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Abstract

This paper offers a syncretic synthesis of the highlights of the scientific knowledge accumulated to date on the mechanisms of infantile

amnesia (IA). IA can be conceptualized as a meta-norm of memory development. The review shows that the neurobiological and neu-

ropsychological evidence for IA converges within a common metacognitive framework of inquiry. The involvement of consciousness in

the conditioning of memory traces and the association between infantile knowledge and implicit memory allow IA to be analyzed as a
phenomenon with complex, universal neuropsychic regulation of a higher order. This approach overcomes the paradox of understanding

IA.
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1. Introduction

The inability of adults to recover memories before age
3—4 is a phenomenon first described by Caroline Miles in
1895. Sigmund Freud later labeled this phenomenon “in-
fantile amnesia” while studying the psychology of autobio-
graphical memory. This phenomenon encompasses the ve-
racity and vividness of childhood memories, the formation
of memory traces, and the role of emotions and forgetting
in traumatic experiences, extending to the loss of memories
from later childhood. Freud interpreted infantile amnesia
(IA) as a memory failure during the first few years of life,
emphasizing the psychoemotional impact of early experi-
ences throughout life [1]. IA is characterized by the inabil-
ity to recall the early life memories, along with the chal-
lenge of retrieving these memories. People often depend
on triggers such as photographs, stories, or narratives to re-
call anything. Two periods of A are distinguished: the first,
where there are little or no autobiographical memories from
before the age of 3—4 years, and the second, where more
organized autobiographical memories begin to emerge be-
tween the ages of 5 and 7 years [2]. The current under-
standing of IA is shaped by evidence from both neurobi-
ological perspectives, encompassing neurogenesis, neuro-
transmission, and the ontogenesis of memory, and the phe-
nomenon’s less explored but intriguing neuropsychological
perspective.

This review summarizes the evidence accumulated to
date in explaining 1A, examining this phenomenon from
an incremental scientific perspective. Specifically, we in-

tegrate existing IA theories with principles concerning the
organization of higher neural memory structures. First, we
discuss the hippocampal neurogenesis hypothesis, which
postulates that the immaturity of the brain and its con-
tinued development after birth contribute to IA. Another
large set of studies examines the connection between gam-
maaminobutyric acid (GABA)-ergic neurotransmission in
fear memory. Next, the theory of associative learning in the
extinction of fear memories extends the conception of mem-
ory trace conditioning in the following principles: (1) Ac-
cording to classical conditioning, the timing of an uncondi-
tioned stimulus and an unconditioned response is a process
of associative learning; (2) Within classical conditioning,
stimulus elimination is a process of new associative learn-
ing; (3) Therefore, through altered learning and memory ex-
tinction, two different associations are maintained. Extinc-
tion of fear memory is a process of new associative learning.
We use this idea as a bridge for presenting IA as a com-
plex neurocognitive and psychological phenomenon. This
approach implies a deep insight into both the neurophysiol-
ogy modulation of various memory processes (e.g., short-
term memory, long-term memory, Ribault’s law, memory
consolidation, decay of memory traces, reverberant circuits,
and their trophic effect) and the neuropsychoanalytic phe-
nomena of memory (e.g., infantile knowledge, conscious,
unconscious).

Touching on the topic of the essence of infantile amne-
sia, we cannot help but discuss some memory processes that
we find essential for the development of the phenomenon.
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Of course, in recent years, the thesis that memory is a
function of multiple systems that are structurally and func-
tionally different but are in a dynamic relationship and
work in an integrated manner has been increasingly advo-
cated, and we are far from aiming to discuss all of them
[3]. Forty years ago, Tulving equated autobiographical and
episodic memory [4] but subsequently raised the question
of whether this is really so or not every episodic mem-
ory is autobiographical—and in order to become such, it
is necessary to be related to personal experience. Bauer,
therefore, defines autobiographical memory as personal-
episodic [5]. Autobiographical memory is believed to be
key to the emergence of consciousness [2]. Episodic mem-
ory involves the conscious activation (excitation) of brain-
stem core structures of stored patterns of cortical connec-
tivity (facilitated synaptic networks) representing previous
perceptual events. The directories of such connections are
encoded through the hippocampus, which is tightly con-
nected to the limbic system. “Episodic memories are not
simply stored, but rather lived.” (p.66, [6]). Episodic mem-
ory is an act of consciousness, and self-generated states
are intrinsically emotional. Humans retrieve events in an
episodic form in order to remember what they felt like. Due
to the fact that the hippocampus is immature during the
first two years, the encoding of episodic, explicit memories
is not possible at this time. It is more likely that memo-
ries encoded at this early age take the form of habits and
beliefs or of procedural and semantic knowledge. In this
way, infantile knowledge is stored as implicit knowledge of
how the world works and as body memory. Episodic mem-
ory work in psychotherapy is an individual reconstruction
drawn from sources other than episodic memory. Sources
can also be constructs derived from later episodes and pro-
jected back onto the early years [6].

