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Sensation and Perception I:  Introduction, Olfaction, Gustation, Audition, and Psychophysics



Introduction


We are surrounded by a world full of many different energies and substances, and as we move through this world and it passes around us, we come into contact with the energies and substances.  Natural selection has equipped us with means to detect the presence of some of those energies and substances, those whose detection has been most important for the survival and reproductive success of our ancestors.  I shall refer to those energies and substances which we can detect as “stimuli.”  Natural selection has equipped other species with the means to detect other energies and substances, again, those whose detection were most important for their ancestors.  The “Umwelt” of an organism is the sensory world in which it exists, which is determined by the sensory apparatuses with which it has been equipped.  Generally, species which are closely related will have similar Umwelten.  We humans are able to detect some energies and substances that some other species cannot, but we also are unable to detect many substances and energies that some other species can.  For example, pigeons have a magnetic sense which helps them navigate.  We are not equipped with a sensory apparatus, but we can go buy a compass.


When we study sensation, we study the means by which organisms become aware of those energies and substances their bodies and brains can detect.  For example, when I take a sip of a good, single-malt Scotch, what is it that causes me to have that pleasant experience as I roll the Scotch around my mouth and then swallow it?  Without doubt, there are several sensory systems involved in this experience, involving sensory organs in my mouth and in my nose.  We shall study some of those sensory organs.  When we study perception, we study how sensory information is interpreted.  It is generally assumed that this interpretation takes place in the brain rather than in the peripheral sensory organs, but, in fact, the sensory organs themselves already be extracting “information” from the raw sensory data before delivering it to the brain.  As Gray notes, the distinction between “sensation” and “perception” is fuzzy.


The process of sensation starts when an energy or substance falls upon a sensory receptor which is able to detect it.  We usually think of these sensory receptors as being on or near the outside surface of our bodies (like our eyes), detecting external stimuli, but, in fact, many sensory receptors exist deep within our bodies, detecting important internal stimuli, such as blood pressure.  Some sensory receptors are simply specialized endings of sensory neurons.  Other sensory receptors are separate cells, specialized to detect one or another type of stimulus.  Such receptors connect with sensory neurons, which then transmit the sensory information to the CNS (central nervous system).


Transduction is the process by which a sensory receptor converts a physical energy or the presence of a physical substance into the electrochemical energy that used to transmit energy in our nervous system.  This process is generally quite similar to the process we studied earlier when talking about how one neuron transmits information to another neuron.  Stimuli produce receptor potentials in the sensory receptor, much like a graded potential are produced when a neurotransmitter contacts a receptor site on a post-synaptic neuron.  Receptor potentials may add together to produce an action potential in the axons of sensory neurons.  It is these action potentials that carry sensory information to the CNS.


Coding refers to the means by which information about the intensity and the quality of stimuli is transmitted to the CNS.  Intense stimuli produce a higher rate of action potentials sent to the CNS.  Qualitative information is generally coded by having different receptors react to different qualities in the stimulus -- for example, our tongue has some receptors that react primarily to sugars, while others react primarily to acids.


Sensory Adaptation.  Some sensory receptors (not all) show reduced sensitivity to a stimulus that is present for a considerable time.  For example, our olfactory (smell) receptors adapt rather quickly.  If you go into a stinky lavatory, the smell may be awful for a few minutes, but, if you can stick it out, after a few minutes you do not notice it anymore.  For our ancestors, changes in smells were much more important than the mere presence of smells, so we evolved such a sensory adaptation mechanism for our olfactory sense.  Olfactory sensory adaptation may, in part, explain an offensive behavior of some persons -- those who put so much perfume or cologne on themselves that everybody else tries to get away from them.  These persons adapt to the perfume they have applied to themselves, and may apply more and more in an attempt to smell good, not knowing that they are making themselves smell much too strongly to others.  Some sensory receptors do not adapt.  For example, those that sense blood pressure or the level of oxygenation of the blood do not adapt, for good reason.  For some sensory systems, sensory adaptation may take place in the CNS rather than in the sensory receptor -- after a period of unchanging stimulation, the brain may just start ignoring it.

Olfaction (The Sense of Smell)


My Special Interest in Olfaction.  I have always been especially interested in the smell of things, even as a child.  I have always liked to stick my nose into everything.  In graduate school, my research involved the effects of early olfactory experience on adult behavior, especially behavior that is influenced by scents.  Ironically, I have had, for many years now, an inflammatory condition that causes me to be anosmic (no sense of smell) unless I have inhale steroids twice a day, inject myself with special serum once a week, have intramuscular steroid injections a couple times a year, and have surgery occasionally.  Even with all this medical treatment, I am anosmic a few months a year.  In the past, I have had times where I was anosmic for years.  You know, there are many things that you don’t really appreciate until you loose them -- and then when you get them back, wow, that is a peak experience.  Having traveled back and forth between the world of anosmia and the world of normal olfaction, I am very appreciative of the olfactory sense.


People who are anosmic usually do not talk about it and do not seek medical treatment -- because of this, the frequency of anosmia is, IMHO, greatly underestimated (see http://personal.ecu.edu/wuenschk/anos-freq.htm).  Internet technology has provided a way for persons with anosmia to come together and talk about their condition.  I am the webmaster of an Internet site which contains a number of documents about anosmia and links to Internet resources about anosmia.  I participate on a regular basis in one of the discussion groups for persons with anosmia, and have learned a lot about anosmia as a result of that participation.

