
Measurement is assigning some value (numbers or categories) to observable events
- In perception and recognition experiments, you want to measure an event

occurring inside someone else’s head

- Sensory qualia: mental experiences e.g. experience of color, hearing a sound,
detecting a taste - individual experience

- Necessarily subjective (1st person perspective) - can’t be directly observed
by anyone but the person having the experience

- How do we measure qualia?
- Theoretical constructs (hypothetical constructs) are unobservable entities:

descriptions we all have in common for the color experience
- E.g. color theories and description

- We create an operational definition for the theoretical construct: assigns
observable behavior a proxy for the unobservable mental entities and
allows you to infer their presence e.g. point to green, blood flow for task
performance, heart rate to measure fear

a) Psychophysical responses that relate
stimuli to mental events and behavior

b) Physiological response to a single
stimulus (early)

c) Physiological responses of many
processes leading to behavior (late)

1) Qualitative approaches to measurement
- Description (phenomenological method)

- Provide a general physical description of the stimulus

- Recognition
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- They note the high output of short-wavelength (blue) light, peaking around 450
nm

- ipRGCs, which are involved with melatonin suppression and circadian rhythm
entrainment, has a peak sensitivity of around 460-480 nm

- The ‘Night Shift’ feature in iPads were released after this and reduces the amount
of blue light emitted.

The number and placement of cones subtypes can vary greatly
- L-cones are most numerous
- Typically S-cones are the fewest in number, and least responsive
- Distribution and number varies between people
- Even in the same person, the cone types may vary across the retina

Modularity: the idea that specific areas (modules) of the brain are specialized to process
certain types of information or perform certain functions

Sensory modularity suggests that specific brain regions are responsible for processing
certain types of sensory information

- The sensory information should be (initially) processed independently from other
senses (no mixing)

- We should be able to find specific neural circuits that carry this information.

- Transcranial Magnetic Stimulation: Rapidly changing magnetic field induces an
electric current in cortical neurons

- If done over the occipital cortex, it may induce phosphenes – perceived as
flashes of light that appear in space.

-
- The sensory modalities have primary receiving areas (targets) in the cortex:

- Vision – Occipital lobe
- Audition – Temporal lobe
- Touch – Parietal lobe
- Smell – Piriform cortex
- Taste – Insula and operculum

- According to the neuron doctrine, the neuron is the basic cellular unit for
processing information: Cell body (Soma) – Dendrites – Axon (or nerve fiber)

- Neuronal activity can be causally triggered by three sources: 1. Chemical
signals (e.g. neurotransmitters) 2. Electrical signals (e.g. action potentials,
gap junctions) 3. Environmental signals

- Action potentials are the primary means of transmitting signals to other
neurons. They are the voltage changes that travel the length of the neuron
to the terminal button, where a neurotransmitter is released – possibly
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From receptive fields (retina) to visual representation (cortex)

The receptive field on the retina influences neurons throughout the visual system
- All neurons beyond the inhibitory synapse have the same receptive field

Microelectrodes can measure the activity of a neuron while different environmental stimuli are
presented in its receptive field

Where do retinal signals go?
- Approximately 1 million ganglion cells send axons out of each retina

- These axons form the optic nerve
- Approximately 10% of these go to the superior colliculus, to aid with orienting and

multisensory responses
- 90% go to the lateral geniculate nucleus (LGN) of the thalamus
- Also projections to pretectum of the midbrain (pupillary light reflex) & suprachiasmatic

nucleus of the hypothalamus (circadian rhythms)
- About 900,000 ganglion axons go to each LGN (L & R); about 360,000 LGN axons (40%)

go to the visual cortex (V1). So, some processing is taking place

How are retinal signals organized?
- Spatially organized transmission

- Items in the left visual field go to the right side of both retinas
- Signals from the right side of both retinas go to the right LGN
- Right visual field goes to the left side of the retinas and left LGN

- Each LGN has 6 layers: each LGN receives signals from both eyes, but the signal from
each eye are sent to different layers

