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Abstract— Experiencing immersion in daily life, interacting
with other agents, holds significant value. The object of the
interaction may be an agent in the real world or one in the virtual
world. Such experiences occur when sensory stimuli input from
the five senses are integrated in the brain, and cognitive process-
ing based on the results of that integration leads to the expression
of selected behaviors, which are then accompanied by changes in
the environment. A sense of immersion is created by the seamless
integration of changes in the environment and in one’s own state.
In this study, we leverage the Model Human Processor with
Realtime Constraints (MHP/RT), a cognitive architecture that
can simulate human action selection and encompasses perceptual,
cognitive, motor, and memory processes, and we argue that within
the integration of multimodal sensory stimuli, P-Resonance —
a resonance occurring between environmental information and
perceptual memory, and C-Resonance — a subsequent resonance
involving cognitive processes characterized by Two Minds and
memory — are pivotal components contributing to the sense of
immersion. The state of the external world is perceived as M-
dimensional information by the five senses. This is passed to
cognitive processing via P- and C-Resonances, converted into
N-dimensional motor information in memory. Further, it is
physically executed in the external world. We argue that the
basic senses of rhythm, space, and number exist as mechanisms
for these resonances to occur. It is shown that the spatial sense
involving vision, not functioning before human birth, is integrated
after birth with the rhythmic sense, which had been developing
before birth. Furthermore, the number sense involving higher-
order object recognition is further integrated with growth, which
suggests that these basic senses are involved in the basis for
the expression of human behavior. We contend that a virtual
environment that does not deviate from the basic sensory-based
mechanisms, which manifest interactions in the real world, is
essential for the generation of immersive experiences.

Keywords— Basic senses; Rhythmic sense; Spatial sense; Num-
ber sense; Resonance.

I. INTRODUCTION

The environment in which humans interact includes 1)
natural objects that are direct objects of interaction, 2) real
artifacts created by humans that exist as entities, 3) virtual
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artifacts that do not exist as entities but are perceived by
humans through the illusion of their existence, and 4) real
objects and artifacts that exist naturally and are indirectly
involved in interaction as their background. Of these four
categories, the third, “virtual artifacts,” is rapidly permeating
our lives. This change is attributed to the advancement of ar-
tificial intelligence algorithms, which now enable the creation
of intricate illusions.

An interface exists between humans and the environment.
When the interface is conscious, or visible, the human con-
sciously performs actions toward the environment and con-
sciously evaluates the response of the environment to those
actions. In this case, the interface is visible to the human.
Conversely, there are cases in which interaction proceeds
without the human being aware of the interface. In this case,
the interface is transparent or invisible, the human is immersed
in the environment. Moreover, the human and the environment
are seamlessly integrated.

When two interacting systems are seamlessly integrated, the
processes in each system proceed in unison and in step with
each other. The two systems are then synchronized. When
both systems are linear, synchronization is easy because the
progress of each process can be controlled based on highly
accurate predictions. However, if either system is nonlinear,
synchronization is challenging. Notably, human behavior
can be captured by four nonlinearly connected hierarchies
or bands, that is, biological, cognitive, rational, and social
bands [1]; thus, humans are nonlinear behavior-generating
systems. In the case of action selection, it can be captured
by Two Minds [2][3], comprising a conscious system and an
unconscious system. The conscious system is called System 2.
This is a slow system that operates by feedback control, which
executes inference using knowledge, whereas the unconscious
system is called System 1 and is a fast system that operates
by feed-forward control using intuition.

The behaviors that humans produce in their interactions with
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the environment are the result of integrating the behaviors of
System 1 and System 2, which have different characteristic
times. Regardless of whether the system existing as an envi-
ronment is a linear or nonlinear system, it is necessary to keep
pace with human behavior to create a sense of immersion on
the part of humans. This can be achieved by establishing a
seamless relationship with the nonlinear human system.

