
Sensation 

 

How are sensation and perception different?

 
•         Sensation -- sensory input and transmission

· Transduction (at the level of the receptor). The body’s sensory receptors are “sensitive” to only a very limited range of the earth’s energy. The receptors are highly specialized. As an example, the ear is sensitive to energy in the form of air pressure. The eyes are sensitive to light energy. The role of the sensory receptor is to transduce a very restricted amount of the earth’s energy (that required for the survival of the species) into something the nervous system can understand, an electrical signal. The ear translates one form of energy (air pressure) into an electrical signal that then travels along the auditory nerve as an action potential. The eye translates light energy into an electrical signal that travels along the optic nerve.  Thus, the “message” that arises in a sensory neuron is always the same: a travelling electrical signal. 

· However, even though the message along the auditory, visual, somatosensory and olfactory nerves is the same (an electric signal),  in the end, what we  “experience” in the different modalities and within the same modality is quite different. When we have the experience of light, we say we “see” it. Similarly, we do not “hear” light. Philosophers ask very difficult and hard questions, the sorts of questions that even the wisest neuroscientist cannot answer. What is doing the seeing? Your eyes? Your visual cortex? Deprived of a visual cortex, you will be blind; you will not see. We do “see” green and red light. When I see a green light, do I experience the “green” in the same way as you? How could a scientist prove that what you experience is identical to what I experience? What philosophers mean by “experience” is somewhat similar to what psychologists mean by “perception”. However, even here it is not this simple. Experience is a “holistic” experience. Thus, a psychologist might describe the stages of processing that would be required to perceive a rose. A philosopher would claim that the perception of a rose is not the same as the experience of it. 
o       Sensation is objective (more or less. Sensation is probably similar in all humans and presumably all animals that share one or more of our specific receptors).
o       bottom-up processing
•         Perception -- integration of sensory information with permanently stored memories to form "percept"
o       takes place at a "higher" level in the brain
o       Perception is very subjective (the mind’s "I"). My perception of the world is very different from yours. Nevertheless, all humans (and again many of our animal ancestors) do perceive the world in a similar way. The cues we use to, for example, perceive depth, perceive motion, perceive smell, and so forth might be quite similar. 

 

Physics of energy
 
•         In all modalities, our receptors provide at least five critical features of the physical characteristics of a stimulus: 
•         its modality. What is the type of experience that is bombarding the receptor? Is it light energy? Air pressure (sound)?
•         its frequency. How often is the receptor stimulated? (This will become clearer when we study the specific modalities). In audition, frequency is transduced into “pitch” while in vision, it is transduced into “colour”. 
•         its intensity. How much energy is there? Is it loud? It is bright? As we will learn, very high intensity in any modality may be experienced as “pain”.
•         its location. Where does the stimulus “come from”? What is the source of the stimulus in space (spatial location)?
•         its duration. How long does the stimulus persist? When does is start (how much energy is necessary for it to be sensed?) When does it stop (how much must energy be reduced until it can no longer be perceived)?

 

