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SENSORY PERCEPTION
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There are five basic human senses: touch, sight, hearing, smell and taste. The
sensing organs associated with each sense send information to the brain to help
us understand and perceive the world around us. However, there are other
human senses in addition to the basic five. These lesser-known senses include
sense of heat and cold, pain, balance, and body awareness. We will discuss these
additional senses later in this article.

Here's how the five basic human senses work:



Sense of touch
Touch is thought to be the first sense that humans develop. Touch consists of

several distinct sensations communicated to the brain through specialized
neurons, or nerve cells, in the skin. Pressure, temperature, light touch,
vibration, pain and other sensations are all part of the touch sense and are all
attributed to different receptors in the skin.
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Touch is essential for our survival: allowing us to explore and interact with our
environment. Touch is also very important to our well-being. For example,
research has shown that touch can convey compassion from one person to

another.
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Touch can also influence how humans make decisions. Texture can be
associated with abstract concepts, and touching something with a texture has
been shown to be able to influence the decisions a person makes.



Sense of sight

The sense of sight, or vision, is the ability of the eyes to detect light and translate
it into images interpreted by the brain. It is considered the most relied-upon
human sense, responsible for processing vast amounts of environmental
information, including color, depth, and motion, through a complex, two-part
process involving light capture and brain interpretation.

How Visual Perception Works
Vision operates as a complex interaction between the eyes and the brain:

Light Reception: Light passes through the cornea and enters the eye
through the pupil, which is controlled by the iris.

Focusing: The lens, located behind the iris, focuses the incoming light
onto the retina.

Transduction: Specialized photoreceptor cells in the retina convert light
energy into electrical signals.

Neural Transmission: The optic nerve transmits these signals to the
visual cortex in the brain.

Interpretation: The brain interprets these signals as the images we see,
accounting for color, distance, and shape.

Stages of Visual Perception

Light Intake: Light reflects off objects and enters the eye.

Focusing: The cornea and lens focus this light on to the retina.
Conversion: Photoreceptors in the retina turn the light into neural
signals.



e Transmission: The optic nerve carries the signals to the brain.
e Processing: The visual cortex processes the information to create a
coherent image.

Key Components & Roles
e Cornea: The transparent outer layer that refracts light.
Iris/Pupil: The iris controls the pupil size to regulate light intake.
Lens: Changes shape to focus on near or far objects.
Retina: Contains photoreceptors that convert light to signals.
Optic Nerve: Transmits data to the brain.
Brain (Visual Cortex): Interprets signals and is responsible for the final
visual perception.
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Common Problems and Enhancements
o Refractive Errors: Myopia (nearsighted), hyperopia (farsighted), and
astigmatism occur when the eye does not focus light correctly.
e Vision Aids: Eyeglasses, contact lenses, or surgeries like LASIK can
correct these issues.
e Age-Related Changes: Presbyopia, cataracts, and macular degeneration
can affect vision over time.

Common Visual Symptoms of Eye
Problems

Bluzry Vision Double Vision Eye Floaters
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Flashess of Eye Redness Suden Vision
Light or Irritation Loss

Role of the Brain

The brain is essential for vision, devoting more processing space to it than any
other sense. It does not just receive a picture but actively interprets raw data,
allowing us to recognize objects, judge distances, and track movement.

Sense of hearing

The sense of hearing works via the complex labyrinth that is the human ear.
Sound is funneled from the outside, along a passageway in the outer ear called
the external auditory canal or ear canal. Then, sound waves reach the tympanic
membrane, or eardrum. This is a thin sheet of connective tissue that vibrates
when sound waves strike it.

These vibrations travel to the middle ear, causing three tiny bones there called
the malleus, incus and stapes — to vibrate. The stapes bone then pushes a
structure called the oval window in and out, sending vibrations to the organ of
Corti, which is the organ for hearing. Tiny hair cells in the organ of Corti
translate the vibrations into electrical impulses which travel to the brain via
Sensory nerves.
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People retain their sense of balance because the Eustachian tube in the middle
ear equalizes the air pressure in this part of the ear with the air pressure in the
atmosphere. The vestibular complex in the inner ear is also important for
balance because it contains receptors that regulate a sense of equilibrium. The
inner ear is connected to the vestibulocochlear nerve, which carries information
about sound and balance to the brain.
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Sense of smell

The sense of smell, or olfaction, is a specialized
chemical sense that detects airborne molecules
via receptors in the nasal epithelium. These
receptors convert chemical signals into neural
impulses, which are sent to the olfactory bulb and
processed in the brain to identify scents, detect
hazards, and enhance taste. Olfaction is crucial
for memory and emotion, directly connecting to
the amygdala and hippocampus in the brain.
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e Detection: Odor molecules enter the nostrils and bind to olfactory
receptor neurons in the nasal cavity.

e Transmission: These neurons convert the chemical signal into electrical
impulses, transmitting them to the olfactory bulb.

e Processing: The brain interprets these signals as specific odors, allowing
for the perception of smells.