IA provides invaluable resources for insight during
the psychotherapeutic process and overall management of
a large scale of mental disorders. From this perspective, it
is seen as a part of the evolution of normal early mental de-
fense mechanisms. On the other hand, from a medical per-
spective, amnesia per se may be defined as a psychopatho-
logical phenomenon.

The aim of our study is to provide a narrative review
of the available evidence to highlight an understanding of
IA as a psychological meta-norm. A meta-norm is defined
as a variation of mental health that exists beyond the in-
dividual level of explanation, thereby serving the process
of mental development and adaptation. It does not always
meet standard operational criteria and range for what is pre-
sumed “normal” across the lifespan. Conversely, the meta-
norm is not stable and universal but depends on age, cul-
ture, and values-specific determinants. For instance, what
is evaluated as normal in childhood (fantasies, fears) or in
the discourse of IA is not observed primarily as an effect
of traumatic processing of early experiences but seems to
be a development phenomenon in a nonlinear, universal

way. The 1930s cultural identity is regarded as abnormal
at a later stage of development, in adulthood or in modern
times. Cognitive and memory functions represent one sig-
nificant asset for mental health and well-being. Amnesia,
on the other hand, is interpreted as a psychopathological
phenomenon [7]. This study will explore the common nor-
mal mechanisms of memory development and, therefore,
revisit infantile amnesia as a stage in it. The inherent diffi-
culty in defining IA as a memory deficit, along with the ob-
servations regarding the impact of early development on in-
dividual vulnerability to potential psychopathological dis-
orders [8], highlight the complex and nonlinear dynamics of
this phenomenon. IA is not observed primarily as an effect
of the cognitive processing of early traumatic experiences
but seems to be a phenomenon regulated by development
and emotional learning [9] in a nonlinear, universal way.

2. Methods

The search strategy involved using the Google Scholar
and PubMed databases. We considered only full-text ar-
ticles and books without restricting the publication period
while prioritizing the most recent publications. Key search

EEENT3

terms included: “infantile amnesia”, “infantile amnesia and
neurogenesis”, “infantile amnesia and memory”, “infantile
amnesia and memory trace”, and “infantile amnesia and
psychoanalysis”. We encountered numerous empirical pa-
pers exploring the neurogenesis hypothesis in infantile am-
nesia. However, there is a notable shortage of publications
in neuroscience and neuropsychology that attempt to con-

ceptualize this phenomenon comprehensively.

3. Neurodevelopmental Perspective in the
Explanation of Infantile Amnesia

One key approach to defining the meta-norm of 1A
is to investigate it from a neurodevelopmental perspective.
From this viewpoint, we tend to forget early childhood
memories because our brain is maturing. The main argu-
ment of neurobiological theories regarding the origin of
IA revolves around the ongoing maturation and immaturity
of the human brain after birth. According to these theo-
ries, the immature structures responsible for memory for-
mation and storage, such as the cortex and the hippocam-
pus, encounter challenges in processing early life experi-
ences, thereby contributing to IA. Cortical maturity, includ-
ing adult synaptic connectivity and myelination, continues
to develop during puberty and beyond. The hippocam-
pus, particularly the dentate gyrus (DG) region, shows pro-
longed postnatal development in many species, not just hu-
mans. Although the hippocampal formation is structurally
identical to that of an adult as early as the end of the sec-
ond trimester of pregnancy, new neurons are added to the
dentate gyrus long after birth. The dynamics of the contin-
uing development of the nervous system in children seem
most strongly and paradoxically related to the adult’s inabil-
ity to recover memories from early childhood. The most
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commonly interpreted reason for this is the replacement of
synaptic connections in memory circuits in the hippocam-
pus [10]. The neuroanatomical development of individual
hippocampal subdivisions has also been suggested to re-
late to variations in memory [11]. A larger anterior den-
tate gyrus volume (CA2-4 subfields) correlates with lower
memory accuracy in younger children, while in older chil-
dren, a smaller volume correlates with more accurate mem-
ories [12]. Better episodic memory was observed with
larger hippocampal head volume in 6-year-olds but not in
4-year-olds [13]. In fact, changes at the neuronal level
should be analyzed as a priority in the course of children’s
neuropsychological and social development. The natural
course of development suggests that the purpose of mem-
ory changes over time. While younger children and infants
do not attach importance to the details of events, they ex-
tract more general information. For older children, details
gain importance. Figuratively speaking, the biomechanics
of memory, understood as a global neurocognitive function,
is nonlinear.