Thresholds
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•         All receptors require a certain minimum amount of physical energy to result in an action potential in the sensory nerve. If the energy is not sufficient, the sensory nerve will not fire. It would thus be impossible to perceive the stimulus. This minimum energy is called the threshold. Note, however, that this is a sensory threshold. There are two types of thresholds that are typically measured: 
•         Absolute
o       the minimum amount of physical energy necessary to detect a stimulus on 50% of presentations (i.e. 50% of the time, the stimulus is detected; 50% of the time it is not). 
•         Difference Threshold... also called -- Just Noticeable Difference (jnd)
o       detection of minimum change in energy
o       Weber’s Law states that deltaI/I = k. This means that the difference in Intensity (delta I) divided by the standard (or original). As an example, intensity is a constant (or k). Regardless of the actual magnitude of two stimuli, the two stimuli must differ by a constant proportion for their difference to be perceived. Thus, the difference threshold is not a constant addition (a constant is not added on) but a constant proportion. Let us assume you can just detect the difference between 100 and 200 grams. Half the time you detect the difference; half the time you do not. The mathematical difference is 100 grams. So, is your difference threshold 100 gm?  But the ratio is 2:1. So, is your difference threshold 2x (2 times the weight of the “standard”).  Now I have a 400 gm mass in my hand. By how much do I need to increase the mass in order to perceive it? To 500 or 800 gm? (Answer: 800 gm. I need to increase the weight by 2 x, not 100 gm).  
•         Signal detection theory: the measurement of a threshold (whether the absolute or the difference) requires the observer to consciously perceive a stimulus. Note that this is not sensation. Sensation is objective. Perception (and consciousness of perceiving) is subjective.  The threshold is therefore highly subjective. Subjective, psychological factors will therefore affect the threshold. In short, part of my sensory threshold will indeed be determined by the objective, physical characteristics of the stimulus but,  subjective perception will also affect it.  Let’s see how one subjective, psychological factor can affect the apparently objective threshold measure. The observer’s strategy that is adopted plays a critical role. It is possible that the observer may have “felt” or “sensed” that a stimulus was presented, yet not claim that it was. This observer takes a conservative approach. When a stimulus is at a near-threshold level, the observer will not be certain that the stimulus was presented (recall that 50% of the time, the observer will report that a stimulus was not presented, when it fact it had been). The observer must thus adopt a strategy to deal with this uncertainty. If the observer now adopts a very liberal strategy, claiming a stimulus was presented when it fact he/she was uncertain, then the threshold will appear to be very low (the observer would be thought to be able to detect a very minimal amount of energy). On the other hand, if the same observer is now very conservative, only reporting the presence of a stimulus when she/he was very certain of its presence, then the threshold will appear to be very high. Much more energy would apparently then be required to detect the stimulus. In signal detection methodology, a “catch” trial is included in which no stimulus is presented. If the observer detects a stimulus when in fact it was actually presented, this is called a “hit” (a true detection). But, if he/she signals the detection of a stimulus when in fact none was presented, this is called a “false alarm”. The ability to discriminate a signal from no signal (in actual fact, there is always some noise in the system, either external noise or internal noise in the nervous system… neurons are never truly inactive) is the ratio of hits to false alarms. Many factors may affect the ability to discriminate signals. Obviously, the intensity of the signal is a major factor, but the psychological state of the observer also plays an important role. Some of these psychological factors include: strategy (as outlined above), level of attention (signals that are attended are detected easier than those that are ignored), motivation, and learning (a wine taster will have a much more acute sense of smell than I). Similarly, an expert musician will be able to detect much smaller changes in the pitch of a sound than I). 
•         Subliminal perception. The word “limen” means threshold. Thus, subliminal perception is the ability to perceive stimuli that are below threshold. This should mean that we could perceive stimuli that did not exceed a receptor’s threshold. There have been claims (indeed, many hopelessly wild claims in the mass media) that it is possible to perceive stimuli that are below threshold. Think about how this is possible. Recall that we are measuring perception not sensation. An apparently subliminal stimulus must have enough energy to result in it causing a receptor to “fire”. But…Recall that signal detection theorists claim that there is no such thing as an “objective” threshold. And also recall that what  we are measuring is conscious perception not the threshold for sensation.  It is quite possible that we might perceive a stimulus input yet not be conscious of the perception. These apparently unconscious inputs might, however, later be recalled or recognized.

 

Sensory Coding

 

How do we experience sensation? Why does a rose smell “sweet”? It has nothing to do with the name “rose”. “A rose by any other name would smell as sweet” (Romeo & Juliet; W. Shakespeare). Why does a rose smell sweet? What we perceive as “sweet” is merely the name we give to the apparently pleasant experience of smelling the rose. If the rose were very poisonous to humans, it would probably not be described as smelling “sweet”. Perhaps the major controversy in philosophy (indeed some would argue in the universe) is how my conscious experience is different from yours. Many roses are also red. The red rose appears to be red to most humans because the light energy that is reflected from the flower stimulates a red receptor. The leaves appear to be green because they stimulate the green receptor. However, both the green and the red receptors send messages to the visual cortex via the sensory nerve, the optic nerve. One group of nerves will carry the red message and another a green message. However, the action potentials that the nerves are sending are identical. Why is it that when the action potential arrives at the cortex from one group of nerves, we are conscious of “green”. When the action potentials from the different group arrives, we then are conscious of “red”. Another example: The action potentials in the auditory nerve are not different from those in the optic nerve, but action potentials in the auditory nerve when they are eventually transmitted to the auditory cortex  are perceived as sound, not light. Why? How are action potentials in a “pain” nerve any different from those that correspond to light touch? Why is the action potential that codes pain in the cortex experienced as unpleasant and as something that cannot be ignored while other action potentials in other areas of the cortex are experienced very differently with very different emotional consequences?