Loss of smell can result from damage or inflammation of the olfactory nerves,
with common causes including:

e Viral infections (including COVID-19).



Sinus problems, nasal polyps, or chronic allergies.

Head trauma or injury.

Neurological conditions, such as Parkinson's disease or Alzheimer's.
Chemotherapy side effects.

What Animals have the best Sense of Smell

ELEPHANTS SHELL BETTER THAN RATS

In a study of 13 selected placental mammals, elephants were found to have the most genes
devoted to smell.
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The African Elephant has the best sense of smell in the animal kingdom, with
roughly 2,000 olfactory receptor genes—twice as many as dogs. Their trunks
can detect water up to 12 miles (19.2 km) away. Other top contenders include
bears (up to 20 miles), sharks, and bloodhounds. Humans are in the top 10.



Types of Smell Disorders

Anosmia: Total loss of smell.

Hyposmia: Reduced ability to smell.

Parosmia: Distorted perception of smells.

Phantosmia: Perceiving a smell that is not present (hallucination).

Relation to Taste

Smell is a primary component of flavor. While taste buds only detect sensations
like sweet, sour, salty, bitter, and umami, the olfactory system provides the
complexity of flavor. When chewing, aroma molecules travel from the mouth
to the nose, allowing the brain to combine these signals with taste, providing the
full experience of flavor.

Key Aspects of Olfaction

Sensitivity: Humans can detect thousands of different chemical odorants, even
in minute quantities.

Memory Link: Scents have a unique ability to evoke strong emotional
memories.

Safety System: It acts as a warning system for danger, such as smoke or spoiled
food.

Sense of taste
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Epiglottis Epithelium of tongue
“~——Palatine tonsil ‘ ,_——Taste bud
. -Lingual tonsil ,—ﬂ#-ﬁ( W Sonmtlve
= SSue
Surface of —@
the tongueo :
% Ry
_Circumvallate papilia @ \
;,/'.141/*';\‘:—\ _ NN
/1'?—4 o ~ — Basal
ST gL cel

s~ Sensory

Tasto buds —

. Fungiform
' papillae

(@ Gustatory hairs

(b) (microvill) emerging
from a taste pore

(c)

The sense of taste, or gustation, is a critical sensory system for survival and
pleasure, allowing the detection of five primary tastes—sweet, salty, sour,



bitter, and umami (savory)—via 2,000 to 10,000 taste buds located on the
tongue, throat, and palate. These buds contain receptors that, when activated
by food molecules, send signals to the brain to identify flavors and determine if
food is safe or nutritious.

How the Sense of Taste Works

Mechanism: Molecules from food and drinks dissolve in saliva and bind
to receptors in taste cells located in taste buds (primarily on the tongue's
papillae).

Signal Transmission: These receptors convert the chemical binding into
electrical signals, which are sent via nerves to the brain to perceive flavor.
Regeneration: Taste cells are remarkably resilient, with most being
replaced every 1 to 2 weeks.

The Five Basic Tastes

Sweet: Typically indicates energy-rich nutrients (sugars).

Salty: Signals the presence of essential sodium and other ions.

Sour: Detects acidity in foods.

Bitter: Acts as a warning system against potentially toxic or poisonous
substances.

Umami (Savory): Detects amino acids, such as glutamate, signaling
protein-rich foods.

OUR TONGUES CAN DIFFERENTIATE
BETWEEN THESE FLAVOURS
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Factors Affecting Taste

Sense of Smell: Roughly 80% of what we perceive as taste is actually
smell. A blocked nose often leads to a diminished sense of taste.

Health and Infections: Viral infections, including COVID-19, influenza,
and sinus infections, are major causes of temporary or long-term taste
loss.

Medications and Treatment: Medications such as antibiotics,
antihistamines, and chemotherapy can cause taste disturbances.
Radiation therapy for head/neck cancers also impacts taste receptors.
Aging: Taste buds decrease in number and sensitivity with age, typically
causing them to change or feel duller.

HOW AGING AFFECTS
TASTE AND FLAVOR
PERCEPTION

« Taste bud changes
Sweet and salty tastes
fade first
Bitter Havors remain

« Reduced saliva
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Oral Hygiene and Dental Issues: Poor oral health, gum disease, and

dental appliances like dentures can affect taste.

