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Vice-Chancellor's Message

| congratulate you on being part of the historiolation of our Centre for
External Studies into a Distance Learning Centree Teinvigorated
Centre, is building on a solid tradition of neanyenty years of service to
the Nigerian community in providing higher educatito those who had
hitherto been unable to benefit from it.

Distance Learning requires an environment in whigarners
themselves actively participate in constructingrtbesn knowledge. They
need to be able to access and interpret existimyleadge and in the
process, become autonomous learners.

Consequently, our major goal is to provide fulllinmedia mode of
teaching/learning in which you will use not onlyintrbut also video,
audio and electronic learning materials.

To this end, we have run two intensive workshapprbduce a fresh
batch of course materials in order to increasetanbally the number of
texts available to you. The authors made greattsfto include the latest
information, knowledge and skills in the differaisciplines and ensure
that the materials are user-friendly. It is our édipat you will put them to
the best use.

Professor Olufemi A. Bamiro, FNSE
Vice-Chancellor
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Foreword

The University of Ibadan Distance Learning Programhas a vision of
providing lifelong education for Nigerian citizem$o for a variety of reasons
have opted for the Distance Learning mode. In they, it aims at

democratizing education by ensuring access andyequi

The U.l. experience in Distance Learning datesklacl988 when the
Centre for External Studies was established ta ecagenly for upgrading the
knowledge and skills of NCE teachers to a Bachell@gree in Education.
Since then, it has gathered considerable experiencgreparing and
producing course materials for its programmes. rEeent expansions of the
programme to cover Agriculture and the need toeng\the existing materials
have necessitated an accelerated process of cowat®gials production. To
this end, one major workshop was held in Decemi@)62which have
resulted in a substantial increase in the numbecooirse materials. The
writing of the courses by a team of experts andrdgs peer review have
ensured the maintenance of the University’s higimd#rds. The approach is
not only to emphasize cognitive knowledge but aldls and humane values
which are at the core of education, even in anage.

The materials have had the input of experiencebrsdand illustrators
who have ensured that they are accurate, currehteamner friendly. They
are specially written with distance learners in dpisince such people can
often feel isolated from the community of learneékdequate supplementary
reading materials as well as other information sesirare suggested in the
course materials.

The Distance Learning Centre also envisages #mglar students of
tertiary institutions in Nigeria who are faced wighdearth of high quality
textbooks will find these books very useful. We #nerefore delighted to
present these new titles to both our Distance liegristudents and the
University’s regular students. We are confidersttthe books will be an
invaluable resource to them.

We would like to thank all our authors, reviewarsd production staff
for the high quality of work.

Best wishes.

§1 gpotctont

Professor Francis O. Egbokhare
Director
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General Introduction and Course Objectives

Basic survival of an organism relies upon knowire tworld that

surrounds it. The fundamental system that undetiissknowing is what

“Sensory Processes” is all about. Perhaps, it noayp@ an exaggeration to
state that in sensory processing, one sees thestam@nendeavour’ of
human consciousness to explore the world arourmugr the study of

sense organs. These organs enable us to seetdstar,touch, balance,
and experience such feelings as body stiffnesensss, fullness, warmth,
pleasure, pain and movement.

The processes involved in each organ may seemghdfaward, but
in reality a complex chain of receiving, transmigfi and interpreting
sensory information are involved.

The course is therefore prepared to introduce shedents’
psychologists to concept of sensory processing therdmechanisms
involved. More so, it is to explain in detail, thienctioning of the
sense organs and the important roles they playnoterstanding the
world around us. Through this course, the studetitgyain a better idea
of how our senses work and how this informationorganised and
interpreted.

At the end of this course, the students shouldleta:

1. demonstrate full understanding of sensory procgssin

2. mention and explain the different types of sensecgptors;

3. highlight the different types of sense organs aed functioning; and
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. explain the mechanisms associated with the organs
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LECTURE ONE

Introduction to Sensory Processing

Introduction

The brain has a lot of work to do throughout the. ddiere is a continuous
flow of information available from all the sens@ystems, and the brain
must sort through the information, prioritise amdpdasize components; it
has to decide both how to understand what is gomgnd what you will
do, based on the information available. In this ptég the major
highlights are sensory processing neurologicalstiokels, self -regulation
strategies, and other terms involved in sensorggssing.

Objectives
At the end of this lecture, you should be able to:

1. explain the meaning of concepts such as sensorgegsong,
neurological thresholds, habituation, sensitisatiamd self -
regulation strategies, passive and active straedm self-
regulation;

2. demonstrate mastering by discussing each of thgeaboncepts
thorough; and

3. discuss the different levels of threshold and types
responsiveness.

Pre-Test

1. What do you understand by sensory processing, lugical
threshold and self-regulation?

2. Define self -regulation strategies, passive antvadtrategies for
self-regulation.



3. What is the difference between self-regulation aeld -regulation
strategies?

CONTENT
Sensory Processing

Sensory processing is a complex set of actions géhable the brain to
understand what is going on both inside your owdyband in the world
around you. It is an overarching term that referhe method the nervous
system uses to receive, organise and understarsdbrgeimput. Sensory
processing is considered an internal process oh#meous system that
enables people to figure out how to respond torenwiental demands
based on the sensory information that was availablmake the person
aware of what is going on both around the persan,(fom auditory and
visual input) and from within the person’s bodyg(efrom touch, joint
receptors). Two primary factors that contributedotos understanding of
the overall concept of sensory processing are tegioal thresholds and
self-regulation strategies.

Neurological thresholds This refers to the amount of stimuli required for
a neuron or neuron system to respond. When theugrsystem responds
really quickly to a sensory stimulus, we say thisra low threshold and
when the nervous system responds more slowly tikpected, we say
there is a high threshold for responding. All ofneed a balance between
low and high thresholds so that we notice just ghothings to keep us
aware and attentive, but not so many things thabea@me overloaded
with information and feel distracted.

At the extreme ends of the neurological threshard habituation
(related to high thresholds) and sensitisatiorafeg to low thresholds).

Habituation refers to the process of recogniziagifiar stimuli that
do not require additional attention (Dunn, 2000@r Fyoung children,
habituation is essential so they might focus tag@ntion on the activity at
hand. Without this process, children would be camiy distracted by the
variety of stimuli that are present in the envir@amn

Sensitization is the process that enhances thesaess of important
stimuli. It is significant to development becausealiows the child to
remain attentive to the environment while engagedplay or other
learning. The ability to modulate responses ofrtee/ous system permits
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the young child to generate appropriate responeestimuli in the
environment.

Self-Regulation StrategiesThese are ranges of behavioural responses to
sensory input that reflect the child’s self-regidatstrategies. At one end

of this continuum are passive self-regulationstsgias in which the
person lets sensory events occur. Passive selfategu can mean that
persons miss things, or feel overtaken by things éine happening around
them. For example, a person with passive self-eggui might miss the
visual input of facial expressions or gestures rdyrisocialisation.
Conversely, a person with passive self-regulatioghinotice everyone
fidgeting in a class, and this input could compeli¢h the teacher’s
lecture.

At the other end of this continuum is active selfulation strategies,
people with active strategies select and engadeehaviours to control
their own sensory experiences. Active self-regafattan yield more or
less sensory input. For example, a person might burwhistle while
playing cards to add sensory input to keep attentv the game.
Conversely, a person might move to a quiet roomlenvkiudying as a
means of controlling auditory input to increase amntration. Both
passive and active strategies for self-regulatiamm loe useful and helpful
to the person, or can interfere with the abilityp#aticipate in daily life.

Other termsin sensory processing
High Thresholds

This refers to the end of the ‘neurological thrédho continuum. It

reflects a condition in which it takes a lot of sery input to activate a
response. We refer to this as hypo responsivenesypm reactivity to

indicate less responding than would be expected.

Low Thresholds

This end of the ‘neurological thresholds’ continutefiects a condition in
which it takes very little sensory input to acteat response. We refer to
this as hyper-responsiveness or hyper-reactivity iridicate more
responding than would be expected.



Within this perspective, we talk aboResponsivenest refer to the way
that you respond to demands in your life. Many dkircan affect your
responsiveness, including the demands of an activié characteristics of
the environment or the way that a person’s seltdagn strategies affect
his daily life. When your nervous system is respogdoo much, we call
it hyper-responsive (or over responsive), and wymnare responding too
little, we call it hypo-responsive (or under respior).

Hyper Responsiveness/Hyper Responsivity/Over respsiveness

The nervous system acts based on excitation ariitioh. Under typical
circumstances, the nervous system receives boitatxg and inhibitory
messages, and must balance these competing inputietérmine an
appropriate and adaptive response. Sometimes, #reous system
responses are out of balance. When those respansdarger than we
would normally expect in a particular situationjstreferred to as ‘hyper
responsive’. We hypothesize about a person’s hypgponsiveness by
observing behaviour in a particular context.

Hypo Responsiveness/ Hyposensivity

The nervous system acts based on excitation ariitioh. Under typical

circumstances, the nervous system receives boitatxg and inhibitory

messages, and must balance these competing inputietérmine an
appropriate and adaptive response. Sometimes, #reous system
responses are out of balance. When those resparsesnaller than we
would normally expect in a particular situationjdtreferred to as ‘hypo
responsive’. We hypothesize about a person’s hgspansiveness by
observing behaviour in a particular context. Foaragle, a child who

seems oblivious to her family’s activities duriragrfily fun night may be

exhibiting hypo responsiveness to the movementndsuand visual

stimuli of the family activities.

In addition to considering these patterns of sgngpoocessing, you
have to also consider how each of your sensoryesystresponds. You
probably won’t have the same responses with eackosg system. For
example, you might have sensitivity for sounds, getinot notice visual
or touch stimuli. Although we might identify withne pattern of sensory
processing, the truth is that each person has aumnof each pattern of
sensory processing. You might see yourself as pilyna sensation
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seeker, and still have some sensitivity to cers&nsations. For example,
you might really enjoy movement, visual experienaed textures, and be
very sensitive to sounds.

Summary

In this lecture, we have learnt that sensory prsiogs neurologica
thresholds, self -regulation strategies are verpairtant aspects that
shape information processing in the brain. We alsted that the
extreme ends of the neurological threshold arethation (related tg
high thresholds) and sensitization (related to linesholds). Othe
terms involved in sensory processing were alsonteauch as hype
responsiveness and hypo responsiveness

= = =

Post-Test
1. Differentiate between neurological threshold an@regulation.
2. Briefly discuss sensory processing.

References
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LECTURE TWO

Patterns of Responding to Sensory Events

Introduction

Apart from the two major factors (neurological @ihelds and self
regulation strategies) associated with our undedstg of the overall

concept of sensory, we can identify four basicqvatt of responding to
sensory events in everyday life. In this lectuhe highlights include low
or poor registration, sensation seeking, sensatiaiding, and sensation
sensitivity.

Objectives
At the end of this lecture, you should be able to:
1. discuss the patterns of responding to sensory gyvand

2. demonstrate your understanding of sensation seeldagsation
avoiding, sensation sensitivity and low or poorisggtion

Pre-Test
1. What do you understand by sensation seeking?
2. Define low registration
3. What is sensation avoiding?
4. What is sensation sensitivity

CONTENT
Low Registration/ Poor Registration

Low registration refers to a pattern of sensorycpssing that is
characterized by high sensory thresholds and aiveaself regulation
strategy (Dunn, 1997). When people have a low tegisn pattern of
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sensory processing, they notice sensory stimuliness than others. The
sensory profile measures cover the life span, aedinformant report to

evaluate a person’s ability to register sensorytinpeople who have low
registration patterns seem uninterested, self Absoand sometimes dull
in affect. They do not notice what is going on amthem, and miss cues
that might guide their behaviours. We hypothesizat tmost events in

daily life do not contain a sufficient amount oftansity to meet these
children’s thresholds; their passive strategied teatheir being somewhat
oblivious to activities. Dunn and colleagues hawnducted national

studies of infants, children and adults with andheut disabilities, and

have found that persons without disabilities ofages notice and register
sensory input most of the time, and that peoplé wisabilities such as

autism and schizophrenia are significantly moreljiko experience low

registration. When a person has low registratidtepas, interventions are
directed at increasing the intensity of sensoryirip improve the chances
for noticing and responding to environmental densand

Sensation Seeking

Sensation seeking refers to a pattern of sensoogepsing that is
characterized by high sensory thresholds and awmeasklf regulation
strategy (Dunn, 1997). When people have sensagekirsy patterns of
sensory processing, they enjoy and generate esmngosy input for
themselvesThe Sensory Profile measures cover the life spad, @wse
informant report to evaluate a person’s ability register sensory input
Children who have Sensation Seeking patterns argy \agtive,
continuously engaging and excitable. We hypotheglzat they are
engaging in active strategies to increase inpua aseans to meet high
thresholds. Dunn and colleagues have conductednadhtistudies of
infants, children and adults with and without disaes, and have found
that persons without disabilities of all ages sae# derive pleasure from
sensory experiences. Sensation seeking becomeblkemprwhen seeking
behaviours keep the person from continuing in are@sctivity. When a
person has difficulty with sensation seeking, wmations are directed at
providing more opportunities for the desired sepsoput within daily life
activities.



Sensation Avoiding

Sensation avoiding refers to a pattern of sensancgssing that is
characterized by low sensory thresholds and arveaddelf regulation
strategy (Dunn, 1997), when people have a sensatioiding pattern of
sensory processing; they are bothered by input nttwaa others. The
sensory profile measures cover the life span, aedinformant report to
evaluate a person’s sensation avoiding tenden€egdren who have
sensation avoiding patterns are rule bound rittaed and uncooperative.
They engage in behaviours to limit the sensory titpey must deal with.
We hypothesize that they limit sensory opportusiti@cause unfamiliar
sensory input is difficult to understand and orgeanior might even be
“threatening” to the nervous system. Ritual behawrjarovides a high rate
of familiar sensory input, while simultaneously timg the possibility of
unfamiliar input. Dunn and colleagues have condilciaional studies of
infants, children and adults with and without disaes, and have found
that persons without disabilities of all ages seidengage in sensation
avoiding behaviours, and that people with disabgitsuch as autism and
schizophrenia are significantly more likely to eggan a high amount of
sensation avoiding patterns. When a person hasats@msavoiding
patterns, interventions are directed at making tilgss available, so that
the person does not become overwhelmed and wanitholraw from
participation in everyday life.

Sensory Sensitivity

Sensory sensitivity refers to a pattern of sensprycessing that is
characterized by low sensory thresholds and a yasself regulation

strategy (Dunn, 1997); when people have a sensorgitsvity pattern of

sensory processing, they detect more input thagretfhe sensory profile
measures cover the life span, and use informarntrtrdp evaluate a
person’s sensory sensitivity tendencies. Childreho whave sensory
sensitivity patterns are distractible, hyperactarel can be complainers.
They notice many more sensory events than otherardbcomment about
them with regularity. We hypothesize that they héoxe thresholds that
enable them to have a high rate of noticing whabisg on around them.
These children use passive strategies in that alew things to happen
and comment rather than removing themselves (&nsason avoider is
likely to do). Dunn and colleagues have conductational studies of

infants, children and adults with and without disabs, and have found
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that persons without disabilities of all ages seldengage in sensory
sensitivity behaviours, and that people with dikadés such as autism,
Asperger syndrome and ADHD are significantly makely to engage in
a high amount of sensory sensitivity patterns. Waegaerson has sensory
sensitivity patterns, interventions are directegratviding more structured
input, so that the person does not become overvdteimeveryday life.

