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Introduction to evolutionary
psychology: A Darwinian approach
to human behavior and cognition

aaron t. goetz , todd k. shackelford, and
steven m. platek

Charles Darwin’s (1859) theory of evolution by natural selection is

among the most important scientific theories and is the most important theory

in all of the life sciences. Some have even argued that the principles of

Darwin’s theory can explain the laws of physics and the organization of the

universe (e.g., Dennett, 1995). Although Darwin’s name is synonymous with

evolution (which refers to the modification of traits with descent), philoso-

phers and scholars were thinking about evolution long before Darwin. In fact,

one of the first discussions of evolution pre-dates Darwin by two and a half

millennia. Anaximander, a Greek philosopher, suggested that “in water the

first animal arose covered with spiny skin, and with the lapse of time some

crawled onto dry land and breaking off their skins in a short time they

survived.” Even Darwin’s grandfather, Erasmus Darwin, wrote of common

ancestry and speciation. What Charles Darwin (1859) provided, however, was

a viable working mechanism of evolution: natural selection. Darwinian selec-

tion has become the centerpiece of biology, and in the last few decades, many

psychologists and anthropologists have recognized the value of employing

an evolutionary perspective in their work (for early writings see Barkow,

Cosmides, and Tooby, 1992; Chagnon and Irons, 1979; Daly and Wilson,

1983; Symons, 1979). With a focus on evolved psychological mechanisms

and their information processing, evolutionary psychology has risen as a

compelling and fruitful approach to psychological science. This chapter pro-

vides an introduction to evolution by natural selection and its modern appli-

cation to the study of human behavior and cognition.

Foundations in Evolutionary Cognitive Neuroscience, ed. Steven M. Platek and Todd K. Shackelford.
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The mechanisms of natural and sexual selection

Evolution by natural selection is the resultant process when (a) individ-

uals of a population vary in their characteristics, (b) much of the variation is

heritable, and (c) resources are limited so that individuals reproduce differen-

tially (Darwin, 1859; Mayr, 1982). Individuals can vary morphologically, physio-

logically, psychologically, behaviorally – no two individuals are exactly the

same; even identical twins vary. Due to these variations, some individuals may

be better able to survive and reproduce in their current environment than other

individuals. If the variations are heritable (i.e., if they have a genetic compo-

nent), the characteristics can be passed down from parents to offspring. Limited

resources (e.g., food, available mates) result in a competition between indivi-

duals, and those individuals who have inherited characteristics that allow them

to compete more effectively will produce more offspring. Thus, all organisms

are subject to evolution by natural selection. As long as the ingredients of

natural selection are present – variation, heredity, and competition resulting

in differential reproduction – organisms will evolve. An example of natural

selection follows.

The peppered moth (Biston betularia) is typically white with black spots. This

coloration provides an effective camouflage for themoths as they rest on certain

Birch trees. There exists variation in the coloration of moths so that some are

very white and some very black. In a series of studies, Kettlewell (1955, 1956)

documented that when the white trees on which the moths rested became dark

from industrial pollution, birds ate more of the white moths because they were

now conspicuous on the soot-covered trees. In polluted areas, the population of

darker, or melanic, moths replaced the lighter form, but in unpolluted areas,

more of the light-colored moths had survived. Kettlewell showed that the envi-

ronment in which the moths were better camouflaged contributed to better

survival and reproduction. Kettlewell’s work is a classic demonstration of nat-

ural selection in action.

Herbert Spencer’s summary of natural selection, “survival of the fittest,” has,

unfortunately, causedmore confusion than clarification (Gaulin andMcBurney,

2004). Reproduction is a much larger component of natural selection than is

survival. If an individual had characteristics that enabled it to survive for

hundreds of years, yet it never reproduced, those characteristics could not be

favored by selection because without transmission to offspring, characteristics

cannot become more common in a population. Survival, therefore, functions

only to enable individuals to reproduce (directly or indirectly). Secondly,

Spencer’s adage suggests that an individual may evolve to be the “fittest.”

What determines an individual to be “fit” is its design in relation to competing
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designs in the current environment. What is fit in one generation may be unfit

in another generation. Also, fit is often taken to imply physically fit. Fitness, in

an evolutionary context, is an organism’s success in producing offspring that

survive to reproductive age (Williams, 1966).

Sexual selection is the process that favors an increase in the frequency of

alleles associated with reproduction (Darwin, 1871). Darwin distinguished sex-

ual selection from natural selection, but today most evolutionary scientists

combine the two concepts under the label natural selection. Sexual selection

is composed of intrasexual competition (competition between members of the

same sex for sexual access to members of the opposite sex) and intersexual

selection (differential mate choice of members of the opposite sex). Under

sexual selection, even a trait that is a liability to survival can evolve. When the

sexual attractiveness, for example, of a trait outweighs the survival costs to

maintain it, the trait may be sexually selected. The epitome of a sexually

selected trait is the peacock’s tail. Maintaining and maneuvering an unwieldy

tail is metabolically costly for peacocks, and it is often the target of predators.

The cumbersome tail evolved, however, because it was attractive to peahens.

The mass and brightness of the plumage is attractive to peahens because it

signals a low parasite load (Hamilton and Zuk, 1982). Peacocks with smaller,

lackluster tails have been shown to bemore susceptible to parasites and to have

a higher parasite load. Thus, the large bright tail feathers are an honest signal of

health, and peahens would be reproductively wise to select as mates males with

such tails (who sire offspring that share their high quality genes).

In many species, particularly polygynous species where male reproductive var-

iance is high and female reproductive variance is low, sexual selection is respon-

sible for prominent sexual dimorphism. In such species, intrasexual competition

betweenmales for sexual access to females is fierce, anda size advantage is adaptive.

It is oftendifficult to establishwhether a trait evolved via natural selectionor sexual

selection, but as mentioned previously, this distinction is not often necessary.

In summary, the core premise of natural selection as a mechanism for evolu-

tion is that individual variation exists among traits in a population due to

random mutations. Those individuals who have traits that better enable them

to survive and reproduce will propagate the genes associated with those traits

throughout the population.

After Darwin: the Modern Synthesis and Hamilton’s

inclusive fitness theory

The details of modern evolutionary theory, or neo-Darwinian theory,

are the result of the Modern Synthesis. From the early 1930s to the 1950s,
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advancements in genetics, systematics, and paleontology aligned Darwin’s the-

ory with the facts of genetics (Mayr and Provine, 1980). The Modern Synthesis is

so called because it was the integration or synthesizing of Darwinian selection

withMendelian genetics. R. A. Fisher, J. B. S. Haldane, SewallWright, ErnstMayr,

and Theodosius Dobzhansky are considered the primary authors of the Modern

Synthesis (Mayr and Provine, 1980). With a more precise understanding of

inheritance, Darwin’s theory of evolution by natural selection took flight as a

powerful explanatory model.

Following theModern Synthesis, evolution by natural selectionwas extended

once more to include inclusive fitness theory (Hamilton, 1964). Hamilton rea-

soned that selection could operate through classical fitness (i.e., the sum of an

individual’s own reproductive success) and inclusive fitness, which includes the

effects of an individual’s actions on the reproductive success of genetic relatives.

That is, a trait will be naturally selected if it causes an individual’s genes to be

passed on, regardless of whether the individual directly produces offspring. This

addendum to natural selection produced a “gene’s eye” view of selection, and

could now explain the evolution of altruistic behavior (i.e., behavior that is

beneficial to others but costly for the actor). Genes associated with producing

an alarm call when sighting a predator, for example, may spread throughout a

population evenwhen it is detrimental to the caller if the alarm call is emitted in

the presence of genetic relatives and has an overall benefit to those relatives

(e.g., Sherman, 1977). Hamilton’s inclusive fitness theory is considered themost

important advance in our understanding of natural selection, so much so that

the term “inclusive fitness theory” is synonymous with “evolution by natural

selection.”

The products and byproducts of evolution: adaptations,

byproducts, and noise

Although natural selection is not the onlymechanism of evolution (e.g.,

mutation, migration, genetic drift), it is the primary means of modification and

the primary creative evolutionary force capable of producing functional organ-

ization (Fisher, 1954; Mayr, 1963; Williams, 1966). The creative force of natural

selection, acting on random genetic variation, designs three products: adapta-

tions, byproducts of adaptations, and noise.

Adaptations are central to the study of evolution. Through the process of

natural selection, small incremental phenotypic changes that enhance an

organism’s ability to survive and reproduce (relative to competing designs)

accumulate to form an adaptation. Adaptations are inherited, they develop

reliably, are usually species-typical, and were selected for because they were
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economic, efficient, and reliable solutions to adaptive problems (Buss, Haselton,

Shackelford, Bleske, and Wakefield, 1998; Thornhill, 1997; Tooby and Cosmides,

1990;Williams, 1966). An adaptive problem is an obstacle or impediment that was

recurrent during a species’ evolutionary history and whose solution affected the

survival and reproduction (i.e., genetic propagation) of an organism. Furthermore,

adaptive problems aren’t necessarily “problems,” they are the “regularities of the

physical, chemical, developmental, ecological, demographic, social, and informa-

tional environments encountered by ancestral populations during the course of a

species’ or population’s evolution” (Tooby and Cosmides, 1992, p. 62). In sum,

natural selection designs adaptations that solve adaptive problems associatedwith

survival and reproduction. The heart, the production of sweat, and sexual arousal

are all adaptations designed by natural selection. The heart is an anatomical

adaptation designed to circulate blood throughout an organism’s body. The pro-

duction of sweat is a physiological adaptation designed to thermoregulate an

organism. Sexual arousal is a psychological adaptation designed to motivate sex-

ual behavior.

Not all products of natural selection are adaptations. Byproducts of adapta-

tions are side-effects that may or may not be functional but that were not

directly selected. They are called byproducts because they are incidentally tied

to adaptations and are therefore “carried along” with them. Identifying by

products is equally as rigorous a process as identifying adaptations because the

hypothesis that a trait is a byproduct requires one to identify the adaptation of

which it is a byproduct. The human navel and the whiteness of bone are

byproducts of adaptations – they do not contribute in any way to an individual’s

survival or reproduction. In keeping with our mandate: the human navel is a

byproduct of an umbilical cord and the whiteness of bone is a byproduct of the

calcium in bones.

The third product of evolution is noise, or random effects. Noise is also

functionless and cannot solve adaptive problems. Noise can be produced by

random changes or perturbations in the genetic or developmental environment

or by chance mutations. Noise, unlike a byproduct, is not linked to the adaptive

aspect of a characteristic. The random shape of an individual’s navel is an

example of noise.

In summary, the evolutionary process produces three products: adaptations,

byproducts, and noise. Adaptations are the product of natural selection and are

functionally organized features that contribute to a species’ reproductive suc-

cess, however indirectly. Byproducts and noise do not solve adaptive problems

and are not subject to natural selection themselves. In the following section, we

discuss how the study of psychological adaptations has changed the study of

human behavior and cognition.
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Evolutionary psychology

Evolutionary psychology (EP) attempts tomake sense of current human

thought, emotion, and behavior by careful consideration of human evolution-

ary history. Over our evolutionary history, humans have faced many adaptive

problems that needed to be solved to survive and reproduce. Generation after

generation, over millions of years, natural selection slowly shaped the human

brain, favoring circuitry that was good at solving these adaptive problems of our

ancestors. The study of psychological adaptations (or evolved psychological

mechanisms) is central to EP.

Because the focus of EP is on describing adaptations, some have charged its

practitioners as being hyper-adaptationists. Assuming a priori that a trait may

be an adaptation is an experimental heuristic that guides research questions

and methodology. Biologists have been conducting their research this way for

over 70 years. Moreover, byproducts and noise are typically only identifiable

after the adaptations of which they are a byproduct or noise have been discov-

ered and described (Tooby and Cosmides, 1990).

Although modern evolutionary psychological theories are relatively new, all

psychological theories are evolutionary in nature (Buss, 1995): “All psychologi-

cal theories – be they cognitive, social, developmental, personality, or clinical –

imply the existence of internal psychological mechanisms” (p. 2). If the internal

psychological mechanisms implied in any psychological theory were not the

product of the evolutionary process, then theywould be, by default, unscientific

theories.

Psychological mechanisms as information-processing modules

An evolved psychological mechanism is an information-processing

module that was selected throughout a species’ evolutionary history because

it reliably solved a particular adaptive problem (Tooby and Cosmides, 1992).

Evolved psychological mechanisms are understood in terms of their specific

input, decision rules, and output (Buss, 1995). Each psychological mechanism

evolved to take in a narrow range of information – information specific to a

specific adaptive problem. The information (or input) that the organism receives

signals the adaptive problem that is being confronted. The input (either internal

or external) is then transformed into output (i.e., behavior, physiological activ-

ity, or input relayed to another psychological mechanism) via a decision rule –

an “if, then” procedure. An example of the input, decision rules, and output of a

psychological mechanism is appropriate.

Fruit can either be ripe or unripe. Because ripe fruit is more nutritious (i.e.,

calorically dense) than immature fruit, humans have developed a preference for
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ripe fruit. The decision rule regarding the selection of fruit might go something

like, “If the fruit tastes sweet, then eat it.” Supposing all fruit was maximally

saturated with sugar all of the time, then that particular decision rule would not

exist. The output associated with this mechanism might be to eat the ripe fruit

or disregard the unripe fruit. This example illustrates the fact that psychological

mechanisms develop and operate without any conscious awareness or formal

learning, and we are blind to their underlying logic. Do you enjoy ripe fruit

because it is calorically dense and provides nutrition needed to carry out activ-

ities related to survival and reproduction? Or do you simply enjoy sweet fruit?

Tooby and Cosmides (1992) have written that the causal link between evolu-

tion and behavior is made through psychological mechanisms. That is, the filter

of natural selection operates on psychological mechanisms that produce beha-

vior. Natural selection cannot operate on behavior directly, but instead, on the

genes associatedwith the psychologicalmechanisms that produce the behavior.

Williams (1966) spoke similarly, “The selection of genes is mediated by the

phenotype [psychological mechanism], and in order to be favorably selected, a

genemust produce phenotypic reproductive success [adaptive behavior]” (p. 25).

Psychological mechanisms and domain specificity

The vast majority of psychological mechanisms are presumed to be

domain-specific. That is, the mind is composed of content-dependent machin-

ery (i.e., physiological and psychological mechanisms) that is presumed to have

evolved to solve a specific adaptive problem. Psychologicalmechanisms can also

be expressed as cognitive biases that cause people to more readily attend to or

make sense of some pieces of information relative to others. This presumption

of domain specificity or modularity contrasts with the traditional position that

humans are endowed with a general set of learning or reasoning mechanisms

that are applied to any problem regardless of specific content (e.g., Atkinson and

Wheeler, 2004). A system that is domain-general or content-independent, how-

ever, is a system that lacks a-priori knowledge about specific situations or

problem-domains (Tooby and Cosmides, 1992). Such a system, when faced

with a choice in a chain of decisions,must select fromall behavioral possibilities

(e.g., wink, jump, remember mother, smile, point finger, scream, etc.). This

problem of choosing among an infinite range of possibilities when only a

small subset are appropriate has been described by researchers in artificial

intelligence, linguistics, and other disciplines (see Tooby and Cosmides, 1992

for a review).

Not only are there theoretical arguments against a content-independent

system, myriad evidence for domain-specificity comes from, among other

areas, evolutionary psychological theory and research (e.g., Cosmides, 1989;
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Cosmides and Tooby, 1994; Flaxman and Sherman, 2000; Pinker and Bloom,

1990), cognitive research (e.g., Hirschfeld and Gelman, 1994), studies of animal

learning (e.g., Carey and Gelman, 1991; Garcia, Ervin, and Koelling, 1966), and

the clinical neurological literature (e.g., Gazzaniga and Smylie, 1983;

Ramachandran, 1995; Sergent, Ohta, and MacDonald, 1992). Practitioners of

EP concede that relatively domain-general mechanisms may exist, but the vast

majority of mechanisms are presumed to be domain-specific.

Some of the controversy surrounding themodularity of themind seems to be

rooted in the use of the term domain. Psychologists have often used the term to

refer to particular domains of life, such as the mating domain, kinship domain,

and parenting domain. Subsequently, many have assumed that labeling a

mechanism as domain-specific restricts the proposedmechanism to a particular

domain, and if evidence can be garnered to show that the mechanism functions

in more than one domain (e.g., the mating domain and the kinship domain),

then it is taken as evidence for the domain generality of the proposed mechan-

ism. This, however, is incorrect. A domain, when referring to a psychological

mechanism, is a selection pressure, an adaptive problem (Cosmides and Tooby,

1987). Domain, then, is synonymous with problem. That is, a domain-specific

mechanism refers to a problem-specificmechanism – amechanism that evolved

to solve a specific adaptive problem. So although evolutionary and cognitive

psychologists use the term domain-specific, perhaps some confusion could be

avoided if the more accurate term problem-specific were employed instead.

Many psychological mechanisms cut across different domains of life. Face

recognition is used in all the social domains of life (e.g., mating and kinship

domains). Working memory is used in all domains, as is processing speed. Face

recognition, working memory, and processing speed still solve specific prob-

lems. Working memory, for example, solves the specific problem of holding

information in themind for a brief period of time. So althoughworkingmemory

is used in all domains, it is problem specific (and therefore domain specific)

because it solves a single adaptive problem. It has been suggested that evolu-

tionary and cognitive psychologists might be better off avoiding these conten-

tious labels and simply describing the proposed mechanism and its function

(personal communication, D. M. Buss, January 2005).

Evolutionary time lags and the environment of evolutionary adaptedness

Because evolution is an excruciatingly slow process, extant humans and

their minds are designed for earlier environments of which they are a product.

Our minds were not designed to solve the day-to-day problems of our modern

society, but instead, were designed to solve the day-to-day problems of our

evolutionary past. Examples of evolutionary time lags abound: our difficulty
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in learning to fearmodern threats, such as guns and cars, and our near effortless

learning to fear more ancient threats, such as snakes and spiders (Öhman and

Mineka, 2001); children’s ease in learning biologically primary mathematic

abilities, such as counting and their difficulty in learning biologically secondary

mathematic abilities, such as arithmetic (Geary, 1995); women will not concede

to intercourse indiscriminately even though modern contraception can elim-

inate the reproductive costs associated with intercourse; our preference for

sugar and fat was once adaptive due to their scarcity, but has now become

maladaptive. These few examples illustrate that our modern behavior is best

understood when placed in the context of our environment of evolutionary

adaptedness.

The environment of evolutionary adaptedness (EEA) is not a place or time in

history but a statistical composite of the selection pressures (i.e., the enduring

properties, components, and elements) of a species’, more specifically the

adaptations that characterize a species’, ancestral past (Tooby and Cosmides,

1990). That is, each adaptation evolved due to a specific set of selection

pressures. Each adaptation, in principle, has a unique EEA, but there likely

would have been significant overlap in the EEAs of related adaptations. Tooby

and Cosmides (1990) and other practitioners of EP, however, use “Pleistocene”

to refer to the human EEA because this time period, lasting 1.81 to 0.01 million

years ago, was appropriate for virtually all adaptations of Homo sapiens.

Although our evolutionary past is not available for direct observation, the

discovery and description of adaptations allows us tomake inferences about our

evolutionary past, and the characterization of adaptations is arguably the single

most reliable way of learning about the past (Tooby and Cosmides, 1990). Some

adaptations provide unequivocal information about our ancestral past. Our

cache of psychological mechanisms associated with navigating the social

world tells us that our ancestors were a social species (e.g., Cosmides, 1989;

Cummins, 1998; Forgas, Haselton, and von Hippel, 2007; Kurzban et al., 2001;

Pinker and Bloom, 1990; Trivers, 1971). A multitude of psychological mechan-

isms associated with cuckoldry avoidance tell us that female infidelity was a

recurrent feature of our evolutionary past (Buss, Larsen, Westen, and

Semmelroth, 1992; Buss and Shackelford, 1997; Goetz and Shackelford, 2006a;

Platek, 2003; Shackelford, Goetz, McKibbin, and Starratt, 2007).

Some adaptations, however, do notmake clear (at least upon first inspection)

their link with our ancestral past. There exists, for example, a mechanism

present in the middle ear of all humans that is able to reduce sound intensity

by as much as 30 decibels in 50 milliseconds. The attenuation reflex, as it is

known, acts by contracting muscles that pull the stirrup away from the oval

window of the cochlea, preventing strong vibrations from damaging the inner
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ear. The attenuation reflex meets the characteristics of an adaptation (e.g.,

economic, efficient, reliable), yet it is not obvious what selection pressures

drove the evolution of this adaptation. That is, what specific noises did our

ancestors recurrently hear that would create this noise reducing mechanism?

That the muscles appear to contract as we are about to speak suggests that our

own loud voices might have been the impetus for this adaptation. Moreover,

sound attenuation is greater at low frequencies than at high ones (and humans

speak at low frequencies), also suggesting that ululating was a recurrent

(enough) feature of our evolutionary past. Thus, from discovering and describ-

ing adaptations, we can tentatively characterize aspects of our evolutionary

environment.

This is not to be taken to indicate, however, that the aim of evolutionary

psychology is to make inferences about the past. Evolutionary psychology is not

post hoc storytelling; its practitioners typically use a deductive approach, moving

from theory to data. That is, evolutionary psychologists make predictions

derived from hypotheses based on middle-level theories – e.g., Trivers’ (1972)

parental investment theory – then collect data to test their predictions. For

example, Buss et al. (1992) tested the hypothesis proposed by Symons (1979)

and Daly, Wilson, and Weghorst (1982) that the sexes would differ in their

reactions to a romantic partner’s sexual and emotional infidelity. Buss and his

colleagues did not happen to collect the appropriate data, analyze the results,

and develop a post hoc explanation for what they observed. Furthermore, claims

of adaptations are typically stated as tentative until the proposed adaptation has

undergone rigorous hypothesis testing (see Schmitt and Pilcher, 2004). The

inductive approach, however, should not be disregarded. Moving from data to

theory is a common practice in all scientific enterprises (e.g., cosmology, geo-

logy, physics) and is known as “explanation” (Tooby and Cosmides, 1992).

