Test Objectives for Exam 1

What follows is a general outline, based primarily on what I have covered in lecture.  Also, don’t forget that several graphs from lecture and the assigned reading will appear on the test and you will need to be able to interpret them correctly, so if there are graphs from lecture or the assigned reading that you do not understand please do not hesitate to ask me.  

Exam 1 will test:

1. Your knowledge of Psychophysics.  For example, you should know something about the generally non-linear relationships between levels of physical stimuli and the rich and detailed human perception of those stimuli.  You must also understand distinctions between concepts such as Psycho vs. Physics, Detection vs. Identification, and Representations vs. Models.  See Lecture Material (see ‘Introduction’, ‘Sound’, and ‘Odditory System’ slides), plus see examples in Chapters 1 and 9.  
Key Terms and Concepts:  

· Naïve realist
· Parallel Realities:  Psychological Reality (Color! Timbre! Stinky! Delicious! Pain! Etc.)  vs. Physical Reality (Energy and Matter)
· Warped Reality – log (Fechner’s Law) and exponential (Steven’s Power Law) relationships between physical stimuli and psychological experience
· The Information Content of Neural Signaling (Yes, No, Mo’)
· Stimuli Encoded as 2D Patterns of by Sensory Neurons
· 2D Patterns of Sensory Activity – means Depth cannot be ‘sensed’

· 3 ways to Connect Neurons, and Functions Associated with Each
· Analysis (Sensation) and Synthesis (Perception)
· Compromise (Detection vs. Identification of Stimuli)
· Sensory Systems Only Need to be Reliable, Not Valid – many perceptions are ‘representations’ of physical reality
2. Your knowledge of the structure and function of neurons.  You should know the basic anatomy of a neuron and how the electrical charge of ions (K+, Na+, Cl-) is used to generate resting, synaptic, and action potentials (related concept – how is it that neurons can operate at such low voltages?).  Don’t forget about myelin (how does it make neural signaling faster?) and Ca++ (what important ‘non-electrical’ role does it play?).  Finally, given these properties, how can neurons be used to detect and represent stimuli in the environment?  See Lecture Material (Neurons slides). 

Key Terms and Concepts:  

· Why we have neurons and plants don’t 
· Myelin – what does it mean that we have it and invertebrates don’t?
· Ohm’s Law - Neurons are LOW voltage electrical devices

· Ions: Making electricity with some common salts
· Electrical AND Concentration Gradients control the flow of ions
· The Entire Cell:  K+ controls the Resting Potential

· On Dendrites:  Ionotropic & Metabotropic neurotransmitter receptors
· On Dendrites:  Na+, Cl- control Synaptic Potentials 
· On Axons: Na+ and K+ control Action Potentials
· Myelin is a win/win (speed AND efficiency)
· Ca++ is just a chemical (for neurotransmitter release)

3. Your knowledge of the functional architecture of the vertebrate CNS and of sensory pathways.  You should have a general knowledge of the circuitry that connects 2D sheets of receptors to 2D cortical maps.  There is a slide with the words ‘Brain Regions You Should Know’ written on it – I’ll ask about this on the exam.  There are two other slides that focus on the dorsal/ventral organization of the brainstem and telencephalon – I’ll ask about these – know the functions associated with each sub-region and know the functions associated with layers 4,5,6 of cortex.  Know differences between brain regions that answer ‘where’ the stimulus is vs. ‘what’ the stimulus is.  See Lecture Material (‘Why Brains Are Ugly’).
Key Terms and Concepts:  

· Brain structure is about saving space.  Therefore, not all of the structural complexity of the brain is functionally meaningful
· Proportional flat maps – know the 6 regions

· Cap and stalk (Telencephalon and Brainstem)

· Dorso-Ventral (Sensory-Motor) organization

· Left/right crossing in most Sensory Systems

· For Vision and Audition – different regions process ‘where’ vs. ‘what’
· Key subdivisions of telencephalon (Amygdala, Hippocampus, Cortex)
4. Your knowledge of the physical properties of sound, (frequency, intensity, complexity) and their human psychological correlates (pitch, loudness, timbre).  Here you should know something about sound as a stimulus and how it is described and measured.  A basic understanding of Fourier Analysis/Synthesis is key to being able to think about how the cochlea encodes sound and how we then perceive the various properties of sound.  Similarly, you should feel comfortable looking at log-scaled frequency spectrograms and be able to say why they are useful for thinking about how the human ear and brain process sound.  See Lecture Material (‘Sound’ and ‘Odditory System’) and Chapters 9 and 10 (note that timbre has additional coverage in Chapter 10).
Key Terms and Concepts:  

· Frequency tuning in the human basilar membrane is log-scaled

· Human pitch perception and auditory thresholds both show tuning for the frequencies of human speech.

· Sound Waves Describe the Energy of Vibrating Air (i.e., sound isn’t really ‘waving’)
· Complex Sounds are really just a bunch of Simple Sounds
· Fourier Analysis/Synthesis
· Fundamentals and Harmonics
· Spectrograms: Seeing your ear in action
· Human speech involves modulation of the number, duration, and amplitude of harmonic frequencies
5. Your knowledge of the basic structure and function of the human ear – from outer, to middle, to inner ear.  Know what is happening in each of the three sub-regions, and how.  In other words, know and understand the sequence of events that begins with vibrating air and ends with K+ channels being opened on the tips (the ‘dendrites’) of inner hair cell cilia.  Amplification is particularly important in our auditory system – know something about sources of amplification in the human auditory system.  Know how the dimensions of the basiliar membrane relate to the frequency tuning of inner hair cells.   See Lecture Material (‘Odditory System’) and Chapter 9.

Key Terms and Concepts:  

· Outer and Middle Ear:  How does the ear amplify the weak energy of vibrating air to produce vibrations in the heavy fluid of the inner ear?
· Inner Ear: Basilar and Tectorial Membranes, Inner and Outer Hair Cells

· Inner Hair Cells:  each one tuned to a ‘best’ frequency

· Tip Links pull open K+ channels (funky exception here, you were probably expecting Na+ channels, right?)
· Outer Hair Cells: The Ear’s Equalizer
HINT:  A good way to test your knowledge of how the inner ear works is to be able to explain how cochlear implants work.  Here is a link to a website where you can find more information about cochlear implants:

http://www.nidcd.nih.gov/health/hearing/coch.asp
6.  AUDITORY PERCEPTION (WHAT) AND SOUND LOCALIZATION (WHERE).  Here, you need to know something about auditory processes ‘beyond the cochlea’.  For example, once sound has been coded in the cochlea, how is sound processed in auditory cortex to produce the perception of music or speech?  Similarly, what is happening in the midbrain to allow us to know where a sound source is located in the environment?  See Lecture Material (‘Odditory System’) and Chapter 10.  

Chapter 11 covers the perception of music and speech sounds – things get somewhat complicated because, well, these are complex stimuli (as we’ve seen in class).  I ask that you read the last section of Chapter 11 (‘Speech In The Brain’) and also spend some time on the book’s website for Chapter 11 – learn about ‘Notes, Chords, and Octaves’, ‘The McGurk Effect’ (also talked about in class), and ‘Studying Brain Areas for Language Processing.
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