Persons with anosmia can be conveniently divided into two groups.  Those with congenital anosmia were born anosmic or developed anosmia so early in life that they do not remember ever having a sense of smell.  These persons can no more what it is like to have a sense of smell than I can know what it is like to have the electromagnetic sense of a pigeon.  They do have to learn to deal with insensitive others and their inability to detect scents that signal danger, like the scent of spoiled food or the odorant added to natural gas.  Other persons have acquired anosmia later in life, and can remember what it is like to be able to smell things.  There are a variety of causes of such anosmia.  Sometimes it is caused by an accident, such as an auto accident leading to trauma of the brain that severs nerves leading from the olfactory receptors to the brain.  A few persons have accidentally inhaled substances that destroyed their olfactory receptors.  Quite a few people have had a viral infection that somehow destroyed their olfactory sense.  I do not really understand how the viral infection does this, but I have seen that some persons recover from this (usually after going through a nasty period during which they suffer badly from smell distortions -- for example, food smelling like auto exhaust) and some do not.  Others, like me, have an inflammatory condition, something like an allergy, which causes the tissue in our noses to swell up and causes polyps to grow in our sinuses.  There seems to be connection between this condition and asthma (which I had as a child) and sensitivity to salicyates, chemicals found in many foods and drugs, most notably, aspirin.  If you have a special interest in anosmia, check out my web page at:  http://personal.ecu.edu/wuenschk/anosmia.htm.


Olfactory Receptors.  Scented air contains molecules of substances (I’ll call them “scent molecules”) which are capable of stimulating the olfactory receptors found in the olfactory epithelium high in the nasal cavity.  Such air may reach the receptor surface by being inhaled through the nose or by being pushed up from the mouth when chewing and swallowing.  If anything prevents the scented air from reaching the olfactory receptor surface, then olfaction will be blocked.  My condition may result, at least in part, from my airflow not being able to reach the receptor surface.  The human has approximately 10 million olfactory neurons, each of which has one of approximately 1000 different types of receptors.  Different types of receptors respond differently to the various substances that can stimulate olfactory receptors.  The unique qualify of a particular scent is produced by the pattern of activation of these various types of receptors produced when the scent molecules stimulate olfactory receptors.  When a scent molecule contacts an olfactory neuron, it produces an electrical charge in the receptor.  The information contained in such electrical charges is carried to the brain by action potentials traveling on axons that pass through tiny holes in the cribriform plate, the thin bone between the nasal cavity and the olfactory bulb of the brain.  My anosmia may result, in part, from inflammation pinching these axons as they pass through the cribriform plate.


The Olfactory Bulb.  Within the olfactory bulb are structures called glomeruli, where incoming olfactory neurons connect with secondary neurons.  Each glomerulus receives connections from several thousand olfactory neurons, all of the same type.  From the glomeruli, the secondary neurons carry olfactory information to various parts of the brain, especially the limbic system, hypothalamus, and to the primary olfactory area of the cerebral cortex (the orbitofrontal cortex, on the underside of the frontal lobe).


Flavor.  Most people use the word “taste” to refer to the flavor of foods, but psychologists prefer to reserve the word “taste” to the sensations produced by the chemoreceptors (receptors that respond to chemical molecules) in the mouth.  Several senses affect the flavor of foods, including the tactile senses (what the food feels like in the mouth), pain (peppers and other spicy foods), and even sound (crunch, crunch) and vision (one psychologist at the Univ. of Penn. did research showing that the flavor of brownies is affected by their shape -- they don’t taste good when they are shaped like doggie doo).  As one who has experienced flavor both with and without the contribution of olfaction, I can assure you that flavor without olfaction is like seeing a rainbow in black and white.  For an extended discussion of the contribution of olfaction to flavor, go to http://personal.ecu.edu/wuenschk/taste.htm.


Five Senses of Smell.  The olfactory system is the primary, but not the only, sensory system involved in detecting chemicals in the air.  Mammals have four other sensory systems that can detect such chemicals (see http://personal.ecu.edu/wuenschk/Chemoreceptors.htm).  Perhaps the most interesting of the secondary systems is the vomeronasal system.  In snakes, the vomeronasal organ is located in the roof of the mouth.  Snakes’ forked tongue collect scent molecules from the air and deposit them into this organ.  In mammals, this organ is found in the nasal cavity.  It is much like a tube filled with mucus, with cilia beating within pushing the mucus out of the tube.  To get to the sensory receptors within the tube, scent molecules must somehow go against the flow of this mucus.  A behavior known as Flehmen helps bring the scent molecules to the receptors.  Typically the animal lifts its chin up, wrinkles its nose, and opens it mouth.  It may even snort a bit.  Stallions are especially likely to exhibit Flehmen when a nearby mare is urinating, and he may even stick his snout into the stream of urine.  Since the vomeronasal organ is specialized to detect hormones and hormone-like substances, this allows the stallion to determine whether or not the mare is near ovulation.  If she is near ovulation, he will be sexually aroused.  For more details on the vomeronasal organ, see http://www.neuro.fsu.edu/research/vomer.htm.