Ultimate and proximate explanations

Some psychologists seem to be hostile to the idea of applying evolu-

tionary theories to human behavior. One cause of this unwarranted hostility is

the misconception that evolutionary analyses are incompatible with (or less

important than) non-evolutionary (e.g., sociological or cultural) analyses. Such

critics fail to recognize that evolutionary and non-evolutionary approaches

operate at different levels of analysis (Tinbergen, 1963). Evolutionary scientists

are typically interested in causation at the ultimate (or distal) level. An ultimate

explanation refers to the evolved function of a trait, behavior, or mechanism.

This is in contrast to proximate explanations. Proximate explanations refer to

the immediate, non-evolutionary causes of a trait, behavior, ormechanism (e.g.,

the genetic or cellular causes). In our example of the input, decision rules, and
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output of a psychological mechanism associated with ripe fruit, one could

correctly note that humans prefer ripe fruit because it is perceived to be sweet

(proximate cause) and because it provides needed calories to perform duties

related to survival and reproduction (ultimate cause). Although the explana-

tions are fundamentally different, they are compatible and equally important

(Sherman and Alcock, 1994). But it is also possible and not uncommon to have

competing explanations at the same level of analysis (e.g., competing evolu-

tionary psychological hypotheses); such debate is a healthy feature of science.

Evolutionary psychology’s relationship with sociobiology

Those less familiar with evolutionary psychology often construe the

approach as “sociobiology reborn.” Although sociobiology, ethology, behavioral

ecology, and evolutionary psychology share evolution as a guiding framework,

the programs are conceptually distinct for at least three reasons (see also Buss,

1995; Crawford, 2000). First, evolutionary psychology investigates a broader

array of phenomena than sociobiology. Sociobiology is the study of plant and

animal social behavior. Evolutionary psychology’s research agenda includes the

social domain but it also addresses all other domains of life and all areas of

psychology (e.g., consciousness, memory, sensation, perception, motivation,

etc.). Second, the focus on evolved psychological mechanisms and their infor-

mation processing is a unique and defining feature of evolutionary psychology.

The input, decision rules, and output of psychological mechanisms are central

to the analysis. Third, evolutionary psychologists do not measure individuals’

direct reproductive output (i.e., number of children) or fitness. Many sociobio-

logists, in contrast, have advocated measuring an individual’s reproductive

success to understand the adaptive value of behavior. Evolutionary psychology

questions the premise that measuring fitness in a recent or current environ-

ment provides information about the evolutionary history or selection pres-

sures that caused the evolution of the psychological mechanisms that motivate

the particular behavior. The information needed to measure fitness correctly

only becomes known generations later, because there is no guarantee that

selection pressures remain stable over time. Practitioners of evolutionary psy-

chology have argued that “humans are adaptation executers, not fitness max-

imizers” (Tooby and Cosmides, 1990, p. 420). Whether a subdiscipline of or a

separate field from sociobiology, evolutionary psychology and sociobiology

share evolution as a guiding framework (Alcock, 2001).

Discovering new topics and rethinking old topics

The modern application of evolutionary principles to the study of

human psychology and behavior has opened up new lines of research and has
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shaken up old topics in psychology. In this section, we discuss the recently

developed area of human sperm competition (with an emphasis on the evolu-

tionary cognitive neuroscience of human sperm competition) and the rethink-

ing of racism and self-deception in light of evolution.

With the recognition that female infidelity was a recurrent feature of our

evolutionary past has come the development of a unique field within human

mating: sperm competition. A form of male–male postcopulatory competition,

sperm competition occurs when the sperm of two or more males simulta-

neously occupy the reproductive tract of a female and compete to fertilize her

egg (Parker, 1970). Malesmust compete formates, but if two ormoremales have

copulated with a female within a sufficiently short period of time, sperm will

compete for fertilizations. Psychological, behavioral, physiological, anatomical,

and genetic evidence indicates that men have evolved solutions to combat the

adaptive problem of sperm competition (Gallup et al., 2003; Goetz and

Shackelford, 2006a; Goetz et al., 2005; Kilgallon and Simmons, 2005; Pound,

2002; Shackelford and Goetz, 2007; Shackelford, Goetz, McKibbin, and Starratt,

2007; Shackelford et al., 2002; Smith, 1984; Wyckoff, Wang, and Wu, 2000).

Shackelford et al. (2002), for example, documented thatmenwho spent a greater

proportion of time apart from their partner since the couple’s last copulation –

therefore, facing a high risk of sperm competition – report that they find their

partnermore sexually attractive, havemore interest in copulating with her, and

believe that she is more interested in copulating with him (effects were inde-

pendent of the total time since last copulation and relationship satisfaction).

These perceptual changes may motivate men to copulate as soon as possible

with their partner, thereby entering their sperm into competitionwith any rival

sperm that may be present in her reproductive tract.

Although there is accumulating evidence that males engage differential

psychological strategies that appear to be designed as a response to female

infidelity, the neural correlates of such strategies have only recently been

investigated. If, as documented above, men’s sexual interest in their partners

is related to perceptions of infidelity, then two recent studies suggest a network

of brain substrates that, in the context of sperm competition, might be impli-

cated in the neural control of physiological changes. Rilling, Winslow, and Kilts

(2004) used positron emission tomography (PET) to measure brain activation

when male rhesus macaques were allowed to observe their exclusive female

mating partner engaging in copulation with a rival male. In this situation,

activation was observed in the right superior temporal sulcus (STS) and amyg-

dala. Rilling et al. (2004) suggest that activation of these areas might relate to

similar reports of humans experiencing increased vigilance and anxiety under

conditions of purported sexual infidelity by their partners. A similar study
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conducted in humans documented similar activation (right amygdala) in men

whowere asked to read sentences that depicted their partner engaging in sexual

infidelity (Takahashi et al., 2006). Because the amygdala is highly innervated

with androgen receptors, increased anxiety and vigilance about partner infidel-

ity could subsequently activate a system designed to respond to possible sperm

competition. This hypothesis was partially supported by Rilling et al. (2004), who

also demonstrated increases in circulating testosterone levels when macaques

were challenged with the situation described above.

In fact, this neural response system might be “on line” in men prior to any

observation or suspicion of infidelity. Shackelford et al. (2002) found that per-

ceptions ofmate attractiveness increase as a function of time spent apart from a

partner; recent research shows that such perceptions of attraction correlate

with increased activity in the amygdala (Winston, O’Doherty, Kilner, Perrett,

and Dolan, 2007). Similarly, Winston et al. (2007) found increased anterior

cingulate cortex (ACC) activation in men during rankings of attractiveness,

and these authors relate the differential in ACC by sex activation to differences

in arousal stemming from internal monitoring. In other words, a man might

employ this substrate as part of amechanism enabling him tomake appropriate

arousal valuations under circumstances when he suspects or has directly

observed his partner’s infidelity. This arousal might then lead to increased

execution of sperm competitive behaviors and, possibly, to prudent sperm

allocation.

Some data are accumulating that implicate the STS in decisions about social

interactions (e.g., Frith and Frith, 1999). Thus, the STS activation reported by

Rilling et al. (2004) and Winston et al. (2007) might reflect the degree to which

evaluations about infidelity and trustworthiness are made. Processing asso-

ciated with social evaluation might also feed into the ACC. Platek, Keenan,

and Mohamed (2005) identified a sex difference in activation of the ACC in

response to children’s, but not adults’, faces that share the subject’s facial

resemblance. Because facial resemblance appears to serve as an indicator of

paternity (Platek et al., 2002, 2003, 2004), this finding suggests that the ACC

might serve as a broad scale evaluation substrate for fidelity judgments.

Although further research is necessary to understand fully how the neural

networks cause sperm competition responses – behaviorally, physiologically,

and psychologically – preliminary evidence suggests that the networks will

involve several key neurocognitive mechanisms: (1) social evaluation of part-

ners on the basis of presumed propensity towards trustworthiness and fidelity

(STS), (2) decisions about attractiveness and relation to internal monitoring, or

decisions about belief in suspicions (ACC, STS, medial prefrontal cortex), and (3)

automatic response generators (amygdala) that serve to moderate prudent
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sperm allocation and behaviors to “correct” a suspected or discovered partner

infidelity (e.g., semen displacement, forced in-pair copulation, violence, or

defection from pair bond). This network, apparently specific to men, may be

quickly called into action during all phases of anti-cuckoldry tactics (mate

guarding, sperm competition, and parental investment decisions; see Platek

and Shackelford, 2006).

An evolutionary approach also has encouraged re-evaluating and rethinking

old topics in psychology. Tomes of non-evolutionary psychological research

argued that people encode automatically the race of individuals they encounter.

Kurzban, Tooby, and Cosmides (2001), however, proposed that human psychol-

ogy did not evolve specifically to encode race but, instead, that the encoding of

race is a byproduct of adaptations for detecting coalitional alliances. By varying

cues of coalitional affiliation and race, so that the two did not correspond,

Kurzban and his colleagues were able to reduce (and in some cases remove)

the extent to which people categorize others according to race. Subsequent

research on racial prejudice and discrimination will benefit from this work.

The principles of evolutionary psychology have even managed to solve a

philosophical debate. Known as the paradox of self-deception, many philoso-

phers have argued that self-deception – the active misrepresentation of reality

to the conscious mind (Trivers, 2000) – cannot occur because it is impossible to

be, simultaneously, the deceiver and the deceived. Considering, however, that

the mind is comprised of many information-processing mechanisms, some

highly interconnected and some connected to just a few other mechanisms, a

self-deception mechanism could evolve if the mechanisms responsible for con-

scious experience were unconnected to the mechanisms responsible for ulti-

mate intentions. Without being consciously aware of particular ultimate

intentions or goals, we may be better able to deceive others in order to reach

such goals. Self-deception research from an evolutionary psychological perspec-

tive is in its infancy, but is growing as we employ new techniques to study this

phenomenon (e.g., Keenan, 2005; Stevens, Guise, Kelly, and Keenan, 2005).

Evolutionary psychology’s future

Although this modern approach to human behavior and cognition is

relatively young – about 25 years old, EP’s impact is already permeating all areas

of psychology and opening up lines of research missed entirely by previous

psychologists. EP’s merit and future are also demonstrated in the fact that the

number of publications using an evolutionary psychological approach is grow-

ing exponentially (Durrant and Ellis, 2003).

Moreover, evolutionary psychology’s influence on cognitive neuroscience is on

the rise. Using quantitative methods, Webster (2007) has documented a strong

14 A. T. Goetz, T. K. Shackelford, and S.M. Platek



positive trend in the “evolutionizing” of neuroscience. The observed growth of

evolutionary cognitive neuroscience is consistent across several neuroscience jour-

nals.Websternotes that “evolution’spenetration intoevolutionarycognitiveneuro-

science has increased at a rate that is roughly equivalent to its penetration into

personality and social psychology over the last two decades; however, its penetra-

tion into neuroscience in general appears to have happened at an even faster rate”

(p. 529). It’s clear from Webster’s analyses, and this volume in particular, that

cognitive neuroscientists are recognizing the utility of an evolutionary perspective.

Another promising direction of future work is signaled by the emergence of

evolutionary development psychology. The subdiscipline of evolutionary devel-

opmental psychology considers how natural selection might have influenced

human psychology and behavior at all stages of development (e.g., Bjorklund

and Pellegrini, 2002; Hernández Blasi and Bjorklund, 2003). Hypothesizing

functions for humans’ extended development, children’s cognitive immaturity,

and children’s play behavior, for example, evolutionary developmental psychol-

ogy asserts that development is asmuch an influential factor on psychology and

behavior as evolution (Bjorklund and Pellegrini, 2000; Smith, 2005).

A future task of evolutionary psychology will be to describe the phylogenetic

origins of mental traits. Phylogenetics – an area in biology dealing with identify-

ing and understanding the evolutionary relationships between species and

traits – is not well represented in the evolutionary psychological literature,

but some have discussed the emergence of some adaptations (e.g., Bering and

Shackelford, 2004; Marcus, 2006; Wynn, 2002). Incorporating phylogenetic

studies into evolutionary psychology may help to clarify a proposed mechan-

ism’s relative domain-specificity or generality.

As new psychologists are impartially introduced to EP, as “traditional” (i.e.,

anti-evolutionary) psychologists retire, as EP’s empirical output grows, as find-

ings from genetics corroborate findings fromEP (e.g., Cherkas et al., 2004), as the

neural substrates underlying hypothesized psychological mechanisms are iden-

tified (e.g., Platek, Keenan, and Mohamed, 2005 and this volume) and as cross-

disciplinary frameworks of evidence are utilized (Schmitt and Pilcher, 2004), EP

will emerge as the metatheory for psychological science.

Conclusion

In this chapter we introduced evolutionary theory and its modern

impact on psychological science. We discussed how, with a focus on evolved

psychological mechanisms and their information processing, evolutionary psy-

chology has risen as a compelling and fruitful approach to the study of human

behavior and cognition.
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Because the design of the mind owes its functional organization to a natural,

evolutionary process, an evolutionarily psychological approach is a logical

framework on which to base all psychological theories. Evolutionary psycho-

logical theories specify what problems our cognitive mechanisms were designed

to solve, therebyproviding important information aboutwhat their design features

are likely to be. In other words: “Is it not reasonable to anticipate that our under-

standing of the human mind would be aided greatly by knowing the purpose for

which it was designed?” (Williams, 1966, p. 16).

It is possible to do research in psychology with little or no knowledge of

evolution. Many psychologists do. But without an evolutionary perspective,

psychology becomes a disparate set of fields. Evolutionary explanations pervade

all fields in psychology and provide a unifying metatheoretical framework

within which all of psychology can be organized.

Note

Portions of this manuscript were reproduced from Goetz and

Shackelford (2006b).
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The evolution of general fluid
intelligence

david c. geary

The evolution of general fluid intelligence

In the decades following Darwin’s (1859) publication of On the Origin of

Species, there was a flurry of proposals and theories regarding human evolution

(Darwin, 1871; Huxley, 1863; Wallace, 1864), including the evolution of human

intelligence. The proposals of these early evolutionists were very similar to theo-

ries of cognitive and intellectual evolution offered by this generation’s theorists

(Alexander, 1989; Ash and Gallup, 2007; Dunbar, 1998; Flinn, Geary, and Ward,

2005; Geary, 2005; Kanazawa, 2004, 2007; Kaplan, Hill, Lancaster, and Hurtado,

2000;Miller, 2000;Mithen, 1996, 2007). Many of the themes and contrasting views

that emerged during the middle decades of the nineteenth century are echoed by

theorists in the first decade of the twenty-first century. The central theme that cuts

across generations and theories is that the core of intelligence is the ability to

anticipate and predict variation and novelty and to devise strategies to cope with

this novelty. The core issue that divides theorists is the source of novelty; specifi-

cally, whether the primary source of this variation is due to climatic change, the

vagaries and nuances of hunting other species, or from the dynamics of competi-

tion within and between human groups. Darwin (1871, pp. 158–160) suggested

that each of these contributed to the evolution of human intelligence:

He [humans] has great power of adapting his habits to new conditions of

life. He invents weapons, tools and various stratagems, by which he

procures food and defends himself. When he migrates into a colder

climate he uses clothes, builds sheds, andmakes fires; and, by the aid of

fire, cooks food otherwise indigestible. He aids his fellow-men in many

ways, and anticipates future events … from the remotest times

successful tribes have supplanted other tribes.

Foundations in Evolutionary Cognitive Neuroscience, ed. Steven M. Platek and Todd K. Shackelford.
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It is likely that some combination of selection pressures – climatic, ecological

(e.g., hunting), and social – influenced the evolution of the human brain and

mind and the evolution of what is now called general fluid intelligence, as

defined below. The key question concerns the selection pressure that was

central to the evolution of these competencies, following the emergence of

the genus Homo and especially the emergence of H. sapiens. In the first two

sections, I provide respective reviews of the empirical research on hominid

brain evolution and psychometric and cognitive neuroscientific research on

fluid intelligence. These reviews provide the background needed to appreciate

the changes that have occurred in brain and mind during human evolution and

to understand the component competencies that define fluid intelligence. In

the final section, I place these findings in the context of models of climatic,

ecological, and social selection pressures and within an integrative model of

human brain, cognitive, and psychological evolution.

Brain evolution

Brain volume and organization

One commonmethod for estimating the brain volume of extinct homi-

nids is to reconstruct the fossilized cranium and then make a plaster cast of the

cranium (Holloway, Broadfield, and Yuan, 2004). In some cases, these endocasts

provide an impression of the architecture of the outer surface of the neocortex

and thus allow inferences to be drawn about gross evolutionary change in the

structure of this part of the brain (Falk, 1983; Holloway and de la Coste-

Lareymondie, 1982; Tobias, 1987). These and related methods have been used

to estimate the brain volume of the various species of Homo and species of the

predecessor genus, Australopithecus. The mean estimates for these species are

shown in the top portion of Figure 2.1 and are based on multiple sources for all

species (Falk et al., 2000; Holloway, 1973a, 1973b; McHenry, 1994; Tobias, 1987;

Wood and Collard, 1999), with the exception of A. garhiwhich is estimated from

a single source (Asfaw, White, Lovejoy, Latimer, Simpson, and Suwa, 1999). The

middle section of the figure presents estimated times of existence of these

species; these estimates are subject to change with the discovery of additional

hominid fossils (e.g. Spoor, Leakey, Gathogo, Brown, Antón, McDougall, Kiarie,

Manthi, and Leakey, 2007).

The evolutionary pattern is clear. The australopithecines (A. afarensis, A.

africanus, and A. garhi) show a significantly but modestly larger brain volume

than chimpanzees (Pan troglodytes) and thus presumably a larger brain volume

than the ancestor common to australopithecines, chimpanzees, and humans
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(McHenry, 1994; Tobias, 1987). Whether the brainmorphology of australopithe-

cines was more similar to that of chimpanzees and other great apes or to

humans is debated (e.g., Falk, 1983; Holloway and Kimbel, 1986). Either way,

one pattern that is not found in great apes but is consistently found in austra-

lopithecines and other hominids, including humans, is a difference in the shape

of the posterior portions of the left hemisphere and anterior portions of the

right hemisphere. The visual area of the left hemisphere – for instance, area 18

in Figure 2.2 – is smaller than expected based on body and brain size and the left

parietal area and right frontal area (area 10, Figure 2.2) are larger than expected

(Holloway and de la Coste-Lareymondie, 1982). Expansion of the right frontal

area is potentially important, because this area appears to be important for self-

awareness, awareness of one’s behavior in social contexts, and the ability to

Figure 2.1. The top portion presents the estimated brain volume for chimpanzees

(Pan troglodytes) and key species of australopithecines (A. afarensis, A. africanus, A. garhi)

and Homo (H. habilis, H. ergaster, H. erectus, H. sapiens). The middle portion presents

estimated time of existence of these species; H. ergaster and H. erectus are presented

together because theymay be earlier and later forms of the same species. The bottom

portion presents estimated encephalization quotients (EQ) for these species as a

percentage of the EQ of modern humans (H. sapiens).
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Figure 2.2. Cartoon maps of Brodmann’s (1909) areas of the human neocortex. The

top section is a lateral (outer) view of the cortex, whereas the bottom section is a

medial (center, between the two hemispheres) view. Many of these areas can be

subdivided into specialized subregions that may process different forms of

information. Generally, areas 1, 2, 3, 5, 31, 39, 40, and 43 are part of the parietal

cortex and support a variety of functions including sense of body position, attention,

and spatial competencies; areas 17, 18, and 19 are part of the occipital cortex and

support simple and complex visual perception; areas 22, 41, 42, and subregions of

areas 40 and 38 are part of the temporal cortex and support simple and complex

auditory and speech perception; areas 20, 21, 26–28, 34–37, and 52 are also part of the

temporal lobe, but support a variety of complex visual competencies; areas 4, 6, and 8

are involved in complex motor movements and are part of the frontal cortex; area 44

and subregions of area 45 are involved in speech generation and are part of the frontal

cortex; areas 9, 10, 11, 25, 46, 47, and subregions of 45 are part of the prefrontal cortex

and support behavioral control, executive functions, and many complex social

competencies; areas 23, 24, 30, (parts of 31), 32, and 33 are part of the cingulate and

support attentional and emotional functions. Illustration by Mark Dubin.
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anticipate future events (Levine, 1999; Platek et al., 2006; Platek, Keenan, Gallup,

and Mohamed, 2004; Tulving, 2002).

Further increases in brain volume and added changes in the morphology are

evident inH. habilis (Falk, 1983; Tobias, 1987), includingmodest expansion of the

frontal and parietal lobes and extensive remodeling – specifically, evidence for

more folding and thus more surface area of the frontal lobes relative to A.

africanus. One area of the frontal lobe implicated in human speech and gesture,

specifically, Broca’s area (area 44, Figure 2.2), appears to have expandedwith the

emergence of H. habilis and had an architecture similar to that of modern

humans. The increase in the size of the parietal cortex (e.g., area 40) is poten-

tially important as well (Holloway, 1996), because it is coincident with increas-

ingly sophisticated tool use with and after the emergence of H. habilis, and

because areas of the parietal cortex are engaged during tool use in modern

humans (Johnson-Frey, 2003), and contribute to the attentional control compo-

nents of fluid intelligence (discussed below). Further increases in brain volume

and morphology are evident with the emergence of H. erectus and continue in

modern humans (McHenry, 1994; Ruff, Trinkaus, and Holliday, 1997;Wood and

Collard, 1999).

