Chapter 6 – Sensation and Perception

Sensation 
Basic Principles: 
The “Musts” of sensation: 
1-Detection. We must be able to detect a form of physical energy (ex sound waves). Humans can only detect a tiny portion of physical energy (can’t detect radio or TV waves). Different species detect different energies (silent dog whistle, magnetic fields). 
2-Transduction. Physical energy that was detected must be translated into an electro-chemical message that the brain can understand. 
3-Transmission. Info must be transmitted to the brain for further processing. 

Sensory receptors: highly specialized cells in nervous system that detect the physical energy. Without them, there is no connection to external world. 
Perception: Brain takes info collected by the senses, organizes, integrates and interprets it in a meaningful way. 
Bottom-up processing: The processing of incoming raw data, starting with the simplest and moving to the most complex. 
Top-down processing: Use knowledge, experience, memories, biases, expectations, culture, religion, mood etc. to influence and affect the way we use information. Ex- someone tells a joke, some people laugh but others are offended. 
Can you have sensation without perception? YES. 

Transduction: Convert one form of energy into another. Vision processes light energy. Hearing processes sound waves. All our senses RECEIVE stimulation (receptor cells), TRANSFORM (stimulation into neural impulses) and DELIVER neural info to brain. 

Prosopagnosia- When an area in the right temporal lobe is injured, the person loses the ability to recognize familiar faces. 

Measuring the senses:
Psychophysics- A field in psychology where researchers study how attributes of the physical world translate into a psychological experience. 

Absolute threshold- Measuring what is the minimum amount of physical energy/stimulation that must be present in order for us to detect it 50% of the time? Not the same for every person, for the same person it varies from one time to the next. 
Difference threshold (JND)- In addition to detecting physical energy, it is vital to be able to detect a change in stimulation. Ex- changes in temperature. Minimum amount of change in stimulation that must occur in order to be detected 50% of the time. Ability to detect change depends on what the stimulus was to begin with. 

Webber’s Law- JND is always a constant proportion of initial stimulus- 2%. So principle that to perceive the difference the two stimuli have to differ by percentage not size. 

Signal detection theory- our ability to detect physical stimulation is not solely determined by the amount/strength of stimulation. There are many other variables that affect detection. When we detect something, we are also making a judgement/ decision. This has life and death implications, important to all aspects of life. 

Subliminal stimulation- Stimuli you cannot detect 50% of the time are subliminal. Messages delivered below one’s absolute threshold for conscious awareness. These messages contain meanings such as: “I am thin”, “Smoking is bad” etc. to help a person achieve a goal such as losing weight or quitting smoking.  Under certain conditions, you can be affected by stimuli so weak that you don’t consciously notice them. Unnoticed word or image can reach visual cortex and briefly prime your response to a later question.   
· Example experiment: when they flashed a picture of a nude female or male without their conscious realizing it, the opposite sex would be know where the picture was but not sure what it was. 

Sensory Adaptation

Definition- sensory receptors have been exposed to an un-changing stimulus. Neurons will respond/ fire less. your senses adapt to non changing stimulus because it focuses on changing stimulis which is more important to notice. You don’t feel your clothes because of your sensory adaptation so your focus can go on somewhere more useful.

If we are constantly paying attention to an un-changing stimulus, we cannot attend to other more important, changing things. Ex- we don’t notice the sound of traffic if we live in NYC, but will notice a fire alarm.  We perceive the world not exactly as it is, but as it is useful for us to perceive it.

· Another fun fact: Our eyes are always attached to movement so even if you’re having an interesting convo but there’s a TV behind you or passing people you can’t help but look because it changing...

Circumventing sensory adaptation- * check in book* Answer:  2 reasons where sensory adaptation is prevented. 
1. Sensory adapt to moderate pain, nut never adapt to serious pain. 
2. Eyes won’t sensory adapt because our eyes are always moving we just don't feel it or notice it or else any image we’re staring at would just disappear. Ex. when you’re driving, or else road would become invisible. 
Vision
[image: ]The Stimulus:
There must be: light. Light is a form of electromagnetic radiation that travels in a wave part of the electromagnetic spectrum. 
Visible light has to be there in order for us to see. 
Light waves vary from 400mm to 700mm, these are the only wave lengths we can detect. 
Two physical characteristics: Translate into two psychological experiences...
1.Wavelengths: distance between the waves --> Hue (colour)
Long wavelengths> Red, Medium wavelengths> Green, Short wavelengths> Blue.
Amplitude of wave --> Brightness. 

