
Introduction to Experimental Psychology
Sensation: Vision
 

Physics of light
•         Electromagnetic signal whose wavelength varies from 400 to 700 nanometers (this is called "light"). Short wavelengths (400-500 nm = violet-blue); Medium wavelengths (500-600 nm = green); Long wavelengths (600-700 nm = red). We thus perceive only a very limited amount of the electromagnetic energy in the universe (from 10-5 to 1015 nm).
•         Colour. The wavelength of the light determines its physical hue which we perceive psychologically as “colour”
•         Brightness. The amount of energy in the light wave (or its intensity) is perceived as “brightness”. 

 

Anatomy of the Eye

 
•         The Eye
•         Cornea
•         Lens
•         Pupil
•         Retina: rods and cones; fovea; blind spot
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The Retina

· The retina consists of 3 layers

· The rods and cones

· The bipolar cells

· The ganglion cells

· The light sensitive rods and cones are located in the back of the retina

· Light must thus pass through the other layers before striking the rods and cones

· The rods and cones have a chemical reaction to light.

· If the reaction is strong enough, the bipolar cells will be activated

· Bipolar cells activate the ganglion cells

· The axons of the ganglion cells converge at the “blind spot” to form the optic nerve.

The Cones

· Cones - packed in the centre of the retina, near the fovea (where vision is most acute -- “acuity”)

· Colour vision: three types of cones -- for red, green, blue

· A single cone may project to a single bipolar cell. Thus, the output of the cone will have to be very high in order for the bipolar cell to be activated.  Need a great deal of light to see in colour.

The Rods

· Rods - in the periphery. There are many more rods than cones, but the rods are not nearly as densely packed as the cones.  

· Because they are relatively far apart, the rods are excellent for detecting movement. 

· Not sensitive to colour

· Several rods project to a single bipolar cell. Thus,  sensitive to very low levels of light.  
· Sensitivity of rods and cones. The rods are much more sensitive than the cones. Therefore, in order to see colour, the light must be relatively intense. On the other hand, the rods are able to detect light at very low intensities. The rods are therefore used for "night" vision. Logically, we do not see colours well in darkness.

 

Colour Theory
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3-colour theory
•         All colours can be created through the mixture of three colours, red, blue and green. 
•         We therefore have 3 types of cones, one that is most sensitive to red, one that is most sensitive to blue and one that is most sensitive to green. A “red” cone synapses with a “red” optic nerve, a blue cone with a blue optic nerve, etc. All other colours are thus created at a higher level (probably the cortex) by measuring (or mixing) the number of optic nerves that carry each of the red, blue and green messages. A “yellow” light might thus stimulate an equal number of red and green cones. The mixture of red and green action potentials that occur in the cortex results in our experience of yellow. All other colours are similarly mixed and created by the “mind”.
•         Support: There actually are three types of cones (red, blue, green). 

•         Against: We can never see reddish-green; nor bluish-yellow. If the green and red cones are simultaneously activated, one should see reddish-green. In actual fact, red & green look yellow; while blue & yellow look white).
•         Against: Adaptation studies -- in which subject looks at single colour for some time and then looks at a neutral surface. If one looks at a red colour for a period of time (thus causing adaptation for the colour red with the result that the red cone stops firing), then suddenly look at a white surface, one will see a green afterimage. How can one see green if the green cone has not been stimulated?
•         Against: Colour blindness: One is never blind just to red or to green or to blue. Rather, red-green or blue-yellow

 

2-Colour Theory

 
•         Also called "Opponent-Colour Theory"
•         The theory claims that the red and green cones jointly synapse with a red-green detector (a neuron). It increases firing when red is presented but decreases firing when green is presented. Same thing for blue-yellow
•         Support: Colour blindness. Colour adaptation studies. If a red circle is presented on a monitor and the observer asked to stare at it for some time (20-30 sec), the observer gradually adapts to redness. The firing rate gradually slows to the continually presented red colour. This slowing down of the firing rate is, however, not seen as an absence of colour (black). Rather, it is experienced as a different colour, green.
•         Against: Any evidence that supports 3-colour theory.
•         2-colour opponent neurons probably operate at a higher level than the receptor (This is more of a psychological theory)
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· Half of the optic nerve crosses near the hypothalamus. The crossing point is called the optic chiasm.