The threefold increase in brain volume comparing A. afarensis to modern

humans belies another important pattern, that is, relative stasis for long periods

of time. Themodest increase in brain volume from A. afarensis to A. garhi evolved

over the course of 1.5 million years; there was relatively little change in brain

volume from about 4 million years ago (MYA) until the emergence of H. habilis

about 2.5 MYA (McHenry, 1994; Wood and Collard, 1999). Another period of

relative stasis occurred from about 1.8 MYA until about 500 000 years ago (Ruff

et al., 1997), followed by substantial increases in brain volume over the past

several hundred thousand years and continuing until about 20 000 years ago

(Holloway, 1996; Ruff et al., 1997).

Encephalization quotient

Although evolutionary change in absolute brain volume is important, it

can also bemisleading. The absolute size of the brain increases with increases in

overall body size, and thus confounds cross-species comparisons (Harvey and

Clutton-Brock, 1985). For instance, the weight of an adult male A. africanus is

estimated to have been 30% less than that of a modern adult human male. It is

therefore possible that some proportion of the difference in absolute brain

volume comparing these two species is due to differences in overall body size

and not to selection pressures for increased brain size (McHenry, 1994). The

encephalization quotient (EQ) is an often-used measure to control for the rela-

tion between brain and body size; EQ indexes brain size relative to that of a
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mammal of the same body weight (Jerison, 1973; for discussion see Holloway,

1996). Domestic cats have an EQ of about 1.0, that is, their brain size relative to

their body size is average for mammals.

The EQ of primates and that of other highly social species is typically greater

than 1.0.McHenry (1994) estimated the EQof chimpanzees to be 2.0. Formodern

humans, EQ values range from less than 5.0 (Aiello and Wheeler, 1995) to

more than 7.0 (Jerison, 1973; Tobias, 1987), with estimates commonly ranging

between 5.0 and 6.0 (McHenry, 1994; Ruff et al., 1997). As shown in the bottom

portion of Figure 2.1, EQ has increased dramatically over the past 4 million

years of hominid evolution. The estimates are expressed in terms of a percen-

tage of that of modern humans and thus although the EQ of chimpanzees is

twice that of the typical mammal, it is estimated to be only 34% of that of

modern humans. The EQ of australopithecines is greater than that of chimpan-

zees but less than 50% that of modern humans, whereas the EQ of H. habilis was

slightly more than 50% of modern humans. Large increases in EQ are evident

with the emergence of H. ergaster and H. erectus, with values at the high end close

to 80% that of modern humans. Following the emergence of H. ergaster, there

was a period of little change in EQ for about 1.2 million years, followed by a

modest 12% increase from 500000 to 400 000 years ago, and then very rapid

increases until about 20 000 years ago.

The EQ of modern humans appears to have peaked about 20 000 years ago

and declined 3% to 4% since then (Holloway, 1996; Ruff et al., 1997). The gradual

decline in EQ values suggests that the selection pressures that resulted in the

rapid increase in EQ beginning about 500 000 years ago have been relaxed

during the last 10 000 to 20 000 years. During this timeframe, agriculture,

economic specialization, city-states, and other changes were becoming increas-

ingly central features of human subsistence activities and social organization

(Brace, 1995; Clutton-Brock, 1992; Hole, 1992). These changes appear to have

resulted in a relaxation of the selection pressures that drove the rapid increase

in EQ from 500000 years ago to about 20 000 years ago. Evolutionary declines in

EQ are in fact common when day-to-day living becomes easier. For instance,

domesticated canids (i.e., dogs) and felines (i.e., cats) have EQ values about 20%

lower than that of their feral cousins (Burghardt, 2005).

Selection pressures and brain evolution

The three principal classes of selection pressure and hominid brain

evolution are climatic, ecological, and social. In the following sections, I overview

and update reviews of these pressures presented in earlierwork (i.e., Geary, 2005).

Climatic. Climatic and geological changes are common and can result in

change in temperature, rainfall, and other ecological conditions that in turn

The evolution of general fluid intelligence 27



can influence the mix of vegetation, woodland, and other factors that can have

dramatic evolutionary effects on multiple species (e.g., deMenocal, 2001; Vrba,

Denton, Partridge, and Burckle, 1995). One of the more influential models of

climatic change and evolution is Vrba’s the turnover-pulse hypothesis (e.g.,

1974, 1995). The gist is that large-scale climatic changes, such as those asso-

ciated with global cooling, can result in large-scale changes in habitat (e.g.,

change in the distribution of food sources) and physical ecology (e.g., ambient

temperature). The result is pulses of speciation and extinction events. The

hypothesis is that new species evolve as habitat change results in geographic

isolation – due, for instance, to deforestation and resulting pockets of wood-

lands within savanna – of populations of the same species, and subsequent

adaptations of these populations to local conditions. Extinction follows for

those species that are unable to adapt to these changes.

Vrba (1995) argued that significant glaciation between 2.8 and 2.5 MYA

resulted in decreased temperature and rainfall in Africa and a corresponding

turnover pulse ofmany species of large fauna, including hominids. Evolutionary

responses to decreasing temperature often include increases in physical size to

enable greater retention of body heat and a prolonged period of physical devel-

opment to enable growth of a larger body. Vrba proposed that these physical

adaptations resulted in an accompanying change in brain volume and EQ: “The

conclusion is inescapable that hominine encephalization in the latest Pliocene

started a new trend, of higher evolutionary rates than before” (Vrba, 1995,

p. 406). The specific mechanisms driving or at least maintaining the increase

in hominid EQ are not detailed, but the implication is that EQ changes were not

the direct result of ecological or social pressures but rather an incidental effect

of broader physical adaptations.

Vrba’s (1974) hypothesis has been vigorously debated (e.g., Kimbel, 1995; Potts,

1998; Turner and Wood, 1993; White, 1995). Consistent with the hypothesis and

related climatic models (Potts, 1998), there is evidence that global cooling may

have contributed to the expansion of the African savanna during the time when

multiple species of australopithecine emerged (Kimbel, 1995). Ash and Gallup

(2007) analyzed the relation between estimates of global temperature and varia-

bility in global temperature since the emergence ofH. habilis and brain volumeand

EQ estimates from Homo cranial fossils from H. habilis to early modern humans.

Among other findings, brain volume was strongly correlated with a measure of

temperature variability (rho=0.73). Temperatures are cooler and typically more

variable as latitude moves north or south of the equator, and brain volume was

significantly (rho=0.48) correlated with distance from the equator.

At the same time, there are other results that weaken the climate hypothesis.

If increases in brain volume and EQ of Homo were associated with climatic
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change and variability, then similar increases in other African hominids and

primates that lived in the same regions and during the same timeframe should

be found. Falk et al. (2000) tested this hypothesis by comparing the brain

volumes of H. habilis and H. erectus to the brain volumes of three sister species

of African hominids (Paranthropus robustus, P. boisei, P. aethiopicus) from roughly

2.0 to 1.5 MYA.With the possible exception of P. boisei (Elton, Bishop, andWood,

2001), the brain volumes of these species did not change substantively during

this timeframe. Elton et al. examined change in the brain volume of a species of

now extinct baboon (Theropithecus) that appears to have lived in the same local-

ities asH. habilis andH. erectus. Again, therewas no change in the brain volume of

this species of baboon during the timeframe when there were significant

increases in brain volume and EQ in Homo.

Evidence for Vrba’s (1974) turnover pulse hypothesis and related climate

models (e.g., Potts, 1998) is mixed. The emergence of various species of austra-

lopithecine 3.0 to 2.0 MYA, including the emergence of the line that eventually

led to modern humans, may have been driven, at least in part, by climatic and

ecological changes in Africa during this epoch. Since that time, climate change

and variationmay have contributed to changes in brain volume and EQ inHomo,

but does not appear sufficient in and of itself. If it were, then other primates and

hominids exposed to the same climate conditions would have shown the same

pattern of brain evolution as Homo, but they do not.

Ecological. In traditional societies today and in preindustrial Western nations,

parasites, food shortages, and occasional predator attacks were significant

sources of human mortality and morbidity (Hed, 1987; Hill and Hurtado, 1996;

Morrison, Kirshner, andMolho, 1977). These were almost certainly components

of natural selection during human evolution but, as with climatic pressures,

they do not appear to be sufficient explanations of the increases in hominid

brain volume and EQ. If theywere, thenmany species would have evidenced the

same increases in brain volume and EQ because parasites, predators, and food

shortages are common selection pressures across species. Ecological models of

hominid brain evolution have instead focused on improvements in the ability of

hominids to extract biological resources from the ecology and through this

reduce premature mortality. The latter results in population increases and

eventually geographic expansions. The basic idea is supported by a common

pattern across nonhuman species: species with complex foraging or predatory

demands have a larger brain volume and higher EQ values than related species

with less complex foraging or predatory demands (Barton, 1996; Barton and

Dean, 1993; Kaplan & Robson, 2002).

The argument is taken one step further with the proposal that hominids

evolved into super predators (Martin, 1967; Wrangham et al., 1999). Humans in
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traditional societies are indeed highly efficient at extracting life-supporting

resources from the ecology through hunting and foraging (Kaplan et al., 2000;

Hill et al. 2001). If this ability to extract and process (e.g., through cooking)

biological resources from the ecology was the driving force in hominid brain

evolution, then there should be evidence of social, behavioral, and other adap-

tations that allowed evolving hominids to forage and hunt in increasingly

sophisticated ways.

Analyses of tooth size, shape, andwear patterns of australopithecines suggest

a substantive shift in diet in comparison to their predecessors (e.g., Jolly, 1970;

Teaford and Ungar, 2000). There is preliminary evidence that A. garhi con-

structed stone tools, including tools used to cut and process meat (Semaw et al.,

2003). These features of tooth morphology and behavioral adaptation suggest

that australopithecines were able to eat a wider range of foods than their

predecessors and thus were able to exploit a wider range of ecologies.

Wrangham et al. (1999) presented evidence consistent with the position that H.

erectus used fire for cooking, which enables the use of a wider range of plant and

animal species as foods, as noted by Darwin (1871). Foley and others have

demonstrated that tools related to hunting and foraging (e.g., digging sticks)

have become increasingly sophisticated since the appearance of A. afarensis

(de Heinzelin et al., 1999; Foley and Lahr, 1997). H. habilis appears to have used

simple stone tools, with increases in the complexity of these tools and their

wide geographic distribution coinciding with the emergence and migration

patterns of H. erectus. These advances continued with the appearance of early

modern humans (Clark et al., 2003), although the most complex stone tools are

found in archeological sites dating less than 50000 years ago (Foley and Lahr,

1997). The pattern of tool “evolution” and the likely function of these tools,

including hunting and foraging, is consistent with ecological models of human

brain evolution (e.g., Kaplan et al., 2000).

Evidence that these changes resulted in the evolution of a super-predator

comes from patterns of human migration and subsequent mass extinctions of

other species. Wallace noted as much in 1911 (p. 264) – “the rapidity of the

extinction of so many large Mammalia is actually due to man’s agency.” Five

decades later, Martin (1967, 1973) presented systematic evidence that indeed

mass extinctions of somemegafauna (prey speciesweighing 40kg ormore)were

evident in Africa about 50 000 years ago, and later mass extinctions occurred in

Australia, Asia, America, and New Zealand after the migration of humans into

these regions. Martin (1973) and Alroy (2001) presented evidence suggesting the

mass extinction of megafauna in North America occurred about 12 000 years

ago, that is, roughly 1000 to several thousand years after the arrival of humans.

These mass extinctions have not been correlated with climatic or other
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ecological changes (e.g., glaciers; Miller et al., 1999), although the extinction of

some species is related to climate and ecological changes and not to human

activity. Guthrie (2003, 2006) presents evidence that the Alaskan horse (Equus

ferus) was extinct before the arrival of humans and that populations of mam-

moths (Mammuthus primigenius) were declining; humansmay have contributed to

the final demise of themammoth, however. In any case, declines in populations

of species of large fish and mammals have been directly linked to human

hunting and fishing from the time humans were hunter-gathers to the modern

day (e.g., Hsieh et al., 2006; Myers and Worm, 2003; Pandolfi et al., 2003).

Further evidence for a co-evolving relation between EQ and hunting and

other dietary changes comes from the metabolic requirements of the human

brain (Armstrong, 1990). Specifically, there is evidence that the evolutionary

increase in brain volume was associated with a corresponding decrease in the

mass of the metabolically expensive gastrointestinal tract (Aiello and Wheeler,

1995), although this evidence is not conclusive (Aiello, Bates, and Joffe, 2001).

Reduction in the size of the gastrointestinal tract requires change from a low

quality (e.g., plants) to a high quality (e.g., fruits, meat) diet. The above noted

shift in the australopithecine diet is thus consistent with the corresponding

change in EQ, as is the rapid increase in EQ associated with the increasingly

effective hunting competencies ofH. erectus andH. sapiens. It is not that reduction

in the gastrointestinal tract directly caused the evolutionary expansion of brain

volume and EQ but rather it released a significant constraint and thus resulted

in an opportunity for evolutionary change.

Social pressures. The foregoing pattern of gradual improvement in the hunting

and foraging abilities of hominids, especially after the emergence of Homo, is

consistent with Alexander’s (1989) model of ecological dominance. Once achieved,

an evolutionary Rubicon was crossed:

the ecological dominance of evolving humans diminished the effects of

“extrinsic” forces of natural selection such that within-species

competition became the principal “hostile force of nature” guiding the

long-term evolution of behavioral capacities, traits, and tendencies

(Alexander, 1989, p. 458).

Ecological dominance would manifest as the ability to efficiently extract

biological resources – as exemplified by the pattern of overkill of megafauna –

from the ecology and the ability to manipulate the ecology in ways that reduce

mortality risks and support subsequent population expansions (Hill et al., 2001;

Kaplan et al., 2000). Pressures for ecological manipulation, as in building of

shelters, use of fire, clothing, and so forth, would in theory be stronger in

harsh and variable climates. These climates would be more common as latitude
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moves north or south of the equator (Ash andGallup, 2007). There are also fewer

parasites in these colder environments (Low, 1990), which should result in

fewer demands on themetabolically expensive immune system. As with dietary

change and gut evolution, reduction in metabolic demands of the immune

system may have released a significant constraint on brain evolution. The

release of this metabolic constraint would provide an opportunity for further

evolutionary change in brain volume and EQ, but only if other conditions

favored this evolution. These conditions are hypothesized to include social

competition.

The lower mortality that would follow from ecological dominance would

have necessarily resulted in population increases. These increases would sup-

port migration to new regions, as happened with H. erectus, but also carries the

risk of expansion beyond the carrying capacity of the ecology. As the population

increases, the available resources diminish per capita and thus social competi-

tion for these diminishing resources will necessarily increase in intensity. As

detailed byMalthus (1798) and confirmed in subsequent studies (e.g., Hed, 1987;

Morrison et al., 1977; United Nations, 1985), the end result is often a population

crash that disproportionately affects individuals who are economically poor and

of lower social status. The inverse relation between social status, resource

control and mortality risk creates a never ending cycle whereby Darwin’s and

Wallace’s (1858, p. 54) conceptualization of natural selection as a “struggle for

existence,” becomes in addition a struggle with other human beings for control of the

resources that support life and allow one to reproduce (Geary, 1998, 2005). In

this situation, the stage is set for a form of runaway selection, whereby themore

cognitively, socially, and behaviorally sophisticated individuals are able to

out-maneuver and manipulate other individuals in order to gain control of

resources in the local ecology, and to gain control of the behavior of other

people (West-Eberhard, 1983). To the extent that access to these resources

covarieswith survival and reproductive outcomes – and it does inmany contexts

(Betzig, 1986; Hed, 1987; Malthus, 1798; United Nations, 1985) – the associated

sociocognitive competencies, and supporting brain systems, will necessarily

evolve.

My point is that an ecological-dominance–social-competition model (see

Alexander, 1989; Flinn et al., 2005; Geary, 2005; see also Gavrilets and Vose,

2006) accommodates most of the core features of the climatic and ecological

theories of human brain evolution. The model is also in keeping with other

evolutionary models that focus primarily on the importance of social competi-

tion during human evolution (e.g., Dunbar, 1998; Humphrey, 1976). I should

note that social competition is nested between and within groups. The main-

tenance of ecological dominance in human populations requires extensive
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cooperation and a division of labor among members of the in-group, typically

kin. These groups also cooperate inways that allow them to better competewith

other groups for control of ecologically rich land and control of social and

political dynamics between groups. Across species and for human populations,

larger group size typically results in competitive advantage (Horowitz, 2001;

Wrangham, 1999), and thus pressures for mechanisms that support in-group

cooperation.

Empirical studies of fluid intelligence

Across the various theories of the evolution of the human brain and

intelligence, there has been surprisingly little attention paid to the definition

andmeasurement of the core concept of “intelligence.” The gist is similar across

these theories and includes planning, foresight, scenario building, and so forth,

but reference to themore than 100 years of psychological studies of intelligence

is rarely, if ever found. In an earlier work (Geary, 2005) I attempted to integrate

theories of human brain and cognitive evolution with findings from psycho-

logical studies of intelligence. The core ideas are that the evolved “intelligence”

referred to in these evolutionary theories is the general fluid intelligence iden-

tified by psychometric psychologists, and that these theories, fluid intelligence,

and many other aspects of human cognition (e.g., in-group, out-group attribu-

tional biases) can be integrated within a broader theoretical framework. I sum-

marize this framework in a later section. In the following sections, I provide a

brief review of empirical studies of general intelligence.

Psychometric research

Quantitative studies of individual differences in intelligence beganwith

Spearman (1904). In this study, elementary- and high-school students as well as

adults were administered sensory and perceptual tasks and were rated by

teachers and peers on their in-school intelligence and out-of-school common

sense. Scores on exams in classics, French, English, and mathematics were also

available for the high-school students. Correlational analyses revealed that

above average performance on one task was associated with above average

performance on all other tasks, on exam scores, and for ratings of intelligence

and common sense. On the basis of these findings, Spearman (1904, p. 285)

concluded “that all branches of intellectual activity have in common one funda-

mental function (or group of functions).” Spearman termed the fundamental

function or group of functions general intelligence or g.

Six decades later, Cattell and Horn (Cattell, 1963; Horn, 1968; Horn and

Cattell, 1966) proposed that the single general ability proposed by Spearman
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should be subdivided into two distinct abilities. The first is called crystallized

intelligence (Gc) and is manifested as the result of experience, schooling, and

acculturation and is referenced by over-learned skills and knowledge, such as

vocabulary. The second ability is called fluid intelligence (Gf), and represents a

biologically based ability to acquire skills and knowledge. As Cattell (1963, p. 3)

stated: “Fluid general ability… showsmore in tests requiring adaptation to new

situations, where crystallized skills are of no particular advantage.” This empiri-

cally based conclusion is critical to the current analysis, because it links Gf with

theoretical models of the evolution of the human brain and mind; specifically,

that this evolution was driven by selection pressures that required humans and

our ancestors to cope with variation and novelty in their day-to-day lives. In

other words, the ability to anticipate and cope with novelty and change –

adaptation to new situations – that are central to models of human brain and

cognitive evolution is reliably assessed by tests of Gf.

Cognitive research

In the decades following Cattell and Horn’s (Cattell, 1963; Horn, 1968;

Horn and Cattell, 1966) discovery, hundreds of studies aimed at identifying the

cognitive components of g and especially Gf have and continue to be conducted

(see Jensen, 1998). These efforts led to the identification of speed of information

processing and working memory as core components of Gf. In the following

reviews, I refer to measures that likely assessed a combination of Gf and Gc as

tests of g, and measures that largely tap fluid abilities as Gf.

Speed of processing. Three important findings have emerged from studies of the

relation between speed of processing simple pieces of information, such as

speed of retrieving a word name from long-term memory, and performance

on measures of g (Hunt, 1978; Jensen, 1998). The first is that faster speed of

cognitive processing is related to higher scores on measures of g (Jensen, 1982;

Jensen and Munro, 1979), although strength of the relation is moderate (rs ∼ 0.3

to 0.4). The second finding is that variability in speed of processing is also related

to scores on measures of g (rs ∼ 0.4; Jensen, 1992). The variability measure

assesses consistency in speed of executing the same process multiple times;

individuals who are consistently fast in executing these processes have the

higher scores on measures of g (Deary, 2000; Jensen, 1998; Neubauer, 1997).

Finally, the speed with which individuals can identify very briefly (e.g., 50 ms)

presented information (e.g., whether ‘>’ is pointed left or right) is moderately

correlated with g (Deary and Stough, 1996).

The gist of this research is that performance on psychometric tests of g and

especially Gf is related to the speed and accuracy with which information is

identified, and then processed by sensory and perceptual systems. For
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individuals who score highly on measures of Gf, the processing of this informa-

tion occurs more rapidly than for other individuals. For all individuals, the

information is first implicitly (i.e., below conscious awareness) represented in

short-term memory. For the information to become available to conscious

awareness and thus amenable to explicit problem solving, it must become

represented in working memory.

Working memory. The processing of the majority of information gathered by

our sensory and perceptual systems and represented in short-term memory

occurs automatically, and implicitly. Much of the time, any required mental or

behavioral response also occurs automatically, that is, without the need to

engage attentional and working memory resources (Gigerenzer, Todd, and

ABC Research Group, 1999). As Gigerenzer and his colleagues have demon-

strated, these automatic responses are the result of evolved heuristics – fast

and efficient behavioral or cognitive responses that require minimal, explicit

cognitive resources – or heuristics learned during the life span. However, when

information cannot be automatically processed by evolved systems or through

access to learned information stored in long-term memory, the result is an

automatic shift in attention to this information (Botvinick et al. 2001).

Situations that trigger attentional shifts are, by this definition, novel or rapidly

changing and thus are not easily coped with through evolved or learned

strategies.