Age-dependent (ontogenetic) changes in memory sta-
bility oppose the maturational process, not the maturational
state, compromising the storage of memories from early
childhood. In this sense, the continuing maturation of the
brain likely interferes with the stabilization or consolida-
tion of memory. An extremely valuable insight is the find-
ing that the inability to form stable and persistent memories
in early life coincides with a period of high neurogenesis.
Conversely, the ability to form stable, persistent memories
appears in later periods of development when the rate of
neurogenesis decreases. The integration of new neurons
has been proposed to degrade existing memories by increas-
ing the excitability (and hence instability) of hippocampal
memory networks or by replacing synaptic connections in
existing hippocampal memory circuits [14-16]. Specifi-
cally, the integration of new neurons alters the network ar-
chitecture of hippocampal neurons, with memory fidelity
closely dependent on the precision of their spatiotempo-
ral activation. At the same time, the formation of afferent
and efferent synaptic connections is a competitive process
where the synaptic connections of newborn neurons coex-
ist with or replace the synaptic connections of established
neurons [17,18]. Immature granule neurons exhibit higher
excitability compared to mature granule neurons. The addi-
tion of new, excitable neurons to hippocampal circuits can
lead to an increase in overall excitatory drive in the DG (via
recurrent DG networks) and in downstream CA3 networks
(via direct mossy fiber connections). Homeostatic mecha-
nisms for regulating these neurons and circuits include a re-
duction in their overall excitability or synaptic scaling at the
neuron level (e.g., loss/endocytosis of synaptic GluA2 re-
ceptors) [17,19], leading to silencing of synapses and com-
promising information storage [20].

Levels of hippocampal neurogenesis have been stud-
ied in rats and guinea pigs. At different ages, the two
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species were trained in an aversion-motivated place dis-
crimination task. Memory retention was tested over a two-
week period, revealing that younger rats exhibited forget-
ting within this timeframe, whereas older rats demonstrated
stable retention. The experiment demonstrated differences
in DG development between the two species. No age-
dependent difference in memory persistence was observed
in guinea pigs, which can walk and see at birth. The relative
maturity of the DG and correspondingly low levels of neu-
rogenesis allow the formation of stable memories in new-
borns. It is likely that the maturity of other brain structures
also contributes to the stability of their memory [17]. In hu-
mans, hippocampal neurogenesis declines with age but per-
sists into aging. Ongoing neurogenesis is thought to support
cognitive function throughout life, and its decline is associ-
ated with impaired cognitive-emotional resilience [21-24].

IA is also studied as an effect of critical periods for
learning and memory when the brain is particularly sensi-
tive and responsive to experience. It is believed that the
hippocampal memory system undergoes a critical period of
development, which is an ontogenetic principle observed
in the sensory systems of birds, animals, and humans. Ac-
cording to this intriguing recent hypothesis, the immature
hippocampal system is highly sensitive to stimuli and ex-
periences during a critical period in order to mature and
achieve functional competence (the brain’s ability to store
expressible and accessible information in the long term). It
is assumed that during the so-called critical windows of sen-
sitivity, the hippocampal system stores information through
immature but highly active mechanisms in a latent form be-
cause it is in the process of learning how to learn and re-
member. This view describes the ontogenesis of learning
itself as a process unfolding in sequences of critical peri-
ods for learning and memory. Therefore, the maturation of
hippocampal-dependent functions of increasing complex-
ity (e.g., the ability to retrieve memory traces) implies the
building of already established (in previous critical peri-
ods) gradients of functional competence. In turn, functional
achievements from previous periods activate critical peri-
ods or a switch driven by experience rather than by de-
fault by development. It should be emphasized that the en-
tire hippocampal-dependent memory system, including the
functional connectivity between the hippocampus, cortical
areas, and amygdala, matures during the infantile critical
period in response to experience [25,26].

4. Neurobiological Mechanisms and
Pathways Underlying IA: Selective
Forgetting is Programmed as a Normal
Process

The current scientific understanding of IA has been
shaped by studies on retention, brain regions, and neuro-
transmitter systems crucial for learning and memory. These
studies have primarily involved experiments conducted
with altricial animal species. In humans, IA is emerging
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as a phenomenon of increasing importance in the fields of
psychology, psychotherapy, and neuroscience, particularly
concerning its role in spontaneous forgetting beyond mem-
ory pathology.

The lingering questions primarily revolve around the
mechanism of forgetting in [A: Does the memory trace dis-
appear or decay? Is IA explained by a failure to restore or
by a storage failure? Is it a result of accelerated forgetting
or insufficient learning? Interviews with older adults exam-
ining the content and age of their earliest memories do not
provide independent verification of content because child-
hood memories are susceptible to confabulation. Children
learn to formulate their own autobiographical memories in
the process of developing their language skills as they talk
about past events with their caregivers. The emergence of
a cognitive sense of self is critical as it relates to the orga-
nization of memories or a personal frame of reference [27].