· In the end, the left visual field (note, not the left eye) projects to the right visual cortex and right visual field to the left visual cortex.

· The optic nerve synapses at the thalamus.

· If relevant, the visual information is forwarded to the primary visual cortex in the occipital lobe. 
Feature Detection

· Single neurons in the  primary visual cortex seem to be highly specialized for the detection of very specific features: -horizontal and vertical lines, lines at a very specific angle or perhaps a very specific length 
· In the figure above, an electrode is implanted into a single neuron in the monkey’s visual cortex. The monkey sees a line presented on a monitor. The single firing rate of the neuron is very rapid if the stimulus has highly specific features. It must be a straight line and must have a very specific length. It must also be at a very specific angle. In the middle portion of the figure, a vertical line at70 degrees (straight up and down) is presented. The single neuron is not specialized for detecting this feature (it is specialized for detecting a line like this and a line of this length but not at this angle). The firing rate decreases dramatically. In the right portion. Another line is presented but at a angle far different from that for which this single neuron is specialized to detect. The neuron therefore no longer is sensitive to this feature and does not fire at all. 

· Farther away from the primary visual cortex, highly specialized regions detect very specific objects. 

· Thus, if the single neuron above and another neuron that responds to say a line at a horizontal angle project to another common neuron (away from the primary visual cortex), then this cell might detect an “object” such as /_

· As we move farther and farther from the primary visual cortex, features become joined. So, the single neuron might detect rectangles or circles or ellipses. Regions of the visual-parietal cortex begin to be specialized for highly specialized objects. See example below:

Summary of Visual Processing of Specific Features:
Sensation: Pain
•         Common to all senses. While there is an optic nerve and an auditory nerve, there is not a "pain" nerve
•         No single stimulus (such as a visual, auditory or somatosensory) triggers pain. Rather, any stimulus that is intense enough to cause damage may cause the sensation of pain
•         Phasic pain. This is the pain we feel immediately upon intense stimulation. Its role is protective. This phasic pain stimulus should interrupt processing of other information. It should automatically cause you to switch attention. The goal of this phasic pain sensation is for you to take action, to remove you from the source of the painful stimulus. When a painful stimulus is long-lasting, we will experience both phasic and tonic (see point 4) pain. But we will have two phasic events. When the pain begins, we experience sharp, phasic pain. And when the pain ends, we experience a second sharp sensation of phasic pain. Our nervous system is carefully tuned to detect change.
•         Tonic pain. This is the long-lasting "chronic" pain that we feel after the phasic pain has ceased. It serves to "remind" you of the immediate past and should thus assist you to learn to avoid the painful stimulus in the future. Tonic pain is more subjective. Its perception can be altered by psychological factors such as attention. This is why we shake our hand, jump up and down and utter politically incorrect words after bring pricked. Shaking your hand will set up another type of stimulus for your brain to interpret. If you attend to this stimulus rather than the tonic pain, you may become less conscious of the pain. Many so-called pain-killer drugs operate to decrease our perception of tonic pain. 
•         Memory for pain. We seem to have a much better memory for phasic than tonic pain. We remember the onset and the offset of pain much better than the long-lasting tonic pain. 
•         Different pain pathways for phasic and chronic pain.

 

Psychological aspects of Pain

 
· Common to all senses

· Any stimulus that is intense enough to cause damage may cause the sensation of pain

· Phasic pain

· Tonic pain

· Different pain pathways for each

· Rapid pathway for phasic pain

· Slow pathway for tonic pain
Pain is highly subjective. It can be controlled through attentional mechanisms and altered states of consciousness. Thus, there is nothing “objective” about pain. Various theories of pain perception have been postulated.

· Great deal of individual differences

· Perception can be easily modulated

· Highly psychological

· Strong placebo effects

· Gate control theory (Melzack & Wall) offers an excellent explanation of how pain can be modulated.  See Myers for a more complete description of this theory. 

· Selective attention: We can control pain by using a second stimulus. Thus, we stimulate the somatosensory (touch) system by shaking our hands when we crush our thumb with a hammer. This might cause us to attend to the somatosensory stimulus rather than the painful one (this is an example of bottom-up processing). 

· Alternatively, a higher centre of the brain might wilfully block pain signals (perhaps by the release of endorphin neurotransmitters). 

