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BIO  203  HUMAN  BIOLOGY  LABORATORY

MODALITIES  OF  SENSORY  INFORMATION

(Modified by Ross Koning from Original Provided by Dr. Gloria Colurso)

Learning  Objectives

Determine the relationship between nerve distribution and sensory acuity.

Assess the normal function of sense organs monitoring sound, smell, taste, vision, and equilibrium.

Examine various factors that can influence the expression of reflex activity.

Introduction

Awareness and appraisal of the environment are accomplished by the sensory portion of the nervous system.  Sensory inputs, which are classified as somatic sensations, supply information relative to temperature, touch, and pain from the surface of the body.  The senses of taste, smell, hearing, sight, and equilibrium have long been classified as special senses.  Other sensory sensations are termed proprioceptive; they furnish information concerning the state of muscle contraction and the location and rate of motion of arms, legs, fingers, etc. It is possible to learn a great deal about the function of the sensory system by means of simple procedures.

Two  Point  Touch  Discrimination

Body areas that function in precise and discrete tasks must detect touch sensations with a high degree of sensitivity.  Therefore, these areas are characterized by having a large number of neurons that are highly concentrated, located close together, and very sensitive.

1.
Have the subject close her/his eyes.

2.
Test areas on the index finger tip, palm of hands, and upper arms for the minimum distance between the points of a scissors that each subject can detect as two distinct touch sensations.

3.
The procedure should start with the scissors points separated by a wide distance.  Continue testing by successively reducing the distance between scissors points, until the subject has the sensation of being touched by only one point.

4.
Measure the distance in millimeters (mm) between the two scissors points once the subjects indicate that they feel only one point.

5.
Make three determinations in each area and record the average for each area. 

	mm
	Minimum #1
	Minimum #2
	Minimum #3
	Average

	Fingertip
	
	
	
	

	Palm
	
	
	
	

	Upper Arm
	
	
	
	


From your results, what conclusions can you make regarding the concentration and sensitivity of sensory neurons in different body areas?  How does neuron distribution relate to the function of each area?

For our summer workshop it is hoped that braille cards are available for you to examine. This replacement for reading, without using vision, depends upon the distribution and sensitivity of sensors in a person's fingertips. It would not be possible to read braille with ones palm, upper arms, or other less-sensitive areas of the body. Based upon the map of sensory areas in the brain provided in discussion, what part of the body would be an appropriate alternative to fingertips?

Skin  Temperature  Perception

For this summer workshop, it was hoped we could add tests of human temperature sensors as well. This would have been done by running very warm water over the subject's arm for a time to become acclimated to the heat. The experimenter would then pour a trickle of ice water or rub an ice cube over the heat-acclimated area. The subject would describe the sensations observed. The experimenter would have recorded responses in skin color changes representing dilation or constriction of capillaries in the skin.

Subject describes cold after warm acclimation as:


The reciprocal project (acclimate to cold then apply warm water) would have been done on the other arm for comparison. Sadly, the Science building is without a hot water supply for summer 2010. Perhaps you notice the construction between the heating plant and Webb hall.

Subject describes warm after cold acclimation as:


Our temperature sensors are temperature flow sensors rather than being absolute temperature monitors. Human skin temperature sensors acclimate quickly to ambient temperature and then report back on temperature change rate rather than on direction of flow. So the icy water will often be perceived as "scalding hot" to heat-acclimated skin sensors.

Smell

1.
Have the subjects close their eyes.  Allow them to distinguish the odors of camphor, clove, alcohol, peppermint, and cinnamon oil when vials of these substances are held close to their nose.

2.
Have the subject close one nostril and smell the camphor until the odor can no longer be detected.  This loss of receptor sensitivity to a continuous stimulus is called adaptation.

3.
Without revealing the names on the vials to the subject, immediately have the subject attempt to distinguish, with the open nostril, between two of the other odors.

