewhat
of a misnomer. Indeed, our review establishes that the funda-
mental processes that comprise memory are relatively sophisti-
cated even in infancy and that, although clear ontogenetic shifts

in memory occur throughout the early years, they are probably
not the primary source of later failures to recall early childhood
events. We argue, on both theoretical and empirical grounds,
that the solution to the problem of infantile amnesia lies not in
searching for changes in memory mechanisms themselves but
rather in considering changes that occur in related areas of
cognitive functioning. We propose that the most important of
these is the maturation of the sense of self, an achievement that
is not evident until about 2 years of age and is coincident with
the offset of infantile amnesia.

Autobiographical memory, by definition, is memory for in-
formation and events pertaining to the self. Therefore, know!-
edge of the self as an independent entity with characteristics,
thoughts, and actions that are separate and distinct from those
of others is perhaps the minimum criterion for the existence of
autobiographical memory. Without a clear recognition of an
independent self, there can be no referent around which per-
sonally experienced events can be organized. Prior to the articu-
lation of the self, the infant will learn and remember, but these
experiences cannot be recognized as specific events, coded with
respect to time and place, that happened to a “me.” We argue
here that the phenomenon called infantile amnesia devolves as
knowledge of the self evolves and that the emergence of the
infant’s sense of self is the fundamental cornerstone in the devel-
opment of autobiographical memory. This line of reasoning is
developed in a subsequent section in which we trace the devel-
opment of the young child’s self-concept, including the acquisi-
tion of self-relevant language. We conclude by arguing that this
theory can account for the extant literature on infantile amne-
sia, including commonly witnessed individual differences in
the age of the offset of infantile amnesia, and by outlining some
of the unique predictions that emerge from this new perspec-
tive.

On the Precocity of Early Memory Skills

Unlike previous reviews of infantile amnesia in which dis-
cussion of early memory development has been restricted to
the study of children’s event memory (Pillemer & White, 1989),
the purpose of this section is to provide a more extensive over-
view of the memory capacities of infants and very young chil-
dren. Obviously, given the size of this literature, we cannot re-
view all of it within the confines of this article. In selecting
areas for our review, we decided to focus on topics that have
been at the center of recent research on early memory develop-
ment and have not been reviewed extensively in the past. There-
fore, our review focuses on studies of infants’ and preschool
children’s memory as reflected in a number of paradigms, in-
cluding conjugate reinforcement, deferred imitation, search,
memory for location, and memory for traumatic and nontrau-
matic events. We begin with a survey of the literature on mem-
ory skills in infancy and then turn to the development of mem-
ory in preschoolers.

Memory Skills in the Early Months of Life

Because a number of excellent reviews of the research on
habituation, discrimination, and operant- and classical condi-
tioning paradigms already exist (¢.g., Rovee-Collier, 1987), and
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because the implications of this work for infant memory devel-
opment are unclear (e.g., Rovee-Collier, 1987; Rovee-Collier &
Hayne, 1987), it is not reviewed here. Instead, we provide an
overview of (a) the work of Rovee-Collier and her colleagues on
infant memory during the first 6 months of life and (b) the
neurological and perceptual changes that may mediate early
memory development.

Memory development in the first 6 months. Research during
the past decade has shown that long-term memory is functional
prior to birth. For example, DeCasper and his colleagues (De-
Casper & Prescott, 1984; DeCasper & Spence, 1986; Spence &
DeCasper, 1987) showed that newborns (approximately 33 hr
old) recognized auditory stimuli that were presented prenatally
{during the last trimester of pregnancy). Because postnatal audi-
tory experience could not have contributed to these results, it
seems clear that long-term memory is functioning prenatally.

The most comprehensive program of research on early post-
natal memory development was conducted by Rovee-Collier
and her colleagues (for recent reviews, see Rovee-Collier &
Hayne, 1987; Rovee-Collier & Shyi, 1992). The methodological
centerpiece of this research is the mobile conjugate reinforce-
ment paradigm. Here, the basic procedure involves connecting
aribbon to both an overhead mobile and the infant’s ankle. The
goal is to have the infant learn the contingency between his or
her own kicking and movement in the mobile {the reinforce-
ment). Following acquisition of the response, the infant is
tested for immediate and delayed retention.

In some experiments, an additional reactivation treatment is
administered prior to tests of retention. Here, following a reten-
tion interval over which some forgetting has occurred, infants
are administered a simple reminder (some cue or feature that is
presumably represented in the trace) and tested at some later
point (generally, at least 24 hr after the administration of the
reminder). If the reminder is a functional component of the
memory trace at the time it is presented, it presumably acts to
prime the memory and may even redintegrate the trace. This
procedure allows one to evaluate which features were encoded
in the memory trace and which are still functional after varying
delays.

Using this paradigm, Rovee-Collier and her associates traced
the course of memory development from 2 to 6 months and
isolated a number of factors critical to the maturation of long-
term memory and retention. One of the most important results
to emerge from the simple forgetting paradigm (no reactivation
treatment) was that despite similar levels of performance at the
end of training, infant age and length of retention interval were
positively correlated, and differences in retention were larger in
the earlier than the later months (e.g., W L. Hill, Borovsky, &
Rovee-Collier, 1988; Rovee-Collier & Hayne, 1987; Rovee-Col-
lier & Shyi, 1992). Specifically, 2-month-olds exhibited consider-
able forgetting following a | -day interval and no retention after
3 days (Greco, Rovee-Collier, Hayne, Griesler, & Early, 1986),
3-month-olds showed little or no forgetting after a 4-day delay
and complete forgetting around 13 days (Sullivan, Rovee-Col-
lier, & Tynes, 1979), and 6-month-olds exhibited a relatively
shallow forgetting slope with an asymptote at around 21 days
(W, L. Hill et al., 1988). Interestingly, the finding that age vari-
ability in forgetting is not simply an artifact of failing to control
initial levels of learning is not restricted to the period of infancy.

Indeed, that there exist true age-forgetting relationships that
do not depend on initial learning levels has been established
from birth to adulthood (eg., Brainerd, Reyna, Howe, &
Kingma, 1990; Howe, 1991; Howe, Courage, & Bryant-Brown,
1992; Howe, Kelland, Bryant-Brown, & Clark, 1992).

The poor retention of 2-month-olds can be alleviated with
additional training (Hayne, Greco, Early, Griesler, & Rovee-
Collier, 1986), and more generally, increasing either the dura-
tion or the number of sessions significantly improves retention
in most infants (e.g., Ohr, Fagen, Rovee-Collier, Hayne, &
Vander Linde, 1989; Vander Linde, Morrongiello, & Rovee-
Collier, 1985). It is interesting that the essential component of
additional training that leads to enhanced retention is not the
total time spent in training but rather whether the additional
training is distributed across more sessions (Vander Linde et al.,
1985). The finding that retention is improved with distributed
as opposed to massed training is ubiquitous, having been ob-
served in infant animals (e.g., Richardson, Riccio, & McKenney,
1988; Solheim, Hensler, & Spear, 1980), children (e.g., Demp-
ster, 1988), and adults (e.g., Postman & Knecht, 1983).

The positive effects of distributed training are usually attrib-
uted to increased variation in feature sampling and encoding,
which, in turn, leads to more viable and less labile traces in
long-term memory (e.g., Rovee-Collier, Early, & Stafford, 1989).
Increased feature sampling also leads to a higher probability of
retrieval because there is a corresponding increase in the num-
ber of potential cues that could lead to trace reactivation and
recovery at the time retention is tested (Rovee-Collier et al.,
1989). Although it has been difficult to obtain unambiguous
evidence that younger infants benefit more than older infants
from distributed training than from massed training {e.g., com-
pare Enright, Rovee-Collier, Fagen, & Caniglia, 1983, and Ohr
et al, 1989), it does seem clear that (a) regardless of age or spe-
cies, retention improves as the number of encoded features in-
creases (Estes, 1988; Howe & Brainerd, 1989; Richardson et al.,
1988; Solheim et al., 1980) and (b) across species, early age
changes in retention are controlled, at least in part, by develop-
ments in feature sampling (Richardson et al., 1988; Rovee-Col-
lier et al., 1989).

Unlike the rather pessimistic picture of infant retention
painted by studies of simple forgetting, research with the reacti-
vation paradigm indicates that a considerable amount of infor-
mation remains in memory even after lengthy retention inter-
vals. Reactivation occurs when attributes of the original trace,
either from the display itself (e.g., the mobile) or the surround-
ing context (e.g., the crib bumper), are reencountered naturally
or experimentally (for a complete review, see Rovee-Collier &
Shyi, 1992). Studies using the reactivation procedure have
shown that older infants (6-month-olds) require more specific
cues for retrieval than younger infants (3-month-olds) and that
although all infants process context, long-term retention (at
least over a 1-week interval; see Boller, Rovee-Collier, Borovsky,
O’Connor, & Shyi, 1990) is more strongly determined by contex-
tual features at 6 months than at 3 months (Rovee-Collier &
Shyi, 1992).

The effectiveness of reactivation is contingent on when addi-
tional encounters with trace attributes occur. Indeed, amount
of reactivation is correlated with the current trace contents (ie.,
what remains in memory of the originally encoded event),
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which, in turn, are correlated with the time interval since origi-
nal encoding {(or since the last reactivation). However, once
reactivated, a trace can again be retained for at least as long as it
could when it was originally encoded. In fact, “the reactivation
phenomenon raises the possibility that infants might be able to
remember for weeks, months, or perhaps even years” (Rovee-
Collier & Hayne, 1987, p. 203). More important for the present
purposes, if attributes of encoded traces are frequently reen-
countered in the infant’s environment, leading to numerous
opportunities for trace reactivation, then theoretically “an indi-
vidual’s early experiences could be remembered over a lifetime”
(Rovee-Collier & Hayne, 1987, p. 231).

Although this is an intriguing possibility, reactivation has an
important side effect. Specifically, it serves to modify the con-
tents of the original trace by integrating the features of the
current retrieval context with the remnants of the reactivated
trace. What this implies is that over the course of a number of
reactivations the original trace may become so modified that its
contents are no longer representative of the original event. If so,
then rather than preventing infantile amnesia, reactivation may
actually promote early infantile amnesia by modifying the con-
tents of memory rather than preserving them. Contrary to tra-
ditional views of forgetting in which traces are either present
but inaccessible (retrieval failure) or simply absent from mem-
ory (storage failure in extremis), the memory modifications
brought about through reactivation emphasize the dynamic
properties of memory and represent a change, not erasure, of
what is in storage.

Consistent with this supposition is the finding that although
6-month-olds process (i.e., encode and retrieve) memory traces
more rapidly than 3-month-olds, access to either the original or
reactivated trace is more difficult for the older infants after
longer intervals (Boller et al., 1990). Because older infants pro-
cess memories so rapidly, such traces are most likely subject to
more rapid modification. If so, “then infantile amnesia may be
a consequence of the rapidity with which early memories are
retrieved and modified rather than the ability of young infants
to store memories over the long term” (Boller et al., 1990,
p. 778).