In the study illustrated in the Figure, a patient experiences chronic pain. An fMRI is used to scan the areas of the brain that are activated by the perception of pain and the extent to which these areas are activated. In the image on the left, a large number of areas are strongly activated. Now, the patient attends to visual stimuli (is placed in a virtual reality apparatus). Far fewer areas are activated and the strength of the pain activation is much reduced. The consciousness of pain has thus been modulated by directing attention elsewhere.
Perception
 
Sensation provides a myriad of “sensory” impressions. In vision, we might experience many different colours, shapes and forms. From this we need to form and integrated “whole” to arrive at a perception of our visual input.  Perception involves an exceedingly complex interaction of many different brain regions. Some of these are specialized for the extraction of specific features of the stimulus. To detect the flight of a bird, we first must detect an object (the bird) against the background. In order to make the decision that the object is a bird and it is moving requires the extraction of additional features. The bird will probably appear as a distant object on the retina (it will be small). It should have distinctive features. We do not typically mistake a flying bird for a flying airplane. Why not? Birds are typically closer to the eye than airplanes. But airplanes are larger than birds. The size of the image of a bird on the retina and that of an airplane may not be all that different. Thus, there must be distinctive features that allow us to classify birds and airplanes as being different. We must be able to detect the distance that an object is from us (“depth perception”). How do we do this? Similarly, we do not have a problem distinguishing the flight of a baseball (or a Frisbee) from that of a bird. Certain areas of our visual cortex are specialized for distinguishing horizontal lines, vertical lines and perhaps a higher centre will detect curves (the combination of horizontal and vertical lines). Other cortical neurons might detect movement. In short, perception involves a complex feature extraction and integration process. We perceive the whole bird, not the parts of the birds. We do not see a head, eyes, a bill, wings, feathers, etc. We see a “bird”. But we must also extract the features, the “parts” of the bird in order to perceive it as a bird as opposed to an airplane. Features that are extracted are then compared to what exists in permanent memory. Are the features that have been extracted consistent with my memory of a bird or an airplane? 

How do we learn to perceive? How much of perception is inherited?

 

Most of this summary is taken from the Myers chapter on Perception. Please refer to it for more detail.
 

Visual Capture.  

 
· Our sense of vision dominates other senses. When there is simultaneous stimulation of our receptors, vision “captures” our attention.

· An excellent example of visual capture is observed in the McGurk effect. McGurk found that people who watched videos of spoken phonemes could be fooled into misperceiving what they heard if the mouthing was actually different from what was spoken. If the person in a video mouthed "ga,"(the lips and tongue seem to say “ga”) but was dubbed with a voice saying "ba," people usually heard "ga", even though that was not what was spoken. When viewers closed their eyes, they heard "ba" correctly. YouTube has some excellent examples of the McGurk effect.

· In a concert, if the loudspeakers are behind our heads, we still perceive the sound as coming from the singer’s head in front of us, in spite of the fact that in reality, the voice is coming from elsewhere.. 

· Visual capture also works with other modalities. In the IMAX movie theatre, our eyes may tell us that we are dropping over a cliff, yet our vestibular system has not been stimulated. We still however sense dizziness and experience that we are dropping. 

Perceptual Organization

 
•       Gestalt psychology: Given a cluster of sensations, the perceiver organizes them into a “whole” or a “gestalt”. 
•       Figure-ground. In order to perceive, we need to perceive a figure as being distinct from its surroundings, the ground. Edge Detection. See your textbook for details.
•       Grouping: To bring order to our sensations, we logically group stimuli together -- rules of proximity, similarity, continuity, closure and connectedness. Again, see your textbook for details.

 

Depth Perception

 
•         How do we perceive depth when an image falls onto a 2-dimensional retina? We see in 3-dimensions even though the receptor (the retina) has only 2-dimensions.
•         The ability to see depth is at least partially innate. Visual cliff experiments. Infants will not crawl out beyond a “cliff”. Newborns of all mobile species -- goats, cats, dogs, chickens also refuse to do so.

 

Binocular Cues

 
•         The fact that we have two eyes does provide a cue for the third dimension, depth.
•         Retinal disparity. The image that falls on our two eyes is not identical. 
•         3-D movies are created by having two cameras placed a few cm apart film the scene. They imitate the eyes in that the images on the two cameras are slightly different. 
•         If we can force the eyes to see independently (so that the left eye sees something differently than the right), we will see vivid depth. Stereograms contain two different views of the same image.
•         It is the brain that must integrate the two different images, and thus create depth.
 

