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Do the concepts of DFT 
potentially reach all processes of 

the mind?

so that DFT would provide a neural 
foundation for understanding the mind? 

… hinges on what we mean by the “mind”



Do the concepts of DFT 
potentially reach all processes of 

the mind?

borrowing terms from the philosophy of 
mind to explore this question 

“intentionality” in two “directions of fit” to 
sample qualitatively different form of mental 
and motor acts 

“psychological modes” to sample the mind 
from the sensory-motor to goal-
achievement and knowledge



Intentionality

Intentionality = the capacity of organisms and 
their nervous systems to generate mental 
states that are about things in the world

things may include an organism’s own body 

things may ultimately also includes the nervous system’s 
own states 



Two directions of fit of intentional 
states (Searle)

world-to-mind: the world must match the 
intentional state to fulfill that state’s 
condition-of-satisfaction (CoS) => the “motor” 
flavor of intentionality

mind-to-world: the intentional state must 
match the state of the world to fulfill the 
CoS => “perceptual” flavor of intentionality



Six psychological modes 
of intentional states (Searle)

mind-to-world

perception

memory

belief 

world-to-mind

intention-in-action

prior intention

desire



The six modes reflect 
the sensory-motor 

grounding of cognition

world-to-mind

motor control

action plans, decisions, sequences

goals, motivations, emotions 

mind-to-world

attention, active perception, 
working memory 

scene and event memory

back-ground knowledge, 
learning from experience, 
communication



Six psychological modes 
of intentional states (Searle)

mind-to-world

perception

memory

belief ~ knowledge

world-to-mind

intention-in-action ~ action

prior intention ~ plans

desire ~ goals



Six psychological modes 
of intentional states (Searle)

mind-to-world

perception

memory

belief 

world-to-mind

intention-in-action

prior intention

desirepropositional

grounded



Six psychological modes 

mind-to-world

perception

memory

belief 

world-to-mind

intention-in-action

prior intention

desire

Hypothesis: these psychological mode reach all 
of the mind



A first toy example of an 
intentional agent

time

σ(u)
u

activation
- 2 - 1. 5 - 1 - 0. 5 0 0. 5 1

t4t1 t2 t3

B
el

ie
fs

-4

-3

-2

-1

0

1

2

3

-4

-3

-2

-1

0

1

2

3

t1

D
es

ire

-1.5

-1

-0.5

0

0.5

1

1.5

2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
an

va
s

-1

0

1

2

3

-1

0

1

2

3

R
es

ul
t

-1.5

-1

-0.5

0

0.5

1

1.5

2

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
oa

t

-1.5

-1

-0.5

0

0.5

1

1.5

2

-1.5

-1

-0.5

0

0.5

1

1.5

2

IiA
-C

ol
le

ct

-1.5

-1

-0.5

0

0.5

1

1.5

2

-1.5

-1

-0.5

0

0.5

1

1.5

2

IiA
-A

pp
ly

B1 B2 B3 B4 B1 B2 B3 B4

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

S/
C

 
M

em
or

y
IiA

C
ol

le
ct

C
ol

le
ct

 H
ei

gh
t

S/
H

 
M

em
or

y
IiA D
riv

e
IiA

-V
is

. 
Se

ar
ch

t2

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

world space world space

world space world space

-2

-1.5

-1

-0.5

0

0.5

1

1.5

-1.5

-1

-0.5

0

0.5

1

1.5

-1.5

-1

-0.5

0

0.5

1

1.5

-1.5

-1

-0.5

0

0.5

1

1.5

-1.5

-1

-0.5

0

0.5

1

1.5

IiA D
riv

e
C

ur
re

nt
Po

si
tio

n
C

oS
D

riv
e

t3

t4

S/
H

 P
er

c.
S/

C
 P

er
c.

IiA
-V

is
.

