CHAPTER 8

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

1) Which TWO of the following statements are true of simultaneous contrast illusions?

a) In the simultaneous tilt illusion, vertical stripes appear tilted away from the tilt of their surrounding stripes. {X}

b) In the luminance illusion, a grey patch appears darker when surrounded by a dark area than when surrounded by a light area.

c) A purple patch appears slightly closer to blue when surrounded by red, and closer to red when seen against a blue background. {X}

d) Visual illusion effects only exist for motion.

Some further examples of perceptual phenomena that result from the process of exaggeration are shown in the ‘Everyday Psychology’ box in chapter 8. These are known collectively as simultaneous contrast illusions. In each case the central regions of the stimuli are identical, but their surrounds differ. Panel A (figure 8.1) lets you experience the simultaneous tilt illusion, in which vertical stripes appear tilted away from the tilt of their surrounding stripes. Panel B shows the luminance illusion: a grey patch appears lighter when surrounded by a dark area than when surrounded by a light area. Panel C shows the same effect for colour: a purple patch appears slightly closer to blue when surrounded by red, and closer to red when seen against a blue background. There is also an exactly analogous effect for motion, as well as for other visual dimensions such as size and depth.

2) Which of the following is NOT the case in terms of serial and parallel processing models?

a)
The serial processing model is now known to be inadequate, or at least incomplete. 

b)
The serial model has been replaced, or at least modified, firstly by the parallel processing model and then, most recently, by the recurrent processing model.

c)
According to the parallel processing model, analysis of different stimulus attributes, such as identity and location, proceeds simultaneously along different pathways, even from the earliest stages. 

d)
According to the parallel processing model, the fact that there are cones and rods in the retina is evidence for multiple mechanisms that extract information in series from the retinal image. {X}

The serial processing model is now known to be inadequate, or at least incomplete. So it has been replaced, or at least modified, firstly by the parallel processing model and then, most recently, by the recurrent processing model. According to the parallel processing model, analysis of different stimulus attributes, such as identity and location, proceeds simultaneously along different pathways, even from the earliest stages. For example, the fact that there are cones (of three types, maximally sensitive to different wavelengths of light) and rods in the retina is considered to provide evidence for multiple mechanisms that extract information in parallel from the retinal image.

3) Which of the following is NOT an example of a genuine after-effect?

a)
After running your fingers over fine sandpaper, medium sandpaper feels coarser (and vice versa).

b)
After listening to a high tone for a while, a medium auditory tone appears higher. {X}

c)
Holding your hand under running cold (or hot) water before testing the temperature of baby’s bath water will lead you to misperceive how comfortable the water will be for the baby.

d)
After eating chocolate, orange juice tastes more tart.

Many kinds of visual after-effect have been discovered. For example:

1.
After running your fingers over fine sandpaper, medium sandpaper feels coarser (and vice versa).

2.
After listening to a high tone for a while, a medium auditory tone appears lower.

3.
Musicians often build their music to a loud and cacophonous crescendo just before a sudden transition to a slow, quiet passage, which then seems even more mellow and tranquil than it otherwise would.

4.
Holding your hand under running cold (or hot) water before testing the temperature of baby’s bath water will lead you to misperceive how comfortable the water will be for the baby. This is why you are always advised to test the temperature with your elbow.

5.
After eating chocolate, orange juice tastes more tart.

4) One of the following statements is FALSE – but which one?

a)
A system of channels can only signal orientations that correspond to the preferred orientation of any single channel. {X}

b)
Perceptual information is likely to be merged via a process that combines the activities across all channels.

c)
As part of the process of synthesis, channel activities are likely to be weighted according to the level of activity in each channel. 

d)
The merging process may find the ‘centre of gravity’ of the distribution of activity. 

This system of channels can signal orientations which do not correspond to the preferred orientation of any single channel. How is the information from all these channels combined when a visual stimulus is presented? There is likely to be a process that combines the activities across all channels, weighted according to the level of activity in each channel. Such a process finds the ‘centre of gravity’ of the distribution of activity. The centre of gravity (in statistical terms, the weighted mean) corresponds to the perceived orientation of the stimulus. 

