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Figure 2

B

100 200 300 400 500
0

5

10

15

20

25

30

35

N=23
N=84
N=66

Wave Duration (us)

N
u
m

b
e
r

o
f

C
e
lls

Distribution of

Waveform DurationsC

100 200 300 400 500
0

5

10

15

20

25

30

35

N=23
N=84
N=66

Wave Duration (us)

N
u
m

b
e
r

o
f

C
e
lls

Distribution of

Waveform DurationsC

A

-1.0

-0.5

0.0

0.5

1.0

Time (us)

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

Two Mean Neuronal Waveforms

(+/- one standard deviation)

-200 0 200 400

Duration

A

-1.0

-0.5

0.0

0.5

1.0

Time (us)

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

Two Mean Neuronal Waveforms

(+/- one standard deviation)

-200 0 200 400-200 0 200 400

Duration

All Mean Waveforms

(N=179)

-200 0 200 400

Time (us)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

-200 400
-1.0

-0.5

0.0

0.5

Time (us)

Excluded

Waveforms
N=6

All Mean Waveforms

(N=179)

-200 0 200 400

Time (us)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

-200 400
-1.0

-0.5

0.0

0.5

Time (us)

Excluded

Waveforms
N=6

-1.0

-0.5

0.0

0.5

1.0

Time (µs)

Two Mean Neuronal Waveforms
(+/- one standard deviation)

-200 0 200 400

Duration

Mitchell, Sundberg and Reynolds (2007) Neuron



All Spike Waveforms

0 200 400

-0.6

0.0

0.6

Irregular 
Waveforms

Figure 2

B

100 200 300 400 500
0

5

10

15

20

25

30

35

N=23
N=84
N=66

Wave Duration (us)

N
u
m

b
e
r

o
f

C
e
lls

Distribution of

Waveform DurationsC

100 200 300 400 500
0

5

10

15

20

25

30

35

N=23
N=84
N=66

Wave Duration (us)

N
u
m

b
e
r

o
f

C
e
lls

Distribution of

Waveform DurationsC

A

-1.0

-0.5

0.0

0.5

1.0

Time (us)

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

Two Mean Neuronal Waveforms

(+/- one standard deviation)

-200 0 200 400

Duration

A

-1.0

-0.5

0.0

0.5

1.0

Time (us)

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

Two Mean Neuronal Waveforms

(+/- one standard deviation)

-200 0 200 400-200 0 200 400

Duration

All Mean Waveforms

(N=179)

-200 0 200 400

Time (us)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

-200 400
-1.0

-0.5

0.0

0.5

Time (us)

Excluded

Waveforms
N=6

All Mean Waveforms

(N=179)

-200 0 200 400

Time (us)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

-200 400
-1.0

-0.5

0.0

0.5

Time (us)

Excluded

Waveforms
N=6

Time (µs)

Figure 2

B

100 200 300 400 500
0

5

10

15

20

25

30

35

N=23
N=84
N=66

Wave Duration (us)

N
u
m

b
e
r

o
f

C
e
lls

Distribution of

Waveform DurationsC

100 200 300 400 500
0

5

10

15

20

25

30

35

N=23
N=84
N=66

Wave Duration (us)

N
u
m

b
e
r

o
f

C
e
lls

Distribution of

Waveform DurationsC

A

-1.0

-0.5

0.0

0.5

1.0

Time (us)

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

Two Mean Neuronal Waveforms

(+/- one standard deviation)

-200 0 200 400

Duration

A

-1.0

-0.5

0.0

0.5

1.0

Time (us)

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

Two Mean Neuronal Waveforms

(+/- one standard deviation)

-200 0 200 400-200 0 200 400

Duration

All Mean Waveforms

(N=179)

-200 0 200 400

Time (us)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

-200 400
-1.0

-0.5

0.0

0.5

Time (us)

Excluded

Waveforms
N=6

All Mean Waveforms

(N=179)

-200 0 200 400

Time (us)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

-200 400
-1.0

-0.5

0.0

0.5

Time (us)

