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Ask the class if any-
one wants $20. When
a volunteer comes for-
ward, stipulate that
you will drop a twen-
ty-dollar bill and they
must catch it. Further

stipulate that the bill must be caught between the
thumb and forefinger and their hand must be sta-
tionary. After dropping the bill several times stu-
dents realize it cannot be caught.  AAsskk tthhee ccllaassss ttoo
ttrraaccee tthhee nneeuurraall ppaatthhwwaayy iinnvvoollvveedd iinn ccaattcchhiinngg tthhee
bbiillll..

Students should describe the path from the eyes to
the brain to the spinal chord to the muscles in the
hand. This should explain why it takes so long for
the student to attempt to catch the bill. This will
later be contrasted with the speed of reflex.
NB: If a student anticipates the drop, they can
catch the bill! To prevent this possibility, ask the
subject, "Are you ready?" and drop the bill before
they respond. This will break the subject's concen-
tration and prevent him/her from anticipating the
moment you drop the bill.
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Ask students how a
nerve impulse is
transmitted along a
neuron.

Ask students to
describe the synapse.

Ask students how
the nerve message
crosses the synapse.

Compare the speed if
conduction along the
neuron to the speed
across the synapse.

Nerve impulses are transmitted as a depolarization
along the neuron.
(Depolarization takes place when Calcium (Ca+) and
sodium (Na+) ions enter the cell.  If this process is
sufficient, an action potential is stimulated, causing
potassium (K+) to leave the cell to repolarize the
membrane.  This depolarization-repolarization con-
tinues along the axon until it reaches the presynaptic
terminal, where a neurotransmitter is released to
communicate the signal to the next neuron.)

It is a gap between the terminal branches of a neu-
ron and the dendrites of the next neuron.  

The synaptic vesicle secretes a neurotransmitter
across the synaptic cleft. The neurotransmitter fits
into a receptor that triggers a depolarization in the
next neuron. 

The conduction speed of the electrical depolarization
is relatively rapid along the neuron. The speed of the
neural message must slow down drastically as the
neurotransmitter is secreted across the synapse.

3
SShhooww SSYYNNAAPPSSEE

MMoottiivvaattiioonn:

DDeevveellooppmmeenntt::  HHooww aarree nneerrvvee iimmppuullsseess ttrraannssmmiitttteedd??
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Blast an air horn (Or
create another loud
noise, i.e. drop a text-
book on a flat surface;
clap your hands loudly,
whistle) near an unsus-
pecting student.

SShhooww RREEFFLLEEXX AARRCC

AAsskk ssttuuddeennttss   
ttoo ssttaanndd oonn oonnee lleegg

SShhooww 
PPRROOPPRRIIOOCCEEPPTTOORR

Note his/her
response to the loud
noise. 

Ask students to
compare the neural
pathway in a reflex
to the voluntary
pathway described
earlier.  Explain
why the reflex
response is so much
more rapid than a
voluntary response.

Ask students to
note the activity of
their body as they
attempt to 
maintain their 
balance.

Explain that 
proprioceptors in
their muscles and
joints are sensing
body position and
relaying this 
information to the
brain. 

Students should note that the response was
nearly instantaneous.

The reflex does not involve transmission to
the brain and requires transmission across
fewer synapses.  A reflex bypasses the brain.
Transmission across a synapse is much slower
than conduction along the neuron. 

The muscles in the legs are contracting and
relaxing to maintain equilibrium.
Proprioception:  the process by which the body
can vary muscle contraction in immediate
response to incoming information regarding
external forces -
The Role of Muscle Spindles in Posture and Movement.
hhttttpp::////wwwwww..uummddss..aacc..uukk//pphhyyssiioollooggyy//mmccaall//ppoossttuurree..hhttmmll

The proprioceptors and the muscles interact
to adjust muscle tension to maintain balance.
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IN MUSCLES AND IN MUSCLES AND 
TENDONS SENSE TENDONS SENSE 
PRESSURE AND PRESSURE AND 

BODY POSITION AND BODY POSITION AND 
TRANSMIT THE TRANSMIT THE 

INFORMATION TO THE INFORMATION TO THE 
BRAIN STEM AND BRAIN STEM AND 

CEREBELLUMCEREBELLUM

How do we keep ourselves How do we keep ourselves 
upright?upright?
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HHooww ddoo wwee kkeeeepp oouurrsseellvveess uupprriigghhtt??
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Ask the students to 
balance one foot with
their eyes closed.