Environmental Factors: Smoking, tobacco use, and exposure to

chemicals (e.g., insecticides) can alter taste.

Psychological/Environmental Factors:

o Temperature: Cold foods often have less intense flavor than hot foods.

o Expectation/Color: Visual appearance (e.g., color) and expectations
can trick the brain into perceiving different, stronger, or sweeter
flavors.

o (Context: The weight of utensils and price of food can influence how
one perceives its quality and taste.

o Genetics: Some people are "super-tasters' due to a higher density of
taste buds, making them more sensitive to bitter or intense flavors.



Taste is a complex sensory experience heavily influenced by smell, genetics, age,
and health conditions. Major factors affecting taste include infections (COVID-
19, cold, sinus), smoking, medication, poor oral hygiene, and nutritional
deficiencies (like zinc). Environmental factors, temperature, and psychological
expectations also play key roles.
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Role in the Body

Beyond enjoying food, the gustatory system serves as a ""gatekeeper" for what
enters the body, helping to identify safe foods and avoid harmful ones. It is
essential for initiating digestive processes through nerve connections.

A brief history of the senses
Aristotle (384-322 BC) is credited with first numbering the five basic human
senses in his work De Anima. Even if someone had numbered them before that,
it's certain that the Big Five have been known for thousands of years, are known
to all of us, and are what most of us mean when we talk of The Senses.

e Sight or vision
Hearing or audition
Smell or olfaction
Taste or gustation
Touch or tactition



The nine senses

Moving on from Aristotle, neurologists tend to count and agree on at least nine
senses. A broadly acceptable definition of a sense for neurologists would be:
“A group of sensory cells that responds to a specific physical phenomenon, and
that corresponds to a particular region of the brain where the signals are received
and interpreted”.

Some things that we lay-folks might refer to as “senses”, such as the sense of
direction, for instance, are defined by neurologists as post-sensory cognitive
activities and don’t count in this definition

Because there is some overlap between different senses, different methods of
neurological classification can yield as many as 21 senses or more. Generally
agreed senses for neuroscientists currently include the five basic senses we have
already discussed plus these four additional senses:

e Thermoception - the sense of heat and cold

e Nociception - the perception of pain

e Equilibrioception - the perception of balance

e Proprioception - the perception of body awareness

Sense of Heat and Cold

The sense of heat or cold, known as Thermoception, is produced by specialized
nerve cells in the skin called thermoreceptors that detect temperature changes
relative to the body's current state.

Thermoception
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In humans, there are two main types: warm thermoreceptors, which respond
to temperatures above 30°C (86°F), and cold thermoreceptors, activated at
temperatures below approximately 43°C (109.4°F). These receptors convert
temperature changes into nerve impulses, which the central nervous system



processes to elicit appropriate responses, such as adjusting behavior or
physiological functions to maintain homeostasis.

The thermoreceptors adapt quickly to constant stimuli, allowing individuals to
perceive changes in temperature effectively. For instance, when entering a
warm room from the cold outdoors, one initially feels the warmth, but this
sensation fades as the receptors adapt. Thermoreceptors are predominantly
located just beneath the skin, with a higher density in sensitive areas such as
the tongue and lips. The hypothalamus, a brain region crucial for temperature
regulation, integrates information from these receptors, enabling both
voluntary and involuntary responses to maintain normal body temperature
around 37°C (98.6°F).

RECEPTOR RECEPTOR

Through these mechanisms, thermoreception plays a vital role in protecting the
body from extreme temperatures while supporting overall metabolic functions.
Understanding this sensory system can highlight the complexity of human
physiology and the ways it interacts with the environment.

Key Aspects of Temperature Sensing:

e Mechanism: Specialized ion channels, such as TRPV1 for heat and
TRPMS for cold, act as receptors in the skin's nerve cells.

e Relative, Not Absolute: Humans sense temperature changes relative to
their current skin temperature, not necessarily the absolute temperature.

e Adaptation: Receptors adapt quickly to constant stimuli. For example,
when touching a hot surface for a long time, the sensation fades as
receptors tire.

e Types of Receptors: Peripheral receptors in the skin detect
environmental temperatures, while central receptors monitor the core
body temperature.



e Pain Response: Extreme heat or cold triggers nociceptors (pain
receptors) to signal potential danger.