Did the subject correctly distinguish ______________________?   Yes     No  
Did the subject correctly distinguish ______________________?   Yes     No  
Different chemical receptors in the nose respond to different odors.  Even if one type of receptor adapts to a continuous odor, the other types of receptors are sensitive to new smells.  This is a protective mechanism that allows us to be alert to changing signals in our environment.

What do your findings suggest about adaptation to smell? 

Taste

You are provided with a glass of distilled water, and you and your partner share a cuspidor.

1.
Flush your tongue with fresh distilled water; an expectorant cup is provided.

2.
Moisten a cotton swab with one of the test solutions.  Apply the swab to the tip of your tongue and record the taste sensation as strong, mild, or absent.

3.
Move the moistened swab along the sides of your tongue and record the taste sensation there as strong, mild, or absent.

4.
Move the moistened swab across the back of your tongue and record the taste sensation there as strong, mild, or absent.

5.
Remove the swab from your mouth, close your mouth, let your tongue touch the roof of your mouth, and reopen your mouth. Record any additional taste observations with this test solution.

6.
Discard the swab in the solid waste container. Rinse your mouth with the distilled water so that you can no longer taste this test substance. You may empty your expectorant cup in the sink as needed.

7.
Repeat steps 1 through 6 using the other test solutions provided.

Which regions of your tongue were most sensitive to each taste? Use: Strong, Mild, Absent

	Substance (10%)
	Tip
	Sides
	Back
	Flavor Detected

	A.
	
	
	
	

	B.
	
	
	
	

	C.
	
	
	
	

	D.
	
	
	
	

	E.
	
	
	
	

	F.
	
	
	
	

	G.
	
	
	
	

	H.
	
	
	
	


Localization  of  Sound

Distracting noises in the room will make it difficult to localize a sound for your subject, so please limit extraneous noise to the absolute minimum.

1.
Have the subject close her/his eyes.

2.
The experimenter will click two coins together to produce a sound in various positions: above, below, to the right, to the left, behind, or directly in front of the subject’s head.

3.
Have the subject state the direction from which each sound seems to come. If the sound is in the plane of nose and ears maybe the subject can give a clock position with 12 o'clock being in front, and 3 o'clock to the right, etc. The if the sound source is above or below this plane, the subject would have to add that to the direction. So a response might be: "2 o'clock, high" or "9 o'clock, low."

4.
Is the subject able to correctly determine the direction in each case?

	Clicked Location

Horiz (o’clock) Vert (hi lev low)
	Subject Answer

Horiz (o’clock) Vert (hi lev low)
	Answer Correct?

	
	
	Yes    No

	
	
	Yes    No

	
	
	Yes    No

	
	
	Yes    No

	
	
	Yes    No


5.
Your subject has been assigned two ear-plugs; have her/him firmly install an ear-plug in just one ear   L   R  . Repeat the sound localization test using the same coins and the same distance from the subject's skull. Is the subject able to correctly determine the direction?

	Clicked Location

Horiz (o’clock) Vert (hi lev low)
	Subject Answer

Horiz (o’clock) Vert (hi lev low)
	Answer Correct?

	
	
	Yes    No

	
	
	Yes    No

	
	
	Yes    No

	
	
	Yes    No

	
	
	Yes    No


Did the subject require multiple sounds to determine the direction (i. e. was it harder to tell?). Which directions were least accurate? Return the ear-plug to the assigned bag.

It is likely that a person who has normal hearing in one ear, but who is "deaf" in the other ear, would have difficulty in localizing sounds. Having two functional ears is essential for accurate location of sound source in three-dimensional space. 

Even for someone with normal hearing in both ears, sounds from behind would likely be harder to localize due to the shape of our outer ears.

Reflexive  Actions

Reflexive action constitutes a rapid and involuntary response to stimulation either from within or without the body.  It involves the activity of the reflex arc, the most fundamental pathway in the nervous system.  A typical reflex arc establishes a connection between a sensory neuron and a motor neuron.  Reflexes are unconscious activities.  Many reflexes involve the activity of the spinal cord, independent of higher brain centers.

A reflex action seen on the same side of the body as the side stimulated is called an ipsilateral reflex.  A reflex action seen on the side of the body opposite to the side stimulated is called a contralateral reflex.

