Chapter 6 Study questions with solutions

1. In what ways does the visual system work differently from the pictures captured by a camera?

Unlike a camera’s lens, our visual perception is in full color and high resolution only at the center of gaze (see pages 150-151). Our eyes move about (saccade) across the visual scene (see Chapter 2, A Framework, page 38, Figure 2.7 for an example of visual saccades). Our visual system must also work to resolve ambiguous information in our visual world: see page 170 for a discussion of multistable perception and page 173 for a discussion of constructive perception.  

2. Describe some visual features that neurons in vision cortex may be tuned to.

Neurons on V1, primary visual cortex, are sensitive to features in visual stimuli such as color, lines, edges, and direction of motion (see page 156). The receptive fields of neurons in extrastriate (non-primary) visual cortex are larger and respond to more complex features in a hierarchal manner (see page 158 and Figure 6.10). 

3. Describe Gestalt grouping principles that underlie object recognition.

The Gestalt psychologists proposed that perception could not be understood by simply studying the basic elements of perception: they expressed the idea that ‘the whole is greater than the sum of the parts’. Gestalt grouping principles include grouping by similarity, proximity, and good continuation (see page 151 and Figure 6.2).  
4. Name two types of photoreceptors in the retina and describe their roles in vision.

The two types of photoreceptors are rods and cones.  Cones are color-selective, less sensitive to dim light, and important for detailed color vision in daylight. Rods are important for night vision (see page 152-153).  

5. What is the fovea and what is its role in visual perception?

The fovea is the central part of the retina that we use to look directly at objects to perceive their fine details. The fovea is densely packed with cones, which provide the detailed information to the brain (see page 152). 

6. What is the importance of lateral inhibition and center-surround cells in visual perception? 

Lateral inhibition means that the activity of a neuron may be inhibited by inputs coming from neurons that respond to neighboring regions of the visual field. Lateral inhibition is important for enhancing the neural representation of edges, regions of an image where the light intensity sharply changes. These sudden changes indicate the presence of possible contours, features, shapes, or objects in any visual scene (see page 153-154 and Figure 6.5). Lateral inhibition leads to more efficient neural representation because only the neurons corresponding to the edge of a stimulus will fire strongly. The neurons not corresponding will not fire, saving metabolic energy. Lateral inhibition also helps ensure that the brain responds in a similar way to an object or a visual scene on a dim gray day and on a bright sunny day: changes in the absolute level of brightness won’t affect the pattern of activity on the retina very much at all, it is the relative brightness of objects that matters most.    

Retinal ganglion cells receive both excitatory and inhibitory inputs from bipolar neurons: the spatial pattern of these inputs determines the cell’s receptive field. Retinal ganglion cells have center-surround receptive fields that respond differently to features in the center of the receptive field versus the surrounding region (see page 153-154 and Figure 6.4). Ganglion cells are typically either on-center/of- surround or off-center/on-surround.  The center-surround receptive field organization allows cells to be sensitive to and provide information about contrasts (such as edges) in a visual stimulus that are key for visual perception.  

7. The visual pathways from the retina to visual cortex are highly segregated. How does the left visual field communicate with the cortex? The right visual field? What does this segregation accomplish for the visual system?

Information from the left visual field of both eyes goes from the retina to the optic nerve, across the optic chiasm, to the right lateral geniculate nucleus, and on to primary visual cortex (V1) in the right hemisphere (see pages 155-157 and Figures 6.7 and 6.9). Information from the right visual field of both eyes goes from the retina to the optic nerve, across the optic chiasm, to the left lateral geniculate nucleus, and on to primary visual cortex (V1) in the left hemisphere. The segmentation of information from the two visual fields, along with the preserved spatial map of the visual fields, provides the capability for a retinotopic map of the entire visual field in early visual cortical processing (see Page 156).  

8. Why is visual processing in the cortex described as a hierarchy?
Neurons in primary visual cortex (V1) typically respond to specific features in a visual stimulus while neurons in extrastriate cortex have both larger receptive fields and response patterns to more complex aspects of visual objects or scenes (see page156-159 and Figure 6.10). Because receptive fields tend to be larger and respond to more complex aspects of stimuli in visual areas outside of the primary cortex, visual processing is described as hierarchal.

9. What are the dorsal and ventral pathways in visual cortex? How do they differ and what are their roles in visual perception?

The dorsal pathway leads from V1 to the parietal lobe and is thought to be important for processing information about ‘where’ an object is. The ventral pathway leads from V1 to the temporal lobe and is thought to be important for processing ‘what’ aspects of a visual stimulus (see page 159-160 and Figure 6.12). 