Pheromones.  Karlson proposed the term "pheromone," from the Greek "pherein," to transfer, and "hormon," to excite.  He defined pheromones as "substances which are secreted to the outside by an individual and received by a second individual of the same (or closely related) species, in which they release a specific reaction, for example, a definite behavior or a developmental process."  Hormones carry information from one body organ to another, pheromones carry information from one individual to another.  Sexual attractant pheromones have been well researched in insects, partly because of the potential to kill insect pests with sexy smelling traps.


I have been involved with the study of the effects of biological scents upon mammalian behavior.  There has been much debate about whether substances identified as putative pheromones for mammals fit Karlson's definition.  Critics such as R. L. Doty object that mammals' responses to biological scents are less specific and more modifiable by context and experience than are insects' responses to pheromones.  Although it has now been established that insects' responses to pheromones are less specific and more context- and experience-dependent than earlier thought, some choose to use the alternative term "semiochemical" to avoid the controversy.  Proposed by F. W. Regnier, the term refers to a "signal chemical" -- any chemical that carries information from one organism to another. I shall use “pheromone” here because it is the more commonly employed term among psychologists.


Pheromones come from skin glands, kidneys, reproductive accessory glands, the vagina, intestines, urethras, and probably other glands as well.  Many are produced by the anaerobic fermentation of pouched substances.  Some are isolated from the species' foodstuff, especially in monophagous insects.  If you crush an oak leaf and wipe the juice on a glass rod and then present the rod to a male oak leaf roller (caterpillar) it will attempt to copulate with the rod.  Apparently female oak leaf rollers extract their sex-attractant pheromone from the oak leafs they eat.


Pheromones are received by the primary olfactory system, the vomeronasal system, taste, inhalation, absorption through the skin, and various chemoreceptors.


Releasers produce fast acting effects , an immediate behavioral response via neural mechanisms.  These include:


1.
Attractants and repellants -- may attract or repel conspecifics or contraspecifics with such function determined by the social, sexual, parental, and emotional status of emitter and receiver.  Included in this category are: Sexual attractants, which often indicate both sex and reproductive status; maternal pheromones, which may also direct and stimulate nipple attachment; fear scents, which indicate the stress level of the emitter; and social status scents, indicating dominance status of the emitter.  There are even scents that reveal whether or not the emitter has recently been rewarded or frustrated.


2.
Aggression‑inhibiting and promoting scents -- for example, an androgen dependent urinary pheromone that promotes intramale aggression in mice and estrogen-dependent pheromones that inhibit aggression.


Primers produce slow acting effects -- they initiate slow, long-term physiological/developmental responses via hormonal mechanisms.


1.
Puberty inhibition -- a pheromone produced by grouped females inhibits the sexual maturation of young female mice. (Drickamer).  May be similar effects of an adult male on subadult males.


2.
Puberty acceleration -- an androgen‑dependent urinary pheromone accelerates puberty in female mice.  (Vandenbergh) There may be a similar effect of adult females on young males.


3.
Estrus-suppression -- a pheromone produced by grouped mice suppresses normal estrus (Lee‑Boot)


4.
Estrus-induction -- an androgen‑dependent urinary pheromone that induces estrus in females and may synchronize their estrus cycles (Whitten)


5.
Pregnancy blocking -- exposure to the scent of a strange male in the absence of the scent of the original stud can induce abortion even up to day 15 of a 21 day pregnancy.


6.
Adrenal Hypertrophy -- I have demonstrated that mere exposure to the scent of crowded males is fully sufficient to produce the adrenal hypertrophy previously assumed to result from the high stress levels accompanying increased fighting in crowded populations of mice.

Human pheromones?  Research here is quite tricky, with most subjects having learned to label any detectable body odor as offensive.  Also, the context provided by the laboratory and laboratory techniques, such as Doty's tampon-sniffing procedure, may destroy what effects there are.  The author of our textbook remains skeptical regarding the presence of pheromones in humans, but he does acknowledge that we do have the sort of scent-producing glands that are associated with pheromones in other animals and he does acknowledge the existence of a human pheromone that synchronizes menstral cycles in women who are housed together.

There are reports that suggest that pheromones produced by men can shorten and regularize estrus cycles and induce intramale aggression.  The boar pheromone, androstenol, which is excreted in the urine and axillary (armpit) sweat by male humans and boars, has been reported to attract women, repel men, make subjects rate women's photographs more sexy and attractive, increase frequency of copulation in exposed subjects, and even affect raters' judgments of the desirability of various candidates for a university position!

One can buy androstenol in a spray can at agricultural supply stores.  Hog farmers use it to make sows sexually receptive.  When the stud male is ready to do his duty (and time is important, especially if the stud has been rented by the hour), the farmer sprays the sow with the androstenol, inducing the lordosis (arched back posture, presenting the genitals for copulation) necessary for the stud to copulate.  There have been reports of researchers testing such sprays in various public locations.  For example, some have sprayed some of the seats in a theater with androstenol or some of the public telephones in a lobby with androstenol and then observed who uses these telephones.  They reported that women were more likely to sit in the sprayed seats or use the sprayed telephones than were men, who were more likely to use the unsprayed items.  Some have even speculated that androstenol's intramale‑aggression promoting properties is partly responsible for the fights that so often break out in the stands at English soccer matches -- you see, the men are drinking a lot, and there are inadequate toilet facilities, so they just urinate in the stands, and the androstenol in that urine promotes aggression in the men (they get p'd o). 