5) Identify the FALSE statement about the neurons in area V1:

a)
Neurons in V1 adapt to visual stimulation, so their response to a stimulus increases over time with repeated presentation. {X}

b)
The localized receptive fields and binocular characteristics of V1 neurons correlate very well with the perceptual characteristics of perceptual after-effects. 

c)
The neurons in area V1 are prime candidates for the mechanisms that underlie visual after-effects in people.

d)
Images of complex objects (trees, houses, people) are initially analysed by mechanisms that respond to their local physical characteristics and have no connection with the identity of the objects themselves.
Neurons in V1 also adapt to visual stimulation, so their response to a stimulus declines over time with repeated presentation (Maffei et al., 1973). The localized receptive fields and binocular characteristics of these neurons correlate very well with the perceptual characteristics of after-effects described above. Although adaptation occurs in other visual cortical areas, the neurons in area V1 are prime candidates for the mechanisms that underlie visual after-effects in people. One implication of this account of early visual processing is that the images of complex objects (trees, houses, people) are initially analysed by mechanisms that respond to their local physical characteristics and have no connection with the identity of the objects themselves. In other words, the visual system appears initially to decompose the scene into its constituent parts and to analyse these separately (i.e. in parallel).

6) In conjunction search:  (please highlight all correct answers)

a)
The target/distractor difference is not based on a single feature, but on conjunctions of features.

b)
Search time for the target is not constant, but instead rises with the number of distractors.

c)
The observer apparently searches through the display serially, scanning each item (or small group of items) successively (serial search).

d)
All of the above. {X}

Parallel search tasks can be contrasted with a second search type, conjunction search, in which the target/distractor difference is not based on a single feature, but on conjunctions of features. For example, the target might be a vertical red line in an array of vertical blue lines and tilted red lines (see figure 8.8A). In this scenario, search time for the target is not constant, but instead rises with the number of distractors. The observer apparently searches through the display serially, scanning each item (or small group of items) successively (serial search). Both positive and negative trials are presented. In positive trials the target is present in the display, whereas in negative trials the target is absent in the display. This kind of task might arise in real life when you have forgotten the location of your car in a large car park. You have to find a blue Ford amongst an array of cars of many makes and colours, where, for example, red Fords and blue Volkswagens are the distractors. The target does not pop out, but finding it requires effortful attentive scrutiny (Treisman & Gormican, 1988). 

7) Which of the following statements is NOT true?

a)
The rods and cones in the retina function in bright and dim light, respectively. {X}

b)
The cones are of three types, which are selective to different ranges of light wavelength. 

c)
The information from the cones is re-organized in the retina to give green–red and blue–yellow opponent channels. 

d)
There is also a group of large retinal cells alongside the smaller colour-opponent cells that respond to the difference between the luminances in their centre and surrounding regions. 

The rods and cones in the retina function in dim and bright light, respectively. The cones are of three types, which are selective to different, if overlapping, ranges of light wavelength. The information from the cones is reorganized in the retina to give green–red and blue–yellow opponent channels (see chapter 7). There is, in addition, a group of large retinal cells alongside the smaller colour-opponent cells. These large cells respond to the difference between the luminances (of any wavelength) in their centre and surrounding regions. They could be described as black–white opponent channels. The large cells are known as the magno or M cells, contrasting with the colour-sensitive parvo or P cells (the names are taken from the Latin words for ‘large’ and ‘small’ respectively). 

8) Which of the following statements about the cortex is FALSE?

a)
Within the cortex, the general flow of local information runs vertically.
b)
Within the cortex, information flows to cells in other layers above and below the activated cells.
c)
Hubel and Wiesel (1968) discovered that all cortical neurons respond best to spots of light. {X}

d)
All of the above.

In the cortex, the general flow of information runs vertically – that is, to cells in other layers above and below the activated cells. The cortex contains columns of cells, which respond to similar properties of the stimulus, and which lie alongside other columns that respond to different aspects or features of the world. The earlier work of Hubel and Wiesel (1968) emphasized this vertical organization. They discovered that, unlike the retina and LGN, where neurons respond best to spots of light, many cortical neurons respond best to straight lines or edges. Some cells respond best to vertical lines (figure 8.11), others to diagonals, others to horizontals, and so on for all orientations around the clock. 

9) Which, if any, of the following is FALSE?

a)
Livingstone and Hubel described activity in a third type of column in V2, where the cells receive converging input from the magno and parvo systems. 

b)
Livingstone and Hubel suggested that some columns in V2 are used for spatial pattern analysis. 

c)
Quantitative studies have found that perceived depth is reduced in red/green images of the same brightness. {X}

d)
None of the above – all are correct.