When evaluating the alignment of the environment and
humans states, it is not appropriate to simply consider that the
actions of both systems are in sync with each other at time 7.
For an interaction event occurring at a certain time, humans
consciously plan in advance and unconsciously coordinate and
execute their actions just before the interaction. They also
unconsciously make adjustments in the neural networks related
to the generation of the action after the interaction. Further,
they consciously reflect on the interaction when the outcome
of the interaction is obtained. The conscious and unconscious
learning after the interaction is used to plan actions when
similar situations are encountered in the future [4]. From the
human perspective, this event occurs within the time range
of the Two Minds process operating before and after the
event. Therefore, it is reasonable to view the synchronization
between the environment and humans involved in the event
generation within that time range. This type of synchronization
with a time width is called weak synchronization. Further, it
is proposed as a necessary condition for the generation of a
sense of immersion. Immersive feeling eliciting condition for
an artificial environment to have the user feel immersive-ness
is defined as follows [5]:

( IMMERSIVE FEELING ELICITING CONDITION TN

1) It must be new to them.

2) With an anticipation activated by the artificial
environment, they are able to perform actions
without any breakdown in performing motor-
level actions.

3) They are able to consciously recognize an event
associated with the series of just-finished actions.

4) They are able to reflect on the event to integrate
it with the recognized feeling associated with the
event.

NS J

The longer the state shown in Item 2 of the immersive
feeling eliciting condition, the longer the immersive sensations
can be felt without conscious intervention by System 2. Here,
a series of actions is generated by feedforward control by
System 1 as a series that is executed unconsciously without
evaluation of the execution results. Let us assume that the
first action is executed at time 7" and the last action in this
series is executed at time 7”. Subsequently, the interaction
event generated by this action series is denoted by E(T : T").
The period [T', T’] when the action is executed unconsciously
is the time when the action does not come to consciousness.
For instance, the time when the action is interacting with the
environment under feedforward control by System 1 without
conscious intervention by System 2, and it can be regarded
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as the immersion time. The longer this time is, the longer the
immersion is held.

The conditions for the establishment of weak synchroniza-
tion that enables a continuous sense of immersion in the
interaction with virtual artifacts depend on the perceptual, cog-
nitive, and motor characteristics of the individual, including
the content of memory, and the individual characteristics of
the combination of these characteristics. This study examines
how immersion is continuously maintained assuming general
individual characteristics, based on Model Human Processor
with Realtime Constraints (MHP/RT) [4][6]. MHP/RT is a
comprehensive theory of action selection and memory, and
provides the basis for building any model to understand
human everyday behavior, including cognitive mechanism.
Then, based on this, we discuss some individual characteristics
that are unique but should be appropriately supported, and
examine means to generate a sense of immersion.

This paper is organized as follows: Section II describes the
outline of information uptake by perceptual processes from
the external and internal environment, memory activation and
execution of cognitive and motor processes through resonance
in Section II-A. Section II-B introduces an important problem
of binding and integrating multiple sensory information to
produce behavior synchronized with spatiotemporal changes
in the environment. Section II-C argues that the basic senses,
that is, the rhythmic, spatial, and number senses, are critical for
incorporating external information through resonance to make
it available for the cognitive and motor processes to follow.
Section III discusses the basic senses from the perspective of
human development, including the prenatal period. Section IV
concludes this paper by suggesting the points to be considered
when designing virtual reality that smoothly connects to
human activities.

II. INTERACTING WITH THE ENVIRONMENT USING
RESONANCE

Satisfying the second item of Immersive Feeling Eliciting
Condition (IFEC) is important for seamless interactions to
continue to run as a feedforward process by System 1. The
key for understanding the human—environment interaction pro-
cess based on MHP/RT is that the communication between
autonomous systems is achieved by a mechanism of reso-
nance [7]. Both environmental systems and human systems
are autonomous systems; human systems include perception,
cognition, movement, and memory. This section describes
how the continuous feedforward processing behind seamless
interactions is supported by resonance mechanisms.