 

We are far from answering these questions, but we do have some answers about how sensory information is coded. But these are answers to very simple questions nothing as philosophically complex as the ones posed above. 

 
•         Sensory modality is coded by the specific nerve that carries the neuronal message. This is called Muller’s "specificity". The auditory nerve codes an auditory signal; the optic nerve, visual signals. 
•         Different qualities within a modality might also be coded by a specific nerve. There are indeed some optic nerves that carry the red code and others that carry a green code (they are “connected” to the red and green receptors in the eye). These red and green nerves then synapse at specific (but different) places in the thalamus and in the visual cortex. Other optic nerves may code the location of the visual stimulus. Similar “specific” nerves carry specific messages in all modalities. 
•         The experience of the perception of a stimulus almost always requires the cortex. A visual stimulus is experienced as light not because the visual receptors of the eye are stimulated but because the visual cortex has been stimulated. If the auditory neurons that eventually synapse in the auditory cortex were rerouted to the visual cortex, we would see what we hear. Thus, a specific sound might be perceived as red and another as green. Ultimately, the question always turns to why we experience what we experience. Why do we experience vision when the visual cortex is stimulated but sound when the auditory cortex is stimulated?
•         Within any one modality, neuronal specificity cannot be possible to code all the sensations that we experience. This would require far too many sensory nerves. Humans can perceive more than 5 million colours. We do not have 5 million optic neurons devoted to the coding of colour. Many of these neurons code other features of the visual stimulus. To prevent this need for an overwhelming number of nerves, nature has simplified matters. A single nerve can code many different messages. A single telephone line can code very complex messages. It is not necessary to have a different telephone line for every intensity that humans can hear and different lines for every pitch that can be perceived. The coding of the action potentials within the neuron can serve to code many different features of a message. Or, different neurons may encode specific feature. Thus, one group of neurons might encode the intensity of a sound; another group the pitch of the sound. A single neuron could code, for example, location and intensity. A neuron arrives from the left ear (this encodes location); it also fires many times per sec; this might encode the intensity of the sound.  This is called parallel processing. Thus, we might in parallel code

 But recall that the action potential operates in an all-or-none manner. 
•         Limitations of neuron’s the all-or-none law
o       Amplitude modulation not possible
•         Frequency modulation is however possible. The message that is carried by a neuron is coded by how often (or how "frequent") the neuron fires. The maximum rate at which a neuron can fire is 1000 times/sec (i.e., 1000 Hz).
 
Adaptation

 

The firing pattern of the neuron can also code the duration of the stimulus. As will be seen in other sections of the course, it is critical that the observer become conscious of change in the environment. This saves a great deal of needless processing. As long as stimulation is constant (remains the same), it is only necessary to perceive the initial onset. There is no reason to have to continually perceive what is the same. This would only tie up the very limited resources of our cortex in the perception of what is repetitive. If redundant processing can be prevented, the limited resources of the cortex could be engaged in other more urgent matters. One means to assure this is through the process of adaptation. A long-duration stimulus (one that remains “on” for a long period of time) is not perceived after a period of time. The rate of neuronal firing slows and eventually stops altogether. When we enter a flower shop, the initial experience of the smell of the flowers is almost overwhelming. Yet after a brief period of time, we barely perceive the odours. This is because of adaptation… the olfactory nerve has ceased to fire. Our nervous system can easily detect the onset and the offset of a stimulus because these both represent a change of energy. 
•         If a stimulus intensity remains constant, our sensory receptors adapt to it. We are no longer conscious of the stimulus, but why?
•         The receptor no longer is capable of firing. This is due to neuronal fatigue (depletion of the “neurotransmitters”). 
•         Contrast adaptation to habituation. Habituation occurs at a "higher" level in the brain. It involves a memory process and is claimed to be the simplest form of learning. Upon repetition of the stimulus, we soon are no longer aware ("conscious") of it. This may be due to adaptation or it may be due to the fact that a memory of the frequently occurring, but redundant (and thus irrelevant) stimulus has formed. As a result, the subject no longer needs to process what is now an irrelevant, repetitive stimulus. The incoming stimulus reaches a certain level of the nervous system (where the memory is stored). Its features are compared to what already exists in memory. If they match, processing ceases. If they do not match, novelty (or change) is detected, and further processing is warranted.  In the case of habituation, the subject's receptor is quite capable of firing (thus, the lack of awareness of the stimulus cannot be due to adaptation). In both the cases of adaptation and habituation, the end result is the same. The subject is not conscious of the stimulus. How can one know if this phenomenon is due to adaptation or to habituation? If the failure to be aware of the stimulus is due to adaptation, the receptor is no longer capable of firing. If we change a property of the stimulus, the receptor still cannot fire, and we therefore are still not aware of it. However, if the failure to be aware of the stimulus is due to habituation, the receptor can fire. If we change the stimulus, we interrupt the habituation process. Since we present a "new" stimulus, there will be no memory for it. We thus become aware of this new stimulus.
•         Adaptation is especially apparent in olfaction and somatosensory modalities. Habituation occurs in all modalities.
Audition
Physics of Sound

