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Abstract

This paper reviews the development of perceptual and cognitive abilities during infancy and childhood as
reported in the literature to connect them with the same in adults. First, infants are engaged with encoding
perceptual information about objects and events in memory. When they acquire language skills, they begin to
associate words with these perceptual representations and to encode narratives they have heard. This enables
them to communicate to others what they have encoded and to reflect on it. Integrating perceptual encounters
with emotional loading renders them personally relevant and enforces their encoding. However, the encounters
experienced before the age of four years can rarely be recalled in adolescence or adulthood. Thus, beliefs
formed during infancy remain largely inaccessible to memory recall later in life, although they are fundamental
for individuals' behavior and the development of a person’s perspective.
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1. Introduction

In this review we aim at elaborating the developmental milestones of perceptual, cognitive and neural information
processing in relation to internal affective states in infants and children. This novel approach integrates working
memory, social interaction, language capacities and long-term memory as an over-arching framework that
affords shaping an individual's behavior. This framework is based on the psychomotor, perceptual and cognitive
development in infancy and early childhood that has been the object of scientific study for many years, as
reviewed recently [1]. When infants begin to interact with their environment, they associate their external
perceptions with their internal states. For example, in the first weeks after birth infants learn to establish eye
contact with their mother during feeding and learn that this connects them emotionally. They also experience
that the tactile sensation of sucking their mother’s nipples goes along with the cessation of hunger. Moreover,
caregivers and others interacting with an infant typically smile and respond enthusiastically, especially when the
infant reciprocates these behaviors. In such conditions, infants appear to develop the intuition that the people in
theirimmediate environment are trustworthy and eager to satisfy their needs. At the age of a few months, infants
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start to sample sensory information about the property and quality of the objects in their environment—first
those that are closer and later also those that are farther away [1]. These early representations of the environment
are typically emotionally charged and, thereby, become relevant to the infants. All this information is encoded
as neural representations in their brains.

As infants are known to possess only the capacity to execute mass movements of their limbs, including
their hands, they obviously have difficulties in exploring and handling small objects. This changes by the age
of six months when exploratory finger movements evolve, a process which continues beyond the age of 24
months [2, 3]. Moreover, as children grow physically, they become able to reach for objects above them and to
observe events behind an obstacle—tasks that were insurmountable to them when they were small. Likewise,
their hands get larger, with greater muscle strength, which allows them to routinely handle larger and heavier
objects. Furthermore, the brains of children continue to grow and reorganize in a dynamic and non-linear
fashion up to the age of nine years, as documented by diffusion imaging [4]. Due to this development, the
networks in the brain become more integrated with increasing strength and efficacy and a decrease in functional
modularity. These developmental changes are likely to affect the initial representations of infants and children
concerning the properties of objects and events such that they will be updated in proportion to these physical
changes.

During the various interactions with their caregivers, infants are also exposed to nursery rhymes and verbal
phrases well before they become capable of speaking themselves. Later children hear narratives such as nursery
rhymes, fairytales, and biographical stories. Although infants and children are typically touched by the emotional
loading provided by such narratives, the proportion of verbal information that is understood can be expected
to differ between infants below the age of 24 months and children beyond this age. Moreover, as verbal abilities
continue to develop, children become increasingly able to articulate what they think and believe. In addition,
they become aware of the feedback they receive. Furthermore, by exchanging views, children gradually become
members of communities and broader social groups [5].

Nevertheless, it is important to emphasize that people typically do not have memories of their infancy and early
childhood and can recall continuous memories only after the age of four years [6]. This phenomenon has been
termed “infantile amnesia”. Notably, the few memories that go back to the age of approximately four years were
reported to have a strong emotional content [7]. Accordingly, adults cannot recall most of their memories that
were formed in infancy and early childhood, although they were the basis of their actions during childhood
and probably also beyond. As many of the initial representations continue to be modified by new encounters
during adolescence and adulthood, it is a puzzle to understand how they determine social and cultural
behavior.

In this paper we address this puzzle by reviewing the evidence that is available in the literature. First, we describe
the milestones of perceptual and cognitive development during infancy, i.e., up to 24 months, and during early
childhood up to the age of four years. Then, the corresponding neural correlates are presented. This is followed
by a section that relates perceptuo-cognitive and emotional development to belief formation in infants and
children. Finally, we discuss with regard to the discourse with the humanities the development of the subjective
perspective in infancy and childhood for the control of behavior.
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2. Methodology

This theoretical paper aims at establishing a developmental framework for perceptuo-cognitive abilities
including the formation of beliefs in infancy and childhood. Because there are large numbers of empirical studies
on many specific aspects of the different capabilities pertinent to this goal, we capitalized on reviews and
meta-analyses that were published—preferentially in the last ten years—and are listed in PubMed. The reason
for this was that it would not be possible to cite every empirical paper on these topics within the limits of this
paper, nor would any attempt for selection be balanced.

3. Perceptuo-cognitive development

Perceptual and cognitive abilities concern a number of different cerebral functions that will be addressed below.
They have been reported to develop gradually in relation to the ontogenetic development of the body and, in
particular, the brain. This development starts in the fetus as was described recently. For example, at about 25
weeks of gestation painful stimuli can be processed, and at the 34th gestational week the fetus was found to
be able to discriminate between different sounds [8]. Specifically, music and speech can form stimulus-specific
memory traces and influence neonatal autonomic and neural reactions to different sounds [9]. Within the first
years after birth, children continue to develop a number of cognitive competencies that have been shown to
already be quite mature [10].

3.1. Working memory

Probably the most basic cognitive competence is the engagement of working memory that enables infants to
acquire the multimodal properties of objects and to assess events (Figure 1). This capacity has been shown to
be independent from other cognitive abilities such as number approximation [11]. The representation of objects
in working memory has been stated to encompass the number of items and the number of details that each of
these items can hold. Both facets have been shown to increase in early childhood [12]. A meta-analysis of twelve
reports has revealed that infants aged 10 to 20 months have an information processing limit of maximally three
objects [13]. Children of the age of about 2.5 years were shown to have the ability to remember three objects
in their locations if the objects were all unique, but failed when the objects shared features such as shape
or color [14]. Notably, infants of only four months of age have a sensitivity to discriminating short temporal
sequences but fail with sequences with long durations [15]. This points to a limited capacity for assessing
temporal events. Moreover, 10- to 12-month-old infants could identify that four syllables were the same, while
they failed to do so when five to six syllables were presented to them [16]. This suggests that infants of this age
group can process short verbal expressions but encounter difficulties with narratives. Using a delayed spatial
alternation task it was found that the working memory capacity improved with increasing age in infants [17]. This
has been shown to continue during the elementary school period through to adolescence and adulthood [18].
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Figure 1. Timeline of the milestones of perceptuo-cognitive development in infants and children as evident
from recent empirical studies: Recognition of the concept of “mother” and “self” [19] and categorization of
emotions [20] occur within the first year. Tactile exploration [2, 3] and online processing of three objects [13]
emerge in the second year. Learning of abstract words [21], fragmented reports about experiences [22] and
saying all words known [23] occur after the age of two years. Understanding the thoughts of others [19] and
knowing how to behave according to social norms [24] manifest between three and five years. Syntactic
proficiency evolves at the age of seven to eight years [25].

