CHAPTER 7

10 student MCQs / Fill-in-the-blank questions / Essay questions

1) Which of the following statements relating to sensory processes is INCORRECT?

a) In order to survive and function well in the world, an animal needs to know what is in its environment.

b) ‘Sensation’ is the process of ‘sensing’ information about our environment. 

c) Understanding what is ‘out there’ to be sensed involves thinking about the physical properties of the world.

d) None of the above – all are correct. {X}

It seems clear that in order to survive and function well in the world, an animal needs to know what is in its environment. What kinds of things it needs to know will depend on the kind of animal it is. ‘Sensation’ is the process of ‘sensing’ information about our environment. Understanding what is ‘out there’ to be sensed involves thinking about the physical properties of the world. 

2) Which of the following do we know to be true when considering the speed and spatial precision of visible light?

a) Light travels at a rate of about 30,000 km per second. 

b) In transparent media such as air, light rays travel in straight lines, enabling it to convey information with high spatial precision. {X}

c) We can determine where light is coming from by perceiving differences in arrival time. 

d) One of the slowest neural systems in humans is the auditory pathway, which can sense differences in the time of arrival of sound waves at each side of the head. 

Light travels extremely quickly, at a rate of about 300,000 km per second. In effect, this means that light transmission is instantaneous. So we cannot determine where light is coming from by perceiving differences in arrival time. No biological system exists that could respond quickly enough to signal such tiny time intervals. One of the fastest neural systems in humans is the auditory pathway, which can sense differences in the time of arrival of sound waves at each side of the head. Such differences are of the order 1 ms, or one-thousandth of a second (see Moore, 2003, pp. 233–67). As light travels so much faster, the equivalent difference in time-of-arrival we would need to detect would be one millionth of a millisecond. This is impossible for neurons to resolve. Fortunately, the other major property of light means that we do not need time-of-arrival information to know where the light is coming from. In transparent media such as air, light rays travel in straight lines, enabling light to convey information with high spatial precision. Without this property, the light from adjacent letters on this page would become irretrievably jumbled and we would not be able to resolve the letters.

3) We know that when light hits a solid object, it can either be reflected or absorbed. Which of the following is also true?

a) The higher the reflectance, the lighter the object will look. {X}

b) Objects reflect the same amount of light at different wavelengths.

c) An object that absorbs all the light hitting it will look white. 

d) An object that reflects all light will look black. 

An object that absorbs all the light hitting it will look black. One that reflects all light will look white. Intermediate levels of reflectance (the term given to the ratio of incident to reflected light) will elicit shades between black and white. Also, objects reflect different amounts of light at different wavelengths. So the ability to distinguish between the amounts of different wavelengths of light reaching us from a given surface can convey a lot of information about the composition of the surface, without us having to come close to it. This is the basis of colour vision.

4) Select the INCORRECT statement about colour vision from those given below:

a) It has been argued that the need to find fruit is the main reason for primates’ trichromatic colour vision. 

b) ‘Trichromatic’ means that there are three cone types. 

c) Most animals have two cone types. {X}

d) Some mammals cannot discriminate between objects that look green or red to us. 

It has been argued (Osorio & Vrobyev, 1996; Sumner & Mollon, 2000) that the need to find fruit is the main reason for primates’ trichromatic colour vision. ‘Trichromatic’ simply means that there are three cone types. Curiously, though, other mammals have only dichromatic colour vision, which means they only have two cone types – one corresponding to medium-to-long wavelengths and another responding to short wavelengths. As a result, they cannot discriminate between objects that look green or red to us. So a red rag does not look particularly vivid to a bull! Interestingly, most animals (i.e. all birds and insects) have four cone types, one responding to UV radiation. 

5) Which of the following statements is true of sound?

a) We are sensitive to sound frequencies between 12 Hz and 30 Hz.

b) Sound cannot tell us about things that are out of sight.

c) Sound conveys a very similar form of information to light. 

d) Sound cannot tell us about spatial location with as much precision as light can. {X}

Sound can travel around corners, unlike light. So sound conveys a very different form of information than light. Since it is not constrained to travel in straight lines, it can tell us about things that are out of sight – but at a price. The price is that sound cannot tell us about spatial location with as much precision as light can; this is a consequence of its physical properties, and nothing to do with our ears. As sound travels through the air, the air pressure at a given point will change according to the frequency of the sound. We are sensitive to a range of frequencies from about 30 Hz (Hertz in full, which means cycles per second) to about 12 kHz (or kiloHertz, meaning thousands of cycles per second). 