 

The ear transduces sound energy. This is a result of the collision of air (usually) molecules resulting in a compression and expansion of air “waves” quite similar to the ripples of a pond. Sound travels best when molecules are densely packed (as in a solid) and worse when molecules are loosely packed. Sound thus travels better  through a solid than a liquid, and better in a liquid than in air. This explains why sea mammals can communicate across very long distances in the ocean whereas land-based animals cannot. The travelling sound wave varies in:

 
•         Frequency (Hz). The time between waves determines the sound’s wavelength. This is the sound’s frequency. The time between waves is very short for a high frequency sound (there are many waves or peaks in a given unit of time, typically a second). The time between peaks is much longer for a low frequency sound. Our ear drum vibrates in accordance with the frequency of the stimulus. We are capable of hearing sounds from about 20 to 20,000 Hz. Thus, a frequency of 1000 Hz will cause the ear drum to vibrate (move back and forth) 1000 times/sec. The frequency of a sound is a physical measure. The psychological term is the sound’s “pitch”. We thus perceive (or experience)  the pitch of a sound. 
•         Intensity (dB). The number of molecules that are put in motion is reflected in the strength or intensity of the sound. The intensity of the sound is a physical (or objective) measure. The psychological (or subjective) term is “loudness”. The intensity of the sound is experienced as loudness. 
•         Not all frequencies are perceived equally well. The human ear is much more sensitive (thresholds are lower) to frequencies in the human speech frequency range (500-2000 Hz). In order to hear lower and higher frequencies equally as well, their intensities would have to be amplified. This is typically what is done by the “loudness” button on a stereo amplifier. It boosts low and higher frequencies that are not heard well by the human ear. 

 

Intensity Scale
•         decibel (dB). This is a log scale!
•         measure of sound pressure level
•         Again, this is a log scale. Thus,
o       10 dB 10 (or 101) x pressure
o       20 dB 100 (or 102) x pressure
o       30 dB 1000 (or 103) x pressure
o       40 dB 10000 (or 104) x pressure 
o       50 dB 100000 (or 105) x pressure
o       110 dB 100,000,000,000 or 1011 x pressure
•         Therefore going from 10 to 20 dB results in an increase of 90 units (102-101) of pressure on the eardrum. But going from 100 to 110 dB results in an increase from 10 to 100 billion or 90 billion units of pressure! However, we may experience the difference in loudness as being equal. So going from 30 t0 40 dB may be experienced as a slight increase in loudness. Similarly, going from 1000 to 120 may also be experienced as a slight increase in loudness. Unfortunately, it may also permanently damage your ear. 