By the way, Jovan has marketed a cologne, named Andron, which contains androstenol.  I find it curious that Americans spend millions on axillary deodorants and antiperspirants and then turn around and spend more to restore the odor!  Even more amusing is the fact that Jovan has put androstenol, which is supposed to attract women and repel men, not only in colognes marketed for men, but also in one they sell for women to wear!  The label just says that it is a "sex pheromone."


If you are interested in doing additional reading on the topic of pheromones in humans, check out the web pages at http://www.pheromones.com/pheromones2.html and http://www.pheromones.com/ -- you will find references to many articles and links to abstracts of the information in those articles.  Do, however, be a critical reader, especially when it appears that the authors may be pitching a communication that is intended to change your behavior in ways that could add money to their pockets.

Gustation (Taste)


The gustatory sensory system starts with receptors located in the mouth (or, in flies, on the feet, or with fish, all over their bodies).  Like olfaction, gustation is a chemical sense, since the receptors are stimulated by contact with certain substances.  A typical human has between 2,000 and 10,000 taste buds, with each taste bud containing 50 to 150 receptor cells.  Some substances, once dissolved in saliva, will, when they contact the gustatory receptor cells, initiate an electrical potential.  If such stimulation is sufficiently intense/frequent, then the gustatory cells produce action potentials.  The information contained in these action potentials is conveyed to secondary neurons, which carry that information to the brain.


Five Types of Gustatory Receptors.  Each type of receptor responds most intensely to particular types of substances.  Salt receptor cells respond primarily to metallic salts, such as sodium chloride (common table salt).  Sodium chloride is absolutely essential for human health.  Our ancestors typically faced shortages of salt, and accordingly natural selection has equipped us with mechanisms which enable us to detect salts in our foods and prefer such foods.  Unfortunately, our appetite for salt now causes us to eat too much salt, since we have learned how to obtain plenty of salt from our environment.  Sweet receptor cells respond primarily to sugars (and some other substances, such as saccharine).  Such substances are generally rich in calories, and, again, natural selection has equipped us with a mechanism to detect them and an appetite for them.  As with salt, this appetite served our ancestors well, since they lived in a “feast or famine” environment, but this appetite does not serve us well, since we now live in a “feast and then feast again” environment.


Sour receptor cells respond primarily to acids.  While a moderate level of acid in  our food tastes good to us, and some acids are good for our health (ascorbic acid, for example), high levels of acid made a food undesirable.  Bacterial decay may cause foods to taste sour, and such foods, when eaten, can cause illness.  Accordingly, our avoidance of very sour foods is adaptive.  Bitter receptor cells respond to a variety of different substances (many of them alkaloids) that are generally toxic to humans.  These substances can be found in some plants and even in some animals, and they function to protect those plants and animals from predation.  Our bitter receptors serve us by making those plants and animals taste bad to us.  That said, I must add that some of us (perhaps through learning) actually prefer a little bitterness in our foods.  For example, I just made a new batch of my famous homemade stout (dark, bitter beer).  I added strong hops tea to give it the bitterness that I like in a stout.


There is a fifth type of gustatory receptor cell associated with the taste known as umami.  These receptors respond primarily to amino acids, and thus may be considered to be protein receptors.  Of course, protein is necessary for our health, and accordingly, natural selection has provided us with these receptors and a desire to stimulate them.  In Japanese, “umami” means “yummy.”  Glutamic acid is one amino acid known to stimulate these receptors well.  Asian food often contains the chemical monosodium glutamate (MSG) which makes food taste yummy.

Pain


Why Pain?  Pain has evolved to motivate us to withdraw from and to avoid events that damage our body and to reduce use of portions of our bodies that have been injured (so that they can heal more quickly).  Individuals born without the ability to feel pain typically die young -- they do not respond appropriately to tissue-damaging events, and accordingly suffer life-threatening injuries.  A child with such a disorder is not even motivated to avoid chewing up his tongue, as if were just a piece of meat in his mouth.


Pain Receptors.  Pain receptors are found in the skin, teeth, muscles, internal organs, and around joints and bones.  Unlike the receptors for other bodily senses (such as temperature), pain receptors are not encased in special capsules.  They simply have specialized free nerve endings which respond to painful stimuli.

A-delta fibers are rather thin and myelinated, and respond to strong pressure (like a puncture wound) and to hot and cold.  If you burn or puncture your skin, the A‑delta fibers send information to the brain that results in your feeling a “first pain,” an intense, localized, sensation.  By the time you feel this pain, your body has probably already made a reflexive withdrawal response.  The pain gets your attention rather quickly, so that you take appropriate steps to continue to withdraw from the source of the pain and make plans to avoid it in the future.

C fibers are very thin and unmyelinated.  These fibers respond to a large variety of painful stimuli, including the peripheral pain chemicals that are released by tissues that have been damaged.  Signals on C fibers are transmitted to the brain more slowly than are those carried on A-delta fibers.  When those signals reach your brain, you suffer a “second pain,” which is more diffuse and persistent.  Such persistent pain serves to motivate you to avoid using the damage area, so it can heal.  It may also help you learn not to do the things that produce such suffering.


