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ABSTRACT

The human beings have an amazing brain capacity but it is limited at the biological, cellular and network level. Common assertions that people use
only a minor part (10%) of their brains are not scientifically proven and ignore the complicated control that governs brain activity. Cerebral capacity
is the optimal performance of neural systems under physiological conditions, which does not follow any theoretical activation limit. At cellular
level, ion channels and refractory periods limit neuronal excitation, whereas receptor concentrations, plasticity exhaustion, and neurotransmitter
cycling all limit synaptic communication. On the network level, synchronized coordination is required to process information but it is intrinsically
restricted to avoid instability and dysfunction. The functional specialization includes selective recruitment of different brain parts according to task
demands rather than maximum usage to meet some hypothetical maximized level. Neuroimaging research tends to misinterpret task specific
activations as the only functional regions of brain, whereas background neural activity is omnipresent to ensure homeostasis, preparedness, and
metabolic stability. The unused brain myth disregards the evolutionary and energetic needs of preservation of metabolically active and functionally
necessary structures. This literature review combines molecular, cellular, and systems neuroscience to explain how cerebral capacity is naturally
controlled. By providing historical, conceptual and mechanistic perspectives, it suggests that neural activity does not work on the principle of
maximum functionality, instead stability, efficiency and adaptability of the system is ensured by biological regulation. Moreover, it discredits the
brain capacity related myths and offers fundamental understanding about constraints of human brain capacity, from neurons to large-scale
networks.

Keywords: Brain, Cerebral Cortex, Cognition, Neuroimaging, Neuronal Plasticity, Synaptic Transmission, Neural Networks, Metabolism,
Functional Specialization

efining Cerebral Capacity as the capability of the brain to process, store and integrate information is based on its cerebral capacity

1. Scientifically, cerebral capacity does not mean an abstract or unlimited potential but a controlled functional range which is

regulated by biological, metabolic and network-level constraints 2. It corresponds to the highest possible physiological

performance of neural systems, and do not have power for limitless neuronal activation *. From biological perspective, the brain is

a complex, energy-dependent organ, which utilizes several molecular and cellular processes for information processing. There are
three highly regulated checkpoints (i.e., neuronal signaling, synaptic communication, and neural networks) that determine the extent of
information that can be processed at a certain time and the duration these processing can be preserved without functional failure. Neuronal
signaling is based on well-regulated electrochemical events, whereas synaptic communication is based on limited biochemical resources, and
neural networks require specific organization to ensure stability 4.

The neuroimaging research indicates that various cognitive activities do not involve the entire brain, instead they involve distributed but specific
neural circuits 7. Even in challenging cognitive or sensory activities, large regions of the brain are comparatively inactive not because of the
unexploited capabilities, but because the functional specialization and efficiency are fundamental part of brain organization 3. Excessive
stimulation of all areas would not improve the performance, instead they interfere with the coordinated processing, and metabolic homeostasis.

The biological limits at different levels to ensure normal brain functioning are illustrated in Figure 1.
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Conceptual Origins of the “100% Brain Use” Myth: The notion that human beings use a tiny part of their brains, usually measured as 10%,
has turned out to be one of the most persistent myths of popular neuroscience °. Although this concept is accepted widely in the media and
motivational speeches, it directly opposes the well-known principles of brain biology. The myth seems to have developed in early-twentieth-
century interpretations of neurological work when role of cortex was unknown, and large brain areas were considered as functionally silent. The
initial lesion experiments revealed that damage to a particular brain site did not result in immediate deficits which was falsely interpreted as an
indication of underutilized neural tissue '°
Practically, the brain is involved in
distributed or context-dependent processes Biological and Systems Limits of Human Cerebral Capacity
which are not readily traced out in terms of
gross behavioral changes !''. Neuroimaging
highlights areas of heightened metabolic IeBionatlE s
activity in certain tasks, such as fMRI can
only reveal localized activations which are
further misinterpreted by the analyst to
believe that the rest of brain is inactive.