A. Interaction with the Environment Through Memory,
Perception, Cognition, and Motor Processes Using Resonance

When interacting with the environment, humans respond to
physical and chemical stimuli emitted from the external and
internal environment by sensory nerves located at the interface
with the environment and take in environmental information
in the body. The brain acquires environmental information
concerning the current activity of the self through the multiple
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Figure 1. Information uptake by perceptual processes from the external and internal environment, memory activation and execution of cognitive and motor
processes through resonance.

sensory organs. Further, it generates bodily movements that
are suitable for the current environment. The stable and
sustainable relationship between the environment and the self
is established through continuous coordination between the ac-
tivity of the self and the resultant changes in the environment,
which should affect the self’s next action.

Figure 1 shows the process, based on MHP/RT [6][8],
by which environmental information, internal and external,
is taken into the body via sensory nerves, processed in
the brain, and then acted upon by the external world via
motor nerves. This process involves memory, which is mod-
eled as Multi-Dimensional Memory Frame, and perceptual,
cognitive (Two Minds), and motor processes. The mem-
ory structure, Multi-Dimensional Memory Frame, consists of
Perceptual-, Behavior-, Motor-, Relation-, and Word-Multi-
Dimensional Memory Frame. Perceptual-Multi-Dimensional
Memory Frame overlaps with Behavior-, Relation-, and Word-
Multi-Dimensional Memory Frame, for spreading activation
from Perceptual-Multi-Dimensional Memory Frame to Motor-
Multi-Dimensional Memory Frame.

Perceptual information taken in from the environment
through sensory organs resonates with information in the
memory network structured as Multi-Dimensional Memory
Frame, that is, P-Resonance. In Figure 1, this process is indi-
cated by e—e. Resonance occurs first in the Perceptual-Multi-
Dimensional Memory Frame within the Multi-Dimensional
Memory Frame and activates the memory network. After that,
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the activity propagates to the memory networks that over-
lap the Perceptual-Multi-Dimensional Memory Frame, which
are the Behavior-, Relation-, and Word-Multi-Dimensional
Memory Frame, and finally to the Motor-Multi-Dimensional
Memory Frame. In cognitive processing by Two Minds, con-
scious processing by System 2, which utilizes the Word- and
Relation-Multi-Dimensional Memory Frame via C-Resonance,
and unconscious processing by System 1, utilizing the
Behavior- and Motor-Multi-Dimensional Memory Frame via
C-Resonance, proceed in an interrelated manner. The mo-
tor sequences are expressed according to the Motor-Multi-
Dimensional Memory Frame, which is the result of cognitive
processing. The memories involved in the production of a
behavior are updated to reflect the traces of its use process
and influence the future behavior selection process.

B. Integration of Multiple Sensory Information to Produce
Behavior Synchronized with Spatiotemporal Changes in the
Environment

Information from the environment is taken in by multiple
sensory organs. The sensory organs are located in different
parts of the body with a certain extent, and the information
collected is spatially distributed. Additionally, the information
received by the sensory organs is time-series information.
Therefore, the information taken in through the sensory organs
is characterized as information that is spatially and temporally
spread out. How, then, do the structured Multi-Dimensional
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Memory Frame and perceptual information resonate? Or how
can P-Resonance occur?

This question is known as the binding problem. It is a
question of following form: How does the brain integrate
different aspects of perception into a coherent experience? or
How does it perceive an object as a single entity while having
distinguishable aspectual features such as shape, color, and
texture?

1) Dennett’s Thoughts on the Binding Problem: Related
to this question, Daniel Dennett, author of “Consciousness
Revealed” [9], was asked by an interviewer, “You've talked
about consciousness as something that we feel that’s really
more marvelous than it really is. Why is it?” To this, he
responded as follows:

