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Overview of the visual cortex

Two streams: 

• Ventral ‘What is it?’: V1,V2, V4, IT, form recognition and object representation

• Dorsal ‘Where is it (and how do I interact with it)?’: V1,V2, MT, MST, LIP, VIP, 7a: motion, location, 

control of eyes, and arms /hands
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Overview of the visual cortex
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Ventral pathway (Object Recognition – “what is it?”)

Figure/ground - illusory contours

retina: Luminance, contrast     

LGN: Luminance, contrast  + ?   

Objects, categories           

objects parts, complex geometric patterns          

complex geometric patterns          

V1: orientation

• Receptive fields get larger;

• Tuning shifts from simple 

edges to complex shapes;

• Representations become 

more invariant — the ‘cup’ 

stays a cup across size, 

position, and viewpoint.”
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Quiroga et al,  Nature, 2005 -- Invariant visual representation by single neurons in the 

human brain (MTL), a.k.a. the Jennifer Aniston Neuron.



Dorsal pathway (“where is it and how do I interact with it?”)

• MT: MOTION DIRECTION and SPEED. 

stimulus of choice: random dot patterns. 



Dorsal pathway (“where is it and how do I interact with it?”)

The dorsal stream takes visual input and turns it into action-ready 

variables.

• MST: optic flow (expansion/contraction/rotation patterns) and self-

motion signals.

Supports navigation, heading direction, and separating “the world 

moves” from “I moved.”

• LIP: spatial position of objects in head-centered coordinates. 

Saccade planning + spatial attention/priority maps for attention

(“where should I look next, what is behaviorally relevant right now?)

• VIP: spatial position in head-centered coordinates, multi-sensory 

responses. Peripersonal space: “space around the face/body.”

• 7a: large receptive fields, encode both visual input and eye position. 
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• This framework can be extended to situations where multiple pieces of evidence e1, e2, ..en are 

observed over time.

• Here we allow the decision variable to ‘accumulate the evidence’ in time:

Sequential Analysis

• When the DV >  threshold A (which reflects priors and values), a decision is made towards h1. 

If DV < threshold B, choose h2. 

• This is known as Wald’s sequential probability ratio test



• Related to this framework are the random walk and race models of decision 

making developed by psychologists to explain behavioral data.



• Anything like that in the brain? 



• yes

Mike Shadlen, Paul Glimcher
(and others)

• Study decision on 

perceptual tasks



Random Dots Motion Direction Task

• Monkey decides between 2 possible opposite directions, and saccade to signal 

his choice whenever he is ready.

• Task difficulty is controlled by varying coherence level

• Decision = problem of movement selection

[Shadlen and Newsome 2001]



Which neurons are involved in the decision? 

• LIP receives inputs from MT and MST 

(sensory evidence) 

• LIP is implicated in selection of saccade 

targets, working memory, intention etc..

• Outputs in Frontal Eye Fields (FEF) and 

Superior Colliculus (generation of saccades)

• Record neurons which have one of the 

choice targets in the response field and the 

other outside.



Accumulation of Evidence in LIP (1)

• If the recorded neuron has the 

choice target in its receptive field: 

ramping of activity during 

presentation of the stimulus.

• up to a level of activity at which 

decision is made;

• faster rise for easier choices, 

decrease for opposite direction.



• Responses grouped by RT

• Responses achieve a common level of activity 

~ 70 msec before saccade initiation

• When the monkey chooses other direction, 

another set of neurons (with chosen target in 

their RFs)  behave similarly

• as if the fact that they reach a threshold value 

‘determines the termination of the decision 

process’

Accumulation of Evidence in LIP (2)

[Gold and Shadlen 2007]



• Pattern of LIP activity matches prediction of diffusion/race models:

- rise of activity appears to reflect accumulation of evidence

- evidence could come from a difference in activity of pools of MT neurons with opposite direction 

preferences, approximating the LogLR (Gold & Shadlen, 2001)

Accumulation of Evidence in LIP (3)



Accumulation of Evidence in LIP (4)

• Suggests that LIP neurons represent the decision variable ? Is the signal in 

LIP causal to the decision?

• Implements a LogLR test?

• How is the criterion / threshold set and what happens when it is reached?

• Dependence on priors, values, confidence, speed-accuracy tradeoff?

• Which circuits are responsible for the accumulation?

> Can we go beyond “it looks like diffusion” and test specific algorithmic 
predictions and understand underlying mechanisms?

A flurry of research



Modeling Integration/ ramping activity in LIP

• XJ Wang (2002) observed that model circuits that show persistent activity in memory tasks (Figure A 

&B), based on slow (NMDA) excitation and recurrent inhibition and attractor dynamics, can also show

ramping activity in decision tasks.

• Neural integration is a network mechanism.



Modeling Integration/ ramping activity in LIP

A B

• Some experimental validation.



Q1: How do Rewards and Priors influence decision ?