The focusing of attention results in an explicit representation of this infor-

mation in working memory, and simultaneous inhibition of irrelevant

information (Cowan, 1995; Engle, Conway, Tuholski, and Shisler, 1995). Once

represented in working memory and available to conscious awareness, the

information is amenable to explicit, controlled problem solving, that is, the

information can be mentally operated on to adjust pre-existing heuristics or

generate new ones to cope with the novel or changing situation. The attentional

system that controls the explicit manipulation of information during problem

solving is called the central executive, and the modalities in which the informa-

tion is represented are called slave systems. The latter include auditory, visual,

spatial, or episodic representations of information (Baddeley, 1986, 2000); epi-

sodic memory binds information from multiple systems and is important for

recall of memories of personal experiences (Tulving, 2002).

If working memory is a core component of Gf, then individual differences in

performance on measures of Gf should be strongly associated with individual

differences in working memory capacity and this is indeed the case (e.g.,

Carpenter, Just, and Shell, 1990; Conway et al., 2002; Engle, Tuholski, Laughlin,

and Conway, 1999; Kyllonen and Christal, 1990;Mackintosh and Bennett, 2003).

The strength of the relation between performance on working memory tasks
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and scores on measures of Gf range from moderate (rs ∼ 0.5; Ackerman, Beier,

and Boyle, 2005; Mackintosh and Bennett, 2003) to very high (rs > 0.8; Conway

et al., 2002). On the basis of these patterns, Horn (1988) and other scientists

(Carpenter et al., 1990; Stanovich, 1999) have argued that measures of strategic

problem solving and abstract reasoning define Gf, and the primary cognitive

system underlying problem solving, reasoning, and thus Gf is attention-driven

working memory. The relation between speed of processing and working mem-

ory is debated (Ackerman, Beier, and Boyle, 2005; Fry and Hale, 1996, 2000), but

a potential solution is presented below (see also Geary, 2005).

Summary. Intelligent individuals identify, process, and bind together bits of

social and ecological informationmore easily and quickly than do other people.

Their perceptual systems process this information such that the information is

activated quickly and accurately in short-term memory. If evolved or learned

heuristics are available for responding to the situation, then intelligent people

will be able to execute these responses more quickly and consistently (across

situations requiring the same response) than other people. If evolved or learned

heuristics are not available, there is an automatic shifting of attention to the

novel or rapidly changing information represented in short-termmemory. Once

attention is focused, intelligent people are able to represent more information

in working memory than are other people and have an enhanced ability to

consciously manipulate this information. The manipulation is guided and con-

strained by reasoning and inference making mechanisms (Embretson, 1995;

Stanovich, 1999).

Neuroscience research

I have proposed that this attention-driven ability to explicitly represent

and systematically and logically manipulate information in working memory

are core features of an evolved human ability to adapt to social and ecological

variation and novelty within the life span (Geary, 2005). In other words, the

focus of evolutionary theorists on the importance of the human ability to

anticipate and adapt to novelty and change converges with decades of empirical

findings on the component skills that underlie human intelligence and espe-

cially Gf. If this proposal is correct, then the evolutionary emergence of Gf

should track the above described evolutionary changes in brain size and EQ.

Unfortunately, a direct test of this hypothesis is not possible, due to the absence

of Gf data in the palaeontological record and the extinction of, and thus the

inability to assess on measures of Gf, other species of Homo. It is possible to

indirectly test this hypothesis by examining the relation between brain size and

organization and performance on measures of Gf in contemporary humans.

This is because the evolution Gf and changes in brain size and organization
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would presumably have been dependent on the same individual differences

found in modern populations.

Brain size. Neuroimagingmethodologies now allow for a relatively easy assess-

ment of gross brain volume and volume of specific brain regions. The studies

that have examined individual differences in gross brain volume and perfor-

mance on measures of g has revealed the bigger the better, but the relation is

modest (r ∼ 0.3 to 0.4); Deary, 2000; McDaniel, 2005; Rushton and Ankney, 1996).

In one of the more comprehensive of these studies, Wickett, Vernon, and Lee

(2000) examined the relations between total brain volume and performance on

measures of Gf, Gc, short-term memory, and speed of processing. Larger brain

volumes were associated with higher Gf scores (r = 0.49), a larger short-term

memory capacity (r = 0.45), and faster speed of processing (rs ∼ 0.4), but were

unrelated to Gc scores (r = 0.06). Raz et al. (1993) examined the relation between

performance on measures of Gf and Gc and total brain volume, and volume of

the dorsolateral prefrontal cortex (areas 9 and 46, Figure 2.2) – associated with

attentional control and explicit representation of information in working

memory – portions of the parietal cortex (e.g., areas 39 and 40) – associated

with visuospatial ability, attentional control, and tool use – the hippocampus –

associated with consolidation of short-termmemories into long-termmemories –

and several other brain regions. Higher Gf scores were associated with larger

total brain volume (r = 0.43), a larger dorsolateral prefrontal cortex (r= 0.51), and

more white matter (i.e., neuronal axons) in the prefrontal cortex (r= 0.41), but

were unrelated to size of the other brain regions. Performance on the Gc

measure was not related to size of any of these brain regions or to total brain

volume.

Regional activation. Multiple studies have now examined the brain regions that

become activated or deactivated while individuals solve items on measures of Gf

or other reasoning tasks (Duncan et al. 2000; Gray, Chabris, and Braver, 2003; Haier

et al., 1988; Kalbfleisch, VanMeter, and Zeffiro, 2006; Prabhakaran et al., 1997).Most

of the studies reveal a pattern of activation and deactivation in several brain

regions, much of which is likely due to task-specific (e.g., verbal vs. spatial) content

of the reasoning measures (e.g., Stephan et al., 2003). The results from studies that

have employed the most sensitive imaging technologies are consistent with the

brain volume studies; performance onmeasures ofGf are supported, in part, by the

same system of brain regions that support the central executive components of

working memory, that is, attentional and inhibitory control. These areas include

the dorsolateral prefrontal cortex, anterior cingulate cortex (area 24, Figure 2.2),

and regions of the parietal cortex (Duncan et al., 2000), although size and white

matter organization in other brain regions may also contribute to individual

differences in Gf (for a recent review see Jung and Haier, 2007).
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The engagement of areas of the anterior cingulate cortex is important. This is

because this brain region is activated when goal achievement requires dealing

with some degree of novelty, conflict, or making a difficult decision (Miller and

Cohen, 2001; Ranganath and Rainer, 2003) – these are situations in which a goal

cannot be readily achieved by means of heuristics. Areas of the anterior cingu-

late cortex are thus the potential mechanism that results in the automatic

attentional shift to novel, conflicted, or changing information represented in

short-term memory and a corresponding activation of the dorsolateral and

other prefrontal areas (Botvinick et al., 2001). These areas in turn enable the

attentional focus and explicit, controlled problem solving needed to cope with

novel situations, resolve conflicts, and make decisions that involve cost-benefit

trade-offs (Kerns et al., 2004; Miller and Cohen, 2001). Botvinick and colleagues’

proposal that novelty and conflict result in automatic attentional shifts and

activation of executive functions is important, as it addresses the homunculus

question. The central executive does not activate itself, but rather is automati-

cally activated when heuristic-based processes are not sufficient for dealing

with current information patterns or tasks.

Integration

Brain imaging studies on the whole support the hypothesis that the

same brain regions that underlie working memory and explicit controlled

problem solving are engaged when people solve items on measures of Gf

(Duncan et al., 2000; Gray et al., 2003; Kane and Engle, 2002). High scores on

measures of Gf are associated with activation of the dorsolateral prefrontal

cortex and several other brain regions associated with attentional control,

including the anterior cingulate cortex and regions of the parietal cortex (Jung

andHaier, 2007). These same regions also appear to support the ability to inhibit

irrelevant information from intruding into working memory and conscious

awareness (Esposito et al., 1999) and inhibit the execution of evolved or learned

heuristics (Geary, 2005). Awareness of information represented in working

memory and the ability to mentally manipulate this information may result

from a synchronization of the prefrontal brain regions that subserve the central

executive and the brain regions that process the specific forms of information

(e.g., voice, face, object; Damasio, 1989; Dehaene and Naccache, 2001; Posner,

1994).

An attention-driven synchronization of the activity of dorsolateral prefrontal

cortex and the brain regions that support explicit working memory representa-

tions of external information or internal mental simulations would be facili-

tated by faster speed of processing and rich interconnections among these brain

regions. The latter are associated with larger brain size and especially a greater
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volume of white matter (i.e., axons): the corresponding prediction that Gf will

be positively correlated with the quantity of white matter connections between

the prefrontal cortex and posterior cortical regions is testable with use of

diffusion tensor imaging. Functionally, speed of processing may be important

for the synchronization process, because faster speed of processing would

enable more accurate adjustments in synchronization per feedback cycle.

With repeated synchronized activity, the result appears to be the formation of

a neural network that automatically links the processing of these information

patterns (Sporns, Tononi, and Edelman, 2000). In other words, speed of proces-

sing and an attention-driven working memory system are not competing expla-

nations of Gf (Ackerman et al., 2005; Engle, 2002; Kane and Engle, 2002), but

rather may be coevolved and complementary mechanisms (Geary, 2005).

Integrated model: the motivation to control

The theoretical model that places general fluid intelligence in the con-

text of human brain and cognitive evolution can be organized around a “moti-

vation to control.” This does not mean that individuals necessarily have a

conscious, explicit, and Machiavellian motivation to control other individuals.

Rather, the “motivation to control” is a framework for conceptualizing the

function of evolved traits and for integrating seemingly different traits. A

clarification and example is provided by the evolution of the size and shape of

the beaks of various species of Galápagos finch (Grant, 1999); several examples

are shown in Figure 2.3. All 14 species of finch arose during the past 3 million

years from a single ancestral species that originated from the South American

mainland (Sato et al., 1999). The across-species differences in beak size and shape

are the evolutionary result of specialization in different types of foods – the

evolved function of the beak is to facilitate access to and control of different

types of food (e.g., insects vs. seeds encased in shells). These birds have no

conscious motivation to control, but they have evolved such that their behavior

and physical traits (beaks in this example) are focused on obtaining control of

resources that have covaried with survival prospects during the species’ evolu-

tionary history. I apply this framework to various aspects of human functioning

in the first section, and then focus on cognition, including fluid intelligence, in

the second.

General theory

The basic proposal is that the brain and mind of all species evolved to

process the forms of information (e.g., facial expressions, movement patterns of

predators) that covaried with survival and reproductive prospects during the
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species’ evolutionary history. These systems operate implicitly and bias the

organism to behavior in ways that result in attempts to gain control of these

outcomes, such as capturing prey or avoiding being captured by a predator

(Gigerenzer et al., 1999; Simon, 1956). The gist of the framework is consistent

with the well replicated finding that peoples’ subjective wellbeing and physical

health are associated with having some level of control over relationships,

events, and resources that are of significance in their life (Fiske, 1993;

Heckhausen and Schulz, 1995; Marmot, 2004; Shapiro, Schwartz, and Astin,

1996). As noted earlier, in conditions with higher risk of premature mortality

than is found inmodern societies, achieving control of social relationships (e.g.,

as related to social status) and biological (e.g., food) and physical (e.g., safe

shelter, water) resources often meant the difference between living and dying,

especially during population crashes.

The control-related behavioral focus is represented by the apex and adjoining

section of Figure 2.4. The bottom of the figure represents the folk modules that

result in implicit and automatic, bottom-up processing of social (e.g., facial

expressions), biological (e.g., features of hunted species), and physical (e.g.,

objects potentially useable as tools) information patterns that have tended to

be the same across generations and within lifetimes, and have covaried with

survival or reproductive prospects during human evolution. A taxonomy and

description of the corresponding modular brain and cognitive systems in the

Figure 2.3 Four species of finch from the Galápagos islands; 1. Large ground finch

(Geospiza magnirostris); 2. Medium ground finch (G. fortis); 3. Small tree finch

(Camarhynchus parvulus); 4.Warble finch (Certhidea olivacea) from Journal of Researches into

the Natural History and Geology of the Countries Visited During the Voyage of H.M.S. Beagle

Round the World, Under the Command of Capt. Fitz Roy, R. N. (2nd edition), by C. Darwin,

1845, London: John Murray, p. 379.
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respective domains of folk psychology, folk biology, and folk physics is provided

elsewhere (Geary, 2005; Geary and Huffman, 2002). If the evolution of the

human brain and fluid intelligence was driven by the need to deal with rapid

change in climatic, ecological, or social conditions, then cognitive systems that

function to represent and manipulate dynamic change in information patterns

should be identifiable. These systems are represented by the center section of

Figure 2.4, and are the key to understanding the evolution of general fluid

intelligence. I focus on the specifics of this center section of the figure in the

sections that follow.

Conscious-psychological. The core of the conscious-psychological mechanism is

the human ability to form a conscious, explicit mental representation of situa-

tions that are centered on the self and one’s relationship with other people or

one’s access to biological and physical resources. The representations often

involve a form of mental time travel, that is, mental simulations of past,

present, or potential future states and can be cast as visual images, in language,

Control

Motiv ation

Control-related

behavioral strategies

Mechanisms

Modular systems

F olk psychology F olk biology F olk physics

Aff ective
Conscious-

psychological
Cognitive

Figure 2.4 The apex and following section represent the focus of behavior on

achieving control of the social, biological, and physical resources that have tended to

covary with survival and reproductive outcomes during human evolution. The

midsection shows the supporting affective, conscious-psychological (e.g., self

awareness), and cognitive (e.g., working memory) mechanisms that support the

motivation to control and operate on the modular systems shown at the base.
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or as episodic memories (Suddendorf and Corballis, 1997; Tulving, 2002). A key

component is the ability to create a mental representation of a desired or

fantasized state and to compare this to a mental representation of one’s current

situation. This might involve, for instance, fantasizing about developing a

relationship with a potential romantic partner and ways to bring about this

outcome. These are self-centered conscious-psychological representations of

present and potential future states that are of personal significance and are

the content on which more conscious and effortful reasoning and problem-

solving processes are applied (Evans, 2002; Stanovich and West, 2000).

Explicit attributions about the self, other people, or group dynamics can also

be components of these representations. The well-studied attributional biases

about members of the in-group (favorable) and members of an out-group (unfa-

vorable) provide an example; these biases are predicted to have resulted from an

evolutionary history of coalitional competition in humans. These biases are

particularly salient during times of intergroup competition and hostilities in

the laboratory (Stephan, 1985) and real world (Horowitz, 2001). The latter are

often centered around ethnic conflicts and are invariably over resource control.

Negative attributions about the character and intentions of the out-group often

include rumors of an intended out-group attack or conspiracy to, for instance,

poison the in-group’s food supply. These types of rumors justify, facilitate, and

very often precede often deadly violence. A common result is the self-serving

elimination of economic or social competitors. The attributional biases not only

justify this self-serving violence, they protect individuals from the affective

consequences, such as guilt, that could result if the violence were directed

against members of the in-group.

Brain imaging studies suggest that areas 32 and 9 (Figure 2.2) of the prefrontal

cortex are particularly active when people mentally simulate the behavior of

other people or simulate future social or other scenarios (Gallagher and Frith,

2003). These systems appear to reconstitute the activity of the brain regions that

were engaged during personal experiences or activate more abstracted repre-

sentations of common features of these experiences (Damasio, 1989). These

regions are highly integrated (physically and functionally) with the prefrontal

regions described in the next section (Miller and Cohen, 2001).

Cognitive. The cognitive mechanisms include working memory, attentional

control, and the ability to inhibit automatic processing of folk-related or learned

behavioral responses or cognitive biases (e.g., attributional biases; Baddeley,

2000; Bjorklund and Harnishfeger, 1995; Cowan, 1995; Wheeler and Fiske,

2002). The mechanisms also include the ability to systematically problem solve

and to reasonabout patterns represented inworkingmemory (Newell and Simon,

1972). These cognitive and problem-solving processes are the mechanisms that
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allow individuals to represent and manipulate information processed by

the folk modules. In terms of the motivation to control, the most important

evolutionary function concerns the relation between these cognitive and

problem-solving mechanisms and the generation and manipulation of conscious-

psychological representations. Working memory and attentional and inhibitory

control are the content-free mechanisms that enable the integration of a

current conscious-psychological state with memory representations of related

past experiences, and the generation of mental models or simulations of poten-

tial future states (Alexander, 1989; Johnson-Laird, 1983).

Attentional and executive control is dependent on several regions of the

prefrontal cortex, such as the dorsolateral regions (Kane and Engle, 2002).

Other regions of the prefrontal cortex, such as the ventromedial areas (e.g.,

area 11, Figure 2.2) of both hemispheres and the right frontal pole (area 10)

support social cognition, including a sense of self (Tulving, 2002); as noted,

endocast patterns suggest substantial expansion of the latter region (Holloway

and de la Coste-Lareymondie, 1982). The brain regions that support self aware-

ness are intimately tied to episodic memories and the ability to mentally time

travel (Suddendorf and Corballis, 1997; Wheeler, Stuss, and Tulving, 1997). The

latter is the ability to project the self back in time to recreate a personal

experience, and to project the self forward in time to create simulations of

situations that might arise in the future. Individuals who do not have a sense

of self and who cannot mentally time travel, due to brain injury, have a very

difficult time dealing with complex, dynamic situations that vary from the

routine. These situations are typically social in nature, and are consistent with

the hypothesis that social dynamics were an important pressure driving the

evolved human ability to anticipate and cope with novelty and change.

The prefrontal cortex and working memory systems thus enable individuals

to form conscious representations of a variety of social and ecological situations

and to explicitly change the form of these representations. When these repre-

sentations are infusedwith a sense of self and the ability tomentally time travel,

the result is a mental capacity that may be uniquely human. Self awareness and

other functions associated with the prefrontal cortex and executive control can

be integrated with the motivation to control; specifically, the motivation to

control is facilitated by the ability to mentally simulate potential future social

scenarios or changes in ecological conditions, and then to rehearse potential

responses to these situations. Oneway to deal with unpredictable situations is to

mentally generate potential variations of these conditions and then rehearse

behavioral strategies for controlling outcomes associated with each of these

variants. The brain and cognitive systems that have evolved to support

this function are the central executive component of working memory
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(i.e., attentional and inhibitory control), and a variety of regions of prefrontal

cortex, among others (see Geary, 2005).

Affective. Following Damasio (2003), affective mechanisms include emotions,

that is, observable behaviors (e.g., facial expressions or social withdrawal), and

feelings, that is, conscious representations of an emotional state or other con-

ditions that can potentially influence the individual’s wellbeing. Affective

mechanisms influence behavioral strategies. Emotions result in observable feed-

back to others and feelings provide unobservable feedback to the individual

(Campos, Campos, and Barrett, 1989). The latter is a useful indicator of the effec-

tiveness of control-related behavioral strategies and an indicator of the potential

benefits of a simulated behavior. Positive feelings provide reinforcement when

strategies are resulting in the achievement of significant goals, or at least a

reduction in the difference between the current and desired state, and negative

feelings provide punishment and promote disengagement when behaviors are

not resulting in this end (Gray, 1987). The supporting brain systems, such as the

amygdala (not shown in Figure 2.2), are predicted to function in part to amplify

attention to evolutionarily significant forms of information and produce emo-

tions, feelings, and corresponding behavioral biases that are likely to automati-

cally reproduce outcomes that have covaried with survival or reproduction

during hominid evolution (Damasio, 2003).

General fluid intelligence

My proposal is that research on Gf has identified the core cognitive

processes and brain systems that support the use of self-centered mental simu-

lations represented at the center of Figure 2.4. From this perspective, Gf evolved

as a result of the benefits associated with the ability to anticipate dynamic and

variable circumstances and to mentally construct and rehearse potential beha-

vioral responses to these circumstances (Geary, 2005). The ability to use these

mental simulations is dependent on the core components of Gf, that is, working

memory and attentional control and, as Cattell (1963) proposed, function to deal

with variation and novelty in social and ecological conditions. In other words, the

more than 100 years of empirical research on general intelligence has isolated

those features of self-centered mental models – the conscious-psychological and

cognitive components of the motivation to control (Figure 2.4) – that are not

strongly influenced by content and that enable explicit representations of sym-

bolic information in working memory and an attention-dependent ability to

manipulate this information in the service of strategic problem solving.

One important difference comparing research on Gf and my model involves

self awareness; this is a core feature of self-aware mental models but not an

aspect of Gf. The reason for the discrepancy lies in the initial development of

44 D. C. Geary



intelligence tests, that is, to predict school performance, not social functioning

or awareness of the self; see Geary (2007b, 2007c) for extension of the model

presented herein to learning in school. Although not a focus of the current

chapter, note that from the evolutionary perspective described here, Gc is

predicted to be composed of two general classes of knowledge. The first

includes information learned during an individual’s lifetime, as proposed by

Cattell (1963). The second includes inherent modular competencies and folk

knowledge.

Conclusion

Since the emergence of A. afarensis roughly 4 MYA, the hominid brain

has tripled in absolute size and in terms of EQ. Much of this change occurred

following the emergence of the genus Homo and the most substantial increases

occurred over the past several hundred thousand years. The selection pressures

that drove this comparatively rapid change in the human brain are vigorously

debated and include climatic variation (Ash and Gallup, 2007; Kanazawa 2004;

Vrba, 1995), the complexities of hunting and foraging in natural ecologies

(Kaplan et al., 2000), and social dynamics (Alexander, 1989; Dunbar, 1998;

Humphrey, 1976). There is evidence consistent with each of these proposals

and it may be that each class of pressure contributed to the evolution of the

human brain over the past 4 million years. The most interesting issue concerns

the particularly rapid and substantial increases in brain volume and EQ follow-

ing the emergence of H. erectus and continuing through to modern humans.

Alexander’s model of ecological dominance provides a framework for integrat-

ing various forms of selection pressure and for making inferences about when

the various pressures may have been most critical in driving human brain and

cognitive evolution. On the basis of this model, my colleagues and I have argued

that the complexity and dynamics of social competition and cooperationwithin

and between groups is likely to have been themost potent selection pressure for

human brain and cognitive evolution since the emergence of H. erectus (Flinn

et al., 2005; Geary, 2005; Bailey and Georg, 2009).