3.2. Social interaction

The second competence to be acquired in infancy is social interaction. From birth onward, infants engage in
innumerable social encounters and actively explore their environment long before they are able to express
themselves verbally [1]. By as early as ten weeks of age infants respond distinctively to their mother’s facial
expression of joy; however, they do this in a more or less reciprocal fashion (Figure 1). But between only 2
and 6 months, infants develop the ability to act spontaneously, which is suggestive of a sense of self [19].
Moreover, between 3 and 4 years, children develop meta-cognitive abilities such that they understand that
other individuals have thoughts and desires that may differ from their own [19]. This corresponds to a theory
of mind ability being fully developed in children at the age of six years [26]. Interestingly, it is tightly related
to the subjective experience of hope that has been reported to evolve in early childhood [27]. It was argued
that hope results from the tension between existential fear and fundamental trust in caregivers. Importantly,
early in life infants must establish trust in their primary caregivers, who reliably provide the care necessary for
their survival [28]. For example, one of the first social achievements of an infant is their ability to let the mother
or caregiver out of sight without fear and panic. Accordingly, the child apparently experiences consistency
and continuity and is likely to develop trust in this person. Based on such early experiences children have
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been said to become socialized [29]. At the age of three to five years children also understand what they are
expected to do and what to refrain from doing, as has been observed in a similar fashion among different cultural
environments [24].

3.3. Language

A third cognitive competence is that children develop the capacity to verbally express what they think and feel
(Figure 1). While events experienced in infancy before the age of about 18 months do not seem to be verbally
accessible, events experienced in early childhood between 18 and 36 months can be reported in a fragmentary
fashion [22]. During this same time, children realize that their desires are highly emotional for them [19]. However,
only from around 36 months of age can children provide coherent accounts of their past experiences and
retain these memories over extended periods [22]. This development was described as consisting of four
components: (1) a multimodal input of sensory signals from the environment, (2) active adaptive learning by
repetitive interaction with objects and people in the environment, (3) building of neural representations in
the brain that facilitate recognition of the environmental input, and (4) adaptive learning during the dynamic
developmental change [30]. In fact, there seems to be a bottom-up construction of neural representations in
the brain as well as a top-down modulation of the interaction with the environment in the iterative process of
knowledge acquisition. In serial reproduction experiments, words acquired earlier in life were found to be more
concrete, more arousing, and more emotional and, therefore, more likely to survive retellings [31]. Moreover, in
large retelling studies it was found that appraisals of happiness, sadness, and embarrassment showed high
preservation, whereas disgust and risk were not preserved [32]. Thus, emotion appraisals seem to serve as
anchors for the remembering and retelling of stories.

However, the acquisition and use of words by children have been found to be gradual. At about 7 to 8 months
children begin to segment words from larger units of speech, which has been found to be predictive of their
vocabulary at about two years [33]. That is, children individuate single words from continuous speech and
associate them with intended referents in the environment [34]. By 12 months, children produce their first signs
or words and by 24 months children link signs and words [29]. At the age of 18 to 24 months, children were shown
to learn words best when their caregivers used gestural cues and when there were more potential referents and
there was referential ambiguity for words [34]. At about two years, children say many fewer words than they
understand and use no verbs, although they understand many. This is followed by a phase when children say all
the nouns they understand and begin to use verbs, which coincides with the increasing capacity of the child’s
semantic memory [23].

A child’s overall vocabulary is likely to reflect the range of concepts a child can hold. For example, at the age of
22 to 24 months there is a prominent progression in the acquisition of words denoting abstract concepts [21].
Words acquired between 2 and 4 years are more salient and easier to process than words acquired at the age
of 7 to 8 years. In addition, the words acquired earlier are more stably represented within the community’s
language [35]. Generally speaking, concrete words are rooted in sensory experience, whereas abstract words
are grounded in their associative use in language [36]. Moreover, abstract words with emotional valence have
been found to be learned better than neutral abstract words by children up to the age of 8 to 9 years [37].
Word valence, interoception, and mouth action facilitate abstract word acquisition more than concrete word
acquisition, showing that emotion and oral sensorimotor activity are important for abstract word acquisition
in children [38]. The list of over 40.000 words the authors used in one study included nouns, adjectives and
verbs. Importantly, more positive and more negative abstract verbs were found to be acquired at an earlier age
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than neutral abstract words [39]. Although sensorimotor experience is central to children’s learning of concrete
words, the combination of social and emotional experience has been shown to facilitate the acquisition of
both concrete and abstract words [40]. By the age of 8 there is a significant increase in abstract words in
the child’s lexicon and proficiency in syntactic ability [25]. Conversely, children developing normally are more
accurate in defining concrete and abstract words than children with a developmental language disorder [41].
Specifically, children were found to have a conceptual understanding of mercy in religious contexts but not in
secular contexts [42]. One should be aware, however, that words are arbitrary and conventional sounds that
signify objects and events, whereas their meanings are determined by social agreement [43].

3.4. Long-term memory

The fourth cognitive capacity is the encoding of information and the capability to actively recall it. Long-term
memory includes declarative memory for properties of objects as well as episodic memory for events [44]. For
example, the encoding of visual stimuli (photographs) was reported to be an expression of the memory-based
looking behavior that evolves as early as at one year of age [45]. Moreover, the notions of self and of language have
been shown to support the emergence of mature autobiographical memory [46]. This development has been
ascribed to changes and growth in neural connectivity in the brain. Conversely, memories of events from early in
infancy and early childhood can barely be recalled later in life (Figure 2). This has been termed infantile amnesia
and ascribed to high rates of hippocampal neurogenesis [46]. This high neurogenesis was found to compromise
the manifestation of original memory traces by causing an inability to form lasting memories [6, 45]. Conversely,
there is evidence that “forgotten” early-acquired memory traces can affect a variety of behavioral responses
later in life [47]. New empirical studies, however, suggest that people can recall a lot of memories from their
preschool years, exceeding what had been published earlier [48]. Because memory recall has been described
as independent of the framing context of the memories to be recalled [49], a recall of perceptual experiences is
apparently independent from stating verbally what happened. Thus, the ability to recollect infantile memories
apparently requires an age-dependent maturation of the brain [50].
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Figure 2. Interpolated graph showing the prominent increase in the number (#) of memories that can be stated
in free recall after the age of four years (data from [6]).
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4. Neural basis for the perceptuo-cognitive development

Following the description of the development of perceptual and cognitive processing in infancy and childhood
the neural basis of this development will be presented in this section. There is evidence from in vivo magnetic
resonance imaging that the human cortical microstructure involving myelin formation changes profoundly
around birth [51]. Functional imaging has shown that information about social interactions is processed in the
superior temporal gyrus in children as young as 3 years of age and evolves to an adult-like property by the age
of 7 [52]. The online memory encoding of photographs during infancy has been related to greater activity in
the hippocampus, as shown by functional magnetic resonance imaging [53]. Remembering sensory information
such as familiar people was found in a small study to activate a widespread cortical network including the
left posterior cingulate cortex, the left anterior orbitomedial cortex, the anterior middle prefrontal cortex, the
precuneus, the posterior inferior parietal cortices, and the right posterior cingulate [53]. Moreover, recollection
of externally experienced real events in autobiographical memory has been shown to involve the ventral medial
prefrontal cortex as well as the retrosplenial cingulate cortex [54]. These networks do not include the parietal
cortex, which is corroborated by the finding that patients with lesions of the parietal lobe exhibit a normal
recollection of the context in which events were experienced [55]. Importantly, encoding of scenes that later
caused flashbacks was associated with activation of the amygdala, striatum, thalamus, rostral anterior cingulate
cortex, and ventral occipital cortex [56]. However, flashbacks in acute traumatic stress disorder involve the
posterior cingulate gyrus [57]. It ought to be mentioned that cortical activity is differentially related to that in
the subcortical structures. For example, resting-state imaging in adolescents and young adults revealed that
enhanced functional connectivity of the ventral striatum with the subgenual cingulate and medial orbitofrontal
cortex was related to reward processing and decreased between these areas related to executive functions [58].
The dorsal striatum that is preferentially related to sensorimotor processing showed the opposite pattern.