SShhooww VVIISSUUAALL      
IINNFFOORRMMAATTIIOONN

SShhooww BBRRAAIINN

SShhooww LLiinneeaarr MMoottiioonn

SShhooww EEAARR

THE EYES TRANSMIT VISUAL INFORMATION THE EYES TRANSMIT VISUAL INFORMATION 
TO THE VISUAL CORTEX  AND BRAIN STEM TO THE VISUAL CORTEX  AND BRAIN STEM 

ABOUT OUR ORIENTATIONABOUT OUR ORIENTATION

LEFT EYELEFT EYE

RIGHT EYERIGHT EYE

VISUAL VISUAL 
CORTEXCORTEX

7

Ask them to
hypothesize why it
is more difficult to
maintain balance
with their eyes
closed

Have students
observe that the
visual cortex in the
brain stem is
involved with 
proprioception.

Review the func-
tion of the cerebel-
lum in coordinat-
ing sensory input
to maintain bal-
ance.

What is linear
motion?

Describe the 
structure of the
ear.

Visual cues are used along with propriocep-
tors to maintain orientation.

Sensory information is sent to specific areas
in the brain for processing.

CCeerreebbeelllluumm

Sensory input from many sources is integrat-
ed in the cerebellum to maintain balance and
coordination. 

Linear motion is motion that occurs in a
straight line.

The ear consists of three components.  The
outer ear, the middle ear and the inner ear.
The inner ear contains components of the 
vestibular system that are involved with 
balance and orientation.
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HHooww ddoo wwee ddeetteecctt lliinneeaarr mmoottiioonn??
HOW DO WE DETECT HOW DO WE DETECT 

LINEAR MOTION?LINEAR MOTION?9
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SShhooww
VVEESSTTIIBBUULLAARR 

SSYYSSTTEEMM

SShhooww OOTTOOLLIITTHH  
OORRGGAANNSS

SShhooww SSTTAATTIICC   
BBAALLAANNCCEE

SShhooww PPIITTCCHH 
FFOORRWWAARRDD

Describe the
appearance of the
otolith organs and
the semicircular
canals. Explain
that these struc-
tures help main-
tain orientation
and balance. 

Describe the
structure of the
otolith organs.

Observe the orien-
tation of the hairs
in the otolith struc-
ture.

Observe the move-
ment of the
otoliths, gel, and
hairs. Explain how
the dancer would
know that she is
leaning forward.

A sack containing fluid (endolymph) and a gel
topped with microscopic stones (otoliths,
oto=ear, lith=stone)

The hairs
are oriented 
vertically.

TThhee OOttoolliitthh OOrrggaann

Gravity acting on the otoliths pulls the gel
downward, bending the hairs and triggering a
nerve impulse (depolarization) to the brain.

OTOLITH ORGANOTOLITH ORGAN

OTOLITHSOTOLITHS

OTOLITHSOTOLITHS
(EAR STONES)(EAR STONES) GELGEL

HAIR CELLSHAIR CELLS

VESTIBULAR SYSTEMVESTIBULAR SYSTEM

SEMICIRULAR SEMICIRULAR 
CANALSCANALS

OTOLITHOTOLITH
ORGANSORGANS

STATIC BALANCESTATIC BALANCE

OTOLITH ORGANOTOLITH ORGAN
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SSeemmiicciirrccuullaarr
ccaannaallss

OOttoolliitthh oorrggaannss
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SShhooww SSEEMMII --     
CCIIRRCCUULLAARR   
CCAANNAALLSS

SShhooww CCUUPPUULLAA

SShhooww CCUUPPUULLAA 
AATT RREESSTT
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HHooww ddoo wwee ddeetteecctt rroottaattiioonnaall mmoottiioonn??

HOW DO WE SENSE HOW DO WE SENSE 
ROTATIONAL MOTION?ROTATIONAL MOTION?

CUPULA AT RESTCUPULA AT REST
  

 ENDOLYMPH

SEMICIRCULAR
CANAL

CUPULA

SENSORY
HAIRS

SEMICIRCULAR CANALSSEMICIRCULAR CANALS

CUPULACUPULAFILLED WITH FILLED WITH 
ENDOLYMPHENDOLYMPH
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What is rotational
motion?

Have students
describe their
structure. Describe
the various ways
the head can move.
Ask why they
would be oriented
in three planes 90º
apart.

Point out the archi-
tectural origin of
the word.

Have students
describe the struc-
ture of the cupula.
Compare the struc-
ture of the cupula
in the semicircular
canals to the
otolith organs

The motion of an object around an axis in a
circular path.

The semicircular canals are oriented in three
planes 90º apart to respond to motion in each
plane (pitch, yaw, and roll).  Using the shuttle
as an example, here is a graphical example:

http://liftoff.msfc.nasa.gov/academy/rocket_sci/shuttle/a
ttitude/pyr.html

Cupula is derived from the domed architec-
tural feature on cathedrals.

The cupula is a gelatinous structure like the
gel in the otolith organs. It does not have
otoliths on top because it does not respond to
gravity, but to movement of the head. 