Yes, I think that consciousness plays tricks on us.
Behind the eyes and in between the ears and the
inner witnesses watching this wonderful show. But
then when you do the, the physiology and you study
perception, you realize it now in fact, you have
a very limited take, you're only taking sips from
them firehose of information that’s coming in a little
bit from vision a little bit from from hearing, and
there’s in fact this, this competition going on tug
of war between different senses, between different
interpretations of what you're seeing. All of this
competition resolves itself in the fullness of time and
pretty darn quick to produce the behavior that we’re
capable of and the reflection that we’re capable of.
It seems though, as if there’s, it all comes together
at some place. And that’s just an illusion. There’s
no place in the brain where it all comes together,
for enjoyment and for and for witnessing by an
inner witness. So we have to take all that work that
that inner witness was going to do, and we have to
break it up in little bits and distributed around in the
brain in the time and space that’s available. And no
one of those little bits is going to be conscious, and
yet the sum of all of that work. Witnesses are going
to do that with consciousness.

Subsequently, he adds the following to the “illusion that

everything flows together as one”:

We have that illusion, and it is an illusion, because in
fact, there’s lots of things going on at once. They’re
not all that coherent. And so our brains are very
good at creating the sorts of simplifications that
make that make its own job easier. And so, yes,
consciousness is an illusion of the brain for the
brain, by the brain, if you like.

2) Mechanistic Answers to the Binding Problem: Our
answer to the binding problem is “sensory filter processing
of multiple perceptual information and memory activation
via P-Resonance.” In the theorization of human perceptual,
cognitive, and motor processes and memory by MHP/RT,
the interface between the environment and the brain is per-
formed by P-Resonance in perceptual information processing.
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Moreover, the interface between hierarchies in non-linearly
connected hierarchical information processing within the brain
is performed by C-Resonance. Resonance expresses the rela-
tion between two sides connected in a nonlinear relationship.
Furthermore, it is a mechanism to transfer information that is
ordered on one side to be treated as ordered information on the
other side by mapping information. Notably, each information
spreads with a specific manner on a common time axis [10].

C. Theoretical Derivation of Basic Senses

MHP/RT can be thought of as implementing the method
described by Daniel Dennett in Section II-B1 on a system
consisting of perceptual, cognitive, and motor processes and
memory. Given the characteristics of memory described in
Section II-B2, this section discusses perceptual memory, which
is activated by P-Resonance. Further, it shows that basic senses
exist to process perceptual information from sensory organs
in an orderly manner. Basic senses include rhythmic sense
related to time, to be described in II-C6a, spatial sense related
to spatial perception, to be described in II-C6b, and number
sense related to object segmentation in space, to be described
in II-Cé6c.

1) Information that Perception Takes in: There are two
types of information that perception takes in, which is rep-
resented as a discrete sequence of points spread over a time
axis:

1) Stationary periodic sampling data; and

2) Differential information when it senses changes in the

environment.

Moreover, there are two types of perception that involve
different sources of information:

1) Perception for environmental information outside the

body; and

2) Perception for monitoring the state of activity inside the

body.

Therefore, the objects to be perceived can be broadly
classified into four types depending on whether the data is
stationary or non-stationary, and whether the source is inside
or outside the body. There are various perceptual organs;
each collecting its own perceptual information within its own
perceptible bandwidth.

2) Memory Generation from Perceived Information: The
perceived information concerns generation of memory for
bodily behavior. Initially, memories are formed for different
organs, and even within a single cell, in different forms. Nev-
ertheless, human bodily behavior in general can be understood
almost entirely through the workings of the central nervous
system, which comprises the brain and spinal cord.

However, it is known from genetic analysis that the under-
lying structure of the nervous system is a chain of sensory,
intervening, and motor nerves. An important function of the
perception originated from sensory nerves is the identification
of external objects to be transmitted to intervening nerves. The
information from various perceptions is integrated to confirm
the existence of the object and to store it in memory. Therefore,
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most memories that reside in the cerebral cortex in brain are
object memories.