The combination of selection pressures and especially those related to social

competition can be integrated with psychological research using the “motiva-

tion to control” framework. Although I have not elaborated here, the folk

physical modules at the base of Figure 2.4 and described elsewhere are consis-

tent with the evolution of modularized brain and cognitive systems that enable

humans to conceptualize, construct, and use very complicated tools (Geary,

2005; see also Povinelli, 2000). These competencies are consistent with Kaplan

et al.’s (2000) focus on the relation between the complexities of hunting in
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natural ecologies and human brain evolution. The modular competencies are

also consistent with Alexander’s (1989) ecological dominance model. As noted,

the model also predicts the evolution of modularized folk psychological or

social-cognitive competencies that are uniquely human; these would include

language and theory of mind, among others (Geary, 2005).

Much of human behavior and cognition and perhaps all of that of most other

species can be accommodated by the fast, implicit functioning of such modular-

ized systems. Of course, different species are predicted to have evolved different

constellations ofmodules, butmost of these will be encompassed within the same

domains; specifically, for processing and responding to conspecifics (folk psycho-

logy), other species (folk biology), and the physical environment (folk physics). The

motivation-to-control model includes modules in these domains as well as

mechanisms that enable organisms to anticipate and cope with variation, novelty,

and change within their life span. The critical differences comparing humans to

other species appears to be in the ability of generate representations of the self in

working memory – self awareness – and to mentally time travel (Suddendorf and

Corballis, 1997; Tulving, 2002). The combination enables the generation of self-

centeredmentalmodels, that is, a conscious-psychological (explicit) representation

of past, present, or potential future situations that are of personal relevance.

Although climatic and ecological conditions can create variation and novelty

and thus may have contributed to the evolution of mental time travel and the

ability to form self-awaremental simulations of potential future states, themost

dynamic and variable conditions faced by most humans are those that arise

from the competing interests of other people. My proposal is that the evolved

function of these mental models is to generate a self-centered simulation of the

“perfect” world, one inwhich other people behave inways consistentwith one’s

best interest, and biological and physical resources are under one’s control. The

function of mental simulations is to create and rehearse strategies that can be

used to reduce the difference between this perfectworld and current conditions.

The cognitive systems that evolved to support the use of these self-centered

mental models are known as working memory and attentional control, that is,

the core cognitive components of general fluid intelligence.
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3

The role of a general cognitive factor in
the evolution of human intelligence

james j. lee

Introduction

The evolution of human intelligence is one of the outstanding problems

in the sciences of life and mind. It is a problem that so struck Alfred Russel

Wallace, the codiscoverer of natural selection, that he categorically ruled out

evolutionary hypotheses and invoked divine infusion as the source of higher

cognition in humans. This turn by Wallace has become a paradigmatic illustra-

tion of the difficulty and fascination that attends the scientific investigation into

the genesis of our extraordinary cognitive powers (Gould, 1980).

Although in many ways as daunted as their great predecessor, few psycho-

logists and human evolutionists today endorse Wallace’s solution. In the mod-

ern context the problem appears to pose two aspects with an as-yet uncertain

degree of interdependence. The first aspect addresses the species-universal

architecture of human cognition and its antecedents in more basal systems

(Pinker, 1997). The second aspect is concerned with quantitative differences

among individuals along dimensions of cognitive abilities and changes in the

distributions of the traits represented by these dimensions over the course of

evolutionary time. This second aspect, however, has been less well explored by

evolutionary psychologists and other workers concerned with the stated out-

standing problem. The aim of this chapter with respect to this underdevelop-

ment is twofold: (1) to propose possible resolutions to problematic issues that

may to some extent be responsible for this relative neglect, and (2) to discuss

future prospects for the integration of differential psychology into human

evolutionary studies.

We begin with some background to the domain-specific modularity as an over-

arching principle of evolutionary psychology. This is important because the

Foundations in Evolutionary Cognitive Neuroscience, ed. Steven M. Platek and Todd K. Shackelford.
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principle is often perceived to be incompatible with an important role in

human evolution for a general factor of cognitive abilities. By “general” we

mean that the latent trait represented by the factor is a source of variance

common to a wide array of conceptually distinguishable abilities. Such a

factor, often abbreviated as g, plays a central role in the taxonomies and

theories of many differential psychologists (Humphreys, 1994; Brand, 1996;

Jensen, 1998; Carroll, 2003). Given the abundant evidence for the importance

of the abilities measured by g-loaded IQ tests in diverse spheres of human

activity (Brand, 1987; Herrnstein and Murray, 1994; Murray, 1998; Gottfredson

and Deary, 2004), any incompatibility between the ecological significance of g

and the modularity principle would present an awkward difficulty. However,

as will be argued subsequently, such an incompatibility does not necessarily

follow from any conceptual or empirical considerations bearing on these two

types of theoretical constructs. We then critically discuss an argument some-

times made in the literature as to why a highly heritable trait such as g should

be of little interest to human evolutionists. It turns out that the relationship

between the high heritability of a quantitative trait and its evolutionary

history is not fully constrained a priori but rather remains open to empirical

investigation. Finally, we give a cursory review of some recent and prospective

empirical work of particular relevance to the study of a general cognitive

factor in an evolutionary context.

The relationship between domain-specific modules

and broad dimensions of individual differences

The notion of modularity employed in evolutionary psychology may

owe its roots to a now-famous book review by Chomsky (1959). In this review

Chomsky convincingly argued that Skinner’s (1957) minimal principles of

domain-general associative learning cannot support the rapid acquisition of

language that we observe in children. The natural alternative left by the

inadequacies of a purely environmentalist account is that children are

endowed with a “language acquisition device” dedicated to the tuning of

mental structures to the particularities of the languages spoken around

them. As an innate module devoted to a particular function, the language

faculty was arguably the first of its kind to be proposed in the modern era of

psychology. The notion of such a faculty as a special biological adaptation of

our species has since been integrated into a rich and fruitful research pro-

gram (Pinker, 1994).

The concept of modularity has permeated into psychology far beyond the

confines of language. In his influential book The Modularity of Mind, Fodor
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(1983) developed an abstract concept of modularity that is potentially applic-

able to any aspect of cognition. One distinguishing feature of Fodor’s account

is what he calls informational encapsulation. As an example of this principle,

Fodor points to the persistence of visual illusions such as the Müller–Lyer

effect despite the subject’s knowledge that the perceived disparity in line

length is in fact only perceived and not actual. This invariant illusoriness

suggests to Fodor that the lower levels of visual processing giving rise to the

illusion are sealed off from the part of the mind where the subject’s knowl-

edge of the world resides. Because of this visual circuit’s autonomy from other

parts of cognition, it meets an important criterion for a mental module.

Cognitive scientists have continued to debate the extent to which modules

must be encapsulated in order to qualify as such, but there is widespread

agreement that the respective outputs of distinct mental organs enjoy some

degree of autonomy from whatever else the subject perceives of this kind

more or less exhaust Fodor’s list of plausible candidates for modularity.

Memory, attention, reasoning, and the other central processes of cognition

that receive the outputs of these low-level circuits are thought by Fodor not to

possess the attributes of narrowness and independence that characterize true

modules.

Some evolutionary psychologists have rejected Fodor’s separation of

domain-general central functions from modularized perceptual processors

and proposed that a strongly modular architecture underlies even highly

complex thought processes and behaviors. The most well-known proponents

of this school are the evolutionary psychologists John Tooby and Leda

Cosmides. In their own words, “[e]volutionary psychologists expect a mind

packed with domain-specific, content-rich programs specialized for solving

ancestral problems” (Tooby and Cosmides, 2005, p. 42). Perhaps the starkest

contrast between these evolutionary psychologists and their predecessors lies

in the emphasis on content. Whereas Fodor mostly limits his account to

cognitive processes that operate over a given modality without regard to the

semantic nature of the input, Tooby and Cosmides carve up the mind into

specialized systems each devoted to a highly particular substantive domain.

One of their chief arguments in favor of this partition is an appeal to the

limited applicability of truly domain-general inference rules. For example,

content-free logic bars the inference Q implies P from the premise P implies Q,

as the permission of this inference would lead to invalid conclusions in many

applications. A case in point is the derivation of the erroneous statement “If

you are taller than most women, then you are a man” from the legitimate

premise “If you are a man, then you are taller than most women.” But

suppose that a particular logic is triggered only in the context of social
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exchange, where P and Q take on a restricted set of representations that

include BENEFIT, ENTITLEMENT, OBLIGATION, and the like. If the inference Q implies

P is derivable from the premise P implies Q in this logic, then the valid

conclusion “If you satisfy the requirement, then you are entitled to take the

benefit” is available from the given statement “If you take the benefit, then

you must satisfy the requirement.” The advantage of domain-specific infer-

ence systems of this kind is that their adaptation to the peculiarities of their

domain structures allows the generation of many valid deductions that are

unavailable to a domain-general reasoning mechanism, which is restricted to

the limited set of inference rules that hold across all interactions between the

organism and its environment. Tooby and Cosmides argue that the latter

constraint weighs against the viability of domain-general processes in high-

level cognition.

Much recent thought addressing the difficulty in conceptualizing the nature

of the trait undergoing evolution has been inspired by the synthetic work of

Tooby and Cosmides. It follows naturally from their writings that “intelligence”

is in fact a label for a constellation of distinct capacities with separable

mechanistic and evolutionary bases, each designed by natural selection in

response to a particular adaptive problem faced recurrently in the history of

the species. Such a view must inevitably interact in some interesting way with

any thesis emphasizing the importance of g in human evolution, and a few

commentators have offered the opinion that the interaction is in fact a nulli-

fication. Thus, we find statements in the literature from evolutionary psychol-

ogists to the effect that “general purpose notions such as the g factor for

intelligence are doomed to fail in the face of computational complexity”

(Raab and Gigerenzer, 2004, p. 196).

Our own exploration of the interaction between g and functional specializa-

tion begins with a somewhat idealized examination of the lay conception of

intelligence that is being implicitly criticized by evolutionary psychologists

such as Raab and Gigerenzer. This is because the construct of g can plausibly

be described as a formalization of a concept in folk psychology that has become

firmly entrenched in natural language. This formalization is well supported by

data that might conceivably have contradicted it, which shows that its place in

prescientific intuition is not wholly unfounded. Over the course of this exposi-

tion, we will attempt to show that a general factor of human cognitive abilities

conceptually survives the concept of modularity whose historical development

has been outlined above.

The word intelligence seems to embrace a quantitative dimension along

which individuals can be ranked (Bartholomew, 2004). Some people are judged
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to be “more intelligent” or “smarter” than others. Indeed, to the extent that

dictionaries are records of common usage, the Shorter Oxford Dictionary affirms

that intelligence is “understanding as a quality admitting of degree.” This

quantitative conception of intelligence is of ancient provenance. Characters in

the earliest exemplars of poetry, drama, and fiction are variously described as

clever or stupid, quick or slow, sharp or dull. What is the basis of these

informal rankings? In the Iliad and the Odyssey, Homer calls his hero Odysseus

“the great tactician,” “the master mariner,” “the shrewd captain,” and so on.

But we would not need these epithets to realize that Odysseus is distinguished

from the other heroes in a particular way. We would be able to infer this from a

sample of his behavior. When Odysseus and Diomedes make their nocturnal

foray into the Trojan camp, Odysseus has the foresight to drag the bodies of the

Trojans slain by Diomedes out of their escape path; he realizes that their stolen

horses are unaccustomed to battle and may shy away from blood. The ruse of

the gift horse that seals the doom of the Trojans is famously of Odysseus’

devising. Perhaps the most amusing of Odysseus’ ploys is a trick that “only

an intellectually challenged giant would fall for” (Mackintosh, 1998, p. 3).

When the Cyclops Polyphemus asks for his name, Odysseus replies,

“Nobody.” Later, when the other Cyclopes ask the blinded Polyphemus who

is responsible for his distress, Polyphemus answers, “Nobody.” The Cyclopes

retort that if nobody is bothering him, then he must need not their help, and so

they leave him unaided.

These are examples of Odysseus’s response to a “problem” that justifiably

counts as a “correct answer.” It is the novelty and diversity of these occasions

that defeats any attempt to explain this regularity in terms of distinct bits of

skill and knowledge more or less accidentally acquired. An unobserved

attribute of Odysseus is instead invoked, an attribute whose stability over

time accounts for the consistency of his behavioral emissions. Crucially,

because the domain of problems that tend to elicit the correct response

from an exceptional individual such as Odysseus is so wide, it is to first

order a single attribute that is invoked as differentiating all individuals. In

other words, the space of cognitive performances contains a clear dominant

dimension that serves us well in the data reduction that we intuitively

employ in the characterization of our fellows. Other dimensions also have

their place in natural language, as one might comprehensibly say, “I am not

at all mathematical” or “She is more spatial than I am.” However, as telling

as these occasional expansions of dimensionality may be, the implicit uni-

dimensional image in the language that scientists, lawyers, writers, intellec-

tual specialists more generally, and laypeople use to distinguish their
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outstanding individuals (smartest, most intelligent, most brilliant) retains its strik-

ing vividness and utility.

This bit of dim and untutored multivariate reasoning can explain why no

fourth-grader fails to understand the question, “Who is the smartest in your

class?” It may have also motivated the psychologist Charles Spearman when

he published his first results regarding factor analysis and g. Spearman’s

(1904) original data in support of his views may be rejected as inadequate by

most psychologists today. The essence of his methods and conclusions, how-

ever, have turned out to be remarkably robust. The term factor analysis

describes a family of methods for constructing or testing models where mea-

sured variables are hypothesized to be indicators of unobserved quantitative

variables called factors (McDonald, 1985). Suppose that the measured variables

are mental ability tests of individually homogenous content. There are an

infinite number of mental measurements that might conceivably be devised,

but it is assumed that they measure only a finite number of important factors.

The tests measure a subset of these factors and may vary in the sensitivity with

which a given factor is measured. If the scores on a test could be regressed on

the unobserved factor scores, the resulting regression coefficients would

represent the sensitivity of each test as a measure of the respective factors.

The regression coefficients in this model have come to be known as factor

loadings. Our factor analysis aims to uncover or confirm what factors are

measured by this set of ability tests and the degree to which each test is

“loaded” with each factor. The pattern of factor loadings that is recovered

from the data then implies a covariance matrix for the tests. For example, if

two tests are both strong measures of a particular factor, then their covariance

should be correspondingly large. The adequacy of the model can be tested by

examining the difference between the sample and model-implied covariance

matrices. If the data fit the model well, then the elements of the residual

matrix are interpretable as chance perturbations around zero. It is more or less

this methodology that was employed by Spearman to demonstrate the empiri-

cal discovery for which he is most famous: the consistency of mental test data

with the existence of g, a single dominant dimension in human cognitive

abilities.

We illustrate this finding with a subset of the data collected for Project

TALENT, an exemplarily massive longitudinal study including the administra-

tion of numerous ability tests to a representative sample of 400 000 American

high school students (Flanagan et al., 1962). Table 3.1 presents the correlation

matrix for seven of the Project TALENT tests. The small number of observed

variables in this example in no way affects the typicality of the result.
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Notice that in these data every element of the correlation matrix is positive

and often substantially so. This so-called positive manifold is one of the best-

replicated findings in all of psychology (Carroll, 1993). Note also the diversity

of abilities encompassed by the positive manifold; the tests cover domains of

verbal, numerical, and spatial content and call for both novel reasoning and

recall of previously acquired knowledge. “[These are] human cognitive abilities

that, in cognitive science terms, would be viewed as distinctmodules, with their

own operating characteristics and research agendas” (Deary, 2000, pp. 14, 16).

We see that the prominence of the positive manifold mandates a sophisti-

cated view of what is meant by “distinct.” But for now we might wonder

whether this prominence is consistent with a single factor accounting for

individual differences in this test battery. Are the correlations among the

tests compatible with each test being a better or worse indicator of one and

only one latent ability dimension? Such a single-factor model conforms to

Spearman’s original theory. It turns out that a fit of these data to a single-factor

model is extremely poor, as even the best-fitting parameters produce unaccep-

tably large residual correlations between tests of noticeably similar content.

Table 3.1 Correlation matrix of selected aptitude tests administered in Project TALENT

(1) (2) (3) (4) (5) (6)

(1) Vocabulary –

(2) Reading Comprehension 7117 –

(3) Introductory Mathematics 5827 5320 –

(4) Arithmetic Reasoning 5744 4962 6825 –

(5) Abstract Reasoning 5018 4463 5239 5359 –

(6) Mechanical Reasoning 5308 4414 4901 5192 5762 –

(7) 3D Visualization 4438 3793 4205 4203 5389 5885

Vocabulary: knowledge of word meanings

Reading Comprehension: understanding of written text covering a broad range of topics

Introductory Mathematics: all forms of mathematics taught through ninth grade

Arithmetic Reasoning: problems requiring arithmetic for their solution

Abstract Reasoning: induction of logical relationships in figural patterns

Mechanical Reasoning: deductions based on primitive mechanisms such as gears, pulleys, and

springs, and knowledge of common physical forces such as gravity

3D Visualization: identification of 2D figures after they have been folded into 3D figures

Note. These data from large sub-samples of male seniors, adjusted to ensure consistency among

the correlations, are taken from Shaycoft (1967). Decimals are omitted.
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We must invoke group factors that affect performance on only a subset of the

tests in the battery. This is a theoretically and practically important result:

the mental ability tests that have thus far been devised, with meaningful

relationships with important external biological and behavioral variables,

conform to a measurement model including a general factor common to all
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Figure 3.1 A path diagram of the factor model hypothesized to underlie the data in

Table 3.1. All factor loadings are standardized. The standardized root mean square

residual of 0.0098 indicates an excellent fit. An observed variable that is an indicator

of two or more latent factors is said to be factorially complex. For example, some of the

variance in Abstract Reasoning is attributable to the higher-order g factor and to both

of the residualized non-g sources (not depicted) contributing to the quantitative and

spatial factors. Although an exploratory analysis supports a path from the verbal

factor to Introductory Mathematics, this path can be deleted with negligible

deterioration of fit.

64 J. J. Lee



of them and several group factors each influencing a subset of somewhat

homogenous content.

We now present a model accommodating both general and group factors.

These data fit a three-factor model extremely well, and the strong correlations

among these factors support a hierarchical model in which the covariation

among the group factors follows from their common indication in turn of a

higher-order general factor corresponding to Spearman’s g. Figure 3.1 presents

the results of a confirmatory analysis in which this explicit structure has been

specified. Note how strongly the verbal, quantitative, and spatial factors load on

the higher-order general factor. It is possible to represent this factor model in a

manner that orthogonalizes the latent sources of variance, permitting a direct

inspection of their relative importance and whether the general factor is truly

dominant. Table 3.2 presents the orthogonalized factor loadings of the Project

TALENT ability tests. Note that g accounts for more of the variance in any given

test than do the group factors that the test measures in addition to g. In light of

this finding, it is in retrospect unsurprising that an implicit concept of unidi-

mensionality has come to underlie the informal understanding of ability differ-

ences that is both inherited fromprevious generations and recapitulated in each

one. Although many of the broad and narrow group factors are also indispen-

sable in substantive understanding and practical relevance (Lubinski, 2004), the

g factor is indeed the dominant dimension across the full range of individual

differences in human cognitive abilities.

At least one feature of Table 3.2 is worthy of extended further comment. The

fact that Vocabulary is the test with the highest g loading is not an idiosyncratic

feature of this particular test battery but rather a quite typical result (Sternberg,

1987; Jensen, 2001 ). This may seem like a point in favor of those skeptics who

Table 3.2 Orthogonalized factor pattern of selected aptitude tests administered in

Project TALENT

g Verbal Quantitative Spatial

Vocabulary 0.77 0.47 – –

Reading Comprehension 0.67 0.42 – –

Introductory Mathematics 0.74 0.06 0.34 –

Arithmetic Reasoning 0.75 – 0.40 –

Abstract Reasoning 0.66 – 0.11 0.31

Mechanical Reasoning 0.67 – – 0.47

3D Visualization 0.63 – – 0.41
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believe that mental ability tests measure primarily the degree of passive expo-

sure to the amenities of a privileged upbringing (Richardson, 1999). Such a

strong inference, however, would rely on a distortion of how people actually

learn the meanings of words. The acquisition of the knowledge that a sound

stands for a particular concept is an extraordinarily elaborate process that

requires, at a minimum, the capacity to represent the concept and then to

infer the sound-concept mapping from the fleeting and ambiguous data pre-

sented by the contexts in which the word is used. According to the first require-

ment, the capacity to form a rich and abstractive understanding of the world is

a prerequisite to the acquisition of an indefinitely expanding repertoire of

concepts – chunks of world knowledge – labeled by sounds.

Bloom (2000) spells out in detail how children might manage the second

requirement of assigning a word to its correct referent. According to our best

current understanding, this is an eminently rational process that does not in the

least resemble the associative learning of arbitrary stimulus pairs. The depen-

dence of word learning on a deeper substrate of cognition is supported by

studies in which Vocabulary has been the subscale of the Wechsler IQ battery

showing the most susceptibility to the deleterious effects of inbreeding depres-

sion and the greatest resemblance between parents and their adopted-away

offspring (Schull and Neel, 1965; Capron and Duyme, 1996). In light of the

evidence for the high heritability of g (Luo, Petrill, and Thompson, 1994;

Alarcón et al., 1999; Rijsdijk, Vernon, and Boomsma, 2002; Wainwright et al.,

2004; Johnson et al., 2007), the strong g loadings of vocabulary tests become not

an embarrassment to the construct validity of g but rather a point of convergence

between genetic and phenotypic evidence.

