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c h a p t e r   o u t l i n e

I.  The Nature of Sensation

A. The basic process



1. Energy ( receptor cell ( neural signal ( central nervous system


B. Sensory thresholds



1. Absolute threshold




a. The least amount of energy detected as stimulation 50% of the time





i. Sensory adaptation: Adjustment of the senses to stimulation



2. Difference threshold (just noticeable difference)




a. The smallest change in stimulation detected 50% of the time





i. Weber's Law describes the jnd


C. Subliminal perception



1. Stimulation below the threshold of conscious awareness




a. Evidence under lab conditions, no support in commercial use


D. Extrasensory perception



1. Not a lot of solid evidence for telepathy, clairvoyance, precognition

II.  Vision

A. The visual system



1. Structures: Cornea, pupil, iris, lens, retina, fovea



2. Receptor cells




a. Rods (120 million) specialized for light/dark vision, none in fovea




b. Cones (8 million) specialized for color vision, need bright light





i. Rods and cones connect to bipolar cells (specialized neurons)



3. Adaptation




a. Dark adaptation: Increased sensitivity of rods and cones in darkness




b. Light adaptation: Decreased sensitivity of rods and cones light





i. Afterimage effects are a consequence of these processes



4. From eye to brain




a. Rods and cones ( bipolar cells ( ganglion cells ( optic nerve





i. Blind spot: Ganglion cells join to leave the eye





ii. Optic chiasm: Fibers separate to connect to each hemisphere





ii. Feature detectors detect specific stimulus elements





iv. Prosopagnosia, achromatopsia, blindsight confound visual sensation


B. Color vision



1. Properties of color: Hue, saturation, brightness



2. Theories of color vision




a. Color mixing





i. Additive color mixing: Mixing lights of different wavelengths





ii. Subtractive color mixing: Mixing pigments




b. Trichromatic theory: Red cones, green cones, blue-violet cones




c. Opponent-process theory: Yellow-blue pairs, red-green pairs, brightness pair




d. Both theories of color vision are valid



3. Color vision in other species




a. Primates are trichromats; other species are dichromats, monochromats

III.  Hearing

A. Sound



1. Components: Frequency, Hz, pitch, amplitude, decibels, overtones


B. The ear



1. Eardrum ( hammer, anvil, stirrup ( oval window ( cochlea ( receptors



2. Neural connections: A circuitous path from ear through brain


C. Theories of hearing



1. Place theory




a. Brain determines pitch by noting place on basilar membrane



2. Frequency theory




a. Brain determines pitch by frequencies across basilar membrane





i. Volley principle modifies original frequency theory


D. Hearing disorders: Any of several structures could be disrupted

IV.  The Other Senses

A. Smell



1. Detecting common odors




a. Oderant binding protein ( olfactory bulb



2. Pheromone communication




a. This aspect of smell is questionable in humans


B. Taste



1. Tongue ( papillae ( taste buds ( sweet, sour, salty, bitter


C. Kinesthetic and vestibular senses



1. Kinesthetic senses: Muscle movement, posture, strain on joints




a. Stretch receptors and Golgi tendon organs



2. Vestibular senses: Equilibrium and awareness of body position in space




a. Semicircular canals and vestibular sacs


D. Sensations of motion



1. Visual + vestibular = nausea


E. The skin senses



1. Various skin receptors produce cutaneous sensations


F. Pain



1. Individual differences




a. Gate control: An explanation of the pain process




b. Biopsychosocial theory: Pain involves elements of all three systems



2. Alternative approaches




a. Acupuncture, hypnosis, placebo effects

V.  Perception

A. Perceptual organization



1. Figure/ground distinction a guiding principle of all perception


B. Perceptual constancies



1. Constancy of size, shape, color, brightness


C. Perceiving distance and depth



1. Monocular cues




a. Superposition, linear perspective, aerial perspective, texture gradient



2. Binocular cues




a. Stereoscopic vision, retinal disparity, convergence of the eyes



3. Location of sounds




a. Monaural cues and binaural cues


D. Perceiving movement



1. Real movement



2. Apparent movement




a. Autokinetic effect, stroboscopic motion, phi phenomenon


E. Visual illusions



1. Perceptual illusions




a. Misleading cues that create inaccurate or impossible perceptions





i. Depth cues, reversible figures


F. Observer characteristics: Individual differences and culture



1. Motivation: Perceiving what we want to perceive



2. Values: Perceiving what we learn to value



3. Expectations: Perceiving what we ought to perceive



4. Cognitive style: Perceiving what we've typically perceived



5. Experience and culture: Misperceiving what we haven't perceived before



6. Personality: Perceiving what individual differences lead us to perceive

l e a r n i n g   o b j e c t i v e s

After reading this chapter, students should be able to:
1.
Describe the difference between the absolute threshold and the difference threshold.

2.
Trace the path of light from the time it enters the eye until it reaches the receptor cells.

3.
Distinguish between rods and cones, and list their characteristics and functions with respect to light, color, and how they connect to other cells.

4.
Describe the process of adaptation, include the phenomenon of afterimages.

5.
Explain how messages entering the eye are processed in the brain.

6.
Describe the three basic properties of color.

7.
Describe the two main theories of color vision.

8.
Identify the characteristics of sound.

9.
Describe the structure of the ear and explain the functions of the various parts.

10.
State the two theories of pitch discrimination.

11.
Summarize the theories that explain how the sense of smell is activated by chemical substances.

12.
Explain the processes involved in the sense of taste and name the four primary qualities of taste.

13.
Explain the importance of vestibular senses and describe the functions of the two divisions.

14.
Discuss the principles of perceptual organization identified by the Gestaltists.

15.
Define perceptual constancy and identify four kinds.

16.
Describe four observer characteristics that can affect perception.

17.
Identify the contributions of both monocular and binocular cues of depth.

18.
Explain real movement. Define and give three examples of apparent movement.

19.
Describe two kinds of visual illusions.

l e c t u r e   s u g g e s t i o n s

Sniffing Out the Truth About Fragrance

Devotees of New Age practices such as aromatherapy claim that various fragrances can have a dramatic impact on one’s health, well-being, and psychological state.  Makers of the air fresheners claim pretty much the same thing, except that the piece of mind comes from successfully masking offensive odors in the environment.  Although both camps agree that aromas can impact behavior and mental states, neither has been that forthcoming with proof of these claims.


Social psychologist Robert A. Baron, of Rensselaer Polytechnic Institute, has risen to the challenge of investigating such claims and has conducted several studies on the effects of fragrance on behavior.  For example, participants in one study were angered or not angered by either a male or female confederate.  The participants were later given the opportunity to aggress against the instigator under one of three conditions; in the presence of perfume (a very pleasant scent), in the presence of pine-scented aerosol (a mildly pleasant scent), or in the absence of any pleasant scent.  When the confederate was a man, results indicated that aggression was enhanced in the perfume condition if the participants had been angered, but reduced in this same condition of the participants had not been angered.  When the confederates were women, however, aggressive retaliation was enhanced by the perfume regardless of whether participants had been previously angered.  These findings may be attributed in part to the heightened arousal that is often experienced in the presence of fragrances.  In a subsequent set of studies, Baron investigated the effects of pleasant fragrances on the work environment.  Participants completed a word task under conditions of either high or low stress, and in the presence or absence of a pleasant fragrance (Powder Fresh or Spiced Apple air fresheners).  In both stress conditions, the presence of the fragrance significantly enhanced performance.


What causes fragrances to have such effects? Baron suggests that pleasant fragrances act as a mild mood enhancer, one at least as effective as other mood manipulations.  An additional experiment, for example, had participants complete an anagram task under low or moderate stress and in the presence or absence of a fragrant air freshener (lemon and floral scents were used).  In this experiment, a small gift of candy was also presented to some participants.  The results revealed that both the fragrances and the small gift significantly improved performance on the word task, under conditions of either moderate or low stress.  In short, the effects of the fragrance seemed to match those of the gift (a known positive mood enhancer).  In fact, both the fragrance and the gift increased participants’ willingness to help the experimenter in this study as an unpaid volunteer.

Baron, R. A. (1980). Olfaction and human social behavior: Effects of pleasant scents on physical aggression. Basic and Applied Social Psychology, 1, 163-172.

Baron, R. A., & Bronfen, M. I. (1994). A whiff of reality: Empirical evidence concerning the effects of pleasant fragrances on work-related behavior. Journal of Applied Social Psychology, 24, 1179-1203.

Baron, R. A., & Thomley, J. (1994). A whiff of reality: Positive affect as a potential mediator of the effects of pleasant fragrances on task performance and helping. Environment and Behavior, 26, 766-784.

Development of Sensory and Perceptual Processes


There is substantial evidence that the adage "Use it or lose it" is relevant to the development of the central nervous system, particularly the areas involved in sensory and perceptual processes.  The experiences of the first weeks or months of life can permanently influence brain functions and perceptual capabilities.