The Eye
Focusing the light – Path light takes: 
1. Cornea: tough transparent tissue covers and protects the eyeball. Helps focus the light. 
2. Aqueous humour: chamber filled with fluid, helps provide structures of the eye with oxygen and nutrients. 
3. Pupil: the hole at the centre of the iris. Iris: the muscle that gives the eye its colour. Pupil can contract or dilate to allow less or more light in. 
4. Lens (accommadation): shaped like a disc, it is elastic, changes its shape to allow the eye to focus on objects that are varying distances. 
5. Vitreous humour: Gelatinous fluid, helps in focusing the light, and helps the eye to keep its shape.
6. Retina: detection, transduction, transmission occur here. Light-sensitive. 
Structure of the Retina: it is multi-layered. 
From innermost layer: rods and cones (see below) that are connected to bipolar cells that connect to ganglion cells.
Optic nerve: axons bunch up together to create pathway for visual info from eye to brain, leaves eye and carries info to brain. 
Blind spot: area in the eye where the optic nerve leaves to go to the brain. No receptors. 
Fovea: at center of the retina, made up of cones, allows us to see fine detail. 
[image: ]Rods & Cones: 
Known as photoreceptors, they are the sensory receptors in the eye. 
Differ in shape, number (rods outnumber cones 20:1), and function...

Rods- Super sensitive to light, activated by only a tiny amount of dim light. Do not allow us to see colour, only shades. Very good at detecting movement.

Cones- Not very sensitive to light, need a lot of light to get activated. We rely on them for day vision. Allow us to see colour. 

Difference between Rods and Cones 
Differ in location.
Rods are found in the periphery, cones are found mostly in the centre. 
Differ in connection to bipolar cells..
Several rods connect to one bipolar cell, while only one cone connects to a bipolar cell. 
Visual Information Processing
In order of increasing complexity: 

Retina: processing of visual info begins here. (Ganglion cells) then to…
Visual cortex: Contains feature detectors, which are highly specialized neurons that only fire if there is a very specific stimulus (pattern) is present. Then to…
 Parietal & Temporal lobes: then divides to “where” pathway and “what” pathway. 
Where pathway: info reaches parietal lobe, analyzed in such a way that we will know where an object is in space relative to us. Allows us to follow the movement of an object, and to direct our movements towards the object. What pathway next page + picture. 
[image: ]What pathway: helps identify and recognize the object you’re looking at. 

Parallel processing
Brain takes a job it must do, and breaks it into several specific pieces.           Different neuron groups will handle different pieces of the job. The work is done separately, but simultaneously. Makes the processing so fast!! 

Efficient.
Breaks info down into groups: shape, colour, texture, movement, depth. Once they’re done they exchange info with each other, the info is integrated. 
Serial processing is processing info one step at a time. 

Colour vision
colour does not exist, but is created by the brain. 
Young-Helmholtz Theory: did not work together but shared similar ideas, so they were combined into one theory. “Trichromatic theory of vision”- three primary light colours: red, green, and blue, to create any colour the human eye can see. 
Each type of cone can respond to a number of different wavelengths, maximally responsive to a very specific wavelength. Brain uses this info to create the experience of a specific colour.

Opponent-Process Theory: cont. from previous
- developed by Hering in 19th century
He accepted aspects of tri-chromatic theory, but said that it does not fully explain all the phenomena. 
Does not explain Afterimages.
Afterimage: visual image that persists after the physical stimulation is over. 
4 primary light colours: Red, Green, Blue, Yellow. Mix these to create any colour a human being can see. 

3 antagonistic (opposing) colour systems: Red-Green, Blue-Yellow, Black-White. 
Antagonistic colour system: neurons in a particular system will respond in antagonistic (opposing) ways to light ways of different length. Ex- neurons in Red-Green system will respond in opposing ways to red light and green light; if excited by red, they will be inhibited by the green. Neurons in this system will never respond with excitation or inhibition to both lights. 

Bottom Line (to date):
-Both theories are functional and accepted (they work). 
Tri-chromatic theory describes how cones in the retina respond. 
Opponent-process deals with ganglion cells in retina and neurons in the brain. 

Hearing 
(audition) Sound wave is a physical stimulation. 
Characteristics:
Frequency: of waves measured in Hertz (Hz). Gives pitch
Amplitude: Decibel (Db) 
Complexity: which result in 3 psychological characteristics....