Summary

In this lecture, we have discussed the basic pattef responding t
sensory events. The contemporary conception of lawd high
registration, sensory sensitivity, sensation segkand avoiding wer
discussed in details. In the process, the distinstiamong the terms
were equally made.

O

11

Post-Test

1. How can you relate sensation seeking, low registrasensation
avoiding, and sensation sensitivity to your underding of
sensory processing?

2. Briefly discuss the patterns of sensory processing

References

Coren, S., Ward, L, & Enns, J. (1998&nsation and Perception
Harcourt Brace College Publications. Fort Worth.

Dunn, W. (1997). The impact of sensorycpssing abilities on the
daily lives of young children and their families: c@anceptual model.
Infants and Young Childre®(4), 23-35.

Kandel, E., Schwartz, J. & Jessell, T. 0@rinciples of Neural
Science (fourth edition). New York. McGraw-Hill Companies



LECTURE THREE

Introduction to Sensory Receptors

Introduction

This lecture will introduce you to the concept ehsory receptors in terms
of functions, kinds and the general meaning as usgdscientific
researchers.

Objectives

At the end of this lecture, you should be able to:
1. show a good understanding of sensory receptors; and
2. highlight and explain the different sensory receqto

Pre-Test
1. Define a sensory receptor
2. Enumerate the different types of sensory receptmusknow

3. What do you understand by processing, neurologficashold and
self-regulation?

4. Define self -regulation strategies, passive antd/adtrategies for
self-regulation.

CONTENT

Sensory receptors account for our ability to seay htaste, and smell, and
to sense touch, pain, temperature, and body posilibey also provide
the unconscious ability of the body to detect clesnop blood volume,
blood pressure, and the levels of salts, gasesnhatréénts in the blood.
These specialised cells are exquisitely adapted tlier detection of
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particular physical or chemical events outsideddlé They are connected
to nerve cells, or are themselves nerve cells. Mdrilgem are enclosed in
sense organs. Others are the endings of nerves fibat ramify within the

skin, the muscles, bones, and joints and the attgans of the body. Yet
others are nerve cells within the brain that amsiee temperature, to
dissolved gases, salts, and other substances fluith@round them.

In human beings there are just four basic typeseokory receptor-
sensitive to mechanical stimulation, light, cherticand temperature-but
they vary enormously in their form. The particukand of stimulus to
which they respond is largely determined by theicstre of the sense
organ around them or by their location in the ba8gme animals have
receptors sensitive to magnetic fields or to elealrfields. All sensory
receptors in the human body operate on the saneraeprinciples. Their
membranes contain particular protein molecules #rat activated and
change their shape when the appropriate physicae for chemical
substance comes into contact with them. For instalight falling on the
retina causes rotation of a small part of molecehdked photo-pigments,
which lie within the internal membranes of the esdl cone receptor cells.

Olfactory neurons in the nose have fine hairs taven a huge
variety of protein molecules to which inhaled oddrenolecules attach in
a ‘lock-and-key’ fashion. Specialised proteins lre thembranes of hair
cells in the cochlea and the vestibular apparafugh® inner ear are
sensitive to the mechanical forces caused by soumdovements of the
head, respectively. Other types of mechano-recepierve endings that
detect touch and vibration of the skin, movements stretch of muscles,
tendons, and joints, and the pressure of bloochénldood vessels and
heart, employ similar stretch-sensitive proteinthgir membranes.

Activation of the specific protein receptors iretbell membrane is
followed by a sequence of reactions, collectiveftled transduction,
leading to the initiation of nerve impulses (actipotentials), which are
transmitted along a fibre towards (or within) thental nervous system.
The essential step, resulting directly or indingétbm the activation of the
receptor molecules, is the opening or closing my pores (ion channels)
in the cell membrane. This causes a change in theement of charged
ions (usually sodium ions), which alters the vadtdagside the receptor
cell. The amplitude of this receptor potential earwith the intensity of
the stimulus. This then leads to the firing of lempulses, either in the
sensory cell itself or in an adjacent nerve cdtle Bensory stimulus is thus
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translated into a train of impulses whose frequenayies with the
stimulus strength.

The sensitivity of a sensory receptor usudédpends on how much it
has recently been stimulated. Hence, if a recggty a nerve fibre in the
skin) is exposed to a constant stimulus (such asspre on the skin), the
rate of nerve impulses quickly falls to a much lovevel, or even ceases
altogether. This phenomenon, called adaptatiodsleaceptors to be more
sensitive to changing than to steady stimulatioendé they usually
measure the stimulus as a percentage of its deniom the background
signal, rather than signaling its absolute intgnsithis means that our
sensory receptors are sensitive to small changsigmal strength but tune
out constant signals. Everyone is familiar withstkifect: it is the reason
you cease to notice a constant background noiseklgulesensitize to
strong smells, and are gradually able to see irarkethed room after
leaving one that is brightly lit. It is one examkthe way in which our
sensory systems ‘economise’ in their use of nenauises.

Summary

In this lecture, we have examined sensory recepaos how they
account for our ability to see, hear, taste, andlisrand to sense touch,
pain, temperature, and body position. We also tetrat in human
beings there are just four basic types of sensecgptor, sensitive t
mechanical stimulation, light, chemicals, and terapge but they vary
enormously in their form. The principles underlyithge receptors wer
discussed too.

O

[OT)

Post-Test
1. Examine the sensory receptors indicated in thiptena
2. Differentiate between any of the two mentioned &bhov

3. Identify the major concepts in this chapter anéteethem to the
functioning of sensory receptors

4. Write short note on your conception of sensory peme
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LECTURE FOUR

Sense and Sensory Awareness

Introduction

This lecture introduces pupils’ psychologists te theaning of awareness
of outside and the internal world of our own bodieough the study of
sensation, perception, stimulus and the sense.

Objectives
At the end of this lecture, you should be able to:

1. explain the concepts of sensation, perception &nmdikis as used
in the field of psychology; and

2. discuss the relationship existing between sensatoinperception

Pre-Test
1. Whatis a sense?
2. What is sensation?

3. Provide brief explanation of your understandingpefception and
stimulus.

CONTENT
Definition of Sense

There is no firm agreement among neurologists dsegmumber of senses
because of differing definitions of what constigitesense. One definition
states that an exteroceptive sense is a facultytigh outside stimuli are
perceived. The traditional five senses are sigbgring, touch, smell,
taste: a classification attributed to Aristotldumans also have at least six
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additional senses (a total of eleven includingrimteptive senses) that
include: _nociceptior(pain), equilibrioceptior(balance), proprioceptio&
kinesthesia (joint motion and acceleration), sevfseme, thermoception
(temperature differences), and in some a weak nagegtion(direction)

One commonly recognised categorisation for humaiseseis as follows:
chemoreception; photoreception; mechanoreceptiod; thermoception
Indeed, all human senses fit into one of these ¢ategories.

Different senses also exist in other animals, fexample
electroreception

A broadly acceptable definition of a sense woutd"a system that
consists of a group of sensory cell types thataedp to a specific
physical phenomenon, and that corresponds to &acplart group of
regions within the brain where the signal® received and interpreted.”
Disputes about the number of senses typically a@seund the
classification of the various cell types and theappingto regions of the
brain.

Senses

Sight

Sight or vision: is the ability of the brain and eye to detect
electromagnetic waves within the visible range hfliginterpreting the
image as "sight." There is disagreement as to wenekiis constitutes one,
two or three senses. Neuroanatomists generallyrdegas two senses,
given that different receptors are responsibletiier perception of colour
(the frequency of photons of light) and brightnéasplitude/intensity -
number of photons of light). Some ardghat stereopsjghe perception of
depth, also constitutes a sense, but it is geperadjarded as a cognitive
(that is, post-sensory) function of brain to intetpsensory input and to
derive new information. The inability to see isledlblindness

Hearing

Hearing or audition: is the sense of soungkrception. Since sound is
vibrations propagating through a medium such asthe& detection of
these vibrations, that is the sense of the heaisregymechanical sense akin
to a sense of touch, albeit a very specialised dmehumans, this
perception is executed by tiny hair fibres in theer_eamwhich detect the
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motion of a membrane which vibrates in responsechanges in the
pressure exerted by atmospheric particles withiramage of 20 to

22000 Hertz with substantial variation between individual©u8d can

also be detected as vibrations conducted throughbtidy by tactition.

Lower and higher frequencies than that can be ha@detected this way
only. The inability to hear is called deafness

Taste

Taste or gustation is one of the two main "chemical” senses. Theeecat
least four types of tastes that "buds" (receptors)the tonguedetect,
given that each receptor conveys information tbghtdy different region
of the brainThe inability to taste is called ageusia

The four well-known receptors detect somethingetw&alt, sour, and
bitter, although the receptors for something svaeet bitter have not been
conclusively identified. A fifth receptor, for arsmtion called umamwas
first theorized in 1908 and its existence confirnied000. The umami
receptor detects the amino aghtlitamate, a flavour commonly found in
meat and in artificial flavourings such as monosadglutamate.

Note that taste is not the same as flavour; flauntiudes the smebf
a food as well as its taste.

Smell

Smell or Olfaction: is the other "chemical" sense. Unlike taste,dlsme
hundreds of olfactory receptors, each binding tpagicular molecular
feature. Odour molecules possess a variety of festand thus excite
specific receptors more or less strongly. This cowtion of excitatory
signals from different receptors makes up what veecgive as the
molecule's smell. In the brain, olfaction is pree=ss by the_olfactory
system Olfactory receptor neuroni& the nosediffer from most other
neurons in that they die and regenerate on a negakas. The inability to
smell is called anosmi&ome neurons in the nose are specialised totdetec

pheromones

Touch

Touch, also called mechanoreception or somatic sensasidhe sense of
pressure perception, generally in the skihere are a variety of nerve
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endingsthat respond to variations in pressure (e.g.,,fionushing, and
sustained). The inability to feel anything or altnasything is called
anesthesiaParesthesis a_sensationf tingling, pricking, or numbness of
a persors skinwith no apparent long term physical effect.

Balance and acceleration

Balance Equilibrioception or vestibular sense, is the sense which allows
an organism to sense body movement, direction,aacdleration, and to
attain and maintain postural equilibriumnd balance. The organ of
equilibrioception is the vestibular labyrinthinessym found in both of the
inner_ears Technically this organ is responsible for two s&s)_angular
momentumand linear acceleration (which also senses graviyt they
are known together as equilibrioception.

The_vestibular nerveonducts information from the three semicircular
canals corresponding to the three spatial planes, _thelet and the
saccule The ampulla or base, portion of the three semicircular canals
each contains a structure called a cri$taese bend in response to angular
momentum or spinning. The saccule and utricle, alted the "otolith
organs"”, sense linear acceleration and thus gra@tgliths are small
crystals of_calcium carbonatidat provide the inertia needed to detect
changes in acceleration or gravity.

Temperature

Thermoceptions the sense of heat and the absence of heaj (@plthe
skin and including internal skin passages. The therptoce in the skin
are quite different from the homeostatibermoceptors in the brain
(hypothalamupwhich provide feedback on internal body tempemratu

Kinesthetic sense

Proprioception the kinesthetic sensprovides the parietal cortex of the
brain with information on the relative positionstbke parts of the body.
Neurologists test this sense by telling patientslése their eyes and touch
the tip of a finger to their nose. Assuming propesprioceptive function,
at no time will the person lose awareness of whieeehand actually is,
even though it is not being detected by any of tiker senses.
Proprioception and touch are related in subtle wagd their impairment
results in surprising and deep deficits in peragptnd action.
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Pain

Nociception(physiological paihsignals near-damage or damage to tissue.
The three types of pain receptors are cutaneours)(Somatic (joints and
bones) and visceral (body organs). It was beliebad pain was simply
the overloading of pressure receptors, but resaarthe first half of the
20th century indicated that pain is a distinct gimeanon that intertwines
with all of the other senses, including touch. Raas once considered an
entirely subjective experience, but recent studsésw that pain is
registered in the anterior cingulate gyrus of tharb

Sensation and Awareness

Sensation is the process of receiving, translatiaggd transmitting

messages from the outside world to the brain (LaB6@4); Sensation is
equally defined as the immediate experience ofcbpsbperties of an

object of event that occurs when a receptor iswdéitad. Sensory receptor
cells are cells inside sense organs, which reasiNgside forms of energy
and translate them into neural impulses that camamsmitted to the brain
for interpretation. When enough physical energikasra receptor cell, the
cell sends neural impulses to the brain. It is signals sent by these
receptors that cause us to become aware of thelewtsrld. Perception,

on other hand, is derived from an English word €pére” that is, to

become aware of something through the sensesnipretiend or grasp a
stimulus. Perception arises from the subjectiveeerpces of objects or
events that ordinarily results from stimulation reteptor organs of the
body. The definition has taken different perspexgito mean insight,
intuition and knowledge gained by perceiving. Pptiom also is the act,
process, faculty of perceiving, organizing, aneipteting sensory input
as signaling a particular object or event. Morepsception involves the
neurological processes by which recognition ancerpretation are

affected. By specialised receptors, the stimulatisntransformed or

encoded into neural activity. A key conception mdarstanding sensation
and perception is stimulus. The term ‘stimulus’ esnfrom the action of
sensory receptor cells, and it refer to any aspette outside world that
directly influences our behaviour or conscious exmee. Psychologists
call the registration of sensation when a physieaént excites the
appropriate receptors early processing, but this yet perception.

Perception includes two major phases: immediategasing and late
processing. By immediate processing, the inputgaumised into coherent
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units, while in late processing the perceptual esystinterprets the
meaning.

Early, immediate and late processing seems tocatelia simple
sequential process, but more is happening. Progessay be “bottom up”
initiated by stimulus or “top down” guided by knalge, expectation, or
belief. The two sorts of processes could be in plathe same time.

Summary

In this lecture, we learnt that our brains areinatirect contact with the
outside world. But sensory receptor cells haveabity to transduce
physical energy into coded neural messages thaseareto the brair
(sensation), where they are interpreted (perceptitie realised that ng
all forms of physical energy could become part wf perception of the
world. We must have sensory receptor cells thati@arsduce that forn
of energy and the stimulation must be strong enouglexceed the
sensory threshold. Our perception of external eal complicated
because there is no simple and direct relationséipween the properties
of physical stimuli and our conscious sensatiomsalfy we learnt tha
external stimuli could only be perceived througa senses.

— Y

—
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Post-Test
1. What differences exist between the above-menticeedes?
2. Briefly examine the sensory receptors mentiondtiisichapter.
3. Write short notes on your conception of sensatiah@erception.
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LECTURE FIVE

Vision I: Introduction, Eye-ball, Refractory
media, and Disorders of the Eye

Introduction
As far back as the 1760's, the famous philosophemdnuel Kant
proposed that our knowledge of the outside worlpgedels on our modes
of perception. In order to define what is "extras®ey" we need to define
what is "sensory". Traditionally, there are fivenses: sight, smell, taste,
touch, and hearing. The sense of vision (sightyis of the five classical
senses, which assume greater importance than bhay sgnsory system.
Each of the senses consists of specialized cedis lthve receptors for
specific stimuli. These cells have links to thevoeis system and thus to
the brain. Sensing is done at primitive levelshie tells and integrated
into sensations in the nervous system.

