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Talk Overview 

 Scientific study of the correlates of 
consciousness. 

 Computational correlates of consciousness. 

 Chalmers’ account of implementation 

 Limitations of Chalmers’ account 

Note 

 Talk is based, on a paper that is currently being 
prepared for publication.  

 Paper gives the argument in detail. 

 Available on request – see contact details at 
end of talk. 

 

SCIENCE of 
Consciousness 

Scientific Study of the Correlates of 
Consciousness 
 Makes as few metaphysical commitments as 

possible. 

 Gather data about the relationship between 
consciousness and the physical world. 

 Basic procedure:  

 Measure consciousness 

 Measure the physical world 

 Look for spatiotemporal structures in the physical 
world that covary with conscious states. 

 Contrastive analysis that compares the 
conscious and unconscious brain. 

Experiments on the Correlates of 
Consciousness 
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Scientific Study of the Correlates of 
Consciousness 
 Substantial amount of experimental work has 

been carried out over the last 20-30 years 
(Tononi & Koch 2008). 

 We may eventually be able to develop theories 
that can make accurate predictions about 
consciousness based on measurements of the 
physical world (and vice versa). 

Physical Correlates of Consciousness 

 Properties of the physical world that are only 
present when consciousness is present. 

 Some potential physical correlates of 
consciousness: 

 Neural synchronization 

 Electromagnetic waves 

 Quantum effects 

 Connection patterns 

 Activation in particular brain areas. 

 Consciousness is correlated with a specific 
pattern in a particular physical structure. 

 

Information/Data Correlates of 
Consciousness 
 Tononi’s (2008, 2012) has proposed that 

information/data patterns could be correlated 
with consciousness independently of the 
physical structures that happen to instantiate 
them at a particular point in time (neurons, 
electromagnetic waves, etc.). 

 Identify information patterns using algorithms. 

 Some experimental work on this approach (Lee 
et al. 2009; Massimini et al. 2009; Ferrarelli et 
al. 2010) 

 

 

COMPUTATIONAL Correlates 
of Consciousness 

Computational Correlates of 
Consciousness 
 Cognitive scientists and philosophers have 

suggested that the mind can be understood in 
computational terms.  

 It is claimed that the mind’s operation is in some 
deep sense computational; it can only be 
explained by reference to the computations that 
it is carrying out. 

 If the mind is computational, we should be able 
to identify computational correlates of 
consciousness in the brain.  

 

Correlates of Consciousness 
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Theory of Implementation 

 Finite state automata could be used, but they 
can lead to panpsychism (Putnam 1988; Bishop 
2002, 2009). 

 Chalmers’ (2011) combinatorial state automata 
(CSA) approach is probably the ‘best game in 
town’ for solving this problem. 

 This talk will raise some significant problems 
with Chalmers’ account of implementation. 

 

Combinatorial State Automata 

 A combinatorial state automata (CSA) consists 
of states and transitions. 

 Each CSA state consists of a vector of 
substates that can have a finite number of 
possible values. 

 The substates causally interact to produce the 
state transitions (causal topology). 

 It is easy to map between CSAs and computer 
programs 

 

Example System Program P1 
1.  lightSensor = 0; 

2.  oldLightSensor = 0; 

3.  motivation = 2; 

4.  leftWheel = 1; 

5.  rightWheel = 1; 

6.   

7.  while(true){ 

8.     lightSensor = getSensorReading(); 

9.  

10.    if(lightSensor == oldLightSensor){ 

11.       if(motivation > 0) 

12.          motivation = motivation - 1; 

13.    } 

14.    else{ 

15.       motivation = 2; 

16.       oldLightSensor = lightSensor; 

17.    } 

18. 

19.    if(motivation > 0){ 

20.       leftWheel = 1; 

21.       rightWheel = 1; 

22.    } 

23.    else{ 

24.       leftWheel = 1; 

25.       rightWheel = 0; 

26.    } 

27. 

28.    updateMotors(leftWheel, rightWheel); 

29. } 

 

Combinatorial State Automata CSA1 
Measuring the Computations in a 
Physical System  

 Find the ‘natural’ divisions of the physical 
system. 

 Map ‘natural divisions’ onto CSA substates. 

 Identify the state transitions. 

 Draw the CSA. 
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Experiment on the Computational 
Correlates of Consciousness 
 Use Chalmers’ CSA approach to measure: 

 Computations in the conscious brain OR 
computations associated with conscious information 
in the brain. 

 Computations in the brain when it is unconscious. 

 Determine if some computations are only 
present when the brain is conscious OR only 
associated with conscious information. 

 These are the computational correlates of 
consciousness.  

Requirements for an Account of 
Computational Implementation 

 R1: Must be an objective fact of the matter 
about whether a particular computation is being 
executed by a physical system.  

 R2. A computation that is a sole correlate of 
consciousness cannot be executed by the 
unconscious brain.  

 

PROBLEMS with 
 Chalmers’ Account 

Testing Chalmers’ Account 

 Have described a program running on a 
computer that controls a simple robot. 

 Can Chalmers’ CSA-based account of 
implementation identify the computations that 
are being executed in this system in a way that 
is consistent with a computational correlate of 
consciousness? 

Example System Program P1 
1.  lightSensor = 0; 

2.  oldLightSensor = 0; 

3.  motivation = 2; 

4.  leftWheel = 1; 

5.  rightWheel = 1; 

6.   

7.  while(true){ 

8.     lightSensor = getSensorReading(); 

9.  