An important domain concerns autobiographic narratives that become encoded in memory. Recently, meta-
analyses encompassing a large number of different imaging studies and employing point-by-point statistical
likelihood estimations of the original imaging data have shown that the left hippocampus and the posterior
cingulate cortex are central structures related to the construction and subsequent active elaboration of
autobiographical memories [59]. In addition, there were differences, such as the fact that the ventromedial
prefrontal cortex and the left angular gyrus, right hippocampus, and precuneus were found to participate
in the construction, while the right inferior frontal gyrus was active in the elaboration of autobiographical
memory. Furthermore, recollection of recent episodic autobiographical memories activated the angular gyrus,
dorsomedial prefrontal cortex, and the hippocampus, whereas remote episodic autobiographical memories
activated the posterior cingulate cortex [60]. This is supplemented by findings that showed that recall of happy
life events engaged beyond the hippocampal formation also the anterior medial prefrontal gyrus and cingulate
cortex as well as the basal ganglia and thalamus [61]. This contrasts to conceptual knowledge that was reported
to be related to a bilateral activation of the anterior temporal lobes with a left lateralization for written words
or word retrieval [62]. It should be emphasized that prefrontal cortical networks contribute only indirectly to
memory functions as they carry out higher order algorithms that transform immediate sensory, memory, and
internal information to perform flexible functions such as inference, planning, delayed responses or rule use [63].

5. Development of conceptual constructs in infancy

As described above, infants experience their mothers or caregivers with many different attributes. Most
importantly, the babies experience the physical warmth of their mother's body and the hunger-stilling milk
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their mothers give to them. They also are likely to notice the transient character of the availability of milk in
the individual feeding episodes. Also, babies typically intensely watch their mothers and learn to discriminate
the emotional face expressions of their mother. In addition, they notice that other people turn to them and
approach them typically with friendly inclination. As infants encode this multifaceted information coming from
their surroundings, they apparently begin to establish an integrated concept of “mother” that becomes manifest
as early as at approximately two months of age and a concept of “self” by around six months (Figure 1). Also,
young children have been reported to learn from others by evaluating their competence and reliability, as well
as by interpreting communicative acts they observe [64]. In consequence, they apparently trust those who are
truthful and well-meaning, and who keep their promises [28]. Notably, these processes seem to manifest in a
prelinguistic manner and long before children become verbally able to articulate their memories [6].

In addition, infants hear communication with them as well as that between other people and, thus, learn that
language transmits information. Furthermore, infants are probably accustomed to combining varied perceptual
and emotional information into a comprehensive concept of a feeding, caring, and communicating subject that
is labeled with one of the first words infants can utter themselves, namely mom, mama or papa. Mother or father
is the first superordinate concept infants typically develop comprising empirical, relational and conceptual
contents [65]. Notably, this representation becomes associated with higher emotions such as trust, safety,
satiety, encouragement and awe [66]. To build such emotionally loaded supraordinate concepts requires the
capacity to recall this composite information from long-term memory and hold it online—at least partially—in
conscious awareness for an extended period of time [65].

In this manner, infants can be hypothesized to acquire the concept of “self”. This notion involves awareness of
bodily integrity, including interoceptive sensations related to bodily functions, such as production of saliva, urine,
and stools, the outpouring of blood upon injury, and emotional states like hunger, pain, and discomfort and their
temporal durations [67]. Importantly, all these experiences are heavily emotionally charged. Over time, infants
also recognize that they possess individual wishes and intentions that may differ from those of others [1]. In
this way, infants seem to learn that certain items belong to themselves and not to others and develop a notion
of self that can be articulated and communicated to other people. In other words, they appear to develop a
superordinate “me”-concept that combines physical properties, transient events, and narratives [65].

6. Relation of perceptuo-cognitive abilities to belief formation in infancy
and childhood

In the previous section we described that the conceptual constructs infants develop may be strongly loaded
with emotions. Thereby, conceptual constructs accord with the credition theory on the nature of beliefs and
believing [68]. We would like to point out that beliefs have been defined to represent external information in
a probabilistic and emotionally charged fashion as depicted in Figure 3. The encounters of an individual in the
environment are encoded in memory [69]. Beliefs prompt individuals’ actions and attitudes and thereby facilitate
someone behaving consistently and in a predictable manner over time [70]. Beliefs become stabilized and,
thereby, determine an individual's behavior by reinforcement learning that is known to occur through subcortical
brain circuits involving the cerebellum and the basal ganglia [71]. Thus, from a conceptual perspective, beliefs
link the past of an individual with that individual’s future. Full epistemological status as a belief, however, requires
that such constructs are associated with the articulation of a predictive proposition whose validity and truth
content is presupposed by the subject [72]. In contrast, initial infantile beliefs do not appear to be bound to
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language but rather correspond to the primal beliefs that in adults manifest in a prelinguistic fashion concerning
perceived properties of objects and events [73].
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Figure 3. Model of belief formation and updating consisting of the neuro-cognitive processes that occur outside
conscious awareness (left side) and of intentional verbalization and reflective processing of what one believes
(right side). Belief formation results from the integration of perception of external information with the affective
state of the individual affording the generation of actions and attitudes. Beliefs are enhanced by reinforcement
learning or are modified in case of relevant prediction errors. After a subject becomes aware of what he/she
believes, this can be expressed verbally as a proposition and determines the subject’s perspectives. Dotted
arrows signify feedback processing. Further developed from [68].

It is essential for beliefs that the multifaceted sensory information that characterizes any encounter concerning
physical properties, episodic context, and associated causal explanations becomes affectively charged in terms
of their subjective relevance (Figure 3). This emotional charging occurs fast and outside conscious awareness
as it results from anxiety causing reflexive fleeing or, from the opposite, namely pleasure, which may lead
to indulging in the given situation [74]. Accordingly, beliefs link perception to behavior such that the actions
and attitude in response to threat or pleasure evolve within a fraction of a second. Moreover, beliefs may be
modulated when new relevant information deviates from pre-existing belief-based predictions. The right-hand
side of Figure 3 shows that subjects can become aware of what they believe, develop a personal perspective,
articulate it and communicate it to other people [75, 76]. This also allows the individual to reflect upon his/her
own behavior and perspectives and to control the behavior voluntarily [65]. This accords with the notion that
positive and negative emotions have been shown to make memories easier to retrieve, more richly experienced
upon recollection, and more likely to influence behavior [77]. Moreover, the emotional context enhances the
recollection of items from memory [7]. Notably, however, Figure 3 signifies that a belief is a verbal term for the
putative reason that someone infers from what another person has done or said [68].

Human behavior comprehends short-term and long-term goals that are characteristic for an individual. In fact,
such an attitude has been described to be determined by both the properties of external stimuli and the
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subjective emotion they induce [78]. In other words, attitude is a personal expression of an underlying belief that
capitalizes on the multitude of highly differentiated emotions including such as awe [79]. Like beliefs, attitudes
manifest outside conscious awareness as depicted in Figure 3. When infants around six months of age [19]
become aware of themselves, they begin to employ a first-person perspective (Figure 3). Only in their second
year, however, do infants become aware of what they are doing as well as how and why [80, 81]. As soon as they
can articulate this, they use verbs to describe their actions through utterances like “I do”, “l believe”, “I trust”, “I
know”, etc., that have been argued to be universals [82]. Also, children develop an introspection concerning their
own feelings (Table 1). Introspection into one’s momentary emotional state evolves further during childhood and
is particularly influential in adolescence [83]. It can make people aware of their emotional state and describe
the reason that caused it. Moreover, the personal engagement caused by a certain environmental condition is
characterized by the person’s hope that something desirable may be achieved in the future [84]. Likewise, an
individual may be in grief and mourn about a lost person or opportunity. Furthermore, empathy and theory of
mind have been reported to occur in the age range from three to six years [19, 26]. This allows for a perspective
towards other people (Table 1). Such a commitment towards other people and their affairs is the basis for
understanding the emotional state of a companion and the reasons for their behavior [85]. When children pick
up the meaning of narratives, they learn that people are expected to adhere to social norms and rules that are
usually formalized in verbal scripts. By playing games, e.g., with their parents, siblings or others, children typically
learn to comply to such norms and rules. Thereby children can be predicted to attain the notion of responsibility.
Conversely, an individual's aversion may cause an individual not to care about other persons’ affairs or even to
hate them.