Psychological- pitch of the waves (does not determine the loudness), Loudness,Timbre
-The 3 L’s: Long wave, Low frequency= Low pitch. 
-SHH: Short wave, High frequency= High pitch. 
Timbre= what makes your voice unique. Refer to Hadeel’s notes.. *****

The Ear: 
Outer ear: is called the Pinna. It funnels in the sound waves. 
From here, sound waves travel to the auditory canal, which is a thin tube within the skull. Sound wave will be amplified here (but will be in the other structures as well). 

Middle ear: Next it moves to the ear drum, which starts vibrating. Vibrations cause the ossicles (3 tiniest bones in the body, ***study individual names) to begin vibrating as well. This causes the Oval window to vibrate, which is another membrane in the ear. 

Inner ear: Then comes the Cochlear fluid (cochlea), pressure waves form here due to vibrations. This causes the Basilla Membrane to vibrate, which cause the cilia (hair cells) to bend. Cilia detect the physical stimulation, transduce and transmit it. Then info transmitted2 brainVia nerve. 
Detecting Loudness:
Brain is monitoring the number of hair cells fired, the higher the amplitude of a wave, the more hair cells will fire. Higher number of hair cells firing means a sound will be louder. 

How do we perceive pitch?

Place Theory: Sound waves of different frequencies will cause maximum activation on different places on the Basilla membrane. 
Frequency Theory: High frequency cause maximum activation at the beginning of the membrane and low frequency cause maximum activation at the low of the membrane. 
***This does not work for low frequency because low frequency will cause the whole membrane to vibrate. 

 Rate of Firing:
 Frequency of sound wave will determine the rate of firing. 
1 Hertz= 1 Action Potential per second. 
Cilia can only fire 1000 Action Potential per second... However, we can hear sound that is up to 20,000 hertz!
Solution: the Volley Principle. 
Sound waves that have higher frequencies, other groups of hair cells will step up and pitch in, different groups of hair cells will combine and synchronize their efforts. 
Each group, and one group at a time will fire 1000 Action Potential per second, back to back. 

Bottom line (to date):
Both theories explain SOME explanation as to how we perceive pitch. 
Place theory explains high frequency sound waves, Frequency theory is best at explaining low frequency sound waves. A combination of both would best describe everything. 

Locating Sound:
2 Factors/ Clues. 
Time of Arrival: Sound wave will hit first the ear that is closer to the source, and then the second. The time difference is tiny, but it lets the brain know which side the sound came from. 
Loudness: Ear that is closest to the source will experience it as louder. The second ear will be more muffled because the sound waves must travel through the bones/flesh of the head to reach the second ear. 

What if they are directly behind us? Both ears get the sound wave at the same time. We turn/ cock our heads. This re-establishes time of arrival and loudness factors. 

Hearing Loss & Deaf Culture:

1. Conduction- structures in the ear that help carry sound waves are damaged. 
Solution is to have a hearing aid, to amplify the frequencies the person cannot pick up. 
Some hearing aids use compressed sound, meaning it amplifies soft sound, and leaves loud sounds alone. 
2. Sensorineural- damage caused to the cochlea’s receptor cells or auditory nerve. 
Solution is Cochlear implants, which are electrodes implanted in the cochlea. 

Other Senses

Touch
Skin is the largest organ in the body. More accurately called Cutaneous senses, because the skins has more sensory components than just touch. 
Receptors for Temperature (warm and cold), Pressure, Pain, and Itch. But these are not the only sensations we experience...There is a Mix&Match taking place, different combinations of the receptors are activated, which allows us to perceive other senses. 
Ex- simultaneous activation of both warm and cold receptors= intense heat. 

****** see textbook for more examples. 
stroking adjacent pressure spots creates a tickle
repeated gentle stroking of a pain spot creates an itching sensation
touching adjacent cold and pressure spots triggers a sense of wetness, which you cn experience by touching a dry, cold metal

Touch- Extremely important for physical and mental well-being. Ex- premature babies who are touched constantly will develop their nervous systems quicker, and be able to return home more quickly. This has also been seen in rats, who will become miserable if they aren’t touched. 
When our bodies are touched, we release human growth hormones. 

Pain- an unpleasant emotional and sensory experience associated with actual tissue damage or potential tissue damage. Pain receptors are all over the body, called Nociceptors. They detect harmful stimuli. 
Pain is necessary for survival. If we were unable to feel pain we would die. Ex- feel pain in your throat, so you go to the doctor and get antibiotics and get better.