As viable a proposition as this may seem, there are serious
problems with this explanation. Specifically, even if this were a
reasonable explanation of infantile amnesia for events occur-
ring in the first few months of life, it does not account for
infantile amnesia for events up to the target age of 2 to 3 years
(Pillemer & White, 1989; Usher & Neisser, in press). Moreover,
reactivation and memory modification occur in preschoolers
(Howe, Courage, & Bryant-Brown, 1992), elementary-school
children (Hoving & Choi, 1972; Hoving, Coates, Bertucci, &
Riccio, 1972), and adults (e.g., Loftus, Hoffman, & Wagenaar,
1992), with no apparent differences in the degree of trace modi-
fication (although this remains an empirical question). Thus, if
the memory-modification-through-reactivation hypothesis is
to be used to explain infantile amnesia, it must (a) be extended
to encompass traces encoded up to approximately 2 to 3 years
of age and (b) provide a developmental mechanism, one that
kicks in at around age 2 to 3 years, that modulates the amount
of modification that occurs after the critical infantile amnesia
years.

Even if reactivation and memory modification do not pro-

vide a complete explanation of infantile amnesia at the present
time, this line of research has clearly shown that long-term
memory and retention are dynamic processes that are relatively
sophisticated even in very young infants. In fact, many of the
properties of this memory system that are thought to be impor-
tant in both childhood (e.g., Howe & Brainerd, 1989) and adult-
hood (e.g., Howe & Hunter, 1986) are clearly present in infancy.
Although memory appears to function in much the same way
in infancy as it does in childhood and adulthood, one would
certainly not wish to claim that there are not major developmen-
tal advances that occur throughout childhood. Although there
exist numerous cognitive changes that significantly shape mem-
ory development (e.g., changes in knowledge, strategies, and the
like; for recent reviews, see Bjorkiund, 1987; Howe & O’Sulli-
van, 1990), the question arises as to whether there are not other,
neurological and perceptual, changes that influence memory
early in development, ones that may contribute to (or be respon-
sible for) infantile amnesia. Thus, before we proceed to our
review of memory development from 7 months onward, we
pause to examine the contribution of perceptual and neurologi-
cal factors to early memory development.

Neurological and perceptual changes and early memory devel-
opment. Rovee-Collier and Shyi (1992), after reviewing numer-
ous studies recounting the memory skills of infants, concluded
that whatever the neurological structures are that mediate the
basic mechanisms of encoding, storage, and retrieval over ex-
tended retention intervals, they must certainly be functional
very early in life. In this section, unlike in previous authors’
treatments of infantile amnesia, we seek (a) independent, neuro-
logical data concerning this conclusion and (b) data regarding
any subsequent elaboration of neuroanatomical systems sub-
serving memory that may provide an explanation of infantile
amnesia. Because much of the research on memory develop-
ment has involved visually encoded memories, our discussion
is limited to relevant literature on the development of visual
perception, visual recognition memory, and recall of visual ex-
periences.

The visual system of the human neonate is immature in both
its structure and function. Although the major optical and ana-
tomical components of the eye are in place at birth, there are
marked neurological immaturities in the structures along the
retino-geniculo-cortical pathway (for reviews, see Aslin, (987,
Banks & Salapatek, 1983; Hickey & Peduzzi, 1987). Specifi-
cally, the foveal region of the retina is poorly defined and cone
cells are sparsely distributed. Although the lateral geniculate
nucleus has many characteristics of the mature structure, cell
bodies are relatively small, sluggish, and easily fatigued.
Whereas the neurogenesis of cells in the primary visual (striate)
cortex is complete at birth and its laminar structure is visible,
only a skeletal organization of mature cortical receptive fields
(retinotopicity, direction and orientation selectivity, binocular-
ity) is evident, and ocular dominance columns are unformed.
Axons and dendrites are recognizable in the cortex, but the
latter are short and poorly arborized. Mylenation is incomplete.
Further projections from the primary visual cortex to the vi-
sual association areas in the inferior temporal cortex and the
parietal cortex, although known to be important in the recogni-
tion of visual stimuli (Hickey & Peduzzi, 1987), have not been
investigated developmentally. These early immaturities in the
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visual system do not last long. Although the component struc-
tures and pathways have their own maturational timetables, it is
generally true that the first 3 postnatal months mark a period of
rapid development such that by the end of this time much of
the basic neural “hardware” is in place. However, considerable
fine-tuning of the visual system continues throughout the re-
mainder of the first postnatal year.

The limitations in the neonatal visual system place signifi-
cant constraints on visual function and perception in the early
months. Predictably, newborn infants have poor visual acuity,
contrast sensitivity, and color vision. Although visual reflexes
{e.£., saccadic and pursuit movements, optokinetic nystagmus)
are present, more general visuomotor immaturity restricts in-
fants’ ability to scan extensively or to detect stimuli beyond
about 30° in the peripheral visual field. However, the rapid
neurological development that occurs in the early postnatal
months coincides with significant improvement in all of these
visual functions, an expansion of the effective visual field, and
the onset of more mature perceptual abilities whereby infants
come to recognize objects and determine their spatial layout.
Thus, beginning at about 3 months infants demonstrate the
following abilities, which continue to mature over the next sev-
eral months: They perceive forms as such, rather than in terms
of their component parts; their recognition of faces is excellent;
and their perception of pattern shows sensitivity to the Gestalt
principles of proximity, symmetry, good continuation, and
common fate. They perceive objects as constant in size and
shape in spite of variable information projected to the eye as
objects move in relation to themselves, and they can use binocu-
lar and monocular cues to determine the location of objects in
the environment (Aslin, 1987; Banks & Salapatek, 1983). In
summary, although neurophysiological immaturities constrain
young infants’ perceptual abilities in the early postnatal
months, babies are fully capable of encoding, storing, and re-
trieving information in the visual world. Although these per-
ceptual abilities become more adultlike over the remainder of
the first year and coincide with improvements in information-
processing efficiency, it is clear that the basic neural “hard-
ware” needed for the early memory skills discussed previously
is functional very early in life.

Despite this fact, however, it has been suggested that neuro-
physiological immaturity may underlie the apparent memory
deficits attributed to infantile amnesia. Evidence for this comes
from three different sources. First, it has been proposed that
the hippocampal region of the forebrain, integrally important
to learning and memory, is immature in young organisms
(Mishkin, Malamut, & Bachevalier, 1984; Nadel & Zola-Mor-
gan, 1984; Schacter & Moscovitch, 1984; Squire, 1987). Second,
there is evidence that the prefrontal cortex is immature at birth
and undergoes a period of rapid synaptogenesis toward the end
of the first postnatal year, coinciding with improved perfor-
mance on a variety of cognitive tasks (Diamond & Doar, 1989;
Fischer, 1987; Goldman-Rakic, 1987a; Greenough, Black, &
Wallace, 1987). The third, relatively unexplored possibility is
that changes in synaptic efficiency (Harris & Teyler, 1984;
Teyler & Fountain, 1987) or hormonal modulation (Gold, 1987)
that follow certain types of stimulation may only become func-
tional beyond infancy. Although much of this research has been
based on work with either brain-injured humans or animals,

which severely complicates its application to human memory
development, we examine each of these different possibilities
next.

The idea that immaturity of the hippocampal region is the
basis of infantile amnesia has its roots in the study of human
memory pathology. Patients with bilateral damage to the me-
dial aspect of the temporal lobe (especially the hippocampus
and amygdala) or the diencephalic structures (especially the
mammillary bodies and the dorsomedial nucleus of the thala-
mus) experience marked anterograde amnesia whereby they are
unable to access (or perhaps store) recently experienced events
and factual information. However, their immediate memory
and memory for remote events are intact, as are their general
intellectual capacity, language, and social skills. They can also
learn and retain perceptual, motor, and certain cognitive skills,
although without awareness of the time and place of having
acquired these skills (for reviews, see Squire, 1986; Squire &
Cohen, 1984; Squire & Frambach, 1990; Squire & Zola-Morgan,
1988). These circumscribed memory deficits suggest that mem-
ory may not be a unified phenomenon and that the brain has
organized its memory functions around fundamentally differ-
ent storage systems. Although the same experiences normally
engage both systems, the two can become dissociated in amne-
sia (Cohen & Squire, 1980; Jacoby, 1982; Kinsbourne & Wood,
1982; Mishkin et al., 1984; Moscovitch, 1982; Schacter &
Moscovitch, 1984; Schacter & Tulving, 1982; Warrington &
Weiskrantz, 1982; Wickelgren, 1979). The kinds of information
(or types of memory) that are lost or spared in amnesia have
been variously described, with the terms declarative and proce-
dural, respectively, being perhaps the most familiar (Cohen &
Squire, 1980).

Although the study of human memory pathology has been
instructive, the lack of neuropathological data on the extent or
exact locus of damage provided by these early case studies
made it difficult to specify the relationship between memory
structure and function. Consequently, animal models have
been developed in which rhesus monkeys with medial tem-
poral or diencephalic lesions or both are required to perform a
variety of tasks that are said to be sensitive to the skills that have
been lost or spared in human amnesia (for reviews, see Mishkin
et al.,, 1984; Squire & Cohen, 1984; Squire & Zola-Morgan, 1983;
Zola-Morgan & Squire, 1985). On the basis of these animal
models, Mishkin and his associates (Aggleton & Mishkin, 1983;
Malamut, Saunders, & Mishkin, 1984; Mishkin et al., 1984;
Mishkin, Spiegler, Saunders, & Malamut, 1982; Zola-Morgan,
Squire, & Mishkin, 1982) proposed that there are indeed two
separate retention systems in the brain that store the effects of
experience in fundamentally different ways—a cortico-limbic
(“memory”) system and a cortico-striatal (“habit”) system. The
“memory” system is dependent on the integrity of the medial
temporal and diencephalic regions and is lost in amnesia. The
“habit” system is independent of these regions and mediates
the learning ability that is spared in amnesia. Mishkin pro-
posed that the probable neural substrate of the habit system is
the striatum or basal ganglia, a group of structures in the fore-
brain that, because of the structures’ connections with both
sensory and motor areas of the brain, is a likely link between
stimuli and responses. The memory and habit systems in rhe-
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sus monkeys are believed to be roughly comparable to declara-
tive and procedural systems, respectively, in humans.

