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ABSTRACT 
Cognitive universals are concepts that our civilization and technologically advanced extraterrestrial 
civilizations can easily interpret. The universality of certain mathematically and perceptually based 
concepts are discussed. It is argued that continuously based concepts are more Fertile ground for 
surmising cognitive universals than discretely based ones, and in particular, one should be suspi- 
cious of the use of inductively based numerical concepts, including the totality of natural numbers. 
Ideas about intuitive evolutionary theory, physical and perceptual invariance, and the efficient pro- 
cessing of information are linked to provide a framework for searching for cognitive universals. 

Describing <<concepts>> that Extraterrcstl-i;ll Inrelligcnccs (ETls) arc likely to pro- 
cess appears at fil.st sight to be impossible: there are no ltnown products of ETI activity 
to analyze, and any theoretical investigation of E'I'I cognitions appears to be doomed by 
the lack of adequate theories of <<intelligence>>. However, if it could be established with a 
reasonable degree of confidence that there were il latge number of ETI <<civilizations>> 
with advanced technological capabilities, then perhaps theories relating cognition to 
technological development could be utilized for malting inferences abot~t  concepts that 
arc un ivc r s~~ l l~  nccclccl Lor Jevcloping aclva~lcccl technologies. 

Based upon theories of star and planet formation and biochemical, biological, 
and evolutionary considerations, many informed astronomers and biologists have 
reached the conclusion that it is likely that there are numerous extraterrestrial acivi- 
lizations,, populating our galaxy that have the capability of sending and receiving in- 
terstellar messages, including the kinds of messages that our civilization is capable of 
sending and receiving. This has prompted a respected part of the scientific commu- 
nity to conduct a systematic Search for Extra-Terrestrial Intelligence (SETI). Of 
course, part of the rationale for the method of searching is grounded in psychological 
assumptions about the transn~itting ETIs' .  

COGNITIVE UNIVERSALS AND SETI 

In this article, cognitive universals will refer to concepts that are easily inter- 
pretable by us and ETI civilizations that (i) are at a technological level to have the ca- 
pability of sending and receiving communications with other extraterrestrial civiliza- 
tions, including our own, and (i i )  are ablc to placc objects off-planet. (i) is a standard 



assumption of SETI, and (ii) is assumed to guarantee a pragmatic utilization of our 
civilizations concept of <<local spatial geometry,,. Civilizations that satisfy (i) and 
(ii) are called target civilizations. 

In the literature, cognitive universals have been surmised by various means, in- 
cluding pragmatic considerations, e.g., what the ETIs must know to build sending and 
receiving equipment; considerations about intelligence, e.g., consciousness is a highly 
probable consequence of a high level of intelligence; and theoretical extrapolation 
based on geological, biological, and evolutionary facts and theories. Obviously, in sur- 
mising the universality of a concept, care should be taken to account for bias due to 
our culture (ethnocentrism) as well as bias due to our human nature (homocentrism). 
In general, a complete avoidance of these biases may be impossible, since it is easily 
arguable (by me, at least) that the methods of inference, means, and theories of sci- 
ence are heavily ethno - and homocentric. 

The exe~llplars of cognitive universals put forth in the literature have been con- 
structed out of mathematical, physical, and chemical concepts. It is generally held 
that elementary arithmetic is necessary for tech~lological development and thus that 
various cognitive universals can be constructed by arithmetic means. Because there is 
currently no deep and formal understanding of technological development, reasoned 
arguments for the necessity of arithmetic for technological development are inher- 
ently difficult. The ones I am familiar with appear to be based on some variant of <<I 
can't imagine how it could be otherwise,, kind of reasoning. 

One way to argue for the non-universality of a target concept is to show that its 
intended function can be accomplished by concepts of a cognitive-like system about 
which it can be proven that the target concept is not derivable within the system. This 
amounts to producing an <<It could be otherwise>> example. Such an example will 
now be presented for arithmetic. 

ARITHMETIC 

Elementary arithmetic consists of (i) means of adding, multiplying, and compar- 
ing in terms of magnitude two individual natural numbers, and (ii) the set of natural 
numbers. I will allow that (i) is important for technological development; (ii) I find 
problematic for this purpose. The following is a cognitive-like system that is of fun- 
damental importance to mathematics and science in which (i) holds but (ii) fails. 

The system has the following logical symbols: V, 3, 7, A, v, and =, (to be inter- 
preted respectively as <<for all>>, <<for some>>, <<not>>, <<and>>, <<or>>, and <<equals>>); the 
following set, relational, and individual symbols: Y l ,  0, 0, C ,  0, and 1 (to be inter- 
preted respectively as the set of real numbers, addition, multiplication, less than, the 
number 0, and the number 1); and variable symbols, x, y,  z, ..., and separation sym- 
bols, (,). Using these symbols, v;~rious cxprcssions formulutcd through thc syntax of 
first-order logic, including sentences like VxVy (xOy = yQx), which under the above 
interpretations is :i true statcmcnt about thc orr/crtd/;i.lrl o/rcul numhcr.r, that is, :I true 
statement about the structure that has the set of real numbers as its donlain and addition, 
multiplication, less than, 0, and 1 as its operations, relation, and constant symbols. 

It is well-known that a particular set r of simplc sentences Eormulatcd in terms 
of the above symbol system completely characterizes all algebraic properties and 
truths about the ordered field of real numbers. (r describes an algebraic structure 


