IA cannot be explained by differences in the strength
of initial learning and altered parameters of learning (e.g.,
increased stimulus intensity). When rats were retrained
with prolonged shock duration in passive and active avoid-
ance tasks, the long-term memory of young rats was effec-
tively enhanced, but they continued to show accelerated for-
getting and lower retention compared to adults [27-29]. A
stimulus (e.g., a foot strike) that elicits sympathetic activa-
tion has been found to facilitate more effective recall than
conditioning stimuli. The shock causes the release of no-
radrenaline in the amygdala, the amount of which varies
according to the intensity of the shock and predicts the ef-
fectiveness of restraint [27,30—32]. Direct administration
of adrenaline prior to the conditioning stimuli had the same
effect on the reinstatement of learned fear as foot shock.
Norepinephrine activity in the amygdala is involved in me-
diating the influence of emotional arousal on memory con-
solidation, thereby enabling the strong recall of emotionally
significant events. The amygdala is critically important for
the acquisition and expression of conditioned fear [27,33].

Accumulated evidence suggests that GABAergic neu-
rotransmission plays a significant role in modulating the
reactivation of a forgotten fear memory [27,34]. Post-
training administration of GABA A receptor agonists has
been found to impair memory retention for fear, while
GABA A receptor antagonists facilitate it [34]. Dysfunc-
tion of the GABAergic system of the brain is one of the main
mechanisms of depression and anxiety. The same has been
found in animals. GABA receptors are involved in various
aspects of fear memory—acquisition and consolidation, re-
tention, reconsolidation, and extinction [35]. Relevant to
the phenomenology of A is the proposition that fear mem-
ory extinction results from new inhibitory learning, which
prevents the expression of the initially acquired conditioned
fear. Extinction is closely linked to the emotional domain
of adaptive behavior [36]. We would like to emphasize
the highlights of this theory without neglecting the unimag-
inable complexity of neural structures, networks, nodes,

transmitter systems, and plasticity involved in memory pro-
cesses. Impairment of fear memory extinction is a core cog-
nitive symptom in post-traumatic stress disorder (PTSD),
depression, and panic anxiety. Resistance to fear extinc-
tion has been observed in both humans and rodents dur-
ing adolescence, a vulnerable period for the onset of de-
pression and/or anxiety. Extinction is a form of emotional
regulation employed in the treatment of disorders charac-
terised by elevated levels of fear and/or anxiety. Essen-
tially, all brain activity is under inhibitory GABAergic con-
trol [37,38]. The therapeutic effect of medications like ben-
zodiazepines, used to treat generalized/panic anxiety, sleep
disorders, and epilepsy, is supported by the active inhibi-
tion of GABA [39,40], as well as in neurodevelopmental
disorders [41]. While benzodiazepines are commonly pre-
scribed for anxiety and also play a beneficial role in reduc-
ing the reconsolidation of unwanted memories, there is no
conclusive scientific evidence for their contribution to the
treatment of fear memory extinction impairment. However,
extinction represents new learning in the ongoing course
of experience—the repeated and systematic repetition of a
conditioned stimulus, unpaired with an unconditioned one
(for example, punishment or pain), is in itself a process of
forming a new association according to the schema: condi-
tioned stimulus and absence of pain/punishment. Accord-
ing to the principles of classical conditioning, the elimi-
nation of a stimulus can be seen as a change in associ-
ation. Fear memory learning and extinction refer to the
maintenance of two different associations supporting the
corresponding plasticity in the GABAergic system in cir-
cuits of the amygdala, prefrontal cortex, and hippocampus.
GABAergic system functioning in the amygdala has been
shown to decrease during the acquisition of a conditioned
fear response [42], and GABA transmission increases dur-
ing extinction [36,43,44]. It makes sense that similar stud-
ies of GABA transmission could be replicated in the context
of memory extinction for traumatic and/or emotionally sig-
nificant experiences when dealing with emotions other than
fear.

In terms of the neural trace of a forgotten memory or
memory engram, activation of the mitogen-activated pro-
tein kinase (MAPK) signaling pathway in the amygdala is
thought to correspond to the physical memory trace. MAPK
is known to be part of the intracellular signaling pathway in-
volved in experience-dependent plasticity [27,45,46]. Af-
ter immunohistochemistry of brain tissue, increased phos-
phorylated mitogen-activated protein kinase (pMAPK) was
found in the amygdala of rats conditioned in fear of discrete
white noise (CS, conditioned stimulus) and shock (US, un-
conditioned stimulus). This finding was absent in the tissue
of the control groups of rats in the same experiment [47].
Initial fear learning activates complex intracellular signals
involving glutamate release, activation of protein kinases
(such as MAPK), and protein synthesis, and disruption of
any part of their cascade impairs initial learning [48-50].