Animals deprived of all visual stimulation (reared in the dark) show significant visual defects (blindness, if the deprivation is extensive), and neural activity in the visual cortex is abnormal or absent (Hubel & Wiesel, 1963).  Instead of using complete deprivation, Blakemore and Cooper (1970) limited visual experience to one type.  Kittens were reared in the dark except for a period each day when they were exposed to lines of one orientation (horizontal or vertical).  When their visual behavior was tested after five months, the kittens showed pronounced visual deficits.  For example, those exposed to horizontal lines gave no response to a rod held vertically, but they played with the rod when it was horizontal.  Those exposed to vertical lines responded in the opposite way.


Examination of visual cortex neurons also indicated striking differences between the two groups of kittens.  The visual cortex contains cells that respond selectively according to particular characteristics of a visual stimulus.  Line orientation is one such characteristic.  Some cells respond maximally to horizontal lines, others to vertical lines, and still others to intermediate orientations.  These cells are present even in the inexperienced newborn brain.  (There is debate as to whether the cells are as numerous as they are in the adult brain.)  After selective visual deprivation, however, kittens did not have the entire complement of cells.  Kittens exposed to horizontal lines had few, if any, cells that maximally responded to orientations other than approximately horizontal; those given vertical exposure had cells that responded primarily to vertical lines.  Apparently, cells that were not stimulated became permanently unresponsive.


There seems to be a critical period for these deprivation effects; events before and after this period cause little change.  The critical period for kittens is between the fourth and eighth week.  Kittens given normal experience for four weeks and then deprived of vision for as little as 24 hours show significant modification (Olson & Freeman, 1975).  Deprivation starting after eight weeks has little effect, and after four months, no change occurs even with extensive deprivation (Hubel & Wiesel, 1970).


There are parallels in human visual disorders.  Severe congenital astigmatism creates a visual environment similar to that of the selective rearing studies.  In astigmatism the cornea is distorted, causing the image to be out of focus in one orientation.  Extensive blurring eliminates contours, and cells originally responsive to contours of that orientation are not stimulated.  Permanent neural changes occur, and vision is impaired in one orientation.  At that point corrective lenses help little:  They put the image in focus, but vision will remain poor in the affected orientation because deprived cells will be unresponsive (Mitchell, 1980; Mitchell & Wilkinson, 1974).  Astigmatism must be corrected before age 5, approximately, to avoid permanent damage.


In strabismus the eyes are improperly aligned, resulting in excessive disparity between the two eyes' input to the brain.  Eventually one eye's input is suppressed.  Deprivation of normal binocular stimulation results in the loss of binocularly driven cortical cells, and thus perceptual capabilities such as depth perception are impaired.  Strabismus is treatable by surgically adjusting the eye muscles, but to be effective in preserving normal vision, the surgery must be performed in infancy.  The critical period for binocular vision development begins the first year and peaks during the second year (Banks, Aslin, & Letson, 1975).  After age 4, little development occurs, and treatment does not improve binocular vision.  Similar damage occurs when one eye is patched early in life (Mitchell, 1980).

Banks, M. S., Aslin, R. N., & Letson, R. D.  (1975).  Sensitive period for the development of human binocular vision.  Science, 190, 675-677.

Blakemore, C., & Cooper, G. F.  (1970).  Development of the brain depends on the visual environment.  Nature, 228, 477-478.

Hirsch, H. V. B., & Spinell, D. N.  (1970).  Visual experience modifies distribution of horizontally and vertically oriented receptive fields in cats.  Science, 168, 869-871.

Hubel, D. H., & Wiesel, T. N.  (1963).  Receptive fields of cells in striate cortex of very young, visually inexperienced kittens.  Journal of Neurophysiology, 26, 994-1001.

Hubel, D. H., & Wiesel, T. N.  (1970).  The period of susceptibility to the physiological effects of unilateral eye closure in kittens.  Journal of Physiology, 206, 419-436.

Mitchell, D. E.  (1980).  The influence of early visual experience on visual perception.  In C. S. Harris (Ed.), Visual coding and adaptability.  Hillsdale, NJ:  Erlbaum.

Mitchell, D. E., & Wilkinson, F.  (1974).  The effect of early astigmatism on the visual resolution of gratings.  Journal of Physiology, 243, 739-756.

Olson, C. R., & Freeman, R. D.  (1975).  Progressive changes in kitten striate cortex during monocular vision.  Journal of Neurophysiology, 38, 26-32.

Smell Myths

Human smell has often been characterized as being deficient when compared to the smell abilities of some lower organisms. Summarized below are four myths about human smell that have been contradicted by research.

Myth 1:  Human smell is less sensitive than that of other animals

Research indicates that the individual smell receptor cells in humans will respond to a single odorant molecule.  The difference in overall sensitivity appears to be due to the fact that some lower organisms, such as dogs, have more smell receptors.

Myth 2:  Humans have a relatively poor ability to detect changes in smell intensity

Although earlier research indicated that the difference threshold for smell was the largest of all the senses, more recent research, carefully controlling the concentrations of the smell stimuli, indicated that difference thresholds were equal to or lower in size than those for other senses.

Myth 3:  Odor identification ability is poor in humans

Although early research indicated that the ability to recognize previously presented odors was poor, this result may be related to the fact that unfamiliar odors were used as the stimuli.  Odor identification accuracy is primarily a function of labeling, not smell.  That is, if subjects are given the correct label of an odor when they are first exposed to it, their ability to later identify the odor is significantly improved.

Myth 4:  While many animals use odors to communicate, humans do not

Several studies have demonstrated that individuals are able to identify correctly about 75% of the time whether odors associated with sweat or breath came from a male or female.  Menstrual synchrony, a phenomenon in which women who live in close proximity for a period of time begin to have similar starting times for menstruation, has also been found to be related to smell.

Goldstein, E. B.  (1989).  Sensation and perception (3rd ed.).  Belmont, CA: Wadsworth.

Reprinted from Hill, W. G. (1995).  Instructor's resource manual for Psychology by S. F. Davis and J. J. Palladino.  Englewood Cliffs, NJ:  Prentice Hall.

The (Dis)embodiment of Fear


Summaries of research on sensation and perception traditionally have focused on vision and hearing as the two "main" human senses, often to the exclusion of an extended discussion of the chemical and motion senses.  Although the present chapter provides good examples of the workings and importance of the "other" senses, your students might gain a better appreciation of their significance through a case study.


Oliver Sacks (1985) reported the case of the "disembodied lady," a woman suffering from a total disruption of her proprioceptive system.  A day before gallbladder surgery, a young woman of 27 suddenly experienced bizarre symptoms unrelated to her medical condition.  She was unable to hold anything in her hands, was unsteady on her feet, and found that her arms flailed about whenever her attention was directed elsewhere.  She lay motionless and expressionless in the hospital bed, complaining of experiencing a strange sense of disembodiment.  After initial psychiatric opinions of preoperative anxiety and hysterical conversion, it was determined that the woman was suffering from acute polyneuritis.  An extremely rare condition, it is characterized by a shutting down of the proprioceptive receptors; in short, a lack of muscle, tendon, and joint sense.  As a consequence, the young woman lacked position sense, leaving her literally with one hand not knowing what the other was doing.  In fact, she didn't know where her hands were, or legs, or arms, for that matter.  In absence of feedback from the proprioceptive system her parietal lobes, though functioning quite normally, had no data to function on, leaving her in a truly "disembodied" state.


Many senses contribute to the experience of one's body: Vision, vestibular senses, proprioception.  With the disruption of one of these the others became more vital.  In order to "know" the location and arrangement of her own body parts, the woman had to have them in direct sight.  Thus, seeing her hands in front of her face supplied the only information about where her hands were.  Similarly, walking, eating, talking, expressing emotion, or performing any of the other simple bodily actions we take for granted required the utmost diligence and concentration.  Her sense of disembodiment was just that; she was left feeling much like a lump of clay.


Although this case is rare, and certainly bizarre, it provides food for thought.  While we can close our eyes to simulate blindness, or wear plugs to provide hearing or olfactory impairment, it is difficult to imagine how not to experience one's body.  But in imagining how this might feel (or, not feel, as the case might be), we can better appreciate the importance of these "hidden" senses.

Sacks, O. (1985). The man who mistook his wife for a hat. New York: HarperCollins.

The Perception of Pain


The determinants of pain perception have been one of the most elusive problems in psychology.  Unlike other sensory systems, the intensity of pain does not correlate well with stimulus intensity. For example, phantom limb pain, a very intense pain, has no external stimulus, whereas soldiers on the battlefield can be seriously injured and feel little discomfort.  A theory based solely on stimulus characteristics is clearly insufficient to explain these phenomena.