Monocular Cues 

 
•      Even with one eye, we can still see in 3-dimensions. Many artists rely on the monocular cues for depth in order to paid realistic paintings that appear to represent objects that are close and far from the viewer. What are these cues? 
•      Relative size: Near objects are larger than far objects
•      Relative height: Far objects are higher in the visual field
•      Interposition: The near object will block a far object.
•      Linear perspective. Parallel lines such as a railway track converge at a distance.
•      Texture gradient: Near objects are more coarse and have a distinct texture. Far objects merge together and have an indistinct texture.
•      Relative brightness (shading): Near objects reflect more light than far objects. Shading can be used by artists (and computer-types) to give the illusion of depth. Also the placement of shading (top or bottom) will alter our perception of whether an object is near or far. A push button on your computer screen creates the illusion of depth. In the real world, a button that is out casts a shadow on the bottom and perhaps on the left side if the light source is coming from the top (almost always the case) and the right side. A button that is in  casts the shadow differently. Now the shadow is at the top and on the right side. It is extremely easy to create the illusion of depth using this simple principle. Note that the rectangle on the left appears to be out. The black line (the shadow) is on the bottom and the white line at the top. The button is pushed in on the right. The black and white lines now change position. 

The rectangle on the left has no shadow. A “shadow” (actually two grey lines) has been added to the bottom. This now creates the illusion of depth. The rectangle appears to be popping “out” from the monitor. 

Motion Perception

 
•      As light sequentially stimulates one retinal cell after another, we experience “movement”.  
•      In short, a moving object will “move” across the retina, triggering neighboring retinal cells. 
•     Approaching objects become “larger” on the retina (as they trigger retinal cells that are farther and farther away from the centre of the object). Retreating objects become smaller (as they trigger cells that are closer and closer to the centre of the object).

Misperception of Movement (Apparent Movement).

· An object will also move across the eye as the eyes move from left to right (or up and down). However, in this case the object removes stable. 

· Even though the object still triggers neigbouring retinal cells, our visual cortex does not experience movement. Our visual cortex somehow has “learned” (but perhaps the computation is inherited) to distinguish between objects that trigger firing in adjacent retinal cells because it is the object that moves and objects that trigger adjacent retinal cells because the eyes move. 

· However, our eyes are constantly moving slightly and we are not conscious of these movements. In this case, the object will still trigger neighbouring retinal cells. But, in this case, we are not conscious (aware) that it is the eyes that are movement.

· We thus have an illusion (a misperception) that it is the object is moving.

· Illusions are thus errors of perception. The visual computation are erroneous. 

· The object on the left appears to move. This is an illusion (a misperception). It is actually the eyes that are moving. A different object is shown on the right. Now move your eyes, left to right. The centre of the object begins to move. Again, your visual cortex is making an error. It is misperceiving the fact that as the object stimulates different retinal cells, it is the object that must be moving rather than correctly interpreting the fact that it is the eyes that are moving. What is particularly interesting about these errors is that even when the observer is aware of the misperception (you now know that is it your eyes that are moving), you still cannot change the perception. The object continues to appear to move. Illusions courtesy of Prof. A Kitakao, Dept. of Psychology, Ritsumeikan University, Japan 
· Stroboscopic motion. Still pictures whose image vary slightly in position will appear to move if flashed rapidly enough (about 24 times per sec).
 

Perceptual Constancies

 
•       Perceptual constancy allows us to perceive an object as unchanging even though the stimuli that fall onto our receptors have changed (see text for details) .
•       Shape constancy
•       Size constancy. 
•       Lightness constancy. White objects reflects more light than black objects. Yet outside, a black object will reflect more light than a white object that is indoors. Yet the object still looks black. This is because of context or relative luminance. The black object that is perceived in bright sunlight still reflects less light than a white object that is outdoors. 
Perceptual Context
· Context can influence how we perceive.

· Identical colours will not appear to be identical if presented in different background colours

· In the image below (again courtesy of Prof Kitakao), you perceive light blue and green circles on either a red or pink background, respectively. This is an illusion. Your visual cortex is making an error. In actual fact, the green and light blue circles are identical. Their colours are identical. 
· Lightness (brightness) context. Grey will appear to be darker if presented against a white background. The eyes of the girl  drawn by Prof Kitakao seem to have different colours. Again, this is an illusion. The colours are identical. The right eye appears to be light grey because it is drawn in the context of a dark background. The eye colour of the right eye appears to be very dark because it is drawn against a light (white) background.  

