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Abstract—Various aspects of brain operation at all scales
depend on temporal functions and properties such as delay,
recurrent dynamics, etc. In this work, we discuss how predictive
properties in the brain dynamics may allow the agent to be
resilient to changes in the environment, thus leading to higher
chance of survival; and how this could serve as an evolutionary
precursor of consciousness.

Index Terms—Prediction; Brain dynamics; Resilience; Evolu-
tion; Consciousness

I. INTRODUCTION

To understand the brain, it is important to investigate the
internal dynamics of the brain [1]. In this work, we develop
a measure of predictability in brain dynamics, and apply it
to a simple recurrent neural network (RNN) controller in a
simulated experiment (Figure 1), and use it to analyze the
degree of consciousness in brain EEG data (Figure 2).

II. EXPERIMENT AND RESULTS

First, we set up a simple simulation experiment with a
genetically evolved recurrent neural network (RNN) controller
in a 2D pole balancing task (Figure 1a&b). We measured
the predictability in the internal state dynamics (i.e., how
accurately can the state at time t be predicted based on those
at time t− 1, t− 2, ... t−m)1 of the RNN controllers (e.g.,
see Figure 1c&d). Figure 1e show the predictability of 127
equally high-performance RNN controllers. This alone might
suggest predictability does not matter (since they are all high-
performance), but when we changed the environment (made
the task more difficult by tilting the pole more, initially),
we found that controllers with more predictable dynamics
(Figure 2f “High” [Blue]) are more resilient than those will
less predictable dynamics (Figure 2f “Low” [White]).

Next, we hypothesized that such predictive internal dynam-
ics may underlie consciousness (see [3] for the rationale),
so we analyzed the predictability in human EEG signals
during awake, REM sleep, and slow-wave sleep, to test our
hypothesis [3]. We find that internal state prediction error is
lower in awake and REM sleep conditions (when subjects are
“conscious”) compared to that during slow wave sleep (deep
sleep, thus “unconscious”).

1This is measured by training a multilayer perceptron, with a supervised
learning data set constructed from trajectories like Figure 1c&d.
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(x, y, ẋ, ẏ, θx, θy, θ̇xθ̇y)

fx fy

h1 h2 h3

h1

h2

h3

h1

h2

h3

(a) Task (b) Controller (c) Traj. 1 (d) Traj. 2

0

10

20

30

40

50

60

70

80

90

100

1 4 7 1
0

1
3

1
6

1
9

2
2

2
5

2
8

3
1

3
4

3
7

4
0

4
3

4
6

4
9

5
2

5
5

5
8

6
1

6
4

6
7

7
0

7
3

7
6

7
9

8
2

8
5

8
8

9
1

9
4

9
7

10
0

10
3

10
6

10
9

11
2

11
5

11
8

12
1

12
4

12
7

P
re

d
ic

ti
o

n
 S

u
cc

e
ss

 R
at

e
 (

%
)

Evolved agent sorted by the prediction rate

Internal State Predictability

0

1000

2000

3000

4000

5000

6000

1 2 3 4 5 6 7 8 9 10

N
u

m
b

e
r 

o
f 

St
e

p
s

Test Case Number

Performance and Internal State Dynamics

High

Low

(e) Internal state predictability (f) Performance

Fig. 1. Internal dynamics of a simple recurrent neural network controller
in a 2D pole balancing task. Traj 1 is more predictable than Traj 2. [2].
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Fig. 2. Prediction error in EEG time series during Awake, REM sleep,
and Slow Wave Sleep. [3].

III. DISCUSSION AND CONCLUSIONS

We showed that predictable internal dynamics may be
intricately related to the resilience of an organism, and due
to this, evolution may have promoted agents that have such an
internal brain property. It also happens that this property may
be a necessary condition of consciousness, thus our work also
suggests how consciousness may have evolved. It is interesting
to compare our work to that of Tani [1] (see Chapter 7):
His emphasis of predictive dynamics is more on prediction
of sensory consequences of action, which makes our work
distinct from his, yet complementary.
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