Melzack and Wall (1965; see also Melzack and Casey, 1968) included a cognitive component in their gate-control theory of pain perception.  They proposed that two neural systems are involved in the transmission of pain information.  One, the lemniscal tract, consists of large fibers with fast transmission rates and carries heat, cold, touch, and, to a lesser extent, pain input.  The second, the spinothalamic system, transmits pain information over slower, smaller fibers.  A "gate" in the dorsal horn of the spinal cord controls what is transmitted to the brain.  Activity in the large fibers closes the gate and prevents the small fibers from sending pain input to the brain.  This may be why rubbing the area of an injury reduces the pain; large fibers for touch are activated, closing the gate.  The cognitive factors in pain perception are explained by adding a cognitive gate control.  Attitude, expectancy, and attention can cause the brain to send a signal that closes the gate, reducing pain.  Enkephalins (endogenous opiates) may be the biological mechanism involved in  the cognitive control of the gate.  There is evidence that enkephalins are produced in response to placebos and electrical brain stimulation.  Enkephalins block the release of substance P, thus closing the gate and reducing pain.


For possibly 80 million people pain is an everyday fact, costing the United States $60 billion a year (Stark, 1985).  Standard treatments for chronic pain include electrical stimulation (to activate the lemniscal system and close the gate), acupuncture, drugs, and, in extreme cases, cingulatomy (cutting the nerve tracts connecting the frontal lobes with the limbic system).  Unfortunately, for some people these provide only temporary relief.  However, Stark (1985) reports that a cognitive behavioral approach is often very effective in managing chronic pain.  Patients are taught what factors affect pain and techniques to reduce pain, such as relaxation.  Even limited control over the pain can reduce anxiety and tension, which, in turn, reduces the pain.  Although the pain is not eliminated, many patients are better able to cope and to lead relatively normal lives.

Melzack, R., & Wall, P. D.  (1965).  Pain mechanisms:  A new theory.  Science, 150, 971-979.

Melzack, R., & Casey, K .L.  (1968).  Sensory, motivational and central control determinants of pain:  A new conceptual model.  In D. R. Kenshalo (Ed.), The skin senses.  Springfield, IL:  Thomas.

Stark, E.  (1985).  Breaking the pain habit.  Psychology Today, 19, 30-36.

The Perception of Phantom Limb Pain

As mentioned above, the stimulus intensity-pain perception relationship is an imperfect one.  Perhaps more perplexing than explaining “typical” pain (resulting from illness, injury, or accident) is explaining phantom limb pain.


Phantom limb refers to the subjective sensory awareness of an amputated body part, and may include numbness, itchiness, temperature, posture, volume, or movement.  In addition to legs and arms there have been cases of phantom breasts, bladders, rectums, and internal organs.  Phantom limb pain refers to the specific case of painful sensations that appear to reside in the amputated body part.  Patients have variously reported pins-and-needles sensations, burning sensations, shooting pains that seem to travel up and down the limb, or cramps, as thought the severed limb was in an uncomfortable and unnatural position.  Many amputees often experience several types of pain; others report that the sensations are unlike other pain they’ve experienced.  Unfortunately, some estimates suggest that over 70 percent of amputees still experience intense pain, even 25 years after amputation.  Most treatments for phantom limb pain (there are over 50 types of therapy) help only about 7 percent of sufferers.


A recent study has shed light on the causes of phantom limb sensations.  Researchers at Humboldt University in Berlin suggest that the most severe type of this pain occurs in amputees whose brains undergo extensive sensory reorganization.  Magnetic responses were measured in the brains of 13 arm amputees in response to light pressure on their intact thumbs, pinkies, lower lips, and chins.  These responses were then mapped onto the somatosensory cortex controlling that side of the body.  Because of the brain’s contralateral control over the body, the researchers were able to estimate the location of the somatosensory sites for the missing limb.  They found that those amputees who reported the most phantom limb pain also showed the greatest cortical reorganization.  Somatosensory areas for the face encroached into regions previously reserved for the amputated fingers.


Although these findings do not by themselves solve the riddle of phantom limb pain, they do offer avenues for future research.  For example, damage to the nervous system may cause a strengthening of connections between somatosensory cells and the formation of new ones.  Phantom limb pain may result due to an imbalance of pain messages from other parts of the brain.  As another possibility, pain may result from a remapping of somatosensory areas that infringes on pain centers close by.

Boas, R. A., Schug, S. A., & Acland, R. H. (1993). Perineal pain after rectal amputation: A 5-year follow-up. Pain, 52, 67-70.

Bower, B. (1995). Brain changes linked to phantom-limb pain. Science News, 147, 357.

Brena, S. F., & Sammons, E. E. (1979). Phantom urinary bladder pain - Case report. Pain, 7, 197-201.

Bressler, B., Cohen, S. I., & Magnussen, F. (1955). Bilateral breast phantom and breast phantom pain. Journal of Nervous and Mental Disease, 122, 315-320.

Dorpat, T. L. (1971). Phantom sensations of internal organs. Comprehensive Psychiatry, 12, 27-35.

Katz, J. (1993). The reality of phantom limbs. Motivation and Emotion, 17, 147-179.

Shreeve, J. (1993, June). Touching the phantom. Discover, pp. 35-42.

Sense, Nonsense, and Extra-sense
Daryl Bem and Ray Hyman recently engaged in a lively debate regarding the demonstrability of ESP.  Although both scholars are critical of ESP research, Bem has recently endorsed the work of the late Charles Honorton examining the autoganzfeld procedure for measuring psi ability.  Hyman still finds problems with the procedures and at present, like most other aspects of psychic ability, the issue remains unresolved.


But the debate over the demonstration of psychic powers under controlled conditions raged long before the Bem-Honorton/Hyman articles found their way to the pages of Psychological Bulletin.  For example, the work of J. B. Rhine, who pioneered the study of parapsychology at Duke University, came under repeated scrutiny throughout his career. The most celebrated debate on this issue, however, arose between self-proclaimed Israeli psychic Uri Geller and James Randi, a long-time professional conjurer and semi-professional debunker (also known by his stage name The Amazing Randi, or his given name James Zwingli).  Randi took Geller and parapsychology to task in a series of books, articles, personal appearances, professional demonstrations, and goading challenges over a period of several years.


For example, Geller claimed that his ability to bend spoons or start watches that had stopped running was the result of supernatural psychic abilities that even he himself did not fully understand.  Randi was able to demonstrate conclusively that such claims were highly unlikely.  Using common conjurer’s tricks Randi duplicated each of Geller’s feats, without recourse to any claims of psychic power.  As an example, the case of starting a stopped watch can be performed by just about anyone.  Provided the watch has not been damaged (but has merely stopped running), a simple vigorous shake will get the hands moving in almost all cases.  When this action is surreptitiously performed, with preselected watches, in a context of expectancy on the part of observers, and with enough psychic terminology and flash--all conditions that Geller used masterfully, and which Randi exposed--the result does indeed seem impressive.


Geller’s theatrical tricks weren’t the true source of Randi’s complaints.  Rather, the claim by scientists that Geller had demonstrated psychic abilities under controlled conditions is what set Randi to his task.  Physicists Russell Targ and Harold Puthoff tested Geller in their laboratory in the early 1970s, and published their results in the prestigious journal Nature.  They enthusiastically concluded that Geller had shown psychic ability under a number of conditions and across repeated tests.  What they failed to mention, however, were details of the experimental procedures or, as Randi discovered, the presence of Geller’s chief henchman, one Shippi Strang.  In most instances during the “controlled” laboratory tests, Strang either had access to the testing materials ahead of time (and sometimes during the testing) or could visibly signal Geller as the tests were carried out.  A close analysis of the procedures, equipment, and outcomes revealed that Geller was much more successful in demonstrating polished stagecraft than in demonstrating psychic abilities.

Bem, D. J., & Honorton, C. (1994). Does psi exist? Replicable evidence for an anomalous process of information transfer.  Psychological Bulletin, 115, 4-18.

Gordon, H. (1987). Extrasensory deception: ESP, psychics, Shirley MacLaine, ghosts, UFOs...New York: Prometheus Books.

Hyman, R. (1994). Anomaly or artifact? Comments on Bem and Honorton. Psychological Bulletin, 115, 19-24.

Kurtz, P. (Ed.) (1985). A skeptic’s handbook of parapsychology. New York: Prometheus Books.

Randi, J. (1982). Flim-flam! Psychics, ESP, unicorns, and other delusions. New York: Prometheus Books.

Randi, J. (1975). The truth about Uri Geller. New York: Prometheus Books.

Rhine, J. B. (1937).  New frontiers of the mind. New York: Farrar and Rinehart.

Setting Thresholds

The text presents the idea of an absolute threshold for sensations and gives examples of the amount of stimulation needed to trigger the various senses.  The methods for establishing such thresholds have a long history to them, dating to the work of the original German psychophysicists.


(  Method of limits.  The presentation of a stimulus that is clearly noticeable is followed by the presentation of increasingly weaker stimuli until observers are unable to detect the stimulus.  For example, using the method of limits to establish an auditory threshold might involve presenting a clearly detectable tone, followed by tones of decreasing amplitude until the participant reports hearing no tone at all.  This method then involves alternating trials of “no detection” with trials presenting increasingly stronger stimuli.  In our example, after establishing the lowest level of detection, tones of increasing amplitude would be presented.  These descending and ascending series of trials are typically repeated several times with one observer.