· Culture can also affect how we perceive objects (see text for details).

· Food is often coloured to fit our cultural context. Butter should be whitish (it is milk) and contains a great deal of fat (white). We have learned that fat is bad. Butter is thus coloured to be yellow. Margarine, which is not an animal product at all is similarly coloured to be yellow because we think that butter should be yellow (thus margarine is coloured to be yellow to look like butter which in itself is coloured to appear yellow). The canning process deprives peas of their colour. We thus colour them green. We add red dye to “red” meat to give the impression of freshness. We add yellow to batter (tempura). Thus, fish batter appears to be yellow. 
 

Learning to Perceive

 

Clinical Studies.  

•       To what extent is perception inherited (i.e., unlearned) and to what extent is it learned?
•       Test of hypothesis that visual perception requires learning: test people who although blind from birth have recovered their vision.
o       Patients could distinguish figure from ground.
o       Patients could detect colour
o       Patients could not recognize objects
 
True Experimental Studies
 
•       Kittens raised in an environment consisting only of vertical or only of horizontal black-and-white lines (Blakemore and Cooper studies).
•       Kitten raised in one environment could not perceive the other environment and could not learn to perceive the other environment as adults. There does appear to be a “critical period” for this form of perception to be learned early development. If the learning does not take place within this critical period, it will never take place later during adulthood. Thus, even detecting what appears to be a very simple visual feature… either horizontal or vertical lines does not appear to be inherited. We must learn to perceive them.

 
Perceptual Adaptation

 

Note that the use of the word “adaptation” in the context of perceptual adaptation is very different from the use of this word in the context of the adaptation of a receptor. Perceptual adaptation is required following a dramatic change in our perception. If you were deaf from birth and now received a cochlear implant, you could  suddenly hear. Sensation may now be normal.  But what would you hear (i.e., perceive)? Could you learn to perceive something as complex as language? You must now adapt to the new perception of sound. 

 

This type of perceptual adaptation has been most often studied is that following medical surgery that allows a blind person to see (often involving the replacement of the cornea). Could these patients adapt? Could they “perceive” just as we perceive?  Recall that the patients’ retinas and their optic nerves are sending more or less the same message as any normal seeing individual’s receptor would send to the visual cortex. But do the patients perceive the same thing? In order to perceive, what has to be learned in early childhood (or infancy)? What is inherited? 

 
•       If your visual world were suddenly changed -- could you adapt? The answer to the question may depend on the extent to which perception requires the complex computations that can only occur with the evolution of a large area of grey matter, the visual cortex. Often, these complex connections are only formed as a result of experience (i.e., as a result of learning).  
•       In experimental studies in non-mammals, (for example, reptiles or amphibian), the optic nerve of a newborn is severed (cut) and the eye rotated. The optic nerve must regenerate (and it does relatively easily in non-mammals) and the proper connections made again. What used to be perceived as being up is now perceived as being down. What is actually on the right is perceived as being on the left. Non-mammals cannot adapt (re-learn). An adult frog will starve to death because whenever it tries to eat; it misperceives the location of the food, trying in vain, lashing downward with its tongue to snarl food that is perceived to be in a downward location when it fact it is actually in an upward location. Thus, while these animals have the flexibility to regenerate the peripheral nervous system, their limited grey matter of their nervous system does not have the flexibility to relearn how to perceive location of visual objects. 
•       There is limited regeneration of the optic nerve in mammals. However, we can experimentally carry out a similar manipulation by rotating the image (rather than rotating the eye) by having the animal wear inverting goggles. What is up is perceived as being down is now up and vice versa. As you can imagine, climbing up or down stairs is terribly difficult. However…
•       Kittens, monkeys and humans can re-learn (i.e., adapt) to the visual reversal, although it does take considerable time. They have the cortical power that allows for such flexibility. Amazingly after a couple of weeks of wearing inverted goggles, humans can carry out seemingly impossible tasks. Over time, with considerable adaptation, learning and experience, they can ride a bicycle, catch thrown objects, write… 