Factors Influencing Temperature Sensation:
e Biological Differences: Women often feel colder than men due to
differences in muscle density (which generates heat) and metabolism.
e Medical Issues: Thyroid issues, anemia, iron/B12 deficiency, or poor
circulation can cause increased sensitivity to cold.
e Environment: Sudden exposure to different temperatures (e.g., leaving a
heated building) makes the sensation more intense initially.

Sense of Pain

Pain is an unpleasant sensory and emotional experience signaling potential or
actual tissue damage, acting as a vital survival mechanism. It is processed
through nociceptors (nerve endings) that send signals via the spinal cord to the
brain, which interprets them based on physical, emotional, and psychological
factors.

MECHANORECEPTORS
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Key Aspects of the Sense of Pain:
e Mechanism: Nociceptors detect harmful stimuli (extreme heat,
mechanical damage) and send signals to the brain.
¢ Brain Interpretation: Pain is '"constructed" in the brain, with regions like
the amygdala processing the emotional unpleasantness.



e Types:
o Short-term, protective response to injury.
o Persists beyond healing, often caused by the nervous

system becoming oversensitive.
e Factors Affecting Perception: Stress, anxiety, and depression can lower
pain thresholds and intensify sensations.
e Characteristics: Can be described as sharp, burning, aching, or tingling.

Pain is subjective; therefore, an individual's report is the most accurate
measure.

What is the #1 most painful thing in the world?

There's no single "#1 most painful thing," as pain is subjective, but Trigeminal
Neuralgia (TN) is often cited as the most excruciating chronic pain, like electric
shocks to the face, while intense acute pain can come from childbirth, kidney
stones, or severe burns, with some ranking being burnt alive or crushed by a
train as the peak of physical agony. Different conditions (like cluster headaches,
Complex Regional Pain Syndrome (CRPS), shingles, and injuries (like heart
attack, broken bones, burns) also rank high on pain scales, showing extreme
suffering can be physical or neurological.

WORST TYPES OF
PAIN RANKED

Cluster headache attack
Childbirth
Pancreatitis

Kidney stones
Gallstones
Gunshot wound
Slipped disc
Migraine attack
Fibromyalgia

Bone fracture
Heart attack
Sciatica

Stab wound
Shingles

Lumbar puncture
Large organ biopsy
Arthritis

PAIN RATING



Sense of Balance

The feeling of balance is a complex dynamic function resulting from the brain
processing sensory input from the inner ears (vestibular system), eyes (vision),
and muscles/joints (proprioception). It allows you to maintain an upright
position and move securely. Poor balance, or disequilibrium, may feel like
dizziness, spinning (vertigo), or unsteadiness.

Balance System
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Key Components of Balance:

e Inner Ear (Vestibular System): Detects motion, gravity, and spatial
orientation using fluid and sensors.

e Vision: Helps determine where your body is in space.

e Somatosensory System: Sensors in joints, muscles, and skin tell the brain
about body position and pressure.



Causes of Feeling Off-Balance:

e Inner Ear Disorders: Such as vertigo, which can occur when crystals in
the ear move out of place, causing a spinning sensation.

e Neurological Conditions: Including Parkinson’s disease, strokes, or
nerve damage.

e Physical Issues: Muscle weakness, poor vision, or medication side effects.

e Aging: A natural, gradual decline in sensory systems can affect balance
over time.

When to Seek Medical Advice:

If you experience sudden, severe, or persistent dizziness and unsteadiness, or if
it is accompanied by symptoms like weakness, numbness, slurred speech, or
vomiting, consult a healthcare provider promptly.

Maintaining Balance:

Exercise: Engage in activities that improve strength and coordination, such as
yoga, Tai Chi, or strengthening exercises.

Safety Precautions: Use handrails on stairs, remove tripping hazards like rugs,
and wear stable footwear.

Check-ups: Regularly check your vision and inner ear health.

If you are experiencing chronic or sudden balance problems, it is recommended
to see a primary care doctor or an Otolaryngologist (a physician trained in the
medical and surgical treatment of conditions affecting the ear, nose, throat,
head, and neck).

Balance Exercises for Seniors

Maintaining balance requires multiple parts of your body to work together. As
you get older, your balance can get worse, which raises your risk of falls and
other injuries. Balance exercises can help prevent falls, improve mobility, and
help you stay independent.

You might take your sense of balance for granted. But staying steady on your
feet is very important. Balance affects how you move in your daily life, from
standing and walking to sitting and bending down to tie your shoes.

As we age, balance and coordination often get worse. In fact, researchers
estimate that balance begins to decline at age 50. At least 1 in 4 adults ages 65
and older fall every year. And when you fall, your risk of falling again goes up.
That’s why experts recommend balance exercises for older adults. You don’t
have to wait to get started. You can benefit from balance training at any age.



