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Abstract 

The question of whether intelligence is one trait or many has exercised several generations of researchers, 

but no consensus is in sight.  Evolutionary psychology, with its emphasis on domain specific mental 

modules, seems to offer hope for advancing understanding of this question.  We know that the mind has 

been shaped by natural selection to maximize reproductive success.  This tells us what the mind must 

do—it must solve the adaptive problems that the organism confronts.  However, whether this functional 

capacity is manifest in congruent anatomic, physiological, genetic, cognitive, or psychometric structures 

is another matter.  Examination of how natural selection shaped other mechanisms suggests that knowing 

functional demands provides only modest guidance as to the structure of mechanisms. Nonetheless, it 

remains simultaneously clear that these mechanisms are not entirely general, but have been shaped to 

cope with specific challenges.  Our metaphors for the mind, whether as a digital computer or a Swiss 

army knife, are misleading because computers and tools are products of intelligent design..  In contrast, 

minds are products of natural selection whose intertwined components are products of incorporated 

genetic mutations whose effects are widespread and constrained by historical precedents.  Our tendencies 

to describe the structure of the mind in terms of discrete components make it difficult for us to 

comprehend the mind as a mind.  One antidote may be to minimize metaphorical descriptions of 

postulated structures of mind, and focus instead, on its function.      
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Research on intelligence was born of practical necessity and developed in concert with mathematical 

techniques for interpreting masses of data, yet it remains embroiled in controversies about many basic 

questions.  Questions about how to measure intelligence are now mainly about possible cultural bias in 

intelligence tests.  The question of what selective forces so rapidly shaped high levels of human cognitive 

intelligence remains unresolved, as does the related question of why there is substantial variation in a trait 

with presumed major fitness benefits.  The data explaining individual differences in intelligence test 

scores are now fairly clear, but remain controversial mainly because of their perceived political 

implications. Perhaps the largest and deepest question, however, is what intelligence really is—in 

particular, if it is one trait or many. (Sternberg 1999) Much of the work on this problem has focused on 

the “g” factor that emerges from the consistently high correlations among scores on measures of diverse 

kinds of intellectual ability.  The existence of the “g” factor is not at issue, but its significance remains 

problematic.  An emphasis on general intelligence has been opposed by those who insist that “g” is an 

epiphenomenon of the correlations of specific components of mental ability, or at least that it is less 

important than these components.  This debate has had a prominent political tinge, in which those 

advocating for discrete differentiated intelligences see themselves as advocates for people who are bright 

in ways different from those measured by traditional intelligence tests.  The historical legacy of political 

and ethical issues, and the prominent role intelligence tests now play in providing access to privilege and 

wealth, make these questions intensely controversial.(APA_Task_Force 1996)  

 

Not all of the controversy is political, however.  Psychologists continue to propose specific kinds of 

intelligence, and to argue about how best to distinguish them, and how they do or do not relate to a 

general factor.  The diversity of such perspectives is an important fact in and of itself.  Thurstone offered 
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his seven  intelligences in opposition to a general factor. (Thurstone 1938) More recently, there has been 

much discussion of Gardner’s seven proposed kinds of intelligence—linguistic, logical-mathematical, 

linguistic, musical, body-kinesthetic, spatial, interpersonal, and intrapersonal. (Gardner 1983)  Both 

proposals include factors for verbal, spatial, and mathematical ability, but beyond that they differ 

considerably.  Guilford first proposed 120 factors, derived from five operations, four kinds of content, and 

six products, then expanded his list to 150. (Guilford and Hoepfner 1971) There has also been much 

comment on emotional intelligence, social intelligence, creativity, and other abilities. (Goleman 1995) In 

opposition to these proposals, other intelligence researchers emphasize the “g” factor, and downplay the 

importance of subtypes of ability. (Jensen 1998)  This discussion has been going on for decades and 

shows no signs of an emerging consensus.  The difficulty does not seem to arise from lack of data.  

Although political factors and personal reputations are involved, they too do not seem to account for the 

difficulty.  Thus, it is worth considering the possibility that the question is framed incorrectly, or that it 

may have no answer.   

 

Can evolutionary psychology help? 