Infantile beliefs are hardly static and, similarly to beliefs in adults, likely to be modified in response to new
information that contradicts or obviates prior experiences [69]. These processes can be expected to be
particularly pronounced during infancy and childhood due to the extensive postnatal perceptive and cognitive
development driven by the rapid growth and reorganization of the human brain. Thus, children’s experiences
become increasingly differentiated and accurate. As described above, primal beliefs about objects and events
are likely to manifest in infants and children in a similar fashion as in adults and allow for interpreting future
encounters in a predictive manner [73]. Therefore, primal beliefs correspond to primals, priors and “bias” as
described by Imhoff & Oeberst [86]. Notably, however, primal beliefs should not be confused with primal world
beliefs [87]. In contrast to primal beliefs, the so-called primal world beliefs involve the semantic term “world”
that has been shown to be a superordinate concept [65] and attributes such as “safe” or “dangerous”. These
semantic attributes are dichotomous being inferences arrived at by conscious awareness.

Belief formation in children older than four years becomes increasingly complex, as children are exposed
not only to perceptual experience but also more and more to narratives of different sources. Accordingly,
social-emotional representations have been shown to be less differentiated in children aged six to twelve
years than in adults [88]. In fact, it takes children a number of years to become competent in understanding
social-emotional aspects of verbal statements. For example, children’s ability to evaluate testimony with regard
to intent, knowledgeability, and trustworthiness increases over time [64]. Likewise, children of four years of age
already have good theory of mind capabilities; they have been shown to be more proficient in reasoning about
other persons’ intent or helpfulness than children at three years old [89]. Importantly, infants and children notice
when other people share their beliefs and prefer individuals who like what they like [5].
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Table 1. Subjective perspectives and corresponding verbal expressions as developed in childhood.

Oneself Verbal descriptions

| am delighted to...

| am interested in...

| am prepared to...

| am convinced that...

Introspection: | am confident that..

| am afraid of...

| am upset by..

| am disgusted by...

| am desperate because..

Personal engagement:

Hope | hope that..

Grief | mourn because...

Commitment to other people and their affairs:

| share your joy that...

Empathy
| feel sorry for you that...
Theory of mind | understand that you...
Responsibility | accept our norms and rules that...
Aversion:
Neglect | do not care that...
Antipathy | hate you for...

This list of verbal descriptions is not exhaustive.

7. Discussion

During the first four years of life, humans undergo a profound developmental trajectory concerning the
acquisition of perceptual information and cognition that is fundamental for determining individuals’ behavior.
Humans rely on this over-arching framework not only in childhood but also during their entire life—in particular,
also during adulthood. The neural circuits in the brain related to sensory processing develop during fetal life
and continue to mature after birth [90]. These changes evolve in a use-dependent manner that has been
attributed to ontogenetic neuroplasticity—a process that is particularly prominent during infancy and childhood
but continues throughout adult life [20]. Under typical conditions, the human sensory systems provide reliable
information about external states. Moreover, infantile exploratory object manipulation has been reported to
stimulate cognitive development and predicts later cognitive performance [91]. Thus, sensory perceptions
become more differentiated and developed in relation to the evolution of an infant’s exploratory skills. In addition,
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infants appear to learn in parallel that their perceptions may be emotionally charged and have relevance to them.
Emotional categories for information such as appealing, frightening, annoying, and disgusting can be deciphered
reliably by infants at the age of 10 to 12 months [92]. Importantly, infants and children seemingly believe their
emotionally charged perceptions and trust them intuitively as is most evident from their attitude towards their
caregivers [1]. As infants lack linguistic abilities, these early beliefs can be expected to evolve in a prelinguistic
manner but may be expressed verbally once sufficient language capacities have developed. Although most
information acquired during the first four years of life cannot be recalled later during adolescence and adulthood,
emotionally salient experiences are more likely to be retrieved from memory and be expressed in the format of
propositions [31]. Such early beliefs may correspond to what has been called a priori knowledge, as coined by
philosophy, and determine an individual's behavior and perspectives on the world.

The acquisition of information concerns various aspects such as the multimodal dimensions of objects and
dedicated interactions of infants with objects, other humans and animals, as well as exposure to narratives. The
more frequently infants and children are exposed to these different kinds of information, the more confident
they become that they are true and trust and believe them [1]. It can be hypothesized that children, like adults,
have a high competence for developing trust when the information is accompanied by a prominent emotional
engagement. Only much later, however, when children reach the age of eight to thirteen years, watching of
video clips can evoke the emotion of awe as indicated by an exhibited increased respiratory sinus arrhythmia
that is an index of parasympathetic nervous system activation associated with emotional engagement [93].
Furthermore, it is well known that only in puberty and adolescence do the emotional, psychosocial and cognitive
capacities develop further [83]. This development has been reported to include a number of capabilities such
as the emergence of abstract thinking, a growing ability to adopt the perspectives and viewpoints of others,
an increased ability of introspection, the establishment of values, and the emergence of coping strategies to
overcome problems [94]. It should be acknowledged, though, that fluid intelligence, namely fast and logical
problem solving, peaks at the age of about 20 years, while the ability to make use of acquired knowledge and
skills (crystalized intelligence) continues to increase in capacity up to the age of 40 to 65 years, with particular
emphasis on emotional intelligence and core personality traits [95]. Accordingly, beliefs can be hypothesized to
change and thus become progressively differentiated during a person'’s lifetime.

Similarly to adults, primal beliefs about objects and events acquired in infancy and childhood are formed rapidly,
signal an individual's experience and possess a truth value only for the individual who holds them [68]. In contrast,
conceptual beliefs, including autobiographical, religious, political and science-based beliefs, are grounded in
narratives that require longer episodes for apprehension than, for example, tactile or visual exploration of objects.
Therefore, comprehending the content of a narrative depends heavily on the working memory capacity and the
conceptual properties of infants and children. Notably, children appear to conceptualize unobservable scientific
information and religious entities in similar ways [96]. Likewise, for children aged three to eight, Santa Claus
and God share some concrete attributes but seem to differ in those that are more abstract [97]. Accordingly,
children seem to be imprinted with a God image from an early age onwards and may retain the belief into
adulthood. While these processes appear to be universal, their contents may vary across different socio-cultural
environments and are likely to be related to different rituals. For example, a between-ethno-religious-group
comparison of Hindu people in Mauritius found evidence supporting the notion that rituals play an important
role in human societies as mechanisms for managing perceptions of costs and enhancing social cohesion
and emotional well-being [98]. Such behavioral manifestations definitely go beyond the sensorimotor system
and encompass other systems such as affect, mentalizing and tracking analogs that can be differentiated
linguistically [99] but are integral components of beliefs. Upbringing in a religious environment, compared to
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upbringing in a non-religious environment, however, does not affect executive functions in adulthood such as
cognitive flexibility that are known to be mediated by the prefrontal cortex. In contrast, active religious practice in
adulthood has been associated with reduced cognitive flexibility as measured with standard neuropsychological
tests [100]. Accordingly, the experience of children varies not only between their families but also today with
respect to what they are exposed to via digital equipment. One may hypothesize that this may explain the
growing heterogeneity of religious and political beliefs in contemporary Western societies.

8. Conclusions

This work demonstrates that early in infancy prelinguistic, emotionally charged experiences of objects and
events induce the first primal beliefs. As language capacities develop, children become able to recall their
perceptual encounters and to verbally express the contents of their thoughts and their subjective perspectives
towards themselves and other people, including their affairs. Understanding these processes is crucial, as this
provides the foundational scaffolding for later cognitive, social, and cultural belief systems that are likely to shape
human behavior across the lifespan. Longitudinal studies may shed further light on the role of these processes.

Funding

This research received no external funding.