The nature of the relationship between the domain generality of individual

differences and the modularity paradigm of evolutionary psychology has been

our motivation behind this foray into psychometric principles and data, and we

should not allow our insight into the intellectual content and demands of word

learning to obscure the intrinsic interest that the high g loading of Vocabulary

holds for our inquiry. Some students of word learning hold that a dedicated

module applies domain-specific constraints and biases to this process

(Markman, 1992). Now recall that Tooby and Cosmides have set forth, as an

argument in favor of modularity, the gains offered by a divide-and-conquer

approach when a learner is faced with substantive domains that are susceptible

to varying sets of inference rules. Markman’s proposal is in line with this

reasoning. However, in the Project TALENT data, Vocabulary shows a large

loading on g that is nearly equal to the g loading of Arithmetic Reasoning, a

test of precisely the amodular and content-free inference rules of logic and

mathematics that should not be expected in the front lines of cognition. The
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contrast between Vocabulary and Abstract Reasoning is even starker, as the

latter is intended to rely as little as possible on any processes other than

the content-poor operations inherent in the analysis of figural patterns that

have no counterpart in the ecology of the examinees. Such tests are often

claimed to be especially good indicators of g. Yet their g loadings are typically

comparable to those of vocabulary tests and are often exceeded.

Words have been a recurring feature of the human environment for as long

as our lineage has been able to speak. Some form of the conceptual apparatus

underlying the semantics of language, a “language of thought” so to speak, is

no doubt even older. Researchers have proposed a variety of mechanisms,

some devoted in particular to word learning, by which humans are able to

label the bits of world knowledge assembled by the conceptual apparatus with

the acoustic tags that have been chosen by their linguistic communities. Yet,

however these mechanisms accomplish this formidable task, individual differ-

ences in their overall efficiency are largely along the same dimension that

underlies performance on tests that have been deliberately stripped of content

from any recurring substantive domain of human experience. This extremely

abstract quality is one feature of g contributing to its status as one of the most

mysterious constructs in the behavioral sciences. By “abstract,” to be clear, we

refer to the pervasive influence of g without any regard for the functional

boundaries of the mind set down by otherwise coherent bodies of investiga-

tion. We have seen that one reaction to this puzzling superposition has been a

denial of the importance of the positive manifold. Other authors have not

gone to this empirically untenable extreme, but nevertheless have felt a need

to propose resolutions to a perceived conflict between the construct of g and

the modular organization of cognition (Miller, 2000; Kanazawa, 2004; Geary,

2005).

A module devoted to computations in the domain of social exchanges is the

favorite didactic example of Tooby and Cosmides, and we employ it as well in

the development of our own proposed resolution. The existence of the module

posited by Tooby and Cosmides is supported by many persuasive items of

evidence, including a much higher pass rate when a reasoning problem is

presented in the context of a social contract rather than in a logically equivalent

symbolic format and the selective impairment of reasoning with respect to

social exchanges in one case of brain damage (Cosmides, 1989; Stone et al.,

2002). An interesting feature of these evidentiary items is that we can conduct

thought experiments where each item is gathered from a single subject. A lone

within-subject bivariate observation may be enough to find worsened perfor-

mance in a content-deprived task relative to its logical equivalent in the domain

of social contracts, and any expansion of the sample serves not a theoretical
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purpose but only the practical one of averaging out random perturbations.

Similarly, we can imagine a specific decline in reasoning with respect to social

exchanges as the sequel of brain damage deliberately inflicted on a single

individual in an unethical within-subject experiment. These examples show

that the architecture of cognition, including any functional subdivisions,

might in principle be inferable from observations of a single individual. Note,

however, that our exposition of g as a construct has repeatedly emphasized its

necessary outgrowth from observations of variation in a population. For instance,

the exceptionality of Odysseus would be imperceptible if not for the familiarity

of Homer and his audience with a wide range of individual differences in the

population. Likewise, a Martian differential psychologist would require two

specimens at a minimum to establish the plausibility of a single dimension

contributing to the variability in responses across an array of high-level cogni-

tive tasks.

We have identified a methodological difference between the cognitive scien-

tists whose aim is to discover “how the mind works” and those differential

psychologists whose goals have been to identify important dimensions of varia-

tion. Whereas the former might content themselves with a sample of N = 1, the

latter must seek N ≥ 2. If this methodological difference is in correspondence

with a substantive one, then the subject matters of these two disciplines might

be distinguishable. Jensen (2000) hasmade the case for a substantive dividemost

forcefully, and his essential point can be made through the analogy of the mind

to a manmade computer. Suppose that another Martian scientist, interested in

both the nature of the algorithms devised by an alien intelligence and the causes

of differences in performance among their machines, arrives on Earth and

procures a large sample of computers. Suppose also that for whatever reason

he has no access to the code implementing the programs installed on these

computers. By observing the behavior of a single computer carefully, however,

the Martian develops hypotheses regarding the algorithms underlying the com-

puter’s capabilities. For example, by taking note of run time as a function of

input size and incorporating whatever constraints are available from other

sources of evidence, he might rule out certain algorithms whose efficiencies

are incompatible with his observations. The ultimate success of this endeavor

would be to write code that perfectly reproduces the behavior of a computer

with respect to input-output relations and whatever can be inferred about

intermediate processes and data structures. Note that this is very roughly the

job description of the cognitive scientist. The subset of cognitive scientists who

are also evolutionary psychologists often employ selective forces plausibly at

work in humanprehistory to generate hypotheses regarding the algorithms that

constitute the mind.
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Now suppose that the Martian goes on to record differences in task perfor-

mance among the various computers. This differential setting reveals certain

phenomena that were not evident in the analysis of a single computer, namely

the strong positive correlations among the proficiencies with which the com-

puters perform the various tasks of which they are capable. For example, one

computer takes all night to process a particularly cumbersome batch of data,

and it turns out to suffer in addition from choppy animation of video files. At

this point theMartianmight be tempted to speculate that all of the diverse tasks

performed by the computers are in fact manifestations of a single general-

purpose program, thus attributing the positive manifold in his data to qualita-

tive variation in this program’s design. Just as the algorithms designed by

programming students of different skill levels to compute the binomial expan-

sion may vary by an order of magnitude in efficiency, the different versions of

the hypothesized general-purpose program may vary in overall performance

because of irregularities in abstract structural features. Of course, it is very likely

that such a speculation would be incorrect. The true explanation of the positive

manifold probably lies in the fact the different tasks must all be executed on

hardware with finite CPU clock speed and RAM capacity. As these processing

limitations necessarily affect all of the programs in common, they cause varia-

tion in the efficiencies of these programs to be correlated in the sample of

computers. On this hypothesis the sample may represent an archeological

record of progressive achievements on the part of the silicon industry.

Regardless, in locating the causes of the positive manifold in the properties

of hardware rather than algorithm design, the hypothesis appeals to a level of

explanation that does not necessarily intersect with the mechanistic innards of

the programs that execute whatever intelligent behavior any given computer

can support.

We are in a similar position to that of our fabled Martian scientist. The

ability factors hypothesized by differential psychologists do not necessarily

correspond to functional subdivisions of the mind, although they may turn

out to do so. The important group factors of verbal and spatial ability are

certainly natural candidates, and this accounts for part of their theoretical

appeal. But the logical point that the locus of the g factor may lie in an entirely

different level of the reductionist hierarchy than the internal structure of cogni-

tion shows that there is no necessary contradiction between domain-specific

modular processes and the domination of individual differences by a large

general factor. This point clearly emerges in the following comment on the

apparent preserved correlation between verbal and spatial abilities in women

with Turner’s syndrome, despite the dissociability of these abilities implied by

the specific impairment of the latter:

A general cognitive factor in the evolution of intelligence 69



Correlations between phenotypically different mental tests may arise,

not because of any causal connection among the mental elements

required for their correct solutions or because of the physical sharing of

neural tissue, but because each test in part requires the same “qualities”

of brain for successful performance. For example, the efficiency of

neural conduction or the extent of neural arborization may be

correlated in different parts of the brain because of a similar epigenetic

matrix, not because of concurrent functional overlap. (Willerman and

Bailey, 1987, p. 943).

For this reason the dismissive comments of Raab and Gigerenzer are wholly

unwarranted, and the speculations of other researchers attempting to contain

both phenomena within the same level of explanation may be superfluous. See

Borsboom and Dolan (2006 ) for criticism of Kanazawa (2004 ) that takes more or

less this line. In order to retain the advantages of both types of constructs in

explaining available data, it may be best to proceed with a heuristic suggestion

that has been made by Jensen:

[T]here is another reason why researchers in cognitive neuroscience have

generally paid so little attention to the g factor: the failure to recognize

the important distinction between the essential design features of the

brain … which show distinct modules and specific localization of

functions for various distinct cognitive functions, on the one hand, and

individual differences in the speed and efficiency with which these

functions operate … on the other. But I would argue that both of these

facets are proper subjectmatter for brain research. I suggest as a heuristic

hypothesis that the design features of the brain – its neural structures and

functions – that are necessary for the many distinct processes that enter

into information-processing, or intelligence … are essentially the same

for all biologically normal Homo sapiens, i.e., those free of chromosomal

and major gene anomalies or brain damage.

Correlated individual differences in the functioning of these various

information processes are a result of other quantitative biochemical

and physiological conditions in the brain, most of them highly

heritable, that are separate from the brain’s essential design features, or

“hard-wiring,” but are, as it were, superimposed on all of them in

common, and affect the overall speed and efficiency of their

functioning. (Chabris et al., 1998, pp. 20–21)

Interestingly, in response to this comment by Jensen, the AI pioneer John

McCarthy (2004 ) points out that “the situation in AI today is the reverse” of

70 J. J. Lee



Jensen’s proposal of design universality and quantitative differences as a first

approximation for humans. What Jensen speculates are “quantitative biochem-

ical and physiological conditions,” McCarthy places in correspondence with

“speed, short term memory, and the ability to form accurate and retrievable

long term memories.” The situation is reversed because manmade computers

“have plenty of speed and memory” and their limitations arise instead from the

sophistication of the “intellectual mechanisms that program designers under-

stand well enough to put in programs.” The apparently greater ease with which

quantitative hardware capacities can be advanced relative to “intellectual

mechanisms” demonstrates little definitively but is suggestive for reasons that

are discussed in the conclusion of this chapter.

In passing, we note that correct responses in both the abstract and social

versions of the Wason task are predicted by scores on the g-loaded SAT

(Stanovich and West, 2000). While the experimental manipulation produces a

change in the mean response, the g factor may contribute to individual differ-

ences in both conditions. This nicely illustrates the compatibility of narrow

domain-specific modules with broad dimensions of individual differences and

the need for both types of constructs.

The genetics and evolution of g

That “intelligence” has progressively increased in the primate lineage

leading to Homo sapiens is uncontroversial, despite the conceptual difficulties

discussed in the previous section regarding the nature of the trait that has

evolved. Moreover, it is certainly the case that narrow cognitive modules do

evolve to support rapid solutions to recurring problems in the ecology of a given

species. Perhaps an even more striking example in humans than social reason-

ing is face recognition (Kanwisher, 2000). Patients suffering from hereditary

prosopagnosia cannot recognize conspecifics by their facial features but are still

able to distinguish the two sexes, assess physical attractiveness, and recognize

emotional expressions (Kennerknecht et al., 2006). Evidence from pedigrees

indicates that the hereditary form of the disorder may be caused by a single

dominant allele. Such a narrow deficit resulting from the knockout of a single

gene in a critical pathway is striking because it suggests a hypermodular capa-

city shaped by natural selection to process a highly particular and ecologically

relevant class of inputs. The conjecture that selection has sculpted such a

capacity for the swift recognition of individuals by facial features seems very

natural given what we know about human ecology. Humans must calibrate

relations toward numerous conspecifics of varying relatedness and social stand-

ing (Hamilton, 1964; Trivers, 1971) and the fashioning of a dedicatedmodule for
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recognition by facial features seems a plausible means toward the adaptive end

of being able to make quick and effortless discriminations.

On the other hand, with players of only this kind, the stage of human cogni-

tion seems somewhat barren. Some of the capacities that seem most represen-

tative of advanced and distinctively human intellectual accomplishment,

including language comprehension and quantitative reasoning, are supported

by highly specializedmodules that have either evolved or been adapted for these

purposes (Pinker, 1994; Dehaene, 1997). But this statement is unsatisfying

because it neglects the fact that these accomplishments are most conspicuously

manifested in individuals with a high standing on the g factor. If the distribution

of gwere shifted substantially to the left, the doubtlessly profound consequences

would include the diminishment of literature, philosophy, science, and mathe-

matics. Towhat dowe owe the abundance of these fruits? The question as towhy

natural selection has favored a distinct behavioral phenotype can be a difficult

one. For now we augment existing theories within evolutionary psychology by

suggesting the mere fact of movement along a g-like dimension in human

cognitive evolution. The genotypic distribution of any trait is of course not

time-invariant. To the extent that some g-like construct can be extended beyond

Homo sapiens to its precursors and sister lineages, itmay be that selection-induced

rightward shifts in the genotypic distribution of g have contributed substantially

to the ascent of the great apes and ultimately our own species.

The dramatic expansion of brain size and the accelerating advance of cultural

innovation over the course of human evolution seem to present a prima facie case

that such a rightward shift has indeed occurred (Klein and Edgar, 2002). At this

point, however, we run into an apparent paradox posed by the high heritability

of g. See Table 3.3 for a summary of the evidence on this point from recent

studies where g-loaded IQ tests have been administered to adults or late adoles-

cents. Recall that the narrow-sense heritability of trait Y, denoted by h2 ¼ �2
A=�

2
Y , is

equivalent under certain conditions to the total variance in Y accounted for by

the linear regression of trait value on the number of enhancing alleles in the

genotype (Lynch and Walsh, 1998). The numerator of this fraction is called the

additive genetic variance. The data in Table 3.3 are consistent with a narrow-sense

heritability of 0.50 or greater, which stands out as a high value when compared

to estimated heritabilities of various traits in a wide variety of organisms

(Mousseau and Roff, 1987). The source of the aforementioned paradox is the

widespread assumption, often said to follow from Fisher’s Fundamental

Theorem of Natural Selection, that the genetic variation underlying traits

exposed to selection is inevitably consumed (Roff, 1997). From this assumption

it follows that a trait that has been important in the ecology and evolution of a

species should not show a high heritability.
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The argument along these lines against the importance of IQ (or, alterna-

tively, against the evidence for its heritability) was first clearly articulated by

Marcus Feldman and Richard Lewontin:

[A]s selection progresses, the additive genetic variance is “used up” so

that the h2N is decreased finally to zero, or nearly so. A consequence of [the

Fundamental Theorem] is that, if natural selection has long been in

operation on a character, the additive genetic variance for the character

Table 3.3 Familial correlations for IQ

Relationship Correlation SE Reference

Adoptive relatives

Adoptive father–adopted child 0.08 0.06 Loehlin et al. (1997)

Adoptive father–adopted child 0.11 0.08 Plomin et al. (1997)

Adoptive mother–adopted child −0.02 0.06 Loehlin et al. (1997)

Adoptive mother–adopted child −0.05 0.08 Plomin et al. (1997)

Unrelated adoptive siblings −0.02 0.12 Loehlin et al. (1997)

Unrelated adoptive siblings 0.07 0.09 Petrill et al. (2004)

Parent-offspring

Biological father–reared child 0.20 0.10 Loehlin et al. (1997)

Biological father–reared child 0.33 0.08 Plomin et al. (1997)

Biological mother–reared child 0.21 0.10 Loehlin et al. (1997)

Biological mother–reared child 0.28 0.08 Plomin et al. (1997)

Biological father–adopted-away child 0.33 0.16 Plomin et al. (1997)

Biological mother–adopted-away child 0.33 0.06 Loehlin et al. (1997)

Biological mother–adopted-away child 0.39 0.07 Plomin et al. (1997)

Ordinary full sibs and dizygotic twins

Full sibs reared together 0.33 0.18 Loehlin et al. (1997)

Full sibs reared together 0.22 0.10 Petrill et al. (2004)

Dizygotic twins reared together 0.46 0.07 McGue et al. (1993)

Dizygotic twins reared together 0.22 0.11 Pedersen et al. (1992)

Dizygotic twins reared together 0.30 0.09 Rijskijk et al. (2002)

Dizygotic twins reared apart 0.32 0.10 Pedersen et al. (1992)

Monozygotic twins

Monozygotic twins reared together 0.80 0.05 Pedersen et al. (1992)

Monozygotic twins reared together 0.85 0.03 Rijskijk et al. (2002)

Monozygotic twins reared apart 0.75 0.07 Bouchard et al. (1990)

Monozygotic twins reared apart 0.78 0.06 Pedersen et al. (1992)

Note. The correlations reported by Loehlin et al. (1997) from the Texas Adoption Project are

probably attenuated because of a ceiling effect in the Beta IQ test. Some individuals contribute

to more than one correlation from the same study.
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should be small, and the only genetic variance left should be nonadditive

(dominance and epistatic variance) …. [W]e would be forced to conclude

that whatever it is that IQ measures, it has not been under intense

selection for very long. (Feldman and Lewontin, 1975, p. 1167)

This argument concerning the selective depletion of genetic variance has

proven to be quite durable. Writing about heritable individual differences

in quantitative psychological traits more generally, Tooby and Cosmides

argue that

[h]eritable variation in a trait generally signals a lack of adaptive

significance. The longer selection has operated on a trait and the

more intensely it has operated, the less heritable variation is left.

Consequently, those traits that have high heritabilities will generally

be those traits that are not adaptations, although they may interact in

interesting ways with adaptations. Therefore, behavior geneticists

tend to be studying phenomena that are not themselves adaptations

(however interesting they may be for other reasons) …. Those

interested in studying complex psychological adaptations should be

most interested in design features that are inherited, but not

heritable. (Tooby and Cosmides, 2005, pp. 39–40)

This theme has become an important thread in the articulate and influential

writings of Tooby and Cosmides. In the latest broad statement of their views,

they write that

selection, interacting with sexual recombination, tends to impose at

the genetic level near uniformity in the functional design of our

complex neurocomputational machinery … Thus, our important

functional machinery tends to be universal at the genetic level, and

the heritability statistic associated with this machinery will be close

to zero (because there is little variation between individuals caused

by genes). In contrast, whenever a mutation fails to make a

functional difference, selection will not act on it, and such minor

variants can build up at the locus until there is substantial genetic

variability for the trait. Hence, its heritability statistic will be high

(because most variation between individuals is caused by variation in

genes). For this reason, genetic variability is commonly nonadaptive

or maladaptive evolutionary noise: neutral variants, negative

mutations on their way to being eliminated, and so on. (Tooby and

Cosmides, 2005, pp. 39–40)
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For these reasons they conclude that “human characteristics that vary due to

genetic differences … are unlikely to be evolved adaptations central to human

nature” (Tooby and Cosmides, 2005, p. 39).

It has been argued that traits that are highly complex or closely related to

fitness in fact show higher levels of genetic variance, which implies that any

tendency toward low heritabilities is caused by higher levels of residual or

environmental variance (Houle, 1992). However, this view only seems to lend

aid to the argument against the evolutionary importance of g, as the question

then becomes why the genetic variance in this trait should be so large as to

dominate the residual variance in such an atypical manner.

The argument in one form or another seems to have been accepted to some

extent even by commentators sympathetic to the notion that the abilities

measured by IQ tests have been of adaptive value. Instead of taking the seem-

ingly abundant genetic variability in whatever IQ measures as evidence for the

irrelevance of the tests, however, the theoretical biologist William Hamilton

viewed this variability as a true evolutionary puzzle: “[I]t is a little hard to see

why we are not all selected to the upper limit” (Hamilton, 2001, p. 492).

We now present a counterargument showing that in fact the high herit-

ability of any trait per se cannot be used to rule out its potential evolutionary

importance. From our perspective the high heritability of g may be precisely

because of its positive covariance with fitness over so much of hominid history.

Of course, it is necessarily true that upon fixation of all favorable alleles the

genetic variance in any trait becomes zero. But the contribution of any given

locus to the genetic variance only declines once the frequency of the enhan-

cing allele passes 0.5 (if gene action is purely additive). Before that point the

contribution of the locus to the genetic variance actually increases because of

symmetry about 0.5 in the genetic variance as a function of allele frequency.

The prediction by Feldman and others that the heritability of any trait corre-

lated with fitness should have steadily dwindled until the present day relies

implicitly on the assumption that all enhancing alleles have passed from

moderate to high frequency. But suppose that the assumption is false.

Suppose instead that the reduction in the genetic variance attributable to

the increase in frequency of enhancing alleles from moderate to high has

been outweighed by new genetic variance attributable to novel variants or

the increase in frequency of enhancing alleles from rare to moderate in the

standing variation. Then the heritability of the trait should have steadily

increased until the present day. A bias in the genetic architecture of this kind

may even be plausible given two known trends in recent human evolutionary

history: (1) the introgression of adaptive alleles from archaic Homo lineages,
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and (2) an exponential increase in population size (Hawks and Cochran, 2006;

Hawks et al., 2007). The first mechanism allows the introduction of many more

adaptive variants than can arise within a comparable time span by mutation

alone for a given population size, while the second increases the number of

adaptive mutants that appear per generation in linear fashion. Under direc-

tional selection these variants are more likely to avoid absorption by the bound-

ary of frequency zero and increasingly contribute to the genetic variance as

they become common. These processes biasing the genetic architecture

toward initially rare or absent favorable variants increasing in frequency

may well make the high heritability of g observed today consistent with a

history of intense directional selection.

We now present a somewhat more general framework for this notion. Tooby

and Cosmides explicitly state that a trait that has been selectively neutral should

today exhibit a high heritability, and this is indeed correct. Consider a trait with

a purely additive genetic basis in a population with a constant effective size Ne.