What is the number one balance exercise for seniors?

The number one exercise for seniors to increase balance is the Single-Leg
Stance, which involves standing on one foot with support (like a chair) and
gradually working towards holding the pose for 20 seconds without holding on,
as it directly improves weight shifting, leg strength, and core stability crucial
for fall prevention. Other vital exercises include Heel-to-Toe Walks and Sit-to-
Stands to build overall stability and functional strength.

FALL-PREVENTION BALANCE EXERCISES
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HEEL RAISES HEEL-TOE ROCKS ONE-LEG STAND HEEL-TOE WALK
Hold a chair, rise on toes,  Shift weight from heets Hold chair, lift one Walk placing heel to
hold 3 sec, lower. x10 to toes. x10 foot, hold 10-20 sec.  toe in a straight line.
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SIDE STEPS LEG SIDE SWINGS WEIGHT SHIFTS MARCHING
Step nght, bring left to Hold chair, swing leg Shift body weight from Walk in place, lift knees
meet, then left side. x10  sideways, return, x10 each. one leg to the other. x10 high. x10 steps.
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BACKWARD WALK MINI SQUATS SEATED ROTATIONS TOE ul;s
Walk backward slowly Hold chair, bend knees  Sit, turn upper body  Tap floor front, side, back
with support. slightly, nise back. x10 right/left. x8 each. with one fool. x3 rounds,
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CUSHION BALANCE  CLOCK FOOT TOUCH GENTLE STRETCH  BACKWARD WALK
Stand on cushion Touch floor at 12, 3, Step one foot back.  walk backward slowly
holding chair. Hold 15~ 6 o'clock with one light stretch, hold 10 with support.
20 sec. foot. sec.



Sense of Body Awareness

Body awareness, often called proprioception, is the subconscious, internal sense
of where your body parts are located, how they are moving, and how much
force to use without needing to look at them. It acts as a "GPS" for the body,
coordinating movement, balance, and posture through sensors in muscles and
joints.

Key Aspects of Body Awareness

e Proprioception: Sensory receptors in joints and muscles send signals to
the brain about the position and motion of limbs.

e Spatial Awareness: Understanding your body’s position in relation to the
surrounding environment and objects.

e Kinesthesia: The awareness of movement and body position.

e Internal Sensations: Awareness of bodily states like heartbeat, hunger, or
tension.

POSSIBLE POSSIBLE
BODY SIGNALS: BODY SIGNALS:

Heavy Limbs Relaxed Muscles

Moving Slowly Comfortable
Body Temperature

Focused/
Engaged Brain

Slow Heartbeat
Foggy Head

POSSIBLE
POSSIBLE
BODY SIGNALS: w
Wiggly Heartbeat Fast
Heart Beating Faster Skin Flushed

Body Warming Up
Muscles Tense
Thinking Faster

Hot/Sweating
Muscles Tense

Importance of Body Awareness
e Coordination and Motor SKkills: Allows for fluid movement, such as
walking without falling or catching a ball.
e Safety and Spatial Navigation: Prevents tripping or bumping into
objects.
e Functional Tasks: Enables daily activities like typing without looking at
keys, buttoning a shirt, or gauging how hard to hold an object.



e Emotional Regulation: Connects mental states to physical feelings (e.g.,
recognizing tension as stress).

Issues with Body Awareness

e Low Sensitivity (Under-responsiveness): May appear clumsy,
uncoordinated, or use too much force (e.g., snapping pencils).

e High Sensitivity (Over-responsiveness): May feel overwhelmed by
sensory input.

e Neurodivergence: Common in autism, ADHD, and SPD, where
individuals may struggle to process body positioning, often benefiting
from occupational therapy.

Ways to Improve Body Awareness

"Heavy Work" Activities: Pushing, pulling, lifting, and climbing activities
stimulate muscles and joints (e.g., pushing a cart, tug-of-war).

Mindfulness and Yoga: Focusing on breathing and body sensations increases
internal awareness.

Proprioceptive Exercises: Star jumps, bear crawls, and using weighted blankets
can help.

Body Awareness for Kids

Body awareness (proprioception) is a child's ability
to sense their body's position, movement, and
location in space, which is crucial for coordination,
motor planning, and confidence. It helps kids move
safely, gauge force, and manage emotions. Fun,
effective activities include Simon Says, yoga,
jumping, heavy work (pushing/pulling), and deep
pressure activities. Body awareness develops
throughout childhood, reaching an adult-like state
around 10-11 years of age.
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