Author contributions

Conceptualization, R.J.S.; methodology, R.J.S.; formal analysis, R.J.S.; writing—original draft preparation, R.J.S,;
writing—review and editing, AMK, R.F.P, N.D. and H.-F.A,; visualization, R.J.S. All authors have read and agreed
to the published version of the manuscript.

Conflict of interest

The authors declare that they have no competing interests.

Data availability statement

No new data was created or analyzed in this study. Data sharing is not applicable to this article.

Publisher’s note

Academia.edu Journals stays neutral regarding jurisdictional claims in published maps and institutional affilia-
tions. All claims expressed in this article are solely those of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may
be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Academia Neuroscience and Brain Research 13


https://doi.org/10.20935/AcadNeurosci8401
https://www.academia.edu/journals/academia-neuroscience-and-brain-research?source=all-journals-page

2026, Vol 2 10.20935/AcadNeurosci8401

Copyright

© 2026 copyright by the authors. This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY) license.

References

10.

n.

12.

13.

14.

15.

16.

17.

Mascolo MF. Theorizing “primal world beliefs": a relational-developmental account. Hum Dev. 2024; 68 (4):
159-70. doi: 10.1159/000540595

Ferre CL, Babik I, Michel GF. Development of infant prehension handedness: a longitudinal analysis during
the 6- to 14-month age period. Infant Behav Dev. 2010; 33 (4): 492-502. doi: 10.1016/].infbeh.2010.06.002
Morange-Majoux F. Manual exploration of consistency (soft vs. hard) and handedness in infants from 4 to 6
months old. Laterality. 2011; 16 (3): 292-312. doi: 10.1080/13576500903553689

Mousley A, Bethlehem RAI, Yeh F-C, Astle DE. Topological turning points across the human lifespan. Nat
Commun. 2025; 16 (1): 10055. doi: 10.1038/s41467-025-65974-8

Heiphetz L. The development and importance of shared reality in the domains of opinion, morality, and
religion. Curr Opin Psychol. 2018; 23: 1-5. doi: 10.1016/j.copsyc.2017.11.002

Josselyn SA, Frankland PW. Infantile amnesia: a neurogenic hypothesis. Learn Mem. 2012; 19 (9): 423-33. doi:
10.1101/Im.021311.110

Ventura-Bort C, Katsumi Y, Wirkner J, Wendt J, Schwabe L, Hamm AQ, et al. Disentangling emotional source
memory: a mega-analysis on the effects of emotion on item-context binding in episodic long-term memory.
Front Psychol. 2024; 15: 1459617. doi: 10.3389/fpsyg.2024.1459617

Kadic AS, Kurjak A. Cognitive functions of the fetus. Ultraschall Med. 2018; 39 (2): 181-9. doi: 10.1055/s-0043-
123469

Movalled K, Sani A, Nikniaz L, Ghojazadeh M. The impact of sound stimulations during pregnancy on fetal
learning: a systematic review. BMC Pediatr. 2023; 23 (1): 183. doi: 10.1186/s12887-023-03990-7

Cainelli E, Stramucci G, Bisiacchi P. A light in the darkness: early phases of development and the emergence
of cognition. Dev Cogn Neurosci. 2025; 72: 101527. doi: 10.1016/j.dcn.2025.101527

Dell’Acqua R, Sessa P, Brigadoi S, Gervain J, Luria R, Doro M. On the functional independence of numerical
acuity and visual working memory. Front Psychol. 2024; 15: 1335857. doi: 10.3389/fpsyg.2024.1335857
Cowan N. Mental objects in working memory: development of basic capacity or of cognitive completion?
Adv Child Dev Behav. 2017; 52: 81-104. doi: 10.1016/bs.acdb.2016.12.001

Wang JJ, Kibbe MM. “Catastrophic” set size limits on infants’ capacity to represent objects: a systematic
review and Bayesian meta-analysis. Dev Sci. 2024; 27 (4): e13488. doi: 10.1111/desc.13488

Chen C, Kaldy Z, Blaser E. Coding of featural information in visual working memory in 2.5-year-old toddlers.
Cogn Dev. 2020; 55: 100892. doi: 10.1016/j.cogdev.2020.100892

de Hevia MD, Macchi Cassia V, Veggiotti L, Netskou ME. Discrimination of ordinal relationships in temporal
sequences by 4-month-old infants. Cognition. 2020; 195: 104091. doi: 10.1016/j.cognition.2019.104091
Hochmann J-R. Representations of abstract relations in infancy. Open Mind Discov Cogn Sci. 2022; 6: 291-
310. doi: 10.1162/opmi_a_00068

Horton MK, Zheng L, Williams A, Doucette JT, Svensson K, Cory-Slechta D, et al. Using the delayed spatial
alternation task to assess environmental associated changes in working memory in very young children.
Neurotoxicology. 2020; 77: 71-9. doi: 10.1016/j.neuro.2019.12.009

Academia Neuroscience and Brain Research 14


https://doi.org/10.20935/AcadNeurosci8401
https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.1159/000540595
https://dx.doi.org/10.1016/j.infbeh.2010.06.002
https://dx.doi.org/10.1080/13576500903553689
https://dx.doi.org/10.1038/s41467-025-65974-8
https://dx.doi.org/10.1016/j.copsyc.2017.11.002
https://dx.doi.org/10.1101/lm.021311.110
https://dx.doi.org/10.3389/fpsyg.2024.1459617
https://dx.doi.org/10.1055/s-0043-123469
https://dx.doi.org/10.1055/s-0043-123469
https://dx.doi.org/10.1186/s12887-023-03990-7
https://dx.doi.org/10.1016/j.dcn.2025.101527
https://dx.doi.org/10.3389/fpsyg.2024.1335857
https://dx.doi.org/10.1016/bs.acdb.2016.12.001
https://dx.doi.org/10.1111/desc.13488
https://dx.doi.org/10.1016/j.cogdev.2020.100892
https://dx.doi.org/10.1016/j.cognition.2019.104091
https://dx.doi.org/10.1162/opmi_a_00068
https://dx.doi.org/10.1016/j.neuro.2019.12.009
https://www.academia.edu/journals/academia-neuroscience-and-brain-research?source=all-journals-page

2026, Vol 2 10.20935/AcadNeurosci8401

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Forsberg A, Adams EJ, Cowan N. Why does visual working memory ability improve with age: more objects,
more feature detail, or both? A registered report. Dev Sci. 2022; 26 (2): €13283. doi: 10.1111/desc.13283
Tousignant B, Eugene F, Jackson PL. A developmental perspective on the neural bases of human empathy.
Infant Behav Dev. 2017; 48 (Pt A): 5-12. doi: 10.1016/].infbeh.2015.11.006

Tau GZ, Peterson BS. Normal development in brain circuits. Neuropsychopharmacology. 2010; 35 (1): 147-68.
doi: 10.1038/npp.2009.115

Bellagamba F, Borghi AM, Mazzuca C, Pecora G, Ferrara F, Fogel A. Abstractness emerges progressively over
the second year of life. Sci Rep. 2022; 12 (1): 20940. doi: 10.1038/s41598-022-25426-5

Fivush R. Children’s recollections of traumatic and nontraumatic events. Dev Psychopathol. 1998; 10 (4):
699-716. doi: 10.1017/s0954579498001825

Goldin-Meadow S, Seligman MEP, Gelman R. Language in the two-year old. Cognition. 1976; 4 (2): 189-202.
doi: 10.1016/0010-0277(76)90004-4

Tomasello M. Children’s developing understanding of social norms. Curr Opin Psychol. 2025; 64:102022. doi:
10.1016/j.copsyc.2025.102022

Tomasello M. Do young children have adult syntactic competence? Cognition. 2000; 74 (3): 209-53. doi:
10.1016/s0010-0277(99)00069-4

Frith U, Frith CD. Development and neurophysiology of mentalizing. Philos Trans R Soc Lond B Biol Sci. 2003;
358 (1431): 459-73. doi: 101098/rstb.2002.1218