Bachevalier and Mishkin (1984) examined the functional de-
velopment of the memory and habit systems ontogenetically.
They found that whereas 3- 6- and 12-month-old monkeys
were equally proficient on tasks involving the habit system (con-
current discrimination), only the older groups were proficient
on tasks involving the memory system (delayed nonmatching to
sample). They argued that the failure of the youngest monkeys
on the memory task was likely due to immaturity of the cor-
tico-limbic system, which is slower to develop than the cortico-
striatal system. It is interesting that this conclusion is consistent
with the findings of Rakic and his associates, who reported that
neurons continue to proliferate in the hippocampal region of
the rhesus monkey for 4 to 6 months after birth and that synap-
togenesis reaches its peak and begins to decline toward the
adult level during the first postnatal year (Eckenhoff & Rakic,
1981,1988; Nowakowski & Rakic, 1981; Rakic, Bourgeois, Eck-
enhofl, Zecevic, & Goldman-Rakic, 1986). Similarly, the emer-
gence of mature spatial exploration skills in rats (known to
depend on the hippocampus in adult animals) coincides with
the period of rapid neurogenesis and synaptogenesis in the den-
tate gyrus of that species (Crain, Cotman, Taylor, & Lynch,
1973; Nadel & Zola-Morgan, 1984). Thus, it has been suggested
that the infantile amnesia observed in these species, as well as
the pervasive human inability to recall experiences during in-
fancy, may well be a natural consequence of the immaturity of
the cortico-limbic system early in ontogeny.

There are a number of problems with this suggestion. For
example, the database on which it rests is composed of a bewil-
dering array of tasks, ones that purport to provide separate
measures of memory (declarative) and habit (procedural) pro-
cesses (for descriptions, see Squire & Shimamura, 1986; Squire
& Zola-Morgan, 1983). The critical distinction between these
two types of tasks is supposedly that the latter are simply skill
learning tasks based on conditioning and the strengthening of
stimulus—response bonds across trials, whereas the former de-
pend on the subject’s having some stored knowledge of what
happened on the previous trial and, in the absence of external
cues, using this representation to guide behavior. However, in
the absence of appropriate task analyses that provide informa-
tion about the component skills and difficulty level of these
tasks, this distinction cannot always be clearly made. Worse,
there are inconsistencies (a) in performance among the various
tasks said to assess recognition memory or visual discrimina-
tion, (b) between studies using the same tasks, and (c) even in
decisions as to whether a particular task is a measure of discrim-
ination or of recognition (Malamut et al., 1984; Squire & Zola-
Morgan, 1983).

This confusing state of affairs is compounded by the fact that
most tasks are probably tapping both declarative (memory) and
procedural (habit) systems to a greater or lesser degree (Squire,
1987). This, in turn, leads to another problem—namely, the
legitimacy of considering visual discrimination tasks to be
nothing more than habit or procedure. The case is made on the
basis of an incremental improvement in performance over
trials as the animal gradually identifies the correct stimulus
dimension to be rewarded.. However, it appears that not all
pattern discriminations are made in this incremental way, espe-

cially in human subjects (see Morris, 1984). Is it the case that
this task is an example of habit or procedural learning in the
monkey but something eise in the human? If so, then why is it
being used to model skills spared in human amnesia? Although
recent progress has been made in addressing this complex issue
(Squire & Shimamura, 1986; Zola-Morgan & Squire, 1985), the
problem of task standardization is an important one that has
yet to be fully resolved. What this means is that there is not yeta
sound empirical basis for making cross-species and cross-age
generalizations about the neural structures that mediate perfor-
mance on the tasks used to assess memory,

Schacter and Moscovitch (1984) also developed a dual Sys-
tems approach to memory development in humans and at-
tempted to relate the types of memory spared and lost in amne-
sia to human infants’ performance on a variety of tasks. They
argued that an “early” system (habit, procedural) is available to
infants (perhaps from birth) and accounts for their perfor-
mance on habituation, novelty preference, and simple condi-
tioning tasks. A “late” (memory, declarative) system gradually
becomes available after about 8 months and accounts for in-
fants’ performance on more complex habituation, novelty pref-
erence, and conditioning paradigms that require the subject to
use spatiotemporal contexts (Millar & Schaffer, 1972), tolerate
long intertrial intervals or delays between response and rein-
forcement (Millar, 1972; Ramey & Ourth, 1971), or demon-
strate cross-modal recognition (Rose, Gottfried, & Bridger,
1979).

‘The Schacter and Moscovitch (1984) analysis is an interesting
one and is consistent with Bachevalier and Mishkin’s (1984)
interpretation of infantile amnesia. However, as Schacter and
Moscovitch acknowledged, their proposed dichotomy of mem-
ory into two systems likely underestimates the enormous com-
plexity of both neurological and cognitive development in hu-
mans. For example, in addition to the problems concerning the
earlier than expected appearance of spatiotemporal skills,’
there is a more fundamental problem-—namely, comparing the
performance of a developing organism with that of an adult of
its species {especially one whose functioning is limited by a
neurological impairment). The obstacle here is that for many
tasks, we simply do not know at what age to expect adultlike
performance, nor do we know the full spectrum of functional
immaturities that may limit infants’ performance on a particu-
lar cognitive task. Again, the fundamental problem is that we
do not have the database that is necessary to unequivocally

! Recall that Rovee-Collier and Shyi (1992) clearly showed that even
very young infants (e.g., 3-month-olds) encode and retain contextual
information. This finding is important because it illustrates, contrary
to the 8-month-old figure discussed by some authors (e.g., Nadel &
Zola-Morgan, 1984; Schacter & Moscovitch, 1984), that the brains of
3-month-olds are functionally mature enough to encode and retain
location or contextual information. Indeed, using a radically different
training procedure, Smith, Arehart, Haaf, and deSaintVictor (1989)
showed that 4- to 6-month-old infants retain memory for spatiotem-
poral events for at least a week. In addition, these findings open up the
possibility that even very early infantile amnesia could arise from a
discrepancy between the initial encoding conditions (infancy) and the
context at retrieval (adulthood). This “contextual-shift” hypothesis of
infantile amnesia is discussed in a subsequent section.
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identify relationships between neurological development (or
functioning) and performance.

Although not directly concerned with memory development
“per se, Goldman-Rakic (1987a, 1987b) addressed this issue of
the relationship between structure and function in the ontog-
eny of cognitive skill. Specifically, she explored the relationship
between the development of the prefrontal cortex (an area of
the forebrain that has been well described anatomically, bio-
chemically, and functionally in adult monkeys) and the emer-
gence of the ability to perform the delayed response task. It has
long been established through a variety of measures that perfor-
mance on the delayed response task is mediated by the prefron-
tal cortex in monkeys (see Goldman-Rakic, 1987a, for a re-
view). In this task, the monkey observes food being hidden in
one of two identical wells, a delay is imposed during which a
screen blocks the view of the wells, and finally the monkey
selects one of the locations. Because the correct response can-
not be cued by any obvious stimulus present at the time of the
response, but must be guided by stored knowledge of what the
subject saw previously, it is said to indicate the presence of repre-
sentational memory. This ability to access stored information
and hold it “on line” to guide behavior is arguably different (and
requires different brain areas) from learning and memory in
situations in which all necessary information is present at the
time the response is made.

Goldman-Rakic (1987b) further noted that the delayed re-
sponse task is fundamentally the same as Piaget’s AB Stage [V
object permanence task, which also requires representational
memory (as defined earlier). Extensive comparison between
the performances of lesioned and unlesioned adult monkeys,
normal infant monkeys, human infants, and human adults with
prefrontal brain damage on the delayed response task and the
AB task strongly indicates that performance on both of these
tasks follows the same developmental course, requires the integ-
rity of the prefrontal cortex, and is selectively impaired by le-
sioning of this area (Diamond, 1985; Diamond & Doar, 1989;
Diamond & Goldman-Rakic, 1983, 1989; Freedman & Oscar-
Berman, 1986; Goldman-Rakic, 1987a, 1987b).

Using autoradiographic techniques and prenatal surgery,
Goldman-Rakic and her associates found that synaptic density
in the monkey’s prefrontal cortex proceeds rapidly in the last
third of gestation and continues to increase, and in fact over-
produce in comparison to adult levels, into the early postnatal
months. After this period there is a decrease in synaptic density
that continues slowly until adult levels are attained, sometime
after the first postnatal year. The period of greatest synaptic
excess occurs between 2 and 4 months and coincides with the
emergence of the ability to perform the delayed response and
AB tasks in infant monkeys. It is interesting that the corre-
sponding period of synaptic excess in the frontal cortex of hu-
mans begins at around 8 months and reaches a maximum at
about 2 years (Huttenlocher, 1979), which is the time frame
wherein human infants master both the AB object permanence
task and the delayed response task. The implication of this
research for early memory development is that the period of
neurological maturation that occurs in the prefrontal cortex
between 8 and 24 months in the human infant may facilitate
the child’s ability to perform cognitive tasks that require him or
her to access stored information represented in memory and to

use it to guide problem-solving behavior. Moreover, Chugan
and Phelps (1986), who used positron emission tomography to
measure glucose utilization, reported the onset of a period of
increased neurological functioning in the frontal cortex of in-
fants between 8 and 18 months of age. However, the capacity to
guide behavior by stored information is not fully mature by 4
months in monkeys or by 2 years in humans but continues to
grow throughout childhood. Although speculative, it is possible
that further maturation and fine-tuning of this function may be
related to synapse elimination or “pruning” (see Greenough et
al,, 1987) or to other factors such as continued myelination,
development of neurotransmitters, or improved synaptic effi-
ciency.

The idea that improved synaptic efficiency during infancy
may underlie changes in learning and memory was originally
suggested by Hebb in 1949, It is enjoying a resurgence due in
large part to recent research on the process of long-term poten-
tiation (LTP), which is an enduring change in synaptic effi-
ciency that occurs following the application of a stimulus
(usually brief, high-frequency electrical currents) to the post-
synaptic fibers. Recently, it has been demonstrated that LTP
also occurs in conjunction with mastery of certain maze learn-
ing and conditioning tasks in rodents (Hargreaves, Cain, &
Vanderwolf, 1990; Harris & Teyler, 1984; Komatsu, Toyama,
Maeda, & Sakaguchi, 1981; Teyler & Discenna, 1984). Al-
though LTP occurs in many areas of the brain, it occurs most
readily in the hippocampal formation (Racine, Milgram, &
Hafner, 1983) and, thus, may serve as a biological substrate of
memory. Furthermore, there is evidence that the LTP capabil-
ity of the hippocampal region increases as a function of age in
rats and kittens (Harris & Teyler, 1984; Komatsu et al, 1981;
Represa, Tremblay, & Ben-Ari, 1989).

More important, there is a sense in which LTP may represent
the unifying process that underlies the formation of memories
ofall types(including procedural and declarative forms of mem-
ory; also see Squire, Shimamura, & Amaral, 1989). That is,
“behavioral learning and memory systems throughout the
brain may rely on LTP as the mechanism for changing the neu-
ronal substrate to encode information. In this sense, memory
quite possibly could be a unitary process at the neuronal level”
(Teyler & Fountain, 1987, p. 707). However, research on LTP is
recent and ongoing, and questions about its molecular basis, its
time course, and its role in the development of memory are only
beginning to be answered (for reviews, see Madison, Malenka,
& Nicoll, 1991; McNaughton & Morris, 1987).