Se
ar

ch

-2

-1.5

-1

-0.5

0

0.5

1

1.5

world space world space

world space world space

retinal space retinal space

retinal space retinal space

t5 t6

t5

IiA
R

ea
ch

horizontal ego space horizontal ego space

di
st

an
ce

di
st

an
ce

A
rm

Po
si

tio
n

horizontal ego space horizontal ego space

di
st

an
ce

di
st

an
ce

C
oS

R
ea

ch

horizontal ego space horizontal ego space

di
st

an
ce

di
st

an
ce

Tr
an

si
en

t
D

et
ec

to
r

C
oS

D
es

ire

t6

C
am

er
a

D
es

ire

retinal space retinal spaceworld space world space

-2

-1.5

-1

-0.5

0

0.5

1

1.5

world space

-1.5

-1

-0.5

0

0.5

1

1.5

-1.5

-1

-0.5

0

0.5

1

1.5

-1.5

-1

-0.5

0

0.5

1

1.5

-1.5

-1

-0.5

0

0.5

1

1.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

world space

Figure 4: Activation snapshots of selected fields displaying the formation of CoS peaks during a successful painting sequence.

representing the desired goal in the center of the world space,
which does not match the currently perceived position. Once
movement causes a match between desired and perceived po-
sition, a peak emerges in the CoS field causing the termina-
tion of the drive IiA (right column).

The detection instability in the drive CoS leads to an au-
tonomous transition to the visual search IiA, which is released
from inhibition through the precondition node at t4 (left col-
umn). Ridges of searched color and height are induced in the
perception fields causing the emergence of supra-threshold
peaks at overlapping positions. (right column).

A match of height and color is detected through the vi-
sual search CoS (not shown), which leads to an autonomous
transition to the reaching IiA at t5 by forming a peak at the
perceived retinal position in the two dimensional reach IiA
field (left column). The reaching IiA is destabilized after a
successful arm movement leads to detection instability in the
reach CoS-field due to an overlap between proprioception of
the eef and the reach goal position (right column).

Snapshot t6 shows the detection of a color change in the
visual scene by the transient detector after the agent success-
fully collected the color and dispensed it on the purple cube
(left column). Activation of the dispense IiA (not shown)

changes the color of the purple cube to yellow, which forms a
supra-threshold in the transient detector at the conjunction of
left and yellow. The color of the perceived change matches
with the desired color and leads to the emergence of a peak
in the desire CoS which causes a subsequent destabilizing of
the desire to paint a cube yellow (right column).

Discussion
We present a neural dynamic architecture that endows a
robotic agent with the capability to generate intentional states
of the six major psychological modes. Self-stabilized peaks
of activation within neural populations determine the content
of an intentional state while the state’s psychological mode
is determined by how the neural population is positioned
within a neural dynamic architecture. The CoS of intentional
states is modeled through the detection-instability of dynamic
neural fields with the DoF determining under which circum-
stances the instability emerges.

The architecture is demonstrated in a toy scenario, where
the agent seeks particular perceptual states (desires), and uses
beliefs about contingencies of which paint transforms which
color into which new color, to plan sequences of action (prior
intentions) based on its current scene representation (mem-
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Figure 4: Activation snapshots of selected fields displaying the formation of CoS peaks during a successful painting sequence.

representing the desired goal in the center of the world space,
which does not match the currently perceived position. Once
movement causes a match between desired and perceived po-
sition, a peak emerges in the CoS field causing the termina-
tion of the drive IiA (right column).

The detection instability in the drive CoS leads to an au-
tonomous transition to the visual search IiA, which is released
from inhibition through the precondition node at t4 (left col-
umn). Ridges of searched color and height are induced in the
perception fields causing the emergence of supra-threshold
peaks at overlapping positions. (right column).

A match of height and color is detected through the vi-
sual search CoS (not shown), which leads to an autonomous
transition to the reaching IiA at t5 by forming a peak at the
perceived retinal position in the two dimensional reach IiA
field (left column). The reaching IiA is destabilized after a
successful arm movement leads to detection instability in the
reach CoS-field due to an overlap between proprioception of
the eef and the reach goal position (right column).

Snapshot t6 shows the detection of a color change in the
visual scene by the transient detector after the agent success-
fully collected the color and dispensed it on the purple cube
(left column). Activation of the dispense IiA (not shown)

changes the color of the purple cube to yellow, which forms a
supra-threshold in the transient detector at the conjunction of
left and yellow. The color of the perceived change matches
with the desired color and leads to the emergence of a peak
in the desire CoS which causes a subsequent destabilizing of
the desire to paint a cube yellow (right column).