The theory of parallel cortical organization became complicated by Livingstone and Hubel’s description of activity in a third type of column in V2, where the cells receive converging input from the magno and parvo systems. They suggested that these columns are used for spatial pattern analysis. However there are problems with this scheme. For example, Livingstone and Hubel claimed that images in which the different regions are red and green, but all of the same brightness, appear flat. They attributed this to the insensitivity of cells in the magno/depth system to differences purely in hue, which are detected primarily by the parvo system. Quantitative studies, however, found that perceived depth is not reduced at all in such images (Troscianko et al., 1991). It appears, then, that depth percepts can be derived from both magno and parvo information, though not necessarily equally well at all distances (Tyler, 1990).

10) Which of the following statements are true? (Please highlight all correct answers.)

a) On a vernier acuity task, humans can discern the direction of very tiny offsets, but performance deteriorates with practice.
b) Different types of visual search have different behavioural characteristics and depend on different brain regions. {X}
c) Walsh et al. (1998) suggest that the right parietal lobe may be involved in setting up new templates in the temporal lobe for processing conjunctions of, say, colour and form. {X}
d) All of the above.
Although the role of knowledge and assumptions in perception is now quite clear, the detailed ways in which past experience influences perception are less clear. Recently, experimenters have begun to examine these questions by studying how training can influence performance on apparently simple visual tasks, such as judging whether the lower line in figure 8.21 is offset to the left or right of the upper line (a vernier acuity task). Humans can discern the direction of very tiny offsets, but can improve even more with practice, though this may require thousands of presentations (Fahle & Edelman, 1993).

    Different types of visual search not only have different behavioural characteristics, but also depend on different brain regions. So some patients with attention deficits (due to damage to the part of the brain where the temporal, parietal and occipital lobes of the brain join) may be able to perform normally on feature search tasks but are markedly impaired in conjunction search tasks (Arguin et al., 1993). A related study found that right parietal stimulation did not affect initially serial searches once they had become parallel through training. But when the observers were switched to another task, which they initially had to perform serially, right parietal stimulation could disrupt search again (Walsh et al., 1998). Walsh et al. (1998) suggest that the right parietal lobe may be involved in setting up new templates in the temporal lobe for processing conjunctions of, say, colour and form. Once the learning is complete, the right parietal lobe no longer plays a role in the task and so stimulating this region no longer impairs performance.

Fill in the Blank

1) The tilt after-effect can be explained in terms of the phenomenon of sensory ____. This phenomenon can explain other after-effects too, such as those for luminance and colour, for texture, pitch, and so on.

The tilt after-effect can be explained in terms of sensory adaptation, as follows. Initially, all channels have equal sensitivity (as in panel A, figure 8.3). During presentation of a vertical stimulus, the distribution of active channels is symmetrical about zero, so the perceived orientation corresponds to the actual stimulus orientation – i.e. vertical (panel B, figure 8.3). A stimulus that falls between the optimal values of two channels is also seen veridically (that is, true to its actual orientation) by taking the centre of gravity of the activity pattern; this is how we see, for example, a small degree of tilt away from vertical (panel C, figure 8.3). With stimuli tilted 20 degrees clockwise, the active channels are also symmetrically distributed and have a centre of gravity at 20 degrees, so perception is again veridical (panel D, figure 8.3). But during a prolonged presentation of such a stimulus (for, say, 60 seconds), the 20 degree channel adapts and its sensitivity declines. The reduction in each channel’s sensitivity is proportional to the amount that it is excited by the stimulus, so the 0 degree and 40 degree channels are also adapted and have become less sensitive due to the presentation of this stimulus tilted 20 degrees clockwise, although to a smaller extent than the 20 degree channel. (The two channels that respond best to anti-clockwise tilts are not adapted at all.) The effects on sensitivity in the channel system of adapting to +20 deg. stimulus are shown in panel E, figure 8.3. Sensitivity is reduced most in the +20 deg. channel, and to a lesser but equal extent in the 0 and +40 deg. channels. What happens when we present a test stimulus whose tilt is zero (panel E, figure 8.3)? The −20 deg. channel will give a small output, as normal, because the stimulus is away from the channel’s optimal orientation, although within the range of tilts to which it is sensitive. But the output of the +20 deg. channel will be even smaller, not only because the stimulus is not optimal for the channel, but also because the channel’s sensitivity has been reduced by the prior adaptation to a 20 deg. stimulus. So the −20 degree channel will clearly be more active than the +20 deg. channel, although its normal optimal is equally far from the vertical orientation of the stimulus. The distribution of activity across channels will therefore be asymmetrical, with its mean shifted towards negative tilts. So, after adaptation to a +20 deg. stimulus, the pattern of activity in the channel system produced by a vertical test stimulus will be identical to that produced before adaptation by a −5 deg. stimulus (compare panels C and F, figure 8.3). So the observer’s percept is of a tilt at 5 degrees to the left. Finally, as the channel’s sensitivities return to normal after adaptation, so the apparent orientation of the test bar changes back to vertical. The general idea of sensory adaptation can explain other after-effects too, such as those for luminance and colour, for texture, pitch, and so on.