Sight is probably the most developed sense in haméollowed
closely by hearing. The highlights in this studglude the eyeball, the eye
as refractive media, errors of refraction and acoonfation

Objectives

At the end of this lecture, you should be able to:
1. describe the anatomy of human eye;
2. label the parts of the eye, indicating their fumas; and
3. explain the mechanism of refraction.

Pre-Test
1. What is vision?
2. ldentify the functional parts of the human eye

3. Describe the physiology of human sight
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CONTENT
Epel

Suspensory ligament
Ciliary muscle HORSIROGG Sclera

Retina

Conjunctiva | Fovea

Pupil R':-;-,-., Optic nerve

Lens

The eye is the organ of vision, situated in the syckets of the skull.
It is almost spherical in shape and is about 2.3ondiameter. The
adipose/fatty tissue occupies the space betweeryee and the orbital
cavity. The delicate eye is protected from injugythe bony wall of the
orbit and the surrounding fat.

The eye has three layetthe outer layer, the middle layer and the
inner layer. The outer fibrous layer is made oésxland the cornea. The
middle vascular layer is made of the choroidsagjlibody and iris. The
inner nervous tissue is made up of retina. Thectiras inside the eyeball
are the lens, aqueous fluid/humor and vitreouslftwimor.

Cornea is convex in shape and transparent as, glassound in the
front of the eye. The continuation of cornea seewhite colour is called
sclera. It is the outermost layer of the eye. {tegi shape to the eyeball.
The sclera or white of the eye forms the outerntgtr of tissue of the
posterior and lateral aspects of the eyeball andorginuous interiorly
with the transparent cornea. It preserves the dlyabd also protects the
delicate inner layers. The transparent corneaoint fallows the passage of
light rays to focus on the retina. The extrinsicselas attached to the
sclera permits and limits movements of the eyaligtin the orbit.

The choroid is very rich in blood vessels, deepcotate brown in
colour and lines in the posterior 5/®f the inner surface of the eye.
Melanin is the pigment, which gives dark coloratimnthe choroids. It
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absorbs excess light that enters the eye. Numerapiiaries are present
in the choroids. They bring oxygen and nutrientguneed for the eye.
When light enters the eye through the pupil, imsiates the nerve
endings in the retina and is then absorbed byhbeoads.

The Cilliary body is the anterior continuation dfet choroids. It
consists of ciliary muscles and secretory epithetiells and gives
attachment to the suspensory ligament. Contracrmh relaxation of the
ciliary muscle changes the thickness of the lexfsacts light rays entering
the eye to focus them on the retina. The epithalals also secrets
aqueous fluid into the anterior chamber of the eye.

The Iris is the visible coloured part of the ewehich extends
anteriorly from the ciliary body, lying behind tlernea in front of the
lens. It is a circular body composed of pigmentscahd two layers of
smooth muscle fibers. It divides the anterior segnieto the anterior and
posterior chambers, which contain aqueous fluideted by the ciliary
body. At the center of the iris is the pupil. Pgrapathetic stimulation
constricts the pupil and sympathetic stimulatiolatds it. The amount of
pigment cells in the iris is genetically determinddhis determines the
colour of the iris. Albinos have no pigment celisid people with blue
eyes have fewer pigment cells than people with breyes.

The lens is a highly elastic, circular bi- convdsody lying
immediately behind the pupil. It consists of fibexaclosed within a
capsule. It is suspended from the ciliary muscle thg suspensory
ligament. The ciliary muscle through the suspendiggment controls its
thickness. The lens bends (refracts) light raykecedd by the objects in
front of the eyes. The nearer the object to be gtkis, the thicker the lens
becomes to allow focusing.

The eye has a complex structure consisting oamsparent lens that
focuses light on the retina. The retina is coves#ti two basic types of
light-sensitive cells, the cells-rods and cones tbne cells are sensitive
to color and are located in the part of the retialded the fovea, where the
light is focused by the lens. The rod cells are s®isitive to color, but
have greater sensitivity to light than the condscélhese cells are located
around the fovea and are responsible for periphesabn and night
vision. The eye is connected to the brain through dptic nerve. The
point of this connection is called the "blind spb&cause it is insensitive
to light.
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The Eye as a refractory media

As light rays enter the eye, the biconvex lens bearttl focuses light rays
on the retina. Before reaching the retina, lighgsrgpass successively
through the conjunctiva, cornea, aqueous fluids l@md vitreous body. To
increase the refractory power, the ciliary musaat@cts, releasing its
pull on the suspensory ligament and the anteridase of the lens bulges
forward, increasing its convexity this focuses fighys on the retina.

When the ciliary muscle relaxes, it slips backwardsreasing its pull on

the suspensory ligament, making the lens thinnkis Tocuses light rays

from distant objects on the retina.

Disorders of the eye

As we grow old, the elasticity of the lens decresa3dis state is known as
presbyopia. The transparency of the lens is ldsis ' common in aged
people and in some persons affected by diseasés.didorder is known

as cataract.

Myopia (Short sight)
The elongation of the eyeball results in myopiae Thage of the object is

formed in front of the retina. People having suniors are not able to see
distant objects clearly.

Hypermetropia (Long sight)
In this case, the eyeball shortens leading to tmendtion of the image

behind the retina. Such people cannot see neactslgkearly, though they
are able to see distant objects.

Astigmatism

Like the shape of the eyes, any disorder in theature of the cornea or
lens affects the vision. This results in the forioratof incomplete and
blurred images of objects. This state is known ssg@atism. This
disorder is rectified using suitable cylindricahées.
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Summary

In this lecture, we learnt of the structure of #he. We are meant {o
understand that the eye is much like a human cambgalens focuses|a
visual image on the retina of the eye, which corgtaiwo kinds of
sensory receptor cells, the rods and the coneseTinansduce the light
waves into neural messages. The two kinds of receg#lls perform
their jobs somewhat differently. Cones work bestintense light;
provide good visual acuity, and transducer inforamatabout colour
We also learnt of the disorders of the eye causedhanges in the
elasticity of the lens.

1%

Post — Test
Draw and label the eye and illustrate the mechaoisthe eye.
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LECTURE SIX

Vision Il: Image Formation, Accommodation,
and Visual Pathway

Introduction

In this lecture, you would learn how images aremied in the eye. The
mechanisms underlying the constriction of the mymbnvergence of the
eyeballs and changing the power of the lens (régsifhe intensity of the
light) would equally be demonstrated

The highlights involve the concept of accommodatiaetinal
projection and the visual pathway.

Objectives
At the end of this lecture, you should be able to:
1. describe the physiology of vision by human eye;

2. illustrate the functioning of the cones and rodshia regulation of
light; and
3. explain the mechanism of image formation and accodation.

Pre-Test
1. What do you understand by accommodation?
2. How is image formed in the human eye?
3. Describe the physiology of human sight
4. What is binocular vision?
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CONTENT
How image is formed

The light gets refracted when it passes throughearaqueous humour,
lens and vitreous humour. As a result of this,ithage falls on the retina.
But when we look at a near object, its image wdl formed behind the
retina. Here the curvature of the lens is incredsethe contraction of the
ciliary muscles, so that the image is formed onréima. Thus depending
upon the distance of the object from the eye,bibta to focus the image

on the retina by altering the convexity of the lemgalled the power of

accommodation. In addition to the contractionshef tiliary muscles, the
curvature of the cornea, shape of the pupil andlthéds in the eye also

help in this process.

Accommodation

The constriction of the pupils, convergence of ¢lyeballs and changing
the power of the lens assists accommodation bycreduhe width of the
beam of light entering the ew® that it passes through the central curved
part of the lens. In a bright light, the pupils amnstricted. In a dim light
they are dilated. If the pupils were dilated inrgyhbt light, too much light
would enter theeye and damage the sensitive retina. In a dim, ligiie
pupils were constricted, insufficient light wouldter the eye to activate
the photosensitive pigments in the rods and cowégh stimulate the
nerve endings in the retina. Contraction of theutar muscles of the iris
constricts the pupil, and contraction of the rad@tmuscles of the iris
dilates it. Sympathetic stimulation dilates the imipand the
parasympathetic stimulation causes constriction.

The pupil constricts in bright light and dilatesdimlight. When the
circular muscles contract, the pupil decrease&zm Fhe lens is made of a
substance, which has elasticity. The lens is cdedeto the ciliary
muscles with the help of ligaments. The lens indhe is convex.

The chemistry of vision

Image of the objects are formed in the eye. Phogépt®rs such as rod
cells and cone cells are present in the retina. ¢&gd get stimulated in
dimlight. Thus it helps the vision in dimlight. Babne cells get stimulated
only in bright light. The cone cells help to digfinsh colours and to see
the objects in bright light. The pigment seen ia thd cells is rhodopsin.

26



When light falls on it, rhodopsin dissociates réaglto chemical changes.
The impulses formed as a result are received dsnalss by the nerve
cells. Retinine, which is the part of the rhodopss synthesized from
Vitamin A. Now it is clear that the deficiency oftamin A causes night
blindness. There are different types of cone dellsecognize the primary
colours namely, blue, green and red. They contéferdnt types of a
pigment called iodopsin, which helps us to recognie primary colours.
Damages in any of these cone cells may cause iyatwl distinguish
colours. This is called colour blindness.

The blind spot and the yellow spot

The part of the retina where the optic nerve belgioks rod cells and cone
cells. This part is called blindspot. The part, ethis seen almost in the
centre of the retina, is called yellow spot. Mooge cells are present here.
There are no rod cells. It is the point of highesion. When we
concentrate on small objects the image is formed. he

The physiology of vision

You have understood that the light that falls om pihnotoreceptors causes
a chemical change. This stimulus creates impulsasttavel through the
optic nerve, which is formed by the clustering afoms of the
photoreceptors, reaches the cerebrum. The prooesk/és refraction of
light rays, changing the size of the pupils andbaomodation of the eyes.
Though the image formed in the retina is inveried the cerebrum that
makes the vision a reality.

Binocular vision

Though the image of an object is formed in bothethes, we do not feel it
as two separate images. It is the cerebrum, whochdinates the images
formed in both the eyes. The binocular vision healgsto calculate the
distance from objects correctly. This is not possifor all animals.
Binocular vision is obtained since it is possildebncentrate both eyes on
a single object. The balanced movement of the tyes & made possible
by the muscles of the eyeball. If the balanced mmard of the muscles is
not possible, the condition is called squint. Eaéyection of this disorder
can be rectified by a careful surgery.
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Glaucoma

We have understood that the production and re pbeorof the aqueous
humour is a continuous process but where reabsaorjgi prevented the

pressure inside the aqueous chamber is increabedn@rease in pressure
in the eyeball results in glaucoma. The curvaturéhe cornea changes
due to the increase in pressure. The patient getsip his eyes and he
sees colour rings around a flame. As this continttes extraordinary

pressure causes the receptor cells to disintegrate.

Protection within the eye
The position of the tear gland is very importantthie protection of the
eye.

The tears produced by these glands enter intmdse. An enzyme

called lysozyme present in tears prevents infeatioime eye. Conjunctiva
is a membrane, which covers the conjuctivitis.

Summary

In this lecture, we have learnt that images arenéar on the retina
depending upon the distance of the object fromeaye, its ability to
focus the image on the retina and by altering thevexity of the lens
Also, photoreceptors such as rod cells and corle as present in the
retina and relevant in distinguishing colours. Wualy learnt that
physiology of vision involves refraction of lighays, changing the size
of the pupils and accommodation of the eyes. Thedailar vision helps
us to calculate the distance from objects correttgtly, the increase i
pressure in the eyeball results in glaucoma.

>

Post-Test
1. Describe how different parts of the eye work togetto produce
vision
2. Discus the chemistry behind the glaucoma.
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LECTURE SEVEN

Vision lll: Transduction, Sensory Limits,
Dark and Light Adaptation

Introduction

In this lecture, we shall discuss the conceptarigduction, sensory limits,
dark and light adaptation. The mechanisms undegl{fiese concepts are
also examined. The concept of accommodation, fepirtgection and the

visual pathway also form part of the discussion.

Objectives

At the end of this lecture, you should be able to:
1. explain the concept of transduction, sensory limitd adaptation;
2. demonstrate the understanding of light and dartatian; and
3. differentiate between transduction, and adaptadfdight.

Pre- Test
1. Define transduction
2. Briefly explain sensory limits?
3. How does the eye adapt to light and dark envirorig®en

CONTENT
Transduction

Energy from stimuli cannot go directly to the bralnght, sound, and
other kinds of energy from the outside world areatde to travel through
the nerves, and the brain cannot “understand” whey mean. To be
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useful to the brain, sensory messages must beldtadsinto neural

impulses that the neurons carry and the brain stal®ls. The translation
of one form of energy into another is called trarwdtbn. Sense organs
transduce sensory energy into neural energy. Bhéecomplished in the
sense organ by the sensory receptor cells. Asdstadglier, sensory
receptor cells are specialised neurons that arnéeelxioy specific kinds of

sensory energy and give off neural impulses fromirtlaxons. Some
sensory receptor cells are sensitive to sound, stmkght, some to

chemicals, and so on. But in every case, the receglls give off coded

neural impulses that carry the transduced sensessage to one of the
sensory areas of the brain. The sense organs thesigsuch as the ear,
eye, nose etc) are constructed in special ways akbse the receptor
cells to sensory energy and help them transduoéiineural impulses. At
the centre of every sense organ are receptortbaliglo the transducing

Sensory Limits

Even when we have receptor cells that can transdukiad of sensory
message, not every message will be strong enougfe tdetected. The
term threshold refers to the lower limits of segysexperience. The
primary kinds of threshold are; the smallest magigtof a stimulus that
can be detected, and the smallest difference bative® stimuli that can
be detected.

The absolute threshold is the smallest magnitddeeostimulus that
can be detected. Measuring such thresholds is sohple matter. People
differ considerably in their sensitivity to weaknstili, and the sensitivity
of each of us differs from time to time. For themson, absolute thresholds
are defined as the magnitude of a stimulus thajestgcan detect half a
time. The smallest difference between two stimhditican be detected half
the time is called the difference threshold. Foaregle, the smallest
change in intensity of your stereo that you canirdisish as “louder’ 50
percent of time is your difference threshold foatttstimulus. Detailed
knowledge of absolute and difference thresholds inasct, been used by
the electronics industry to design better steretesy.

Dark and light Adaptation

When you walk into dark movie theatre from the agy, you are “blind”
at first; your eyes can pick a very little visuafdrmation. On spending
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about 5 minutes however, your vision in the darkereom considerably
improves slowly until you can see fairly well. Whgou exit the theatre
from the matinee performance, you have the oppesiperience. At first,
the intense light “blinds” you. You squint and toout the painful light,
but in a little while you can see normally againmatin fact, is going on?
How can you be sighted one moment and blind thé nement just
because the intensity of light has suddenly chahgéddee phenomena are
called dark adaptation and light adaptation.

Here is what happens in the retina during darlptd®n. In a lighted
room, the rods and cones are being used frequesttlyhey are not very
sensitive. When we enter darkness, the rods andscare not sensitive
enough to be stimulated by the low-intensity lightis gives the receptors
a “rest”, so they begin to gain sensitivity by nrakia fresh supply of the
chemicals used in light reception, which have Heerally “bleached out”
by the intense light.