Examination of reflex status is an important diagnostic tool.  Neural disorders may affect reflex activity such that the reflex may be diminished, absent, hyperactive, or even pathological.  Many diverse factors affect reflex activity, as you will examine in the following exercises.

Vestibular  Reflexes:  Static  Equilibrium  on  Two  Feet

1.
Have the subject stand quietly, for 90 seconds, with both feet together and eyes open.

2.
Carefully note the type and amount of body movement that occurs.

3.
Now have the subject stand, for another 90 seconds, with both feet together and eyes closed.  Again, note the type and amount of body movement.

Vestibular  Reflexes:  Static  Equilibrium  on  One  Foot

Have the subject stand on one foot and touch the other foot to the opposite knee.  Measure the length of time in seconds that the subject can remain standing in this position to a limit of 90 seconds under the following conditions:

with eyes open and ears open

seconds

with eyes open and ears plugged

seconds

with eyes closed and ears open

seconds

with eyes closed and ears plugged

seconds

Which of the senses assisted the subject most with equilibrium?   vision    hearing  
Finding your blind spot

In discussion, you learned that the human eye evolved with the retina "inside out." The light entering your eye passes through the nerve connections before it gets to the sensory rods and cones. This flaw in our eye "design" means that the nerve connections have to pass across the retina and collect to become the optic nerve...and penetrate the retina...to reach the brain. Where the optic nerve passes through the retina, there can be no rods or cones, so our eyes have a "blind spot" on the retina. Because we have two eyes, what is missing in the visual field from one eye is replaced by information from the other eye.

1.  Focus on a specific part of a distant wall of the room in front of you with one eye closed.

2.  Extend your arm, palm facing the distant wall, index finger extended.

3.  While focusing on that distant wall spot, move your arm away from the point in front of your nose outward, and up and down slightly  from the plane of your nose and ears.

4.  Locate the blind spot…where you cannot see the finger tip any longer…and measure its limits with slight left-right, up-down movements of your arm.

5.  Repeat with your other eye...remember only one eye open during this test!

6.  Have your partner hold the paper grid in the location of your blind spot for that one eye, and be sure you have the other eye closed.

Did your brain fill-in the details that should have been missing?   Yes    No  
Why did it not fill in the index finger when it was in the blind spot?

Determining your dominant eye

You have two eyes, just like your two ears and two hands. One eye is likely dominant....which one?

1.
Again focus on a specific part of a distant wall of the room in front of you, but with both eyes open!

2.
Extend your arm with your thumb and fingers forming a tube...as far away from your nose as you can.

3.
Again, with both eyes open, line up a detail from the distant wall to be inside the tube formed by your fingers and thumb. Lock your arm and head in this position.

4.
Without moving arm or head, close one eye. If you still see the selected detail through the hand-tube, then the open eye is your dominant eye. If you cannot see the detail any more, then the open eye is your antidominant eye.

5.
Are your dominant hand and dominant eye on the same side of your body?   Yes    No  
Iris Responses to Light

Your eyes sense and your brain has reflexes to respond to light intensity. The experimenter should observe the subject’s responses to light. These are sometimes called pupillary reflexes; but as you observe and measure, think about why this name is a bit off-the-mark.

1. 
With the room lights off, count the number of blinks over 30 seconds.

2. 
At the end of the timing, measure the pupil diameter in millimeters.

3. 
Repeat steps 1 and 2 with the room lights ON and the subject looking up toward the nearest light fixture.

	30 seconds Condition:
	Blinks
	Pupil Diameter (mm)

	Lights Off
	
	

	Lights On (looking to light)
	
	


4. 
Measure the inter-pupillary distance in (center to center): ________ mm

Visual  Acuity

The focusing power of the eye is based on the bending of light as it passes through the curvature of the cornea and lens.  Clear vision depends on a sharp image being focused on the rods and cones of the retina.  Adjustments in focus, to compensate for the distance of an object from the eye, are made through a change in the curvature of the lens.  This is called accommodation. We will test visual acuity at distance and close-up. For these tests, you should remove your eyeglasses if you have them. If you have contact lenses, your partner should be the subject. If both partners have contacts, you should consider finding a pair of classmates that lack contacts to regroup.