3) M ® N Mapping in Memory: The memory formed by
the chain structure of sensory, intervening, and motor nerves
stores the procedures of actions performed in response to
events in the intervening stage, situated between perception
and motor movement, by means of pairwise relations between
perceptual components of the objects expressed as the M-
dimensional information, that is, perceptual objects, and motor
components of the objects expressed as the N-dimensional
information, that is, motor objects. These procedures expressed
in the intervening nerves can be viewed as chains in the
Behavior-Multi-Dimensional Memory Frame. These are col-
lectively referred to as “M ® N mapping in memory” in
MHP/RT [11].

4) Two Minds: System 1 and System 2: In the range of
everyday behavior, processing is known to occur in the basal
ganglia, that is, a group of neuronal nuclei that connect the
cerebral cortex to the thalamus and brain stem, and below,
where the M ® N mapping in memory is coordinated by
Two Minds. System 1 and System 2 work in parallel. The
System 1 process is mainly responsible for physical activities,
whereas the System 2 process works as an intervention for
the purpose of coordinating activities. The role of System 2
is to intervene effectively in physical actions. This is ac-
complished by enhancing perceptual abilities through recon-
struction of perceptual memory organized as Perceptual-Multi-
Dimensional Memory Frame. For this purpose, System 2
consciously reflects on the results of physical actions con-
ducted for accomplishing then-activated goals and reconstructs
Perceptual-Multi-Dimensional Memory Frame according to
the evaluation.

5) Representing Perceptual and Motor Objects in Rela-
tivized Time and Circulation Networks: The perceptual in-
formation taken in by sensory organs does not contain ab-
solute positional and temporal information. The only shared
feature among the various types of perceptual information is
simultaneity with other perceptual information in the same
time axis. Specifically, parallelism and cross-synchronization
between each perceptual information processing are ensured.
Additionally, it is possible to execute actions coherently as a
procedure by integrating various types of perceptual informa-
tion in a certain period of time on the time axis.

Human behavior forms a cyclic life ecology called circadian
rhythm with a fluctuating bandwidth, which is caused by
the stable day-night periodicity of the earth’s rotation, the
inclination of the axis of rotation with respect to the sun’s
orbital plane, and the slightly elliptical movement of the
orbital circle. Human behavior contains recursive elements in
which the results of one’s actions are returned to oneself.
Therefore, System 1 can act adaptively and flexibly in the
next similar situations, whereas System 2 can obtain new
effective action procedures by reflecting on the results of the
action and organizing the perceptual information accordingly
to reconstruct the existing memory network, that is, the
Perceptual-Multi-Dimensional Memory Frame. In the future,
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System 2 intervenes in the sequence of actions generated by
System 1 when it is needed to change its direction based on
the reconstructed memory.

Human behavior can be viewed as an adaptive behavior for
survival in the ever-changing and pseudo-cyclic environment.
From birth to death, human beings act ceaselessly, which is a
cyclic activity encompassing circadian rhythms. Hence, the
neural network concerned with the execution of System 1
forms a circulatory network. Humans transform their behavior
as their environment changes and as they themselves change
with age. Accordingly, the initial circulatory network develops
into a circulatory network with more complex connections and
connection bandwidths by connecting the neural circuits in-
volved in the execution of System 2 as procedures. Conscious
procedure performed by System 2 happens in the operation and
unit task systems in the cognitive band, and rational and social
bands [1]. In MHP/RT, such procedures are represented in the
Relation-Multi-Dimensional Memory Frame as consciously
accessible relations of manipulable objects.

6) Memory Reuse: Rhythm-Based Reconstruction of Cog-
nitive Objects: The earth is almost spherical. However, the
range of human activity is far smaller than the global scale.
Therefore, it is perceived as a three-dimensional Cartesian
space rather than a coordinate system associated with a sphere.

Memories do not contain absolute temporal and three-
dimensional positional information as described in Sec-
tion II-C5. Meanwhile, System 1 and System 2 have to
generate timely behavior appropriate for the time-position de-
pendent situation. It is necessary to reconstruct the information
from the memories by incorporating the time and positional
information to make the time-position free memories available
for System 1 and System 2 in the time position dependent on-
going situation. By doing this, System 1 and System 2 can
reuse the time-position free memories at the point in time
when it becomes necessary.