Each generation a fraction 1/2Ne of the genetic variance is lost by drift, while

new variance in the amount �2
m is introduced by mutation. The quantity

�2
m � 2�n

i¼1uiEða2i Þ, where i = 1, …, n indexes the loci and ui denotes the mutation

rate at the ith locus, is themutational variance. For the additive genetic variance in

generation t, this gives us the simple recursion equation

�2AðtÞ ¼ 1� 1
2Ne

� �
�2
Aðt� 1Þ þ �2

m; (3:1)

which has the solution

�2AðtÞ � 2Ne�
2
m þ �2Að0Þ � 2Ne�

2
m

� �
e�t=2Ne : (3:2)

Thus, the equilibrium additive genetic variance for a neutral quantitative trait

with a purely additive basis is simply

~�2
AðNÞ � 2Ne�

2
m (3:3)

(Lynch and Hill, 1986). It turns out that this expression is not much affected by

dominance. If the base population is completely homozygous, then the time to

50% of the equilibrium variance is about 1.4Ne generations. Since �
2
Að0Þ is usually

not zero, equilibrium can be reached quite rapidly. The equilibrium heritability

of a neutral trait is thus

~h
2ðNÞ � 2Neh2m

2Neh2m þ 1
; (3:4)

where h2m ¼ �2
m=�

2
E is the mutational heritability. One can think of this latter

quantity as the heritability of a trait in an initially isogamous line after one
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generation of mutation. Empirically estimated values of h2m tend to fall between

10−3 and 10−2 (Lynch and Walsh, 1998). The long-term effective population size

of Homo sapiens is approximately 104 (Jobling, Hurles, and Tyler-Smith, 2004),

and for such populations it can be seen that nearly all of the phenotypic varia-

tion in neutral traits is expected to be genetic. Some plausibly neutral traits in

humans, such as fingerprint ridge count, do exhibit heritabilities approaching

unity (Holt, 1968). The fact that the heritabilities of most other traits do not

approach this magnitude suggests that strict neutrality is exceptional.

Can directional selection produce a heritability less than unity but still as

large as that of the g factor? Suppose that a potentially trait-affecting locus is

initially fixed for allele B. If the census population size is N, then the frequency

of a new mutant B´ is 1/2N. Suppose that BB´ and B´B´ are augmented in pheno-

typic value by a(1 + k) and 2a, respectively, relative to BB. Let p(a,k) denote the

joint density function of these mutant effects. Also, let π(p0, a, k) denote the

probability of fixation for an allele at frequency p0 and with effects a and k

relative to the ancestral allele. The expected contribution from a new mutant

initially present in one copy to the total increase in the directionally selected

trait over time is thus 2a · π(1/2N, a, k) – the increment in the mean trait value

given the fixation of the new allele times its probability of fixation.

Anotherway to put it is that if B´ is not absorbed by the boundary of frequency

zero, then it will eventually increase the mean trait value in the population by

2a. The asymptotic selection response per generation can then be idealized as

the homozygote effect of a mutant times its probability of fixation, summed

over all mutants that appear in a generation. Let l ¼ �n
i¼1 ui equal the gametic

mutation rate. Since 2Nλ new mutants appear in each generation, the asympto-

tic selection response is thus

~R ¼ 2NlE 2a � p 1
2N

; a; k
� �� �

¼ 2Nl
Z Z

2a � p 1
2N

; a; k
� �

pða; kÞdadk:
(3:5)

We require the distribution p(a, k) in order to predict the expected asymptotic

selection response. This distribution is known for very few traits and organisms.

Nevertheless, it is possible to gain some insight into this expression for the

expected asymptotic rate by using some simple approximations.

Consider the case where all new mutants are nearly additive (k ≈ 0). This

assumption is empirically and theoretically defensible for alleles of small

effect (Simmons and Crow, 1977; Kacser and Burns, 1981). Again, in the case

of additive mutants, �2
m ¼ 2lEða2Þ. We know that the probability of fixation for

a favored mutant initially present in one copy is π(1/2N) ≈ 2(s + r)(Ne/N) for
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2Nes>1, where r is the rate of population growth and s is the selective

advantage of the heterozygote over the ancestral homozygote (Haldane,

1927; Kimura, 1964; Otto and Whitlock, 1997). For the sake of simplicity,

assume that the population is constant in size (r = 0). For the case where

2Nes ≤ 1, we have π(1/2N) ≈ 1/2N +Nes/N (Robertson, 1960). For an enhancing

additive mutant at a quantitative trait locus (QTL), the selection coefficient is

s ≈ ia/σY, where i is the standardized differential S/σY between the mean in

generation t and the mean of the parents of generation t+ 1 (Kimura and

Crow, 1978). As an increase in the additive genetic variance from one to

three times the residual variance only increases the phenotypic standard

deviation σY by 40%, the distortion introduced by keeping σY constant is

tolerable. Making the appropriate substitutions, we find that the asymptotic

selection response per generation becomes

~R � 4Nei�2
m

�YEða2Þ
Z 1

�Y=2Nei
a2pðaÞdaþ 1

2

Z �Y=2Nei

0
a2pðaÞda

 !
þ 2l

Z �Y=2Nei

0
apðaÞda

(3:6)

(Hill, 1982). We have already assumed that alleles with a depressing effect on

the trait have a negligible probability of fixation. We would like to make

more assumptions so that this rather opaque expression can be simplified

further. One possible assumption is that most of the selection response is

attributable to alleles of large effect – “large” depending in this context on

the product of population size and the selection coefficient. If this product

exceeds unity by a fair margin, then we can neglect the second term inside

the parentheses and the last term overall on the right side of Equation (3.6)

to obtain

~R � 4Nei�2
m

�Y

Eþða2Þ
Eða2Þ with Eþða2Þ ¼

Z 1

0
a2pðaÞda: (3:7)

We can find the equilibrium additive genetic variance from this expression

using the Breeder’s Equation, which says that the selection response in any

generation is given by

R ¼ h2S ¼ �2
A

i
�Y

(3:8)

(Lynch and Walsh, 1998). Thus,

~�2
AðSÞ ¼ 4Ne�

2
m� with � ¼ Eþða2Þ

Eða2Þ (3:9)

and
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~h
2ðSÞ ¼ 4Neh2m�

4Neh2m�þ 1
(3:10)

(Hill and Keightley, 1988). κ can be interpreted more generally as the fraction

of the mutational variance appearing each generation that is useable for

adaptation. Surprisingly, above a certain threshold, the equilibrium heritabil-

ity under directional selection does not depend on the strength of selection. It

turns out that the selection intensity cancels in the following way. Suppose

that selection is very strong. Then a common enhancing allele might be

rapidly fixed and no longer contribute to the genetic variance. But then a

rare enhancing variant is brought to moderate frequency just as rapidly and

replenishes the lost variance. If selection is weak, then a smaller quantity of

genetic variance is traded between the alleles heading toward fixation and

those departing from the boundary of frequency zero, and the total genetic

variance remains unchanged.

If p(a) is such that favorable and unfavorable mutants are equally probable,

then E+(a2) = E(a2)/2 and the equilibrium heritability reduces to

~h
2 ¼ 2Neh2m

2Neh2m þ 1
(3:11)

Amazingly, this is the same equilibrium heritability as under complete neutral-

ity. Somehow, in changing fitness regimes from neutrality to directional selec-

tion, the inability of trait-depressing mutants to contribute to the genetic

variance is exactly canceled by the increased fixation probability of trait-

enhancing mutants to leave the equilibrium genetic variance unchanged. The

total genetic variance then comes to depend only on the amount of variance

generated, which in turn depends on population size.

Keep in mind that the equivalence of neutrality and directional selection

assumes equal probability mass on either side of zero for the mutational

distribution p(a). Some traits, such as bristle number in Drosophila, do seem

to satisfy this assumption (Lyman, Lawrence, Nuzhdin, and Mackay, 1996).

However, boosting the performance of a complex information-processing

device like the brain, even if such performance is unevenly correlated with

fitness across time and place, seems much more like the optimization of

fitness itself than like a relatively simple morphological change such as

moving bristle number up or down. For this reason it is probable that

κ<0.5. But note that even if κ = 0.01, setting Ne to 104 and h2m to 0.005 produces

an equilibrium heritability of roughly 0.67. Also, one might conjecture that

weak directional selection in the limit produces the high equilibrium herit-

ability expected under neutrality.
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The presented derivations in the cases of neutrality and directional selection

have merely scratched the surface of the complex literature devoted to the

maintenance of genetic variation in quantitative traits. It may be that stabilizing

selection in favor of an intermediate value somewhere between the extremes of

the phenotypic distribution is a more plausible null model for most traits.

However, accounting for even the moderate heritabilities typically observed in

nature or in the laboratory is a challenge for available models of stabilizing

selection, which attribute standing variation to a balance between new variants

introduced by mutation and selection against these variants (Johnson and

Barton, 2005).

Our argument has led us to the following conclusion: under a simple model

of directional selection where mutation is allowed to contribute to the genetic

variance, the equilibrium heritability increases unboundedly with population

size. Now consider some quantitative traits in domesticated species with large

population sizes. The mean egg weight in chickens is twice as much as in the

jungle fowl from which they are descended, yet heritability estimates of

chicken egg weight range from 0.50 to 0.70 (Kerje et al., 2003; Zhang et al.,

2005). Domesticated rice plants possess both much larger grains than their

wild relatives and estimated heritabilities of grain weight ranging from 0.70

to 0.90 (Ahn, 1992; Takeda, 1990; Li et al., 1997). So high heritabilities do

cooccur with known histories of very strong directional selection. However,

counterexamples also abound, which suggests that the underlying biology of

many traits is complex enough that the population-genetic parameters

invoked so far cannot adequately predict their heritabilities. For example, it

might be that h2m� can decline over time as the space of possible improved

genomes for the organism becomes saturated. A limitation of this kind has

obviously not prevented our shrewlike ancestor from producing the blue

whales among its progeny. But on shorter time scales, especially for a more

complex optimization, there may be lulls where the organism must wait for

sufficient alteration of its genetic background or environment to allow the

appearance of new enhancing mutants that are unencumbered by deleterious

pleiotropic effects. We find it interesting that arguments of this kind are

rather plausibly countered in the particular case of g. The brain is an extra-

ordinarily complex organ that draws on a large portion of the genome for its

development and maintenance. Indeed, a recent report indicates that approxi-

mately 80% of mouse genes display some cellular expression above back-

ground in the brain (Lein et al., 2007). This large mutational target implies

numerous possible quantitative modifications of the brain’s performance,

which translates in turn to a minimally decaying h2m�.
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In summary, there is reason to believe that directional selection can some-

times act as a force to increase genetic variation. This may be especially the case

in a population that has been disturbed from its equilibrium as a result of

introgression or an exponential increase in numbers. In the final chapter of

his treatise The Mathematical Theory of Selection, Recombination, and Mutation,

Reinhard Bürger discusses some models of directional selection, including

models of stabilizing selection with a moving optimum, and also concludes

that such selection can be a mechanism tending to increase genetic variability.

In the final paragraph of the book, he writes:

Most models designed for explaining the amount of quantitative

variation assume that populations are close to equilibrium. However, is

this assumption justified? Given the many frequent changes which

have continuously occurred in our biosphere, in particular, the rapid

and frequent climate changes, it is likely that populations often

experience directional selection. During such a period, a substantial

increase in genetic variation may occur if there is a sustained supply of

favorable mutations (Section 7). (Bürger, 2000, p. 344).

Brain size has increased substantially in the human lineage; IQ is phenotypically

and genetically correlated with brain size today; the g factor, the dominant

dimension underlying performance on IQ tests, is the most heritable quantita-

tive psychological trait; IQ is the single best predictor of success in the complex

mercantile and technological society which has been steadily accreting since

early in human prehistory (Striedter, 2005; Posthuma et al., 2002; Bouchard and

McGue, 2003; Gottfredson, 2003, 2007). It would be terribly unsatisfying if these

facts happened to be strung together by coincidence. We conjecture that direc-

tional selection for increased g in the human lineage is responsible for the high

heritability of this trait. This proposed solution has a pleasing simplicity to it,

and demonstrating its truth would provide a neat illustration of a potentially

important evolutionary principle. Far from showing this trait to be a diverting

oddity, the substantial heritability of g may justify greater attention to its

possible role in human evolution.

Empirical prospects

Although some of our arguments for bringing g and other ability con-

structs within the fold of human evolutionary studies may dependmuch on the

reader’s willingness to acknowledge points of plausibility and reasonableness,
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we believe that empirical validation of many aspects is much closer than might

be immediately apparent.

IQ tests were certainly not designed to measure any anatomical or physio-

logical variables. Moreover, as becomes clear in the review by Matthews,

Deary, and Whiteman (2003), there is no guarantee that a psychological trait

will show any easily replicable neural correlates. The causal basis of the

relevant variation may reside in extremely fine neural microfeatures beyond

the relatively low degree of resolution offered by current brain assays.

Nevertheless, IQ does show many correlations with rather gross features of

the brain that have been reported in multiple studies. See Chabris (2007) and

Jung and Haier (2007) for thorough reviews. These multiply replicated neural

correlates include overall brain volume, levels of the brain metabolite

N-acetylaspartate (NAA), and coherence of white matter fibers as measured

by diffusion tensor imaging (DTI).

Of course, correlations do not necessarily imply functional or causal rela-

tionships, and efforts to rule out spurious sources of the correlations between

IQ and these brain variables have scarcely begun. One powerful method that

eliminates many possible confounds is to examine the correlation between

two traits within families. As an illustration, take IQ and height. Both traits

are highly valued in our society, leading men and women to combine them

with other traits in an index of desirability used to evaluate potential mates.

Alleles that enhance IQ and height thus tend to be sorted together into

the same families, leading to a correlation between these two variables in

the population. But this correlation appears to arise entirely as a result of the

gametic disequilibrium among loci affecting IQ and height induced by the cross-

assortative mating just described. As the correlation becomes drastically atte-

nuated within families, with the higher-IQ sibling showing little or no

tendency to be taller, there seems in general to be no functional relationship

between these two variables (Jensen and Sinha, 1993). It is admittedly difficult

to imagine that confounds of this kind are what link IQ to its various neural

correlates. In the absence of compelling alternative explanations, the pre-

sumption that a replicated correlation between IQ and a brain variable repre-

sents a functional or causal relationship may well be warranted. It should

remain a high priority for future studies, however, to determine whether

these correlations hold true within families. If the kind of severe deflation

observed for the IQ–height correlation occurs for any of these brain variables,

then its status as a possible causal basis of g becomes highly questionable. In

contrast, a robust within-family correlation justifies an intensive research

effort to dissect the likely mechanistic basis of the relationship.
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Of the various correlations referred to above, the most replicated is that

between IQ and brain volume. The moderate magnitude of this positive

correlation, ranging between 0.30 and 0.40, has been established in dozens

of studies collectively enrolling over a thousand subjects (McDaniel, 2005).

This correlation is not mediated by overall body size. Efforts to establish a

within-family component of the correlation, however, have collectively failed

to establish either its presence or absence with much confidence (Jensen and

Johnson, 1994; Schoenemann, Budinger, Sarich, and Wang, 2000; Gignac,

Vernon, and Wickett, 2003). The much larger samples in the one study by

Jensen and Johnson showing a robust within-family correlation between IQ

and head circumference (a crude proxy of brain volume) relates to one

imaging study by Schoenemann and colleagues showing no correlation

does favor the positive result. Combining this pattern with the sheer size

of the correlation and the current absence of any plausible competing expla-

nation, we find it more likely than not that the correlation between IQ and

brain volume is intrinsic and thus representative of a causal relationship.

Obviously, more studies with large samples of sib pairs need to be conducted

in order to resolve this issue and others that are raised by the puzzling

heterogeneity of results relating to sex moderation, particular brain regions,

factorial composition, and other aspects of the relationship between IQ and

brain volume.

Greater psychometric sophistication might go some way toward resolving

these issues in future studies of the neural correlates of IQ that employ such

large samples. Structural equation modeling (SEM) is a generalization of Wright’s

(1921) method of path analysis in that the nodes in the diagram of causal

relations may stand for either observed variables or latent factors. See

Loehlin (2004) for a valuable reference. SEM allows hypotheses specifying

the causal influences of various neural variables on particular ability factors

such as g to be tested for compatibility with data. In an interesting proposed

explanation for the positive manifold. Van der Maas et al. (2006) state that the

failure to find a neural or cognitive variable that is perfectly correlated with g

should count as evidence against its construct validity. Given the numerous

correlates of IQ with some plausible claim to causal antecedency, a more

reasonable criterion for construct validation might be for a causal path in

an SEM from a brain variable to g. Data supporting such a model is consistent

with a vector of effects on ability tests that is colinear with their g loadings. It

is admittedly difficult, however, to conceive of any quantitative dimension of

a system as complex as the central nervous system that might correspond this

neatly to a high-level abstraction of behavior such as the g factor. But effects
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of brain volume and NAA levels on diverse indicators of g have indeed been

reported (Wickett, Vernon, and Lee, 2000; MacLullich et al., 2002; Jung et al.,

2005; Colom, Jung, and Haier, 2006), which tends to support our weaker

position attributing the mere fact of substantial correlations among cognitive

abilities to diffuse and low-level properties of the neural substrate. Whatever

the outcome of studies properly designed to test models of causal relation-

ships between ability factors and their neural correlates, further theoretical

psychometric work might be desired to conceptualize the potentially complex

and many-to-many mapping between abstractive psychological attributes and

their causal bases in the brain.

Once a functional or causal relationship between g and a neural correlate

has been firmly established, we can examine the pattern of evolutionary

change in this variable implied by extant variation in the primate order and

the extent to which this variation tracks an appropriate measure of cognitive

abilities. It happens that the question as to what constitutes such a measure

has long bedeviled comparative psychology. An interesting approach to this

issue, has recently been undertaken by the evolutionary psychologist Robert

Deaner, the primatologist Carel van Schaik, and the statistician Valen

Johnson. This team compiled 30 different reports comparing the cognitive

abilities of different primate genera and performed a meta-analysis encom-

passing the performance of 24 such genera on nine distinct cognitive para-

digms (Johnson, Deaner, and van Schaik, 2002; Deaner, van Schaik, and

Johnson, 2006).

If the disqualification of a domain-general dimension were indeed the

corollary of the principle that cognitive abilities are narrowly tuned to spe-

cific adaptive problems that have arisen in the evolutionary history of a

lineage, then it would be surprising to find that the performance of a primate

taxon on one cognitive task is strongly predictive of its performance on many

others. Yet this is precisely what Deaner and his colleagues found. The

authors examined the posterior distributions for the gi and si,l(j) and found

that the observed rank orders across experiments can be efficiently captured

by the ranks of the genera along the postulated single dimension of domain-

general ability. The values for the gi are so predictive that the full model

described by Equation (3.12) is barely distinguishable from a reduced model

with no paradigm-genus specificities. To put it more simply, we have another

positive manifold: a primate genus with a high rank in one experiment or

paradigm tends to have high ranks in all of them. The phylogenetic pattern in

the results is just as striking. The more recently a genus shares common

ancestry with man, the higher its rank on the general factor tends to be. In

the words of van Schaik,
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When we examined the ranking, it looked as though we had set the

clock back half a century or more: great apes emerged as smarter than

monkeys, who in turn outperformed lemurs and lorises (prosimians).

What professional psychologists had spent decades denouncing as

preconceived notions based on a deeply ingrained cultural bias known

as the Scala Naturae or Great Chain of Being emerges vindicated. (van

Schaik, 2004, p. 130).

The domain generality and predictive power of this primate general factor

gives it some passing resemblance to human g. Indeed, some of the paradigms

serving as indicators of this factor appear to tap g in humans. Tool use,

reversal learning, and oddity problems all distinguish between older and

younger children, between subjects of normal IQ and the mentally retarded,

and the problems within these paradigms preserve their rank order of diffi-

culty regardless of the species to which they are administered (Viaud, 1960).

These points add up to a simple hypothesis: the g factor of cognitive abilities

within the human species and the general factor posited by Deaner’s group

both arise from a set of quantitative properties of the brain whose genotypic

distributions have shown a rightward evolutionary trend in the lineage lead-

ing to Homo sapiens.

Suppose that the general factor among nonhuman primates does indeed

correspond roughly to g itself. What might then be the quantitative neural

variables subserving this factor? It is here that verification of the functional or

causal status of the neural correlates of IQ becomes critical. For instance, if

greater brain size does indeed support higher levels of g, it is then reasonable to

suppose that a correlation between brain size and rank on the general factor

might hold across the primate order. Lee (2007) reported a rank-order correla-

tion of 0.909 between the general factor and executive brain ratio (EBR), which is

the sum of the volumes of the neocortex and striatum divided by the sum of the

volumes of themesencephalon andmedulla oblongata. Regrettably, the correla-

tions given by Lee are not quite precise because of a failure to account for their

possible artifactual inflation by phylogenetic inertia. If an ancestral taxon hap-

pens to exhibit high standings on two variables for whatever reason, then this

association can persist in its descendant lineages even in the absence of a

functional or causal relationship. A proper analysis by Deaner et al. (2007),

however, has confirmed that brain size is indeed strongly correlated with the

general factor.

Given the great promise of these results, their replication and extension

should become a priority for researchers with the relevant expertise. New

data should be fitted to the model, including data on genera and paradigms
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not included in the meta-analysis. Further investigation and refinement may

lead to a revision of ability rank order leading to a stronger phylogenetic

signal and a higher correlation with brain size. If brain size is truly a causal

determinant of the g-like factor, then it is not unreasonable to expect an

ecological correlation between these two variables approaching unity. It

should be kept in mind, however, that there may be spurious reasons for

any given taxon to rank similarly in comparisons of performance on distinct

behavioral measures. Perhaps a confluence of distinct selection pressures

have sculpted narrow proficiencies in both domains such that the taxon

does well in each. If the primate general factor is to be construed as a quasi-

unitary emergent property of the brain, then the putative indicators of the

factor should show positive loadings within a given species as well as among

distinct taxa. Moreover, as does human g, it should emerge in comparisons

within biological sibships (Jensen, 1980; Nagoshi, Phillips, and Johnson, 1987).