At first, both the rods and the cone are recoygetineir sensitivity, so
improvement is fairly rapid. But the cones becomalyf sensitive
(remember, they are not very sensitive in weakt)ighithin about 5
minutes, so the rate of improvement slows aftet. thiae rods continue to
improve in sensitivity slowly, reaching a levels#nsitivity to light that is
an amazing 100,000 times grater than the brighmithation after about
30munites in the dark.

In light adaptation

The eye is much like a human camera. The lens éscas/isual image on
the retina of the eye, which contains two kindsemfsory receptor cells,
the rods and the cones. The wavelengths, ampliardecomplexity of the
light waves are tranduce into neural messages .elieskinds of receptor
cells perform their jobs somewhat differently. Comerk best in intense
light; provide good visual acuity, and transducimation about colour.
Rods work well in weak light, do not provide goanligty, and do not code
information about colour. The eye does not functiwall when the

intensity of light suddenly changes, but it quickBgains its sensitivity
through the processes of light and dark adaptafitvere are two major
theoretical explanations of how the visual systérasduces colour. One
states that three different kinds of cones are messitive to light of

different wavelengths. The other suggests that kwws of colour-
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processing mechanisms in the visual system processplementary
colours. Each theory is “correct” at different stagof the information
processing about the wavelength of light.

Summary

In this lecture, we have learnt that the conceptasfsduction. We noted
that energy from the stimuli must be translated mtural impulses that
the neurons carry and the brain understands. $l@sdomplished in the
sense organ by the sensory receptor cells. Sehsmijs in the term
threshold are also learnt. Cultural orientations témms of groug
ideology, individualism and collectivism shape thehaviour of peoplé
in social setting. An individualistic culture codsis the interest @
individuals to be above the group interest while tollectivist culture
emphasizes that the group’s interest takes priavitgr individual's
interest.

1”4

—

Post Test
1. Describe the roles played by the rods and coneboith dark
adaptation and light adaptation

2. Explain the role of accommodation in vision.
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LECTURE EIGHT

Vision IV: Colour Vision, Visual Perception
and Depth Perception

Introduction

Sensations that are transmitted to the brain higtle imeaning” of their
own. They are in the form of raw neural energy thast be organised and
interpreted in the process we call perception. Hanesome aspects of
perception are unique to members of different cedu The specific
learning experiences, memories, motives, and em®t@§ the individual
also can influence perception. For example, weeaiteive the stimuli of
knife in pretty much the same way because of th®orim ways we
organise visual information. But a knife also hasique perceptual
meaning to each individual, depending on whetherpirson has been cut
by a similar knife.

Objectives

At the end of this lecture, you should be able to:
1. describe the visual perception and depth percepdioch
2. explain the mechanism of colour vision

Pre-Test
1. What is colour vision?
2. Define visual perception
3. What do you understand by perception?
4. Briefly explain visual and depth perception
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CONTENT
Colour Vision

Energy of any wavelength within the spectrum ofbles light evokes a

sensation of colour when it stimulates the humagible system. Light

energy is that energy which has no colour of itsnoWolour is the

conscious expectation experience that results fteprocessing of light
energy by the eye and nervous system. It's obwouséful to be able to
discriminate among lights of different wavelengthk. has taken

psychologists and other scientists more than atedngears to reach the
current understanding of the complex mechanisnt®lofur.

In the early 1800s, Thomas Young and Hermann veimHolz made
the observation that any colour can be created tbhgnmg different
combinations of the wavelengths of light for redye) and green on a
single spot. For example, as the combination of aed green light
produces yellow. Based on this observation, Yourgjldelmholz guessed
that there are three kinds of cones in the retiatirespond mostly to light
in either the red, green or blue range of wavelengiheir theory is
referred to as the trichromatic theory of colowsian. According to this
theory, alls sensations of colours results fromfeddnt levels of
stimulation of the red, green, and blue receptors.

Over the years studies have confirmed that theethee indeed three
kinds of cones. Each kind of cone contains pigmémas mostly absorb
light of the wavelengths that correspond to redegr and blue receptors.

After the trichrometric theory other scientistsmed out that it could
not explain three intriguing phenomena, complimenteolour, colour
afterimage and partial colour blindness; hence, dpponent -process
theory to provide explanations.

The opponent—process theory is the theory of colgision
contending that the visual system has two kindsalbur processors,
which respond to light in either the red-green elow-blue ranges of
wavelengths

Visual Perception

Visual perception begins in the complex neural citnes of the eye
before sensory messages are transmitted to the @#aichberg, 1988).
The distinction between sensation and perceptiban,tis largely an
arbitrary one, but it makes our discussion of infation processing by the
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sense organs and brain easier to understand. Tjoe mays, in which

sensory information is interpreted into meaningfatceptions, including
both those that are common to us all and thoseatetunique to each
individual are discussed.

Raw visual sensations are like the unassembletd para washing
machine; they must be put together in an organeay before they are
useful to us. Gestalt psychologists in their pigimgewritings described
some of the fundamental ways in which the eye aathlorganize visual
sensations on perceptions, though worthy of attar{ftalmer, 2002).

The following are the five Gestalt principle of peption.

Figure—ground: When we perceive a visual stimulus, part of whatsere
is the centre of our attention, figure and the reghe indistinct ground.
This principle of perception is very useful in shogy us that what we
perceive is often based more on what goes on irb@in than what is in
front of our eyes.

Continuity : We tend to perceive lines of patterns that follavemooth
contour as being part of a single unit. We do naturally organize
sensations in this way; however, we tend to peecemntinuity in lines
and patterns.

Proximity : Things that proximal (close together) are usup#yceived as
belonging together.

Similarity : On this particular fundamental principle, simildnyings are
perceived as being related.

Closure: incomplete figures of familiar things tend to perceived as
complex wholes. Again, we fill in missing sensongjormation to create
complete and whole perceptions.

Depth Perception

The retina has a two-dimensional surface. It hagpaand down, and a left
and a right, but no depth. The eye and brain actismghis remarkable
feat by using a number of two-dimensional cuesreate a perceptual
distance.

The eight monocular cues are:

Texture gradient: The texture of objects is larger and more visine
close and smaller when far away. On curved surfattes elements of
texture are also more slanted when they are fasthay.
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Linear perspectives Objects cast smaller images on the retina when th
are more distant. As a result, parallel lines, sagailroad tracks, appear
to grow closer together the farther away they apenfus. In paintings,
therefore, objects with larger relative size wpbaar to be closer than will
objects with smaller relative size.

Superpositiont Closer objects tend to be partially in front of, partially
cover up, more distant objects.

Shadowing the shadows cast by objects suggest their depth.

Speed of movementObjects farther away appears to move across the
field of vision more slowly than do closer objecEr example, a dog
running through a distant field appears to movewllp but it moves
quickly when the dog runs right in front of us.

Aerial perspective Water vapour and pollution in the air scattethtig
waves, giving distant objects a bluish, hazy apgese compared with
nearby objects.

Accommodatiornt In accommodation, the shape of the lens of the ey
must change to focus the visual image on the rdédma stimuli that are
different distances from the eye. This processaled accommodation.
Kinaesthetic receptors in the ciliary muscle, tfae provide a source of
information about the distance of different objecksis information is
useful, however, only for short distances up toualdofeet.

Vertical position: When objects are on the ground, the farther dppear
to be below the horizon, the closer they appedretto us. For objects in
the air, however, the farther they appear to bealioe horizon, the closer
they appear to be to us.

Summary

In this lecture, we have learnt that colour is toe@scious expectation
experience that results from the processing oft lgtergy by the eye
and nervous system. We also noted that it has tpkgohologists and
other scientists more than a hundred years to reaheh current
understanding of the complex mechanisms of colbhbe contributions
of Young and Helmholz to the trichromatic and op@@Rprocess
theory of colour vision were equally learnt. TheefiGestalt principle
of perception and the eight monocular cues of i@e were alsg
examined.

U)r—u7
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Post Test
1. Write short notes on visual perception and depthegion

2. Compare and contrast the trichromatic theory amddpponent-
process theory of colour vision.
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LECTURE NINE

Audition I: External, Middle and Inner Ear
Cochlear Microphonics

Introduction

The ear is the organ of hearing. One of the stitialf the nervous system
is sensitive to is sound. The outer ear protrudesydrom the head and is

shaped like a cup to direct sounds towards the &aymepmembrane. The

tympanic membrane transmits vibrations to the ire@rthrough a series

of small bones to the brain upon which appropniagponses are made by
the nervous system.

This chapter describes the three parts of the hurag, the outer ear,
middle ear and inner ear.

Objectives

At the end of this lecture, you should be able to:
1. describe the parts of the human ear; and
2. explain the physiology of hearing

Pre-Test

1. Describe the human ear
2. Mention the functions of specific parts of the humnear.
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CONTENT

Hold the fingers of your palm close to each othsd place it behind the
pinna. Then try to concentrate on a particular docontinuously having
the same frequency. Remove the palm and try toerdrete on the same
sound again. What difference do you feel?

If you snap your fingers, you will hear a crackisl sound comes
from waves of air that were compressed and exparedhe quick
movement of your fingers. If you could see soundvega you might
compare them to thepples on a lake. Each ripple that is made eaub ti
air is compressed and expanded is called a cyctai ¥an tell the
difference between low and high sounds by theichpitThe pitch is
determined by the number of cycles that occur mmorsd. The low-
pitched sound of a bass has fewer cycles per sdbandhe high pitch of
a doorbell. The term frequency is used to expriesstmber of cycles per
second. The average person hears frequencies fdota 20,000 cycles
per second. With normal aging, we lose the abiidydetect the very
highest of these frequencies, such that by agensguwmany people have
trouble hearing sounds above 6,000 cycles. Thenkessl of a sound is
determined by the height or amplitude of the sowatle and is measured
in units called decibels. A whisper is about 30ilbels whereas the usual
live band blasts about 110 decibels. The highed#wbel level, the more
intense the sound would be, and the greater thgedasf damaging the
organs of hearing. This is why people that workrmeasy equipment are
always advised to wear ear-protecting equipment.
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External Ear

The external ear consists of pinna, auditory camal ear drum. Pinna
helps to direct the sound waves into the auditanat Ceruminous glands
are special glands, which are found in the wallghaf auditory canal,
which is the continuation of the pinna. The waxdaweed by these glands
and the hairs in the auditory canal protect the femn small insects,
germs and dust. In additions to this, they helm#ontain the temperature
and dampness of the auditory canal. The auditomalcands in the ear
drum. It is clear from the diagram that this thiembrane separates the
external ear from the middle ear. This membranelgi@pof vibration is
connected to the ossicles of the middle ear.

The Middle Ear

The middle ear is a chamber with air circulationtiim the chamber are
three tiny bones, the malleus (hammer), incus (prand the stapes
(stirrups). The bones are differently shaped amdesspecific functions.

When sound waves strike the ear drum, it causts vibrate. Each of
these act as a lever increasing the pressure onetkte until the pressure
exerted by the stirrup is many times greater thaatwhe hammer exerts.
The stirrups press against a membrane called thkevaadow, which lies

at the end of the middle ear. The oval window ssjearthe middle ear
from the inner ear. The bones of the middle earcareected to each
other by ligaments and are capable of vibrating peculiar way. Because
the oval window is much smaller than the ear drang because of the
lever effects that the three tiny bones create,otved window receives
much more pressure per square millimeter than #éhedeum does. This
increased pressure is needed to move the fluidameéext chamber of the
ear. The eustachian tube connects the middle ear toypkaifhis tube

helps to regulate the air pressure on both sidesthef ear drum

(tympanum).

Inner Ear

The inner ear or labyrinth contains the organ arimg and balance. It is
generally described in two pans, the bony labyremd the membranous
labyrinth. The bony labyrinth is larger than, am¢leses the membranous
labyrinth of the same shape, which fits into kelia tube within a tube. In
the bony and membranous labyrinths there is a lafyesatery fluid called
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the perilymph and within the membranous labyrinthere is the

endolymph. The bony labyrinth consists of: 1 Jad®e, 1 cochlear and 3
semi circular canals. The vestibule contains thal end round windows
in its fill wall. The cochlear resembles a snab&ll. The semi circular is
three tubes arranged so that one is situated im elathe three planes of
space. They are continuous with the vestibule. Mbenbranous labyrinth
lies in the bony labyrinth. It contains endolymphdacomprises of the
vestibule, cochlear and the three circular canals

Running almost the entire length of the cochleasaveral layers of
membranes (the scala vestibule, the scala medigh&ndeal a tympani)
that separate the two tubes. The lower membran&dcthe basilar
membrane, forms a floor on which the ear’s sensecgptors sit. Hairlike
receptor cells are contained in the organ of c¥ibration in the cochlear
fluid set the basilar membrane in motion. This moeat, in turn, moves
the organ of corti and stimulates the receptorscelicontains. These
receptors transduce the sound waves in the cocfilgdr into coded
neural impulses, which are sent to the brain.

Summary

The ear consists of external ear, middle ear (tyngpeavity), and the
inner ear. The external ear consists of the auripiana) and the
external acoustic meatus. The middle ear contdiesolval window,
round window and the auditory ossicles. When sowades strike the
ear drum, it causes it to vibrate. The wave setsmation three tiny
bones, the malleus (hammer), incus (anvil) andtapes (stirrups)

The inner ear or labyrinth contains the organ dadrimg and balance,
generally described in two parts, the bony labyrinand the
membranous labyrinth. The auditory receptors combdorming the
cochlear (auditory) part of the vestibule cochlearve, to the hearing
area in the cerebrum where the sound is perceived.

Sound waves have properties of pitch and volum@tensity. Pitch is
determined by the frequency of the sound wavesemalume depends
on the amplitude of the sound waves. Essentiaklyy youd noise is
damaging to the ear.
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Post-Test

1.
2. Classify the ear into three structural parts
3.

4. Explain the process of hearing.

Draw the ear and show the functional areas

Describe the middle ear
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LECTURE TEN

Audition Il: Mechanism of hearing, auditory
pathway and Sound localization

Introduction

In this chapter, the major issues underlying aaditare discussed in
relation to mechanism of hearing, auditory pathwag sound location.
This includes the technique on how the ear conttbés intensity of
sounds, frequencies of pith to produce auditionwHioe brain combines
the input of our two ears to determine the direcaod distance of sounds
was also discussed.

Objectives

At the end of this lecture, you should be able to:
1. describe mechanisms of the human ear;
2. label the parts of the ear, indicating their fuoit; and
3. explain the mechanism of hearing.

Pre-Test
1. Mention the parts of the ear
2. ldentify the functional parts of the human eye
3. Describe the physiology of human sight

44



CONTENT
Mechanism of Hearing

The ear is the organ of hearing. The outer earymles away from the
head and is shaped like a cup to direct soundsrtowse tympanic
membrane, which transmits vibrations to the inrarterough a series of
small bones. The inner ear, or cochlea, is a spivaped chamber covered
internally by nerve fibers that react to the vilmas and transmit impulses
to the brain via the auditory nerve. From there slounds travel to the
thalamus and then to the primary auditory areatéat@n the temporal
bone of the cortex. The brain combines the inputbof two ears to
determine the direction and distance of sounds.eMar, because of the
structure of the inner ear, sounds of differengjiiencies stimulate the
basilar membrane at different places along its tlengllowing
discrimination of pitch. Additionally, the greaténe amplitude of the
wave created in the endolymph, the greater theutation of the auditory
receptors in the hair cells in the spiral organalding perception of
volume.