In Figure 1, the Multi-Dimensional Memory Frame and
System 1 and System 2 are connected via C-Resonance, that
is, the cognitive process incorporates the portion of memory
through resonance that has been transformed into manipulable
forms in the current situation by binding the time and posi-
tion information in P-Resonance, which is called Cognitive-
Objects in MHP/RT [12]. It is considered that, whereas per-
ception of the external situation resonates with the Perceptual-
Multi-Dimensional Memory Frame via P-Resonance, the time-
position free constructs in the Perceptual-Multi-Dimensional
Memory Frame are somehow modified to generate the time-
position dependent constructs, that is, Cognitive-Objects, that
are necessary to instantiate the real actions stored in the
Motor-Multi-Dimensional Memory Frame via Relation- and
Behavior-Multi-Dimensional Memory Frame. Then, how can
it be possible? The key is the concept of rhythm, which
characterizes the timing of the occurrence of an event. That is
to say “binding positional and time information to the time-
position free information by means of rhythm.”

a) Rhythmic Sense: The changes brought about by actual
human action are micro changes on cyclic activity. These
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minute changes alter the relative situation between the actors
themselves and the environment that involves others. However,
from the three-dimensional understanding of human percep-
tion, these changes are perceived as continuous changes along
the time axis. Conversely, if we look at the organs active in the
human body, they have evolved and developed under circadian
rhythms. Consequently, periodically active organs such as the
heart have been formed to provide unique rhythms.

Turning to the environmental side, changes with various re-
producible rhythms occur under the cyclic activity of the earth.
Thus, to adapt to changes in the environment, a “rhythmic
sense of basic perception” should be formed in the connection
circuit of the circulatory network formed by various procedural
memories. This is called rhythmic sense that enables flexible
binding of memory and perceptual information on the time
axis in P-Resonance, with hearing as the core and perception
in general.

b) Spatial Sense through Rhythmic Sense: Bodily ac-
tivity includes movement that involves changing the posi-
tion of one’s own body part in the three-dimensional space.
Recognition of the current situation of the three-dimensional
space is necessary for constructing executable bodily activities
from the information stored in the Motor-Multi-Dimensional
Memory Frame, that is free from absolute positions. The
unique dimensions associated with movement are distance
and time, which are required to make the move. The time
is associated with body’s internal rhythms, which define the
scale for measuring distance. Thus, the information concern-
ing distance between objects in the external environment is
conceived through the rhythm-based scale, that can be called
“spatial sense.” Furthermore, the scale can change overtime
because human behavior changes its orientation and range
of circulation as it grows. Consequently, the cyclic trajectory
thus formed evolves into a complicated web reflecting the
range of variations of movement; humans expand their activity
bandwidth. Inevitably, “spatial sense of basic perception”,
which serves as the basis for spatial cognition, should be
formed in the connection circuit of the circulatory network
formed by various procedural memories, which works in P-
Resonance.

¢) Number Sense: For humans to select appropriate
actions in a timely manner in an ever-changing environment,
information related to quantitative comparisons such as larger
or smaller for size, more or fewer for the number of objects,
farther or closer for distance, and longer or shorter for duration
is indispensable. When this information is combined with the
reward response that reflects the appropriateness of the choice,
a basic sense of quantitative discrimination is formed. This
is called number sense [13]. Perceptual information is repre-
sented in M -dimensional information in the Perceptual-Multi-
Dimensional Memory Frame via P-Resonance with rhythmic
and spatial senses. This process takes place in the midst of
synchronization between the environment and human activity,
which is weak synchronization, synchronization within the
width of the time or activity bandwidth [5]. Subsequently, they
are aggregated as cognitive objects by the number sense and
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made available to Two Minds via C-Resonance.

d) Summary: The rhythmic sense, spatial sense, and
number sense are applied to generate Cognitive-Objects from
the resonated portion of the Perceptual-Multi-Dimensional
Memory Frame for further cognitive processing carried out
by System 1 and System 2. The accuracy of adaptive behavior
can be increased by repeating the behavior while developing
the rhythmic, spatial, and number senses in the reuse of the
Perceptual-Multi-Dimensional Memory Frame.

