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Abstract

Following vision, audition is often regarded as a secondary sensory system in the study of cognitive science and behavioral neuroscience.
Auditory cognition tasks relate to the discernment of finite differences in frequency, duration, or rhythmic pattern. They suggest that there
is a wide range of auditory functions required to mediate auditory responses. Auditory perception is the ability to interpret information
that is received from the environment, and it is in this interpretation that audible frequency waves through the air or otherwise, follow
a series of processes that allow for the acuity of sound. Several mechanisms are employed in the processing of acoustic information
to extricate the many sources present and to assess the properties of individual events or sequences of events presenting themselves
from a source. From a cognitive level, the sequential relations among events in longer sequences must be advanced to comprehend the

nature of actions on objects that are extended in time.
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1. Literature Review

Auditory responses and the supporting research are broad,
multifaceted, and complex. Both scientists and academics alike
study several aspects of hearing, ranging from how the ear processes
sound to how the brain interprets the signals it receives from the
ear. Most of the supporting research involves behavioral, that is
psychoacoustic, studies using subjects with both functional and
impaired hearing. Auditory communications play highly significant
roles in social interactions; however, they would not be accomplished
without the specialized module in the brain, i.e. the auditory system
[1,2]. The working research identifies the primary functions of the
auditory system, which are to separate, localize, and identify sound
signals we receive in the cochlea [3].

The auditory system differentiates from our visual processes in that
each ear sends auditory information to both sides of the brain; any
brain region that contributes to localizing sounds must compare
input from both ears. However, each hemisphere does not show an
increase in attention to the ear of the opposite side [3]. Sound waves
vibrate the tympanic membrane, and three small bones convert these
vibrations into more powerful vibrations of the smaller oval window
thus setting in motion the fluid inside the cochlea. Waves inside the
cochlea stimulate the hair cells that then send messages to the brain

[1].

2. Auditory Development

Hearing is the first sense we develop in the womb. The regions
of the brain that deal with hearing are the first to complete the
developmental process of myelination, during which the connecting
wires of neurons are compiled with fatty sheaths that serve to insulate

the neurons, thus speeding up their electrical signals. It is for this
reason that in infancy, a baby will be able to recognize the voice of
their mother. In contrast, the visual system does not complete this
last step of myelination until a few months after birth. The initial
computations used in locating sounds occur in the brainstem, more
specifically so in a region called the superior olive. Secondary to
the business of localization beginning in the brainstem, surprising
sounds are able to quickly produce a turn of the head or body to
allow us to bring our highest resolution sense, that of vision, to bear
in figuring out what exactly has changed in our environment. The
rapidity of the response would not be possible if the information
from the two ears were integrated only later in the processing [3].

Cells in the midbrain indicate a sound position by increasing their
position, in turn, increasing their firing response to sound; each cell
taking sound input from both ears. The cell that fires most is the
one that receives a signal from both ears simultaneously. Because
these cells are most active when the inputs from both sides are
synchronized, they are known as coincidence-detector neurons
[4]. The auditory brain receives information relative to sound sent
from lower levels of the auditory system and acts as a relay station
for auditory perception. Audition poses a particular challenge to
cognitive neuroscience in that the processes of acoustically decoding
and neutrally encoding the auditory signal along the central auditory
pathways are not well understood. Mammalian subjects, both animal
and human cope well with various types of occlusions, deletions,
and degradations on their auditory input such as phone lines, and
loud/congested environments; less so in chronic hearing damage or
most often when living with a cochlear implant [2].
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3. Auditory Development and Parallel to the Visual System
Similar to the visual system, the auditory system requires experiences
for full development. Environment, exposure to trauma, and general
lack of stimuli can impede and impair auditory development.
Relative to individuals who are living with a congenital hearing
disability, that is, a disability present from birth often with a genetic
component, the axons leading from the auditory cortex hear simple
frequencies/sounds reasonably well. It is when the damage extends
to the subcortical brain areas that the aforementioned type of hearing
will become impaired as well. The deficit lies in the inability to
recognize combinations or sequences of sounds such as music or
speech (Tanaka et al., 1991). The cortex is not necessary for all
hearing, only for advanced processing. Surrounding the primary
auditory cortex are additional auditory areas. Another parallel to
the visual system is in the nature of how the responses will begin
with cells responding to simple lines and progress to cells that detect
faces and other complex stimuli; such is consistent with the auditory
system. Each cell in the primary auditory cortex responds best to
a particular frequency of times, although many respond better
to complex tones than to a single frequency. Areas bordering the
primary auditory cortex then analyze the meaning of sounds. An
inability to hear may result from damage to the nerve cells or to
the bones that conduct sounds to the nerve cells. We localize high-
frequency sounds according to differences in loudness between
the ears. We localize low-frequency sounds on the basis of phase
differences. If a sound occurs suddenly, we localize it by time of
onset relative to both brain hemispheres, i.e., both ears [2].