The human ear can perceive frequencies from lesymer second,
which is a very deep bass, to 28,000 cycles pesngkowvhich is a very
high pitch. In addition, the human ear can detéchpghanges as small as
3 hundredths of one percent of the original fregyein some frequency
ranges. Some people have "perfect pitch", whicthésability to map a
tone precisely on the musical scale. Bats and dmdpltan detect
frequencies higher than 100,000 cycles per second.

Auditory pathway and Sound localisation

The intensity of a sound wave is coded by the nurobeeceptors in the
organ of corti that fire. Low intensity sounds gtiate only a few
receptors, high intensity sounds stimulate mangptws.

The frequency of the sound wave is apparently ¢odeat least two
ways. First, sound waves of different frequencigsidate receptor cells
at different places along the organ of corti. Higlieequency waves
stimulate the organ of corti close to the oval vewwd lower frequency
waves stimulate it farther along the cochlea (ekckEp very low
frequencies).

Second, the frequency of the sound waves is daplicto some
extent in the frequency of the signals sent to liten by the auditory
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receptors. Only at lower frequencies is each neafda to signal at the
same frequency the sound wave. At higher frequendiee coding of
frequency is achieved by volleys of neural impgedifferent groups of
neurons, which reflect the frequency of the souastav

Not all sounds travel this complete route fromeowtar to cochlea.
Some sounds are transmitted through the bonesdidhd directly to the
cochlear fluid. We hear ourselves speak (and @atjely through bone
conduction hearing.

This is an important consideration in diagnosirgating problems.
People who have suffered damage to the hearingapgaof the middle
ear can hear bone- conducted sounds fairly wetlnbtiairborne sounds.
People with damage to the auditory nerve (nervéndsa) have difficulty
hearing either type of sound.

World without sound (Soundless world)

Deafness is a state in which hearing is not possibhe defect of the
following parts in the ear may cause deafness geam, cochlea, ear
ossicles, and auditory nerve) Have you thoughthef teasons for the
disorders of these organs?

Any infection in eustachian tube will spread te thiddle ear. The ear
drum may become damaged too by an infection inatiditory canal. In
many instances this results in damages in the middid external ear
leading to deafness. How does excessive nois@ygshiows on the cheek,
pointed objects entering the auditory canal anacktfrom insects affect
hearing? Defects in the brain, auditory nerve, @ochlea are also reasons
for deafness. How will you save the ear from desdfle

Summary

In this lecture, we have learnt the mechanism drihg, auditory
pathway and sound localization in the field of sgie® and awarenes
That attribution theory seeks to understand howd #me proces
involved in arriving at inferences about the causke®€ehaviour. The
covariation model embraces multiple observationdying, on
consistency information, consensus information éistinctiveness.

L 7))
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Post Test
1. Deafness is a state in which hearing is not passibl
2. Differentiate between Auditory pathway and Sourzilsation.
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LECTURE ELEVEN

Audition IlI; Vestibular Mechanisms and
Sense of Posture

Introduction

Human beings, in common with other vertebratessggs a set of sense
organs that provide information to the brain conocey orientation and
motion of the body. They reside in the inner ead ame collectively
referred to as the vestibular system. They formery wmall part of the
human anatomy, the main components being no langer10 mm across.
Most people are unaware of the vital role they plagveryday life —
except when something goes wrong with one of tlenehts of this
system. The vestibular system is deeply embedddbeirtemporal bone
alongside the cochlea (which is responsible forihngaand contains two
distinct types of sensory organs (the semicircekmals and the otolith
organs)

Objectives
At the end of this lecture, you should be able to:
1. explain the vestibular mechanism;
2. describe the sense of posture; and
3. illustrate how the ear maintain the balance oftibey.

Pre-Test
1. Identify the functional parts of the vestibular teys.
2. Describe the physiology of human sight.
3. How is visual and postural stability achieved bgtitmular system?
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CONTENT

The semicircular canals respond to rotational marmm of the head,
whether induced passively during activities suchriasing or riding a
horse or a motorcycle, or actively, as it occursewhvoluntary head
movements are made during visual search. Each éamat a cavity in
the temporal bone and each contains a membranautsfiled with a
viscous fluid (endolymph). There are three on eside of the head and
the plane of each canal is perpendicular to therstrso that between all
six of them they can provide information relateddtational acceleration
of the head during movement around any axis. Dwsingh acceleration in
the plane of a particular canal, the endolymph detodremain stationary
because of its inertia, so that there is relativ@ion of the endolymph
within the duct. Motion of the endolymph is resistey viscous friction at
the fluid—duct boundary and by the elasticity ofjy@atinous structure
inside each canal, the cupula. The cupula contsensory hair cells that
consequently become deflected, causing stimulatfoassociated nerve
fibres, leading to the transmission of signaldltrain.

The otolith organs respond to linear motion. Theyat the point at
which all three semicircular ducts converge. Thare two of them on
each side of the head, and each contains sensmeptoes in a structure
known as a macula. With the head erect, the maoukach utricle is
oriented horizontally, and in the saccule verticallThe base of each
macula carries hair cells that project into a getats substrate in which
are embedded minute crystals of calcium carbornbé&dtoconia) forming
plaque with an area of only 1.5-2 Mnthe otolith membrane separates
this complex from the more fluid endolymph. Whenelr acceleration
occurs in the plane of the macula, the inertiehaf tense complex causes
it — and therefore the hair cells within it — to loeflected in the
direction opposite to that of the movement. Thesf(edtions set up trains
of nerve impulses, with frequencies proportional ttte extent of
deflection. In the otolith organs hair cell clustaare tuned to different
directions of motion, all directions of motion ihet plane of the otolith
being represented. The utricle can thus send sigtal the brain
representing a combination of fore—aft and latenaition of the head,
whereas the saccule principally conveys informat@amout vertical
motion.
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Maintenance of visual and postural stability In general, the function of
the vestibular apparatus is (via connections in lih@n) to generate
activity in various muscle systems, which will cangate for the head
and body motion, and result in the maintenanceisdial and postural
stability. The area in the brain stem (the vestibulucleus) that receives
the output of the canals and otoliths has direaneactions with muscles
controlling eye movements and with muscles of tbekrand limbs. In the
case of the eyes, the vestibulo—ocular reflex ggasreye movements that
compensate for head motion with a very short defasound 10
milliseconds).

When we walk or run, the head generally bobs ug down.
Stabilization of the eye prevents movement of Jigmages on the retina,
which would otherwise cause images to be blurnedividuals who have
been unfortunate enough to lose the function of wastibular system
(through damage to the inner ear) often experiapparent motion of the
visual world (oscillopsia) under these circumstancEortuitously, the
vestibulo—ocular reflex, ‘designed’ to deal withxmaum running speed,
also allows modern man to view stationary objentshie outside world
when traveling in high-speed vehicles, where thereften considerable
linear and angular vibration. However, sometimes treflex is
inappropriate.

Reading a newspaper in a train is often difficbéicause, when
looking at objects within the moving vehicle, thalslizing reflex is no
longer appropriate. To suppress the eye movementely largely on the
ocular pursuit system, a mechanism that we normedé/to track moving
objects with the eyes when we are stationary. Butaw pursuit has a very
limited range of operation and does not function fraeiquencies of
vibration above about 2 cycles per second. Unfately, in moving
vehicles frequencies of vibration are frequentlycmbigher — between 2
and 20 cycles per second. Stabilization mechangmgar to those for
the eye operate for control of the head, limbs, athér postural systems,
but they are necessarily more complex than thosgalbng the eye.

Perception of motion and orientation As well as controlling actions
within the body, vestibular stimulation also engersdpowerful sensations
of motion and orientation in space. Stimulationtbé& canals gives a
sensation of turning, so that someone who is rdtatea swiveling chair
will experience a sensation of rotation even in #hsence of any other
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cues such as vision (i.e. with their eyes closettywever, because the
canals are really responsive to angular acceleratioring a constant rate
of angular rotation (constant angular velocity) tensation gradually
decays over 10—20 seconds. As rotation stops,ntheidual experiences
rotation in the opposite direction, even thougluaktnotion has ceased,
because the fluid in the canal continues to movernwthe head has
stopped. In everyday life, prolonged rotation i$ ofben encountered, but
it does occur frequently when flying. Pilots musérefore be aware that
they cannot always rely on the sensation of motiparticularly in
circumstances where there are no other referenes such as sight of
land (e.g. when flying in cloud).

Stimulation of the otolith organs also givéserto sensations, but in
this case they may be of either linear motion oor@éntation with respect
to the vertical. When linear acceleration is sugdiit causes a continuous
deflection of the otoconia. The most common sitratin which this
occurs is when the head is tilted, when gravitaticacceleration causes
the otoconia to be deflected in proportion to thegrde of tilt.
Consequently, application of sustained linear are#éibn is usually
interpreted as tilt, so that, when acceleratingvéosd in a high-speed
vehicle, a sensation of being tipped backwardxjeeenced. Again, this
is particularly important when flying because, akd-off, an aircraft is
normally accelerating and climbing at the same tilffee combination of
vehicle and gravitational accelerations gives ts@ sense of tilt that is
greater than it should be, and the pilot must leanto misinterpret this
sensory information. When linear motion changegueatly, for example
during vibration, a true sense of linear motioma@mally experienced.
This is most sensitive at frequencies close to éhof natural head
movements (around 2 cycles per second). In norimalrastances, linear
and angular motion stimuli are combined, as wherbamd down to tie a
shoelace in a moving train. In such circumstantes,sensations can be
complex and unexpected as a result of the coriotimponents of
acceleration that accompany motion in three dinmerssi The individual
may experience a disturbing sensation of tumblimthéese circumstances,
which may be sufficient to bring on motion sicknegdlied to the
experience of real linear or angular body motiansamilar sensations that
may arise from motion of the visual world when thedy itself is
stationary. These sensations of self-motion arermed to as linear or
angular vection respectively.
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Disorders of the vestibular system

One of the major consequences of a failure of #stilvular system is the
occurrence of vertigo, or dizziness, which is eigered by large numbers
of individuals. Acute vertigo can occur when thetigular system on one
side of the head suddenly stops working effectivelyich can be due to
factors such as vestibular neuritis or haemorrhagte cerebellum or
brain stem. In such cases there is sudden onset sifong sense of
rotation, often accompanied by a flicking back dondh of the eyes
(nystagmus). It generally disappears within hourdays. More persistent
vertigo can occur, for example, as a result of thgration of calcite
crystals from the otolith organs on to the cupdléghe semicircular canal.
The cupula then becomes inappropriately sensittvegravity and a
sensation of turning is brought on by a change eddhposition with
respect to gravity. There are other examples woical problems arising
from vestibular failure, many of which cause grdiaturbance to the sense
of the body in space.

The ear and balance of the body

The semicircular canals and vestibule together Helpmaintain the
balance of the body. The swollen end of the semitar canal is called
ampulla. Cupula containing sensory nerves founalenthe ampulla can
detect any movement of the head. The semicirc@aalcbegins from the
vestibule, goes around and rejoins in the vestib8mall particles of
calcium carbonate called otoliths are found near Maircells of the
ampullae and vestibule. The movement of the heashyndirection can be
detected by the receptor hair cells. The nerveefilmoming from these
two types of receptors reach the cerebellum thrahglauditory nerve.

Summary

In this lecture, we have learnt the vestibular naee$m and the sense |of
posture. We are able to identify the functionaltpaf the vestibular
system, explain the mechanisms underlying the p&ose of motion
and orientation, the visual and postural stabilayd finally, the likely
disorders that may occur the vestibular system.
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Post-Test

1. How does the vestibular system function to mainta@visual and
postural stability in the body?

2. Relate your knowledge of the ear with the genasattioning of
hearing and maintaining balance.
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LECTURE TWELVE

Somatosensations I; Structure of Skin and
properties of Cutaneous Receptors,
Dermatomes

Introduction

The skin is the sense organ of touch, and one @fnteans by which
human beings respond to changes in the environrBemhatic sensation
refers to sensations arising from the skin — swehkoach, pressure, cold,
warmth, and pain — and from the muscles, tendams j@nts — such as
the position of the limbs and pain — are known@satic sensations. The
sense of touch is distributed throughout the bddistve endings in the
skin and other parts of the body transmit sensationthe brain. Some
parts of thebody have a larger number of nerve endings andefibre, are
more sensitive. Four kinds of touch sensations lmandentified: cold,
heat, contact, and pain. Hairs on the skin maghiysensitivity and act as
an early warning system for the body. The fingerapd the sexual organs
have the greatest concentration of nerve endinigs.sExual organs have
"erogenous zones" that when stimulated start aeseof endocrine
reactions and motor responses resulting in orgasm.

Objectives

At the end of this lecture, you should be able to:
1. describe the structure of the skin;
2. label the parts of the skin, indicating their fuans; and
3. explain the mechanism of peripheral sensory appsrat
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Pre-Test
1. Identify the functional parts
2. Briefly describe the structure of the skin

SKIN

CONTENT

The Greek word for body, ‘Soma’ refers to the whale the body
structure, apart from the germ cells (eggs andnspe®ensations arising
from the internal organs (the viscera), such as pathe sense of fullness
of the stomach or bladder, may therefore be indudéthough they are
usually considered separately as visceral sensatiain arising from the
viscera is often felt as though it comes from sq@ae of the body surface
or underlying tissue (referred pain).

All somatic sensations start with the excitatidnsensory receptors
located in the appropriate tissue — skin, musdiat$ etc. But we are not
passive recipients of stimuli, and indeed the arhowoin information
received in a passive way is severely limited. \&ed other animals,
actively explore objects to obtain information abdhem. Somatic
sensation is intimately associated with movememd @so with resistance
to movement). We use our fingers and also our teragd lips to explore
objects in order to identify their structure andnfio Good examples of
such ‘active touch’ include reading of Braille cheters and the sorting
and selecting of objects in a pocket, out of si@ittins can be selected on
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the basis of size, shape, weight, and other disishgng characteristics,
such as the presence of a milled edge. Metal abjealy be differentiated
from non-metal ones on the basis of perceived teatpe differences due
to their different heat conducting properties, grtlheir weight relative to
different their sizes. Modern experimental reseavohthe mechanisms
underlying somatic sensation (somato sensory mesinah began in the
nineteenth century with psychophysical experimemts humans,
supported by studies of the structure of sensensrga both human and
animal tissues. Then, with the advent of electramplifiers, in the 1920s
and 1930s the emphasis switched to animal expetanemhere it
continues to the present: electrical recordingseafral activity evoked by
the stimulation of sensory receptors have been rfrade all parts of the
nervous system concerned with somatic sensatiothelipast thirty years,
electrical recordings have also been made frompperal nerves in
conscious human subjects, and these important iexgeis have added
enormously to our understanding. Most recently aaded have been used
to examine which parts of the brain are active rdumpparticular tactual
tasks in awaken humans. The sensory receptorg iditfierent tissues and
organs are highly selective (or specific). Eachetypsponds only to a
particular stimulus, such as mechanical displacémen cooling, or
warming, or harmful stimuli, and not to more thaneosuch kind of
stimulus. These receptors, in turn, are connedtsmligh chains of nerve
cells (neurons) to the somato-sensory areas dirtia's cerebral cortex in
such a way that the specificity of the informatignmaintained — the
ascending information travels along parallel patysvahat may be
considered as ‘pure lines’. The idea that sensansrgre specific for
particular stimuli and that their excitation leadsspecific sensations was
first clearly stated in 1811 by the Edinburgh anadst Sir Charles Bell,
but is more commonly attributed to Johannes Mulidrp elaborated his
Law of Specific Nerve Energies in 1826. Miller dmbt distinguish
between the various sensations that can be elitited the body, being
more concerned with the special senses such amyvigarious workers
established that cutaneous sensation (that afi©ingthe skin) is punctate
(spotty) in character, and attempts were made ®ntity particular
structures (sensory receptors) at the sites ofstresory spots. These
attempts were, at best, only partially successdilthough the classical
theory of von Frey (1852-1932) allots a partictigre of receptor to each
of the main cutaneous sensations (touch, cold, wmaramd pain). It was

56



not until careful animal experiments were carriad that the situation
clarified. The most important step forward was mhagd=. D. (later Lord)

Adrian, the Cambridge physiologist who, in the 182€howed that there
are specific sensory receptors in skin and musespanding only to

particular stimuli, and that these receptors tramsfthe stimuli into trains
of nerve impulses which are conducted into the reémtervous system
along peripheral nerve fibres. The analysis ofdhality of a stimulus is

therefore carried out by specific receptors, whitkormation about

stimulus intensity is carried by the frequencylté herve impulses in the
sensory nerve fibres. We now know that all mammadigecies, including
humans, have the same types of sensory recepteksninmuscle, tendon,
and joints.