III. THE ROLE OF RESONANCE IN THE HUMAN
DEVELOPMENT

Following birth, infants must immediately process and
rapidly adapt to the array of unknown sensory experiences
associated with their new ex-utero environment. However, and
as Dall’Orso and colleagues (2020) [14] said, although it is
known that unimodal stimuli induce activity in the correspond-
ing primary sensory cortices of the newborn brain, it is unclear
how multimodal stimuli are processed and integrated across
modalities.

Despite the relatively immature state of their sensory modal-
ities, newborns have perceptions that are acquired, and are
triggered by, their contact with the environment. More recently,
the study of the fetal origins of the sensory modes has revealed
that in utero all the senses prepare to operate, except for
the vision mode, which is only functional starting from the
first minutes after birth [15][16]. This discrepancy between
the maturation of the different senses leads to the question of
how human newborns come to understand our multimodal and
complex environment.

According to us, and as we wrote previously in this paper,
the information taken from the sensory organs is characterized
as information that is spatially and temporally spread out and
we hypothesize that the Multi-Dimensional Memory Frame
and perceptual information resonate (P-resonance) can be
relevant to describe how multimodal stimuli are processes and
integrated.

Just after the birth, the human newborn nervous system
must also quickly adapt to process the temporal, spatial, and
contextual features of complex inputs which simultaneously
stimulate different sensory systems. This integration between
different sensory modalities is thought to be established
through associative learning during postnatal life as it allows
simple and fast encoding of environmental contingencies [17].

If this integration between different sensory modalities
has multiple roles in early development for biological and
physiological aspects, for example, through anticipating and
overcoming respiratory or thermal challenges during sleep, it
plays also a key role for cognitive and social development
such as behavioral and emotional-self-regulation [18], atten-
tion to facial and vocal expressions [19], linking different
auditory—visual features to make inferences about specific
objects [20][21], and facilitating development of language and
vocabulary growth [22].

Dall’Orso and colleagues (2020) [14] have demonstrated
that the early human brain is already capable of processing
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external and simultaneous multisensory information within the
two distinct primary sensory cortices. We further found that
this multisensory stimulus presentation can directly influence
cortical activity in a crossmodal manner, even in the absence
of its archetypal substrate. They also found that the process of
encoding information during associative learning in the neona-
tal period engages wider cortical association regions across
relevant neural networks. Recent Magnetoencephalography
(MEG)/Electroencephalography (EEG) and functional mag-
netic resonance imaging (fMRI) studies have suggested that
while posterior parietal cortices integrate signals weighted by
their sensory reliabilities irrespective of task context, anterior
parietal cortices encode spatial estimates depending on their
reliability and task relevance [23][24][25]. In anterior parietal
cortices, spatial estimates rely more on the location of the sig-
nals of the sensory modality that needs to be reported. While
these behavioral and neuroimaging findings demonstrate that
observers’ perceptual goals influence how the brain combines
sensory signals to support perceptual inference, the underlying
computational and neural mechanisms remain controversial
and we argue that MHP/RT can provide a relevant theoretical
framework to explain these mechanisms.

And finally, their results confirmed prior results obtained by
other authors who identified the primary sensorimotor cortices
as the encoders of our associative learning task, supporting the
idea that they are not only involved in basic sensory perception
but also higher level processes such as multisensory integration
and experience specific memory encoding [26]. Moreover,
some recent studies investigating multimodal integration for
newborns with perceptual impairments, such as visual impair-
ments [27][28][29] and for children with Autism Spectrum
Disorder, or ASD [30], provide very similar results.