&% IMR Press


https://www.imrpress.com

Molecular, genetic, and epigenetic mechanisms also con-
tribute to the alteration of neural plasticity, interrelated with
memory functions, such as the epigenetic immunomodu-
lators brain-derived neurotrophic factor (BDNF), methyl-
CpG-binding protein 2 (MECP2), DNA methyltransferases
(DNMTs), and histone deacetylase (HDAC) inhibitors [51—
53]. Recent studies suggest that specific patterns of con-
nectivity of engram cells contribute differently to memory
storage and retrieval. After contextual fear conditioning,
mice were immediately injected with the protein synthe-
sis inhibitor anisomycin (ANI) or saline (SAL) as a con-
trol to examine engram pathways in the hippocampal DG
and related areas as entorhinal cortex (EC) and amygdala.
Findings after artificial disruption of memory consolidation
indicate altered pathways of memory engram reactivation.
Comparing the artificial disruption of consolidation (retro-
grade amnesia induced by protein synthesis inhibitor) and
the subsequent memory recall (light-induced activation of
DG engram cells) shows altered pathways for reactivating
memory engrams. Specifically, optogenetic activation of
DG engram cells leads to memory retrieval by reactivat-
ing engrams in downstream regions (hippocampal subfield
CA3 and basolateral amygdala in particular) that have also
been affected by systemic ANI injection. Researchers as-
sume that augmented synaptic strength is not crucial for
stored memory, but a rapid increase in synaptic strength is
likely to be more important during the encoding phase [54].
It is assumed that all forms of forgetting correspond to neu-
roplasticity associated with remodeling synaptic circuits or
switching engram cells from an accessible to an inaccessi-
ble state, as these processes are sensitive to the mismatch
between expectations and the environment [55]. The func-
tion and purpose of forgetting in humans are not yet fully
understood [56].

The conditioning of memory traces is dependent on
the hippocampus, with the following in mind—the hip-
pocampus is preferentially needed to acquire a trace asso-
ciation when the stimuli are distant in time, but not when
the relationship between them is already known. Chang-
ing the time intervals between the conditioned, uncondi-
tioned stimulus and trace conditioning (delay conditioning)
in animal experiments shows that they are able to shift the
conditioned response to accommodate a new temporal rela-
tionship (new time of onset of the unconditioned stimulus)
[57,58]. Moreover, it is the prefrontal cortex, rather than
the hippocampus, that is involved in the tracking response.
The deep nuclei of the cerebellum are also involved in the
establishment and maintenance of the conditioned response
[59]. The hippocampus responds to stimuli of all kinds, not
just those that suggest a trace [57,60—62].

Animals with severely reduced neurogenesis,
achieved through the use of an anti-mitotic agent, ex-
hibited impaired learning in a trace fear conditioning
task [63]. However, they were still able to learn the
task when utilizing the delay paradigm, demonstrating a
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shift in conditioned response. Thus, artificial reduction
of neurogenesis corresponds to an altered learning tra-
jectory. Reduced neurogenesis led to increased memory
persistence (in infant mice) following contextually condi-
tioned fear, while increased neurogenesis (via voluntary
running in adult mice) was associated with increased
forgetting [64]. In another experiment, animals treated
with bromodeoxyuridine (BrdU) to mark cells in the S
phase of mitosis were tested for differences (one week
after marker application) in learning in delay conditioning
and conditioning with explicit unpaired stimuli (the time
between random and unpredictable stimuli). In animals
that acquired memory traces, twice as many new neurons
were counted. Experience shows that the type of training
does not save neurons from death, but newly created
hippocampal neurons are sensitive to the formation of
memory traces. More difficult-to-learn tasks depend on the
hippocampus. For example, learning with spatial cues is
more challenging than learning with visual cues in a water
maze. Learning the change in discrimination is also more
difficult than the discrimination between two tones. Trace
conditioning depends on the hippocampus, whereas delay
conditioning does not [57]. A human study examined the
role of consciousness in the conditioning of memory traces.
Delay conditioning and eyeblink conditioning paradigms
were tested by having participants simultaneously watch
a silent film about which they were then debriefed. The
acquisition of a conditioned response was found to be re-
lated to levels of awareness of the stimulus contingencies.
The authors believe that people’s expectations for tracking
tasks determine the probability of a conditioned response.
Specifically, high expectations increase the likelihood
of a conditioned response. Age-dependent deficits were
observed in trace discrimination but not in forgetting
discrimination. These results suggest that the awareness
or knowledge of contingent stimuli may account for the
acquisition of a conditioned response in higher-order
discrimination tasks [63,65].

Recent insights into the anatomy and neurobiology of
memory trace and the involvement of consciousness pos-
tulate a higher-order organization of memory in the central
nervous system (CNS), modulated by learning, social ex-
perience, and neuroplasticity. It is likely that multimodal
methods that simultaneously assess a person’s cognitive and
affective functioning, as well as data from neuroimaging,
microbiological, and genetic studies, would be more reli-
able in providing evidence for the complex organization
of memory processes. This, in turn, could lead to a bet-
ter understanding of IA. After all, IA is not manifested by
memory deficits but by the difficult or impossible recovery
of autobiographical memories from early childhood despite
mature and preserved cognitive function. Whether it is ob-
jectified and what accounts for the selectivity of memory
(forgetting) in the context of IA is primarily a problem of
normal psychology.
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5. Experimental Assessment of IA in
Humans