10. Which brain areas are involved in visual object perception?

There are three main brain areas for the perception of visual objects: the lateral occipital complex (LOC), the fusiform face area (FFA) and the parahippocampal place area (PPA) (see pages 161-162. The LOC lies on the lateral surface of the occipital lobe, just posterior to area MT. The FFA lies on the fusiform gyrus on the ventral surface of the posterior temporal lobe. The PPA lies on the parahippocampal gyrus, which is just medial to the FFA (see Figure 6.11 on page 159). Damage to any one of these brain areas will produce different types of visual object deficits, called visual agnosias (see pages 166-168).

11. Where are human faces processed in the brain? Why do you think there might be a specialized region for this?

Human faces are thought to be processed in the fusiform face area (FFA). Recognizing faces and decoding information from faces (such as fear or anger) are important aspects of visual perception. A specialized region for their processing may have developed in order to provide specialization for these processes that are important for survival.

12. What are two current theories about visual consciousness?  What are their key differences?

Two current theories about visual consciousness are the hierarchical model and the interactive model of visual awareness (see pages 163-164 and Figure 6.15). In the hierarchical model, with each step further in visual processing, awareness is more likely to result from that processing. In the interactive model, feedback signals from later processing areas to early processing are needed to attain awareness. At present, it is not clear which of the two models best describes the way brain activity results in visual awareness.

13. How does damage to the earliest visual regions, V1, differ from damage to higher visual areas? 

Damage to a small region of V1 can lead to a scotoma, a region of the visual field where perception is lost. The first retinotopic maps of V1 were actually constructed by mapping the trajectory of bullet wounds of soldiers injured in the Russo-Japanese war and World War I: there was a clear relationship between the location of each case of scotoma and the part of V1 that was injured (see page 164). 

Larger damage – or lesions – to V1 lead to larger scotomas and more loss of perception, sometimes encompassing an entire right or left visual field. Interestingly, although patients with left or right visual field damage may be ‘blind’ to visual stimuli presented to the damaged visual field, careful testing has shown that there is some level of awareness of the presented item. This phenomenon is called blindsight (see page 164-165). For a discussion of affective blindsight, see pages 377-379 in Chapter 13, Emotion). 

14. What is the difference when damage is located in the ventral stream in cortex vs. dorsal parietal areas? How does this evidence relate to theories of the ‘what’ and ‘where’ pathways for vision?

Damage to ventral object areas typically leads to visual agnosia – a difficulty in recognizing objects because of impairments in basic perceptual processing or higher-level recognition processes.  Damage to dorsal areas in the posterior parietal lobe can lead to a striking global modulation of visual awareness called neglect, in which a patient completely ignores or does not respond to objects in the contralateral visual hemifield. Thus, patients with right parietal damage may ignore the left half of the visual field, eat just half of the food on their plate, or apply makeup to just half of their face.  The very different outcomes for patients with ventral (temporal lobe) versus dorsal (parietal lobe) brain areas has lent support for separate visual streams or pathways for processing ‘what’ information and ‘where’ information.   

15. What is multistable perception and what can it tell us about human vision?
Multistable perception occurs when the physical visual stimulus does not change, but our perception of it does (see pages 170-171). Much research on multistable perception has been accomplished using stimuli that have two dominant ‘percepts’ that tend to alternate in perception: they are bistable (see Figure 6.20). The study of multistable perception is important for elucidating brain areas and networks that subserve visual awareness and visual consciousness.  

16. What is the role of perceptual ‘filling-in’ in vision and where in the visual system may it occur?
The best known example of perceptual ‘filling-in’ comes from the blind spot: the region at the back of the retina where the axons of the retinal ganglion cells meet to form the optic nerve as it exits the eye. We are not aware of this blind spot due to the perceptual filling-in that our visual system provides (see pages 173-174 and Figures 6.24 and 6.25).  Perceptual filling-in not only happens in the blind spot, but also occurs in other areas of the visual field. The brain can ‘fill-in’ color and patterns, and even motion. Thus the brain can actively construct perceptual representations, even when there is no physical stimulus presented in a particular region of the visual field.     

17. New techniques are allowing us to investigate topics like unconscious perception. Provide an example of unconscious perception.  

Unconscious perception occurs in situations where subjects report not seeing a given stimulus, however their behavior or brain activity suggests that specific information about the unperceived stimulus (for example, its color or location in space) was indeed processed by the brain (see pages 177-178 and Figure 6.28).   An example of unconscious perception is when differing images are presented quickly to the left and right eyes: the percept is a fused – combined from the two eyes – image that differs from each of the separately presented images (see Figures 6.28 and 6.29).  While the subjects may not be aware of seeing the two individual stimuli that fused to form a single image, testing may reveal that their brain responded to information outside of the subjects’ conscious perception.       