McGeer V. Trust, hope and empowerment. Australas J Philos. 2008; 86 (2): 237-54. doi
10.1080/00048400801886413

Markson L, Luo Y. Chapter five—trust in early childhood. Adv Child Dev Behav. 2020; 58: 137-62. doi:
10.1016/bs.acdb.2020.01.005

Morgenstern A. Children’s multimodal language development from an interactional, usage-based, and
cognitive perspective. WIREs Cogn Sci. 2022; 14 (2): e1631. doi: 10.1002/wcs.1631

Rowland CF, Westermann G, Theakston AL, Pine JM, Monaghan P, Lieven EVM. Constructing language: a
framework for explaining acquisition. Trends Cogn Sci. 2026; 30 (1): 26—39. doi: 10.1016/].tics.2025.05.015

Li Y, Breithaupt F, Hills T, Lin Z, Chen Y, Siew CSQ, et al. How cognitive selection affects language change. Proc
Natl Acad Sci USA. 2023; 121 (1): €2220898120. doi: 10.1073/pnas.2220898120

Breithaupt F, Li B, Kruschke JK. Serial reproduction of narratives preserves emotional appraisals. Cogn Emot.
2022; 36 (4): 581-601. doi: 10.1080/02699931.2022.2031906

Singh L, Reznick JS, Xuehua L. Infant word segmentation and childhood vocabulary development: a longitu-
dinal analysis. Dev Sci. 2012; 15 (4): 482-95. doi: 10.1111/].1467-7687.2012.01141.x

Cheung RW, Hartley C, Monaghan P. Caregivers use gesture contingently to support word learning. Dev Sci.
2020; 24 (4): 13098. doi: 10.1111/desc.13098

Monaghan P. Age of acquisition predicts rate of lexical evolution. Cognition. 2014; 133 (3): 510-34. doi:
10.1016/j.cognition.2014.08.007

Hoffman P. The meaning of “life” and other abstract words: insights from neuropsychology. J Neuropsychol.
2016; 10 (2): 317-43. doi: 10.1111/jnp.12065

Ponari M, Norbury CF, Vigliocco G. The role of emotional valence in learning novel abstract concepts. Dev
Psychol. 2020; 56 (10): 1855-65. doi: 10.1037/devO001091

Reggin LD, Muraki EJ, Pexman PM. Development of abstract word knowledge. Front Psychol. 2021;12: 686478.
doi: 10.3389/fpsyg.2021.686478

Muraki EJ, Pexman PM. The role of emotion in acquisition of verb meaning. Cogn Emot. 2024; 39 (7):1457-64.
doi: 10.1080/02699931.2024.2349284

Academia Neuroscience and Brain Research 15


https://doi.org/10.20935/AcadNeurosci8401
https://dx.doi.org/10.1111/desc.13283
https://dx.doi.org/10.1016/j.infbeh.2015.11.006
https://dx.doi.org/10.1038/npp.2009.115
https://dx.doi.org/10.1038/s41598-022-25426-5
https://dx.doi.org/10.1017/s0954579498001825
https://dx.doi.org/10.1016/0010-0277(76)90004-4
https://dx.doi.org/10.1016/j.copsyc.2025.102022
https://dx.doi.org/10.1016/s0010-0277(99)00069-4
https://dx.doi.org/10.1098/rstb.2002.1218
https://dx.doi.org/10.1080/00048400801886413
https://dx.doi.org/10.1016/bs.acdb.2020.01.005
https://dx.doi.org/10.1002/wcs.1631
https://dx.doi.org/10.1016/j.tics.2025.05.015
https://dx.doi.org/10.1073/pnas.2220898120
https://dx.doi.org/10.1080/02699931.2022.2031906
https://dx.doi.org/10.1111/j.1467-7687.2012.01141.x
https://dx.doi.org/10.1111/desc.13098
https://dx.doi.org/10.1016/j.cognition.2014.08.007
https://dx.doi.org/10.1111/jnp.12065
https://dx.doi.org/10.1037/dev0001091
https://dx.doi.org/10.3389/fpsyg.2021.686478
https://dx.doi.org/10.1080/02699931.2024.2349284
https://www.academia.edu/journals/academia-neuroscience-and-brain-research?source=all-journals-page

2026, Vol 2 10.20935/AcadNeurosci8401

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Mahmood F, Muraki EJ, Diveica V, Binney RJ, Protzner AB, Pexman PM. Abstract words are hard to acquire;
does social relevance help? Psychon Bull Rev. 2025; 32 (6): 2926-38. doi: 10.3758/s13423-025-02719-0
Ponari M, Norbury CF, Rotaru A, Lenci A, Vigliocco G. Learning abstract words and concepts: insights
from developmental language disorder. Philos Trans R Soc Lond B Biol Sci. 2018; 373 (1752): 20170140. doi:
10.1098/rstb.2017.0140

Viertel FE, Reis O, Rohlfing KJ. Acquiring religious words: dialogical and individual construction of a word's
meaning. Philos Trans R Soc Lond B Biol Sci. 2022; 378 (1870): 20210359. doi: 10.1098/rstb.2021.0359
Blewitt P. Word meaning acquisition in young children: a review of theory and research. Adv Child Dev Behav.
1982; 17:139-95. doi: 10.1016/s0065-2407(08)60359-6

Tulving E, Markowitsch HJ. Episodic and declarative memory: role of the hippocampus. Hippocampus. 1998;
8 (3):198-204. doi: 10.1002/(sici)1098-1063(1998)8:3<198::aid-hip02>3.0.co;2-g

Yates TS, Fei J, Trach JE, Behm L, Ellis CT, Turk-Browne NB. Hippocampal encoding of memories in human
infants. Science. 2025; 387 (6740): 1316—20. doi: 10.1126/science.adt7570

Howe ML. Early childhood memories are not repressed: either they were never formed or were quickly
forgotten. Top Cogn Sci. 2024; 16 (4): 707-17. doi: 10.1111/tops.12636

Li S, Callaghan BL, Richardson R. Infantile amnesia: forgotten but not gone. Learn Mem. 2014; 21 (3): 135-9.
doi: 101101/Im.031096.113

Peterson C. What is your earliest memory? It depends. Memory. 2021, 29 (6): 811-22. doi
10.1080/09658211.2021.1918174

Brainerd CJ, Chang M, Liu X, Bialer DM. Memory framing. J Exp Psychol Learn Mem Cogn. 2025; 51(12): 1941-52.
doi: 10.1037/xIm0001485

Bisaz R, Bessieres B, Miranda JM, Travaglia A, Alberini CM. Recovery of memory from infantile amnesia is
developmentally constrained. Learn Mem. 2021; 28 (9): 300-6. doi: 10.1101/Im.052621.120

Tsigaras T, Dukart J, Oldham S, Eickhoff SB, Paquola C. Prenatal and early postnatal periods differentially
shape the maturation of human cortical microstructure and myelin. PLoS Biol. 2026; 24 (3): e3003722. doi:
10.1371/journal.pbio.3003722

Im EJ, Shirahatti A, Isik L. Early neural development of social interaction perception: evidence from voxel-wise
encoding in young children and adults. J Neurosci. 2025; 45 (1): €2284232024. doi: 10.1523/jneurosci.2284-
23.2024

Maddock RJ, Garrett AS, Buonocore MH. Remembering familiar people: the posterior cingulate cortex and au-
tobiographical memory retrieval. Neuroscience. 2007; 104 (3): 667-76. doi: 10.1016/s0306-4522(01)00108-7
Summerfield JL, Hassabis D, Maguire EA. Cortical midline involvement in autobiographical memory. Neu-
roimage. 2009; 44 (3): 188-200. doi: 10.1016/j.neuroimage.2008.09.033