 

The Ear

 
•         Outer Ear
o       pinnae
o       auditory canal
•         Middle Ear
o       ear drum
o       hammer, anvil, stirrup
•         Inner Ear
o       cochlea
o       auditory nerve

 

The Cochlea
 
See text for further info and graphic illustration 
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Please note that figure above is not quite accurate. In the lower part of the figure, an enlargement of the cochlea is shown. The auditory nerve emerges at this level. In the Figure, on the right side, it appears that the auditory nerve projects directly into the gyrus of Heschl in the superior region of the temporal lobe (i.e., the primary auditory cortex). This is not correct. The auditory nerve initially synapses in the medulla of the hindbrain, where information is extracted. It then makes other stops (or “relays”) within the pons and midbrain before projecting to the thalamus. The thalamus then makes an elaborate analysis of the auditory message. It is only if this message is very relevant that it is forwarded to the auditory cortex. 
Risks to Hearing
 
Any intense sound could damage hearing. A temporary hearing loss is reversible. A permanent hearing loss is not. In general, any sound that is experienced as painful can damage hearing. Another way of knowing whether a background noise is too loud – if you need to shout to be heard, the background noise is too loud and may damage your hearing.  The more we are exposed to loud sounds, the greater the likelihood of damage. However, very intense sounds can cause immediate damage. Unfortunately, recall that we do not perceive sounds equally well. We do not hear very low and very high frequencies. At rock concerts, the singer’s voice is heard with exquisite sensitivity. But we may require 40-60 dB of additional intensity just to hear the low and high frequency sounds (drums, bass, cymbals, guitar) If the singer’s voice is amplified to be 100 dB (typical of rock concerts),  the bass and treble sounds may be at an ear-splitting (or more correctly, ear drum severing or cochlea hair cell-ripping) 120-140 dB. This near deafening sound may instantaneously produce hearing loss. But typically, it requires prolonged exposure. This is why rock musicians often wear ear plugs. There is another cause for concern. Recall what you have learned about adaptation. We are less able to perceive a stimulus if it is continually presented. We adapt to it. Thus, the listener walking in on a rock concert will immediately be aware of the very intense and painful sound. After a short period, it is no longer perceived as being as loud. Yet, the damage to the sensitive ear mechanisms still occurs.

 

The damage may occur to the sensitive middle ear mechanical devices (the ear drum or the middle ears bones). This is called conduction hearing loss. Damage to the cochlea (or more specifically the cochlea’s hair cells) or the auditory nerve is called sensorineural hearing loss. 

 

Theory of Pitch & Intensity

 

How are pitch and intensity coded within the auditory system?

 

Frequency (Temporal) Theory

 

The frequency (or temporal) theory maintains that:
•         The frequency (number) of times the auditory nerve fires codes frequency (i.e., 200 Hz frequency coded by 200 action potentials/sec).
•         The frequency of firing of the nerve could not then code the intensity of sound. Intensity might be coded by the number of auditory neurons that carry the signal. 

There are however problems for the frequency theory. 
•         Limit to the frequency at which a neuron can fire (upper limit is 1000 Hz)
•         However, we hear frequencies up to 20,000 Hz.

 

Place Theory

 
•         Frequency coded by place stimulated on basilar membrane
•         Intensity coded by frequency of firing.

Support for the place theory comes from the fact that:
•         Damage to basilar membrane will result in hearing loss to predictable frequencies
•         Particularly the case for high frequencies
•         Ageing results in deterioration of hair cells (perhaps basilar membrane) at predicted locations

But there are also problems with the theory:
•         Low frequencies generate a general movement of the basilar membrane. We should therefore hear mixed frequencies, but we do not.
•         Low frequency hearing loss is extremely rare.

 

Volley Theory

 
•         Frequency theory cannot explain how higher frequencies are coded.
•         Volley theory offers an explanation. A single neuron cannot fire at a rate higher than 1000 Hz. But if the neurons fire in a volley (like cannons), then higher frequencies can be coded.

Localization of Sound

We (and most other species) have two ears. We thus hear in “stereo”. Having two ears assists in localising the sound in space. Is the sound coming from the front, back, left or right side or somewhere in between. How do we localize sounds in 3D space?[image: image2.png]Percentage
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· Time difference between arrival of the sound. A sound occurring on the left side will arrive at the left ear before it arrives at the right ear. The difference in time of arrival is very short, about 300 to 600 µs (millionths of a sec; gives you an idea of the sensitivity of our hearing). 

· Intensity difference between the ears. The sound occurring on the left side will be louder in the left than the right ear. In fact, the head will actually block and attenuate the intensity of the sound being transmitted to the right ear. This is often called a “sound shadow”. 

· What happens if the sound is in front or behind us, exactly equidistant from the ears? We have difficulty locating the sound. 