(  Method of adjustment.  Observers control the intensity of stimulus until it is just barely noticeable.  For example, the channel surfer who commandeers the remote control might turn the volume on the television set down until it is just barely audible.  The distinguishing feature of this method is the self-adjustment by the perceiver.


(  Method of constant stimuli.  This technique involves presenting a preselected set of stimuli in a random order to perceivers.  The stimuli are chosen so that at least one is clearly below the sensory threshold (established previously, perhaps, by the method of adjustment) and at least one is clearly above the sensory threshold.  In a hearing test, for example, a set of tones of varying amplitudes might be presented to a perceiver at random, and the perceiver’s ability to discriminate among them would be measured.

Fechner, G. T. (1860). The elements of psychophysics. Leipzig: Breitkopf & Harterl.

Matlin, M. W., & Foley, H. J. (1992). Sensation and perception (3rd ed.). Boston: Allyn and Bacon.

Noses, Aisle 12


A childish joke runs something like this:


Puerile yuckster:  “Did you pick your nose when you were a kid?”


Unsuspecting patsy:  “Yeah, sure.”


Puerile yuckster:  “Well, why didn’t you pick one that was smaller?!”

If chemist Nate Lewis has his way, soon we all can pick noses smaller than a dime to sniff out scents as large as we please.  And he’s not joking.


Lewis and his colleagues at the California Institute of Technology are at work developing an artificial nose, research motivated partly by the challenge and partly by practicality.  The challenge is that smell remains the least studied and least understood of the senses.  Although relatively primitive (compared to the sophisticated intricacies of vision), scientists still don’t have a complete understanding of the rules governing how smell works.  To that end, Lewis and his colleagues have created a variety of artificial noses, ranging from tiny “noselets” to bookcase-size monstrosities.  Each is dedicated to the task of detecting various scents, odors, and stinks in the environment.


That’s where the practicality comes in.  Smell is big business, from truffle-sniffing pigs to deodorant testers to perfume evaluators to rotten food detectors.  Currently this work is done by humans (well, not the truffle-finding) whose noses tire quickly and who aren’t equally sensitive to all odors.  A reliable artificial nose would allow industry to perform a variety of important tasks cheaply and efficiently.  What’s more, Lewis envisions a day when small artificial noses will detect carbon monoxide in your home, rotting foods in your refrigerator, leaking fluids in your car, or peptic upset from your breath.  In fact, John Glenn’s recent NASA mission included a prototype of Lewis’ artificial nose to sniff space air for potential health hazards.


Here’s how it works.  Chemists have known for some time that industrial plastics swell when they absorb a chemical odor.  This is not earth-shaking; all polymers do that.  However, specialized plastics that conduct electricity could be used to create a unique pattern of electrical activity for each chemical scent.  By combining different plastics that generate different electrical signals, a fairly accurate “scentprint” would result for each odor.  However, there are a finite number of electricity-generating plastics, so Lewis and his team have switched instead to cheap industrial plastics combined with soot particles to generate electric current.  When hundreds or thousands of these units are combined in a single detector, the result is a cheap, mass produced, rugged, yet highly sensitive nose.


Some of these developments are years away, but several research and industry teams have joined the search for an artificial nose.  Unfortunately, the answer may not be as plain as the…well, you know.

McFarling, U. L. (1999, February 20).  Chemist wants to place noses in your car, house.  Austin American-Statesman, A21, A24.

d e m o n s t r a t i o n s

Sensory Adaptation

According to the text, our senses automatically adjust to the level of stimulation they are receiving so that they can be as sensitive as possible without getting overloaded.  As a result, our senses become less sensitive when the overall level of stimulation is high, but more sensitive when the overall level of stimulation is low.  This explains, for example, why the tick of a watch is more annoying in a quiet room than on a busy street.  This phenomenon of sensory adaptation can be readily illustrated in class with a variety of senses, including touch, taste, and vision.  Depending on your class size (e.g., if you have fewer than 30 or 35 students), you could allow all students to participate in the first two exercises or for larger classes you might prefer to select a subset of volunteers.


Touch.  Fred Whitford suggests a simple exercise for demonstrating sensory adaptation with touch.  Bring to class a number of samples of very coarse sandpaper and distribute them to students.  After rubbing their index fingers gently over the paper a few times, they should rate its coarseness on a scale from 1 (very soft) to 7 (very course).  After a minute or two, have them rub the same finger over the paper and again rate its coarseness.  Their senses should have adapted to the coarseness and thus the ratings for the second time should be lower.


Taste.  A different exercise (suggested by John Fisher) can be used to demonstrate sensory adaptation with taste.  You'll need to bring to class (a) a pitcher containing a strong solution of water and sugar, (b) a pitcher containing fresh water, and (c) several Dixie cups.  Distribute two Dixie cups to each student and fill one with sugar water and one with fresh water.  Instruct students to take a sip of the sugar water and to swish it around in their mouths for several seconds without swallowing it; gradually it should taste less sweet.  After swallowing it (or spitting it back into the cup), students should then taste from the cup containing fresh water.  Students will be shocked at how incredibly salty the water tastes and will wonder if you didn't spike it with salt when they weren't looking!  Explain that when the overstimulated taste buds responsible for sweetness became temporarily less sensitive, the taste buds responsible for salt became more prominent as a result.  


Vision.  A final exercise (reprinted from Bill Hill) requires a little more effort but powerfully illustrates sensory adaptation in vision.  Davis and Grover (1987) first described this activity, a modified version of a procedure developed by Hochberg et al. (1951), that uses a Ganzfeld (a homogenous visual field) to demonstrate that the visual system requires varied stimulation to prevent sensory receptor adaptation.  To conduct this demonstration you will need to make a Ganzfeld and have a red light source, such as that on a stereo or coffee maker.  The Ganzfeld is constructed using a ping pong ball.  Cut the ping pong ball in half and discard the side with the writing on it.  Then attach cotton around the rim of the remaining half in order to protect the student's eye.  Instruct a student volunteer to place the Ganzfeld on one eye, touch the Ganzfeld on the red light, close their other eye, and continue to stare at the red light, reporting any experience that occurs.  After a minute or so, although the light is still on, the student will state that you have turned the red light off.  Explain to your students that this effect is the result of receptor adaptation because of the Ganzfeld.

Davis, S. F., & Grover, C. A. (1987).  And then the lights went out:  Constructing a simple Ganzfeld.  In V. P. Makosky, L. G. Whittemore, & A. M. Rogers (Eds.), Activities handbook for the teaching of psychology:  Vol. 2 (pp. 49-50).  Washington, DC:  American Psychological Association.

Fisher, J. (1979).  Body Magic.  Briarcliff Manor, NY:  Stein and Day.

Hill, W. G. (1995).  Instructor's resource manual for Psychology by S. F. Davis and J. J. Palladino.  Englewood Cliffs, NJ:  Prentice Hall.

Hochberg, J. E., Triebel, W., & Seaman, G. (1951).  Color adaptation under conditions of homogeneous visual stimulation (Ganzfeld).  Journal of Experimental Psychology, 41, 153-159.

Whitford, F. W. (1995).  Instructor's resource manual for Psychology:  An Introduction by C. G. Morris (8th ed.).  Englewood Cliffs, NJ:  Prentice Hall.

Sound Localization

Just as binocular cues help us to perceive depth in a three-dimensional world, binaural cues (i.e., information that reaches both ears) help us to locate sounds in the environment.  When sounds come from anywhere other than straight ahead or straight behind us, the ear nearer to the sound source will perceive the noise slightly sooner and as slightly louder than will the opposite ear.  Although the discrepancy in time and relative loudness is extremely small, the brain is able to use this information to accurately locate the sound.  John Fisher suggests an amusing demonstration to illustrate the principle of binaural hearing.  Ask a volunteer to sit blindfolded in a chair in the center of the room.  The volunteer should, while keeping his or her head perfectly still, judge the location of any sounds you make by pointing in the correct direction.  Using a pair of coins rubbed together or a noise-making clicker from a board game, create sounds from a variety of positions about the room.  Although volunteers should have no trouble locating noises made off to their right or left, they will invariably be way off the mark when the sound comes from the center (e.g., from between their knees, under their chin, or between their eyes). 

Fisher, J. (1979).  Body Magic.  Briarcliff Manor, NY:  Stein and Day.