Excluded

Waveforms
N=6

Mitchell, Sundberg and Reynolds (2007) Neuron



Figure 2

B

100 200 300 400 500
0

5

10

15

20

25

30

35

N=23
N=84
N=66

Wave Duration (us)

N
u
m

b
e
r

o
f

C
e
lls

Distribution of

Waveform DurationsC

100 200 300 400 500
0

5

10

15

20

25

30

35

N=23
N=84
N=66

Wave Duration (us)

N
u
m

b
e
r

o
f

C
e
lls

Distribution of

Waveform DurationsC

A

-1.0

-0.5

0.0

0.5

1.0

Time (us)

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

Two Mean Neuronal Waveforms

(+/- one standard deviation)

-200 0 200 400

Duration

A

-1.0

-0.5

0.0

0.5

1.0

Time (us)

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

Two Mean Neuronal Waveforms

(+/- one standard deviation)

-200 0 200 400-200 0 200 400

Duration

All Mean Waveforms

(N=179)

-200 0 200 400

Time (us)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

-200 400
-1.0

-0.5

0.0

0.5

Time (us)

Excluded

Waveforms
N=6

All Mean Waveforms

(N=179)

-200 0 200 400

Time (us)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

N
o
rm

a
liz

e
d

A
m

p
lit

u
d
e

-200 400
-1.0

-0.5

0.0

0.5

Time (us)

Excluded

Waveforms
N=6

Hartigan’s Dip test p=0.015

Spike Duration ( µs)

Mitchell, Sundberg and Reynolds (2007) Neuron



10

15

20

5

N=112

Attended
Unattended

1000 2000 3000

Time (ms)

M
ea

n 
F

iri
ng

 R
at

e 
(H

z)
Attention-dependent modulation of firing rate

All Neurons

Mitchell, Sundberg and Reynolds (2007) Neuron



Attention-dependent modulation of firing rate

1000 2000 3000

5

10

15

Time (ms)

M
ea

n 
F

iri
ng

 R
at

e 
(H

z)

Attended
Unattended

Broad Spiking Neurons

N=84

Mitchell, Sundberg and Reynolds (2007) Neuron



1000 2000 3000

5

10

15

Time (ms)

M
ea

n 
F

iri
ng

 R
at

e 
(H

z)

Attended
Unattended

1000 2000 3000

10

20

30

40

50

Time (ms)

M
ea

n 
F

iri
ng

 R
at

e 
(H

z)

Attended
Unattended

Broad Spiking Neurons Narrow Spiking Neurons

Attention-dependent modulation of firing rate

N=84 N=23

Mitchell, Sundberg and Reynolds (2007) Neuron



1000 2000 3000

5

10

15

Time (ms)

M
ea

n 
F

iri
ng

 R
at

e 
(H

z)

Attended
Unattended

1000 2000 3000

10

20

30

40

50

Time (ms)

M
ea

n 
F

iri
ng

 R
at

e 
(H

z)

Attended
Unattended

N=23

Broad Spiking Neurons Narrow Spiking Neurons

Attention-dependent modulation of firing rate

N=84



E G

B

F

DC

Figure 2

1000 2000 3000

5

10

15

Time (ms)

M
e
a
n

F
ir

in
g

R
a
te

(H
z
) Shuffle Pause Shuffle

N=84

Attended

Unattended

1000 2000 3000

5

10

15

Time (ms)

M
e
a
n

F
ir

in
g

R
a
te

(H
z
) Shuffle Pause Shuffle

N=84

Attended

Unattended

1000 2000 3000

10

20

30

40

50

Time (ms)

M
e
a
n

F
ir

in
g

R
a
te

(H
z
)

Attended

Unattended

N=23

Shuffle Pause Shuffle

1000 2000 3000

10

20

30

40

50

Time (ms)

M
e
a
n

F
ir

in
g

R
a
te

(H
z
)

