
CHAPTER 3

	Sensation and perception


OPENING THEMES

Sensation allows the outside world to enter the nervous system and provide us with the information we need to be able to plan our actions. The sense organs are designed to be  maximally receptive to particular types of stimuli in the environment. There must be a match between a stimulus, such as a light wave, and a receptor, such as a visual receptor, in order for a stimulus to be registered. Perception is an active, constructive process in which we interpret information from all the stimuli available to us in all senses and reach integrated decisions about what we think exists in the world.
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Learning Objectives

3-1
Define sensation, perception, stimulus, and psychophysics.
3-2
Distinguish between absolute threshold, just noticeable difference, and sensory adaptation.
3-3
Be able to apply Weber’s Law as a principle of psychophysics.
3-4
Describe the structural components of the eye, the initial processing of light, and adaptation to different light levels.
3-5
Discuss how an image is conveyed from the eye to the brain and the role of feature detection in processing visual information.
3-6
Explain the trichromatic and opponent-process theories and how they account for color vision.
3-7
Describe the structural parts of the ear, and the role of each part in detecting sound.
3-8
Distinguish between the place theory and the frequency theory of hearing.
3-9
Explain how semicircular canals detect motion and produce the sense of balance.
3-10
Describe the sensory mechanisms of smell and taste.
3-11
Describe the skin senses of touch, pressure, and temperature, and explain the gate-control theory of pain.
3-12     Describe techniques for managing pain.

3-13
Explain how our senses interact.
3-14
Distinguish perception from sensation.
3-15
Describe the Gestalt Laws of Organization.
3-16
Distinguish between top-down and bottom-up processing.
3-17
Explain perceptual constancy and depth perception.
3-18
Describe and illustrate perceptual illusions, especially the Müller-Lyer illusion.
Student Assignments

Connect Psychology Activity: Weber’s Law

Students gain firsthand experience with Weber’s Law by judging the difference thresholds for pairs of sounds. Real-life examples are used to give students additional opportunities to learn how Weber’s Law functions in everyday life.

Online Learning Center: How Sensitive Are You?

Another opportunity for students to try Weber’s Law.
Sensory Abilities Survey

Have students complete the survey in Handout 3–1.

Psychophysics

Ask students to provide original examples from their daily lives of Weber’s Law and sensory adaptation.
Absolute Threshold Experiments

Have students conduct and write up experiments testing the absolute thresholds listed in the text. Use a thread instead of a bee’s wing, which they undoubtedly will not be able to find. Ask them to indicate what problems they encountered when conducting these experiments. What are the implications of their experiences for research in psychophysics?

Connect Psychology Activity: How do we see?
Students learn to appreciate the anatomy, intricacy, and beauty of the human eye through an exercise providing them with a dynamic study environment using compelling QuickTime videos.

Visual Information Processing 
In conjunction with the lecture idea below, assign Handout 3–2.
Color Vision and Color-blindness

Have students look at the green, black, and yellow flag on page 69 of the text and then view a blank wall. Ask them the following questions:

· What colors did you see when viewing the afterimage of the green, black, and yellow flag?

· Why is this afterimage used as support for the opponent-process theory?

· How can the opponent-process theory be combined with the trichromatic theory into one unified theory of color perception?

· What are some practical problems faced by people who are color-blind? How could people who are color-blind be trained to overcome these problems?

Connect Psychology Activity: Basic Sensory Processes
Four short videos provide visual representations of auditory information processing, olfaction, tactile information processing, and visual information processing.
Online Learning Center: Sound

Have students complete the Sound activity on the text Web site, which has a basic introduction to auditory information processing.

Auditory Information Processing

Have students complete Handout 3–3.

Decibel Levels of Various Noises

Send students out to complete their own hearing survey using Handout 3–4.

Hearing Damage

Give students the following written assignment:

If hearing damage results from exposure to noises such as loud music and iPods, why do people continue to put themselves at risk?

· Design an ad campaign intended to urge people in your age group to protect their ears from noise damage.

The Semicircular Canals and Balance

To learn about the role of the semicircular canal in balance, have students complete this assignment:

Have a friend spin you around on a chair seven or eight times. Then, have that friend help you stand up on the chair on one leg.

· How well were you able to stand up on one leg?

· How did you feel when you were being spun around?

(Note: This can also be used as a class demonstration.)

Sense of Smell

For practice understanding the sense of smell, have students complete Handout 3–5. You can tally the results and show them which scents they chose and how they rated them.

Sense of Taste

For the sense of taste, have students complete Handout 3–6. As with the smell ratings, tally the results and give students feedback on their data.