Brain Pain.  Brain tissue does not have pain receptors, but it is the arrival in the brain of signals from pain receptors that causes you to feel pain.  In fact, humans can even feel pain in a limb that has been amputated long ago, “phantom-limb pain,” if something stimulates activity in the area of the brain that previously received pain signals from that limb.

When pain signals arrive in the somatosensory area of your parietal lobe, you feel the pain and are able to locate from where it comes (but if it comes from an internal organ, you may be mistaken about the source of the pain).  Activation of the insular cortex in your frontal lobe providest the immediate motivational effects of pain.  If this area is damaged, one can feel the pain, but is not motivated to escape it.  The prefrontal lobe (foremost part of the cerebral cortex) is involved in planning, including planning to avoid pain.  With damage here, you might recognize that certain activities cause pain, but just not worry about it and not take steps to avoid it.

The “Pain Gate.”  In the brainstem and upper spinal cord there exists a “gate” which functions to allow or disallow pain signals to be transmitted upwards.  If the signals do not get transmitted upwards, you feel no pain.  Higher areas of the brain control this gate.

Enhancing Pain.  If you have a body-wide illness, like the flu, signals travel down from higher brain centers to open up this gate and make you feel lousy all over.  This motivates you to rest, so you can better fight the infection.  If a particular part of your body has been badly injured, it will send intense and continuing signals to the brain.  The secondary neurons carrying this information become sensitized by such repeated stimulation, making the pain even worse.  This functions to motivate you to avoid using that part of your body until it heals.

Reducing Pain.  The PAG (periaqueductal gray area of the midbrain) can close down the pain gate, alleviating the sensation of pain.  Endorphins, which are produced naturally in the brain, and similar externally produced analgesics, such as morphine, affect the PAG by increasing its gate-blocking activity.  Endorphins can also be produced by the pituitary and adrenal glands, from where they can be distributed throughout the body as hormones.  This accounts for the phenomenon of stress‑induced analgesia.  Among the various demonstrations of this phenomenon are analgesia in rats produced by the sight of a cat and analgesia in students produced by an examination in mathematics.  Endorphins released in response to stressful activities such as marathon-running and sky-diving may account for the addictive quality of such activities -- we do them to get the high that follows them.  Endorphins may also be involved in some cases of “belief-induced analgesia,” including effects of placebo drugs.

Audition (Hearing)
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Intensity.  Physically, sound is the vibration of air (or other medium).  This energy can be conceptualized as traveling in wave-form, much like the waves from a stone thrown in a pond.  On the left is a picture of a “sine wave.”  I produced this picture mathematically, but a pure tone of the correct timbre would produce a graph like this if we measured the physical energy of the sound across time.  The height of the curve, the vertical distance from one peak to one valley, is the amplitude of the wave.  The amplitude of these waves corresponds to the physical intensity of the sound, the pressure exerted by molecules pushing against one another.  Differences in the physical intensity of sound waves contribute to differences in our perception of how loud the sounds are.  The weakest sound that a normal human can reliably hear is 2 x 10-5 newtons per square meter, which is called one sound-pressure unit, P.  This intensity of sound is called the absolute threshold.

The intensity of a sound is measured in most often measured in decibels, a scale that takes into account the logarithmic relationship between the physical intensity of a sound and the psychological sensation (Fechner's law, to be discussed later).  The loudness of a sound in db = 20 * log10(P).  An absolute threshold sound, P = 1, is zero db in loudness.  A 20 dB sound (soft whispering) has a physical intensity 10 times that of an absolute threshold sound, a 40 db sound has a physical intensity 100 times that of an absolute threshold sound.  Normal conversation is about 60 db, which is 1,000 times the physical intensity of an absolute threshold sound.  Chronic exposure to sounds as loud as jets taking off (140 db) or rock bands (as much as 160 db) can permanently damage hearing.  Even short-term exposure to very loud sounds can be painful and cause damage.


Frequency.  The frequency of the wave is how many times it cycles, from one peak until the next peak, in one second.  The unit of measure is the Hertz (Hz), which is the same as cycles per second (cps).  Differences in the frequencies of sound waves produce differences in our perception of the pitch of sound waves.  Humans can hear sound‑waves with frequencies from about 20 to 20,000 Hz.


Shape of the Waves.  With electronic equipment, we can generate sound waves with a variety of different shapes, not just the shape of the sine wave shown above.  The exact shape of the sound wave contributes to our perception of the timbre of the sound.  Natural sounds typically contain a rich mixture of many different pitches and timbres.


Ears.  Not all animals with hearing have ears.  Moths, for example, can detect sounds through special touch receptors on patches of their skin that vibrate when exposed to sound energy.  In mammals these special membranes and receptors are found in the ear.  The ear can be conveniently divided into three areas (see Gray’s Figure 7.12).  The pinna of the outer ear funnels sound into the auditory canal, which ends on the eardrum.  Sounds make the eardrum vibrate.  The middle ear is an air-filled space with tiny bones (the ossicles:  hammer, anvil, & stirrup) that further funnel the vibrations from the eardrum to the oval window of the cochlea.  With age, the ossicles may get so rigid that they no longer effectively transmit sound from the eardrum to the oval window, producing a loss of hearing.  This is known as conduction deafness.  A conventional hearing aid, which amplifies the sound coming into the ear, can help in this case.