Gate-Control Theory: There is a neurological gate in the spinal cord. If the gate is opened, we will feel pain. If it’s closed, we will not. There are structures in the spinal cord to determine whether or not to open the gate....
-Small nerve fibers: when they’re activated the gate is opened and we feel pain. 
-Large nerve fibers: when they are activated they close the gate, we either feel no pain or little pain. 
Application: touching an area that hurts stimulates the large nerve fibers, which will reduce the pain. Ex- physiotherapy. 

Role of the Brain- plays an important role in either opening or closing the gate. 

Stimulation-induced analgesia: electrically stimulate certain areas of the brain to eliminate the pain. Ex- can perform surgery on rats without anesthetic because the stimulated areas cause them to feel no pain. 

Belief-induced analgesia: Indian hook-swinging example. Spiritual beliefs can affect pain and healing process.  Placebo affect (when you believe a certain medical treatment will work) and the results are from your psychological beliefs rather than the treatment itself. 

Stress-induced analgesia; 
Endorphins: (natural pain killer) “feel-good” chemicals that the brain releases when we are under extreme physiological stress. Ex- You release endorphins when you run. People with healthy levels of endorphins are less sensitive to pain. 

*********** study: P. 256-258 + figure 6.22 Earn a point 

Smell: (Olfaction)
A chemical sense; meaning chemical stimulation, not physical. 
Inhale molecules, they travel up the nose and into the nasal cavity. 
Here are olfactory receptors, found in the Olfactory epithelium which is a moist membrane covered with mucus. Info goes to the Olfactory bulb (in brain), and is sent to different brain areas ex-temporal lobes. 
Humans have 10 million Olfactory receptors. (dogs have 200 million). There are 1000 different types, these can be categorized into 10,000 odours. 
Regenerate ever 30-60 days
Smokers, being constantly exposed to air pollution, as well age reduces their ability to regenerate. ex- by age 65, 25% of receptors no longer regenerate. 
Strong connection between smell, emotion & memory.
Anosmia: complete loss of sense of smell. 
Specific anosmia: can detect some smells. 
Asian herbalists have trained their sense of smell, so they can sniff patients and detect disease by their different smells. 
Certain breeds of dogs can detect cancer with 85% accuracy. 
Loss of sense of smell is one of the early signs of Alzheimer’s 

Taste/Gustation
chemical sense, stimulation comes from food molecules. 
in order to be detected, molecules must dissolve in saliva and come in contact with gustatory cells. 
Taste buds are found in the Papillae, in the tongue, cheeks, roof of mouth, and back of throat. Gustatory cells are found in the taste buds. 
4 basic sensations: sweet, sour, salty, bitter. 
a 5th? Umami (Japanese). The distinct taste of Msg, associated with proteins. 
Gustatory cells regenerate every 10-14 days. By age 20, you have lost half your gustatory cells. 
Strong interaction between taste and smell. 
[image: ]Sensory interaction: principle according to which different senses influence and affect each other. 

What is the McGurk effect? *****Textbook. 
-Seeing a speaker saying one syllable, while hearing them say another. This causes you to perceive a 3rd syllable that blends both inputs. 

Body Position/Movement: 
Following 2 senses connect us to our own body. 
-Kinesthesis: Allows us to know location, orientation, position of our body parts. Are they moving? and which muscle is contracting. Found in muscles, joints, ligaments and tendons. 
****Youtube- The man who lost his body- 4 segments. 

-Vestibular sense: Monitor movements of the head, and the body as a whole. Semi-circular canals and vestibular sacs (in the ears).