6) Which of these is NOT a feature of taste?

a) Taste cannot identify the chemical composition of the food we eat. {X}

b) Taste warns us (together with smell) of toxins, for example in food that is putrid. 

c) Taste requires physical contact or at least close proximity.

d) Taste information persists for longer than that of vision or sound.

Taste tells us about the chemical composition of the food we eat and warns us (together with smell) of toxins, for example in food that is putrid. Clearly this is a very different type of information from that provided by light and sound. It requires physical contact or at least close proximity, but the information persists for much longer.

7) One of statements given below about transduction is INCORRECT. But which one?

a) Action potentials represent electrical energy derived from the exchange of electrically charged ions across the neuronal membrane.

b) Our eyes transduce electromagnetic radiation (light) into action potentials.

c) Our ears transduce the mechanical energy of sound.

d) Transduction is a term which only applies to sense organs. {X}

Action potentials are electrical energy derived from the exchange of electrically charged ions, which inhabit both sides of the barrier between the neuron and its surroundings (see chapter 3). Our eyes transduce electromagnetic radiation (light) into action potentials, ours ears transduce the mechanical energy of sound, and so on. Transduction is a general term, which does not apply only to sense organs. A microphone is a transducer, which (rather like the ear) transduces mechanical sound energy to electrical potentials – but in a wire, not in a neuron. There are many other examples of transduction in everyday equipment.

8) Which is an actual feature of the retina?

a) It signals the points of change in the visual image.

b) It ignores regions where no changes occur.

c) Both (a) and (b). {X}

d) Neither (a) nor (b).

The retina signals the points of change in the image – i.e. the places where intensity or colour alter – and ignores regions where no changes occur, such as a blank uniform surface.

9) Which of the following is true in relation to moving the eye to many locations?

a) The eye may need to be moved to so many locations in order to resolve fine detail. {X}

b) Selective attention involves moving our eye to a given location, but processing the information from that location in less detail than information from elsewhere.

c) There appear to be three streams of visual information in the cortex. 

d) Ventral streams allow us to plan actions without a detailed representation of objects.

Presumably the eye needs to be moved to so many locations in order to resolve fine detail by using the fovea with its small receptive fields. Moving the eyes in this manner is usually associated with a shift of attention. When we move our eye to a given location, we are more likely to be processing the information from that location in greater detail than information from elsewhere. This is the concept of selective attention. The process is intimately related to physical action, in this case movement of the eyes (or head). This implies that vision is not just a passive process, but an active one. In fact, there appear to be two streams of visual information in the cortex – ventral and dorsal. The former processes information about the nature of objects; the latter allows you to interact with ‘stuff out there’ – i.e. to plan actions – without a detailed representation of objects (see Milner & Goodale, 1995).

10) Which of the following statements about somatosenses is NOT the case?

a) The somatosenses detect pressure, vibration and temperature.

b) The somatosenses are normally grouped into the skin senses, the internal senses and the vestibular senses.

c) Motion sickness and dizziness are associated with unusual output from the vestibular system.

d) In the ‘phantom limbs’ phenomenon, one feels that one has lost a limb before it has been amputated. {X}

The somatosenses, which detect things like pressure, vibration and temperature, are normally grouped into the skin senses, the internal senses and the vestibular senses. It is important for us to know which way up we are, and how we are moving (especially how we are accelerating). This is achieved by a part of the inner ear called the semicircular canals, which contain small lumps immersed in a viscous fluid. This type of sense is referred to as the vestibular system, and without it we could not walk without staggering. You can see impairment of this system in someone who has consumed too much alcohol. Motion sickness and dizziness are associated with unusual output from the vestibular system. Perhaps the most fascinating recent work on somatosenses and their cortical representation relates to the phenomenon of ‘phantom limbs’. This is the feeling that one has a limb after it has been amputated. 

Fill in the Blanks

1) Without the ____  ____, we could not walk without staggering.

Without the vestibular system, we could not walk without staggering. You can see impairment of this system in someone who has consumed too much alcohol. Motion sickness and dizziness are associated with unusual output from the vestibular system.

2) Different patterns are recognized as different sounds; in the case of speech, these are referred to as ____.

Different sources of sound produce a different pattern of amplitude and frequency over time. In the case of speech, these are referred to as phonemes. These different patterns are recognized as different sounds – in the case of speech, as different phonemes. A phoneme is a speech sound, such as the ‘sh’ in ‘rush’. The English language contains around 40 phonemes (Moore, 2003, p. 301). 