Evolutionary psychology has developed rapidly in the past decade, in the wake of fundamental advances 

understanding the evolution of behavior regulation mechanisms.  These advance have been successfully 

applied to classic problems in animal behavior. (Buss 1999) The strong commitment of evolutionary 

psychology to a search for domain specific mental modules suggests that it may offer assistance in the 

problem of multiple intelligences. Modules are shaped by natural selection to cope with specific adaptive 

problems that arise in specific domains.  Different intelligences are proposed to reflect an individual’s 

ability to adapt to some aspect of the environment. These similarities offer a hint that an evolutionary 

approach might provide a solid foundation for decisions about how to understand the structure of the 

mind.  
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The emphasis on domain specific modules has come most strongly from Cosmides and Tooby, but other 

leaders in the field, especially David Buss, and Steve Pinker, also advocate strongly for the importance of 

modules. (Cosmides, Tooby et al. 1992; Buss 1995; Pinker 1997)  Cosmides and Tooby say,  

 

“From an evolutionary perspective, the human cognitive architecture is far more likely to 

resemble a confederation of hundreds or thousands of functionally dedicated computers, 

dedicated to solving problems endemic to the Pleistocene,  than it is to resemble a single general-

purpose computer equipped with a small number of general purpose procedures such as 

association formation, categorization, or production-rule formation.” 

      (Cosmides and Tooby 1995. p. 1189)  

The logic of the argument for domain specific modules seems compelling.  The only force that can 

account for order in living systems is natural selection.  Natural selection shapes phenotypes that increase 

the frequency of the genes that make them.  Brains, therefore, must be shaped to maximize inclusive 

fitness—on the average in the natural environment, of course.  When an individual confronts an adaptive 

problem—whether a hungry tiger, an angry group leader, a fruit high up in a tree or a child in danger—

the brain needs to be able to solve the problem.  Put more accurately, individuals with brains that 

successfully solve such problems have a selective advantage.  As put by Pinker, “The mind is a system of 

organs of computation, designed by natural selection to solve the kinds of problems our ancestors faced in 

their foraging way of life.”  (Pinker 1997, p. 21) 

 

There are good examples of such modules.  The ability to learn language is the best. The famous debates 

between Chomsky and Skinner about whether a general learning mechanism could account for language 

learning is now settled—there is a special module for learning and using language. (Pinker 1994) 

Furthermore, we have long known that these capacities are localized to specific brain locations, mainly in 

the left temporal lobe. A universal grammar is recognized to underlie all language.  Children absorb 
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language and learn words and a specific grammar at a fantastic rate.  In everyday life, the special nature 

of this learning is perhaps made obvious when adults try to learn a foreign language.  

 

Students of animal behavior long ago abandoned attempts to explain behavior using only general learning 

models. Once the work of Seligman and Garcia broke the taboo, it soon became clear that most behavior 

of most animals can be fully explained only if specialized mechanisms are acknowledged. (Garcia and 

Ervin 1968; Seligman 1970; Staddon 1983) In Gazzaniga’s text The Cognitive Neurosciences, Ganistel 

reviews eating regulation, navigation, foraging, and other domain specific mechanisms. (Ganistel 1995) 

Textbook of animal behavior now take the specialized nature of behavior control mechanisms for granted. 

(Alcock 1993) 

 

In an extensively-studied human example, Cosmides and Tooby have emphasized the benefits of 

specialized processing machinery to detect cheaters in social exchanges. (Cosmides and Tooby 1992) 

Using different versions of the Wasson selection task, they have demonstrated that people are 

considerably superior at tasks framed as detecting rule violation compared to the same task framed in a 

domain nonspecific way. While their method has been criticized, the notion that the mind has been shaped 

to cope with certain social situations is becoming widely accepted.  A number of other examples have 

been well-studied.  Face recognition seems to depend on specialized algorithms localized in specific brain 

regions, and people’s have specialized abilities to do natural physics and to recognize natural kinds, and 

to absorb and use culture. (Gazzaniga 1992; Sperber 1996; Atran 1998) 

 

Moving away, from the usual examples for a moment, consider the adaptive task of choosing food.  

Examination of this challenge offers insight into what natural selection shapes.  This system seems not to 

be controlled by one module, but by many capacities.  First there are taste and smell, with visual 

information augmenting them. Taste and smell are general capacities, but they are especially able to 

detect chemical cues related to the quality of food.  Simple reinforcement learning is important but is not 
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a general mechanism even in and of itself, since reinforcement is initiated by first and foremost by food.  

As Garcia showed, a strange taste is avoided after it has been paired even once with sickness, a one-time 

learning of the most crucial sort.  (Garcia and Ervin 1968) Then there is social learning of food 

preferences, and the remarkable persistence of those preferences throughout life.  Finally, cognitive 

learning can, at least in some people with strong will-power, increase consumption of healthy foods.  If 

one wanted to consider all of these capacities together as a module one could, but they seem to be related 

mainly in that they all contribute to getting the job done.  Most are somewhat general mechanisms that 

have specialized aspects for coping with the particular task of assessing food choices.  Specific adaptive 

challenges do not necessarily shape specific structures in the mind.  Specialization of behavior control 

mechanisms for particular domains or problems does not imply a modular mental structure.   