Discussion
We present a neural dynamic architecture that endows a
robotic agent with the capability to generate intentional states
of the six major psychological modes. Self-stabilized peaks
of activation within neural populations determine the content
of an intentional state while the state’s psychological mode
is determined by how the neural population is positioned
within a neural dynamic architecture. The CoS of intentional
states is modeled through the detection-instability of dynamic
neural fields with the DoF determining under which circum-
stances the instability emerges.

The architecture is demonstrated in a toy scenario, where
the agent seeks particular perceptual states (desires), and uses
beliefs about contingencies of which paint transforms which
color into which new color, to plan sequences of action (prior
intentions) based on its current scene representation (mem-
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Figure 4: Activation snapshots of selected fields displaying the formation of CoS peaks during a successful painting sequence.

representing the desired goal in the center of the world space,
which does not match the currently perceived position. Once
movement causes a match between desired and perceived po-
sition, a peak emerges in the CoS field causing the termina-
tion of the drive IiA (right column).

The detection instability in the drive CoS leads to an au-
tonomous transition to the visual search IiA, which is released
from inhibition through the precondition node at t4 (left col-
umn). Ridges of searched color and height are induced in the
perception fields causing the emergence of supra-threshold
peaks at overlapping positions. (right column).

A match of height and color is detected through the vi-
sual search CoS (not shown), which leads to an autonomous
transition to the reaching IiA at t5 by forming a peak at the
perceived retinal position in the two dimensional reach IiA
field (left column). The reaching IiA is destabilized after a
successful arm movement leads to detection instability in the
reach CoS-field due to an overlap between proprioception of
the eef and the reach goal position (right column).

Snapshot t6 shows the detection of a color change in the
visual scene by the transient detector after the agent success-
fully collected the color and dispensed it on the purple cube
(left column). Activation of the dispense IiA (not shown)

changes the color of the purple cube to yellow, which forms a
supra-threshold in the transient detector at the conjunction of
left and yellow. The color of the perceived change matches
with the desired color and leads to the emergence of a peak
in the desire CoS which causes a subsequent destabilizing of
the desire to paint a cube yellow (right column).

Discussion
We present a neural dynamic architecture that endows a
robotic agent with the capability to generate intentional states
of the six major psychological modes. Self-stabilized peaks
of activation within neural populations determine the content
of an intentional state while the state’s psychological mode
is determined by how the neural population is positioned
within a neural dynamic architecture. The CoS of intentional
states is modeled through the detection-instability of dynamic
neural fields with the DoF determining under which circum-
stances the instability emerges.

The architecture is demonstrated in a toy scenario, where
the agent seeks particular perceptual states (desires), and uses
beliefs about contingencies of which paint transforms which
color into which new color, to plan sequences of action (prior
intentions) based on its current scene representation (mem-
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Figure 4: Activation snapshots of selected fields displaying the formation of CoS peaks during a successful painting sequence.

representing the desired goal in the center of the world space,
which does not match the currently perceived position. Once
movement causes a match between desired and perceived po-
sition, a peak emerges in the CoS field causing the termina-
tion of the drive IiA (right column).

The detection instability in the drive CoS leads to an au-
tonomous transition to the visual search IiA, which is released
from inhibition through the precondition node at t4 (left col-
umn). Ridges of searched color and height are induced in the
perception fields causing the emergence of supra-threshold
peaks at overlapping positions. (right column).

A match of height and color is detected through the vi-
sual search CoS (not shown), which leads to an autonomous
transition to the reaching IiA at t5 by forming a peak at the
perceived retinal position in the two dimensional reach IiA
field (left column). The reaching IiA is destabilized after a
successful arm movement leads to detection instability in the
reach CoS-field due to an overlap between proprioception of
the eef and the reach goal position (right column).

Snapshot t6 shows the detection of a color change in the
visual scene by the transient detector after the agent success-
fully collected the color and dispensed it on the purple cube
(left column). Activation of the dispense IiA (not shown)

changes the color of the purple cube to yellow, which forms a
supra-threshold in the transient detector at the conjunction of
left and yellow. The color of the perceived change matches
with the desired color and leads to the emergence of a peak
in the desire CoS which causes a subsequent destabilizing of
the desire to paint a cube yellow (right column).