2) As well as ‘bottom-up’ processes, perception also depends on ___-____ processes, which reflect our personal goals and past experience.

Perceptual processes that are concerned solely with sensory input are often called ‘bottom-up’. But perception also depends on ‘top-down’ processes, which reflect our personal goals and past experience. ‘Bottom-up’ processes are governed only by information from the retinal image. ‘Top-down’ is a vaguer concept, since it is not clear where the ‘top’ of the visual pathway is or what it does. But ‘top-down’ certainly involves the voluntary components of perception, such as moving the eyes. For example, the deployment of attention to locate a target is generated internally rather than externally, and is therefore considered to be ‘top-down’ (in contrast to, say, the sudden appearance of an object in peripheral vision, which will capture the observer’s attention in an automatic ‘bottom-up’ fashion). The old division between sensory and cognitive processing by early and higher neural centres, respectively, has recently been replaced by a new dynamic model. Incoming sensory information interacts with task-relevant knowledge, acquired during the development of the individual concerned, which has been built into the neural network structures in several different cortical areas. Acting together, these influences create an integrated and dynamic representation of the relevant aspects of the environment (e.g. Friston & Price, 2001; Hochstein & Ahissar, 2002; Lamme & Roelfsma, 2000; Schroeder et al., 2001). 

3) Researchers have found that with practice performance on a serial search task can become ____.

Parallel. In a typical laboratory visual search task, the subject searches an array of items for a pre-defined target, pressing one key if the target is present, and a second key if the target is absent. Some visual search tasks seem easy and effortless, regardless of the number of items in the display. So, for example, the tilted line in figure 8.7A ‘pops out’ immediately, and search time to find the tilted target stays the same, regardless of the number of vertical distractors in the visual array, as though all items are being processed simultaneously (parallel search). Other tasks are harder: for example it requires scrutiny of each item successively to find the vertical red line in figure 8.8A (serial search). Ellison and Walsh (1998) asked whether the mechanisms underlying these two types of search were fixed and immutable, or whether participants could learn to search in parallel for targets that initially required serial search. The experimenters found that, as training proceeded, performance on the initially serial task became parallel, so that search times no longer increased with the number of distractors. But this only occurred for those presentations on which a target was present. Although search time was reduced by training when there was no target present, it still rose with the number of distractors. During training on serial tasks, observers may develop across the course of testing new templates (or feature detectors) for the very conjunctions for which they are searching. In other words, they may acquire new feature detectors as a consequence of their experience. Activity in these feature detectors then seems to allow parallel search when a target is present (i.e. after participants have received a sufficient amount of training with this target). But these new detectors must be different in some way from those that underlie the usual parallel search, found without training, since they do not confer an advantage when a target is absent.

4) Chaudhuri’s study of motion after-effects supported the ____ selection model of visual attentional processing.

The early selection model. In our interactions with the environment, we attend to some things and ignore others. An important question has been at what level of processing this selection operates. For example, it might be that, at one extreme, only a small part of the visual input receives full perceptual processing (‘early selection’), or, at the other, that all visual stimuli receive full processing, and selection occurs when a response has to be chosen (‘late selection’). Chaudhuri addressed the question in a novel way, using a visual after-effect – the motion after-effect (MAE). In a groundbreaking study, Chaudhuri (1990) showed that diverting attention from the moving pattern during adaptation could reduce the duration of the MAE. To do this, he modified the usual adapting display by using as the fixation point a letter or digit whose identity changed about once a second. During adaptation, the participants’ attention could be diverted from the moving dots by getting them to strike a computer key when a numeral rather than a letter appeared. Chaudhuri measured MAE duration after diverting attention in this way, and compared it with MAE duration after participants’ adaptation to the same display but without the requirement for them to report the letter/digit characters. In another condition, participants were required to strike a key when the colour of the moving dots changed (in this condition participants fixated a stationary unchanging point). In the conditions in which attention had been diverted from the drifting dots during adaptation by the letter/digit discrimination task, the durations of the MAEs on the stationary stimulus fields that followed were significantly shorter. But MAE durations were not affected by the requirement to attend to the colour of the moving dots while fixating a stationary unchanging point. So, a secondary task during adaptation does not affect the MAE, if this involves attention to the adapting stimulus (as when participants are required to discriminate the colours of the moving dots). But when the secondary task diverts attention away from the moving dots (for example, by requiring participants to discriminate changing letter/digit characters at the fixation point), subsequent MAEs are weaker. So attention can affect a process, namely selective adaptation, that is thought to occur at an early stage of vision. This finding supports the early selection account of visual attentional processing.