CUPULACUPULA

SEMICIRCULAR SEMICIRCULAR 
CANALCANAL
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THE EFFECT OF ROTATION ON THE EFFECT OF ROTATION ON 
THE CUPULATHE CUPULA

FLOW OF
ENDOLYMPH

BENDING
OF HAIRS

CUPULA

SEMICIRCULAR
CANAL

Describe what hap-
pens to the cupula
as the dancer
spins.

Why does the room
appear to continue
to spin even after
the dancer stops?

Ask students to
describe the rela-
tionship between
the head move-
ment and the eye
movement. 

Ask students to
describe the
Vestibulo-ocular
reflex.Why is this
reflex?What is the
function of this
reflex? 

The movement of the fluid (endolymph) in the
semicircular canal bends the cupula and the
attached hairs triggering depolarization.

The fluid (endolymph) continues to circulate
for a short time after the bodies motion stops.

The eyes move opposite to the movement of
the head. The degree of movement is identical
for the head and eyes.

The eyes move exactly opposite to the move-
ment of the head because there is a reflex
connecting the cupula to the visual cortex in
the brain. This allows us to maintain focus on
an object even while the head is moving.
Without this reflex we would see the world
bobbing up and down as we walked. (Imagine
viewing the world as seen in the movie "The
Blair Witch Project".)  

1
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SShhooww TTHHEE EEFFFFEECCTT
OOFF RROOTTAATTIIOONN OONN

TTHHEE CCUUPPUULLAA

AApppplliiccaattiioonn ooff 
sscciieennttiiffiicc pprriinncciipplleess..

HHaavvee ssttuuddeennttss ppaaiirrss
ffaaccee eeaacchh ootthheerr,, oonnee
ttaakkeess tthhee rroollee ooff oobbsseerrvv--
eerr aanndd tthhee ootthheerr iiss
eexxppeerriimmeennttaall ssuubbjjeecctt..
TThhee ssuubbjjeecctt wwiillll mmoovvee
hhiiss//hheerr hheeaadd ffrroomm ssiiddee
ttoo ssiiddee wwhhiillee ffooccuusseedd oonn
tthhee nnoossee ooff tthhee oobbsseerrvveerr..
TThhee oobbsseerrvveerr wwiillll nnoottee
tthhee mmoovveemmeenntt ooff tthhee
ssuubbjjeecctt''ss eeyyeess.. RReevveerrssee
tthhee rroolleess aanndd oobbsseerrvvee
tthhee eeyyee mmoovveemmeenntt..  

SShhooww VVEESSTTIIBBUULLOO--  
OOCCUULLAARR RREEFFLLEEXX
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WWhhaatt iiss tthhee rroollee ooff tthhee eeyyeess iinn mmaaiinnttaaiinniinngg bbaallaannccee??

VESTIBULARVESTIBULAR--OCULAR REFLEXOCULAR REFLEX
COORDINATION OF EYE AND HEAD MOVEMENTCOORDINATION OF EYE AND HEAD MOVEMENT2
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MMeeddiiaall ssuummmmaarryy 

SShhooww FFEEEEDDBBAACCKK 
SSYYSSTTEEMM

SShhooww WWHHIICCHH 
SSEENNSSOORRYY IINNPPUUTTSS

OOPPEERRAATTEE IINN
MMIICCRROOGGRRAAVVIITTYY?? 

SShhooww HHOOWW DDOO WWEE
KKNNOOWW WWHHIICCHH
WWAAYY IISS UUPP IINN

SSPPAACCEE??

HHooww ddooeess tthhee bbrraaiinn iinntteeggrraattee sseennssoorryy iinnppuutt ttoo mmaaiinnttaaiinn bbaallaannccee??

Have students
recall the four
major sources of
sensory input used
to maintain bal-
ance.

Ask student how
they maintained
their balance when
standing on one
foot.

Ask the class,
which of the four
sensory input
modes depend on
gravity?
(Eyes)(Muscles)(Ot
oliths)
(Semicircular
canals) Why?

Ask students how
astronauts know
which way is up in
microgravity.

Muscles, eyes, otoliths, cupula in semicircular
canals.

Sensory input from muscles, eyes, otoliths,
and cupula in semicircular canals causes the
brain to respond by adjusting muscle tension
to regain homeostasis.

The otoliths and proprioceptors in the muscles
depend on gravity to function. Review which
components of the vestibular system are func-
tioning in microgravity and which are not.

Visual cues are the only method of orientation
that operates in space.

FEEDBACK SYSTEM MAINTAINS BALANCEFEEDBACK SYSTEM MAINTAINS BALANCE

Muscles respond and correct for imbalance

Motor neurons relay impulses to the muscles
providing corrective feedback

The Central Nervous System
Cerebellum, Brain Stem, Spinal Cord

Sensory neurons relay impulses to the
Central Nervous System

Receptors in
Vestibular system, Eyes or Muscles

 detect a change in position

Controlled Condition
Appropriate muscle tension for balance

Return to homeostasis which brings body back into balance

WHICH SENSORY INPUTS WHICH SENSORY INPUTS 
OPERATE IN MICROGRAVITY?OPERATE IN MICROGRAVITY?