Simons JS, Peers PV, Hwang DY, Ally BA, Fletcher PC, Budson AE. Is the parietal lobe necessary for recollection
in humans? Neuropsychologia. 2008; 46 (4): 1185-91. doi: 10.1016/j.neuropsychologia.2007.07.024

Bourne C, Mackay CE, Holmes EA. The neural basis of flashback formation: the impact of viewing trauma.
Psychol Med. 2013; 43 (7): 1521-32. doi: 10.1017/S0033291712002358

Sartory G, Cwik J, Knuppertz H, Schurholt B, Lebens M, Seitz RJ, et al. In search of the trauma memory: a
meta-analysis of functional neuroimaging studies of symptom provocation in posttraumatic stress disorder
(PTSD). PLoS ONE. 2013; 8 (3): €58150. doi: 10.1371/journal.pone.0058150

Klein SD, Collins PF, Lozano Wun V, Grund P, Luciana M. Frontostriatal networks undergo functional specializa-
tion during adolescence that follows a ventral-dorsal gradient: developmental trajectories and longitudinal
associations. J Neurosci. 2025; 45 (15): €1233232025. doi: 10.1523/JNEUROSCI.1233-23.2025

Academia Neuroscience and Brain Research 16


https://doi.org/10.20935/AcadNeurosci8401
https://dx.doi.org/10.3758/s13423-025-02719-0
https://dx.doi.org/10.1098/rstb.2017.0140
https://dx.doi.org/10.1098/rstb.2021.0359
https://dx.doi.org/10.1016/s0065-2407(08)60359-6
https://dx.doi.org/10.1002/(sici)1098-1063(1998)8:3%3C198::aid-hipo2%3E3.0.co;2-g
https://dx.doi.org/10.1126/science.adt7570
https://dx.doi.org/10.1111/tops.12636
https://dx.doi.org/10.1101/lm.031096.113
https://dx.doi.org/10.1080/09658211.2021.1918174
https://dx.doi.org/10.1037/xlm0001485
https://dx.doi.org/10.1101/lm.052621.120
https://dx.doi.org/10.1371/journal.pbio.3003722
https://dx.doi.org/10.1523/jneurosci.2284-23.2024
https://dx.doi.org/10.1523/jneurosci.2284-23.2024
https://dx.doi.org/10.1016/s0306-4522(01)00108-7
https://dx.doi.org/10.1016/j.neuroimage.2008.09.033
https://dx.doi.org/10.1016/j.neuropsychologia.2007.07.024
https://dx.doi.org/10.1017/S0033291712002358
https://dx.doi.org/10.1371/journal.pone.0058150
https://dx.doi.org/10.1523/jNEUROSCI.1233-23.2025
https://www.academia.edu/journals/academia-neuroscience-and-brain-research?source=all-journals-page

2026, Vol 2 10.20935/AcadNeurosci8401

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

Daviddi S, Pedale T, St Jacques PL, Schacter DL, Santangelo V. Common and distinct correlates of con-
struction and elaboration of episodic-autobiographical memory: an ALE meta-analysis. Cortex. 2023; 163:
123-38. doi: 10.1016/j.cortex.2023.03.005

Boccia M, Teghill A, Guariglia C. Looking into recent and remote past: meta-analytic evidence for cortical
re-organization of episodic autobiographical memories. Neurosci Biobehav Rev. 2019; 107: 84-95. doi:
10.1016/j.neubiorev.2019.09.003

Testa G, Sotgiu |, Rusconi ML, Cauda F, Costa T. The functional neuroimaging of autobiographical memory
for happy events: a coordinate-based meta-analysis. Healthcare. 2024; 12 (7): 711. doi: 10.3390/health-
carel207071

Rice GE, Lambon Ralph MA, Hoffman P. The roles of left versus right anterior temporal lobes in conceptual
knowledge: an ALE meta-analysis of 97 functional imaging studies. Cereb Cortex. 2015; 25 (11): 4374-91. doi:
10.1093/cercor/bhv024

Narayanan NS, Hyman JM, Seamans J, Rich El. Computational properties of the prefrontal cortex. J Neurosci.
2025; 45 (37): €1093252025. doi: 10.1523/jneuroscil093-25.2025

Harris PL, Koenig MA, Corriveau KH, Jaswal VK. Cognitive foundations of learning from testimony. Annu Rev
Psychol. 2018; 69: 251-73. doi: 10.1146/annurev-psych-122216-011710

Seitz RJ, Angel HF, Paloutzian RF. The meaning of life: a conceptual belief whose implications transcend itself.
In: Horvat S, Roszak P, editors. Neuroscience of religion. Cham, Switzerland: Springer; 2025. p. 79-94. doi:
101007/978-3-032-02444-2_5

Gottlieb S, Keltner D, Lombrozo T. Awe as a scientific emotion. Cogn Sci. 2018; 42 (6): 2081-94. doi:
10.1111/cogs.12648

Candia-Rivera D, Egeleen T, Babo-Rebelo M, Salamone PC. Interoception, network physiology
and the emergence of bodily self-awareness. Neurosci Biobehav Rev. 2024; 165: 105864. doi:
10.1016/j.neubiorev.2024.105864

Angel HF, Seitz RJ. Credition and the neurobiology of belief: the brain function in believing. Acad Biol. 2024;
2 (4):1-5. doi: 10.20935/AcadBiol7359

Seitz RJ, Angel H-F, Paloutzian RF. Bridging the gap between believing and memory functions. Eur J Psychol.
2023; 19 (1): 113-24. doi: 10.5964/ejop.7461

Seitz RJ, Paloutzian RF, Angel HF. Processes of believing: where do they come from? What are they good for?
FI0OOOResearch. 2017; 5: 2573. doi: 10.12688/f1000research.9773.2

Yoshida T, Sugino H, Yamamoto H, Tanno S, Tamura M, Igarashi J, et al. Synergistic reinforcement learn-
ing by cooperation of the cerebellum and basal ganglia. J Neurosci. 2025; 45 (23): €1464242025. doi:
101523/jneuroscil464-24.2025

Rodrigues AH. Knowledge and the nature of belief: a brief study on the epistemic status of the act of believing.
PhilArchive; 2025. Available from: https://philarchive.org/rec/RODKAT-2

Seitz RJ, Angel HF. Belief formation—a driving force for brain evolution. Brain Cogn. 2020; 140: 105548. doi:
10.1016/j.bandc.2020.105548

Dijksterhuis A. Think different: the merits of unconscious thought in preference development and decision
making. J Pers Soc Psychol. 2004; 87 (5): 586-98. doi: 10.1037/0022-3514.87.5.586

Connors MH, Halligan PW. Revealing the cognitive neuroscience of belief. Front Behav Neurosci. 2022; 16:
926742. doi: 10.3389/fnbeh.2022.926742

Seitz RJ, Angel HF, Paloutzian RF, Taves A. Believing and social interactions: effects on bodily expressions and
personal narratives. Front Behav Neurosci. 2022; 16: 894219. doi: 10.3389/fnbeh.2022.894219

Academia Neuroscience and Brain Research 17


https://doi.org/10.20935/AcadNeurosci8401
https://dx.doi.org/10.1016/j.cortex.2023.03.005
https://dx.doi.org/10.1016/j.neubiorev.2019.09.003
https://dx.doi.org/10.3390/healthcare12070711
https://dx.doi.org/10.3390/healthcare12070711
https://dx.doi.org/10.1093/cercor/bhv024
https://dx.doi.org/10.1523/jneurosci.1093-25.2025
https://dx.doi.org/10.1146/annurev-psych-122216-011710
https://dx.doi.org/10.1007/978-3-032-02444-2_5
https://dx.doi.org/10.1111/cogs.12648
https://dx.doi.org/10.1016/j.neubiorev.2024.105864
https://dx.doi.org/10.20935/AcadBiol7359
https://dx.doi.org/10.5964/ejop.7461
https://dx.doi.org/10.12688/f1000research.9773.2
https://dx.doi.org/10.1523/jneurosci.1464-24.2025
https://philarchive.org/rec/RODKAT-2
https://dx.doi.org/10.1016/j.bandc.2020.105548
https://dx.doi.org/10.1037/0022-3514.87.5.586
https://dx.doi.org/10.3389/fnbeh.2022.926742
https://dx.doi.org/10.3389/fnbeh.2022.894219
https://www.academia.edu/journals/academia-neuroscience-and-brain-research?source=all-journals-page