3) A classic study by the Russian psychologist ____ (1967) shows how we move our eyes when looking at a visual object. 

A classic study by the Russian psychologist Yarbus (1967) shows how we move our eyes when looking at a visual object. Another study by Gilchrist, Brown and Findlay (1997) investigated similar scan patterns by a young woman (a female university undergraduate aged 21) who had no ability to move her eyes due to a condition called extraocular muscular fibrosis. Instead, she moved her whole head using the neck muscles. There are strong similarities between the two sets of scan patterns, indicating that, even if the eye cannot move, the image scan sequence when we are looking at an object needs to be broadly similar.

4) If you make the hole bigger in a ____  ____ to let more light through, the image becomes fuzzy, or blurred, because more than one direction of incident light can land on a given point on the back surface. 

One of the drawbacks with a pinhole camera is that the image (the collection of points of light on the back of the box) is very dim, and can only be seen in very bright, sunny conditions. If you make the pinhole bigger to let more light through, the image becomes fuzzy, or blurred, because more than one direction of incident light can land on a given point on the back surface. With this fuzziness we begin to lose the ability to encode direction. The solution is to place a lens over the now-enlarged hole. The lens refracts (bends) the light so that the sharpness of the image is preserved even if the pinhole is large. Add film and you have a normal camera. The same construction in your head is called an eye. Nature evolved lenses millions of years ago.

5) ____  gets reflected or absorbed by surfaces. 

Sound gets reflected or absorbed by surfaces. Think about echoes in a cave. These are extreme examples of a process that happens less spectacularly, but more usefully, in everyday life. Subtle echoes give us clues about the location of large objects, even in the absence of vision. Blind people tend to develop this skill to a higher level, using sticks to tap the ground and listen for new echoes. In general, communication is one of the main uses for sound, since it is generally easier for animals to produce sound than light. Speech production and recognition in humans is a spectacularly impressive process, which is crucial to our success as a species. The fact that sound can travel around corners is an added bonus – the person you are talking with does not need to be in a direct line of sight.

Essay Questions

1. Compare the human visual and auditory systems. What are their relative strengths and weaknesses?

Key points:

· The student’s answer should make reference to the central issues that we have considered in this chapter, such as the level of spatial resolution, speed of response and the ability of light/sound to travel around corners vs. travel in a straight line.

· The student should consider the functional and evolutionary value of the visual and auditory systems, in terms of essential capacities such as locating food and possible predators, and in permitting interpersonal and social interaction. 

· Further credit should be received if the student reflects on the capacity of the organism in the absence of these capacities (for example, in people who are born blind or deaf, or who lose the sense of vision or hearing at some point in their lives).

2. Imagine that you had to engineer from scratch an organism for optimal survival in the natural world. With respect to all the different sensory systems considered in this chapter, how would you design such an organism so that it functioned optimally? Do you think that engineering an organism in this manner results in a more effective solution than evolution via natural selection?
Key points:

· Relevant issues that the student should consider in their response include the speed of processing of the sensory system, its spatial and temporal resolution, its flexibility, and its range of response. 

· The student should especially consider the role of the system in responding to situations of threat (e.g. possible predator) and reward (e.g. potential food source or mate). 

· The student should also consider the relative advantages and disadvantages of locomotion (as in animals) versus a stationary existence (as in plants). 

· In their response, the student must consider ALL the different sensory systems presented in this chapter.

· With respect to the final part of the question, credit should be received for an appreciation of the fact that natural selection operates within existing constraints and not always as an a priori ‘intelligent engineer’.

3. What is the ‘phantom limb’ phenomenon? How can it best be characterized in terms of our knowledge of body physiology and individual psychology?

Key points:

· Basic definition of the phenomenon as representing the situation where one feels that one has a limb after it has been amputated. 

· Consideration that the ‘phantom limb’ phenomenon represents an enigma with respect to our conventional knowledge base. 

· Discussion of the manner in which touch is represented in the brain (for example, with respect to the ‘Penfield Homunculus’, which shows the sensory representations of different parts of the body in the cortex), and consideration (based on extant research) that the representation of touch may be labile, resulting in a remapping of the body’s tactile representation of itself. 

· Consideration that the proximity of the representations of the different parts of the body in the mapping of the body’s tactile representation, and the remapping of neurons within this after a limb amputation, is the probable reason for the ‘phantom limb’ phenomenon. 

· Extra credit received for evidence of further reading (especially with respect to primary sources in the literature) beyond the material that is briefly presented in the chapter.