Distance Visual Acuity

1.
The subject should stand 20 feet from a Snellen Visual Acuity Eye Chart. A subject normally wear eyeglasses, should remove them just before testing. If the subject is wearing contact lenses, perhaps your partner would be a better choice to be the subject.

2.
Have the subject cover her/his left eye and read the smallest line of type visible without squinting or straining.  The experimenter will determine if the subject made any errors.  Note the line number and determine the d/D.  Small d is the distance (20 ft) at which you are reading the line.  Large D is the distance at which a normal eye could read that same line.


For example, someone who is nearsighted might have a reading of 20/100.  This means that what that person accurately reads at 20 ft, a normal eye could read at 100 ft.

3.
Now have the subject cover her/his right eye and read the smallest line possible.  Again, the experimenter will determine whether the reading is accurate.

4.
Repeat the acuity test with both eyes open.

Experimenter's "Key" to the eyechart

E  = 200

FP = 100

TOZ = 70

PDC = 60

LPED = 50

PECFD = 40

EDFCZP = 30

FELOPZD = 25

DEFPOTEC = 20

LEFODPCT = 15

FDPLTCEO = 13

PEZOLCFTD = 10

EDLTOZFCP = 8

LPCFETODZ = 6

TFDOPZLEC = 5

ZCTLOPDFE = 4

5. The right eye has a distance acuity of 20/______ ft.     The left eye acuity is: 20/______ft.

If the subject has corrective lenses (eyeglasses) you can repeat your observations with the glasses to determine their effectiveness.

Close-up Visual Acuity

As other groups finish the task above, or as you wait your turn to check your distance vision, check your near-vision with the available test card. Again, the subject should not be wearing eyeglasses or contact lenses.

1.
Hold the card 16 in from your eyes. Both eyes can be open for this test.

2.
Read across the lines of letters from top to bottom.

3.
Record the line you can accurately read from that distance.

Your close-up acuity is:  16/_____ in

Visual  Astigmatism

Normal eyes have normally-spherical curvature in the cornea and lens geometrics. Astigmatism measures how much the cornea and/or lens are more conical than spherical. Generally youthful eyes that are astigmatic have distortions that are more like a US football lying on its side (see vertical lines more clearly than horizontal lines). Aging eyes that are astigmatic likely have distortions that are more like a US football laying on its tip (see horizontal lines more clearly than vertical lines). An ophthalmologist measures this with higher technology that we have here. But you can observe your possible astigmatism using the astigmatism chart.

1.  If you wear eyeglasses, remove them.

2.  Observe the chart while looking at the center circle with each eye separately.

3.  Note which of the lines are clearly sharp, black, and straight versus those which are fuzzy, gray or bent.

4.  If the lines are equally sharp and black and straight, then you probably have very little astigmatism.

Close-Distant  Visual  Effects

Because of the difference in our close and distant visual acuity, it is possible to trick our eyes. Observe the figure below…first up close….then at a good distance away (maybe with your paper on the floor and you standing).

[image: image1.jpg]



Who do you see up-close?


Who do you see from a greater distance?


Visual  Afterimages

We are able to see images because light rays from the environment are focused on rods and cones (the photoreceptors) of the retina.  Rods and cones each contain light-sensitive visual pigment molecules which undergo chemical and structural alterations when activated by light.  These pigment changes allow the photoreceptors to convert light energy into electrical nerve impulses for transmission to the brain.

If photostimulation of part of the retina continues over a period of time, the ability of those rods or cones to send new signals is diminished temporarily. If the stimulus changes, the reduction in response from over-stimulated sensors will cause the brain to perceive the old image within the new visual field.  These "false" images are called afterimages.

Rods operate in dim light and contain only one kind of visual pigment.  They provide indistinct vision only in shades of gray.