5) Horace Barlow is famous for discussing the concept of the ____ cell.

Horace Barlow’s insights into the possible relationships between perception and neural activity have guided much thinking in the field of perception. Barlow is especially well known for his discussion of whether we possess ‘grandmother cells’. These are proposed to be single neurons whose response properties would reflect the presence in the environment of an elderly female relative, namely one’s grandmother. More generally, do we possess cells within our brain that respond selectively to very specific familiar visual experiences in our environment, such as the sight of our car, our house or our grandmother, or does the identification of such familiar visual objects proceed in a somewhat different, less selective manner?

Essay Questions

1. What are the mechanisms underlying after-effects in the perceptual system? Do you think that these effects represent a fundamental flaw in the perceptual system, or could they have positive value in an evolutionary context?

Key points:

· Consider the different varieties of after-effects that have been considered in this chapter.

· Consider the mechanisms by which processes of adaptation to environmental stimuli create the preconditions for the occurrence of after-effects.

· Credit awarded for students’ consideration of issues such as constancy and change, whereby consistent stimulation of specific channels and receptors can lead to a downgraded response in those receptors (the role of the central nervous system as a “change detection” system being one possible relevant consideration that the student could bring to bear in their discussion).

· Although after-effects may manifest as flaws in the perceptual system, credit given for a consideration of the extent to which after-effects represent a necessary consequence of the sensitivity of the perceptual system to environmental events.

· Additional credit could be awarded to the student who considers the operation of an ‘alternative’ perceptual system (such as might be developed by artificial intelligence researchers) and the possible downside of such an alternative system (which may or may not itself demonstrate perceptual after-effects).

2. What is ‘feature integration theory’? How well does it account for the processing of features in our visual environment and their perceptual integration? Do you think that this framework could be applied usefully to sensory modalities other than vision?

Key points:

· Answer should consider evolution and significance of feature integration theory, as advanced by Treisman and colleagues.

· A consideration of the Treisman visual search tasks should be presented.

· A discussion should be presented which considers the significance for contemporary perceptual theory of the empirical dissociation that has been observed between simple feature search and conjoined feature search.

· The student should also present a reasoned consideration of the extent to which the findings obtained from the simple and conjoined feature search tasks (and the theoretical framework derived from these findings) offer a significant insight into the way in which we process objects in the ‘natural’ environment. For example, which ‘features’ does the student think are relevant for the processing of common (well-known?) and less common (unknown?) objects in the natural world?

· Extra credit received for a well-argued consideration of the extent to which feature integration theory might be applicable to sensory modalities other than vision, in which there may be sequential (rather than simultaneous) presentation of ‘features’ (for example, in the auditory system).

3. What is ‘blindsight’? What are its implications for our understanding of how vision works? (You will especially need to consult other chapters in this book, and other sources of information – see, for example, the work over the past 25 years of Weiskrantz – in order to address this question thoroughly.)

Key points:

· A definition and overview of blindsight (as presented in this chapter).

· Consideration of the extent to which the occurrence of the blindsight phenomenon provides insight into the way the visual system operates under normal (i.e. non brain-damaged) circumstances.

· Extra credit received for the student’s reasoned consideration of the extent to which the study of an aberrant system, such as the damaged visual system, provides enhanced insight into the functional characteristics of that system.

· Credit also given for more detailed consideration of the mechanisms underlying blindsight obtained from wider reading; for example, the extent to which blindsight might represent a phenomenon of ‘diffused light and spared cortex’ – as suggested by Campion and Latto, among others; and the extent to which the phenomenon of blindsight provides evidence for a parallel stream of visual information processing.

· Additional credit awarded for evidence of wider reading, as instructed.