10.    if(lightSensor == oldLightSensor){ 

11.       if(motivation > 0) 

12.          motivation = motivation - 1; 

13.    } 

14.    else{ 

15.       motivation = 2; 

16.       oldLightSensor = lightSensor; 

17.    } 

18. 

19.    if(motivation > 0){ 

20.       leftWheel = 1; 

21.       rightWheel = 1; 

22.    } 

23.    else{ 

24.       leftWheel = 1; 

25.       rightWheel = 0; 

26.    } 

27. 

28.    updateMotors(leftWheel, rightWheel); 

29. } 
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Combinatorial State Automata CSA1 Testing Chalmers’ Account 

 We think we know what computations (and 
CSAs) are being executed by this system. 

 Can we identify these computations by 
assuming no prior knowledge about the system 
and using the CSA approach? 

 Similar to an analysis of the brain where we 
have no prior knowledge about the 
computations that are being executed. 

Virtual Memory and Cache 

 According to Chalmers, need to map ‘natural 
divisions of the system’ onto substates of the 
CSA. 

 DRAM is ‘naturally divided’ into memory storage 
cells. 

 But caching and virtual memory mean that there 
is no strict correspondence between program 
variables and physical locations. 

 The CSA of a standard computer changes all 
the time – no stable correlates of consciousness 
according to Chalmers account. 

Simple Computer 

Mapping Substates 

 Can we identify the computations that are being 
executed by the simple computer in a way that 
is consistent with a correlate of consciousness? 

 DRAM storage cells are plausible ‘natural 
divisions’ of the system. 

 There are an extremely large number of equally 
valid ways of interpreting the1s and 0s in the 
DRAM as CSA substates. 

Mapping of Bits onto Variables 

C++ program that calculates the Fibonacci series. At the end of each while loop the 
fib variable contains the next number in the sequence:  

 
unsigned char fib = 0; 

unsigned char nM1 = 1; 

unsigned char nM2 = 0; 

while(true){  

    fib = nM2 + nM1; 

    nM2 = nM1; 

    nM1 = fib; 

} 
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Mapping of Bits onto Variables 

 No fact of the matter about how the bits should 
map onto CSA substates. 

 A very large number of CSAs are being 
implemented in parallel on the simple computer. 

 At least one of these is the CSA corresponding 
to the program. 

 

 

Voltage Thresholding 

 The actual voltage in each memory storage cell 
is a real valued number that varies continuously 
with time. 

 Different thresholds and sampling frequencies 
lead to an infinite number of ways of mapping 
DRAM states onto CSA substates. 

Voltage Thresholding Voltage Thresholding 

 An effectively infinite number of computations 
are running simultaneously on the simple 
computer. 

 With an infinity of computations it will be 
impossible to experimentally demonstrate that a 
particular computation is a sole correlate of 
consciousness (R2). 

Causal Structure of a Computer 

 Chalmers claims that the CSA substates 
causally interact to produce the state 
transitions. 

 Areas of DRAM are causally isolated from each 
other. 

 Left to themselves these areas would decay 
over time without the constant refresh required 
to maintain their states. 

Combinatorial State Automata CSA1 
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Causal Structure of a Computer Causal Structure of a Computer 

 Causal structure of a computer running a 
program is very different from the causal 
structure of the CSA that corresponds to that 
program. 

 Machines with different architectures running 
the same program will have very different 
CSAs. 

 A simulation of a brain or an ‘uploaded brain’ 
will not have the same consciousness as the 
original brain. 

Counterfactuals 

 While great care is taken to isolate electronic 
components, computers are still subject to to 
influences from their environment that cause 
them to transition into different states. 

 Causes them to make state transitions that are 
not specified in the program. 

Counterfactuals 

Counterfactuals 

 This problem applies to any system that is 
substantially smaller than the universe. 

 Human-scale physical systems only implement 
fully connected CSAs. 

 The CSAs in the conscious and unconscious 
brain are likely to be the same. 

 Unlikely to be able to find anything in the brain 
that could be a computational correlate of 
consciousness. 

 

CONCLUSIONS 
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Conclusions 

 To identify computational correlates of 
consciousness, need to: 

 Measure the computations in the brain. 

 Measure consciousness. 

 Look for correlations between the two. 

 Chalmers’ CSA account of implementation is 
the most promising method for measuring the 
computations being executed by the brain. 

 

Requirements for an Account of 
Computational Implementation 

 R1: Must be an objective fact of the matter 
about whether a particular computation is being 
executed by a physical system.  

 R2. A computation that is a sole correlate of 
consciousness cannot be executed by the 
unconscious brain.  

 

Conclusions 

 Chalmers’ account leads to an infinite number 
of computations in a given system, which 
makes it experimentally unworkable. 

 The computations that are actually executed in 
a computer are different from the computational 
structure of the running program. 

 All human-scale physical systems implement 
fully connected CSAs. 

Implications 

 Science of consciousness 

 Brain uploading 

 Cognitive science 

 Philosophy of mind 
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More Information 

 This talk is based on a paper that I am currently 
preparing for publication - can send a copy on request. 

 Slides:  

        www.davidgamez.eu/talks/   

 Papers related to this material:   

        www.davidgamez.eu/publications/ 

 Feel free to contact me if you have any questions: 

        david@davidgamez.eu.  

 

http://www.davidgamez.eu/talks/Gamez-TSC2011
http://www.davidgamez.eu/publications/
mailto:david@davidgamez.eu