Remarkable experiments initiated by the Swedisiramhysiologists,
Hagbarth and Vallbo, in the late 1960s, in whichctical recordings
were made from single peripheral nerve fibres imscmus human
subjects, have confirmed that humans have the samsory receptors as
animals such as the cat. In addition, by electsicatimulating the
individual nerve fibres from which recordings wenade, they were able
to determine the conscious experience (sensatiwhich results from
activation of a particular receptor type. Thusthia skin there are separate
receptors responding to touch, light pressure, trvement, vibration,
cooling, warming, and harmful (painful) stimuli. imuscle and tendon
there are receptors responding to muscle lengthsclmutension, and
harmful stimuli, and in the joint capsule there ageeptors monitoring
joint position and also responding to harmful esenhese latter being
exaggerated in inflammatory conditions, mimickimthétic disease.

The peripheral sensory apparatus, consistinge&#nsory receptors
and the nerve fibres which connect them to theraknervous system, is
therefore responsible for establishing which kirafsstimuli we can
respond to, for setting the sensitivity of the eyst and for determining
the intensity of stimulation. Furthermore, it is@llargely responsible for
sensory acuity of the different parts of the boldgcause certain parts
contain a higher density of receptors than oth&rsere are very high
densities of cutaneous receptors on the tips ofitigers, the lips, and the
tongue: the parts of the body surface at which gheatest spatial
resolution of sensation can be made, and the penish are actively used
to explore objects.
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The information carried by the peripheral nervierds enters the
central nervous system either at the spinal cordoorinformation from
the head, at the brain stem. Here the various snfdm different
receptors are distributed into separate sets oknastg channels
(pathways or components of pathways) and passetb dhe cerebral
cortex. Because of the selective channelling adrmftion from different
receptor types into different ascending neuronghyeays, it is possible
for damage to a particular pathway to produce acsek loss of
sensations. For example, damage to part of thealspord (posterior or
dorsal columns) leads to loss of vibration senskereas damage to
another part (anterolateral columns) may leadde tf temperature sense.

As the sensory information ascends to the cerelu@itex,
considerable neuronal processing occurs at plabesenone set of nerve
fibres connects with the next set of nerve cellgha chain, usually in
clearly-defined parts of the nervous system cdltedlei’. The processing
extracts information from the input and performslgses on it, such as
the enhancement of contrasts (e.g. detection oé®dthe orientation of
linear stimuli, and the direction of movement ofvimg stimuli. At each
processing station there is the opportunity fortaier parts of the
information to be suppressed, as would be neceskaryselective
attention. The nociceptive information — informatiooncerning harmful
events — that ultimately gives rise to the sensatibpain is commonly
suppressed, especially during activities that aighlyr charged with
emotion, such as during sports activities or inleat

Each of the central processing stations, includmge in the cerebral
cortex itself (cortical somatosensory areas), agarized such that they
contain a map of the body which can be revealedebgrding from the
nerve cells. Adjacent nerve cells are excited fradjacent parts of the
body. In this way the nervous system locates tha&tipa at which a
stimulus is acting on the body. Damage to part # of these sensory
maps, for example in the cerebral cortex, will progl sensory changes (a
loss or reduction in a particular sensation or grofisensations) localized
to a particular part of the body. It is thereforesgible for a clinician to
determine where brain damage might be located,ebting sensation.
Similarly, with special averaging techniques ipisssible to record, from
the human scalp, the electrical and, more recetitly,magnetic activity
evoked in localized areas of the brain followingdbzed stimulation of
the body surface.
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Initial processing in the cerebral cortex takesacpl in the
somatosensory cortical areas. In order to allownfore subtle analysis by
the brain, the information is then passed on toomateas (since active
motion is important in active touch) and also thestparts of the cortex
(parietal cortex), where higher-order analysis salgace and where
information from other senses is received as wédlte, the analysis of
spatial relations is important, as is the co-ortlomaof eye and hand
movements. Damage to the parietal cortex, espgaallthe side of the
brain not concerned with language, leads to impamtnin the ability to
deal with extra personal space, and the patient evay deny that the
opposite side of his body exists. Conversely, ptrantsensations of
movement may occur following amputations.

Summary
In this lecture, we have learnt that the skin is sense organ of touch
and one of the means by which human beings resjgodaanges in th
environment. We equally learnt that the modern expental researc
on the mechanisms underlying somatic sensation gspnsensory
mechanisms) began in the nineteenth century witychmgphysical
experiments on humans, supported by studies ofttiueture of sensge
organs in both human and animal tissues. We nolsadl that the
peripheral sensory apparatus, consisting of theasgmeceptors and the
nerve fibres which connect them to the central ogsvsystem, and
responsible for establishing which kinds of stimwé can respond to
for setting the sensitivity of the system, and figtermining the
intensity of stimulation.
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Post Test
1. Briefly explain the contributions of Hagbarth andlNo, in
contemporary conception of sensory receptors.
2. Draw and label the structure of the skin and thetioning parts.
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LECTURE THIRTEEN

Chemical Senses: |- Olfaction

Introduction
Chemical Perception of Taste and Smell

When we eat or drink we perceive a sensation tlost people call ‘taste’.
However, we all know that when the nose is blocKed,instance when
one has a common cold, the sensation is consigeraduced. This is
because it results from a combination of stimutatsd chemical receptors
(chemoreceptors) in the nose as well as the madinga.chemoreceptors in
the mouth are called gustatory receptors and timoe nose are olfactory
receptors. The sensations that result from indaliddimulation of these
two types of chemoreceptors are respectively tastel smell.
Chemoreceptors are not, however, the only sensmsptors involved in
the appreciation and discrimination of food andkiriAt least two other
modalities of sensation affect the overall expaergenThe smoothness,
texture and crunchiness of food are conveyed byharemreceptors on the
tongue, and throughout the rest of the mouth, tholy the teeth, and in
the pharynx. Thermoreceptors in the mouth alsocti¢te temperature of
solids and liquids. Just think of the combinatidnegperiences — touch,
fizziness, coolness, acidity and exquisite smelldshat make up the
experience of drinking champagne. Those who likeespin their food
even derive pleasure from the stimulation of resephormally involved
in the sensation of pain (nociception). Chemicalsfl in common spices,
such as Chili peppers, stimulate these nociceptothe mouth and the
resulting sensation is referred to as the commematal sense.

The taste/smell system fulfils two separate pHgsgioal roles. Not
only does it help us to identify ‘good’ food, comiag essential nutrients
(salts, carbohydrates, proteins and fats), busd provides a warning of
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the unsuitability of harmful and potentially toxétibstances by detecting
them before they are ingested.

Objectives

At the end of this lecture, you should be able to:
1. describe the chemical senses;
2. explain the perception of taste and smell; and
3. explain the mechanism of smell and olfaction.

Pre-Test
1. What is olfaction?
2. ldentify the chemical senses.
3. Describe the functioning of the chemical senses.

Olfaction
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Olfaction

The nose is the organ responsible for the senseell. The cavity of the
nose is lined with mucous membranes that have sewdptors connected
to the olfactory nerve. The smells themselves abrdivapors of various
substances. The smell receptors interact with tldecunles of these
vapors and transmit the sensations to the brair fidse also has a
structure called the vomeronasal organ whose fomctias not been
determined, but which is suspected of being semstt pheromones that
influence the reproductive cycle. The smell receptare sensitive to
seven types of sensations that can be characteagethmphor, musk,
flower, mint, ether, acrid, or putrid. The sensesaofell is sometimes
temporarily lost when a person has a cold. Doge laasense of smell that
iS many times more sensitive than man's.

Mechanism of Smell and the olfactory receptors

The human olfactory organ, the olfactory epitheliommucosa, is a sheet
of cells 100 —200mm thick, situated high in the koat the nose cavity
and on the thin bony partition (the central septwinjhe nasal passage.
The olfactory system responds to airborne, volatiglecules that gain
access to the olfactory epithelium with the in-and-airflow through and
behind the nose. The odour molecules are distdbotesr the receptor
sheet in an irregular pattern by the turbulencthefairflow set up by the
turbinate bones in the sidewalls of the nose. Thkeaules diffuse through
the surface layer of mucus and stimulate the afgctreceptors.
Hydrophilic (water-soluble) molecules dissolve rigath the mucus, but
the diffusion of less soluble molecules is assigbgd‘odour binding
proteins’ in the mucus. These odour binding pratere also thought to
assist in removing odour molecules from the reaepédls. The mucus
layer moves across the surface of the olfactoryasai@at 10 to 60 mm per
minute toward the nasopharynx (the continuous & thasal cavity
backwards and downwards to link to the pharynx.sThow of mucus
(which is increased and becomes more watery in swmiditions as
infection of the nasal cavity and hay fever), assists in the removal of
odours after they have been sensed. The olfactpitheium contains
specialised, elongated nerve cells (olfactory remsp These cells have
very thin fibres that run upwards in bundles thitoyggrforations in the
skull (the cribriform plate) above the roof of thasal cavity, below the
frontal lobes of the brain. These bundles of nergesstitute the 1st
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cranial nerve, the olfactory nerve. They extend/@lery short distance,
ending in the olfactory bulbs, which are a paisakllings underneath the
frontal lobes. The other end of each olfactory péae pointing down into
the nasal cavity, is extended into a long processding in a knob carrying
several hairs (cilia). These cilia are bathed ithim layer of mucus,
secreted by specialized cells in the olfactory reghitim, in which the
molecules of odorous substances dissolve. In thebrane of the cilia are
olfactory receptor proteins, which interact witte ttsmelly molecules, and
initiate a cascade reaction inside the cell thatideto a change in the rate
of impulses (action potentials) passing along tleeve fibre. Human
beings are able to distinguish 10,000 or more @ffeodours. There have
been valiant attempts to classify these into a lemabmber (usually 10—
20) basic or primary smells, comparable to the fmuso primary tastes,
but no scheme is universally accepted. The humae (@ot to mention
that of a sniffer dog) can be incredibly sensitwerery low concentrations
of odorous substances. Certain male moths useasim@teptor cells on
their antennae to detect even single moleculespbfesomone secreted by
female moths. Individual olfactory receptor neuréires off spontaneously
at between 3 and 60 impulses per second. Whenlateduwith particular
odours, they increase their firing frequency. Eeateptor cell responds,
but not equally, to many different types of odoAs in the gustatory
system, the successive nerve cells in the pathwagrbe more selective,
each responding to fewer odours. Interestinglypitieshe poor selectivity
of individual receptor cells, different regions tfie olfactory sheet
(consisting of hundred or thousands of receptolscelre maximally
responsive to particular odours. The overall pattef activity in the
olfactory epithelium can be mapped with electricatording methods
(electro-olfactogram) or other techniques for debgc active regions.
Each distinctive odour produces its own ‘fingerprof activity across the
epithelium. This mapping is thought to reflect thetterns of expression
(activation) of genes that make the receptor pnstén the receptor cell
membranes. A huge family of odour receptor genéstein the mouse,
perhaps as many as 5% of all the genes. The smattthg of odour
quality is transmitted to the first relay of thefamltory pathway, the
olfactory bulb. There is a loose topographical gctpn from the receptor
sheet to the bulb, where the axons form synaps#s m@urons called
mitral cells. The olfactory bulb contains a comptestwork of nerve cells
and is responsible for a considerable amount ok@®nprocessing.
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Hence, neurons in the olfactory bulb respond witle distinct temporal
pattern of impulses to one odour and differentguat to another smells.
The mitral cells send their fibres into the olfagtdracts, which run
backwards. Some end in the thalamus, which in$ends fibres up to the
olfactory cortex. The neurons of the olfactory emrtre still not highly
specific for particular odours. Other fibres of ti&actory tract have direct
connections to areas of the limbic system arours rigion of the
hypothalamus. Since the limbic system is thoughbéoresponsible for
regulating emotions, this might explain the faetttimells can evoke strong
feelings of enjoyment or aversion (the hedonic camept of sensation).

Unlike other stimuli, olfactory stimuli are not nyetime-dependent.
The effects of visual, tactile and auditory stintida follow the stimulus
immediately, whereas some olfactory stimuli, sushh@se left by animals
when marking their territory, remain when the arlimdong gone. In this
way olfactory stimuli, and their behavioural andiab effects, can have
more lasting consequences.

The olfactory system occupies a smaller fractidnth® brain in
humans than in many other species, and this isopdine evidence for the
commonly held belief that people are generallyriofein their sense of
smell. Studies in other animals, from insects tmstars to monkeys, have
revealed the importance of olfaction for many atpenf behaviour,
especially reproduction. For example, male rhesaskays use smell to
sense the hormonal status of females (ovulatingod)y, with a marked
effect on their level of sexual activity. But evéam humans, there is
growing evidence that olfaction (mainly unconscjogsmportant in such
functions as sexual preference, and recognitiastitér people.

Summary

In this lecture, we have learnt of the olfactorsteyn. The structur
revealed that olfactory system is one of the mdat parts of the brain
responsible for the sense of smell. In some aniniais the primary
mode of communication and influences many importamictions,
including reproduction and taste. The nose contsfrexialized sensory
nerve cells, or neurons, which sends a nerve fibed an axon to the
olfactory bulb, a brain structure just above theend/Ne also leant about
the mechanism of smell and the olfactory recepasrsvell as how the
spatial coding of odour quality is transmitted tngh the olfactory
pathway.