Web site Activity: Supertaster Test

Send students to this Web site: www.bbc.co.uk/science/humanbody/body/interactives/supertaster/
Then ask these questions:

· Were you a supertaster?

· What are the advantages to being a supertaster?

· What are the disadvantages?

Gate Control Theory of Pain

Ask students the following questions:

· If you were advising a person with chronic back pain, based on the gate-control theory what would you suggest as a method of pain control?

· How does the gate-control theory relate to cultural explanations regarding the sensation of pain?

· Do you think we can completely eliminate pain by applying the gate control theory? Why or why not?

Connect Psychology Activity: Perceptual Integration

In this video, Dr. Antonio Demasio explains how we make sense of the world, given that no single part of the brain organizes all of our perceptions for us. The video also discusses how our perception of the world is altered by experience, particularly the effects of culture.
Connect Psychology Activity: Top-down and Bottom-up Processing

Students play a guess-the-phrase game that requires them to use both top-down (filling in the blanks) and bottom-up (processing the letters themselves that are presented in varying fonts) processing.  
Connect Psychology Activity: Depth Perception

Students learn how the brain uses environmental cues to determine the size and distance of objects in an interactive exercise that simulates the phenomenon of size constancy.

Connect Psychology Activity: Visual Illusions

This activity provides links to a wide variety of visual illusions and includes accompanying explanations.
Online Learning Center: The Stroop Effect

In this interactive exercise, students are able to experience the Stroop effect as it is used in the study of perception (i.e., the interference that occurs when reading, for example, the word blue printed in the color green).

Online Learning Center: Special FX

This segment illustrates how moviemakers develop effects involving distance.

The Moon Illusion

Assign Handout 3–7, The Moon Illusion.

Senses Challenge

Send students to this Web site:

www.bbc.co.uk/science/humanbody/body/interactives/senseschallenge/
Ask them to submit their score to you along with three or four points that they learned from taking this test.


Lecture Ideas

Class Demonstration: Absolute Threshold 

Ask for a volunteer. Using a two-gallon pitcher of water, add 1/8 teaspoon of sugar. Continue to add more until the volunteer can taste the sugar. No more than one teaspoon should be required.

Class Demonstration: Difference Threshold 

Have students touch their own arms with one finger. Then have them take a second finger and touch a point close to the first finger. When they can feel two distinct touches on their arm, this is the difference threshold for touch. This exercise is more effective if students can do this to each other rather than to themselves.

Class Demonstrations: Weber’s Law

Simple demonstration:

Select a volunteer and ask him or her to say something in a normal voice, such as “I love psychology”. Ask the class if they could hear the volunteer, which they should be able to do very clearly. Then say that you will have the volunteer repeat this phrase, but this time have the volunteer repeat the phrase while the rest of the class is talking to each other. Then instruct the class to stop talking. Ask if they could hear the volunteer. They should not have been able to hear. Alternatively, ask the volunteer to speak louder and louder over the rest of the class’s talking until the class can clearly hear his or her voice. Then ask the volunteer whether he or she had to talk louder than when the room was silent. The answer should definitely be “yes.”
More complicated demonstration: 

This involves setup and solicitation of a volunteer who doesn’t mind drinking tomato juice. 
Weber’s Law will be demonstrated by showing that in order to detect the addition of Tabasco sauce to tomato juice it takes more drops of Tabasco sauce to be added to tomato juice that already has some Tabasco sauce in it than to tell the difference between completely plain and spicy tomato juice. A bit of trickery is involved with this one to guarantee a successful outcome. Before students enter the class, set up four plastic (non-see-through) glasses, each with about 1/8 cup of tomato juice (one single-serving can should give you enough for the four glasses). Label each glass with an index card on which you have written Glass #1, Glass #2, and so on. Have an overhead projection visible to students in the class (but not the volunteer) that lists what is in each glass:

Glass #1 = plain

Glass #2 = 1 teaspoon of Tabasco sauce
Glass #3 = 2 teaspoons

Glass #4 = 3 teaspoons

However, you will actually put one tsp. in Glass # 3 and about three tsps. in Glass #4. This is the part of the demonstration that involves deception. The volunteer should be able to detect a difference between Glass #1 and Glass #2 (as predicted by Weber’s Law) and should not be able to tell the difference between Glasses #2 and #3.  After Glass #3, it doesn’t matter whether the volunteer can tell the difference or not because the critical difference is between 2 and 3 (since 2 is already more intense than 1).