As a matter of fact, homeostasis, readiness . =

and background processing are facilitated by
baseline neural activity, which is a persistent
brain function. Biological reasoning to
disqualify “100% brain use” concept,
involves the fact that neural tissue is a high-
energy demanding phenomenon, which
takes an inordinate portion of body energy '?
As evolution follows “survival of the fittest”
model, perseverance of an organ that

consumes a lot of energy like the brain Reu > @
) - - i ptake ‘ I
without any functional importance disfavor Recyde

the “100% brain use” concept. Individual - -
regions, cells, and circuits play an overall BN
role, although not necessarily involved in a - 32 o\
particular task.

The finding of maximal activation in
biological systems wusually indicates
something pathological instead of normal
functioning 3. Examples of neural activation
states that have serious  cognitive
impairment include conditions like seizures. .
So, the myth obscures the key g

neuroscientific ~ concepts  that  brain Cerebral capacity is requlated =»

functionality does not lie in its blind and Maximal activation # Optimal function
unlimited usage, but rather its regulation,

selectivity, and balance.

Firing limited by refractory
periods and ionic kinetics

Dendrites

Plasticity saturation limits
information storage and adaptation

Finite neurotransmitter pools
constrain signaling frequency

Synchronization optimized;
excessive activity causes instability

Neuronal Excitability and Action Figure 1. Biological and systems limits of human cerebral capacity. Neuronal firing is constrained by neuronal
limits, synaptic constraints, neurotransmitter recycling and network dynamics. Together, these mechanisms

POt.entl.zll.l COHStra“.ltS: The t{leuron?l regulate cerebral capacity, highlighting that maximal activation does not equal optimal function. (Image
excitability sets a basic boundary for brain generated by ChatGPT 5.0)

capacity. The ionic processes are highly

regulated to produce action potentials, which are the primary source of information transfer in the nervous system '*. Voltage-gated sodium
channels trigger depolarization followed by repolarization through efflux of potassium ions. Following every action potential, neurons go into an
absolute refractory period, in which no further spikes can occur and then a relative refractory period, in which only suprathreshold stimuli will
cause a spike 1°. The intervals between these impulses usually lasts from of 1- 5 milliseconds in cortical neuron, providing significant constraint
to the maximum firing rate. These biophysical limits not only affect individual neurons, but extend their impacts to network activity. Continuous
stimulation signal results in conduction failures, spike jitter, and synaptic depression, reflecting that the information throughput is limited at the
cellular and circuit levels 6

Moreover, intrinsic and extrinsic factors such as density of ion channels, morphology of dendrites, and dynamics of local membrane potential,
neuromodulators, temperature, and metabolic state, control neuronal excitability. Computational models revealed that continuous high-level
firing are neither energy-inefficient nor functionally valuable. The neurons demand high levels of ATP to support ionic gradients through
Na+/K+ -ATPase activity and high neuronal activity raise the metabolic burden, boost reactive oxygen species, and put excitotoxicity at risk 7.
Therefore, the evolutionary pressure prefers a discontinued excitability mechanism to assure the complex thinking without excessive activation
that would attenuate network stability.

Generally, there are basic biophysical and metabolic constraints on neuronal firing. The maximum neuronal activation is temporary and
situation-specific, and it cannot be compared to the overall brain capacity. Refractory dynamics and energy-sensitive signaling of neurons are
highly controlled at cellular level, providing a screening layer that avoid indiscriminate or unlimited processing of information. These limits
provide a mechanistic answer to popular myths that maximum levels of brain activation would be neither possible nor desirable for optimal
cerebral activity.
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Synaptic Transmission and Plasticity Saturation: Activity-dependent regulation of synaptic strength and synaptic plasticity is one of the key
determinants of brain capacity, especially learning and memory '8. The long-term potentiation (LTP) and long-term depression (LTD) are
mediated by receptor-trafficking, second-messenger cascades and structural remodeling of dendritic spines. Although these mechanisms allow
adaptive changes, they are innately restricted. Upon ceiling of potentiation or depression, further alterations can no longer take place which is
known as plasticity saturation !°. This inhibits continuous excitation or inhibition which would otherwise destabilize the networks.
Mechanistically, saturation occurs due to limited availability of post synaptic receptors, vesicular pools of neurotransmitters, and the capacity of
signaling enzymes.