Summary. Overall, the evidence reviewed here indicates
that neonates (and fetuses) can process and retain information
in long-term memory for considerable periods of time. The
picture painted in this review of recent research is quite impres-
sive and indicates that the young memory system is operating at
a level more optimal than previously believed. Obviously, then,
the basic “hardware” for perception, learning, and memory
must be in place and functioning at (or before) birth, although it
continues to mature considerably over the first 2 postnatal
years.

Given such an exceptional memory system so early in life,
the question remains, what is the locus of infantile amnesia?
Although the neurological data are difficult to interpret, at
least with respect to human functioning, it is clear, on the one
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hand, that the evidence does not as yet support the contention
that infantile amnesia is the result of an abrupt neurobiological
change that either renders information more memorable or that
obliterates previously laid down memory traces. On the other
hand, it does seem apparent that there are some very real neuro-
logical constraints that probably set limits on how well infants
perceive, learn, and remember, particularly in the first year of
life. Although the setting of such limits is neither informative
about the disappearance of infantile amnesia nor directly rele-
vant 1o its time frame, it is interesting that it is in these early
months that infants can process most of the features in a visual
display (at least those used to date), albeit the specificity of the
cues necessary to retrieve memory traces increases with age, as
does the use of contextual information.

Although it is true that more and better encoded features
lead to more robust and longer lasting memory traces (e.g.,
Howe & Brainerd, 1989), the quantity and quality of featural
encoding that even young infants engage in appear to be suffi-
cient for the establishment and retention of long-term memory
traces over days, weeks, and even months. Because this occurs
despite the (rather broad) limits set during neurological and
perceptual maturation, we believe the source of any infantile
amnesia will most likely be located in the cognitive advances
that are made early in infancy and childhood. Because infantile
amnesia is associated not only with events in early infancy but
also with events that transpire after 7 months and into the early
preschool years, we turn now to an examination of the matura-
tion of memory after the first 6 months.

Memory Development From 7 Months Through the
Preschool Years

The sophistication and variety of memory-related behaviors
increase dramatically in the succeeding months (from 7 or 8
months to 48 months and upward). In what follows, we review
evidence from a number of sources that documents the rapid
advances in both the development and expression of memory
in the early years. We begin by providing a brief overview of
memory as exhibited in deferred imitation and search and spa-
tial location tasks. We then turn to recent findings concerning
children’s memory for events.

Deferred imitation. Meltzoff (1990) recently argued that if
there is more than one memory system involved in memory
development (e.g., Mishkin et al., 1984; Pillemer & White, 1989;
Schacter & Moscovitch, 1984), then the higher order (nonhabit,
nonprocedural) system must be present in the first year of life.
Although important changes take place in this system (.g.,
there may be a shift from empirical to hypothetical representa-
tions, the use of words to encode events, etc.; see Meltzoff &
Gopnik, 1989), the basic system is operative probably within
the first 9 months of life.

This claim is based on Meltzoff’s work with infants’ deferred
imitation. Here, infants are shown an adult moving an object in
a specific, unique manner for a brief (20-s) period of time. The
infants are not allowed to handle or manipulate the object
themselves. Following a 24-hr delay, the infants are re-presented
the toy, and the question is whether they will repeat the unique
action they saw the adult perform the previous day. The answer
is yes; the -xistence of deferred imitation for novel action se-

quences, witnessed but not performed by subjects 24 hr earlier,
has been demonstrated in 9-, 14-, and 24-month-old infants
(Meltzoff, 1985, 1988a, 1988b, 1990). In fact, some infants ex-
hibit deferred imitation up to a week later.

There are several important features of Meltzoffs task that
lead to his conclusion that performance is mediated by a higher
order memory system. For example, demonstrations of habit-
procedural memory typically involve lengthy acquisition
phases in which the to-be-learned pattern is well practiced by
the subject. In the case of deferred imitation with infants, not
only is the acquisition period brief (20 s) but also it does not
involve any physical practice (infants merely watch another per-
son perform a novel behavior). As Meltzoff (1990) pointed out,
it strains credulity to suggest that infants’ success on this task
could be mediated exclusively by a habit-procedural memory
system. Thus, although few studies have been conducted in this
area to date, Meltzoff’s work clearly shows that even young
infants are capable of storing abstract representations of action
sequences in long-term memory, not simply learned motor re-
sponses.

It is interesting to note that this interpretation of Meltzoff’s
work in terms of a higher order memory system is consistent
with the work of Goldman-Rakic and her associates (discussed
earlier) on the relationship between development of the pre-
frontal cortex in infants and their ability to perform delayed
response and Piagetian AB tasks. Meltzoff’s delayed imitation
task bears at least a superficial resemblance to these tasks in
that the subject is also required to recall previously stored infor-
mation and to use it to guide responding when re-presented
with the toy. Furthermore, the age at which infants first engage
in deferred imitation parallels the time frame in which they
become proficient at delayed response and AB tasks.

Search and spatial location. It is now clear that even 8- and
9-month-old infants have sufficient memory and problem-solv-
ing skills to successfully search for and retrieve hidden objects
(e.g., Baillargeon & Graber, 1988; for a review, see Willatts,
1990). Studies with children ranging in age from 1 to 5 years
have revealed that performance increments may not be due to
any increase in memory per se but rather to a growing sophisti-
cation in search skills. For example, DeLoache and her col-
leagues found that older children (24 to 30 months) are better
than younger children (18 to 22 months) at using cues (land-
marks such as a piece of furniture; DeLoache & Brown, 1983,
1984) as well as strategies such as rehearsal (talking about the
objects), monitoring (pointing to the locations and watching),
and spatial categorization to aid in the retrieval of hidden toys
(Del.oache, Cassidy, & Brown, 1985; DeLoache & Todd, 1988).

Studies of 3- and 4-year-old preschoolers’ ability to use loca-
tion information in the retrieval of objects in large-scale envi-
ronments have also indicated that young children can use spa-
tial context to facilitate recall (Hazen & Volk-Hudson, 1984).
Cornell and Heth (1983) demonstrated that spatial information
is effectively used by 1-, 3-, and 5-year-olds to search a familiar
area (their living rooms at home) for hidden objects. R is interest-
ing that 1-year-olds’ search strategies were affected by the se-
quential nature of where objects were hidden (with search start-
ing at the most recent hiding place), whereas for 3- and 5-year-
olds, serial order was supplanted by spatial proximity (to self)
strategies. Like the work of DeLoache and her colleagues, this



INFANTILE AMNESIA 313

research indicates that it is not memory for context and objects
that increases with age but rather the type of search strategy
that is used.

Memory for nontraumatic events. 1In their 1989 review of
childhood amnesia, Pillemer and White stated that “attempts
by preschool children to recall past events on demand—even
events of the previous day—frequently are unsuccessful by
adult standards” (p. 298). However, we contend on the basis of
our review of studies of preschoolers’ event memory that the
results strongly suggest quite the opposite. For example, Hud-
son and Nelson (1986) found that differences in 3-, 5-, and 7-
year-olds’ autobiographical recall were restricted to the length
and elaborateness of the narratives, which indicates more of a
language than a memory limitation. Indeed, these authors sug-
gested that “children organize and retrieve autobiographic
memories in much the same way as do adults” (p. 253). In this
section, we review the literature on children’s memory for non-
traumatic events that occurred naturalistically or were experi-
mentally contrived. In all cases, the evidence clearly indicates
that even very young preschoolers’ (e.g., 2-year-olds’) memory
for events is successful, even by adult standards. As we will
show later, the evidence is so overwhelming that the question
concerning the onset of infantile amnesia looks more and more
like a nonsequitur.

Studies of children’s autobiographic recall of naturally occur-
ring events have clearly established that (a) children as young as
2 years can recall episodes for at least 6 months (e.g., Fivush et
al.,, 1987; Hurlock & Schwartz, 1932; Nelson & Ross, 1980) and
(b) 3-year-olds can produce spontaneous (e.g., Umiker-Sebeok,
1979) or elicited (e.g., Todd & Perlmutter, 1980) well-structured
narratives of previous events (Mandler, 1983). In fact, 3-year-
olds provide well-organized, coherent, and accurate recollec-
tions not only of routine events such as going to McDonald’s or
grocery shopping (for a review, see Nelson, 1986) but also of
unique, one-time events (Fivush, Hudson, & Nelson, 1984;
Hudson & Nelson, 1986; Todd & Perlmutter, 1980). More re-
cently, Fivush et al. (1987) demonstrated that 2-year-olds also
provide coherent narrative accounts of past events regardless of
whether those events occurred in the recent (e.g., 3 months ago)
or distant (e.g., 6 months ago) past.

Although memory for events appears to be quite accurate
even in 2-year-olds, there is an interesting suggestion that ob-
jects in the event sequence, but not the event itself, may be
subject to more forgetting, especially in younger children
(Jones, Swift, & Johnson, 1988). In a study of memory for pre-
school events (where the retention interval ranged over a S-year
period, cross-sectionally), Myles-Worsley, Cromer, and Dodd
(1986) found that whereas recall for the sequence of events was
relatively accurate, recall for some specific details tended to be
reconstructed from general knowledge of schools rather than
recalled directly. Thus, although autobiographical memory for
events appears to be quite robust, some specific components of
the events or objects themselves may fade from memory and be
recalled through the process of reconstruction, a tendency that
is not unique to the preschool years (for a review, see Howe &
Brainerd, 1989).

Similar conclusions concerning the reliability of event mem-
ory in very young children have emerged from studies examin-
ing the recall of experimentally contrived episodes (e.g., Myers

& Mervis, 1989). Remarkably, there is clear evidence that young
infants can retain experiences for months or even years. For
example, Cutts and Ceci (1989) found that infants between 8
and 18 months could remember to remove a puppet’s glove to
retrieve a hidden treat 4 months following training. Bauer and
Shore (1987), using a deferred imitation procedure, demon-
strated that 16-month-olds could reenact event sequences that
were familiar (e.g., washing a bear in a bathtub) or novel (e.g.,
placing a ball in a cup and forming a shaker using another cup
and “rattling” it) following a 6-week delay. As well, Fivush and
Hamond (1989) found that 2-year-olds could recall play se-
quences following a 3-month delay. Moreover, as in previous
naturalistic studies, children in Fivush and Hamond’s experi-
ment tended to be better at remembering the action than the
object components of the event (see also recent studies by Bauer
& Mandler, 1989, and Bauer & Thal, 1990).