You also will need a chair, some bland crackers, a bottle of water, and some napkins. Have a camera ready to record the action, and then you are ready to recruit the volunteer. It is better to someone who does not mind drinking tomato juice. Also, it is best not to choose a student who eats a great deal of spicy food. But you can ask for a volunteer “with a discerning taste.” Preferably, you can recruit this volunteer before class begins in order to save time. 

Announce that you are now going to demonstrate Weber’s Law and have your volunteer come to the front of the room and sit facing away from the screen. Put the overhead on the screen and tell the class that is what is in each glass. The volunteer’s job will be to determine whether the glasses of juice taste different from each other or whether they taste the same. The student will definitely be able to tell the difference between Glasses #1 and #2, and not be able to tell the difference between Glasses #2 and #3 (if for some reason he does, you can attribute this to his being one of the rare people who are supertasters). He may not be able to tell the differences between Glasses #3 and #4 because they will be well above threshold at this point. If this is the case, you can then (much to the delight of your audience) really heap on the Tabasco sauce by giving Glass #4 one more huge dose. After the volunteer then declares that #3 and #4 are in fact different, end the demonstration. Show the volunteer the screen and point out to him or her, as well as the rest of your audience, that by his or her not being able to tell the difference between Glasses #2 and #3, but having been able to tell the difference between Glasses #1 and #2, you have just proven Weber’s Law.
Overhead: Processing of Visual Information
Download the figures for this chapter from the Image Gallery on the Online Learning Center to supplement Power Point slides or lecture notes, in order to reinforce key chapter content. Download the figure pertaining to the processing of visual information.
Point out that light reflected off objects is projected onto the retina, traveling first through the structures of the eye, where it is refracted and reversed. Make sure students understand that the eye is not like a camera in that it does not record exact replicas of objects. Describe the pathway from the retina to the brain, showing the crossover at the optic chiasm. 

Overhead: Processing of Information from the Retina to the Cortex

Use the same image used for the Processing of Visual Information from the Online Learning Center Image Gallery.

Highlight the parts of this figure as follows:

After the image leaves the retina, in the form of a neural transmission, the processing of the image in the brain becomes increasingly complex and sophisticated. Information from the image passes from the rods and cones to the bipolar and ganglion cells and from there travels to the visual cortex of the brain. However, the path taken by these neural signals is not a direct one. As the optic nerves leave each eyeball they meet at a point roughly between the two eyes—called the optic chiasm—where each optic nerve then splits. Point to the optic chiasm.
In order to understand what happens at the optic chiasm, we have to go back to what is happening within the eye. Point to the right and left visual fields at the top.
Our eyes see the world in terms of a right visual field and a left visual field. These correspond to the two halves of all objects, images, and scenes that we look at.

Each eye can be divided into a right and left retina. Point to the right and left retinas.
Images on the right half of the visual field cross and are projected onto the left half of each retina. Point to this pathway.
Similarly, images on the left half of the visual field cross and are projected onto the right half of each retina. Point to this pathway.
As you can see here, all information from each right half of the retina goes to the right visual cortex. All information from each left half of the retina goes to the left visual cortex.

In other words, all information from the right visual field ends up being projected onto the left visual cortex. All information from the left visual field ends up being projected onto the right visual cortex. Review both pathways.
Overhead: Color-blindness
Access the color-blindness test from http://www.toledo-bend.com/colorblind/Ishihara.asp.  Find out how many students have difficulty seeing the colored stimuli in this array and ask for a show of hands.

Describe the different explanations for color-blindness provided by the trichromatic and opponent-process theories. Show how these two theories complement each other and discuss the possibility that both are right in that they operate at different levels of the visual system.

Auditory Structures

Describe each of the organs in the ear, from the outer ear to the cochlea. Contrast the place and frequency theories of hearing by showing the parts of the cochlea that react to different frequencies (the place theory). 
Overhead: The Structures of the Ear

Download the diagram of the structure of the ear from the Online Learning Center Image Gallery.  Using this image, show the part of the cochlea that is sensitive to low frequency (the inside) and the part that is sensitive to high frequency (the outside).

Helpful Hints for Students
Help students remember the auditory structures by giving them these hints:

Hammer, anvil, and stirrups: These are the middle ear structures involved in conduction of the sound wave. Paul Revere rode a horse (using the stirrups) to conduct information.

Basilar membrane:  Like the strings of a double bass, this membrane vibrates in response to sound waves.

Cochlea:  Literally means snail shell, which is what it looks like. Think of drinking a Coca-Cola on the beach.

Reporting of Survey Results

Having students report on the taste and smell tests, as well as the supertaster test, may be interesting so that they can see the extent to which their responses vary.