A challenge in the study of IA is that experimental
tasks require a non-verbal nature, both in human infants and
in animal studies. The limited motor capabilities of children
under 1 year and the duration of the studies further com-
plicate the experimental process. The assessment of IA in
humans was originally based on the evaluation of memory
and learning, situated in three groups of methods—visual
recognition memory (VRM) paradigms, operant condition-
ing paradigms, and deferred imitation paradigms. Imitation
paradigms are based on the tendency of infants to repeat
the actions of people in their environment. They will not
be discussed in this article because we share the idea that
the ability to imitate is particularly dependent on the child’s
age and the level of his social, cognitive, and motor devel-
opment, which limits the application and full reliability of
these paradigms and makes them too relative [66]. Addi-
tionally, research on deferred imitation in humans has pri-
marily concentrated on the preverbal developmental stage,
which limits the discussion to nonverbal declarative mem-
ory [67]. We will reflect on the neuropsychological mech-
anisms of memory throughout the lifespan in terms of 1A.

Assessment of visual recognition memory involves
measuring fixation times when viewing a novel and a fa-
miliar visual stimulus. A variation of the method is the so-
called habituation task, in which a single stimulus is pre-
sented repeatedly until the infant’s interest in it wanes. A
new stimulus is then introduced, and the time to loss of in-
terest is again measured. These two times are then com-
pared [68,69]. Using operant conditioning methods, the
learning ability of infants has been investigated. For exam-
ple, in high-amplitude sucking tasks, infants receive a stim-
ulus in the form of a sound [70], visual [71], or taste [72]
signal when they reach a certain speed and interval between
suckings. This method revealed a perceptible preference for
the mother’s voice [73] in 3-day-old infants who had a max-
imum of 12 hours of postnatal contact with their mothers.
The infants had to suckle at a certain frequency to reproduce
the mother’s voice, adjusting the interval between individ-
ual suckles. Additionally, newborn human infants can rec-
ognize their mother’s voice, having perceived it during their
prenatal development [74]. Previous study has documented
infants’ preference for their mother’s voice and recognition
of language samples in children’s stories heard during preg-
nancy [75]. Pregnant women were asked to read the same
text to their unborn babies twice a day for six weeks before
their due date. Three days after birth, the scientists gave
the newborns the opportunity to change their sucking speed
to reproduce the paragraph read to them by their mothers
or another text. Regardless of who reads the passage—
the mother or another woman—babies change their sucking
speed just to hear the familiar text. Such dependency was
not observed in control groups of babies who had not sys-
tematically heard read-aloud texts before birth [73]. Cur-

rently, the concept of prenatal learning and memory is well-
defended in the literature [76,77].

Mobile conjugate reinforcement (MCR) experiments
in infants involve motor production, similar to the deferred
imitation concept [67]. In the classic demonstration of the
experiment, a band is attached to a baby’s leg and connected
to a stand with a brightly colored cell phone. When the
baby kicks, the cell phone moves, creating feedback labeled
as conjugate reinforcement. The harder or faster the baby
kicks, the more effective the audio and visual feedback.
Each session begins with a no-reinforcement period where
the band is not connected to the cell phone, and movements
remain unrewarded. The experiment is repeated at fixed
time intervals, comparing the kicking frequencies during
the non-reinforcement stages [78]. For some babies, a pe-
riodic reminder is applied before the session. In the first
minutes of conjugate reinforcement, infants’ kicking rate
tripled compared to control infants presented with identical
but unconditioned visual, auditory, and kinesthetic stimula-
tion (cord instead of cell phone) [78]. Earlier MCR exper-
iments demonstrated topographic response differentiation
and functional equivalence in young infants. More recently,
with a more sophisticated biofeedback system, infants have
been found to detect and reproduce specific hip and knee
movements of varying duration and direction when mobile
movements and sound are added. The continuous infor-
mation flow generated by the mobile device (movements
and sound) and the proprioception from the self-generated
movement is simultaneously analyzed [79,80]. A study
demonstrates that painful experiences in the infantile pe-
riod can influence the infant’s behavior during subsequent
painful experiences. The research involved comparing the
pain response to routine vaccination in two groups of male
babies—those circumcised with and without local anesthe-
sia. The study showed that boys circumcised without local
anesthesia cried significantly more and experienced greater
physical and emotional distress from the vaccination. It is
unlikely that this experience will be retained in the autobi-
ographical memory. However, it implicitly raises the ques-
tion of the association between pain, trauma, and memory

[81].