A number of investigators have examined young children’s
memories of specific events that occurred during infancy. For
example, Myers, Clifton, and Clarkson (1987) found that chil-
dren who were almost 3 years old remembered laboratory pro-
cedures that had occurred when they were 6-40 weeks old!
McDonough and Mandler (1990) found significantly better re-
call of action sequences in groups of subjects who participated
in an experiment when they were 1 | months old and returned to
the lab 1 year later than in an age-matched control group.
Perris, Myers, and Clifton (1990) tested memory of 1.5- and
2.5-year-olds for a single laboratory experience that occurred
when they were 6.5 months old. Using both nonverbal and ver-
bal measures of recall, Perris et al. found that memories laid
down at 6.5 months were retained for 2 years. It is interesting
that the nonverbal measures were superior to the verbal ones, a
finding similar to that reported by Terr (1988; see following
discussion). These results are particularly important because
they provide a particularly clear demonstration that “2 years of
physical, neurological, and cognitive changes do not prohibit
retrieval based on the infant memory processes” (Perris et al.,
1990, p. 1805). Indeed, when even more sensitive indexes of
memory are used (e.g., the savings-relearning paradigm), the
residue of early experience is more robust against forgetting
than initially thought (Perris & Myers, 1990).

Although the results of these studies indicate that toddlers
and preschoolers remember something of the events that oc-
curred in their infancy, exactly what it is that they remember
remains an empirical question. When children are old enough
to narrate about these events in relation to themselves, at about
2 to 3 years of age, it is clear that th&events have been organized
autobiographically in memory. If, however, their recognition
(recall) of prior events is nonverbally expressed or limited to
single words (as was the case in the studies just described), we
cannot be sure that their behavior reflects anything more than
simple conditioned responding to discriminative stimuli cued
by the current situation. This is certainly not unimportant, and
it attests to the pervasive and lasting effects of early experience.
However, we argue that events that occur before the child de-
velops an independent sense of self at about {8 months of age
cannot be organized autobiographically but will probably be
coded in memory as a more generalized learning experience.
The very striking finding revealed by these studies that very
young children indeed remember certain aspects of their infant
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experiences should not overshadow the fact that what they actu-
ally remembered was incomplete and oftentimes quite frag-
mentary.

Memory for traumatic events. Reasonably accurate memory
has been found in children’s recollections of traumatic or stress-
ful events (for an intriguing case study of recall of an event that
occurred at 3 months of age, see Bernstein & Blacher, 1967).
Goodman, Aman, and Hirschman (1987) reported two studies
of preschool children’s remembrances of traumatic or stressful
events, one involving venipuncture (blood drawing) and the
other involving experiences at an immunization clinic. After
varying delay intervals, children were asked to free recall the
event, answer questions, and identify the nurse or technician
involved from a six-person photo lineup. In general, there were
few age differences in recall of the events and recall was quite
accurate, tending not to deteriorate over time. It is interesting
that in a similar series of studies, Goodman, Hirschman,
Hepps, and Rudy (1991) found that high levels of stress actually
benefited recall. They argued, following Gold (1987), that re-
call is enhanced under stressful circumstances because of the
release of adrenaline, a process that is believed to facilitate
memory consolidation.

In a comprehensive examination of children’s memory for
traumatic events, Terr (1988) interviewed 20 children who expe-
rienced trauma (e.g., sexual abuse, accidents involving severe
injury, death of a parent, and so on) prior to age 5 years. She
examined both verbal and behavioral (reenactment of the
event) indexes of memory for these events and found that (a)
verbal memories tended to be poor if the event occurred prior
to age 28 months, although girls were better than boys at verba-
lizing memories prior to 28 months; (b) short, single traumas
were most likely to be recalled verbally; and (c) regardless of age
at the time of the event, behavioral indexes of memory were
accurate. Although these events had been previously reported
(e.g., to the police) and some may view behavioral indexes of
memory with some trepidation, it seems clear that, in keeping
with Goodman et al’s (1991) findings, traumatic events remain
in memory even after a number of years have passed.

Summary. What this overview has shown is that memory
from 7 or 8 months of age to the preschool years is remarkably
stable and accurate. Contextual and spatial information is en-
coded and used to facilitate retrieval and memory for events,
even in 2-year-olds, and is robust for at least a 6-month period.
Although reconstructive tendencies exist in recall narratives (as
they do in most children’s and adults’ recall), the gist and se-
quencing of information in events remain preserved in long-
term memory.

With such a robust memory system in these early years, it is
curious that memories from this era should suddenly become
inaccessible (or unavailable). More specifically, at exactly which
age do children (or adults) fail to recall events that, according to
the evidence reviewed here, could be remembered at the time
they occurred and up to several months or years after they
occurred? With this review of very early memory development
as background, we turn now to a reanalysis of this question.

A Reevaluation of the Nature of Infantile Amnesia

In contrast to the explanations of infantile amnesia that em-
phasize storage or retrieval difficulties or both, Pillemer and

White (1989) proposed that infantile amnesia could best be
understood in terms of two functionally independent memory
systems. The first, a primitive system present from birth, con-
tains fragmentary information, emotional associations,
learned routines, and generalized past experiences that are not
linked to specific events. The contents of this system are evoked
by situational and affective cues and can be expressed behav-
iorally but not verbally The second system emerges slowly
throughout the preschool years and contains information that
is specific to time and place, which the child experiences as
autobiographical. These personal memories can be accessed on
demand and communicated verbally. Pillemer and White ar-
gued that it is the immaturity or absence of this second, socially
accessible, system that accounts for adults’ inability to recall
events of their early childhood years.

Although the development of this second memory system is
at the root of the offset of infantile amnesia, Pillemer and
White (1989) claimed that this memory system develops with
the acquisition of language. Specifically, when children begin
to talk they can communicate about their personal experi-
ences. Although these initial accounts are usually replies to
direct requests for information from adults or emerge from con-
versations in which the adult provides “scaffolding” or struc-
ture for the exchange, repeated experience with such conversa-
tional exchanges enables the child to gradually direct his or her
recall of events from self-generated cues. Thus, verbal exchange
in the context of social interaction is important to the emer-
gence of autobiographical memory. Coincident with these con-
versational interactions, the child is developing elaborated
scripts and schemata, an understanding of the causal sequenc-
ing of events, and the metamemorial knowledge that one of the
social functions of memory is to communicate about the events
of one’s past.

Although we agree that social, emotional, and linguistic fac-
tors play an important role in the maturation of memory in
general and autobiographical memory in particular, it is not
clear that we need to posit more than a single memory system
to account for the developmental gains that accrue across child-
hood. Indeed, as pointed out earlier (see the section Neurologi-
cal and perceptual changes and early memory development), we
contend that little compelling evidence attests to the existence
of multiple memory systems of the sort envisaged by Pillemer
and White (1989). In our view, they prematurely rejected what
we consider to be the more parsimonious notion that memory
develops as a unitary and continuous system across childhood,
with the acquisition of language and, more particularly, as we
argue later, the acquisition of a well-articulated self concept
providing an additional mnemonic device capable of organiz-
ing personal experiences and providing an outlet for the expres-
sion of event memory*

? It should be noted that although our comments are directed specifi-
cally at issues concerning the development of memory, as well as the
dual-process system proposed by Pillemer and White (1989), we recog-
nize that they may be interpreted by some as addressing the more
general question of whether memory per se is best conceived of as a
single, unitary system or as a series of multiple, interdependent sys-
tems. It is important in this latter context to underscore that we concur
with Polster, Nadel, and Schacter’s (1991) observation that “although
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In addition, as we have reviewed, there is considerable evi-
dence that the changes necessary to support an autobiographi-
cal memory system (including coding of sequential and tem-
poral information) emerge considerably earlier than Pillemer
and White’s (1989) theory would have us believe. For example,
it is well known that sensitivity to temporal order is present by
at least 3.5 to 5 months of age (Haith, Hazan, & Goodman,
1988). Although it is unclear whether this sensitivity to tem-
poral order is the same as the mature ability to sequence events
temporally, it certainly seems to be a prerequisite. Furthermore,
children as young as 16 months can organize representations of
events sufficiently well to enable delayed recall (Bauer &
Mandler, 1990). Indeed, a number of skills thought to be mne-
monic prerequisites for the disappearance of infantile amnesia
in most memory-based theories of this phenomenon are in fact
present in children, at least in some form or another, signifi-
cantly prior to the actual offset of infantile amnesia.

Clearly, in both a historical and present-day context, theories
about the fate of early experiences rely heavily on the notion
that memory somehow changes with age, becoming more dura-
ble (storage explanation) or sociolinguistically accessible (re-
trieval explanation). Although we neither disagree that onto-
genetic changes in memory occur nor dispute the fact that lan-
guage plays an important role in the expression, organization,
and maintenance of autobiographical memory, we argue that a
more fundamental change—namely, the development of the
self-concept—has cognitive preeminence in foreshadowing the
offset of infantile amnesia. However, before turning to an out-
line of the nature of the development of this critical self-con-
cept and its relationship to the waning of infantile amnesia, we
need to consider a number of methodological issues.

Consider the prototypical infantile amnesia study. Here,
adults are asked to verbally free recall events from their past
(e.g., Kihlstrom & Harackiewicz, 1982), or specific events with
a known date in the subject’s past (e.g., birth of a sibling) are
probed (e.g., Sheingold & Tenney, 1982). Regardless of which
procedure is used, the average age of the earliest memory is
typically said to be around 3 years. Consistent with this formu-
lation, Wetzler and Sweeney (1986) showed that the slope of the
forgetting function for adult remembrances of early childhood
events tends to be steeper for the preschool years than for later
childhood. There are a number of reasons why conclusions
such as these are fraught with considerable peril. First, a careful
examination of the literature reveals that there are marked dif-
ferences in the reported age of the earliest memory. For exam-
ple, there are several studies in which probed or targeted recall

the evidence for some form of multiple memory systems hypothesis is
compelling to many, a number of cognitive psychologists have claimed
that it is not necessary to postulate different memory systems, prefer-
ring instead the idea of a single but flexible memory system” (p. 110).
Although we believe that a unitary memory system approach provides
a more parsimonious account of memory and its development (also see
Howe & Brainerd, 1989; Jacoby & Kelley, 1987; Roediger, 1990), we
acknowledge that extant data fail to provide unequivocal support for
either the unitary or multiple systems views of memory. However, we
contend that until definitive data are available, the time-honored prin-
ciple of parsimony (in this case, a single rather than multiple memory
system) should prevail.

of early events has been used to show that the offset of infantile
amnesia occurs consistently earlier than previously thought
(ie., 2 years instead of 3) and tends to be much more gradual
than previously reported (e.g., Usher & Neisser, in press; Wino-
grad & Killinger, 1983). Although these differences may be due
to variations in the way different investigators operationalize
what constitutes an early memory, there does appear to be solid
evidence from most studies that memories are available for
many individuals from the age of 2 years.

