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Strong AI vs. Weak AI: The Mathematical Objection 

 

The mathematical objection 

certain mathematical questions are in principle unanswerable by particular 

formal systems. 

Godel’s incompleteness theorem: for any formal axiomatic system F powerful 

enough to do arithmetic, it is possible to construct a so-called “Godel sentence” 

G(F) with the following properties: 

G(F) is a sentence of F, but cannot be proved within F. 

If F is consistent, then G(F) is true. 

1. R. Lucas (1961) have claimed that this theorem shows that machines are 

mentally inferior to humans, because machines are formal systems that are 

limited by the incompleteness theorem. 

They cannot establish the truth of their own Godel sentence, while humans have 

no such limitation. Three problems: 

First, Godel7s incompleteness theorem applies only to formal systems that are 

powerful enough to do arithmetic. This includes Turing machines, and Lucas’s 

claim is in part based on the assertion that computers are Turing machines. This 

is a good approximation, but is not quite true. 

Turing machines are infinite, whereas computers are finite, and any computer 

can therefore be described as a (very large) system in propositional logic, which 

is not subject to 

Godel’s incompleteness theorem. 

Second, an agent should not be too ashamed that it cannot establish the truth of 

some sentence while other agents can. 

“Consider the sentence J. R. Lucas cannot consistently assert that this sentence is 

true.” 

If Lucas asserted this sentence then he would be contradicting himself, so 

therefore Lucas cannot consistently assert it, and hence it must be true. 

The sentence cannot be false, because if it were then Lucas could not consistently 

assert it, so it would be true. 

We have thus demonstrated that there is a sentence that Lucas cannot consistently 

assert while other people (and machines) can. But that does not make us think 

less of Lucas. 
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To take another example – 

No human could compute the sum of 10 billion 10 digit numbers in his or her 

lifetime, but a computer could do it in seconds. Still, we do not see this as a 

fundamental limitation in the human’s ability to think. 

Humans were behaving intelligently for thousands of years before they invented 

mathematics, so it is unlikely that mathematical reasoning plays more than a 

peripheral role in what it means to be intelligent. 

Third, even if we grant that computers have limitations on what they can prove, 

there is no evidence that humans are immune from those limitations. It is all too 

easy to show rigorously that a formal system cannot do X, and then claim that 

humans can do X using their own informal method, without giving any evidence 

for this claim. 

Indeed, it is impossible to prove that humans are not subject to Godel’s 

incompleteness theorem, because any rigorous proof would itself contain a 

formalization of the claimed unformalizable human talent, and hence refute itself. 

So we are left with an appeal to intuition that humans can somehow perform 

superhuman feats of mathematical insight. This appeal is expressed with 

arguments such as “we must assume our own consistency, if thought is to be 

possible at all” (Lucas, 1976). 

But if anything, humans are known to be inconsistent. This is certainly true for 

everyday reasoning, but it is also true for careful mathematical thought. 

 