Overstimulation by LTP causes saturation of AMPA receptor whereas, global over-potentiation causes hyperexcitability 2°. Compensatory
regulators follow homeostatic plasticity mechanisms, which increase or reduce the synaptic strengths to maintain a steady network state and to
eliminate runaway potentiation/depression.?!?> These mechanisms indicate an inherent capacity threshold on a synaptic level, which indicates
that plasticity acts a functional mechanism of adaptation, but not maximum amplification. Moreover, metabolic and network checkpoints also
play their role in synaptic constraints. High-frequency stimulation and massive potentiation consume higher amounts of energy, which is mainly
used in ion pumping, recycling of neurotransmitters and protein synthesis. The lack of proper recovery after long-lasting activity decreases the
synapses effectiveness, which results in long-term fatigue or structural remodeling 3.

According to computational models, information storage in the network would be maximized not by fully saturating all the synapses but by
affixing moderate and controlled reshaping of the circuits with a key focus on efficiency rather than maximal activation. Synaptic plasticity,
therefore, is an illustration of the controlled brain capacity. Although synapses are highly adaptive, they have limited capacity to induce
alteration so as to stabilize them, conserve energy and handle functional diversity . The saturation of plasticity emphasizes that neural networks
cannot store or transmit infinite amounts of information and that maximal cerebral activation is biologically limited and that optimum brain
performance relies on selective and regulated recruitment of synapses and not random engagement.

Neurotransmitter Availability and Metabolic Constraints: Neurotransmitter recycling provides another key constraint to the brain capacity
by regulating the supply of chemical messengers, needed to facilitate synaptic transmission. Neurotransmitters like glutamate, GABA, dopamine
and acetylcholine are produced, packed in vesicles, discharged and reabsorbed in a strictly controlled biochemical sequence . Limited vesicle
pool and requirements of their metabolic synthesis and re-absorption define upper limits of synapses activity. In high-frequency firing, the
presynaptic terminals run out of readily available vesicles, decreasing synaptic efficacy and slows information transfer 2°. This limitation is
represented by glutamatergic signaling which constitutes most excitatory neurotransmission in the cortex 7.

The neurotransmitter pools are replenished through the glutamate-glutamine cycle between the neurons and the astrocytes, but it has a limited
time frame. These cycles get overwhelmed in case of excessive excitation resulting in temporary deficit of transmission and excitotoxicity 5.
Likewise, neuromodulators like dopamine and serotonin are restricted by their synthesis rate, vesicular loading, and reuptake capacity, limiting
sustained modulatory signaling during intense mental or emotional need. Neurotransmission is further regulated by the availability of energy.
Vesicle loading, ion pumping to sustain membrane gradients and reuptake of transporters all necessitate ATP 7. Local metabolic demand is
increased during high-frequency synaptic activity, and in case of low metabolic energy release of neurotransmitters and the reliability of
neuronal firing are significantly impaired 2°.

This close relationship between the metabolic provision and the functioning of the synapses ensures sustained neuronal activity. Together,
neurotransmitter cycling and metabolic limitations provide a biochemical protection to cerebral capacity. The structural integrity of neurons and
synapses does not suffice to exceed the information transfer without synaptic fatigue and metabolic breakdown. These constraints underscore the
fact that the brain is regulated to operate maximally: the chemical and energetic means necessary to run reliable and adaptive signaling over
neural networks are inherently limited.

Glial Regulation and Neurovascular Coupling: Cerebral capacity is further regulated by glial cells and neurovascular processes that
characterize the systems level of cerebral capacity. These support elements (astrocytes, oligodendrocytes, and microglia) actively regulate
synaptic activity and homeostasis as well as the coordination of metabolic supply to neurons . Specifically, astrocytes control the extracellular
ionic levels, recycle neurotransmitters and modulate the synaptic plasticity, which has a direct impact on the maximal sustainable firing rate of
the neurons. Neurovascular coupling provides metabolically active areas of the brain with adequate blood supply to support oxygen and glucose
demand. Local neuronal stimulations cause vasodilation induced by astrocytic mediators and endothelial mechanisms, which adjusts energy
provision to demand 3'.