Second, the variability in the reported offset of infantile am-
nesia may arise in part because the task from which these data
emerge is very curious. For example, perhaps failures of recall,
especially when specific events are probed, are failures to en-
code the original event in question. That is, we may be asking
subjects to recall events that were never recallable in the first
place. Of course, just as there is no evidence that the probed
event was ever recallable, there is no assurance that it was sa-
lient to the child to begin with. Whereas the birth of a sibling
(see Sheingold & Tenney, 1982) clearly seems to be a momen-
tous occurrence by adult standards, the real question is whether
it is similarly important to children. In fact, when asked, chil-
dren often do not find this event particularly interesting or
noteworthy (Fivush et al., 1987; also see Usher & Neisser, in
press).

A third problem is that we are asking subjects to provide a
verbal account of memories that were, in all likelihood, laid
down prior to the use of language in memory. Perhaps it is more
than coincidental that the presumed onset of infantile amnesia
is also the point at which language terms are just beginning to
be relatively automatically encoded simultaneously with experi-
ence. Perhaps language confers nothing more significant than
simply adding a verbal code that can be used as an access code
at retrieval. However, if these early memories are encoded in a
primarily nonverbal fashion, then by many current encoding-
specificity accounts of memory (e.g., Ackerman, 1985), such
memories are most likely to be retrieved and expressed nonver-
bally. We have already seen that such experiences are perhaps
best recalled using nonverbal expressions of memory (Perris et
al,, 1990; Terr, 1988). In fact, contrary to Pillemer and White’s
(1989) claim that children should be able to translate initially
nonverbal experiences into verbal ones, there is no reason to
suppose that nonverbal experiences should be recoded verbally,
because their utility and meaning may lie in the experience, not
in a narrative of the experience (see also Nisbett & Wilson,
1977; Reber, 1989). Because we know more than verbal reports
reveal, not only in childhood but also in adulthood (e.g., Nisbett
& Wilson, 1977), it behooves us to examine other, nonverbal
indexes of memory expression (also see Spear, 1984).

Curiously, Pillemer and White (1989) restricted their defini-
tion of childhood amnesia to failures in narrative recall.

As defined in this paper, childhood amnesia refers to the paucity
of narrative accounts of early autobiographical events. This defini-
tion excludes all memories that are not accompanied by conscious
and verbally communicable knowledge of having experienced the
event before, in one time and one place. (p. 321)

Unfortunately, this definition excludes most memories of early
childhood, at least to the extent that they were encoded nonver-
bally. In fact, the requirement that the memory be both verbal
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and conscious is too restrictive because it is not clear that con-
sciousness is necessary for the encoding of memories or their
(automatic) retrieval.

The issue of how to measure the expression of memory, other
than by verbal recall, has been a thorny issue for some time (see,
especially, Spear & Isaacson, 1982). Currently, many re-
searchers are of the opinion that the requirements that expres-
sions of memory be “verbal and conscious” are unnecessary. In
addition to the obvious areas in which such a definition does
not hold (e.g., animal’ and human infant research), investigators
examining children’s memory (e.g., Howe & O’Sullivan, 1990),
human amnesic syndromes (e.g., Shimamura, 1990), and the
aging of implicit and explicit memory (c.g., Howard, 1988) and
activity memory (e.g., Kausler & Lichty, 1988) have also rejected
“verbal and conscious” as necessary components in the expres-
sion of memory.

The exclusionary nature of this definition is particularly
bothersome in the current context. If we accept the idea that
early nonverbal event memory (primitive and fragmentary
though it may be) provides the foundation on which autobio-
graphical memories are built, then to say that autobiographical
memory itself must be primarily verbal is to neglect a funda-
mental aspect of these memories. Furthermore, if we constrain
our definition of these memories by requiring verbal, conscious
recollection, then preverbal infants cannot, by definition, have
event (or autobiographical) memory. Because it is this group
(human infants) to which the problem of infantile amnesia ap-
plies, it is more than worrisome that although they cannot re-
call the experiences in a verbal and conscious manner at the
time they experienced them they are then expected to do so in
the future.

Because no one would argue that memory operates in an
exclusively conscious or verbal mode, especially early in life,
infantile amnesia may be a chimera, an epiphenomenon rather
than a phenomenon. Clearly, our review has shown that infants
from 3 months of age and upward exhibit memory, albeit non-
verbal, for events that occurred weeks, months, and even years
earlier. We also showed that preschool children, even 2-year-
olds, similarly remember events for considerable periods of
time, both nonverbally and verbally (once language is available).
Although we certainly do not claim that memory development
is compilete early in life, we do claim, and have amply demon-
strated, that it is sufficiently mature to support the types of
encoding, storage, and retrieval necessary for long-term reten-
tion.

Reframing the Problem of Infantile Amnesia

It is clear from this review that memory is more sophisticated
in infancy than previously thought. It is also true, however, that
autobiographical memory (i.e., personal memories of specific
events coded with respect to time and place) apparently
emerges later (i.e., around 2 years of age) than the “simpler”
memory infants have of events (i.e., reaching for a “sounding”
object as in the Perris et al., 1990, study or the foot-kick re-
sponse used by Rovee-Collier and colleagues). The emergence
of personally coded memories, we believe, does not herald
some structural-functional change in long-term memory, as is
so often assumed, but rather is the result of basic developments

in the establishment of one’s self-concept. Although neurobio-
logical maturation is an important factor underlying many of
the cognitive changes during infancy, its relationship to cogni-
tive functioning per se remains elusive. Therefore, the conclu-
sion that the “software,” not the “hardware” may be the pri-
mary source of change in memory development is not entirely
radical and, in fact, is completely consistent with more general
theories of how memory develops. For example, our proposal
about infantile amnesia is consistent with more global theories
of memory development in which improvements in memory
functioning are brought about by corresponding changes in a
number of processing rather than architectural features (e.g.,
strategies, categorization, schemata, knowledge, resource allo-
cation; see Howe & O’Sullivan, 1990, for a review). What is
unique is that we are proposing that developments in cognition
about the self are what brings an end to infantile amnesia. Be-
cause, by definition, autobiographical memory is memory for
information and events pertaining to the self, it is only with
knowledge of one’s self as an independent entity that experi-
ences can be organized in memory as personal or autobiograph-
ical. In effect, we are claiming that the development of the
self-concept (or self-schema), like that of other schemata, has a
dramatic impact on the way in which memories are organized
(encoded, stored, and retrieved), not on the structural compo-
nents of memory itself. It is not until the development of the self
achieves a “critical mass” that we witness the emergence of
autobiographical memory. In the remainder of this article, we
sketch what is known about the early development of the self,
including the emergence of self-relevant language, and outline a
theory of how these developments usher in the appearance of
autobiographical memory.

Cognitive Development of the Self

Although speculation about the nature and function of the
self has a long history, it has remained a slippery and elusive
concept, defying precise definition (see Damon & Hart, 1988,
for a discussion). However, over the years there has been a con-
sensus among theorists from diverse perspectives that in the

? Although there is a literature on infantile amnesia in nonhuman
spectes (for reviews, see Nadel & Zola-Morgan, 1984; Spear, 1979), we
have not included it in our review. We believe that the phenomenon
called infantile amnesia in these species is fundamentally different
from the inability to recall the events of infancy that defines infantile
amnesia in humans. Two pointsare of note. First, in nonhuman popula-
tions, infantile amnesia is defined as any deficit in retention that is
associated with immaturity (Spear, 1979). As we have noted in several
places throughout our review, there are many such deficits in human
infants that gradually diminish throughout the course of cognitive de-
velopment. However, infantile amnesia refers to a specific type of defi-
cit—the inability of the mature human to recall events time-locked in
the first few years of life despite the fact that memory during those
early years is quite robust and that these same adults can readily recall
early events that occurred after this “amnesic” period. The second
point is that the period of infantile amnesia in nonhuman species is
closely correlated with maturation of the central nervous system and
offsets with the completion of certain critical structures. As we have
already reviewed, there is no evidence that a similar parallel exists in
humans.
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early weeks of life infants are unaware of their separateness
from the surrounding environment and that only following a
gradual process of individuation do they achieve such aware-
ness (Bowlby, 1969; Freud, 1915/1959; James, 1892/1961;
Mahler, Pine, & Bergman, 1975; Mead, 1934; Piaget, 1954).
This view has recently been echoed in a special issue of Develop-
mental Review (Kopp & Brownell, 1991) devoted to the early
development of self. Here, the contributors agreed that there
exists a primitive, presymbolic self that serves as the foundation
for subsequent representations of the self. Furthermore, histori-
cally, most have acknowledged that there exist at least two fun-
damental facets of the self—the “1.” a subjective sense of the self
as a thinker, knower, and causal agent, and the “me,” an objec-
tive sense of the self endowed with the unique and recognizable
features and characteristics that comprise one’s self-concept.
Although intuitively distinguishable, these two aspects of the
self are intimately and complexly related in a manner that is
currently being investigated in both theoretical and empirical
domains (Bullock & Lutkenhaus, 1990; Case, 1991; Cicchetti,
1991; Damon & Hart, 1982, 1988; Emde, Biringen, Clyman, &
Oppenheim, 1991; Harter, 1983; Lewis, 1991; Lewis & Brooks-
Gunn, 1979; Neisser, 1991; Pipp, Fischer, & Jennings, 1987).

Given the formidable challenge of tracing the origin and de-
velopment of the intangible self in the inscrutable infant, an
impressive beginning has been made. With elegant simplicity,
researchers have recorded the behavior of infants to their visual
images in mirrors, on videotape, and in photographs. The self-
image has proven to be a compelling stimulus for the young
infant, and its use as a research tool has opened a powerful
window on the ontogeny of self-recognition. Before briefly re-
viewing this literature, we should note that self-recognition is
only one facet of the self-concept, one that is relatively easy to
operationalize for research with infants. The self-concept im-
plies much more than recognition of one’s physical features and
is a fundamental aspect of social cognitive development that
continues to evolve throughout childhood and adolescence (see
Damon & Hart, 1988, for a review). We return to this point
later.

The basic research on the development of visual self-recogni-
tion has involved measurement of infants’ reactions to their
mirror images (Amsterdam, 1972; Berenthal & Fischer, 1978;
Bullock & Lutkenhaus, 1990; Darwin, 1877; Dixon, 1957; John-
son, 1983; Lewis & Brooks-Gunn, 1979; Lewis, Brooks-Gunn,
& Jaskir, 1985; Lewis, Sullivan, Stanger, & Weiss, 1989; Pipp et
al., 1987; Preyer, 1893; Priel & De Schonen, 1986; Schulman &
Kaplowitz, 1977). Collectively, these reports have documented
that from about 3 months of age infants are both attentive and
positive toward mirrors. They respond by smiling, bouncing,
vocalizing, and reaching toward the image. Beginning at about
9 months, they show awareness of the contingency cues pro-
vided by the tandem movement of the image with themselves
and use such cues for deliberate play and imitation. They also
know something of the reflective properties of mirrors and will
turn to locate spatially objects and people that they see re-
flected. However, full self-recognition of the mirror image as
their own is not apparent in most infants until they are about 18
months of age. At this time they first respond to a spot of rouge
that has been surreptitiously applied to their noses by touching
their own noses rather than the mirror image, clearly indicating

that they have a schema for their faces that does not include a
red spot. Coincident with mark-directed behavior, infants be-
gin to show self-consciousness (shy smiling, gaze aversion, and
self-touching) when confronted with their images, and by about
22 months of age they will correctly label the image. Although
self-consciousness and labeling do not on their own provide
evidence of self-recognition, their co-occurrence with mark-
directed behavior toward the spot of rouge provides a consis-
tent picture of an infant who recognizes the mirror image
as “me.”