The cochlea (see Gray’s Figure 7.13), in the inner ear, is shaped like a snail (“cochlea” is derived from the Greek word for “snail”).  Vibrations on the oval window are transmitted through fluid in the outer duct of the cochlea, which winds around the snail-turns and then back again to the round window, a membrane close to the oval window.  There is a second fluid-filled duct in the cochlea, the inner duct, which is lined with the basilar membrane.  The basilar membrane contains the receptor cells, known as hair cells.  The tiny hairs (cilia) of these cells run up against another membrane in the inner duct, the tectorial membrane.  Vibrations of the fluid in the outer duct cause the basilar membrane to move up and down, making hairs bend as they push up against the tectorial membrane.  Bending of the hair cells produces an electrical charge in the hair cells and then neurotransmitter release onto auditory neurons which convey the information to the brain.  If these hair cells, or other structures in the cochlea are damaged, sensorineural deafness may result from an inability to transduce vibratory energy in neural energy.  In this case, hearing may be restored by a cochlear implant, a device which takes over the job of transduction.
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Place Theory of Pitch Perception.  Sound waves entering the ear produce waves on the basilar membrane.  As such a wave moves along the basilar membrane, it increases in amplitude up to a maximum and then quickly drops off.  There is a close correspondence between the frequency of the sound and the point on the basilar membrane where the maximum is reached.  High frequency sound-waves reach their maximum quickly, and thus do not travel far.  The brain interprets this pattern, rapid firing from neurons associated with the first part of the basilar membrane and then no firing from neurons associated with the latter part of the basilar membrane, as high pitched sound.  The basilar waves from low frequency sounds will travel nearly the entire length of the membrane, peaking near its end.  The brain interprets the pattern of neural firing accompanying this event as low pitched sound.

Auditory Masking.  It is a lot easier to block out a high pitch sound with a low pitch sound than vice versa.  Recall that a high frequency sound produces a wave that peaks early and does not travel far down the basilar membrane.  A strong, low frequency sound can produce a wave that overrides the high pitch sound on that short portion of the basilar membrane the high pitch wave travels.  A strong high pitched sound does not, however, travel as far on the basilar membrane as does a low pitched sound, and thus is not effective at masking it.  Gray’s Figure 7.15 illustrates this nicely.
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Species Differences.  Across species there is a loose association between size of the cochlea and ability to hear low versus high frequencies.  The larger the cochlea the better low frequency hearing and the worse high frequency hearing.  One might expect this from the place theory of pitch perception -- to code a low frequency sound, one needs to have a wave that travels a long distance on the basilar membrane, which should require a big cochlea.

Some have speculated that since men have cochleas somewhat larger than those of women, men are more sensitive to low frequency sounds and less sensitive to high frequency sounds than are women.  For years the stereo industry focused on faithfully reproducing low frequency sounds, but paid little attention to the high frequency sounds.  Now that women buy a substantial proportion of stereo equipment the industry has started attending to the faithful reproduction of high frequency sounds too.


Cats and dogs, whose cochleas are smaller than humans', hear very high frequency sounds that we cannot hear.  This is why you can whistle your dog with one of those ultrasonic whistles.  It also explains why your cat freaks out when you turn on the vacuum cleaner. Although vacuum cleaners produce lots of noise in the range of frequencies we can hear, they produce even more in the ultrasonic frequencies your cat can hear, enough to be frightening or even painful.

Bats can produce and hear very high sounds.  They listen very carefully to echoes from their high frequency chirps and can detect objects very well by this means.  This is essentially the same mechanism (sonar) that submarines use to navigate under water.  The initial research which demonstrated this remarkable ability in bats involved having bats fly around in a dark room from which there were many obstacles hanging from the ceiling.  They had no problems with this task, until the researcher turned on a device that produced noise of the same frequency used by the bats to navigate.  The bats then came crashing down to the floor as they ran in to the obstacles.  Moths, by the way, can detect these high frequencies too.  When they hear them, they take evasive measures which reduce the probability that the bat will catch them.


Frequency Theory of Pitch Perception.  For sound waves of 4,000 Hz and less (which is typical for speech), a second mechanism is involved, providing superior discrimination of pitch.  With this mechanism, auditory neurons fire at the same rate as the frequency of the sound, and the brain interprets low rates of firing as low pitch, and higher rates of firing as higher pitch.


Sound Location.  How can you tell from which side, left or right a sound comes?  The two important factors seem to be differences in timing and intensity between the sensations coming from the left versus the right ears.  For example, sound coming from the left side arrives in your left ear a little sooner than in your right ear and is a bit more intense in your left ear than in your right ear.  Your brain interprets these differences in sensation from the two ears as resulting from the sound having come from the left side.


