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Choose	  where	  to	  go	  on	  Friday	  night	  



Alterna<ve	  Forced	  Choice	  task	  (AFC-‐task)	  

•  Psychophysical	  method	  to	  test	  an	  experience	  of	  a	  sAmulus	  based	  on	  
expectaAon	  

•  Basic	  concept:	  	  
•  two	  alternaAve	  choices	  present	  simultaneously	  
•  delay	  interval	  to	  make	  the	  choice	  possible	  
•  Response	  indicaAng	  choice	  of	  a	  sAmuli	  (obligatory)	  

•  What	  could	  be	  studied?	  
•  Speed	  of	  choice	  
•  Accuracy	  of	  selecAon	  
•  Ambiguity	  of	  a	  sAmulus	   Gustav	  Theodor	  Fechner	  

1801	  -‐	  1887	  



Example	  of	  AFC-‐task:	  Visual	  s<muli	  
with	  different	  s<mulus	  	  coherence	  

[Dayan	  and	  AboS,	  2001]	  



Visual	  s<mulus	  for	  a	  given	  level	  of	  
coherence	  



Choice	  based	  on	  coherence	  



Saccadic	  decision	  making	  model	  

[Glimcher	  2001]	  

Lateral	  Intraparietal	  Cortex	  
LIP	  



Choice	  based	  on	  coherence	  
[Dayan	  and	  AboS,	  2001]	  

Neural	  correlate	  
acAvity	  in	  the	  MT	  area	  of	  the	  visual	  cortex	  

Prefered	  

Unprefered	  
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Dri$-‐diffusion	  model	  of	  decision	  
making	  

Frontal	  cortex	  

MT	  area	  of	  the	  visual	  cortex	  

upstream	  visual	  areas	  

[Glimcher	  2001]	  

[Shalden	  et	  al,	  1996]	  

Firing-‐rates	  for	  UP	  

Firing-‐rates	  for	  DOWN	  



Dri$-‐diffusion	  model	  of	  decision	  
making	  

x(t)	  
Thresholds	  
for	  	  
UP	  and	  DOWN	  

Frontal	  cortex	  

MT	  area	  of	  a	  visual	  cortex	  

upstream	  visual	  areas	  

Firing-‐rates	  for	  UP	  

Firing-‐rates	  for	  DOWN	  



Dri$-‐diffusion	  model	  of	  decision	  
making:	  mathema<cal	  formula<on	  

x(t)	  

Thresholds	  
For	  direcAons	  
A	  and	  B	  

Firing-‐rates	  for	  UP	  and	  DOWN	   SAmulus/neural	  noise	  

dx
dt
=mA −mB +ση(t)



Dri$-‐diffusion	  model	  of	  decision	  
making:	  mathema<cal	  formula<on	  

x(t)	  

Thresholds	  
For	  direcAons	  
A	  and	  B	  

Firing-‐rates	  for	  UP	  and	  DOWN	   SAmulus/neural	  noise	  

dx
dt
=mA −mB +ση(t)

ReacAon	  Ame,	  t	  



Reac<on	  <me	  

T	  ~	  100ms	  



Reac<on	  <me	  

t	  –	  reacAon	  Ame	  from	  
Dria-‐Diffusion	  model	  

Total	  reacAon	  Ame	  =	  T+	  t	  
T	  ~	  100ms	  



How	  to	  integrate	  the	  differen<al	  
equa<on?	  

dx
dt
=mA −mB +ση(t)

dx
dt
= f (x)



Math	  reminder:	  deriva<ve	  

x	  

f(x)	  

x1	   x1+dx	  

f(x1)	  

f(x1+dx)	  
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f (x1 + dx)− f (x1)
x1 + dx − x1
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Math	  reminder:	  deriva<ve	  

x	  

f(x)	  

x1	  

f(x1)	  

f (x + dx)− f (x)
dx

dx→0
lim f (x1 + dx)− f (x1)

dx
=
df (x)
dx

Line=k*x	  

df (x)
dx x1

= k speed

f(x)=ex	  





Euler	  method	  of	  integra<on	  of	  
differen<al	  equa<on	  

dx
dt
= f (x)dx

dt
=mA −mB +ση(t)



Euler	  method	  of	  integra<on	  of	  the	  
differen<al	  equa<on	  

dx
dt
= f (x)

dx
dt

=
def
lim
Δt→0

x(t +Δt)− x(t)
Δt
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Euler	  method	  of	  integra<on	  of	  the	  
differen<al	  equa<on	  

dx
dt
= f (x)

dx
dt

=
def
lim
Δt→0

x(t +Δt)− x(t)
Δt

small
Δt

dx
dt

≈
x(t +Δt)− x(t)

Δt

dx
dt

≈
x(t +Δt)− x(t)

Δt
= f (x)

x(t +Δt)− x(t) = f (x)Δt



Euler	  method	  of	  integra<on	  of	  the	  
differen<al	  equa<on	  

dx
dt
= f (x)

dx
dt

=
def
lim
Δt→0

x(t +Δt)− x(t)
Δt

small
Δt

dx
dt

≈
x(t +Δt)− x(t)

Δt

dx
dt

≈
x(t +Δt)− x(t)

Δt
= f (x)

x(t +Δt)− x(t) = f (x)Δt

x(t +Δt) = f (x)Δt + x(t)

Euler	  method	  



Euler	  method	  of	  integra<on	  of	  the	  
differen<al	  equa<on	  

hSp://www.youtube.com/watch?v=RGtCw5E7gBc	  

x(t)	  

t	  
For	  details	  see	  

AnalyAcal	  soluAon	  

SoluAon	  by	  the	  
Euler	  method	  

x(t=0),	  iniAal	  condiAon	  

x(t +Δt) = f (x)Δt + x(t)



Integra<on	  with	  the	  noise	  term	  
dx
dt
=σξ (t)

x(t +Δt)− x(t)
Δt

=σξ (t)

x(t +Δt) = x(t)+σξ (t)Δt

x(t +Δt) = x(t)+σξ (t) Δt

because	  discreAzaAon	  adds	  addiAonal	  variance	  
do	  not	  forget	  about	  mulAplicaAon	  by	  	   	   	  the	  noise	  term	  Δt



Matlab	  code	  for	  integra<on	  of	  Dri$-‐diffusion	  model	  

dx
dt
=mA −mB +ση(t)


