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Introduction

Have you ever wondered why many doctors wear pale green or blue scrub suits in the operating room? These
colors are often chosen because they reduce the perception of the after-image produced when a person stares
at one color for long periods of time. The perception of an after-image occurs because the photosensitive pig-
ments have bleached or degraded to the components that make up-the color being stared at. So, for exam-

* ple, if a surgeon were to look at someone dressed in a white scrub st after looking for a long period of time
at something red, the person in white would appear to be wearing an intense blue-green color. However, since
the scrub suits are usually blue or green, the after-image, although still present, is almost unnoticeable.

This is just one example of the tremendous ability of the human body to adapt to the surrounding environ-
ment. The ability to adapt to our surroundings is the underlying basis behind the study of sensory percep-
tion. However, in order to understand how sensory perceptton works, you must first begin to understand how
the sensory organs work.

The first organ to be discussed is the ear. The ear serves an important role in two types of sensory percep-
tion. The first is the detection of sound and the second is the maintenance of equilibrium. - Sound waves orig-
inate from the compression and decompression of air as an object vibrates.” They travel outward from the
object in much the same way that a stone causes ripples when dropped in a pond. In addition, the velocity
or force with which the object is vibrating affects the volume of the sound wave in much the same way that
the size of the rock affects the size of the ripples in the pond. For example, when you blow a whistle, the air
being forced from your lungs is pushed into the whistle and around the ball inside. This causes ball to vibrate,
which in turn causes the molecules of air around the ball to begin to vibrate. If the force of air due to the
veloaty of breath is small, the whistle will emit a lower, or weaker, sound wave. However, as the force of air
entering the whistle is increased, the ball will vibrate more rapidly and, thus, the air around the ball will vibrate
more quickly causing a stronger sound wave.

When these vibrations hit the tympanic membrane inside the ear, the tympanic membrane begins to vibrate
as well. The vibrations of the tympanic membrane are transferred to the auditory bones, which in turn con- -
duct the sound wave to the oval window. The oval window transmits the sound wave into a fluid filled cham-
ber where the receptors, called hair cells, are sandwiched between two specialized membranes. These mem-
branes move as the fluid is disturbed and activate the hair cells. As the hair cells are activated, they transmit
electrical impulses to the brain. Hair cells in humans are activated at frequencnes ranging from 20 to 20,000

range and waves. at-frequencies below 20 Hz are in the infrasonic range.

The components of the ear responsible for maintaining equilibrium are found in the middle and inner ear.
The most important of these structures is found in the inner ear and is called the semicircular canal. There
are three in each ear and they are responSIbIe for providing sensory information regarding changes in orien-
tation of primarily the head.
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The eye is responsible for the detection of visual images. The detection of visual sensations occurs at the back
of the eye on the retina. An image is projected onto the retina, which is then converted into nerve impulses
through degradation of photosensitive pigments in structures called.rods and cones. Rods are the receptors
which are most operable in‘night vision. ‘They are responsible for black.and white vision, while cones are the
receptors for bright and colored light. The human eye possesses three types of cones, each containing a dif-
ferent combination of retinal and photopsin. Each cone type is characterized'by a sensitivity to a different col-
ored light, which'is dépendent upon varying proportions of retinal and photopsin. One cone type is sensitive
to blue light; another is sensitive to green light; and the third type is sensitive to red light. We are able to see
more than these three colors because each color stimulates a different combination of the three different types
of cones. Rods and cones are found in varying densities across the retina, however, they are not found at all
where the optic nerve enters the eye. This area is called the blind spot, since no image can be registered here.

The Telated"senses-of taste and smell ‘are dependent upon ‘chemoreceptors, which detect different chemical
molecules in the substances we eat and smell. In humans, these receptors are located on the roof of the nasal
cavity, on the tongue, and on the surfaces of the soft palate, pharynx and epiglottis. A taste or a smell is per-
ceived when a chemical molecule comes into contact with the appropriately shaped chemoreceptor.