• First investigated by [Platt & Glimcher, Nature 1999]

• Monkeys cued by a color of a fixation stimulus to 

saccade on 1 of 2 targets

• Change the reward associated with each target (value) 

• Vary the probability that a saccade to a target will be 

required (prior)

• Observe offset of the responses of LIP neurons before 

and during presentation of the saccade target

• Suggests that behavioural outcome and priors are also 

encoded in baseline, before presentation of target.

effect of reward

effect of prior

Also, more recently : Rorie et al PloS one 2010;  and Rao, De Angelis and Snyder, J Neurosci 2012. 
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Q2: Does the brain implement SPRT?

• Monkeys are shown a sequence of shapes, every 250 ms. Each shape 

supplies evidence bearing on whether a reward is associated with one or 

the other choice target (which the monkeys have learned). 

• The sequence continues until the monkey initiates an eye movement to a 

choice target

. 

• LIP activity reflects accumulation of logLR, i.e. When each shape 

appeared, LIP firing rate changed (up or down) by an amount related to 

that shape’s evidence

if different pieces of evidence come successively in time, does LIP activity behave like logLR?
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• What changes when the animal is rewarded to be accurate vs fast:

Changes in bound in LIP ? or baseline?

• In speeded condition: brain changes the level of the starting point of the accumulation and adds a

time-dependent signal to the accumulated evidence (“urgency”).

• The latter signal is equivalent to having a collapsing bound.  

Q3:  What happens in speed-accuracy tradeoff? 



Q4: What about when we change our mind?

Does LIP activity reflects the decision (or the input)? even if it is an error?

• Task: random-dot motion left/right decision and 

reported with a saccade. Variable delay before the “go” 

cue, so decision activity could evolve over time. 

• Recording: 96 array recordings from lateral PFC.  

• Decoding: Simple linear classifier was trained to 

predict monkey’s choice from population firing rates. 

Decoder output (signed log-odds) was treated as a 

continuous decision variable

• “Change of mind” detection: A change of mind was 

when the decoded decision variable switched sign 

before the final saccade



Q4: What about when we change our mind?

• Decoding allows visualization of population 

“decision variable”, which evolved reliably on single 

trials, predicting the animal’s eventual choice and 

its confidence/commitment level as well as (usually 

corrective) “changes of mind”.

A) Average decision variable across the sessions. 
B) Two sample trials in which the model DV built up to a positive 

(solid) or negative (dashed) value and maintained its sign 
throughout the trial. The trials ended with T1 and T2 choices, 
respectively.

C) Two sample trials in which the sign of the model DV flipped during 
the delay period, indicating a change of predicted choice based on 
the model. 



Q5:  Dependence on the modality of the response?

• When the response involves a reach instead of a 

saccade, MIP holds the decision variable, instead of 

LIP



Q6: Causal link between LIP and decision?

• Microstimulation: caused an increase in the 

proportion of choices toward the RF of the stimulated 

neurons - act like a bias term in an accumulation-to-

bound computation.

• Inactivation studies, impact initially debated (Katz et 

al 2016), now shown to be only transient. Animals can 

partly compensate across sessions, with the bias 

diminishing over time.

2006 2022



Q7:Termination? 

2023

superior colliculus generates a threshold-triggered burst that terminates 

accumulation and initiates commitment, and SC inactivation disrupts this termination 

mechanism (slowing decisions and altering the effective bound)
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LIP is causally involved and often carries a highly readable 

decision-related population signal, 

but questions remain about mechanisms and distribution: 

- how much computation is local to LIP vs distributed across 

cortex and subcortex,

- how the brain prevents/uses compensation, 

- and how attention/urgency/motor planning get mixed into the 

signals we call “accumulation.” 

Research still in progress.. 

Modeling: current research asks whether the 

DV signal reflects: 

- (i) a diffusion process or discrete transitions, 

- (ii) local integration or distributed 

computation, 

- (iii) where policy/termination enter the 

circuit.”



Neuroeconomics (2008): “understand 

the processes that connect sensation and 

action by revealing the neurobiological 
mechanisms by which decisions are made”

...
"an emerging transdisciplinary field that uses 

neuroscientific measurement techniques to 

identify the neural substrates associated with 

economic decisions”

New fields were born

Computational psychiatry (2017)
psychiatry as maladaptive decision-making



• A decision = process that weights priors, evidence, and value to generate a commitment

• Signal detection theory and sequential analysis provide a theoretical framework for 

understanding how decisions are formed

• Studies that combine behavior and neurophysiology have begun to uncover how the elements of 

decision formation are implemented in the brain, leading to development of “Neuroeconomics”

• Perceptual tasks are used to distinguish evidence and decision variable.

• comparing a decision variable to a given threshold seems to be the basic mechanism of 

decision making

• Many open questions though … a flurry of new research, some of which nuancing the LIP 

“story” (Huk et al 2017). 

Summary 


	Slide 1
	Slide 2: Overview of the visual cortex
	Slide 3: Overview of the visual cortex
	Slide 4: Ventral pathway (Object Recognition – “what is it?”)
	Slide 5
	Slide 6: Dorsal pathway (“where is it and how do I interact with it?”)
	Slide 7: Dorsal pathway (“where is it and how do I interact with it?”)
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