 

The emotions are exemplars of domain specific modules.  Emotions are special states shaped by natural 

selection to cope effectively with the adaptive challenges that arise in a situation that has recurred in the 

course of evolution. (Frijda 1986) An emotion adjusts many aspects of the organism in synchrony-

physiology, cognition, behavior, and motivation—to cope well with that situation. (Nesse 1990; Tooby 

and Cosmides 1990)  Panic offers a particularly fine example. (Nesse 1987) In the face of threat to life, 

people experience physiological arousal that makes escape more likely, they are motivated to flee, and 

they think about nothing except how to escape.  Furthermore, this response is mediated by the locus 

coreuleus, a tiny cluster of cell in the pons where 80% of the brain’s noradrenergic neurons originate.  

Electrical stimulation of the locus coreleus causes every aspect of a panic attack.  This make a very nice 

package—congruence between an anatomic locus, a neurochemical system, a well recognized syndrome, 

and a very specific kind of adaptive challenge.   

 

Conditioned fear offers a view of the subtlety of design.  Monkeys have no innate fear of snakes or 

flowers, but life-long fear is conditioned by a single observation of other monkeys expressing fear of 

snakes.  There is no such similar prepared fear of flowers.  (Mineka, Keir et al. 1980) 
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Are all emotions so modular?  Consider the emotions that mediate social exchange in comparison to those 

that mediate goal pursuit.  While detection of cheaters is important, several other situations have recurred 

often in the course of social exchange as modeled by the familiar Prisoner’s Dilemma.   Each situation 

has been so important in the course of evolution that it may well have shaped a particular emotion.  

Indeed, we can readily match recognized emotions to these domain specific situations.   

 

Emotions & the  
Prisoner’s Dilemma 

Other cooperates Other defects 

Self cooperates Friendship 
Trust 

Suspicion (before) 
Anger (after) 

Self defects Anxiety(before) 
Guilt  (after) 

Dislike 
Rejection 

Table 1.  The Social Emotions 

The emotions that regulate goal pursuit offer an instructive contrast.  They are about as domain general as 

anything could be. The organism faces the adaptive challenges of deciding what goal to pursue, how best 

to pursue it, and when to give up the pursuit of goals that are not reachable.  A set of emotions seems to 

match these situations remarkably well.   

 

SITUATION Before After 
(expected 
outcome) 

After 
(unexpected  

outcome) 

Opportunity/Gain 
           Physical  

Social 

 
Desire 
Hope 

 
Pleasure 

Happiness 

 
Frustration 

Disappointment 

Threat/Loss 
 Physical  

Social 

 
Fear 

Anxiety 

 
Pain 

Sadness 

 
Relief 

Relaxation 

Table 2.  Emotions that regulation goal pursuit 
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To return to modules studied by evolutionary psychologists, a very general mechanism for intuiting the 

motives and dispositions of others has been proposed by Leslie and tested by Baron Cohen, using 

evidence from autistic individuals who seem to lack this capacity. (Baron-Cohen 1995) This module for 

“theory of mind” is mainly supported by evidence from autistic individuals who seem to lack it.  Other 

people seem to have it to a sufficient and similar enough degree that variations are not noticed.  Thus, 

theory of mind may be, like ability to balance upright, more of a normal capacity than an intelligence.  

One could, of course, develop measures to array people on a scale that measures their ability to project 

themselves into the situations of others.  Perhaps then it would be an intelligence.   

 

Are Modules Intelligences? 

This example provides a segue into the relationship between evolved modules and types of intelligence.  

We all have language ability but relative language ability varies considerably.  Thus, even a crude verbal 

intelligence scale can give consistent differences between individuals that predict functioning on many 

kinds of verbal (and other) behavior.  So, in this case the evolved module corresponds to a recognized 

subtype of intelligence.  When we look at the theory of mind module, however, it is not so clear that there 

is interesting variation except that revealed when the system fails completely.  As noted above, someone 

should look.  When we consider cheater detection, it is also not clear if this module includes interesting 

variations in ability.  The difference here is the one Cronbach warned about in 1957—separating the study 

of individual differences from the study of functional capacities leads to confusion. (Cronbach 1957) The 

general conclusion must be that some modules are congruent with intelligences but some are not.  Some 

intelligences are modules, but some are not.  And then there is the matter, discussed above, that 

considerable specialization of general mechanisms is likely even in the absence of a modules.  An 

evolutionary approach that seemed to offer a simple solution turns out to reveal the depth of the problem.  