Perceptual Organization 
Taking the info collected by senses. It selects, organizes, analyzes and interprets the info. 
Gestalt Psychology: school established in Germany, where researchers wanted to know how the brain organizes sensory info. They psychologists in this school helped us with this info:  the brain organizes sensory info in the form of a Gestalt (a whole/form).  Ex. Our face is a Gestalt (a whole, not pieces- eyes and nose). 
Form Perception
Figure and Ground: when we look at a scene, the brain automatically divides it into figure & ground. Figure is what you are looking at ground is the background. Without it someone would blend with the floor, with the screen and podium. Figure and ground does not exist in the real world. 
Grouping: Some rules that the brain follow (discovered by Gestalt).                                                                                                         
Proximity: Elements in a scene that are close together are perceived as a set. 
Similarity: Elements in a scene that are physically close together are perceived as a set. 
Continuity: Elements in a scene that continue a pattern or that seem to flow in the same direction are perceived as a single unit. 
Connectedness: Elements in a scene that are connected to each other by other elements are perceived as a single (ex ladder) 
Closure: When there is an incomplete image your brain will fill in the blank (the CBC symbol, you see the peacock when it’s not really there… other examples in class). 
Depth Perception
Definition: How far or how close an object is to me. This allows us to see the world in 3D. It is partly innate (nature, we’re born with it). 
Visual Cliff Experiment: Indicated that babies had depth perception. However experience is still essential for depth perception because of the example of guy who had surgery… And was about to jump out of window. 
The brain reveals 2major cues to perception: 
1. Binocular Depth Cues- The brain needs info from both eyes in order to perceive info. 
· Convergence: our eye muscle rotates in order to fixate on an object. Our brain monitors this info. The higher the rotation/convergence the closer the object is perceived to be. (finger example, when finger is far; eyes are normal, when finger is close to your face your eyes rotate as if cross eyed). 
· [image: ]Retinal Disparity: Due to the distance between our eyes each eye gets a slightly different image of an object on its retina. Even if they are viewing the same object, it is from a slightly different angle. 
2. Monocular Depth Cues- Only one eye is necessary. The brain processes info from one eye and one eye only to determine how far or how close the object is. 

· Relative size: Objects in a scene that are roughly the same size, the one that appears bigger will be perceived as closer. 
· Interposition: When you looking at a scene and an object is partially blocking another object. The object blocking looks closer.
· Relative Clarity: When looking at a scene, the sharper, crisper, clearer the image is the closer it will appear. 
· Texture Gradient: The sharper, coarser, rougher, more detailed it is the closer the image will appear. 
· Relative Height: The higher an object is the further away it will be perceived. The lower it is, the closer it will be perceived. (Buildings example) 
· Relative Motion: Depth perception while moving. The faster the object seems to be moving (blurry) and moving past you then it’s closer. Or something farther is clear and moving slowly same direction. 
· Fixation Point: Shown in the picture above. 
· Linear Perspective: Two parallel lines seem to converge making it looking like its closer. 
· Light and shadow: Objects that are lit well seem to be closer, dimmed areas seem to be farther. 
Motion Perception
When it comes to perception of movement brain makes some basic assumptions: 
When you look at an object it casts an image to your retina. The brain monitors this image asking a few question
 1. Is the image stationary or moving?
 2. Is the retinal image getting larger (closer) shinking (getting farther away)? 
3. How fast is the image shrinking or growing..? 
Stroboscopic Movement: Perceiving reality as your brain constructs it. A movie scene is 24 still pictures per second. Your brain perceives the movement. 
Phi Phenomenon: Signs that appear to have movement. There is actually no movement on them. There is just stationary lights being turned on and off in rapid successions. 
Perceptual Constancy: Our ability to perceive object particularly familiar ones as remaining the same despite of changes in sensory input and retinal images. 
Shape  Constancy: Our ability to perceive that the shape/ form of the object remains the same despite change in sensory input and retinal images. 
Colour Constancy: Colour stays the same…
Lightness Constancy: Ability to see things as black, white and grey despite of changes in sensory input (such as brightness). 
Relative Luminance: One of the explanations offered to explain colour and lightness constancy. When the brain is monitoring the amount of light reflected off of an object, it does not do it in a vacuum. 
Perceptual Interpretation 
Sensory Deprivation and Restored Vision
Are these perceptual abilities innate or do they require experience? Based on studies, if you have no experience with seeing(blind) and than got your vision back… than colour, figure ground, movement perceptions are okay. However, depth, shape and size perceptual interpretation are not okay therefore experience is necessary in the critical period from birth until later on in time where experiences absolute must to develop the brain. 
Perceptual Set
We have a mental predisposition to perceive the world and life in certain way that come from experience, culture, religion, teachers, and friends . When you are looking at events in the world you are not seeing them as they , you see them through a filter of YOUR life experiences. Perceptual set can influence what we hear, taste, feel and see.

Schema: A mental model/representation of something. Ex. Hooker. Everyone has a schema about a hooker. We form schema about things as we grow up depending on your experiences (listed above). 
· [image: ]Ex. If you were shown picture on the right first then the second then you’ll perceive it as a women however if shown left first then middle then you’ll see the man again. 
· Context effect: if you hear “eel on the wheel” instead of “eel the orange” then you won’t think peel you’ll think wheel because it put it in context.  example of this is the window on top of a women’s head. Westerner’s perceive it as window yet East African think of the women is balancing a metal box or a can.  
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