In contrast, cerebral blood flow is limited and the vascular network places a physical limit on provision of energy. Extensive or prolonged
stimulation may supersede vascular capacity leading to temporarily induced hypoxia, energy deprivation, or faulty synaptic performance 2.
Network stability can be achieved through glial control. Buffering of excess glutamate by astrocytes to prevent excitotoxicity and
synchronization can be regulated by astrocytes through modulating inhibitory interneuron activity 33. Microglia are responsible of synaptic
network surveillance and elimination of damaged or inactive synapses, aiding in the efficient organization of the network. The axonal
conduction velocity is preserved by oligodendrocytes by myelinating the axons, which indirectly determines the timing and throughput of the
neuronal signaling. These glial functions combine the metabolic and electrophysiological constraints to guarantee optimal, but not maximum
activation 34,

The breakdown of glial or vascular regulation explains the effect of surpassing the limits of the brain. Ischemia, traumatic brain injury or
metabolic insufficiency are examples of conditions that indicate that neuronal overactivation without proper support quickly develops
dysfunction and tissue damage *°. Mechanisms involving glial and vascular activity are, therefore, required to regulate cerebral capacity to
ensure that energy provision, synaptic modulation and network stability are controlled within biologically sustainable limits.

I}
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Network-Level Synchronization and Information Processing Limits: Coordination is established at the network level to form cerebral
capacity depending on the state of balance between integration and stability. Neurons do not often work alone but they are interconnected to
form a web of coordinated activity that makes it possible to process information effectively *. Co-ordination of neuronal activities in local and
distributed networks helps in various phenomena including attention, working memory, and sensory integration. Maximal synchronization
improves signal transmission, temporal coding and computational efficiency. Nevertheless, over synchronization is self-limiting 3’. The high
degree of connectivity of networks lowers the flexibility and information capacity by minimizing the variety of possible firing patterns.
Computational models prove that when synchrony in a network is greater than the optimum level the network becomes less responsive to new
input and the redundancy level increases, which results in functional saturation 3%,

This trade-off is indicative of one of the underlying limitations suggesting that maximal network activity is not related to maximum processing
capability. Regulated synchronization is found in large-scale brain oscillations, including theta, alpha and the gamma rhythms. These time-based
oscillatory activities systematize neuronal activity and form windows of excitatory and inhibitory communication *. Atypical ranges of normal
oscillatory with hyper-synchrony or broken phase relationships disturb cognitive performance. For example, epileptiform activity might be
associated with excessive gamma-band, whereas disruptions in memory encoding are linked to weak theta oscillations .

The architecture of neuronal assembly also restricts its network capacity. Modular and small-world organization minimize the wiring cost and
optimize effectiveness, but restrict the amount of independent computations at any given time *'. Subsets of these networks are selectively
engaged by high-demand tasks, which also provides evidence that a complex and balanced activity of the brain depends on regulated recruitment
and not indiscriminate activation 2. Overall, network-level synchronization highlights the core principle of cerebral capacity i.e., information
processing is limited by the requirement to strike a balance between coordination and flexibility. Under and over- synchronization are both
inefficient and full activation of all circuits would probably not help the stability and functionality. The optimal capacity cannot be obtained
through unrestricted participation, rather through actively controlled, contextual patterns of activity.

Instability, Noise, and Pathological Overactivation: Other factors that act to further limit the cerebral capacity are an excitatory-inhibitory
balance, neural noise, and pathological overactivation risk. Neural connections make use of inhibition interneurons to balance excitatory drive
and control stable firing and exhibition **. Violation of this balance either by exciting too much or inhibiting too little may cause unstable
behavior, loss of information fidelity and collapse of the network. Pathological overactivation demonstrates the biological maximal of brain
functioning. The hyper-synchronous neuronal firing across multiple networks in epileptic seizures is quite a graphic example: even though
neuronal activity is maximised the cognitive and behavioural performance are greatly disturbed **.

Similarly, excitotoxicity caused by the release of excessive glutamate, harms the neurons, indicating pathological effects of maximum activity 4.
These phenomena underscore the importance of fundamental regulation of the cerebral capacity to safeguard failure of its functions. Extrinsic
and intrinsic noise also play a role in restricting the cerebral capacity. Neuronal responses vary due to stochastic alterations in ion channels
gating, neurotransmitter release probability and receiver states on the synaptic receptor . Although, in some cases, noise is beneficial to provide
plasticity and flexibility, too much noise impairs signal fidelity, effective information throughput and limits reliable processing. The nervous
system restrains these influences via redundancy, network motifs, and feedback inhibition, and supports balance over maximal activation.
Theoretical arguments prove that any effort to maximize activation in all circuits at the same time would impart instability in metabolic load,
ionic equilibrium, resulting in lack of synchrony #’.