6. Discussion

This paper presents key neurobiological mechanisms
in TA research, shifting the focus from conclusions mainly
based on animal studies to a deeper understanding of hu-
man neuropsychological organization. What researchers
call the IA paradox is related to the lack of memories from
an early age, and it is different from memory loss or im-
paired memory. In practice, IA is a phenomenon observed
in mentally healthy individuals and is not primarily deter-
mined by a traumatic experience. The most influential the-
ories propose neurogenesis, learning, and neuroplasticity as
crucial mechanisms in explaining IA. However, they have
not been sufficiently investigated in humans, likely due to
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ethical concerns. On the other hand, inductive and robust
scientific approaches rely on shared neurobiological struc-
tures between humans and certain animal species. Assum-
ing that research on the phenomenology of IA in humans is
inherently vulnerable and that there are no medical consid-
erations for such studies, we would like to revisit IA from
the perspective of neuropsychoanalysis.

As ontological development progresses, mechanisms
of inherited memory undergo modification and individu-
alisation. At the operational level, learning and memory
become intricately woven into the nervous system, form-
ing a unified cognitive function of perception. Neurosci-
entific knowledge of the subprocesses integrated in mem-
ory function provides the most profound paradigm for un-
derstanding IA. The function of memory is not reduced to
just encoding, retention, storage, and retrieval of informa-
tion. Consolidation is an independent encoding process that
persists in storage. Consolidation has been convincingly
demonstrated in studies of memory decay following brain
injury or disease. While some aspects of memory are vul-
nerable, others are indestructible. More recent memories,
formed hours, days, weeks, or months before the injury, are
more valuable to neurological pathology. In contrast, older,
more distant memories are more persistent. We know this
time gradient as Ribault’s Law. Short-term memory (im-
mediate, working) and long-term memory represent a more
global mode of subprocessing. Short-term memory is en-
gaged with immediately perceived information, what a per-
son is currently experiencing and learning, but “long-term
memory begins a few seconds ago” (p.55, [6]). The inabil-
ity to retrieve a memory of an event from an hour ago or
the previous day is already a problem of long-term mem-
ory. Short-term memory has two aspects: (1) active re-
call, in which a person consciously keeps something in his
mind for some reason, and (2) passive, corresponding to
perception (objective reality, stimulus) [6]. The content of
consciousness is stored in the so-called buffer of conscious-
ness, which has a limited capacity. The buffer is maintained
through continuous rehearsal and can hold approximately
seven units of information. The momentary effects of exter-
nal perceptual stimuli in the basic core consciousness (ex-
isting only at the moment) are described by terms such as
ultra-short-term or iconic memory. Humans cannot encode
and store everything experienced. Much of the information
is excluded from attention during perception. Consolida-
tion continues the process of sifting (filtering) within mem-
ory storage systems. In this way, consolidation not only an-
chors but also releases memories that one does not want (or
cannot) keep. Trace decay is marked as active forgetting,
and suppression is marked as passive forgetting. Physio-
logically, short-term memory is maintained by reverberat-
ing circuits or groups of cells that work together in closed
(self-activating) circuits. The firing pattern plays a role
in information retention, serving as the neural correlate of
retention. The principle of this connectivity is known as
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Hebb’s law: cells that fire together are wired together. An
established reverberating circuit is more likely to be reac-
tivated. The wiring process transforms short-term memo-
ries into long-term memories in two dimensions. On the
one hand, through purely physiological cellular changes—
synapses connecting the cells in the circuit become more
permeable, so the cell is more likely to fire in response to
stimuli at the synapses that previously activated it. On the
other hand, through a constant anatomical process, the con-
tinuous firing of cells at certain junctions activates genetic
mechanisms in them, which in turn promotes the growth of
additional synapses at the same junctions. Temporary re-
verberating circuits have been shown to have a permanent,
trophic effect on the cells involved by producing increased
nerve tissue density. The trophic effect lasts throughout
life and is highly activity-dependent. Inactive synapses at-
rophy and die [6]. The formation of synapses, as well as
the influence of various endogenous and exogenous events
on their stability, predispose to neuropsychiatric disorders
[82]. The requirements for synaptic plasticity change dur-
ing ontogenetic development. Immediately after birth, the
human brain develops neural networks for perception and
programming innate behavior, with synaptic contact forma-
tion in the absence of sensory input. Processing new in-
formation, such as language, family, culture, etc. requires
higher levels of synaptic plasticity in contrast to mature age
stages [83]. The environment of birth and life activates part
of synaptic connections. They are strengthened, and under-
used ones are deleted—a process called synaptic pruning.
This pattern mechanistically suggests that neural connec-
tions activated in childhood may be discarded during later
stages of development simply because they are not needed.
It also suggests that people do not rely on the same circuits
in adulthood, as their life circumstances can change unpre-
dictably and radically. In this way, displaced childhood
memories disappear. These arguments suggest that IA may
be understood as a matter of memory decay [6]. Experi-
ments prove that fragmented memories - isolated moments,
presented most often in the form of a picture or emotion,
appear about half a year earlier than those for remembered
whole events. This leads to the question of whether the end
of infantile amnesia should be considered as the emergence
of the earliest fragmentary memory (at 3 and 1/3 years) or
of the entire episodic memory (at 4 years of age) [84].