Attended

Unattended

Attended

Unattended

N=23

Shuffle Pause Shuffle

1000 2000 3000
0.8

1.0

1.2

1.4

1.6

1.8

Time (ms)

M
e
a
n

F
a
n
o

F
a
c
to

r

Shuffle ShufflePause

Attended

Unattended

N=23

1000 2000 3000
0.8

1.0

1.2

1.4

1.6

1.8

Time (ms)

M
e
a
n

F
a
n
o

F
a
c
to

r

Shuffle ShufflePause

Attended

Unattended

N=23

1000 2000 3000
0.8

1.0

1.2

1.4

1.6

1.8

Time (ms)

M
e
a
n

F
a
n
o

F
a
c
to

r

Attended

Unattended

Shuffle Pause Shuffle

N=84

1000 2000 3000
0.8

1.0

1.2

1.4

1.6

1.8

Time (ms)

M
e
a
n

F
a
n
o

F
a
c
to

r

Attended

Unattended

Shuffle Pause Shuffle

N=84

N
u
m

b
e
r

o
f

C
e
lls

-0.5 0.0 0.5
0

5

Firing Rate A.I.

p=0.0013

Median:

+25.2%

0

5

10
p=0.0030

Median:

+15.5%

N
u
m

b
e
r

o
f

C
e
lls

-0.5 0.0 0.5
0

5

Firing Rate A.I.

p=0.0013

Median:

+25.2%

0

5

10
p=0.0030

Median:

+15.5%

-0.5 0.0 0.5
0

5

10

Fano Factor A.I.

N
u
m

b
e
r

o
f

C
e
lls

p=0.0001

Median:

-21.3%

0

10

20
p=0.0008

Median:

-4.9%

-0.5 0.0 0.5
0

5

10

Fano Factor A.I.

N
u
m

b
e
r

o
f

C
e
lls

p=0.0001

Median:

-21.3%

0

10

20
p=0.0008

Median:

-4.9%

Stimuli Pause

(1000 ms)

Fixation Point Off.

Saccade to Each Target .

Two of Four Identical

Stimuli Cued by Flash

(500 ms)

RF

CUE PAUSE in RF SACCADE

RF

Stimuli Shuffle Locations

on Random Trajectories

(950 ms)

SHUFFLE

RFRF

Stimuli Shuffle Locations

on Random Trajectories

(950 ms)

SHUFFLE

RF

A

Stimuli Pause

(1000 ms)

Fixation Point Off.

Saccade to Each Target .

Two of Four Identical

Stimuli Cued by Flash

(500 ms)

RF

CUE PAUSE in RF SACCADE

RF

Stimuli Shuffle Locations

on Random Trajectories

(950 ms)

SHUFFLE

RFRF

Stimuli Shuffle Locations

on Random Trajectories

(950 ms)

SHUFFLE

RF

A

E G

B

F

DC

Figure 2

1000 2000 3000

5

10

15

Time (ms)

M
e
a
n

F
ir

in
g

R
a
te

(H
z
) Shuffle Pause Shuffle

N=84

Attended

Unattended

1000 2000 3000

5

10

15

Time (ms)

M
e
a
n

F
ir

in
g

R
a
te

(H
z
) Shuffle Pause Shuffle

N=84

Attended

Unattended

1000 2000 3000

10

20

30

40

50

Time (ms)

M
e
a
n

F
ir

in
g

R
a
te

(H
z
)

Attended

Unattended

N=23

Shuffle Pause Shuffle

1000 2000 3000

10

20

30

40

50

Time (ms)

M
e
a
n

F
ir

in
g

R
a
te

(H
z
)

Attended

Unattended

Attended

Unattended

N=23

Shuffle Pause Shuffle

1000 2000 3000
0.8

1.0

1.2

1.4

1.6

1.8

Time (ms)

M
e
a
n

F
a
n
o

F
a
c
to

r

Shuffle ShufflePause

Attended

Unattended

N=23

1000 2000 3000
0.8

1.0

1.2

1.4

1.6

1.8

Time (ms)