- Layers 2 3 5 receive signals from ipsilateral (same side of the eye)
- Layers 1 4 6 receive signals from contralateral (another side of the eye)
- Each eye sends signals to both LGNs, but the information from each eye is kept

segregated
- The layers transmit different types of information

- Layers 1 and 2 are part of the magnocellular pathway (M-cells): layers transmit
information on motion and depth

- Layers 3-6 are part of the parvocellular pathway (P-cells) and contain more
information about detail and color

- In-between layers are the koniocellular pathway: involved with color vision
- Responses properties of LGN cells are similar to those of the retinal ganglion cells

- Both have center-surround receptive fields
- Both the retina and LGN organize activation by spatial maps

- Retinotopic map: each pace on the retina corresponds to a place on the LGN
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- The point is that our visual system needs time to construct complex images, but can do
surprisingly well with a brief glimpse

- Global image features of scenes: (how do we extract information from a scene?)
- Degree of naturalness
- Degree of openness
- Degree of roughness (complexity)
- Degree of expansion (depth cues)
- Color
- → Such features are holistic and perceived rapidly. More interestingly, we use

learned regularities to help us make inferences about the environment
- 1. Physical regularities - regularly occurring physical properties:

- Oblique effect - people perceive horizontals and vertical more easily than
other orientations

- Uniform connectedness - objects are defined by areas of the same color
or texture

- Light-from-above heuristic - light in the natural environment comes from
above us

- 2. Semantic regularities - characteristics associated with the functions of scenes
- The study by Hollingworth (2005): Observers were presented with a scene

either with or without a target object. They then saw the target followed
by a blank screen and were asked where the object was in the scene or
where they would expect it to be. Both groups could accurately predict
where the object would be

- Stephen Palmer’s (1975) experiment – Observers saw a context scene,
followed briefly by one of the target pictures below. The task was to
identify the target picture presented. Results showed that: Targets
congruent with the context were identified 80% of the time. Targets that
were incongruent were only identified 40% of the time. The context
scene provided information that aided identification.

- Theory of unconscious inference – Created by Helmholtz (1866/1911) to
explain why ambiguous stimuli can be interpreted in specific ways

- Main Principle: perceptions are the result of unconscious
assumptions about the environment

- Likelihood principle - objects are perceived based on what is most
likely to have caused the pattern

- Modern researchers use Bayesian inference that takes prior
probabilities into account

- What is happening in the brain to explain these phenomena?
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We study sound first as pure tones
- Characterized by a sine wave
- It has a smooth (single frequency), repetitive oscillation
- Relatively uncommon in nature, but useful for describing basic features of sound
- Also very useful for characterizing speech elements
- Amplitude

- The difference in pressure (air molecule density) between high and low peaks of
wavePerception of amplitude is loudness

- Decibel (dB) is used as a measure of loudness but is actually a measure of
pressure intensity. Number of dB = 20 x logarithm(p/po)

- Frequency
- Number of cycles within a given time period
- Measured in Hertz (Hz): 1 Hz is one cycle per second. 393 Hz, at which the ear

can’t hear the tone, but detects the collision of the vocal cords.
- Perception of pitch is related to frequency
- Tone height is the perceptual experience of increasing pitch that happens when

frequency is increased

Pure tones are rare in the environment. Most tones we experience are complex
- To build a complex tone, you begin with a periodic (repeating) pure tone. This first tone

establishes the fundamental frequency of the complex tone
- Aperiodic sound is non repeating (e.g. door slamming, sneeze, speech sounds,

etc.)
- This fundamental frequency is also the first harmonic. When you build a complex tone,

you add more harmonics that are multiples of the first harmonic
- The building of a complex tone in this way is called additive synthesis

A complex tone is the additive waveform (200 Hz)
- Any complex wave can be decomposed into a series of sine waves by a Fourier analysis

Perceptual elements of sound
- 1. Amplitude: Sound pressure level that produces perceived loudness (for a given

frequency)
- 2. Frequency: Number of cycles per second in which the sound pressure repeats

corresponds to perceived pitch
- 3. Timbre - All other perceptual aspects of a sound besides loudness, pitch, and duration

- It is closely related to the harmonics, attack, and decay of a tone
- Musical instruments may play the same tone (note) and share a fundamental

frequency, but the timbre (quality) of the tones will differ
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