The final sense, touch, is dependent upon receptors that are located in the skin called mechanoreceptors.
These receptors are sensitive to mechanical stimuli, such- as pressure and gravity. There are three types of
mechanoreceptors. They are free nerve endings, Meissner corpuscles, and Pacinian corpuscles. Free nerve
endings and Meissner’s corpuscles are located in the upper layers of skin and are usually sensitive to light
touch, while Pacinian corpuscles are located in the deeper layers of skin and respond only to heavy pressure;
Thermoreceptors are also involved in the sense of touch. These include heat receptors, which respond to tem-
peratures between 25 and 45°C; cold receptors, which respond to temperatures between 10 and 20°C; and
pain receptors, which are activated at temperatures greater than 45°C and temperatures below 10°C.

For any of the five senses, continuous stimulation of the receptor cells at a constant level results in sensory
adaptation. This may occur in one of two ways. The first is that the receptor itself has adapted to the stim-
uli and stops transmitting the signal to the brain. The second way sensory adaptation may occur is that the
lower parts of the brain adapt to the information being received and decide that the information is not impor-
tant enough to relay to the areas of the brain where you would be consciously aware of the sensation.
However, regardless of where the stimulus stops being transmitted, any large increase in the intensity of the
stimulus will generally bring the stimulus back to your attention. This phenomenon of sensory adaptation is -
what the following lab activity will be focusing on. : : o

Objectives

You should be able to test various aspects of perception, such as to observe after-images, the blind spot, the
taste regions of the tongue, the density of heat and cold receptors on the skin, and to experience the inter-
twined sensations of smell and taste. '

Materiais included in the Kit

T Whistle , .
- 19 Ink-Padi(wasHable inkys .57 .
2 pkg. Pipe cleaners: S ,
1 pkgs. Assorted circular stickers y : . o
1 pkg. Cotton swabs ' ’ '
100 Medicine cups
15 Wooden beads
15 Steel probes
1 Rubber grid stamp
250mL  Sucrose solution, 5.0% (Solution A)
250mL  Sodium Chloride solution, 10% (Solution B)
250mL  Quinine sulfate solution, 0.1% (Sclition C)
250mL  Acetic Acid solution, 1.0% (Solution D)
1 +/ecard
1 Set Student Study and Analysis Copymaster
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3. Cover your left eye and stand so that your right eye is about 25cm from either ¢
m the (*) or the (+). :
3 4. Focus on your chosen symbol. Meanwhile have your partner move a small
$ bead on a pipe cleaner along the surface of the paper toward your chosen
R symbol from the right side.
%)
5. As soon as the bead disappears from your vision, tell your partner to stop.
Your partner will mark this position on the white paper. This is the outer edge +
of your blind spot.

Materials Needed but not Provided

Beakers

ice

Paper towels
Plain white paper
Potatoes

Apples

Procedm:e '

Part 1: Vision
Test A: After- Images
1. Working with your partner, select one colored sticker. Place this sticker on the left side of the plain white

sheet of paper. Write your names at the top of the paper.

2. Next to the sticker, write your prediction about the color and shape of the after-image you expect o see
after focusing on the sticker for approximately 30 seconds.

S 3. Focus on the colored sticker for approximately 30 seconds while your partner times you. When your part-
\g ner indicates that time is up, shift your gaze to a plain white section on the same sheet of paper. Record
what you see to the right of your prediction.

4. Repeat steps 1-3 two more times using two other stickers of different colors.
5. Switch roles with your partner, and repeat the previous steps.

Test B: Blind Spots

1. Hold the paper marked with a black plus silgn (+) and a black dot (-)' atarm'’s
length, with the dot on the left and the plus sign on the right.

N 2. Cover your left eye and focus your right eye on the dot. +
5 3. As you continue to look at the dot, slowly move the paper toward yourself.