IV. CONCLUSION AND FUTURE WORK

This study argued in Section II-B that binding position
and time to the Multi-Dimensional Memory Frame is essen-
tial to generate situation-adaptive behavior, and derived in
Section II-C basic senses for solving the binding problem.
The memory represented by the Multi-Dimensional Mem-
ory Frame, which has no position and time data, repre-
sents relationships between objects. Therefore, the contents
of the memory can be reused by performing a topological
transformation to match the current time and spatial scales.
Furthermore, the accuracy of current perceptual information
can be enhanced based on past memories and associated
time and space values. This is because the Perceptual-Multi-
Dimensional Memory Frame is simply a memory of object
relationships; the Behavior-Multi-Dimensional Memory Frame
remembers object relationships associated with the time of the
entity’s actions in the procedures of physical behavior; the
Relation-Multi-Dimensional Memory Frame stores object re-
lationships associated with procedures and temporal concepts
recognized by System 2.

Section III discussed the basic senses from a developmental
perspective, tracing it back to the prenatal stage. It also
clarified how we are able to process multimodal information
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now that we are living surrounded by various artifacts, which
implements immersive virtual reality. Based on the argument
this paper provided, establishing P-Resonance between the
external environment and the Perceptual-Multi-Dimensional
Memory Frame with the focus of the basic senses. These
include the rhythmic sense, spatial sense, and number sense,
should be critical for smooth integration of the environment
and human being in action. As long as the source of stimuli to
human sensory organs, whether virtual or real, is not smoothly
processed by the basic senses, it will not be taken into the
organism and processed in relation to it. If those stimuli are
Immersive Virtual Reality generated by applying Artificial
Intelligence, they must be generated to achieve some goal,
but if they are not compatible with the basic senses, that goal
cannot be achieved.

In everyday life human beings experience a continuous
stream of information that they perceive through sight, sound,
smell, taste, and touch. Even though this experience is mostly
multisensory, that is, they receive information from multiple
senses simultaneously, psychological research has primarily
focused on studying our senses in isolation. Multisensory
processing refers to the interaction of signals arriving nearly
simultaneously from different sensory modalities. This implies
that information from one modality can influence information
processing in another modality. Information from different
sensory modalities can also be combined into a single multi-
sensory event, a process that is referred to as multisensory inte-
gration [31]. By this way, IVR is used to create virtual worlds
that are as immersive as possible in order to make users feel as
if they are “really there”, immersion referring to the objective
capacity of the technology to deliver sensorial stimulations and
movement tracking, for example, head, hands, comparable to
their physiological manifestations in the physical world [32].
It is assumed that the more immersed someone feels while
exposed to a virtual world, then the more memorable the IVR
experience is specially for children [33]. Even if some studies
show that too much visual stimulations, for example, by a
larger field of view or more visual details, can be responsible
for negative effects and discomfort due to increased eye strain
on the part of the user, that is, cybersickness, the quality of
immersion results from the combination of various factors,
such as field of view (the extent of the visible world), head
tracking, visual fidelity (the realism and details of visual
information) and multisensory information, which is thought
to be a central element in immersion.

At the moment of sampling continuous events in space—
time, which is the moment the memory is formed, absolute
time and coordinate information is lost and associations be-
tween events are made with features that can be mapped to
other events. Therefore, when the events are drawn out at the
time of motion, spatio-temporal information between events
is necessary, so it is interpolated to generate it. P-Resonance
occurs between the external stimulus and the Perceptual-Multi-
Dimensional Memory Frame by rhythmic and spatial senses,
and M -dimensional perceptual representations are generated.
Subsequently, under the condition of weak-synchronization,
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cognitive objects are generated by utilizing the number sense.
C-Resonance occurs between the cognitive object and the Two
Minds, and finally, mapped to the N-dimensional represen-
tation of the Motor-Multi-Dimensional Memory Frame. The
N-dimensional motion representation is interpolated in space—
time and converted into motor-enabled information to generate
motion via motor nerves. The body plan, that is, skeleton,
supports the whole behind the scenes as the base of the inter-
polation program as the default value. For memories created
in a real environment to be effective in a VR environment,
which would be IVR, VR design should be based on these
characteristics.
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