The stability and adaptiveness of the network is ensured by energy supply, synaptic resources and the network design as they prevent the
indiscriminate activation. Hence, instability and pathological overactivation restricts the cerebral capacity. Biological designs, such as inhibitory
feedback and architecture of networks are processes to maintain safe levels *®. Peak neuronal activity is not the same as increased capacity; in
fact, increased neuronal activity is frequently an indication of dysfunction. The successful functioning of the brain requires controlled activation,
noise control, and structural protection that, on a real scale, limits of the ability of the brain.

Systems-Level Optimization: Why Brains Are Not Built for Maximum Output: The boundaries of the cerebral capacity can be best
understood in light of the brain as a system evolved through evolutionary pressures. The neural circuits are not optimized to be indiscriminately
maximized but rather optimized to make them efficient, robust and adaptive . The designs which have been most favored by evolution are
those that achieve the highest level of performance at the lowest metabolic cost, minimal structural complexity, and low instability susceptibility
50, The energy-based restrictions predominantly impact the system optimization. Human brain makes roughly 2% of the body weight though it
absorbs close to 20% of resting metabolic energy '

Continuous activation of all neurons would cost many times higher energy than the available energy, hindering and even causing excitotoxic
damage, homeostasis impairment 3**°. Thus, the brain will favour selective recruitment of circuits according to the demands of a task, and will
be able to balance the expenditure of energy and cognitive efficiency. Systemic optimization is also manifested in network architecture. Cortical
networks are small-world and modular networks maximizing local processing and reducing the long-range wiring expense *!. Redundant
pathways provide resilience that enables the brain to adapt to either an injury or a change in input, but simultaneously restrict optimum
processing 3. Functional specialization also ensures distribution of the tasks to involve different parts or sub-networks in order to prevent
metabolic overload and to maintain oscillatory dynamics 3.

The information-theoretic models also help in describing regulated capacity. Maximum transfer of information in response to stimulation does
not require uniform activation, but selective and coordinated interaction between excitatory and inhibitory ensemble . Excessive synchrony or
random turning on eliminates useful bandwidth, causes redundancy and adds noise, culminating in impaired thinking **. Briefly, the brain
produces maximum functioning not through the activation of all areas at the same time, instead it utilizes resources in a regulated and context-
specific manner. Cerebral capacity reflects the interaction between metabolic constraints, network structure, plasticity restraints as well as
dynamic regulation. The overall system efficiency ensures steady cognitive functions while minimizing possible risks of dysfunction. The
findings on multilevel regulation of human cerebral capacity are summarized in Table 1.
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Table 1: Multilevel Regulation of Human Cerebral Capacity — Key Concepts, Mechanisms, and Insights

. . Key Biological | Constraints on .
Biological Aspects Core Focus Mechanisms Cerebral Capacity Conceptual Insight
. . Energy-dependent neural | Capacity reflects Cerebral capaplty o
. Defining  capacity | . ’ ) . . regulated functional range,
Conceptual Definition of | .. . signaling, functional | maximal  sustainable o .
246 biologically  rather TP optimized for stability and
Cerebral Capacity * . specialization, regulated | performance, not total .
than theoretically . o efficiency rather than
recruitment activation .
maximal output
Historical & | Origin of the “100% Misinterpretation of lesion | Mis-conflation of task- | The myth persists due to