There are two arguments against the idea that IA is a
matter of memory decay. Firstly, the distinction between
conscious and unconscious mechanisms. Conscious and
unconscious remembering are two qualitatively different
processes. Activating a trace is not the equivalent of con-
scious remembering. Long-term memory can be activated
and brought to awareness without accompanying experi-
ence; an example of this is reminiscence. The fact of be-
ing unaware of early childhood events does not mean that
traces are not activated. Neural networks that survive prun-
ing processes can serve as templates for the organization of
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later memories, functioning as stem circuits. They would
activate regularly, even without consciousness accessing
the events that originally formed them. Implicit memory
corresponds to the unconscious, and explicit memory cor-
responds to the conscious in the psychoanalytic paradigm.
Secondly, the IA phenomenon disrupts Ribault’s Law. Ac-
cording to psychoanalysts, childhood memories appear to
be forgotten, but they are robust and inaccessible to con-
sciousness due to repression. The inability of a person to
recall something consciously does not mean that he does not
implicitly know what happened. What a person remembers,
consciously or not, primarily depends on the involvement
of certain memory systems in the encoding and retrieval of
the memory. Specifically, if the episodic memory system
and early consolidation are involved in encoding the expe-
rience, one explicitly remembers it. If they are not engaged,
the event will fade from consciousness, but its indirect ef-
fects on behavior and beliefs may persist, as observed in
some forms of repression [6].

As is known, critical periods of development are as-
sociated to changes in neuroplasticity, during which the
nervous system is particularly responsive to certain expe-
riences. Sensitive periods are also observed in affective de-
velopment. Affective neural circuits in humans, or affective
plasticity, have been described that support affective learn-
ing [85]. Unlike motor and sensory systems, these circuits
undergo functional and structural changes in young adult-
hood [86]. Variations in early life experiences may perma-
nently alter the development and function of affective cir-
cuits [87]. It has been found that the process of fear learn-
ing maturation is nonlinear and influenced by experience-
dependent plasticity, including age epochs and critical de-
velopmental periods. Both the prefrontal and subcortical
circuits that regulate fear learning undergo changes from
childhood to adulthood [86]. The last observations in neu-
roscience largely support our proposal for IA as an aspect
of higher-order neurocognitive regulation.

The neurobiological evidence accumulated from the
studies on the mechanisms of TA supports the involvement
of functional and anatomical immaturity, along with the on-
going development of the nervous system, during the early
years of life in both humans and animals [10-24]. The in-
fluence of critical (sensitive) periods of learning and de-
velopment and age-dependent changes in memory [25,26],
in the study of TA follows the causal logic of the classic
scientific experiment, which is technically linear (chronol-
ogy of experience and observation). The concepts of con-
sciousness’s role in conditioning memory traces and in-
hibitory learning, along with the extinction of fear mem-
ory, propose a new approach. This approach suggests the
formation of a new association, a variety of reverse clas-
sical conditioning, where a conditioned stimulus is paired
with the systematic absence of an unconditioned stimulus
(such as the withdrawal of pain or punishment involved in
the initial fear association) [36]. This proposed approach

objectifies a possible research direction, favoring a natu-
ral experiment. In this perspective, we should consider the
following: IA is not specific to humans; it is a universal
phenomenon. IA implies emotional regulation of learning
(conditioning and inhibitory learning). The mechanisms of
IA are better delineated in the context of traumatic experi-
ences (memory extinction and repression). However, they
do not fully explain its nature, as it is universally observed
in healthy and cognitively preserved adults. The joint inter-
pretation of the neurobiological and neuropsychological di-
mensions of IA, based on the neuroscientific knowledge of
the memory subprocesses (encoding, information retention,
storage, retrieval, consolidation) and memory subsystems
(short-term memory, long-term memory, implicit memory,
explicit memory, episodic memory, etc.), as well as psy-
chological and psychoanalytic constructs (perception, con-
scious, unconscious, behavior, habits, beliefs) [6], seems to
overcome the paradox in understanding IA. Speculatively
speaking, TA is not a form of amnesia, rather, it is an effect
of higher-order memory function. Such an analysis requires
us to recognize that A is a matter of more complex univer-
sal neural encoding and regulation, allowing us to concep-
tualize IA as a meta norm in memory development.

7. Conclusions

Infantile amnesia is a complex psychodynamic phe-
nomenon, which emerges from nonlinear and complex neu-
robiological processes. It is considered as a critical part in
the development of both cognitive-affective mental systems
and their biological underpinnings in terms of neural cir-
cuits. As a part of development and adaptation, infantile
amnesia should be regarded as an adaptive mechanism in
the maturation of mind-brain mechanisms in response to en-
vironmental interactions. From that point of view we define
IA as developmental meta-norm rather than disturbance in
the normal memory functions. That would be one possible
future perspective of research, in particular with focus on
experimental paradigms, investigating IA in adult humans.
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