Biology and Culture in Smell and Taste Preferences

Ask students to discuss the relative contributions of biology and culture to smell and taste preferences.

Demonstration of Smell Preference Test

Bring in scented cards sprayed with various colognes for men and women obtained from a local drug or department store. Ask for two volunteers to come to the front of the room to describe each of the scents on a sheet of paper and to rate the pleasantness of each one (in between scents they should sniff coffee beans). When they have finished, compare their responses.

Gate Control Theory of Pain

Emphasize the variability from person to person in the perception of pain. Discuss how the gate control theory of pain applies to areas such as relief from chronic pain through such measures as acupuncture and biofeedback. Ask students if they have used this theory to help them cope with sports injuries, accidents, or chronic pain.
See this Web site for a simple explanation: www.health.howstuffworks.com/pain4.htm.

Moon Illusion Demonstration

For the moon illusion, conduct the following demonstration:

Ask students to write down their answer to this question: 
· You are watching the moon just after it has risen above the horizon. If you were to hold out your hand at arm’s length what object would completely cover the moon from view?

1.
Pea

2.
Quarter

3.
Golf ball

4.
Baseball

5.
Dinner plate

Ask for a show of hands for each choice. Most students will choose answer 2 or 3 when 1 is the correct answer.

Parthenon Illusion

For the Parthenon illusion, point out that not only are the columns facing inward, but they also lean inward such that when you stand at the bottom it does not seem to be falling forward in front of you. There are actually very few straight lines anywhere in the Parthenon’s construction. See the Web sites below for more info:

www.calvin.edu/academic/clas/pathways/acropoli/apar1.htm.

www.greeklandscapes.com/greece/acropolis.html.
Helpful Hints for Students: Names of Illusions

To help students remember the names of the illusions give them these hints:

· Müller-Lyer (two-headed arrows).  Müller was a liar when he said that two arrows were the same length.

· Ponzo (train tracks).  You can take the train to Ponzo, a lovely Italian town.

· Poggendorf (a discontinuous line) An example of this is an air traffic control radar screen.  Mr. Poggendorf, an air traffic controller, lost his job when he almost caused a crash.

Demonstration: Top-down Processing
To illustrate top-down processing, show students this paragraph:

Aoccdrnig to rscheearch at Cmabrigde Uinervtisy, it deosn’t mttaer in waht oredr the ltteers in a wrod are, the olny iprmoetnt tihng is taht the frist and lsat ltteer be at the rghit pclae. The rset can be a toatl mses and you can sitll raed it wouthit porbelm. Tihs is bcuseae the huamn mnid deos not raed ervey lteter by istlef, but the wrod as a wlohe.

To help students remember the difference between top-down and bottom-up processing, explain that they refer to the direction of processing. Top-down literally means from the cortex down, and bottom-up means from the senses up to the brain.

Impossible Figures

Example of impossible figures—those that look plausible at first, but would be impossible to construct, can be shown from Escher’s art: www.worldofescher.com/gallery/.


Media Presentation Ideas
National Geographic Channel Resource

Another excellent video providing an insider’s look at the senses is Inside the Living Body, produced by the National Geographic Channel. Specific segments within this video can be used to illustrate the development of the senses. Go to shop.nationalgeographic.com/product/241/4142/128.html.
Popular Movie: The Importance of Color

Show a brightly colored film or video segment (preferably on DVD) such as a cartoon or travel program. Have students watch this while thinking about the sensation of color. Then show a black-and-white movie or a segment of a movie, such as Casablanca. Ask students how the color photography enhanced or detracted from their visual experience. Ask why moviemakers might prefer to film their work in black-and-white rather than in color.
Popular Movie: Color-blindness

The movie The Royal Tenenbaums contains a reference to a character Dudley, who is color-blind. You could also show the scene from the movie Little Miss Sunshine in which Dwayne fails the visual test his sister Olive is giving him, and realizes he is color blind.  
Popular Movies: Editing Errors in the Movies

For the effects of top-down processing, show a movie segment that is known to have an editing flaw in continuity (see www.nitpickers.com for suggestions). See if students are able to find the flaw. Chances are they will not. This is a perfect example of how we fill in omissions and mistakes on the basis of our experience and expectations.

Web site: Moon Illusion

See an example of the Moon Illusion on this Web site: www.dushkin.com/connectext/psy/ch04/moonil.mhtml
This link will take you to the main page for the resource. When you are there, click on Resource List. This will take you to a page entitled Web-Based Learning Materials. When you are on this page, click on Exploring Psychology. The Moon Illusion should be listed under Exploring Psychology. 
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