1.
Place the black and white image on the laboratory bench. For about 45 seconds, stare at the nose of the person's face. Do not move your head or shift your eyes.

2.
Close your eyes but do not shift your eyes or move your head. Concentrate on seeing "the back of your eyelids." A dim afterimage should appear. Without opening your eyes, tilt your head up so that lamplight hits your eyelids.

[image: image2.png]



3.
Whose image do you see in the afterimage?


What is different about the afterimage compared to the original image?

How do you think this could happen?

The three classes of Cones in your retina contain visual pigments sensitive to red, green, or blue.  They operate in bright light and are associated with sharp color vision.  Our ability to perceive a multitude of colors depends on various ratios of stimulation among the three types of cones distributed in our retina.

1.
Place a red card on the black laboratory bench.  Stare intently at the card.  After about 45 seconds and without shifting your eyes, place a white sheet of paper over the red card.  Identify the color of the afterimage that "appears" on the white paper.

2.
Repeat this test three more times, by staring at the green blue and yellow cards, respectively, and recording the color of the afterimages.

	Color of Card
	Color of Afterimage

	Red
	

	Green
	

	Blue
	

	Yellow
	


Colored afterimages are the result of selectively desensitizing one of the three colors of the cone pigments.  For example, when you stare at the color blue, the cones which contain the blue sensitive pigment are partially desensitized in that area of the retina.  Cones containing red and green sensitive pigments are in that part of the visual field are unaffected.  When you shift your gaze to the white surface, then white light (which contains all colors) enters your eye.  However, only the red and green receptors are fully stimulated.  The brain interprets this combination as yellow.  The brain will perceive the afterimage until the blue receptors fully recover. Artists will tell you that yellow and blue are on opposite sides of the color wheel or are complementary colors. Now you know the physiological basis for their artistic statement.

Reaction  Time

The following exercise will allow you to determine your reaction time with an accuracy of a few thousandths of a second (milliseconds).  Using a simple test like reaction time to monitor body performance can reveal interesting fluctuations in your capabilities that correspond to moods, biorhythms, drugs (including caffeine or nicotine), fatigue, and even health.  There are also extensive research studies that have tested gender differences in reaction time.

The paint stirrers have a scale attached to them which was determined by the physics relationship of a falling body: d = (1/2) a t2. In this equation d is the distance an object falls, a is the acceleration due to gravity (9.81 m/s2) and t is the time of the fall. When the stirrer is dropped, it will fall a certain distance in the amount of seconds indicated on the stirrer.
1.
Have the subject sit in a chair.  Their arm should be at their side, bent at the elbow, at about waist level.  Their hand should be slightly extended forward.

2.
The experimenter stands to the side, facing the subject, and holds the "handle" end of the paint stirrer (reaction-time ruler ) between their thumb and first finger.

3.
The stirrer should be held at a level that allows the subject to maintain the arm position described in step 1, but with the top of the subject’s thumb aligned at the bottom of the scale (where it says “sec”) on the reaction-time ruler. The subject’s index finger should be on the back side of the stirrer, but should not be touching/grasping it.  

4.
When ready, the subject must tell the releaser to start.

5.
Once the subject says to begin, the experimenter may let go of the stirrer at any time within the following 10 seconds.  At no time during the test period may the releaser look at the subject.

6.
The subject should have her/his eyes open and may look directly at the ruler.  The subject must try to catch the stirrer between their thumb and finger as soon as it begins to fall.

7.
When the reaction-time ruler has been caught, the line under the middle of the subject’s thumb should be estimated.  The line represents the number of seconds that passed before the stirrer was caught.

8.
After a few practice sessions, three measurements should be taken for each subject and the average value calculated.

	sec
	Test #1
	Test #2
	Test #3
	Average

	Reaction Time
	
	
	
	


This project, like so many others, could be formulated to follow the scientific method comparing the effects of various factors on reaction time. Obviously age, gender, bright/dim light, teachers vs students in school, parents vs students at home. The effect of time of day (proximity to lunch) might be other variables the class (or multiple class) datset(s) could test.
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