The Role of Smell in Determining Flavor

The rich flavor that we sense from our favorite (and not-so-favorite) foods is derived from a combination of taste and smell.  According to the text, without smell we can sense the basic tastes (e.g., bitterness, saltiness, sourness, sweetness) but do not experience flavor and thus we cannot identify many popular foods.  You can easily replicate the Mozel et al. (1969) study in your classroom by doing the following.  Ask for a volunteer (ideally one with no food allergies) who isn't squeamish about tasting a variety of foods while blindfolded (and with a plugged nose).  Implore your class to be quiet (you can show them cue cards with the correct answer during each guess), and then present the subject with a variety of foods that he or she should try to correctly identify without the sense of smell.  For best results, food should be cut into small, uniform bite-size pieces and placed on toothpicks (you might need to help guide the food into subjects' hands).  Without smell, subjects will have a surprisingly hard time identifying (or distinguishing between) foods with similar textures such as carrots, onions, pears, apples, squash, and potatoes.  

Adapted from Fantino, B. F. (1981).  Taste preferences:  Influence of smell and sight.  In L. T. Benjamin & K. D. Lowman (Eds.), Activities handbook for the teaching of psychology (pp. 29-30).  Washington, DC:  American Psychological Association. 

The Effect of Visual Cues on Taste

Our sense of taste depends not only on olfactory cues but also on visual cues.  To illustrate this fact, have a volunteer wait in the hall while you prepare (in full view of your class) a "typical American meal."  Start by placing a bagel (or piece of bread) on a plate and by pouring a glass of orange juice and a glass of milk.  Prepare the meal by using food coloring to distort its appearance.  For example, you might make the milk a vibrant green, the orange juice look like motor oil (by mixing red, green, blue, and yellow), and the bread look moldy (with blue or green spots).  Instruct your class to be a quiet audience and not to giggle or to give anything away.  Bring the volunteer, blindfolded, back into the class and ask him or her to comment on the meal (e.g., "Does it taste good?" "Do you know what it is?") while eating it.  The volunteer will no doubt correctly identify the foods and confirm that they taste good.  After a few minutes, remove the blindfold and observe the volunteer's reaction.  Asking the volunteer to continue eating will likely result in an emphatic, "No Thanks!"  This should spark a lively discussion of the role of vision in taste and students are usually happy to share their personal experiences.

Adapted from Fantino, B. F. (1981).  Taste preferences:  Influence of smell and sight.  In L. T. Benjamin & K. D. Lowman (Eds.), Activities handbook for the teaching of psychology (pp. 29-30).  Washington, DC:  American Psychological Association. 

Saliva and Taste

Students may be surprised to learn that food must be dissolved in water in order to be tasted.  That is, some kind of liquid must be available to bind solid food to the appropriate taste receptor (e.g., sweet, sour, bitter, or salty).  John Fisher suggests a simple exercise that demonstrates the crucial role of saliva in taste.  First, have students wipe their tongue dry (the drier, the better) with the back of their hand.  Then, walk around the room with a bowl of sugar and have students take a small pinch and place it on the tip of their tongue.  They should not be able to taste anything until their mouth gradually moistens--with renewed saliva, the familiar sweet taste should come flooding back.  

Fisher, J. (1979).  Body Magic.  Briarcliff Manor, NY:  Stein and Day.

Odor Identification Test

The text notes that although people can discriminate among a large number of odors, they have a surprisingly difficult time identifying the source of even the most familiar odors.  You can illustrate this fact to your students (many of whom will be skeptical) by conducting a large-scale "smell test."  First, gather several (approximately 8-15) dark or opaque containers with lids (empty black film canisters are ideal).  Assign a different number to each canister (be sure to make a coding sheet with the correct sources) and place cotton balls in the bottom of each to absorb the smell.  Good substances to test include baby powder, coffee, peanut butter, pencil shavings, ammonia, lemon extract, peppermint extract, vinegar, chocolate, coconut, Crayola crayons, Play-doh, soap, bubble gum, and spices (e.g., cloves, pepper, garlic, cinnamon).  Instruct the students to lift the lid but to keep their eyes closed when smelling the canisters.  Then, pass the canisters around the room and have students mark their responses on a sheet of paper.  Your confounded students will have a sense of familiarity ("Oh, I definitely know this one...what is it?") more often than they will have an exact identification.  [Note that having students match the smells with a list of possible sources would greatly increase their chances of being successful.]  If you have time, tally the number of correct guesses by a show of hands.  Do good or poor smellers have any hypotheses about the cause of their abilities (or lack thereof)?  Do the results replicate the finding that women generally have better senses of smell than do men? 

The Body's Sensitivity to Touch 


Chapter 3 notes that although the skin senses in general are remarkably sensitive, various parts of the body differ greatly in their sensitivity to pressure.  This is because larger portions of the cerebral cortex are devoted to body areas that, for adaptive reasons, show greater sensitivity.  For example, crucial human features such as the mouth, face, and fingers are much more sensitive than are important, but less central, features such as the legs, feet, and back.  Both John Fisher and James Motiff have suggested exercises to illustrate this phenomenon.  For this demonstration, divide students into pairs and have them take turns experiencing the vast differences in touch sensitivity on different parts of their body.


In Motiff's version, one student in the pair should keep his or her eyes closed while the other person randomly presses from one to four fingers lightly on that person's back, neck, leg, shoulder, forearm, face, and hand.  The person being touched should attempt to guess in each case the number of fingers being applied.  Students will have a much easier time correctly identifying the number of fingers applied to especially sensitive areas (such as the face and hand) compared to the other, less sensitive areas, which will feel indistinguishably like one point of pressure (i.e., one finger).


In Fisher's version, distribute a single hairpin to each pair of students.  One student should pry the hairpin apart (so that its prongs are roughly an inch apart) and press the hairpin against the back of their partner's forearm. The person being touched will report feeling only a single point of pressure.  Next, the student should bend the prongs inward so that they are only about 1/16 inch apart and place it this time on their partner's index finger tip.  This time (despite the smaller difference between the prongs), the partner will have no trouble differentiating the two points, as the finger tip is much more sensitive than the forearm.  For an eerier demonstration, Fisher suggests dragging the hairpin (with prongs one inch apart) slowly from the crease of the elbow down to the finger tips.  Although the spacing between the prongs remains constant, the person being touched will report that distance between the prongs increases the closer the hairpin gets to the fingertips.  

Fisher, J. (1979).  Body Magic.  Briarcliff Manor, NY:  Stein and Day.

Motiff, J. P. (1987).  Physiological psychology:  The sensory homunculus.  In V. P. Makosky, L. G. Whittemore, & A. M. Rogers (Eds.), Activities handbook for the teaching of psychology:  Vol. 2 (pp. 49-50).  Washington, DC:  American Psychological Association.

Expectancy and Perception

Chapter 3 notes that our expectations (i.e., preconceptions about what we are supposed to perceive) can influence perception.  There are several simple, effective exercises to demonstrate this point in class.


John Fisher suggests conducting a "spelling bee in reverse."  Ask students to pronounce a word out loud after you write in on the board.  Following MAC DONALD...MAC HENRY...MAC MAHON... with MAC HINERY will likely generate a chorus of Scottish-sounding surnames (e.g., MacHinery) rather than the real pronunciation of machinery.


For a similar exercise, Martin Bolt suggests adopting an old children's riddle.  Ask students to shout out answer to the following questions:  "What do these letters spell?" (Write FOLK on the board)  "What do these letters spell?" (CROAK)  "And these?" (SOAK).  Then quickly ask, "What do you call the white of an egg?"  Students will scream out "yolk" before they realize they've been had.  (You can then inform them of the little known fact that the white of an egg is called the albumin.)


J. R. Corey suggests an exercise that demonstrates the effect of expectancy on anagram solution.  This exercise requires that you construct two different lists of anagrams and randomly distribute one to each student.  Half of the students should receive anagrams that can be solved to form animals:  LULB (bull), CALEM (camel), NUKKS (skunk), SEUMO (mouse), BAZER (zebra), and EAP (ape).  The other half should receive anagrams that can be solved to form vegetables:  NORC (corn), NOONI (onion), MATOOT (tomato), PREPPE (pepper), TEBE (beet), and EAP (pea).  Note that the last anagram, EAP, can be solved in two ways (ape or pea) and thus provides the expectancy test.  If students' expectancies are influential, then those who received the animal list should be more likely to solve EAP as ape, whereas those who received the vegetable list should be more likely to solve EAP as pea.  According to Corey, the expectancy effect occurs for approximately 80-90% of the students. 

Bolt, M.  (1992).  Instructor's resources for use with D. G. Myer's, Psychology (3rd ed.).  New York:  Worth. 

Corey, J. R. (1990).  Psychological set and the solution of anagrams.  In V. P. Makosky, C. C. Sileo, L. G. Whittemore, C. P. Landry, & M. L. Skutley (Eds.), Activities handbook for the teaching of psychology.  Vol. 3 (pp. 90-91).  Washington, DC:  American Psychological Association.

Fisher, J. (1979).  Body Magic.  Briarcliff Manor, NY:  Stein and Day.