It is interesting that a lively interest in mirrors has also been
reported in species of fish, birds, and mammals (see Gallup,
1979, for a review). Most of these creatures respond toward the
image as if it were a conspecific and direct both social and
antisocial behavior toward it. Nonhuman primates, given a pe-
riod of exposure to mirrors, will also respond to the contingent
movement cues and use the reflective properties of the mirror
to locate objects. However, only chimpanzees and orangutans
demonstrate self-recognition when rouge is placed on their
faces. As Lewis and Brooks-Gunn (1979) pointed out, this is a
striking and intriguing discontinuity between the great apes
and the lower primates, the meaning of which is speculative.

Subsequent research by Lewis and his colleagues (see Brooks-
Gunn & Lewis, 1984, for a review) clarified the relative impor-
tance of movement-contingent and featural cues in the self-rec-
ognition process. They recorded infants’ responses (attention,
interest, imitation, affect) to live and prerecorded videotapes of
themselves and to a prerecorded tape of a same-sex peer. They
found that whereas 9-month-old infants discriminated between
contingent and noncontingent videos of themselves on some of
the measures, it was not until about 18 months that most infants
began to show discrimination between the noncontingent vid-
eotapes of themselves and the peer, the discrimination not be-
ing evident on all measures until about 24 months. This dis-
crimination between noncontingent self and peer could only
have been made on the basis of featural recognition. Lewis
argued that it is recognition of the self on the basis of features,
independent of contingency cues, that is the hallmark of full
self-recognition. Perhaps not surprisingly given the language
limitations in infants of this age, correct labeling of the self
from photos in a self-peer comparison is not evident until some-
what later, at about 22 months of age. However, if allowed to
respond nonverbally, many 18-month-olds are able to point to
their photo from among a group of peer photos.

Although the developmental trends for self-recognition in
the second year of life are quite consistent, substantial individ-
ual differences have been noted. For example, Lewis and
Brooks-Gunn (1979) found that whereas some of their 15-
month-old subjects showed mark-directed behavior to the red
spot, others did not show self-recognition until the end of the
second year. Although these individual differences have not
been fully explored, they are believed to be a function of both
social interaction and cognitive- developmental variables. For
example, Lewis et al. (1985) reported that whereas general mea-
sures of social experience such as mother’s education, family
socioeconomic status, birth order, and number of siblings were
unrelated to onset of self-recognition, security of attachment
was related. Insecurely attached infants showed earlier self-rec-
ognition than did securely attached infants, a finding that the
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authors explained in terms of the insecure infant’s earlier sepa-
ration from the caretaker (but see Schneider-Rosen & Cic-
chetti, 1991). In another study, Brooks-Gunn and Lewis (1984)
found that recovery to a novel stimulus following habituation
was related to onset of self-recognition, with the infant’s ability
to notice subtle stimulus change suggested as the causal link.
Delay in cognitive development is also associated with delay in
self-recognition. Mentally handicapped and autistic infants
and children do not show self-recognition at least until they
have achieved a developmental age of about 18 months, regard-
less of their chronological age (S. D. Hill & Tomlin, 1981; Love-
land, 1987; Mans, Cicchetti, & Sroufe, 1978; Spiker & Ricks,
1984).

The convergent evidence from the research on infants’ re-
sponsiveness to their images in various visual media indicates
that by about 18 to 24 months of age infants possess an impor-
tant piece of self-knowledge, the ability to recognize their physi-
cal features. However, before discussing the significance of this
knowledge for autobiographical memory, two issues must be
addressed. The first concerns the validity of visual recognition

as the sine qua non of self-recognition. One could argue that |

because vision is poorly developed at birth and slower to ma-
ture than the other senses (Salapatek & Cohen, 1987), other
modalities (e.g., auditory, olfactory, proprioceptive) might pro-
vide better or earlier indexes of self-recognition. Several inter-
esting findings are pertinent. For example, Simner (1971)
found some evidence that infants can recognize their own cry in
the early weeks of life. Also, Priel and De Schonen (1986) re-
ported no age difference in the onset of self-recognition be-
tween a sample of Bedouin infants who had never seen their
facial images prior to testing with mirrors and a sample of
babies who had prior mirror experience. Clearly, the Bedouins
were able to construct a body image from sensory cues that they
could coordinate and map onto the visual stimulus provided by
the mirror. It is interesting that the performance of the Bedouin
babies stands in marked contrast to that of a group of blind
children, who showed no recognition of selfin language or imag-
inative play until they were 4 to 5 years old (Fraiberg, 1977).
Thus, vision may be uniquely suited to synthesize information
about the self provided by other modalities, and its absence in
the blind child significantly delays this achievement. At the
very least, then, the face is an important representation of the
self, and its recognition in the mirror is a reasonable opera-
tional criterion of self-recognition. Furthermore, from a practi-
cal perspective, infants are very responsive to face stimuli from
birth, are able to discriminate among faces from about 3
months, and become increasingly sophisticated in processing
information provided by faces in subsequent months (Maurer,
1985).

The second and more difficult issue concerns the signifi-
cance of self-recognition in the broader picture of the emerging
self. Specifically, what does self-recognition imply beyond
knowledge of one’s physical features? Lewis and his colleagues
(Brooks-Gunn & Lewis, 1984; Lewis & Brooks-Gunn, 1979)
argued that although their procedures directly assessed only
one aspect of the self in one modality, infants’ recognition of
their images as their own implies more than simple discrimina-
tion of body features and presupposes an existing (albeit rudi-
mentary) knowledge of a self that is continuous through time

and space, a sense of the self as “1” They proposed that the
infant’s sense of self, of which self-recognition is only a part,
evolves for many months prior to mirror recognition. The in-
fant first develops an existential sense of “I,” which gradually
emerges from the numerous contingent interactions that take
place between infants and their physical and social environ-
ments. Feedback from such encounters facilitates the develop-
ment of a sense of the self as a controller of action and is clearly
evident in the mirror studies when 9-month-olds use move-
ment-contingent cues for deliberate play and imitation. Lewis
did not deny that this existential sense of self as causal agent
could be present even earlier. Indeed, Piaget wrote extensively
on the emergence of circular reactions in the early months of
the sensorimotor period, and more recently, evidence such as
that of Rovee-Collier and her colleagues (e.g., Rovee-Collier &
Hayne, 1987) clearly shows 2-month-olds in control of the move-
ment-contingent action of an overhead mobile. Lewis further
stated that this knowledge of the self as the subject of experi-
ence is a logical prerequisite to an understanding of the self as
object, the categorical “me” with recognizable features and
characteristics that is first evident at about 18 months in the
mirror-image paradigm. This early sense of self facilitates the
acquisition of more comprehensive self-knowledge as the child
continues to define himself or herself in relation to others for
some years to come.

Although cogently argued and quite possibly correct, this
treatise on the early development of the self goes well beyond
the data on visual self-recognition and serves to illuminate cer-
tain longstanding theoretical issues central to the development
of social cognition in infancy. Although detailed discussion of
these is beyond the scope and purpose of this article, two of
these issues that have recently been investigated empirically are
of note. The first concerns the definition of and relationship
between “I” and “me” and their development over time. Al-
though historically it has been assumed that these concepts
evolve in an interactive fashion, it has recently been suggested
that they may follow different developmental paths (Bullock &
Lutkenhaus, 1990). The second issue concerns the emergence
of knowledge of the self and knowledge of others, the primary
question being whether they emerge simultaneously (Lewis &
Brooks-Gunn, 1979) or whether knowledge of the self precedes
(Piaget, 1962) or is derived from (Mead, 1934) knowledge of the
other. Recent research with infants suggests that the answer
may depend on the domain of the self (I or me) that is assessed
by a particular measure (Pipp et al., 1987).

To date, the issue of precisely how the sense of self emerges in
infancy is unresolved. What is clear and is relevant to our thesis
that a sense of self is basic to the development of autobiographi-
cal memory is that by 18 to 24 months the infant has a concept
of himself or herself that is sufficiently viable to serve as a
referent around which personally experienced events can be
organized in memory. Indeed, there is a recent consensus that a
significant shift in one’s sense of self occurs at about this time
(see contributions to the special issue of Developmental Review
“Development of the Self,” 1991). Although the exact nature of
this change remains elusive, it is clear that the self at this point
achieves the “critical mass” necessary to serve as an organizer
and regulator of experience (also see Emde et al.,, 1991). Al-
though recognition of certain features of the self may emerge
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even earlier via other modalities, extant empirical evidence
points to the latter half of the second year as the likely time
frame. The fact that this period corresponds with the onset of
autobiographical memory is, we believe, more than mere coin-
cidence and makes this estimate a reasonable one.

Corresponding Developments in Language

The concept of the self receives further elaboration and re-
finement as children achieve mastery of language (e.g., Miller,
Potts, Fung, Hoogstra, & Mintz, 1990), which enables them to
think and talk about “I” and to expand their categorical knowl-
edge of “me” Not surprisingly, these pronouns are the first that
toddlers acquire at about 22 months of age, followed about 2
months later by “you” (Brown, 1973; de Villiers & de Villiers,
1978). Correct use of these pronouns is a challenging task that
requires an inversion of point of view. The young child has to
realize that he or she is “I” when speaking but “you” when
spoken to and furthermore that other people can also be “I”
and “you.” Yet normal 2-year-olds rarely mix these up (de Vil-
liers & de Villiers, 1978; Reich, 1986). The facility with which
toddlers acquire correct pronoun use probably reflects in part
their mastery of the sense of self as both subject and object and
their awareness of the distinction between self and other. How-
ever, children who are handicapped by blindness or autism
have great difficulty with correct pronoun usage and continue
to reverse “I” and “you” well into the preschool years (Dawson
& McKissick, 1984; Fraiberg, 1977; Kanner, 1946; Neuman &
Hill, 1978). It is interesting that acquisition of correct pronoun
use by blind children at about 4 or 5 years of age correlates with
the onset of self-recognition as assessed in this population by
identification of their own voices on tape and by the emergence
of imaginative play. Furthermore, it is only when blind children
acquire self-recognition and stable pronoun use that they begin
to talk about past events (Fraiberg, 1977). However, autistic
children, who also persistently reverse pronouns, do show
mark-directed behavior on the rouge task. Thus, self-recogni-
tion may be a necessary but not a sufficient condition for stable
pronoun use. Unfortunately, nothing has been reported on
memory for events in these children.