Note that the plus sign is visible at first, then disappears completely, and then
Y p g pp pletely,

reappears. The point at which the plus sign was no longer visible was the
blind spot for your right eye. :

4. Repeat steps 1-3, covering your right eye and focusing on the dot with your
left eye. .

Mapping your blind spot ,
1. Turn over your paper from Test A, and use the other side for blind spot mapping. or

2. Tape 6t §li&the (s)/(+)3trip vertically-orra white sheet of paper so that there
is white space on all sides of the symbols (see figure 1) -

6. Have your partner contintie to move the bead toward your chosen symbol. Stop
your partner when the bead reappears. Your partner will mark this spot on the

white paper. This is the inner edge of your blind spot. Figure 1
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- Repeat this procedure several times, moving the bead along the paper toward your chosen symbol from

several different directions, until your blind spot is well mapped.

Connect the outer dots on the white paper, to draw the outline of the outer edge of your blind spot.
Repeat this procedure for the inner dots, to draw the outline of the inner edge of your blind spot.

Change roles and map your partner’s blind sbot.

Part 2: Chemoreceptors

Test A: Flavor discrimination

1

. (‘_’Ib"é“é“:':‘)‘?é'u reyes:and”pinch your nose shut.
2.

Have your partner place either a slice of potato or a slice of apple on your tongue without telling you what
it is. '

- Leave the slice on your tongue for 10 seconds without sucking, chewing, or moving the slice around in

your mouth try to detect which slice your partner placed on your tongue. Your partner will record
whether your guess was correct or incorrect in the appropriate space in data table 1.

- Repeat steps 1-2 again. This time, however, chew on the slice. Have your partner record your guess for

this trial in the appropriate space in the data table.

. Repeat steps 1-2. This time, however, do not pinch your nose shut during the trial. Additionally, you may

also chew the slice. Again, have your partner record your guess for this trial in the appropriate space in
the data table, ’ -

. Change roles with your partner, recording your partner’s data in the data table.

Data Table 1

Results: Correct or incorrect?
No sucking apple
Trial 1:
’ No breathing potato
'\ .
O .
< Chewing apple
'é‘ Trial 2:
) No breathing potato
Trial 3: | Breathing apple
Chewing potato
- Vgl gl
Test B: Mapping your taste receptors
Important: Always use clean swabs and paper towels for each trial and each "'
™ partner! After each trial, dispose of all materials properly. i 4!
3 1. Working in pairs, have your parther dip a clean cotton swab into solution
“A” and touch the swab to each of seven areas of your tongue (as shown et 3. S
in Figure 2). Rate your sensitivity with regard to the taste of each appli- | ‘:;'2‘5\ SN
cation as either absent (0), faint (+), or strong (++). Also, indicate | e N S
whether the sensation was sweet, salty, bitter, or sour. Have your partner | N e
record your answers in the appropriate space in data table 2.
' Figure 2
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Data Table 2

Position on Tongue Overall
Taste
Front Side Back (Sweet, salty,
' bitter or sour)

Receptor 1 2 | 3 4 5 6 7

Solution “A”

Solution “B”

Solution “C”

Solution “D”

2. Repeat step 1 for solutions “B” through “D”, rinsing with tap water and blotting your tongue dry between trials.
3. Change roles with your partner and repeat using clean swabs, a clean cup for rinsing, and clean paper towels.

Part 3: Testing your thermorecepfors

Test A: Sensory adaptation

1. Place the index finger of one hand in a beaker containing warm water. Place the index finger of the other
hand in a beaker of cold water.

2. Hold your fingers in their respective beakers for 60 seconds.

3. Place both index fingers in a beaker containing water at room temperature.

4. Answer the questions listed in data table 3.
Part 3: Testing your thermoreceptors
Test A: Sensory adaptation

Which finger (right or left) was in the warm water?

RS At A PN

Which finger (rightsr left) was in the cold water?
What sensation do you feel with your left finger after placing it in the room temperature water?

What sensation do you feel with your right finger after placing it in the room temperature water?
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Test B: Mapping your thermoreceptors

1.