Mythological Context *!! | brain use” myth studies and neuroimaging | related activation with | conceptual misunderstanding,

activations total brain activity not scientific evidence
Neuronal Excitability Action potential | Ion  channel Kkinetics, | Finite firing rates; Itjif)ur}?ns?lcall firing ca e:f,
15 y generation and firing | absolute and  relative | metabolic cost of ion PhY y ppec

sustained maximal firing is

limits refractory periods gradient restoration neither feasible nor beneficial
. - . LTP/LTD, receptor | Plasticity  saturation; Memory and learning rely on
Synaptic Transmission | Learning and . . . . regulated synaptic
e 1820 . trafficking, dendritic spine | finite receptor and . . P
& Plasticity memory capacity remodelin sionaling capaci modification, not infinite
& gnaling capacity potentiation
Vesicle ools, | Vesicle depletion; Neurotransmission is
Neurotransmitter Chemical limits of . POo’s, . prehon, biochemically bounded,
o e 3508 N . neurotransmitter synthesis, | synthesis and recycling T .
Availability synaptic signaling enforcing limits on sustained
reuptake cycles rates . >,
high activity
Metabolic Constraints ' | Enerev requirements ATP-dependent ion | Energy supply-demand | Brain activity is constrained
29 gy requir pumping, neurotransmitter | mismatch during | by metabolic sustainability,
of neural activity . . . .
cycling excessive activation not structural potential
Astrocytic Dependence on glial Glia act as g_atek_eepers .Of
. 30,34 Non-neuronal control . . : cerebral capacity, integrating
Glial Regulation . neurotransmitter recycling, | support for sustained . .
of neural function . . S metabolic  and  synaptic
ion buffering activity

regulation
Vascular limits impose a hard

Activity-induced

Neurovascular Coupling | Blood flow—activity Finite cerebral blood

.32 . vasodilation, . ceiling on sustainable neural
’ matching . flow capacity .
oxygen/glucose delivery activation
Network-Level Coordination of Oscillatory dynamics Over—synchr_omzatlot_l Optimal cognition requires
o e 3640 . (theta, alpha, gamma), | reduces information | balanced synchrony, not
Synchronization neuronal populations LS L .l
modular connectivity diversity global activation
. ol 4346 Variability and | Stochastic ion channel Reduced 1nformat1on Con.t rc.)l.led notse enhanges
Noise & Instability +* . . . . . throughput at high | flexibility, but excess noise
signal fidelity gating, synaptic noise . . )
noise levels limits capacity
Pathological Consequences of Hyperexc_ltgblhty, . Network collapse Maximal activation 15 a
. . 4445 PN excitotoxicity, seizure I - marker of dysfunction, not
Overactivation ** exceeding limits L. despite high activation .
activity enhanced capacity
Systems-Level Evolutionary design | Small-world architecture, Tradg-off between | The braln 8 optlmlzed for
s . a4 45 5152 . L efficiency and | adaptive efficiency, not
Optimization 7% 4> principles modular specialization .
redundancy maximal throughput
Functional Task-dependent Distributed but selective | Inability to process all Cognitive efﬁmency arises
s L sy . Lo . from  selective  network
Specialization recruitment circuit engagement tasks simultaneously .
activation
Conclusion

The myth concerning the 100% brain use is a misleading term used to define brain capacity. Functional specialization, energy limits, and
homeostatic control imply that the parts of the body that seem not to be involved in a task have important background functions. There are
physical, chemical and energetic constraints to the neuronal firing, network synchronization and synaptic modulation, and forcing them would
lead to instabilities, pathology or tissue injury. Pathological conditions, including the seizure state or excitotoxic damage, demonstrate that
maximal stimulation will be physiologically harmful instead of functional improvement. Cerebral capacity is not a basic numerical measure but
reflects the dynamic property of the integrated design of the brain. Selective, context-specific recruitment of neurons and networks, effective
resource allocation, and system-scale feedback regulation are highly regulated to ensure ideal performance. The plasticity, glial support,
metabolic interrelations, and network structure coordinate to regulate normal brain functioning while preserving adaptive flexibility.

This review presents molecular, cellular as well as systems-level evidence to define the inherent boundaries of the human cerebral capacity.
Neurotransmitter recycling, network dynamics, synaptic plasticity, ion channel kinetics, and different layers of biological regulations collectively
act as checkpoints for optimal brain functioning. These systems prevent brain to undergo random or increased activation to maintain stability,
efficiency and flexibility. Overall, the review utilized biological grounds to justify that human brain capacity is not unlimited rather highly
regulated. Intense activation does not mean intense potential, and the constraints to brain capacity inform not only neuroscientists and the
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medical personnel but also public to establish their understanding about cognition, whereby the efficiency and regulation of the brain, determines
the intellectual ability of humans.
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