Using Escher to Illustrate Perceptual Principles

Debra Stein (1995) suggests a group exercise that both stimulates critical thinking and increases student interest in the discussion of perceptual processes.  Divide your students into groups of 5 and give each group copies of two different M. C. Escher prints (an example of Escher's work is illustrated in Chapter 3).  You might want to purchase a book or calendar so that you'll have a enough prints to go around.  Instruct your groups to choose a recorder and a spokesperson, and then give them 20-30 minutes to identify any and all examples of the following perceptual principles from Chapter 3:  (a) figure-ground, (b) closure, (c) similarity, (d) continuity, (e) proximity, (f) monocular cues, (g) binocular disparity, (h) superposition, (i) elevation, (j) aerial perspective, (k) linear perspective, (l) texture gradient, (m) convergence, and (n) shadowing.  When groups are finished, the spokesperson from each group should briefly present the group's finding to the class by outlining examples on a transparency projection of the print (Note: you'll need to make these out beforehand).  Stein reports several positive benefits of this exercise, including: an increased amount of focused discussion about perceptual processes (due to the group discussions as well as the presentations), an increase in students' understanding of perceptual processes as revealed in test scores, and a tendency for greater application of the material (e.g., her students brought other examples from advertisements and art to class; others created illusions on their own). 

Adapted from Stein, D. K. (1995).  The use of M. C. Escher and N. E. Thing Enterprises prints to illustrate perceptual principles.  Paper presented at the 17th National Institute on the Teaching of Psychology, St. Petersburg Beach.  
Goggles That Boggle


Students typically take visual sensation and perception for granted.  True, in everyday life, they appear to be one seamless action, from sensory world to visual receptors to the brain.  You can illustrate the difference between sensation and perception by disrupting those processes, and along the way highlight the basic mechanisms of the visual system.


Jim Matiya can provide you with prism goggles that invert the visual field or displace it at a specified angle.  He can be emailed at psychsigjm@aol.com for more information.  Buy a pair of inverted vision goggles and ask volunteers to wear them while performing simple tasks, such as catching a ball, picking up an object from a table, or shaking hands with someone.  After the initial cries of “Waugh!” “Omigod!” and “Yip!” students should find that they adapt rather quickly to this flipping of the visual world, and are able to compensate for the effects of the goggles.  Use their experiences to frame a discussion of visual sensation and perception.

s t u d e n t   a s s i g n m e n t s

Field Demonstrations

As a simple but involving assignment, ask students to go out into the real world and experience instances of perceptual phenomenon that are too difficult to demonstrate in class.  Students could, for example, choose 2 demonstrations from among the following and write a short paper describing their experiences and relating them to theory and research presented in the text.


Dark Adaptation.  For this demonstration, students should take about 15 index cards and a flashlight that is opaque on all sides (so that light shines only through the front) into a very dark room.  After placing all 15 cards over the beam of light, students should slowly remove the cards one at a time until they can barely detect the light.  Have them count the number of cards that remain over the light.  After a few minutes, the light should begin to look brighter.  When this is the case, have students try to add a card and see if they can still see the light.  They should repeat this process of gradually adding cards over a 15-minute period.  Consistent with dark adaptation, students should be able to detect an increasingly dim light the longer they spend in the dark.


Night Vision and the Fovea.  Because rods rather than cones are active in dim light, it is easier to see objects that fall in areas rich with rods (i.e., outside the fovea) than in areas packed with cones (i.e., the fovea).  To experience this, students should choose a relatively clear night (with few surrounding bright lights) to observe stars.  Specifically, they should locate a relatively dim star so that it is slightly to the right or left of the focal point of their gaze.  When students suddenly shift their gaze to look directly at the star, however, it should disappear.


The Autokinetic Illusion.  Students can experience the autokinetic illusion (i.e., the apparent motion created by a single stationary object) for themselves by doing the following.  Students should first create a very small point of light, either by using a thin, sharp flashlight or by covering a larger flashlight with a piece of cardboard containing a small hole.  They should then go into a very dark room and shine the light on the wall about 10 feet in front of them.  After a few moments, the light should appear to drift and move around slightly.  In a dark room, there are no cues to tell you that the light is stationary.  Therefore, the involuntary eye movements that typically go unnoticed in a changing environment cause the stationary object to appear to move.


Temperature Adaptation.  Students can easily explore temperature adaptation by locating 3 medium size bowls and filling them with (a) very hot (but not painfully so) tap water, (b) very cold tap water, and (c) a mixture of the very hot and very cold water.  Students should arrange them so that their right hand is in front of the cold water, their left hand is in front of the hot water, and the lukewarm water is in the middle.  Students should them submerse their hands into the water (right into cold, left into hot) for about 3 minutes.  After 3 minutes, they should quickly transfer both hands to the lukewarm (middle) bowl, and they will undoubtedly experience adaptation "first-hand."

Exercises adapted from Matlin, M. W., & Foley, H. J. (1992).  Sensation and perception (3rd ed.). Needham Heights, MA:  Allyn and Bacon.

In Search of Perceptual Illusions  


Although the text provides several examples of the most common perceptual illusions, students can often gain a better understanding of them by actively finding their own examples.  Possible ways to document examples include taking photos, cutting clippings out of magazines or newspapers, or by describing the illusion in detail if it is not possible to obtain a sample (e.g., if it was seen in a movie).  Real world examples of afterimages, stroboscopic motion, perceptual contrast, Gestalt principles, and monocular cues abound, and students will likely enjoy their quest for the ultimate illusion.  An added benefit is that students can share their examples with the rest of the class, who can try to identify the illusion portrayed.  This way, all students will have had access to numerous examples outside of the text.


As an alternative assignment, ask students to create or develop their own illusion (i.e., by drawing or painting a two-dimensional picture or by assembling a three-dimensional object).  Although the illusion should be unique, it should of course be based on principles from one of the major illusions discussed in the text.  As an example, students could create their own reversible figure, illustrate one or more monocular cues (e.g., linear perspective, shadowing) in a drawing or painting, or create new examples of Gestalt principles of perceptual organization such as closure or proximity.   

Explaining the Moon Illusion

All of us have succumbed to the moon illusion, that is, the feeling that the moon at the horizon is larger than the moon at its zenith (or highest point).  According to Margaret Matlin and Hugh Foley, this paradox has been the source of speculation by scientists and philosophers for thousands of years.  Although early research has ruled out physical explanations (e.g., light refraction, angle of head or eye elevation), the precise psychological mechanism responsible is still in debate, and at least 8 competing explanations have been offered in the last 20 years.  Ask your students to explore these explanations in more detail and to write a 2 to 4-page paper summarizing two or three different perspectives on this illusion.  Ask them to identify which of the theories they believe provides the best explanation and why. 

Matlin, M. W., & Foley, H. J. (1992).  Sensation and perception (3rd ed.). Needham Heights, MA:  Allyn and Bacon.

v i d e o

The Case of ESP (1984, 57 min, WGBH).  The spooky world of ESP is explored through footage of Russian experiments and testimonials of the use of ESP in archaeology, criminology, and warfare.

Colorful Notions (50 min, IM).  Discusses how people see in color and possible theories concerning the evolution of color vision.  Also includes illustrations of visual effects such as negative afterimages.

Controlling Pain (23 min, FHS).  Chemical agents, massage, and electrical stimulation are discussed as methods for controlling pain.  The complex process of pain perception, from skin to brain, is presented as well.

Dealing With Pain (19 min, FHS).  Debilitating, constant pain is the focus of this video.  Techniques for dealing with serious chronic pain are discussed.

Discovering Psychology, Part 7:  Sensation and Perception (1990, 30 min, ANN/CPB).  Provides an overview of how information is processed from sensory data to meaningful impressions, including factors that guide and/or bias perception.

Doors of Perception (1996, 58 min, IM).  The relationship between the inner world of consciousness and the outer world of reality is the basis for this artistic look at perception.

The Enchanted Loom: Processing Sensory Information (26 min, FHS).  Examines the range of sensory experience and how the brain sorts, classifies, and interprets sensory data.

Introduction to Visual Illusions (1970, 18 min, PYR).  Illusions of depth, size, afterimages, and perceived movement are demonstrated in this brief overview of the eye and the visual process.

The Mind:  Pain and Healing (60 min, PBS).  This segment of the 9-part series examines the role of  biological and psychological mechanisms in controlling pain and contributing to the healing process.

The Mind's Eye (1980, Parts 1 & 2, 61 min, PENN).  Describes visual perception, demonstrating how in a matter of seconds the brain can "identify objects, estimate distance, respond to color, and distinguish lines, edges, and angles."  A good overview of how humans see a description of the world in "brain language."

Mystery of the Senses (5 parts, 1995, 60 min each, IM).  Each tape in this series highlights one of the senses, focusing on issues such as how neural pathways transmit visual information or how perfume fragrances are developed.

Perception (1979, 28 min, CRM).  Demonstrates how we form impressions and images of people and events, and shows both negative and positive effects of subjectivity in reporting and analyzing what we see.  The exquisitely subjective nature of perception is convincingly revealed.

Sensation and Perception (1990, 30 min, IM).  Describes how the brain constructs reality from sensory information, including the role of expectations and emotion.  Also addresses biological and psychological factors in the perception and inhibition of pain.