After inking the stamp on the inkpad, stamp a grid on a hairless part of your forearm. While you are doing
this, have your partner obtain two steel probes and place one in a beaker of warm water and the other in
a beaker of cold water. ’

2. Look away and have your partner randomly select either the warm or the cold probe,

3. Have your partner lightly touch the probe to one point on the grid on your forearm.

4. Indicate whether you think the probe is warm or cold. Have your partner indicate your respdnse in the

5.
6.

appropriate section of the data table. This should be indicated by writing a (+) if you guessed correctly
and a (-) if you guessed incorrectly. For example, if your partner chose the warm probe, but you indicat-
ed that you sfelt-a:sensation-of cold, your partner would write a (-) in the correspondlng section of the
warm grid in data table 4.

Data Table 4

Warmth receptors: Cold receptors:
Concentration: Concentration:

/ cm? /cmZ

Repeat steps 2-3 until all positions on both grids have been filled.

Change roles, recording heat and cold sensitive data for your-partner.

Further investigation

Reactton time is a measure of the time it takes for your brain to process information received from the senso-
ry organs and tranismit’ the mformatlon to the ruscular system. Reaction time can be easily tested in the fol-
Iowmg way

1.

2.

bers). Hold your thumb and index finger about 2.5¢m apart at the zero mark without touchmg the stick.

Have your partner warn you verbally and then have them drop the stick. As soon as it begins to fall, catch
the stick with your thumb and forefinger.

. Note the distance the meter stick fell by recording the number underneath your thumb and forefmger
. Repeat steps 1-3 four more times, recording the information each trial.
. Repeat steps 1-4, only this time your partner should not warn you before the stick is dropped Compare

the reaction times between the trials.

. Change roles with your partner, and repeat this éxperiment.
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Resulits

Tests A and B should be on a separate sheet of paper, to be turned in with these worksheets.
Record the data from parts 2 and 3 in the appropriate data tables.

Part 3: Testing your thermoreceptors

Test B: Mapping your thermoreceptors

- Partner: Record your partner’s sensitivity to the warm and cold probes in the corresponding area of the grids
below. " A “+" indicates:that your-partner-felt either a sensation of warmth or cold; a (-) indicates that your
partner did not feel either of these sensations.

Student: Based on the marking in your grid, calculate the number of thermoreceptors per cm? of your forearm.

Questions

If humans hear sound emitted in a frequency range of 20 to 20,0000 cycles per second, why are we
unable to perceive the sound of a dog whistle?

Did your predictions in the after-image éxﬁercise match the actual outcomes and did you and your partner
‘produce similar results with different colored circles?’ : '

What might account forsimitar results produced from different colored circles?
(LOHY MIGHT 2 DIFFENSAT ColorS Fradver e Sume ook Lotonl)

&
&

@ In testing for your blind spot, what did you see when the (+) disappeared?
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@Does each eye have a blind spot?

o Woeﬂd--you expect.the-blind spot for your untested eye to be the same size and shape as the blind spot
for the eye tested in this tab? - e '

O How could you test your answer?

@Name some instances where it would beneficial to be aware of your blind spots.

@While chocolate, derived from the cacao plant, is quite bitter in its natural state, it is altered by the addi-
tion-of-sugar-to'make it palatable:to- humans.- In which two regions of the tongue are the chemorecep-
tors located-that are. primarily responsible for detecting the flavors associated with chocolate?

OWhich flavor is detected in which region?
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( 8) Do you think that the tongue also possesses pain receptors? Support your answer.

@ Explain the results of Part 3, Test A. Why did you experience different sensations in each finger?

@ In Part 3, Test B, which temperature were you more accurate in pfedicitng, hot or cold?

ODO you think that the density of thermoreceptors had anything to do with this?

O Would the ability to accurately predict the sensation of temperature chahge in different spots on your body?

b
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@ Imagine you are in a totally darkened room ~ that is, a room without light or windows — so that your sense
of sight is effectively eliminated. Describe how you would investigate this room using your other senses.

Further investigation
@Graph your results for the trials and then interpret your resuits.

With warning Without warning

—~ —— —
= -
[~ .
3 -1 c —
. 3
o= —1 £ —+-
v o= [ R
| ol O =
I ~ 1 c e 4
k%] 3
[a) 2
N fa) —t
T 11
1 2 3 4 5 T2 34 5
Trial # :
Trial #
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