HOW DO WE KNOW WHICH WAY HOW DO WE KNOW WHICH WAY 
IS UP IN SPACE?IS UP IN SPACE?

2
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2
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Have students
hypothesize why
conflicting signals
from these sensory
organs can cause
motion sickness.

Ask students if
they have ever
experienced an
IMAX movie. Ask
why they felt
queasy even
though they
remained seated.

Ask students why
some of them get
queasy when they
read while riding
in a car.

How do astronauts
avoid space 
sickness?

All the sensory inputs are integrated in the
brain stem that also controls autonomic func-
tions (peristalsis etc.)

Conflicting signals from the eyes (apparent
motion) and the vestibular structures in the
ear (the body is stationary) can cause motion
sickness.

Reading from a page that appears to be sta-
tionary gives visual information which con-
flicts with the motion being detected by the
vestibular structures in the ear. 

Have students recall that astronauts only
experience visual and inertial sensory inputs,
which conflicts with the muscular and otolith
inputs.

WHAT HAPPENS WHEN WHAT HAPPENS WHEN 
SENSORY INPUTS IS NOT SENSORY INPUTS IS NOT 

CONSISTANT?CONSISTANT?

SShhooww WWHHAATT 
HHAAPPPPEENNSS WWHHEENN
TTHHEE VVEESSIIBBUULLAARR

SSYYSSTTEEMM RREECCEEIIVVEESS
CCOONNFFLLIICCTTIINNGG

IINNFFOORRMMAATTIIOONN?? 

AApppplliiccaattiioonn ooff 
sscciieennttiiffiicc pprriinncciipplleess..

AApppplliiccaattiioonn ooff sscciieenn--
ttiiffiicc pprriinncciipplleess..

SShhooww HHOOWW DDOO
AASSTTRROONNAAUUTTSS
AAVVOOIIDD SSPPAACCEE

SSIICCKKNNEESSSS??

HOW DO ASTRONAUTS 
AVOID SPACE SICKNESS?

ww2.mcgill.ca/uro/Rep/ r3003/space.html

WWhhaatt ccoouunntteerrmmeeaassuurreess ccaann wwee ttaakkee ttoo rreedduuccee ssppaaccee ssiicckknneessss??
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Explain that NASA
has a KC 135
tanker aircraft
that is modified to
allow astronauts
trainees to experi-
ence weightless-
ness. As the plane
goes into a series of
dives, astronaut
trainees will float
weightlessly for 30
seconds at a time.

Ask the class to
indicate by a show
of hands, how
many students get
sick while reading
in a moving car.
Why doesn't every-
one get carsick?
Which students
would make suit-
able astronaut can-
didates?

Ask the class why
nearly all astro-
nauts overcome
space sickness
after about three
days.

There is great variability in individual toler-
ance to motion sickness. Candidates who
show tendencies towards motion sickness are
eliminated as astronaut candidates.

After about three days most astronauts
become habituated to microgravity. Their
vestibular-ocular system adjusts to sensory
cues provided in microgravity.

SShhooww SSPPAACCEE SSIICCKK--
NNEESSSS CCOOUUNNTTEERR--

MMEEAASSUURREESS

SShhooww SSEELLEECCTTIIOONN
OOFF SSUUIITTAABBLLEE
AASSTTRROONNAAUUTTSS

SShhooww HHAABBIITTUUTTIIOONN
AAFFTTEERR AA LLOONNGG
TTEERRMM EEXXPPLLOORREE

TTOO MMIICCRROOGGRRAAVVIITTYY

VOMIT COMETVOMIT COMET

SELECTION AND SELECTION AND 
HABITUATIONHABITUATION

HABITUTION AFTER A 
LONG TERM EXPLORE TO 

MICROGRAVITY
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Why did the alien
stumble upon land-
ing after a long
space voyage?

Review the concept of habituation after long
exposures to microgravity. The vestibular-ocu-
lar system must now readjust to the gravity
on Earth.
Example:  The three astronauts who returned
to earth from the Internation Space Station
on a Russian-made rocket reported crawling
on the ground when they landed on earth.
This was due to their habituation 
to microgravity.

DOES DOES 
EXTENDED EXTENDED 

SPACE SPACE 
TRAVEL TRAVEL 
AFFECT AFFECT 

BALANCE?BALANCE?

SShhooww tthhee ccaarrttoooonn ooff
tthhee HHOOWW DDOOEESS

EEXXTTEENNDDEEDD SSPPAACCEE
TTRRAAVVEELL AAFFFFEECCTT

BBAALLAANNCCEE??

ENDEND
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