(12
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Post-Test
1. Draw a labeled diagram of the nose to show thetional areas
2. Describe the olfaction mechanism.
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LECTURE FOURTEEN

Chemical Senses: Il Gustation

Taste

Large taste buds

Small taste buds

Tongue

The receptors for taste, called taste buds, aratei chiefly in the tongue,
but they are also located in the roof of the maand near the pharynx.
They are able to detect four basic tastes: saltgeg bitter, and sour. The
tongue also can detect a sensation called "umamit taste receptors
sensitive to amino acids. Generally, the taste mlolse to the tip of the
tongue are sensitive to sweet tastes, whereas tho#ee back of the
tongue are sensitive to bitter tastes. The tastis on top and on the side
of the tongue are sensitive to salty and sour $agte the base of each
taste bud there is a nerve that sends the sensatidhe brain. The sense
of taste functions in coordination with the senksmell. The number of
taste buds varies substantially from individualindividual, but greater
numbers increase sensitivity. Women, in generale lzagreater number of
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taste buds than men. As in the case of color béegnsome people are
insensitive to some tastes.

Mechanism of Taste and the Gustatory Receptors

The receptors involved in gustation are found iac&dized ‘end-organs’

called taste buds, embedded in the epithelium d¢bagers the surface of
the tongue, soft palate, pharynx, larynx and epiigloHowever, they are
not uniformly distributed in these regions. Thet¢asuds on the tongue
are associated with characteristic ‘papillae’ (frtme Latin for pimples),

whereas those in the other regions are found onstheoth epithelial

surface. In humans, the number of taste buds vapesiderably from

person to person, with the majority having 200B®00, distributed over
the various regions. However, the number can bkwsas 500 and as
high as 20000 in some individuals.

The papillae in different regions of the tongueédistinctive shapes
and characteristic numbers of taste buds assocwitadthem. Scattered
over the main body of the tongue are approximat2@p, small,
mushroom-shaped (fungiform) papillae, which have, average, only
three taste buds each. Larger (foliate) papill&efaund at the back and
sides of the tongue. They consist of up to nineldadf epithelium and
have as many as 600 taste buds each. Eight tad& lmushroom shaped
(circumvallate) papillae, each surrounded by autactrough, lie at the
back of the tongue in a V-shaped formation; themeeton average 250
taste buds each. Scattered taste buds are alsd ifotime epithelium of the
soft palate, pharynx, larynx and epiglottis.

Each taste bud is contacted, at its base, byetmairtals of sensory
nerve fibres. These taste fibres belong to thréerdnt cranial nerves,
connected to the brain. The nerve supply for mbshe taste buds on the
soft palate and towards the front of the tonguee&mm a division of the
VIith (facial) cranial nerve, called the chorda fyami, because its route to
the brainstem passes close to the tympanic memimahe ear. The IXth
(glossopharyngeal) and Xth (vagus) nerves innertasée buds in the
back of the mouth and the pharynx respectively.

Each taste bud contains 50-150 neuroepitheliakptec cells
arranged, like segments of an orange, to form apeecin pear-shaped
structure. There is a small 2-10 mm opening in e¢péhelial surface
called the taste pore, which allows direct conthetween chemicals
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dissolved in the saliva and the tips of the recep#sls. These exposed
parts of the receptor cells are made up of mang rrugated folds in

the membrane called microvilli, which provide aae¥ surface area for
contact with the saliva. It is difficult to tastedd with a dry mouth. Saliva
is essential for normal taste because it acts d&s &osolvent for the

chemicals as well as a transport medium for thésenicals to reach the
receptors. A layer of saliva extends into the tastees and constantly
bathes the receptors. The dissolved chemicalssdifthhrough this thin

layer of saliva to reach the microvilli. Chewingste and smell, to varying
degrees, stimulate reflex secretion of saliva ftbmsalivary glands under
the tongue and in the cheeks. As demonstratedain Ravlov classical
experiments on dogs, the simple form of unconscieaming known as

conditioning. The reflex secretion of saliva to ttaniliar signs of an

impending meal, the sound of a dinner bell, th&eldaf crockery, and the
sight of the food.

The taste bud complex is a dynamic system in wiiheh receptor
cells are rapidly turning over. The life span ofiadividual receptor cell is
about 10 days: cells are continually being bormofigh the division of
epithelial stem cells within the bud), maturingrfpeming their gustatory
function and eventually dying. Even though the pege cell does not
itself have an axon or fibre, the base of theltad specialized regions that
look like the terminals of nerve fibres. The cytgph in these regions is
packed with tiny spherical vesicles, filled withcaemical transmitter
substance, which is released when the potentiadanthe receptor cell
becomes more positive (depolarization). In clossoeaistion with these
regions are the endings of the sensory nerve fibneking an assembly
like a synapse. Each taste bud is innervated by ti@n one nerve fibre
and each single nerve fibre can connect to a nuwfteceptor cells, taste
buds and even papillae. This suggests a high degreenvergence of
input from taste buds on to the sensory nerve sibBecause of the rapid
turnover of receptor cells, the connections betwesdls and nerve fibres
are constantly changing. The nerves are continyosptouting new
processes, forming new synapses with young cetlsreimacting synaptic
connections with dying cells. At any one time ldsan a third of the cells
in the taste bud are innervated.

An intact nerve supply is necessary for the norfuattion of taste
buds. If the nerves are damaged the taste budsielege and slough off,
and following regeneration of the nerves, the tdmtds reappear. Since
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the time of Aristotle (384-322 BC) there have ba#ampts to categorize
taste into primary or basic tastes. Although maowpdneds of different

chemicals can stimulate activity in taste recep#ils, the four basic taste
gualities of salt, sour, sweet and bitter have ctdloe test of time.

However, there is still controversy as to wheth@nbination of these four
primary tastes adequately describes all gustatqugréences. Metallic and
astringent tastes have, in the past, been suggastpdmaries, and more
recently Japanese researchers have proposedéhaidhacteristic taste of
monosodium glutamate (used as a taste enhancéelpad industry) is

also a basic taste, with its own receptive mecmanighey have called it
“‘umami” meaning “delicious taste”

Because of the dual role of gustatory receptoisceletecting both
nutrients and toxins, they must be able to respeitber individually or
collectively, to a wide variety of chemicals. Thedemicals range from
simple ions such as sodium (salt) and hydrogenr)stu the more
complex compounds that give the sensations of s{e=gt sugar) and
bitter (e.g. quinine). The mechanisms by which ¢hemical stimuli are
translated into electrical events in the receptelt {fransduction) are
numerous, varied and complex. The essential pratessnds on specific
interactions between taste substances and spedafrotein receptor
molecules embedded in the membrane of the recepliomvhich trigger a
series of chemical reactions, leading to a chamg¢hé flow of ions
through pores in the membrane, and hence a changkpei electrical
potential inside the cell. However, there does aygpear to be a unique
mechanism for each of the basic tastes: each seense several different
mechanisms. There may even be similarities of mashafor different
basic tastes. The way in which we can perceive nzaffle tastes and
distinguish between different compounds of the shasic taste category
might be explained by the multiplicity and spedifiof these mechanisms.

The evidence for a particular receptor mechanisrhest for sweet
sensation. First, certain drugs have specific &fen the detection of
sweetness. For instance, after eating a West Afrinait called miracle
fruit, even quite acidic substances (such as lejo@e), which would
normally be sour, taste extraordinarily sweet. Megafruit contains a
substance that is thought to attach to the proseptor molecules that
detect sweet-tasting substances. A subsequentaseri@ acidity in the
saliva is thought to alter the binding of this dabse with the sweet
receptor protein such that it stimulates the remepike a genuine sweet
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substance. In contrast, gymnemic acid, found in ladian plant,

Gymnema sylvestre, blocks the sweet receptor inesomanner, and
abolishes the sensation of sweetness for half androso. Very recently,
a gene called T1r2 has been identified in mice,ctvhare selectively
switched on in taste bud receptor cells. It turastbat strains of mice that
lack sweet taste (they don't prefer sweet food do-sweet) have a
mutation of this gene. There is a very similar genleuman beings.

Researchers have recorded with tiny electrodes fralividual nerve
fibres innervating the taste buds, in anaesthetirahals. One might have
expected that each fibre would respond, with atbefrempulses, when a
solution of just one of the primary taste substangas dripped on to the
appropriate taste bud or buds. Such selectiviegponse is, in fact, very
rare. Most nerve fibres respond to two or morehef lhasic taste stimuli,
the magnitude of the response varying from one taigbstance to another.
In other words, the activity of such a fibre does provide unambiguous
information to the brain about the nature of thenslus. At some point
the brain must perform a comparison between thwites in several
different nerve fibres in order to decide whattidigte actually is.

The signals from the taste buds are relayed, dlaaan of nerve cells
and fibres, at various cell stations in the bramstind thalamus, up to the
cerebral cortex.

Some experiments in monkeys suggest that nerds aélhigher
levels in the taste pathway respond more selegtiveith a larger
proportion of them essentially responding to onhe doasic taste. At the
first relay in the brainstem almost no neurons eespto one taste, yet in
the taste area of the cortex, about 75% of newesond to a single taste.
The ‘common chemical sense’ is the sensation cabigdatie stimulation
of free nerve endings by potentially harmful cheatsc The evidence
suggests that the free nerve endings are ‘polyrhodaticeptors
(receptive nerve endings that respond to mecharitoeaimal and noxious
stimulation). Amongst the chemicals that are kndwnstimulate these
receptors, besides noxious, damaging chemicalsala@hol, menthol,
peppermint and capsaicin (chili pepper).
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Summary

In this lecture, we have discussed the tongue, rastéd that taste
papillae can be seen on the tongue as little red, do raised bumps,
particularly at the front of the tongue. We notdte tmechanism
involved in taste and the functioning of Gustatoegeptors. We alsp
examined the five basic tastes: salt, sour, svwet&r and umami and
the various taste areas of the brain contributingethaviour in different
ways. The hypothalamus apparently releases tasteniger and satiety.
The final destination of a taste stimulus is th&tdaarea in the parietal
lobe of the cerebral cortex where taste is perckive

Post — Test
1. Highlight the function of the papillae in gustatengchanism.
2. How do the receptor cells on the tongue help itatiieg taste?
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LECTURE FIFTEEN

Inputs into the Body or Body Inputs

Introduction

If we look at the human body from an engineeringnpof view, we
notice that it has many types of inputs and outplike traditional five
senses process stimuli from outside the body, agemous signals.
However, because the body is a very complex strectimere are also
endogenous or internal signals that can be pemddiyehe senses. Many
of these stimuli cannot be detected immediately,dmly after they have
had an effect on the body. Sometimes, the effethege stimuli is on the
brain, and if this causes decreased mental fundtioray prevent us from
becoming aware that we are affected.

Objectives
At the end of this lecture, you should be able to:
1. highlight the body inputs and explain each of them;
2. demonstrate full understanding of exogenous andogerbus
inputs; and
3. differentiate between verbal and non-verbal inputs.

Pre-Test
1. Define body input?
2. What do you understand by verbal and non-verbaltihp
3. Briefly explain the body inputs you know.
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CONTENT
Breathing

The very act of breathing brings air into our luagsl whatever else is in
the air. Our nose hairs filter out insects and salust, but gases like
carbon monoxide, vapours, smoke, pollens, bactenases, and small

dust particles are carried into the lungs. The bogly many self-cleansing
mechanisms to keep the lungs clean, but constapbsexe to air

pollutants eventually takes their toll on the luragsother organs of the
body. The tar and chemicals carried in the smokeigdrettes has been
linked to many types of respiratory disorders ammbtme has an addictive
effect on the brain. Carbon monoxide produced bgolj@e motors or

charcoal fires in enclosed places interferes wiie bxygen-carrying

function of the blood and is responsible for maegttis each year. Paint
solvents and gasoline fumes can damage the liage$slike nitrous oxide
and vapours like ether affect the nervous systerd are used as
anaesthetics.

Eating and drinking

We have to eat and drink to sustain our life, bbaiwwe ingest can carry
not only nutrients, but also substances that caeradly affect our health

and mental processes. There are regions in thed)Siiates where there is
a great prevalence of kidney stones that are agsdcivith the hardness of
the water. The "goiter belt" is another region veheéhe soil has a

deficiency of iodine that would result in thyroidagd problems were it

not for iodized salt. Grain tainted with ergot fusg which has an LSD

component, has been theorized to have caused inalions responsible

for the witch hunts in Salem, Massachusetts.

We cook foods to make them more digestible andiltoharmful
microorganisms and parasites. However, cooking mdagrease the
nutritional value of the food and charring duringllgpg may create
nitrosamines that have been associated with someersa Our mass
markets require the preservation of food by the afSéood additives.
Many of these preservatives were discovered byyama foods, such as
cheese, which don't readily spoil. Other food ades are only used to
improve appearance, e.g., artificial colours. Nbaédditives are harmful,
but some people prefer to buy "natural" or "orgarpooducts because
they do not want to eat residual pesticides useagnculture. Some
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"natural” and "organic" products may be quite haimfOpium, coca
leaves, marijuana, and tobacco are all naturalymtsdwith addictive or
mind-altering properties. This does not mean tlhaty tmay not have
legitimate medical uses. Opium has been the safro®rphine, which is
a powerful pain killer.

Caffeine, which occurs naturally in coffee, tead ahocolate, is a
nervous system stimulant and also a diuretic. Lamgeunts of caffeine
can cause tremors or shaking. Caffeine can be taddilor some people
even in small amounts. It is not by coincidencet tisaft drink
manufacturers use caffeine as an additive. If yaokdnore than one cup
of coffee, tea, chocolate, or cola drink per day yoay be addicted to
caffeine. This can be easily verified by abstainirgm caffeine-
containing foods or drinks for a couple of days.stRessness, sinus
pressure, or headaches are common withdrawal symspto

Medicines and drugs

Medicines and drugs may be administered orally, ifjgction, by
inhalation, etc. The purpose of medicines is t@ lteé organism return to
a healthy state. However, sometimes medicinesraseipbed to maintain
a "normal” state. Antibiotics fall into the firsategory. Once an infection
has been eliminated, the medication can be stoppwmdhetes is in the
second category. It is necessary to take insulliycair life in order to live
normally. With the large number of drugs availaliies not surprising to
find that some of them interact or interfere witdtle other. Some women
on birth control pills have become pregnant whakirig some types of
antibiotics. Also, grapefruit has been found tovate levels of some
medicines to toxic levels.

"Recreational” or illegal drugs sometimes such&®sin, cocaine, and
LSD are mind-altering drugs that affect the braiweasely, permanently.
Certain non-prescription medicines, such as cougbpressant syrups
with dextromethorphan, act on the brain and cahtturking and creative
abilities. "Ritualistic drugs", such as peyote, éawnallucinogenic
properties and are used in certain religious ceng@so Alcohol is the
most frequently abused mind-dulling drug. It adsdrain intoxicant that
reduces reaction times and impairs the motor fonstof the body. Drugs
used in psychiatry also modify the way in which tirain works. When
used to treat depression or other debilitating alesdnditions these drugs
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actually help to restore the normal functions & lthain, but generally not
without side effects.

Skin absorption

The skin acts as a protective barrier for the bddy,it is not impervious.
Many substances pass through the skin and cant afi@ious organs of
the body. When the skin is exposed to harsh chdsnisach as chlorine
bleach or detergents, there may be just a lodgtion or chemical burn.
Organic solvents such as gasoline, mineral spaitg, dry cleaning fluids
can be absorbed through the skin and reach toxéisen the body. The
liver is the organ most frequently damaged asidgstto detoxify these
substances.