The Senses: Eyes and Ears (1985, 26 min, FHS).  Experimental approaches to studying the functions of these two senses are explored.

The Senses: Skin Deep (1985, 26 min, FHS).  A companion to Eyes and Ears, this program examines touch, pressure, pain, taste, and olfaction.

The Sensory World (1971, 33 min, IM).  Illustrates a variety of sensory and perceptual processes including visual and auditory responsiveness to wave characteristics, sensory overload, illusions, and perceptual development in newborns.

Sight (23 min, FHS).  The complex interaction between eye and brain, ultimately producing sight, is explored.  Along the way visual problems and research on artificial vision are also discussed.

Smell (23 min, FHS).  If you cut off a skunk’s nose, how would it smell?  As bad as that old joke.  Fortunately, this video examines our most primitive sense in a much more sophisticated way.  Odor detection, complex nasal chemical analyses, and a glimpse at the fragrance-making process are explored.

The Study of Attention (42 min, FHS).  Selective attention, divided attention, and automaticity are considered in this video.  Examples of visual search and the Stroop effect are also shown.

Taste and Smell (1994, 25 min, IM).  The “forgotten senses” are given center stage in this look at allergies, taste buds, food perceptions, and the basics of olfaction and gustation.

Visual Reality (1994, 25 min, IM).  The structure and functions of the eye are explored.  The entire visual process, from color vision through brain processing, is also given a detailed look.

Visual Space Perception via Motion (1996, 20 min, IM).  This presentation looks at how humans perceive motion.  Drawing on binocular and monocular cues, depth perception, motion paradox, and global and local optic flows, it presents a broad overview of this topic.

m u l t i m e d i a

Web Investigations
Investigating Olfaction: The Nose Knows

Everyone has a funny (or even embarrassing) story to tell about olfaction. But consider what life would be like without a sense of smell.  Some people face this challenge daily because they have lost their sense of smell. This condition is called anosmia. Anosmia can be the result of a genetic condition, or it may result from a strong blow to the head.  In either instance, the olfactory pathway is disrupted and the sense of smell is diminished or even eliminated. 

The Web Investigations for this chapter begin with an examination of olfactory anatomy.  After students understand the anatomy of smell, they can then examine how smell enhances taste and may change moods.  Your students can also critically examine claims that smell can enhance sexual desire or be used in a therapeutic intervention.

Making Connections

The Nature of Sensation

Q  Neurons all "speak" the same electrochemical language. How does our brain distinguish between sights, sounds, smells, and other sensations? recognize variations in the same sensory mode?

A   The brain is able to distinguish between sights, sounds, smells, and other sensations because receptor cells are specialized to respond to only one form of energy, such as light waves (vision) or sound waves (hearing). Because different stimuli affect how many neurons fire, which neurons are activated or inhibited, and the rate at which they fire, the brain receives detailed information about the kind of stimuli the senses have received.

Q  What is sensory adaptation, and why is it important?

A   Sensory adaptation refers to the ability of our sense to adjust to the average level of stimulation in a given setting. For example, when confronted with a great deal of stimulation, our senses tune much of it out. Sensory adaptation allows our senses to remain attuned to environmental conditions without becoming overloaded.

Q  What is the evidence for and against subliminal perception?

A   A number of studies indicate that, in controlled laboratory settings, people can process and respond to information they are not consciously aware of. A review of over 50 studies found that subliminal presentations of comforting phrases tend to reduce negative feelings and promote recall of positive memories. However, in another series of studies, about half of a group of volunteers who used self-improvement tapes reported that they felt better about themselves, but objective tests detected no change. Moreover, volunteers who received a tape labeled "Improve Memory" reported improvement, even though they had actually received a self-esteem tape.

Vision

Q  What stimuli do our eyes respond to?

A   The receptor cells in the retina respond to different intensities of light and dark (rods) and to different wavelengths on the electromagnetic spectrum , or colors (cones).

Q  How do specialized receptor cells (rods and cones) contribute to light adaptation?

A   The sensitivity of rods and cones varies according to how much light is available. For the first 5 to 10 minutes after you go from a light to a dark place, the cones gradually become more sensitive to dim light. The rods continue to become more sensitive over the next 20 minutes. When you suddenly go from a dark to a light place, your rods and cones adapt to the increased stimulation in about 1 minute.

Q  How are light waves encoded (translated into signals our brain recognizes as images)?

A   Rods and cones are connected to bipolar cells. Interneurons link receptor cells to one another and bipolar cells to one another. Bipolar cells connect with ganglion cells, whose axons join to form the optic nerves. A single ganglion cell is connected to large numbers of receptor cells. It summarizes the information they collect and sends this coded message to the brain. The optic nerves send the information to different parts of the brain. In the cerebral cortex, are feature receptors, cells that are specialized to respond to particular visual signals, such as horizontal or vertical lines or movement. Information about different aspects of vision, such as movement or shape, goes to different but nearby areas of the visual cortex.

Q  How do the trichromatic and opponent-process theories of color vision complement one another?

A   Trichromatic theory proposes that the eye contains cones that are sensitive to red, to green, and to blue-violet. It explains how three primary colors can be combined to produce many different hues. It accounts for some types of colorblindness, but it cannot explain afterimages or why people with normal color vision never see colors such as reddish green or yellowish blue. Opponent process theory proposes that there are three pairs of color receptors: yellow-blue, red-green, and black-white. Each pair can relay information about one of the opposing colors at a time: the yellow-blue pair can process yellow or blue, but not yellow and blue together. This also explains colorblindness, as well as afterimages. Psychologists now believe that the two theories are both valid but operate at different stages in the visual process: there are three types of cones, as trichromatic theory proposed, sensitive to violet-blue, green, and yellow. Higher up the visual pathway, color appears to be coded as opponent-process theory suggests: different sets of neurons increase their rate of firing in response to brightness, to red or green, and to yellow or blue wavelengths.

Hearing

Q  What properties of sound waves enable us to recognize pitch, loudness, and timbre?

A   Pitch is related to frequency-the number of vibrations per second. Loudness is related to the amplitude, or height, of the sound wave. Timbre is related to the overtones produced by the sound wave, or the relationship between the frequency of the original sound wave and the frequency of the additional waves it produces.

Q  Explain the two major theories of pitch discrimination.

A   Place theory states a specific place on the basilar membrane is sensitive to each particular pitch. Frequency theory asserts that the frequency of vibrations of the basilar membrane as a whole is translated into an equivalent frequency of neural impulses. Because neural impulses are not as rapid as sound vibrations, this is modified by the volley principle, which states that several neurons firing together can send more rapid impulses than any single neurons firing alone.

Q  What are the most common causes of hearing loss, and how can they be prevented?

A   Major causes of hearing loss are injury, infections, smoking, and long-term exposure to loud noise. Hearing loss can be prevented by regular checkups to detect childhood infections, by use of earplugs or headphones, and by not smoking.

The Other Senses

Q  What are the main differences between common odors and pheromones?

A   Odors are detected by receptors in the olfactory epithelium. Signals are routed via the olfactory bulb to the temporal lobes and to the brain core. Pheromones are often odorless and are detected by receptors in the vomeronasal organ, which sends messages to a second olfactory bulb as well as to the hypothalamus and amygdala. Pheromones influence endocrine response and behaviors and provide information about another animal's status.

Q  How do psychologists distinguish between taste and flavor?

A   Flavor refers to the complex interaction between taste and smell. Taste refers to seven specific qualities of food that the taste buds can detect: sweet, sour, salty, bitter, astringent, umami, and fat.

Q  What are the functions of our kinesthetic and vestibular senses (and why do we need both)?

A   The kinesthetic senses provide information about the speed and direction of our movement in space. The vestibular senses provide information about our position in space (which way is up and which way is down). Both together allow us to be continually aware of our movements in relation to the physical world.

Q  How would the gate control and biopsychosocial theories of pain explain alternative approaches to pain control?

A   Gate control theory proposes a mechanistic view of pain. It would suggest that alternative approaches work stimulating the large nerve fibers to close the gate that controls transmission of pain signals to the brain. Biopsychosocial theory , which views the experience of pain as multifaceted, would propose that alternative approaches work by promoting the release of endorphins (biological), making people believe that their pain is eased (psychological), or by providing social support.

Perception

Q  What is the difference between sensation and perception?

A   Sensation is raw sensory data, such as signals for light intensity or sound frequency. Perception is the brain's interpretation of those raw data and their rearrangement into meaningful patterns.

Q  Is perceptual constancy "prewired" into the human brain, or does it require experience?

A   Perceptual constancy seems to require memory and experience. A person who has had no experience with depth perception will not recognize depth cues. Because we remember what something looks like (such as the shape of a person's face), we perceive that person's features even if other features have been superimposed into an image.

Q  How does binocular (or stereoscopic) vision improve perception of distance and depth?