If the visual system enables an individual to see where something
is, it is the auditory system that tells an individual where something
is. The time resolution of the auditory system is significantly above
that of vision. Specialization for timing is evident in most parts of
the auditory system. It is the design of the sound receptors, i.e., the
ears, that is most critical. In the eyes, light is converted to neural
impulses by a slow chemical process in the receptor cells. On the
contrary, in the ear, sound is converted to neural impulses by a fast
mechanical-like system. Although vision may differentiate from
other senses in situations of conflicting information, given the
sensitivity of our ears, it is not surprising that audition dominates
over vision for determining the timing of events The highlighted
sensitivity to timing is used by the brain in several ways, e.g. when
enjoying music or an engaging conversation, and in the more primal
context of using the onset of new sounds to warn us that something
has changed in our environment [3].

4. Pitch and Speech Perception

Pitch is in congruence with volume level and timbre and is one of the
fundamental auditory percepts. For example, its function is crucial
for the appreciation of music and the general diversity of sound
frequency. Additionally, pitch congruence plays a role in speech
perception. Differences in pitch are used by the auditory system to
segregate sound. Using behavioral techniques in collaboration with
functional magnetic resonance imaging (fMRI) provides interesting
research material to support the neutral basis of pitch perception.
It is within our ability to detect the pitch of low-frequency sounds
by the frequency of action potentials in the auditory system. At

intermediate frequencies, we can detect volleys of response across
many receptors. The pitch of the highest frequency is interpreted by
the area of greatest response along the basilar membrane [2].

Most individuals will vary in their sensitivity to pitch. For almost
any other aspect of behavior, performance will follow a curve with
continuous variation. As information from the auditory system
passes through the subcortical regions of the brain, axons cross over
in the midbrain to enable each hemisphere of the forebrain to accrue
most of its input from the opposite ear [4]. The accrued information
ultimately reaches the superior temporal cortex. The inner ear, i.¢., the
cochlea, is the first stage of processing along the auditory pathways.
It is where sound energy is transformed into neutral spikes, which
are then transmitted along the auditory nerve to the brain; most
cases of hearing impairments, age degeneration notwithstanding,
are secondary to some degree of damage to the cochlea [5]. The use
of psychoacoustics and speech, serve as instruments of measure to
explore the effects of frequency differences in cochlear processing
delays. The auditory cortex resembles the visual cortex in a
multitude of ways. Both have the duality of understanding not only
“what”, but “where”. Furthermore, both have specialized areas for
detecting motion. Because of this commonality, it is possible for an
individual with brain damage to be motion blind and/or motion deaf.
The visual cortex is essential for auditory imaging [6,7].

Much of the day is spent listening to and interpreting sound and
language. It is easily forgotten that the primary function of hearing,
as is with most of the senses, correlates to understanding and
acclimating to our environment. The organization of the auditory
system is well suited in resolving and interpreting the questions of
what it is we are hearing, its proximity,
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