At stake here is nothing less than how we view the structure of the mind.  
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Structures and metaphors of mind 

The underlying problem is how we describe the structure of  the mind.  Components of mind can be 

constructed based on several kinds of criteria: 

• Observed capacities such as perception, cognition, memory, etc. 

• Distinct abilities such as verbal fluency or spatial judgment 

• Predicted adaptive modules such as cheater detection  

• Inferred functional structures such as ego and id 

• Anatomic loci such as Broca’s area 

• Neurochemical systems such as serotonin 

• Effects of specific genes such as DA receptor 4. 

 

How are we to choose which factor to follow?  Which should we rely on to define the structure of the 

mind?   As we parse the mind into components, we seem unable to proceed without resorting to 

metaphors. The current vogue is to make analogies to digital computers, with many resulting debates 

about what corresponds to hardware or software, and whether the software is object-oriented or not.  

Evolutionary psychologists have countered with the metaphor of the mind as a Swiss army knife. But the 

mind is not a machine designed by any intelligent planner.  Consider how an existing nervous system is 

shaped by natural selection. A mutation that changes the system in a way that results in higher average 

reproduction will tend to increase in frequency.  That mutation may influence only one system, or it may 

influence many.  The cumulative effect of incorporating new alleles in this way over millions of years 

seems likely to blur any boundaries between any preexisting components of the mind/brain. And, of 

course, any changes must be incremental modifications of existing structures. In short, consideration of 

the process by which natural selection shaped the mind/brain suggests that sharply defined modules of 

mind may not even exist.  The system works, but its structure only dimly reflects its functions.  There are, 

of course, anatomic localization specific functions, such as language in the left parietal and frontal lobes.  
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Instead of expecting such localization, however, we should try to explain it. Why aren’t brain/mind 

structures blurred irretrievably by mutations that influence multiple structures?  For one thing, all 

structure must emerge from previous structures, so phylogenic continuity maintains some order.  Also, 

however, genes that are essential to multiple systems are relatively resistant to change for the simple 

reason that alterations are very likely to be fatal.  Thus, intermediate metabolism is relatively consistent 

from individual to individual.  But in systems that must change, such as behavioral control systems, a 

system that depends on the expression of a gene that is also important to many other systems is fragile on 

two counts.  First, the system is rigid because any changes will have effects that are likely to be 

deleterious elsewhere.  Second, and conversely, a mutation that gives major benefits in other systems may 

result in major pleiotropic costs to the system in question.  Thus, systems are most robust if they rely on a 

combination of genes that are essential to all systems and thus secure, and genes that are expressed mostly 

in association with a particular system.  The point is that this sequence offers a force that selects for 

somewhat distinct functional structures in opposition to the tendency for natural selection to blur all sharp 

divisions. The matter of defining such systems is admittedly a major problem.   It may be that traits 

shaped in recent millennia to carry out new tasks, such as language, are more likely to be somewhat 

localized and autonomous than traits that go far back in phylogeny, such as choosing a mate. Emerging 

techniques that allow study of which genes are expressed in which tissues may prove instrumental, by 

revealing clusters of associated expressed genes that could provide an objective basis for defining 

functional mental structures.  Specifically, one could use data about which genes are expressed in each of 

scores of brain tissues and loci and use latent class analysis to seek functional associations.  One could 

also use techniques analogous to evolutionary systematics to look for possible phylogenetic associations 

among brain tissues that might be anatomically distant.   

 

While it would be ideal to study the mind without metaphors, that may prove as difficult as using intuition 

to do quantum mechanics.  Thus, a metaphor that matches the flesh and blood brain/mind can be useful.  

Consider a computer program created by a genetic algorithm. (Holland 1992; Vose 1999) Such programs 
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are products of selection.  Minor variations occur in every generation on some desired characteristic— 

accuracy in recognizing a shape, for instance.  Programs that do well on this task have their information 

transmitted preferentially to the next generation.  Over time, the program gets better and better at its task.  

When the programmer looks at how the program has solved the problem, it is often extremely difficult to 

discern how it did it.  It is even more difficult to describe the components of the program, beyond those 

that are intrinsic to the program.   

 

The mind is like a computer program shaped by a genetic algorithm.  It works, and works well, but it is 

hard to say how, and even harder to find out what its components are, to the extent that they exist at all.   

This may help to explain why psychology has so far not proven to be cumulative science, and why our 

attempts to discover the structure of the mind, and the structure of intelligence, are so difficult.  If this is 

correct, an evolutionary approach, even though it may not lead us to discrete mental modules, may 

provide the key to understanding the mind’s functional structure, and the neural mechanisms that mediate 

those functions.   
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