So, how can you tell whether a sound is coming from in front of you or behind you?  Here we may need to move our heads a bit to know for sure.  For example, if the sound is coming from the front, and if you move your head to the left a bit, that will make the sound arrive at your right ear a bit sooner and more intensely than at the left ear, and that is all the brain needs to make the discrimination.  The pinna of the outer ear may help too, altering sound waves a bit differently for sounds coming from the front than for those coming from the rear.  Some animals (bats, rabbits) have pinnas that are large and can be moved, allowing them to localize sound better than we can.
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Phonemic Restoration.  Many years ago Gestalt psychologists demonstrated that our brains fill in the missing pieces to make a meaningful perceptual whole.  For example, consider the visual stimulus at the right.  You probably have no trouble seeing my first name there.  Gray (pages 262 and 263) discusses a similar phenomenon involving our perception of spoken language.  Subjects listen to a doctored recording of a sentence.  One phoneme (basic unit of spoken language, vowel or a consonant sound) was removed and replaced with a coughing sound.  Subjects’ brains automatically restored the missing phoneme in a way that made sense given the context before and after the missing phoneme, and were not aware that any phoneme was missing.  In fact, when asked to find the missing phoneme they could not, even after listening to the tape over and over.  Consider the following example sentences, where the # represents the missing phoneme:

· The #eel was on the orange.

· The #eel was on the shoe.

· The #eel was on the axle.

The fact that subjects used context provided by words that followed the missing phoneme is evidence that our brain holds the sounds of words in a special memory for a short time before it translates those sounds into meanings.

Psychophysics


Psychophysics is the study of the relationship between physical reality and the mind.  I consider this subject to be at the intersection among psychology, philosophy, and mathematics.  The best known persons in the historical origins of psychophysics are the Germans Ernst Weber and Gustav Fechner.
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Absolute thresholds.  An absolute threshold is the smallest amount of a physical energy necessary for a human to be able to detect it reliably.  Suppose we wanted to determine your absolute threshold for hearing sounds with a frequency of 5,000 Hz.  We would present you with repeated trials, each time presenting a 5,000 Hz tone, but varying the intensity from trial to trial.  On each trial you would report whether or not you could hear it.  The results would be similar to those presented in Gray’s Figure 7.19, shown to the right.
Notice that the relationship between intensity and the subject’s report is probabilistic.  The weaker the intensity, the less likely the sound was reported as having been heard.  We deal with this uncertainty by defining the absolute threshold as the intensity which is reported to have been heard 50% of the time.

Audiograms.  If you have your hearing tested, the sounds you hear will vary across trials in both frequency and intensity.  Typically the absolute thresholds are smaller for the frequencies common in speech and higher for frequencies outside of that range, as shown in the audiogram at the right, Gray’s Figure 7.18.


Weber's Law. The amount by which one must increase the physical intensity of a stimulus for that increase to be just barely noticeable is known as a JND (just noticeable difference), or a difference threshold.  The German psychophysicist Ernst Weber proposed that the JND is a constant proportion (K) of the physical intensity of a stimulus.  That is, weak stimuli need be increased only a little bit for you to notice the difference, but strong stimuli need to be increased much more for you to notice the difference.  Imagine you are buying a head of lettuce at the supermarket.  They all cost the same amount, so you want the one that weights the most.  If they weigh about 20 ounces each, you could probably tell the difference between two heads that differed by as little as 2/3 of an ounce.  Now you go to pick a 5 lb (80 oz) bag of potatoes.  Here your could not tell the difference between two bags that differed by as little as an ounce, they would have to differ by about 2.7 ounces before you could tell the difference.  The ratio of the JND to comparison stimulus here is 1/30, which is the ratio that Weber found for weights.  The constant ratio varies depending on what dimension is involved -- for example, for the length of lines, Weber found a constant ratio of 1/100.
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Fechner’s Law.  Gustav Fechner proposed that the relationship between the psychological strength of a stimulus (S) and the stimulus' physical intensity (I) is described by the relationship S = K ( log (I).  The K is simply a scaling constant.  Look at the figure to the left, which supposes the K = 20.  Note that the slope of the line is always positive but decreases as I increases, yielding a "curve of decreasing returns."  The increase in psychological sensation produced by a unit increase in the physical intensity of a stimulus is, with such a logarithmic function, less for already intensive stimuli than for weak stimuli.  Imagine that you are holding a 50 ounce steak and we add 1 ounce of steak sauce to it.  You probably would be just barely able to notice that 1 ounce increase in weight, the one ounce would produce only a small increase in the psychological sensation of heaviness. That same one ounce of sauce would produce a much larger increase in psychological sensation if we applied it to a 4 oz. piece of steak.
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Stevens' Power Law.  Fechner's and Weber's laws work with many types of stimuli, as long as you don't make them very weak or very intense, but not with all types of stimuli.  Suppose we ask people to judge the length of lines.  The function that relates persons' judgments (the psychological sensations) to the actual lengths is a straight line, not the curve of decreasing returns Fechner proposed.  With electric shock the function is a curve of increasing returns -- that is, a small increase in amperage is more noticeable if the stimulus is already moderately strong than if it is weak.  A newer psychophysical law, Stevens' Power Law, is able to fit most all stimuli (as long as the curve is "monotonic," that is, the slope may change its magnitude but never its direction).  Stevens' Power Law is S = K ( Ie.  When the exponent is less than 1 you get a curve of decreasing returns, as in Fechner's Law; when it is equal to 1 you get a straight line, as in judging lengths of lines; and when it is greater than 1 you get a curve of increasing returns, as with electric shock.  Look at Gray’s Figure 7.21(a) for an illustration.