M
e
a
n

F
a
n
o

F
a
c
to

r

Shuffle ShufflePause

Attended

Unattended

N=23

1000 2000 3000
0.8

1.0

1.2

1.4

1.6

1.8

Time (ms)

M
e
a
n

F
a
n
o

F
a
c
to

r

Attended

Unattended

Shuffle Pause Shuffle

N=84

1000 2000 3000
0.8

1.0

1.2

1.4

1.6

1.8

Time (ms)

M
e
a
n

F
a
n
o

F
a
c
to

r

Attended

Unattended

Shuffle Pause Shuffle

N=84

N
u
m

b
e
r

o
f

C
e
lls

-0.5 0.0 0.5
0

5

Firing Rate A.I.

p=0.0013

Median:

+25.2%

0

5

10
p=0.0030

Median:

+15.5%

N
u
m

b
e
r

o
f

C
e
lls

-0.5 0.0 0.5
0

5

Firing Rate A.I.

p=0.0013

Median:

+25.2%

0

5

10
p=0.0030

Median:

+15.5%

-0.5 0.0 0.5
0

5

10

Fano Factor A.I.

N
u
m

b
e
r

o
f

C
e
lls

p=0.0001

Median:

-21.3%

0

10

20
p=0.0008

Median:

-4.9%

-0.5 0.0 0.5
0

5

10

Fano Factor A.I.

N
u
m

b
e
r

o
f

C
e
lls

p=0.0001

Median:

-21.3%

0

10

20
p=0.0008

Median:

-4.9%

Stimuli Pause

(1000 ms)

Fixation Point Off.

Saccade to Each Target .

Two of Four Identical

Stimuli Cued by Flash

(500 ms)

RF

CUE PAUSE in RF SACCADE

RF

Stimuli Shuffle Locations

on Random Trajectories

(950 ms)

SHUFFLE

RFRF

Stimuli Shuffle Locations

on Random Trajectories

(950 ms)

SHUFFLE

RF

A

Stimuli Pause

(1000 ms)

Fixation Point Off.

Saccade to Each Target .

Two of Four Identical

Stimuli Cued by Flash

(500 ms)

RF

CUE PAUSE in RF SACCADE

RF

Stimuli Shuffle Locations

on Random Trajectories

(950 ms)

SHUFFLE

RFRF

Stimuli Shuffle Locations

on Random Trajectories

(950 ms)

SHUFFLE

RF

A

Attention Modulation Index

Attentional Modulation of Firing Rate

B
ro

ad
 S

pi
ki

ng
 

N
ar

ro
w

 S
pi

ki
ng

 



1000 1500 2000 2500 3000
0

20

40

60

80

100

120

F
iri

ng
 R

at
e 

(H
z)

Time (ms)

0

10

20

30

40

50

60

70

80

90
A

tte
nd

ed
U

na
tte

nd
ed

Attention-dependent modulation of response reliabil ity



A
tte

nd
ed

U
na

tte
nd

ed

Attention-dependent modulation of response reliabil ity



A
tte

nd
ed

U
na

tte
nd

ed

17
39
33
26
26
37
48
48
38
43
49

68
71
66
64
85
63
60
72
67
67
61

Attention-dependent modulation of response reliabil ity

σ=6.9 spikes

σ=10.4 spikes



A
tte

nd
ed

U
na

tte
nd

ed

17
39
33
26
26
37
48
48
38
43
49

68
71
66
64
85
63
60
72
67
67
61

Attention-dependent modulation of response reliabil ity

σ=6.9 spikes

σ=10.4 spikes

σ2

µ
Fano Factor = 



Fano Factor



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

Constant rate   
r(t) = λλλλF

iri
ng

 R
at

e 
(H

z)



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Time (ms)S
pi

ke
s

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Some Properties of 
Poisson Spiking:

Time (ms)S
pi

ke
s

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Flat Autocorrelation Function:
Prob( Spike(t) | Spike(0) ) = λ

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3 …

λ

Some Properties of 
Poisson Spiking:

Time (ms)S
pi

ke
s

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Flat Autocorrelation Function:
Prob( Spike(t) | Spike(0) ) = λ

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3 …

λ

Some Properties of 
Poisson Spiking:

Time (ms)S
pi

ke
s

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Flat Autocorrelation Function:
Prob( Spike(t) | Spike(0) ) = λ

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3

λ

…

Some Properties of 
Poisson Spiking:

Time (ms)S
pi

ke
s

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Flat Autocorrelation Function:
Prob( Spike(t) | Spike(0) ) = λ

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3

λ

…

Probability of Firing is
Independent of History

Some Properties of 
Poisson Spiking:

Time (ms)S
pi

ke
s

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Flat Autocorrelation Function:
Prob( Spike(t) | Spike(0) ) = λ

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3

λ

…

Interspike-
Intervals

Time (ms)S
pi

ke
s

Some Properties of 
Poisson Spiking:

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3 …

Exponential ISI Distribution:

Flat Autocorrelation Function:
Prob( Spike(t) | Spike(0) ) = λ

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3

λ

…

Histogram of Intervals
λ

Some Properties of 
Poisson Spiking:

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3 …

Exponential ISI Distribution:

Flat Autocorrelation Function:
Prob( Spike(t) | Spike(0) ) = λ

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3

λ

…

Histogam of Intervals
λ

λ(1−λ)

Some Properties of 
Poisson Spiking:

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3 …

Exponential ISI Distribution:

Flat Autocorrelation Function:
Prob( Spike(t) | Spike(0) ) = λ

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3

λ

…

Histogram of Intervals
λ

λ(1−λ)
λ(1−λ)2

λ(1−λ)n-1

Some Properties of 
Poisson Spiking:

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

P
ro

ba
bi

lit
y

p(t) = λe−λt

Interspike-Interval (ISI)
n12 3 …

Exponential ISI Distribution:

Flat Autocorrelation Function:
Prob( Spike(t) | Spike(0) ) = λ

P
ro

ba
bi

lit
y

Interspike-Interval (ISI)
n12 3

λ

…

Histogram of Intervals

Some Properties of 
Poisson Spiking:

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Some Properties of 
Poisson Spiking:

0.3 1 3.1 10

0.3

1

3.1

10 Poisson
Process

λλλλ

σσσσ2

For a Poisson Process
variance in spike counts
grows linearly with spike rate:

σσσσ2 = λ= λ= λ= λ

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Some Properties of 
Poisson Spiking:

0.3 1 3.1 10

0.3

1

3.1

10 Poisson
Process

λλλλ

σσσσ2

For a Poisson Process
variance in spike counts
grows linearly with spike rate:

σσσσ2 = λ= λ= λ= λ

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Some Properties of 
Poisson Spiking:

0.3 1 3.1 10

0.3

1

3.1

10 Poisson
Process

λλλλ

σσσσ2

For a Poisson Process
variance in spike counts
grows linearly with spike rate:

σσσσ2 = λ= λ= λ= λ

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Some Properties of 
Poisson Spiking:

0.3 1 3.1 10

0.3

1

3.1

10 Poisson
Process

λλλλ

σσσσ2

For a Poisson Process
variance in spike counts
grows linearly with spike rate:

σσσσ2 = λ= λ= λ= λ

Constant rate   
r(t) = λλλλ



Stimulus
Sustained

Stimulus
Enters

Stimulus
Leaves

Poisson Spiking:

1  with probability λ
0  else

Spike(t) =

F
iri

ng
 R

at
e 

(H
z)

Some Properties of 
Poisson Spiking:

Poisson Approximation 
has been found to be a 
relatively good description 
of neuronal responses:

(Softky & Koch, 1993)
(Shadlen & Newsome, 1998)
(McAdams & Maunsell, 1999)

Constant rate   
r(t) = λλλλ



Question 1: Do narrow and broad spiking neurons 
behave like Poisson processes? 

Question 2: Can attention be described as 
scaling the rate of a Poisson process?
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