A   Because our eyes are set in the front of our heads, the two visual fields overlap slightly. This allows us to perceive a three-dimensional image of the world and makes our judgments of depth and distance more accurate.

Q  How accurate is our perception of movement?

A   Our perception of real movement, especially movement of other human bodies, is highly accurate, because we perceive movement in terms of how an object's position changes against a background. We can be readily deceived, however, into perceiving apparent movement. Examples are the autokinetic illusion, created when, because of lack of a visible framework, we perceive motion in a single stationary object, and stroboscopic motion, in which we perceive movement in a rapid series of still images.

Q  What factors contribute to individual differences in perception?

A   Factors that contribute to individual differences in perception include motivation, values, expectations, cognitive style, culture, and personality.

Mind Matters

Sensory Transduction


If a tree fell in the woods and no one was around to hear it, would it still make a sound?  Who knows?  Who cares?  But that’s the principle behind transduction: the process by which the physical properties of a stimulus are converted into electrochemical signals that the nervous system can interpret.  This section of the Prentice Hall Mind Matters CD-ROM presents transduction and odor, taste, and sound, provides a review of ear structure and function, and gives the basics of sensory thresholds and psychophysics.  Along the way students can complete several activities and view movies illustrating the various principles.  If you have access to a computer classroom, you might find the simulation of the psychophysics experiment (illustrating thresholds and the just noticeable difference) a worthwhile exercise.

Sensory Adaptation


If lots of tress fell repeatedly in the woods, and you were around to hear them, would the last one sound as loud as the first?  Eh.  Sensory adaptation is a principle affecting all sensory systems, and this part of the CD-ROM illustrates this with examples color and motion afterimages, and perceptions of intensity of a visual stimulus.  This last exercise could be easily performed by your students in a computer lab, or completed at home and summarized in a brief report.

Sensory Coding


Sensory coding is discussed with reference to odor, sound, hearing, and sight.  Students will receive a review of place/frequency theory and the structures and functions of the eye.  The section on color mixing and color perception is useful for demonstrating the principles of color vision.  In fact, you might want to use this material as you discuss these topics.  A high-quality media projector should allow you to faithfully reproduce the colors resulting from additive and subtractive mixture.

Introduction to Perception


A review of Gestalt principles introduces the switch from sensation to perception.  Students can perform a sound perception task using the audio file on the CD-ROM.  Animations illustrating the Gestalt principles of proximity, closure, similarity, and continuity are presented.  Ask you students to review these basic perceptual principles, then provide their own examples of each one.

Perceptual Constancy


Perceptual constancy, especially visual constancy, is the focus of this section.  Students will be introduced to the principles of color, size, and shape constancy through a series of engaging animations.  Students should begin to appreciate the constructed nature of perception.  After completing this section, ask them to provide their own examples of each of these principles at work.

Perceptions as Decisions


Perceptions depend both on the stimulus and the response criteria of the perceiver.  This is illustrated through a presentation of signal detection theory, response bias, depth perception, and the perception of motion.  Lots of great animations accompany this material, such as demonstrations of the phi phenomenon, a simulation of signal detection, binocular and monocular depth cues, and a digital movie showing the perception of motion.  These activities can be used profitably during class or during a lab period, setting the stage for class discussion of perceptual principles and leading into a presentation of perceptual illusions.

Perceptual Illusions


The usual suspects have been rounded up: the Ponzo Illusion, the ambiguous woman, the Hermann Grid, and those creepy face-vases.  Students love perceptual illusions.  Students love them even more when they understand the Gestalt principles underlying them and the constructive nature of perception, which are presented in this section.  Include these illusions in your class presentation of this material.

Video Classics

Visual Displacement

synopsis: Experimenters in striped shirts illustrate a classic study from the days of Helmholtz.  A research participant dons goggles that displace her visual field by 14%, then tries to locate an object in space.  With a little practice she eventually learns to compensate for the displacement.  However, upon removing the goggles, a brief aftereffect lingers.  This clip is particularly helpful if you demonstrate this visual principle in class (see Goggles That Boggle in the Demonstrations and Activities section of this chapter).

Form a Hypothesis 

Q  How do you think the subject’s responses will change now? How do you think the knowledge of the inaccuracy of her responses will influence her pointing?

A  The woman will initially point to a space that her distorted visual perception leads her to believe is correct.  Accuracy feedback will improve her ability to point, such that she compensates and points to the rods actual location.

Test Your Understanding

Q  How is the person different from participating in this experiment?

A  Although previously psychologists believed that distorting goggles change the visual system, Harris concludes that the subject experienced a change in her positional or kinesthetic sense.

Q  How does perception develop in the newborn?

A  The newborn develops perception through repeated reaching and touching such that the sense of touch is essential to shaping vision.

Q  How does our perceptual set influence our interpretation of sensory input?

A  A perceptual set influences perception by ‘filtering’ sensory input through a sieve of perceptual expectations.  We perceive in ways consistent with these expectations.

Thinking Critically

Q  What is size constancy?

A  Size constancy refers to our understanding that something does not change in physical size even though the sensation of it may be altered by distance or orientation.  That is, even though it is sensed as larger or smaller, we perceive it as being a constant size.

Q  Is the capacity for size constancy present at birth, or do cultural and environmental influences play a role?

A  Research indicates that size constancy is greatly influenced by culture and experience.  The story of the Mbuti guide Kenge, described in the text, shows that experience with distance is necessary for the development of size constancy.

Web Links

1. http://psych.hanover.edu/Krantz/scn_tut.html

Sensation and Perception Tutorials.  These demonstrations and exercises are helpful starting points for familiarizing your students with the basic principles of sensation and perception.

2. http://mentalhelp.net/guide/pro20.htm

Sensation and perception websites, described and rated by Mental Help Net.  Peruse these for lecture suggestions, images, and other enhancements for your course presentations.

3. http://www.socsci.uci.edu/cogsci/vision.html

Vision Research WWW Servers provides an alphabetized list of vision research websites.  Explore these yourself, or direct interested students who want to know more to them.

4. http://insight.med.utah.edu/Webvision/index.html

Webvision shows and discusses the organization of the retina in great detail.  If you discuss this topic in great detail, this is the site for you (or, is it the “sight” for you?).

5. http://www.accessexcellence.org/AE/AEC/CC/vision_background.html

How We See: The First Steps in Human Vision. This is a detailed text website complemented by helpful diagrams that explain the nature of human vision.  Also, you can use the URL as a vision test in itself.  See how quickly your students can decipher the CAPITALS, underscores, and runtogetherwords.

6. http://online.anu.edu.au/ITA/ACAT/drw/PpofM/INDEX.html

Outlines and described the physics and psychophysics of sound and the physiology of hearing.  Point your students to this site for a helpful review of the basic concepts underlying the sense of hearing.

7. http://coglab.psych.purdue.edu/coglab/

Coglab offers demonstrations for various perception and imagery concepts.  Use these during your lectures  to demonstrate concepts that might be difficult to describe verbally.

8. http://www.vision3d.com

Contains links to 3-D eye exercises, vision therapy, optical illusions, and those Magic Eye 3-D things that seem to keep hanging around.  Also explains some disorders related to vision.  Have your students review this site as a starting point for discussing the basic principles of visual perception.

t r a n s p a r e n c i e s

Series V

26.
Sensory Thresholds
The details of how to spot a sensory threshold are revealed.  A good introduction to basic concepts of psychophysics.

27.
The Electromagnetic Spectrum
The range of energy, visible and nonvisible, is depicted.

28.
Cross Section of the Human Eye
The anatomy of the human eye is shown.

29.
Components of a Sound Wave
Hertz, vibration, amplitude…the gang’s all here.

30.
How We Hear
The process of hearing, from sound wave to cochlea to basilar membrane, is illustrated.

31.
Human Olfactory System
The sense of smell and the processes that accompany it are depicted.

32.
Structure of a Taste Bud
Sensory receptors for sour, salty, and bitter tastes are shown.

33.
Skin Receptors
The receptors on the skin are represented.

34.
Ambiguous Figure-Ground Relationships
The typical figure-ground relationship is clouded in these ambiguous figures.

35.
Gestalt Principles of Perceptual Organization
Proximity, similarity, closure, and continuity are illustrated in this transparency.

36.
The Relationship Between Distance and the Size of the Retinal Image
The closer an image is to the eye the larger the image cast on the retina.

37.
Monocular Cues for Depth: Interposition, Linear Perspective, and Elevation
These elements of depth perception are shown in a pair of illustrations.

38.
Monocular Cues for Depth: Texture Gradient and Shadowing
Texture gradient and shadow provide cues for depth perception.

39.
Monocular Cues for Depth: Motion Parallax

The differences in relative movements of retinal images as we move are shown.

Text Figures

3-1.

Determining a Sensory Threshold
3-2.

A Cross Section of the Human Eye
3-5.

The Electromagnetic Spectrum
3-16.
A Decibel Scale for Common Sounds
3-17.
The Process of Hearing
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