Stevens Power Law can be restated this way:  The logarithm of the psychological sensation is a function of the logarithm of the physical intensity.  Contrast this with Fechner’s Law, which stated that the psychological sensation is a function of the [image: image10.png]Psychological magnitude
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logarithm of the physical intensity.  Fechner applied the log function only to the physical intensity, Stevens applied it to both the physical intensity and the psychological sensation.  If you use a log-log plot, where both dimensions are represented in log units, Steven’s Power Law produces straight lines (see Gray’s Figure 7.21(b).


Perceptual Constancy.  Our perceptual system makes adjustments so that our perception of certain attributes remains constant under circumstances where the stimulus changes but the object of perception does not.  For example, when you view a person from 5 feet away, she does not look bigger than when you view her from 15 feet away, even though the visual stimulus in your eye is larger at 5 than at 15 feet.  Gray (page 270) explains how Stevens’ Power Law captures such perceptual constancy with respect to the relative intensities of stimuli.  Consider a patch of light gray on a dark gray background.  Your perception of the difference in brightness can be expressed as a ratio:  the brightness of the light patch divided by the brightness of the dark background.  The physical intensity of the light that has bounced off of these two areas and into your eyes is greatly affected by the ambient lighting conditions.  If you view the patch in bright light, the physical stimulus will be more intense than if you view it in dim light, but your perception of the relative brightness of the patch versus the background will remain unchanged.  As shown by Gray in the statistical appendix (page A-10), with Stevens’ Power Law, the ratio of the two sensations remains the same with a change in ambient lighting, but with Fechner’s law the ratio would change.

Signal Detection Theory


This theory recognizes that factors such as motivation and expectation play an important part in determining whether or not we decide that a stimulus is present or that a stimulus has changed.  Imagine that you are standing watch on the deck of an aircraft carrier, watching for signs of enemy activity very early in the morning.  Is that an enemy aircraft you see over there or something else, maybe just a seagull?  Consider the following matrix of possibilities:

	
	It Really Is

	You Decide It Is
	The Enemy
	Something Else

	The Enemy
	Hit
	False Alarm

	A Seagull
	Miss
	correct negative



The potential consequences of a miss are clearly severe, so even though you are nowhere near sure, you awaken the Captain.  As he comes on deck a flock of gulls pass over, no aircraft, and you get two weeks of KP.  The next time you are on duty your knowledge of the consequences of a false alarm might make you more reluctant to decide that that light over there is from incoming enemy aircraft.


Your performance on a task like this can be measured in several ways, including:

· Sensitivity:  For all those occasions when the target (the enemy) really was there, what percentage of the time did you correctly identify the enemy.
· Specificity:  For all those occasions when the target was not really there, what percentage of the time were you correct.
· False positive and false negative rates, if you want to focus on errors.

· D´ (d prime), the ratio of hits to false alarms.  If your signal detection is working really well, you will, of course, have many more hits than false alarms.

Subliminal Perception

"Limen" is just another word for "threshold," so "subliminal" means "below threshold."  The phrase "subliminal perception" is used to refer to the possibility that stimuli that are not strong enough to be noticed may nonetheless have some effect on our behavior. Kunst-Wilson and Zajonc (1980, Science, 207: 557-558) flashed images of geometric figures so quickly that subjects perceived only flashes of light, but such an experience did result in the subjects later expressing greater liking for the figures whose images had been subliminally presented.

Although there was once a scare involving the possibility that we are being "brainwashed" by subliminal messages in movies and on TV, and although there are firms that claim to be able to teach you with subliminal audio tapes, scientific studies indicate that the effects of subliminal stimulation are much too weak to be used for such purposes (Creed, 1987, Skeptical Inquirer, 11: 358‑366; Pratkanis & Greenwald, 1988, Psychology & Marketing, 5: 337‑353).

Sensory Deprivation

Prisoners of war returning from the Korean War were thought to have been subjected to some new techniques of "brainwashing" that included restricting sensory input to levels much below normal.  Research after the war involved putting subjects in special chambers designed to restrict sensory stimulation.  The brain does apparently produce its own stimulation (hallucinations) when deprived of normal input from outside, and subjects in this research reported having unpleasant hallucinations.  The unpleasantness may have resulted in large part from the expectations produced by knowing that this research had something to do with Korean POW brainwashing, having signed a legal waiver not holding the researchers responsible for harm, and having been provided with a "panic button" to stop the experiment.  More recent experiments have shown that the experience is not perceived as unpleasant by all persons, and that some people even like it very much.  In any case, subjects' important beliefs (such as a belief in democracy) were not found to be any easier to change during such periods of sensory deprivation.  Apparently it was "social isolation" rather than sensory deprivation that was important in the Korean brainwashing.

Skin Senses


http://environmentalet.org/psy111/sensandperc.htm#ss:


The skin has two types of temperature sensitive areas: warm areas and cold areas.
Cold areas respond to cold (50°F) or hot (~125°F) stimuli.
Warm areas respond only to warm stimuli (greatest response around 105°F).
If only cold areas are stimulated, we perceive cold. If cold and warm are stimulated we perceive hot. The body can be fooled by a surface that has stripes of cold and warm (such a surface will feel very hot).
Revised March, 2006.  Illustrations now have alternative text.
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