Radiation/Light

Electromagnetic radiation can be good, and it camdd for the body. It
depends on the type of the radiation and the duratf the exposure.
Infrared radiation, which is low-frequency radiatjos felt as heat. Sitting
by a fireplace or a pot-bellied stove on a cold teinnight can feel
comforting without any harmful effects. Excessivesés of infrared
radiation can result in burns. Normal skin produtémamin D when

exposed to sunlight for brief periods of time. Whexposed for long
periods of time, the skin reddens and becomes ydaiof the touch.

Repeated exposure to sunlight stimulates the skpraduce a protective
dark pigment called melanin. Chronic exposure talight eventually

breaks down the cellular structure of the skin ead result in wrinkling,

cancerous melanomas, or other skin disorders.

The amount of light to which the body and eyes exposed may
affect the central nervous system. Seasonal Affeddisorder (SAD) is a
form of depression that includes feelings of sadndsedness and
cravings for carbohydrates. It is believed to blateel to the decreased
sunlight in winter and the release of melatonin.ld#min is usually
produced by the pineal gland at night and indutesps Besides sunlight,
the body may also be exposed to moonlight, whicuidight reflected off
the moon. The light of the moon is weak, but itlded early humans to
have some nighttime activities before the inventudrfire and artificial
lighting. The word "lunatic" is derived from the tirafor "moon". At one
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time it was believed that the influence of the mdaggered mental
disorders.

The use of artificial lighting has introduced sopreblems that did
not exist before its invention. Some people aresitgr and can get
headaches from the flickering of fluorescent lightdie flickering is
particularly noticeable in the peripheral visionlaghing images from
television or strobe lights can also cause harraftdcts to the nervous
system and can trigger seizures. A Japanese telewsrtoon program
that used flashing pictures to simulate an explosient several hundred
children to the hospital with various neurologisginptoms.

High-energy radiation such as ultraviolet light;rags, or Gamma
rays can destroy cells. X-rays and Gamma rays hexater penetration
than ultraviolet light and are used medically faaghostic imaging and to
burn tumors. Ultraviolet lights, also called "blackghts, are used in
hospitals and grocery stores to kill bacteria, bametimes they are
misused for entertainment in bars or other darkgdaecause ultraviolet
light makes some substances fluoresce.

Cosmic rays, which are high-energy particles, radlyndo not
penetrate the earth's atmosphere. However, astsorfzave reported
seeing flashes of light that have been attributethé effects of cosmic
rays either on the eyes or the visual cortex obtian.

Sounds

Our bodies respond to sounds in fairly mechanicaysy Sudden noises
can cause a person to jump away from the noisgyrorthe head in the
direction of the noise. Soothing, rhythmic noisastsas the sound of the
sea, a gurgling brook, or the beating heart in @heits breast are well
known for their calming effects. Buzzing soundsseldo the ears cause us
to wave the hands by our ears as if to repel iss€&xrtain high-pitched
noises such as scratching fingernails on a blackboa the noise of a
pencil on paper can "make your skin crawl", whishan erection of the
hairs on the skin. Loud repeated noises can rethesensitivity of the
ears and eventually cause hardness of hearing en eleafness.
Boilermakers that used noisy riveting equipmentemearticularly prone
to deafness as an occupational hazard. In the fengglo-fidelity sound
equipment with powerful amplifiers, many young pleogre losing their
hearing by listening to music at very loud levels.
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Bacteria and Viruses

Bacteria and viruses come into the body principtilpugh the eyes, the
mouth, the skin, and the nose. Some bacteria &¢cthalve a beneficial
effect. The "normal flora" that are found in the utiorelease substances
that prevent more harmful bacteria from gettinglelshed. Other bacteria
aid in digestion or produce vitamins and nutriethist the body can use.
Bread, yogurt, beer, wine, vinegar, and many typéscheeses are
produced by using specific types of non-harmfulsygabacteria, or fungi.

Disease-causing bacteria release toxins thatfemgerwith normal
body processes. Viruses, which are much smallen thecteria, work
against the body by re-directing the synthesisasfmal cell components
into replication of the virus. The body tries tadieoff bacteria and viruses
by generating chemical antibodies and by increabiody temperature.
Fever creates a more hostile environment for biactast can result in
delirium and other forms of mental changes. Sorseadies like rabies or
polio attack directly the nervous system.

Insect bites and stings

Insect bites and stings are unpleasant inputs @éohthman body. Insect
stings inject toxins into the body that may eliallergic reactions
accompanied by nausea, pain, and swelling. Thedbite black widow
spider is sometimes fatal. Some blood-sucking iissiject saliva at the
point of the bite. Insect saliva may cause swellng itching, but it may
also carry bacteria or parasites. Bubonic plaghe, go-called "black
plague" of the Middle Ages, which is a bacteriaadise, is transmitted by
flea bites.

Parasites

Parasites come into the body through many mechanisinale the dust of
a soiled bed linen, and you may get pinworms. Teallgo in a lake or river
and get schistosomiasis. Get bitten by a mosquith get malaria or
sleeping sickness. Hug your mother and get follioiees. Eat uncooked
pork and get trichinosis. Eat food contaminatechvetcal matter and you
may get roundworms. Roundworms generally inhabdt ititestine, but
because of their complex life cycle, sometimes theg up in other parts
of the body, including the brain.
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Magnetic fields

We live immersed in the magnetic field of the eaithe human body is
generally not affected and cannot detect this miagrfeeld. Homing

pigeons, however, have been shown to use the sandgnetic field as
one means for returning home. In principle, howeuwée electrical
activity of the nervous system could be affectegstogng magnetic fields,
and recent experiments suggest that magnetic fialag help to reduce
certain kinds of pain.

Gravity

Our sense of equilibrium in the gravitational fieifithe earth is provided
by the semicircular canals in the ear. These caraléined with filaments
that are stimulated by calcium carbonate crystapended in a fluid. The
rotation of the moon around the earth every 27 dd$s creates tidal
forces that affect many living organisms, but i€ koown to have a
significant effect on humans. Some fish are knowvsgawn in the beach
at high tide when the moon is full. The human memdion cycle of

approximately 28 days may be a legacy of our araestigins in the sea.

Air pressure

We can sense changes in air pressure as pain cantfirt in our ears,
sinuses or bones. The nerves surrounding the badyies that contain
enclosed pockets of air detect volume changes dabgeexternal air
pressure.

Endogenic inputs

Endogenic inputs come from within the body to thairn When we start
exercising, carbon dioxide builds up in the bodkgisTbuildup acts as an
endogenic signal for the heart and the lungs tokwarder. When the
level of glucose in the blood drops, we get hungtynger, thirst, pain,
fatigue, kinesthesia are all inputs to the braamfithe body itself.

Some physiological cycles like menstruation magger feelings of
fatigue, irritability, and depression as the horedevels change. Exercise
has been credited with stimulating the body to geeeendorphins that
create a feeling of well being. Emotions such as felease adrenaline
into the bloodstream, which triggers many systensiactions. Several
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studies have found that what you think can affemiryhealth. Constant
worry can create stress that lowers the body'styalid fight diseases,
whereas positive thoughts and laughter can actimaftyove your health.

Verbal inputs

Verbal communication might have been included usdeinds. However,
the effect of verbal input on the mind is so diéet from that of the wind
blowing or other noises encountered in nature fthas considered
separately. Imagine that your boss calls you to dffece and says
something neutral like: "In two weeks we are havangpeeting to discuss
the progress of our new project”. Your reaction roayne of anticipation
or apathy. Not much is required from you exceptryparticipation.
However, if the boss says something negative lik@u made several
mistakes in your last report and | am very disfatiswith your work".
You may become angry or scared, your heart may stamg and you
may want to justify what you did. Words have thevpo to make you
laugh or the power to make you cry because theynateonly sounds.
Words have meanings that get to the root of youstems.

Since ancient times words have had mystical povemrause they
could represent objects, feelings, curses, etc.wdre "abracadabra” was
supposed to have magical powers against diseaséisaster, and
sometimes it was carried in an amulet. Prayers wene than just words;
they provided a way of communicating with the chsiti

Much can be deduced about the state of mind pkeaker from their
speech. The tone of the voice can convey authdegr, doubt, and many
other different emotions.

Non-verbal sound inputs

If analyzed carefully, this category could also dmeuped under other
senses. However, there are some inputs that cotimted fears or desires
deep within our brain and establish a special kifd non-verbal
communication. The snarls of a dog, a cat rubbiggirest our legs, a
gentle massage, or the wink of an eye are all apekinds of
communication. These are more than just simpledsonvisual or tactile
inputs. They are meaningful messages for the brain.
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Summary

In this lecture, we have discussed numerous typegoats of the body
We noted that the body is structured in a way todledifferent types
of inputs, whether gaseous, solid, and liquid, souand radiation,
verbal, non-verbal sound and others. The differemuts were
examined and distinctions were made to facilitatdeustanding.

Post Test
1. List five body inputs and briefly explain each bém.

2. Differentiate your understanding of body inputs hwibody
absorption.
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LECTURE SIXTEEN

Outputs from the Body

Introduction

The outputs of the body include mechanical movemerdadiant heat,

sounds, minute electrical signals, as well as ¢xere and secretions that
serve various biological functions. Some of thesaynserve as

communication signals at a basic biological lelsat, verbal communication

provides the greatest insights into the mind.

Objectives
At the end of this lecture, you should be able to:
1. list and explain five outputs from the body; and
2. illustrate how each of the body output differ freine others.

Pre-Test
1. What do you understand by body outputs?
2. Mention any three of the body outputs
3. Why are they body outputs?

CONTENT

Secretions and excretions

The skin is covered with many specialised glands gecrete sweat,
sebum, megma, and earwax. In addition there anedgl@hat produce
tears, saliva and milk. Sweat serves primarilydol¢he body. However,
the sweat of the underarms develops a strong svhelh it ferments under
bacterial action. Scientists have debated whetheaty smell is supposed
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to be an attractant, a repellent, an indicatiorvigbr, or serves other
functions. The widespread use of antiperspirantsanconditioning has
virtually eliminated this type of stimulus from owociety. However,
researchers at the University of California at Bézly conducted an
experiment where women sniffed a bottle contairandrostadienone, a
chemical found in male sweat that smells vaguelgkyiuTests showed
that the blood pressure, heart rate, breathing,l@rels of cortisol in the
women increased within 15 minutes of sniffing themical and remained
elevated for more than an hour. The women alsorregp@levated mood
and sexual arousal. Sebum and megma are oily se@dhat lubricate
various parts of the body. They also have chanatiersmells at close
range to the body. The pubic area has a musky shalimay play a role
in sexual stimulation.

Excretions like urine and faeces serve to carrgyawaste products of
the body, but they also carry a lot of informatavout the body. From a
sample of urine, it is possible to determine thecfion of the kidneys, the
presence of venereal or parasitic diseases, andh&h@ woman is
pregnant. Faeces can be used to identify dietamgpoaents, parasitic
infections, the presence of ulcers, and many digefiinctions. Menstrual
fluids and semen are excretions of the body that part of the
reproductive cycle, but which can transmit disezegsing organisms
from infected individuals.

Gaseous outputs

Exhaling, sneezing, coughing, burping, and intestyases are all outputs
of the body that give information about the body.siyh is a form of
exhaling that may indicate weariness or relief.e2imeg and coughing are
used to dislodge obstructions in the respiratogspges or as a reaction to
irritants. The air expelled during coughing and esieg may carry
bacteria and viruses in droplets of mucus and &alBurping and
intestinal gases are products of fermentation agestion that may have
offensive smells. The smell of the breath may iatkdiet, food residues,
the presence of caries, and smoking habits. Théd sfre@ woman's breath
changes during menstruation.

Many diseases can be identified by the odors etimgnérom the
body. In the days when house calls were commortpdowere advised to
blow their nose to increase their olfactory sewmsjtibefore going into the
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room with the sick patient. Bacterial colonies cfeBdomonas have a
grape-like smell, whereas colonies of Proteus laalverned horn smell.

Heat

The body generally maintains a temperature of 3#lsiGs (98.6°
Fahrenheit). The testicles require lower tempeesturfor sperm
production. Fever is a pathological condition whareabnormally high
body temperature is sustained. Temperatures hiphar42.5° C (108° F)
kil human cells.

Electrical activity

The electrical signals in the brain are in the oafel 00 microvolts, which
is about fifteen thousand times smaller than amarg flashlight battery.
These signals have wave frequencies of betweemn hlaout 20 Hertz (or
cycles per second). The electrical signals in tearthare around 1
millivolt, ten times stronger than those of theiby&ut still very small and
impossible to detect outside the human body exdbptugh great
amplification. By contrast, electric eels have sglenerve endings that
enable them to generate from 200 to 600 volts, gmdo electrocute a
person. The neurons of the human brain have bdsnatsd to generate
about 25 watts of power.

Body language

The position of the body can indicate aggressiaar,for a whole
spectrum of human attitudes. Crossed arms tenddizate a reserved
attitude or closed-mindedness; a slouch indicategadh or carelessness;
sweaty palms indicate nervousness; a weak handsmalems lack of
confidence, and a pale face or trembling is synauysmwith fear. Facial
expressions are produced by movements of the eyebrows, nose and
mouth. Narrow eyes mean anger, and widened eyésatedsurprise. A
frown denotes concern, and pupils expand when dongets of interest.
A mouth with down-turned corners is sad; one wiphkturned corners is a
happy smile. Happiness, sadness, fear, anger,isr@nd disgust are
facial emotions that are widely recognised aroureworld regardless of
culture. These facial expressions are made withfAeial muscles.
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The attire and hair styles that we wear also seassages which can
be part of body language. Purple-dyed hair and bmdycing indicate
non-conformity; pin-striped suits form just the ogge. Expensive
jewelry, cosmetics, and perfume send a messagdflaérace. Beards,
wigs, clothing, and cosmetics are all used to ddeoour bodies to send
conscious or subconscious messages to on-lookers.

Sounds

Coughing, sneezing, breathing, and heartbeats anmeds output by the
body. There are also mechanical noises such apista@nd whistling,
but by far, the most important sounds are produbesugh singing and
verbal communication.

Verbal outputs

As was mentioned in the previous chapter, verbaimanication is more
than just sounds. Words convey mental images tdisteners. What we
say or what we imply changes the listener. The wawhich we say
something also carries a message. The use of agtdbulary may imply
wisdom or snobbishness, forcefulness indicatesictom, and hesitation
represents insecurity.

Songs and rhymes are special forms of ritualiseshnounication.
Before writing was invented, oral history was thelyoway to pass
information from one generation to the next. Poeansl songs were
particularly effective at passing information, besa they could be
learned at an early age, even though they mightoeotinderstood until
much later.

Memes

Memes are ideas or behaviours that can be passeddne person to
another by learning or imitation. A culture maydefined as a collection
of memes, which enable individuals to function withithe society.

Examples of memes include beliefs, gestures, mextifashions, habits,
songs, and dances. Successful memes propagate ethesnsand are
adopted by the members of a society because tlwydpera benefit or

enable survival. Simple traditions like washing Hands before eating, or
the Oriental custom of taking off the shoes befgoeng inside a house
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promote cleanliness and reduce the rate of infiesti®eople who do not
follow these practices will get sick more oftenpmrhaps die from poor
sanitation. Thus, the cleanliness meme providagiltenbenefits.

Summary
In this lecture, we have examined the outputs eftitbhdy. We noted the
major outputs of the body and the physiology of whade each
different from the other.

Post Test
1. Write short notes on five or more outputs of theyo

2. Briefly discuss the differences between the bodguia and
outputs.
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