It may also be important to know whether the individual
differences in the onset of self-recognition in normal children
noted earlier are correlated with the individual differences in
the onset of pronoun use and memory for events. In any case,
with the emergence of the sense of self, represented in sensory
and linguistic modes, there exists a referent for the structuring
of personally experienced events in memory.

The representation of the self in language is followed shortly
by another important linguistic achievement, the use of
markers that designate the past tense. This enables the child to
describe events that have happened at an earlier time. Toddlers
between 1 and 2 years old converse in one- and two-word utter-
ances, but only about events that are in the present. Beginning
at about 2 years of age, toddlers lengthen their utterances to
include simple sentences of a subject-verb-object construction,
and they begin to add grammatical morphemes to their reper-
toire (Brown, 1973; de Villiers & de Villiers, 1978). The first
morpheme to appear is the present progressive verb ending
-ing, which may reflect the child’s first distinction between

events that have been completed and those still in progress
(Sachs, 1983). Next, children begin to talk directly about events
in the past, first using irregular verb forms (ran, broke) followed
shortly by regular verb forms ¢ed). Brown (1973) argued that
this shift from the “here and now” to the “there and then” is an
important transition in early child language.

However, children’s comprehension and use of the past tense
continue to evolve over an extended period of time. Sachs (1983)
studied 1 child (Naomi) longitudinally, when she was between
11 and 36 months old. Predictably, Naomi’s early conversations
referred only to events in the present. However, between 17 and
25 months she began to talk about events in the immediate past
(“I did it,” “I fell down™) which, Sachs suggested, seemed to
signal a change in state rather than past time. Not until she was
between 26 and 31 months of age did she begin to talk about
events in the earlier past, indicating a growing awareness of
temporal relations in her use of such lexical items as yet, al-
ready, still, and yestermorning. However, Naomi’s conversations
about the past were closely prompted, or scaffolded, by the
listener in order to elicit additional pertinent information.
Only when she was between 32 and 36 months of age did she
spontaneously and easily talk about the past.

With the acquisition of a self-concept symbolically repre-
sented in language and grammatical morphemes that mark the
past, the child is ready to begin talking about past events in
narrative form. Narrative has been defined as the recounting of
specific events that occurred in the earlier past (at least several
hours ago) and that contain at least two relevant utterances
(Peterson, 1990). Beginning at about 2 years of age, children
relate information about novel and routine events in a coherent
fashion (Fivush, Gray, & Fromhoff, 1987; Fivush, Hudson, &
Nelson, 1984; Hudson & Nelson, 1986; Nelson, 1989; Todd &
Perlmutter, 1980), although, as described by Sachs (1983), these
early narratives are heavily scaffolded, with structure and
prompts provided by the listener. Furthermore, Peterson (1990)
reported that temporal references to the recent past (yesterday,
last night), conventional references (once, before), and absolute
time references (last Saturday, a long time ago) were slow to
develop in children between 2 and 3.5 years old, at which time
only about a third of the narratives contained any orientation to
time at all.

In spite of these limitations, early narrative provides an outlet
for autobiographical memory. However, McCabe, Capron, and
Peterson (1991) cautioned that narrative is much more than
memory and is strongly influenced by the nature of the event,
the perspective of both speaker and listener, and the age of the
narrator. For example, Fivush and Hamond (1990) found that
4-year-olds reported different (but accurate) information about
events that had happened to them when they were 30 months
old than they had reported at 30 months, shortly after the events
occurred.

A number of writers have suggested that narrative is much
more than an outlet for autobiographical memory, arguing that
the root of infantile amnesia lies in the paucity of early lan-
guage skills and the interaction of language and memory skills.
For example, Nelson and her colleagues (e.g., Fivush & Ha-
mond, 1990; Hudson, 1990; Nelson, 1990), like Pillemer and
White (1989), suggested that infantile amnesia is overcome
through the linguistic sharing of memories with others; that is,
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young children learn to talk about the past, particularly with
adults, something that facilitates both the ability to narrate
events as well as the organization of personal events in memory.
Clearly, however, it is our contention that these (language) devel-
opments, though important, follow the principal ontological
shift that is the development of a sense of self,?

In conclusion, a series of significant developmental events
take place when infants are between 18 and 30 months of age
that prepare them to talk about personally experienced events.
First, at about 18 months of age infants learn to recognize their
features in the mirror. The next acquisition is a more advanced
representation of the self reflected in the pronominal reference
to the self as “I” and “me” in the early months of the second
year. Finally, the child learns to talk about immediate and then
more distant past events in narrative, the language of autobio-
graphical memory. Both narrative and autobiographical mem-
ory continue to develop in structure, organization, and content
over the preschool years (Fivush & Hamond, 1990; McCabe &
Peterson, 1991), but by that time infantile amnesia is indeed a
phenomenon of the past.

Although we believe that the cognitive sense of self most
likely emerges logically prior to important language develop-
ments, and that it is this sense of self that serves as the catalyst
for the onset of autobiographical memory, we recognize that
this remains an empirical question. However, as we have al-
ready shown, autobiographical memory does not require verbal
competence for its expression and, indeed, is oftentimes com-
municated nonverbally (e.g., Terr, 1988). As Eisenberg (1985)
showed, many specific memories of early, unique events are
reflected in nonverbal reactions (the example she used was of a
child imitating a priest at 23 months, after her first visit to
church in nearly 6 months). Thus, in our view autobiographical
memory does not demand language for its existence but does
require, at least logically, a cognitive sense of self, something
that emerges gradually across the early months of life predating
the use of language.

Having said this, however, we should point out that we also
believe there are a number of other factors that conspire to
spawn this sense of self. As we have noted throughout this arti-
cle, the disappearance of infantile amnesia and the appearance
of the cognitive sense of self do not happen in isolation. It is
clear that the emergence of both autobiographical memory and
a sense of self involves a confluence of factors, including neuro-
logical and socioemotional ones. For example, we have shown
how affective reactions (e.g., shyness) are coincident with more
cognitive reactions (e.g., mark-directed behaviors) in children’s
responses to their own mirror images. In line with these latter
observations, a number of researchers have noted that devia-
tions from normal development are reflected not in children’s
cognitive reactions to their own mirror images but rather in
terms of their affective reactions. That is, autistic, Down syn-
drome, and maltreated children, although they recognize
themselves in the mirror, fail to show positive reactions to their
own images, oftentimes exhibiting flat or negative (e.g., gaze
aversion) affect (eg., Cicchetti, 1991; Loveland, 1987;
Schneider-Rosen & Cicchetti, 1991; Spiker & Ricks, 1984).

Afterword

We began this article by suggesting that the enigma of infan-
tile amnesia represents a problem not of memory per se but

rather of changes in another cognitive domain—namely, the
development of the self as a cognitive entity. We argued further
that it is the developing sense of self, not the development of
language (in and of itself; e.g., Nelson, 1990) or of a secondary
memory system (e.g., Pillemer & White, 1989), that is crucial to
the offset of infantile amnesia. We believe such a case has been
well fashioned in our review. We have amply demonstrated that
the neurological, perceptual, and memorial capacities of even
very young infants are sufficiently well established to satisfy the
encoding, storage, and retrieval needs of at least an elementary
event memory system. Similarly, we found that the matura-
tional changes that transpire during the first 2 years, although
important, are not sufficient in and of themselves to explain the
offset of infantile amnesia. Clearly, what is lacking in infants’
early event memory is not simply some memory capacity or
language system but rather a personal frame of reference that
makes memory uniquely autobiographical.

As our review has shown, we do not disagree that develop-
ments in language, socioemotional, and memory factors are
important in fine-tuning autobiographical memory. However,
it is the emergence of the cognitive self that is pivotal to the
establishment of autobiographical memory, a hypothesis that
carries with it a number of key predictions. For example, a
number of authors have noted considerable individual variation
in the age at which infantile amnesia abates (e.g., Usher &
Neisser, in press; Winograd & Killinger, 1983). As we have
already pointed out in our review, individual differences are
also present in the onset of self-recognition (e.g., Brooks-Gunn
& Lewis, 1984). Subsequent research may show that it is these
differences in the emergence of self-recognition, and not chro-
nological age per se, that are related to variations in the offset of
infantile amnesia. Similar relationships may exist in special
populations between a delayed sense of self and a delayed onset
of autobiographical memory.

In addition to these between-individual differences in the
offset of infantile amnesia, age differences in the types of mem-
ories being retrieved have been noted within individuals (Usher
& Neisser, in press; Winograd & Killinger, 1983). Although
within-individual age differences in the types of events being
recalled do not appear to vary in any systematic manner (€.g.,
they are not regularly associated with the presence, absence, or
type of emotion experienced at the time of the event; see Usher
& Neisser, in press), it may turn out that these variations will be
directly related to corresponding changes in the sense of self.
Unfortunately, although the idea of such a relationship is pro-
vocative, its discovery must await progress in operationalizing
the sense of self.

* After we had written this article, one of the reviewers pointed out to
us that the idea of the self in relationship to autobiographical memory
had been alluded to earlier in a commentary by Fivush (1988). The gist
of her comments concerning the self and autobiographical memory
was that the self provides a time line, one that integrates or links events
across time. Although we agree that the self provides a mechanism that
links events across time, we argue that the development of a cognitive
sense of self serves a more global function. That is, it provides an
overarching organizational process, one that serves to interpret and
integrate information and events with respect to the self. Furthermore,
we consider that the development of a cognitive sense of self is pivotal
to the unfolding of autobiographical memory.
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Although any number of additional predictions can be culled
from the hypothesized relationship between autobiographical
memory and the sense of self, further speculation must be tem-
pered by additional research. It is our contention, however, that
this research must focus on questions concerning the early rela-
tionship between the self and event memory, as well as on sub-
sequent developments in language and social cognition, and not
on the search for some mythical source of infantile amnesia. If
nothing else, our review has clearly demonstrated that infantile
amnesia is a chimera of the relationship between the emergence
of a cognitive sense of self and changes in the organization of
personal event memory,.

We hope that the present review has also provided a suffi-
cient framework for establishing a new agenda for research on
the ontogeny of early autobiographical memory. In particular,
because much of what we have said concerning the relationship
between the emergence of a cognitive sense of self, autobio-
graphical memory, and the decline of infantile amnesia is based
on logic and an observed temporal contiguity among these vari-
ables, future research should endeavor to establish the nature of
the causal linkages between these components. Once again,
however, a necessary prerequisite for this research will be the
development of a more comprehensive measure of the self, espe-
cially as it is “mirrored” cognitively. Moreover, such research
should seek to establish a more varied repertoire of autobio-
graphical memory measures, particularly ones that are sensi-
tive to nonverbal, behavioral expressions. With these con-
structs better operationalized, considerable progress in delin-
eating the independent and conjoint influences of the factors
affecting the self and its relation to autobiographical memory
should be forthcoming.
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