2026, Vol 2 10.20935/AcadNeurosci8401

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

Williams SE, Ford JH, Kensinger EA. The power of negative and positive episodic memories. Cogn Affect Behav
Neurosci. 2022; 22 (5): 869-903. doi: 10.3758/s13415-022-01013-z

Ajzen |. Nature and operation of attitudes. Annu Rev Psychol. 2001, 52: 27-58. doi: 10.1146/an-
nurev.psych.52.1.27

Keltner D, Haidt J. Approaching awe, a moral, spiritual and aesthetic emotion. Cogn Emot. 2003; 17 (2): 297-
314. doi: 10.1080/02699930302297

Hepach R, Westermann G. Infants’ sensitivity to the congruence of others’ emotions and actions. J Exp Child
Psychol. 2013; 115 (1): 16—29. doi: 10.1016/j.jecp.2012.12.013

Kasuya J, Nonaka T. When do toddlers point during mealtime?: pointing in the second year of life in everyday
situations. Front Psychol. 2023; 14: 1050975. doi: 10.3389/fpsyg.2023.1050975

Wierzbicka A. | know. A human universal. In: Stich S, Mizumoto M, McCready E, editors. Epistemology of
the rest of the world. Chapter 9. Oxford, UK: Oxford University Press; 2018. p. 215-50. doi: 10.1093/o0so/
9780190865085.003.0010

Casey BG, Heller AS, Gee DG, Cohen AO. Development of the emotional brain. Neurosci Lett. 2019; 693:
29-34. doi: 10.1016/j.neulet.2017.11.055

Krafft AM. Basic beliefs of hope: a cross-cultural comparison. Front Psychol. 2025; 16: 1520887. doi:
10.3389/fpsyg.2025.1520887

Frith CD, Frith U. The neural basis of mentalizing. Neuron. 2006; 50 (4): 531-4. doi
10.1016/j.neuron.2006.05.001

Oeberst A, Imhoff R. Toward parsimony in bias research: a proposed common framework of belief-
consistent information processing for a set of biases. Perspect Psychol Sci. 2023; 18 (6): 1464—87. doi:
10M77/17456916221148147

Clifton JD, Baker JD, Park CL, Yaden DB, Clifton AB, Terni P, et al. Primal world beliefs. Psychol Assess. 2019; 31
(1): 82-99. doi: 10.1037/pas00006 39

Weisman K, Legare CH, Smith RE, Dzokoto VA, Aulino F, Ng E, et al. Similarities and differences in concepts
of mental life among adults and children in five cultures. Nat Hum Behav. 2021; 5 (10): 1358-68. doi:
10.1038/s41562-021-01184-8

Eaves B. Parameterizing developmental changes in epistemic trust. Psychon Bull Rev. 2017; 24 (2): 277-306.
doi: 10.3758/s13423-016-1082-x

Leisman G, Alfasi R, D’Angiulli A. Environment and brain interactions: typical development of learning and
memory networks from fetus to age two. J Integr Neurosci. 2025; 24 (11): 41452. doi: 10.31083/JIN41452
Muentener P, Herrig E, Schulz L. The efficiency of infants’ exploratory play is related to longer-term cognitive
development. Front Psychol. 2018; 9: 635. doi: 10.3389/fpsyg.2018.00635

Roberti E, Turati C, Quadrelli E, Hoehl S. Hold on tight! Linking emotions and actions in the infant brain. Infancy.
2025; 30 (4): €70029. doi: 10.11/infa.70029

Stamkou E, Brummelman E, Dunham R, Nikolic M, Keltner D. Awe sparks prosociality in children. Psychol Sci.
2023; 34 (4): 455-67. doi: 10.1177/09567976221150616

Remschmidt H. Psychosocial milestones in normal puberty and adolescence. Horm Res. 1994; 41 (Suppl 2):
19-29. doi: 10.1159/000183955

Gignac GE, Zajenkowski M. Humans peak in midlife: a combined cognitive and personality trait perspective.
Intelligence. 2025; 113: 101961. doi: 10.1016/j.intell.2025.101961

Harris PL, Koenig MA. Trust in testimony: how children learn about science and religion. Child Dev. 2006; 77
(3): 505-24. doi: 10.111/j.1467-8624.2006.00886.x

Academia Neuroscience and Brain Research 18


https://doi.org/10.20935/AcadNeurosci8401
https://dx.doi.org/10.3758/s13415-022-01013-z
https://dx.doi.org/10.1146/annurev.psych.52.1.27
https://dx.doi.org/10.1146/annurev.psych.52.1.27
https://dx.doi.org/10.1080/02699930302297
https://dx.doi.org/10.1016/j.jecp.2012.12.013
https://dx.doi.org/10.3389/fpsyg.2023.1050975
https://dx.doi.org/10.1093/oso/9780190865085.003.0010
https://dx.doi.org/10.1093/oso/9780190865085.003.0010
https://dx.doi.org/10.1016/j.neulet.2017.11.055
https://dx.doi.org/10.3389/fpsyg.2025.1520887
https://dx.doi.org/10.1016/j.neuron.2006.05.001
https://dx.doi.org/10.1177/17456916221148147
https://dx.doi.org/10.1037/pas0000639
https://dx.doi.org/10.1038/s41562-021-01184-8
https://dx.doi.org/10.3758/s13423-016-1082-x
https://dx.doi.org/10.31083/JIN41452
https://dx.doi.org/10.3389/fpsyg.2018.00635
https://dx.doi.org/10.1111/infa.70029
https://dx.doi.org/10.1177/09567976221150616
https://dx.doi.org/10.1159/000183955
https://dx.doi.org/10.1016/j.intell.2025.101961
https://dx.doi.org/10.1111/j.1467-8624.2006.00886.x
https://www.academia.edu/journals/academia-neuroscience-and-brain-research?source=all-journals-page

2026, Vol 2 10.20935/AcadNeurosci8401

97. Dielenberg RA. The biological foundations of fixation: a general theory. Acad Biol. 2024; 2 (3): 1-11. doi:
10.20935/AcadBiol7360

98. Demiroglu S, Xygalatas D. The ritual stance affects perceptions of effort. Humanit Soc Sci Commun. 2025; 13
(1):13. doi: 10.1057/s41599-025-06309-2

99. Shea N. Metacognition and abstract concepts. Philos Trans R Soc Lond B Biol Sci. 2018; 373 (1752): 20170133.
doi: 10.1098/rstb.2017.0133

100. Zmigrod L, Rentfrow PJ, Zmigrod S, Robbins RW. Cognitive flexibility and religious disbelief. Psychol Res. 2019;
83 (8): 17749-59. doi: 10.1007/s00426-018-1034-3

Academia Neuroscience and Brain Research 19


https://doi.org/10.20935/AcadNeurosci8401
https://dx.doi.org/10.20935/AcadBiol7360
https://dx.doi.org/10.1057/s41599-025-06309-2
https://dx.doi.org/10.1098/rstb.2017.0133
https://dx.doi.org/10.1007/s00426-018-1034-3
https://www.academia.edu/journals/academia-neuroscience-and-brain-research?source=all-journals-page

	Introduction 
	Methodology 
	Perceptuo-cognitive development 
	Working memory 
	Social interaction 
	Language 
	Long-term memory 

	Neural basis for the perceptuo-cognitive development 
	Development of conceptual constructs in infancy 
	Relation of perceptuo-cognitive abilities to belief formation in infancy and childhood 
	Discussion 
	Conclusions 