Discussion
We present a neural dynamic architecture that endows a
robotic agent with the capability to generate intentional states
of the six major psychological modes. Self-stabilized peaks
of activation within neural populations determine the content
of an intentional state while the state’s psychological mode
is determined by how the neural population is positioned
within a neural dynamic architecture. The CoS of intentional
states is modeled through the detection-instability of dynamic
neural fields with the DoF determining under which circum-
stances the instability emerges.

The architecture is demonstrated in a toy scenario, where
the agent seeks particular perceptual states (desires), and uses
beliefs about contingencies of which paint transforms which
color into which new color, to plan sequences of action (prior
intentions) based on its current scene representation (mem-
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sub-architecture
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From perception to scene memory
[memory initially empty, then sequentially built]



The motor sub-architecture



The motor sub-architecture









Recall from memory

is a “motor” intention…  (a world-to-mind 
intention)

as it is aimed at achieving a particular state 
of the mind (which is part of the world) 



The motor sub-architecture



chaining to organize the paint behavior

4. An Integrated Field Architecture 4.4. Behavioral Organization

4.4.2 Collect and Apply Color

The painting process can be subdivided into activating a belief, collecting color
from a bucket object, and then applying it on a canvas of a certain color. Collect-
ing color itself can be decomposed in locating the bucket, reaching for it, and then
picking-up color from it. Similarly, can applying color be decomposed in locating
the canvas, reaching for it, and then spraying the color onto it. Both processes are
implemented as composite intentions-in-action through the Collect Coat Intention
node, uclc, and the Apply Color Intention node, uapp, which connect to the inten-
tion nodes of the comprised intentions-in-action (see Figure 4.4.2). Both share the

p

Paint

Paint

Col

Collect
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App

Apply
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Apply

Paint Paint

Locate

Coat
Gate Bucket

Concept

Reach

Pick-Up
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CoS
Spray

CoS/CoD
Activate
Belief

Figure 4.4.2: The subnetwork responsible for sequencing the agent’s behavior

Intention Locate and the Intention Reach and di↵er only in the last element of
the action sequence, which is either Pick-Up or Spray. Both nodes are activated
through the Paint Intention node and inhibited through their corresponding CoS
and precondition nodes:

⌧clcu̇clc =� uclc + hclc + cpai!clc�(upai)� ccclc!clc�(ucclc)

� cpre�(pacb!clc)

⌧appu̇app =� uapp + happ + cpai!app�(upai)� ccapp!app�(ucapp)

� cpre�(pclc!app)

(4.74)

The precondition node, pacb!clc, connects the CoS Activate Belief node and the
CoD Activate Belief node with the Collect Coat Intention node. It ensures that
color collection is initiated only after it has been attempted to activate a guiding
belief. Similarly does the precondition node, pclc!app connecting the CoS Collect
Coat node to the Apply Color Intention node ensure that color is collected before
it is applied.
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drive



Recall-drive-search
[based on a desire and an activated belief, 

looking for a tall pink object, which is in memory]
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The belief sub-architecture



Learning a new belief
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Learn a new belief
[while exploring: applying blue paint to yellow cube]



Recall a belief
[triggered by a desire and objects in scene memory]
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The desire sub-architecture



Achieving a desire 
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5. Results 5.1. Performing the Painting Task
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Figure 5.1.12: Activation snapshots of selected fields during the Spray Intention.
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Figure 5.1.12: Activation snapshots of selected fields during the Spray Intention.
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Conclusion: The two directions of fit

processes in the two directions of fit differ in 
their temporal structure

W2M: intention on, CoS on, then both off 

M2W: intention=CoS on as long as state is present 

insight that processes underlying visual 
cognition are W2M (“motor”)

visual search

recall from memory 

expect “thinking” (inference, reasoning) to be 
similarly W2M 



Conclusion: The six psychological modes

are all reached by DFT 

(desire/goals poor here… goal switching etc 
are possible extensions)



Conclusion: Scaling

the neural dynamics scales due to the 
robustness of attractor solutions