Unfortunately, the frequency of tied ranks in the data analyzed by Deaner and

his colleagues indicate that the tasks employed are rather coarse indicators

that may not always discriminate well within a species. The demonstration of

within-species correlations among cognitive tasks thus demands the expertise

of investigators whose familiarity with a model organism will allow them to

devise tasks with adequate psychometric properties for that organism. We

know of at least one laboratory with the requisite expertise that is currently

conducting a multivariate differential study of a primate species. We expect

that the results of their study will be available by the time this book goes to

press.

Similar studies of non-primate taxa should also prove fruitful, as the same

variation in neural parameters giving rise to a general factor in humans and

other primates may also cause individual differences within the cognitive

repertoires of nonprimates to be positively correlated. Jensen (1998, pp. 148,

163–165) reviews earlier studies of rodents, and the novel research program

with laboratory mice described by Galsworthy et al. (2005 ) offers much promise.

A cumulative body of positive findings in this vein would prove extremely

convenient in that it would justify the use of rodents as model organisms in

the search for satisfyingmechanistic explanations of the relationship between g

and its functional neural correlates.

The emphasis thus far in this section on neural correlates is motivated by

the fact that these correlates are empirically well-established. A reconstruc-

tion of evolutionary trends in these correlates from extant variation across

taxa would thus provide evidence that something akin to the latent traits now

measured by IQ tests has been evolving over time. It follows from this

rationale that we might also employ the actual genetic variants contributing
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to differences in cognitive abilities in support of this posited evolutionary

trend. Even though evidence of associations between IQ and genetic variants

is scanty at present, this approach may be even more compelling to an

evolutionist than the study of the intermediate bases of ability factors in the

brain because of the obvious centrality of genetics to evolution. We can

imagine an abstract chain of genome sequences, each encoding a distinct

neural phenotype, each separated from its neighbors by a single discrete

step, which binds together the first creature that might be said to have

possessed a mind at all – the possession amounting, perhaps, to little more

than an enlarged ganglion intervening between sensory and motor channels –

to “man noble in reason, infinite in faculty, in apprehension like a god.” This

image captures a trivial truth that is nevertheless astonishing, and it should

inspire efforts toward the ambitious goal of reconstructing at least some links

in this chain.

The first step in this endeavor is the discovery of replicable associations

between the relevant genotypes and phenotypes. Such associations have been

more difficult to come by in the case of mental ability factors than initially

anticipated, and convincing results are few (Plomin, Kennedy, and Craig, 2006).

This is a problem that can be overcome by brute force. It has now been amply

demonstrated that sufficiently dense genome coverage and large sample sizes

can uncover reliable genotype-phenotype associations (Easton et al., 2007;

Weedon et al., 2007; Scott et al., 2007). No association study of IQ or any non-

pathological behavioral trait has approached the genome coverage or sample

sizes employed in these studies. Researchers pursuing the genetic basis of

cognitive abilities may have no choice but to scale up their efforts and expendi-

tures to the point of supporting multicenter genome-wide association studies

individually genotyping many thousands of subjects.

Once a large number of true causal associations between g and genetic loci

are secured, many important evolutionary inferences become possible. If the

methodological developments necessary to measure within-species behavioral

differences with sufficient accuracy are in fact made, then we can expect to

discover whether polymorphisms in the same genes influencing cognitive

abilities in humans also do so in other species. Support for the importance

of a g-like construct in evolution would grow with the breadth of both the

abilities influenced and the taxa in which the influences are operative. See

Sabeti et al. (2006) for a review of more sophisticated methods for detecting

natural selection from genetic data. The one drawback of most of these

methods for our purposes, however, is that they are capable of detecting

only strong selection. Recalling that the expression for the selection coeffi-

cient experienced by a favored allele at a QTL is s ≈ ia/σY, we see that these
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coefficients should tend to be very small for any trait with an extensive

polygenic basis. We conjecture that a multilocus approach, making use of

several genes causally associated with the trait, is feasible for the detection

of directional selection for a phenotype determined primarily by many loci of

small effect. By comparing sequence data from several loci determining a

quantitative trait to some theoretical null model of multilocus sequence evo-

lution under stabilizing selection or neutrality, it may be possible to reject a

hypothesis that the distribution of the trait has been either stationary or

drifting randomly. For example, although the putative selection signature of

any given enhancing variant may not stand out from the neutral expectation,

those of all enhancing variants may clearly come from some distribution other

than the null. Another genomic feature of relevance to testing the hypothesis

may include the balance of derived and ancestral alleles among enhancing

variants.

This problem of detecting directional selection for a trait whose genetic

architecture approximates the infinitesimal model should become an urgent

research priority. Its resolution may allow us the most direct possible glimpse

at an evolutionary rise in the general factor as a thread running throughout the

tapestry of primate cognitive evolution.

Conclusion

We now present some ruminations that unify the two otherwise dis-

tinct issues that have been covered in this chapter: (1) the compatibility of gwith

a modular structure of cognition, and (2) the implications of the high heritabil-

ity of g for its evolutionary history.

To our knowledge there are no theories positing innate qualitative differ-

ences in cognitive function among normal members of our species – despite

the profound differences of some type that we do in fact observe. If the

differences recorded by IQ tests indeed represent essentially quantitative

variation in a species-universal qualitative design, then the observation that

so much of the variance in g appears to be accounted for by the additive

effects of alleles becomes less surprising. Whereas we might expect allelic

variation in qualitative design features of cognition to result in substantial

nonadditive epistasis for whatever individual differences may exist in overall

function, the largely additive nature of the genetic variance in g is tentatively

consistent with many loci of small and cumulative effects on quantitative

aspects of neural “wetware.” On this argument the high narrow-sense herit-

ability of g is potentially relevant to both its evolutionary history and an

important aspect of its underlying biology. Perhaps this separation of g from
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the abstract design of cognition already falls naturally out of our proposal of a

dominant dimension of cognitive abilities increasing in its mean over tens of

millions of years. If it is truly “one thing” in some sense that has increased

over this entire time, then it is hard to see what it might be other than some

amalgam of quantitative neural variables of the kind just described. Our

suggestions regarding the relationship of g to the design features of the

mind and the consistency of a high heritability with past directional selection

are thus complementary.

We are cognizant of the warning by the great differential psychologist

Cyril Burt that the explanation with the appearance of greatest simplicity –

or, at any rate, posing such an appearance to its advocate – is very likely to

be wrong in a science with as complex a subject matter as human behavior

(Burt, 1940). Of course, at the time Burt had no access to the powerful

conceptual tools that have since become available to psychologists (Pinker,

1997). But the fate of the g factor in an overall framework of cognition

(regardless of whether this fate is destined to be banishment, our own

proposal, or something else entirely) seems to depend ultimately on more

powerful empirical methods and models of neural computation than now

exist. For this reason it is probable that Burt would not withdraw his admoni-

tion with respect to this issue. However, if the arguments given here have

weakened the apparent a-priori considerations against including the g factor

among the phenomena to be encompassed by a complete account of human

cognitive evolution, then this chapter will have succeeded in its avowedly

negative goals.
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4

Where there is an adaptation, there
is a domain: The form-function fit
in information processing

h. clark barrett

Introduction

The study of domain specificity is the study of the fit between the

properties of information processing systems and the properties of information

that they process. Critical to this enterprise is the fact that information proces-

sing systems do not process information randomly. This gives rise to an inevi-

table relationship: every information processing system does something

systematic with information, and that, in turn, delineates a domain. The ques-

tion of what kind of information a system operates on therefore depends

critically on what it does with that information, which in turn depends on its

function. This is a version of the idea of “form-function fit” in biology, applied

specifically to the realm of information processing, and it is the central tenet of

the study of domain specificity as I will define it here.

The rest is in the details. Those details, however, are so critically important in

any given case that theymake the central tenet almost useless by itself. It is true

that mechanisms entail domains. However, nothing follows specifically from

this fact about howmany adaptations themindmust contain “how specialized”

they must be. The answers to those questions depend on particular details of

evolutionary history. However, when knowledge of that history is combined

with principles of cognitive engineering, the central principle of domain speci-

ficity is a powerful tool for the empirical exploration of mind design. The rest of

the chapter will be devoted to explaining this principle, showing how it man-

ifests in actual cognitive architecture, and exploring how it can be used as a tool

for research.
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The processes that shape organismic architecture

A fundamental fact about evolution is that it is a historical process.

“Historical” does not refer to history in the sense that historians use the word

butmeans, at its simplest, that events in evolution are dependent on events that

came before. For example, it is a basic fact about natural selection that it can

only operate on variation that is present in a population. This might be part of

the explanation for why we don’t have X-ray vision: no variant of that kind

has arisen in evolutionary history, so there was nothing for natural selection to

act upon.

More broadly, the historicity of the evolutionary process means that the

present state of an organism (like any present physical state) depends on an

infinite number of prior events and processes, including but not limited to

natural selection. Therefore we, like any organism, have an indefinite number

of properties that are due to “accidents,” events that were random with respect

to the designing process of selection. And a large number of properties of any

species exist because of events (selective or not) that happened long before the

origin of that species. Our having four limbs is such a property.

There are many processes, then, that shape the course of evolutionary his-

tory. Only one process, however, is a designing process: natural selection. This is

the only process that systematically produces phenotypes, or architectures, that

are better designed1 with respect to fitness than the phenotypes that existed

prior to its operation. Other processes contribute to and shape the variation that

natural selection acts upon, but do not themselves cause design to evolve. For

example, mutation introduces variation into populations – and must therefore

be part of the explanation for what exists – but does not systematically intro-

duce better variants.

This means that there are many features of organisms, including features of

cognitive architecture, that we would not want to invoke selection to explain.

But, importantly, all aspects of information processing that exhibit design

(that process information in a systematic, functional, goal-directed manner)

are either adaptations, parts of adaptations, comprised of adaptations, or the

result of adaptations. For example, aspects of the phenotype that are due to

learning or adaptive plasticity, such as the ability to play chess, fall into the

latter category.

It is important, then, to be clear that when we see information processing

that is systematic and well-designed, we are looking at the product of an

adaptation. However, this does not answer the question of what adaptation is

responsible. We might see, for example, well-organized processing of informa-

tion about chess, but this does not mandate that the adaptation involved is an
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adaptation for chess. To answer the question of what underlying adaptation or

adaptations are involved – and what their domain is – we must go deeper into

questions of design and the relationship between information-processing

design and information structure.

Adaptations imply domains

The central principle of domain specificity is that adaptations imply

domains. This is true in two conceptually distinct ways and it is important to

distinguish between them, though they will both turn out to be important for a

complete understanding of domain specificity.

The first sense is that all adaptations are adaptations to something.We should

be careful in framing this statement in a proper causal/historical sense, to avoid

overly naive interpretations about what an adaptation is “for.” Natural selection

is a systematic sampling process that involves a large number of events, or

design tests. Each of these tests is an interaction between the design, as it

currently is, and the environment. The design is put into the environment,

like a test vehicle into a wind tunnel, and has a particular amount of success

(paid out in the currency of fitness: reproductive success). This success depends

on how well the design performs in the environment, which depends on its

design features, or relevant properties, interacting with the particulars of the

environment in the individual test. Crucially, only some of the properties of the

testing environment impact the performance of the tested design, through

interaction with it. For example, the density of air in a wind tunnel can affect

how well a particular wing design performs.

The fitness results of each of these tests are added up over time, and the result

is the outcome of natural selection. The resulting design, then, is adapted to a

particular set of circumstances, namely, those properties of the test environ-

ments, statistically summed, that shaped the eventual design. If we designed

airplanewings usingwind tunnels that had an average air density and speed, for

example, we could say that the resulting wings were adapted to air, and in

particular, to air of that density and speed (or a statistical distribution around

it). This is one meaning of the statement that every adaptation has a domain:

every adaptation is tailored to a particular set of circumstances and not others.

In this sense, for example, the domain of a dolphin’s fin includes certain proper-

ties of seawater. It does not include tree branches, and does not include all

properties of seawater (for example, seawater’s light-reflecting properties

might not have influenced the evolution of fin shape). Note that the domain,

in this sense, is intimately related to, but not the same as, the fin’s function,

namely, propelling the dolphin through seawater.2
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There is a second related, but causally much different, sense in which every

adaptation entails a domain. The first sense of domain defined domains in a

causal-historical sense, by referring to the set of circumstances that shaped

design. The second sense of domain defines it in terms of present properties.

This is because the current properties of any object determine how it will

interact with the environment, and in the specific case of information-proces-

sing mechanisms, the properties of the mechanism determine how it will

interact with information, and what kind of information it can interact with.

Some of this will be due to how information is routed to the mechanism by

the brain, and some of this will be due to features of the mechanism itself

that determine what information it accepts. Barrett (2005) defined these two

different ways that information can be selected for processing as access

specificity and processing specificity, respectively. For example, auditory

mechanisms presumably process auditory information and not other kinds

of information at least in part because this information is selectively routed to

them by the hearing system (access specificity). But it can also be the case that

some mechanisms are selectively sensitive to, or perhaps only capable of

processing, information of a certain kind, even when exposed to many

kinds (processing specificity). One can imagine, for example, a mechanism

that is exposed to all kinds of auditory information, but is only sensitive to

information that has certain properties that are characteristic of speech.

Marcus, Fernandes, and Johnson (2007), for example, have found evidence

for a mechanism in infants that detects statistical regularities in sound pat-

terns, but only when they learn those patterns from speech and not, for

example, sequences of musical tones.

It is not difficult to see how the same physical properties of a mechanism

that cause it to perform its computations also determine what it will and won’t

process. A coin-sorting machine computes in a causally transparent fashion,

using a system of chutes and holes of different sizes. Because of how it sorts

coins, the sorter can’t sort oranges or footballs, and indeed, won’t even accept

them. A property that is less often noticed is that it will also “carry through”

certain information without changing it (Barrett, 2005). For example, if it is

designed to sort dimes from nickels by size, it might treat dimes the same as

similarly sized non-dime objects, such as dime-sized washers or coins from

another country. In other words, it does not discriminate between dimes and

pseudo-dimes: the outputs with regard to dimes and pseudo-dimes are

unchanged from the inputs. In this very important sense, the sorter has not

processed the dime vs. pseudo-dime information at all. It is as if the mechanism

wasn’t there. In a precise technical sense, the dime/pseudo-dime distinction is

not within its domain.3
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The important point here is that the nature of the information the mec-

hanism processes is a direct consequence of how it does its computations,

“… computations – it is determined by the causal properties of the machinery

involved – and …” and this is true of any mechanism of any kind. This is the

second, important meaning of the statement that every mechanism inevitably

has a domain.

Proper vs. actual domains

The two senses of domain described above map closely onto what is

perhaps the most important distinction to be made in understanding domain

specificity: the distinction between proper and actual domains (Sperber, 1994).

The proper domain of an evolved mechanism is the domain of information

that the mechanism was designed, by selection, to process. For example, there is

evidence for amechanism in the visual systemdesigned to detect snakes (Öhman,

Flykt, and Esteves, 2001). The proper domain of this mechanism is snakes, and

this maps onto the first, causal-historical, sense of domains described above.4

The actual domain of an evolved mechanism is the domain of information

that the mechanism will actually process. This maps onto the second sense of

domain described above, the domain delineated by the physical properties of

the mechanism. When the properties of information cause that information to

be processed by a mechanism – whether or not that information is of a type the

mechanism was designed to process – it is said to satisfy the mechanism’s input

conditions. The design features of a mechanism entail that it will process some

kinds of information that it was not designed to process. This is an inevitable

consequence of the causal nature of computational devices: their actual

domains will be broader than their proper domains.

For example, a coin sorter might sort nickels from dime-sized washers even

though it wasn’t designed to deal with dime-sizedwashers. In the case of a snake

detectionmechanism, itmight be triggered by objects that sufficiently resemble

snakes; for example, horses are commonly startled by objects such as twisted

branches or garden hoses. The fact that the actual domain of a mechanism is

broader than its proper domain will inevitably result in phenomena such as

false positives, as in the snake/garden hose case. If these mistakes impact

fitness, then selection will begin to tune the parameters of the mechanism

(Haselton and Buss, 2000). However, every mechanism entails a class of poten-

tial stimuli that it would process, but that have not yet been encountered by

selection.

The distinction between proper and actual domains is of critical importance

in discussions about what a mechanism is “for.” In some debates about domain
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specificity these two meanings have been conflated (is a coin sorter for sorting

coins, or for discriminating between discs of diameter X and diameter Y?), and

this has resulted in unnecessary confusion.

Content domains and formal domains

Sometimes domain specificity is defined as specialization to deal with

particular information “content” (e.g., see Hirschfeld and Gelman, 1994). The

word “content” itself is typically not defined, but it often refers, roughly, to the

“meaning” of the information, what it is “about,” or what category of thing in

the world it pertains to. For example, mechanisms designed to handle informa-

tion about faces (Kanwisher, McDermott, and Chun, 1997), mental states (Baron-

Cohen, 1995; Leslie, 1994), and social contracts (Cosmides, 1989) are often given

as paradigm cases of domain-specific mechanisms.

From the strict functionalist/computational view I am advocating here, how-

ever, “content,” in the sense I have glossed above, is invisible to anymechanism.

Mechanisms simply operate causally, on the properties of information pre-

sented to them, and do not know what it is about. As described above, the

process of natural selection engineers the properties of mechanisms so that

they are sensitive to features of information that impacted fitness in past

environments. Some mechanisms become tailored to particular “content”

domains in the way we think of them, for example, faces, or animals, or food.

However, “tailored to” has a very specific meaning here: the mechanism might

have a perceptual interface that causes it to reliably pick out items of a particular

category, such as faces or food, but it still must use some formal property to do

so (e.g., a particular configuration of features in the case of faces; Morton and

Johnson, 1991). If we had a complete causal account of the actual domain of any

mechanism, it would be specified in terms of formal properties, not content.

A metaphor might be useful here. A person who designs a coin sorter might

design it to sort nickels from dimes. The “content” that it is designed for is

therefore nickels and dimes, and not dime-sized washers. A human observer

who uses the device to sort coins knows this too. But does the coin sorter itself

“know” that it is designed for coins? Of course not. And this has a functional

manifestation: because it can’t distinguish dimes from pseudo-dimes, it will

treat them the sameway, as a consequence of its computational design features.

So facts about the “content” that the machine was designed for are historical

facts about the designing process, not properties of the machine itself. The

resulting machine bears an imprint of the content it was designed to process,

in the form of design features that leverage or exploit features of the proper

domain, coins. But these leveraged features are, andmust be, formal properties.
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This is not to say that evolved mechanisms cannot be extremely precise at

picking out particular types of thing in the world. There is evidence, for exam-

ple, that the face recognition mechanism is very successful at picking out just

faces, even when presented with stimuli that are similar to faces on various

formal dimensions (Duchaine et al., 2006). This suggests that it is using some

combination of formal properties in a way that we have not yet fully discovered.

But even the simple case of the coin sorter, which uses only size and shape,

illustrates an important point about the form-function fit between evolved

formal input conditions and the properties of real-world “content” domains.

This fit is a “leveraging” relationship in which the input conditions are tuned so

that they select the right information when the current environment is suffi-

ciently similar to the historical environment along the right dimensions. Some

dimensions, and some information properties, mattermore than others. In fact,

two general principles can be inferred from the way input conditions are

shaped.

First, dimensions of variation that were not important in fitness terms, or

that did not exist, in ancestral environments are often invisible to the mechan-

ism. For example, if dime-sized washers were sufficiently common in environ-

ments where coin sorters might be deployed – such as vending machines – one

might expect engineers to design some mechanism for excluding them. If they

are not common, however, then the dime/washer distinction is not engineered

into the system.

Second, if in historical environments multiple types of information were

available that the mechanism could leverage to do its job, and if these types of

information were in some way redundant, the mechanism might evolve to use

an efficient subset of the available information. This follows from the fact that

evolution entails tradeoffs, and if use of lots of information involves costs that

are not offset by corresponding fitness benefits, less information will be used

(Gigerenzer and Todd, 1999). For example, our coin sorter uses a simple heur-

istic, size, to discriminate between coins, and ignores other properties. It turns

out that another property – which President’s face is on the coin – is 100%

correlated with the size difference between nickels and dimes, but this informa-

tion is not only entirely redundant, it is harder to engineer a system to detect it

than to simply detect diameter.

The fact that evolved mechanisms use formal properties that have been

tuned by selection to leverage features of their proper domain matters for

how evolved mechanisms actually operate, and for how we interpret data

about them. Consider, for example, mechanisms for kin detection in humans.

There is evidence that such mechanisms exist, and that they use coresidence

during childhood as a cue to “detect” genetic relatives (Fessler and Navarrete,
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2004; Lieberman, Tooby, and Cosmides, 2007).5 I use “detect” in quotes here

because this design feature is thought to leverage a property of ancestral envir-

onments, namely, that children tended to live with genetic relatives. Using

coresidence as a cue is a good bet – it was a valid cue to kinship in ancestral

environments. The kinship detection mechanism, in turn, causes certain

changes in disposition with regard to detected kin: for example, it causes

them to become unappealing as sexual partners (Wolf, 1995). There are two

important points that follow from the fact that the mechanism uses formal

properties and not “content” in the sense of actual kinship. The first is that the

mechanism canmakemistakes: sexual attraction is also downregulated towards

coresiding non-kin (technically, a fitnessmistake, since the device is designed to

exclude kin only). The second is that the mechanism does not “know” that it is

about kinship, and the individuals whose behavior it regulates need not know

this either.

Are there domain-general adaptations?

In discussions of domain specificity, questions often arise about the

relationship between domain-specific and domain-general adaptations. Do

domain-general adaptations exist? If so, how much of the mind is domain

specific, and how much is domain general?

The answer depends on what definition of domain one is using. By “domain

general,” most psychologists are referring tomechanisms that can be applied to

a wide range of problems. In this sense, domain-general adaptations clearly

exist, and the mind is therefore a mixture of domain-specific and domain-

general mechanisms. However, even on this construal of domain generality,

the question of just “how specialized” or “how generalized” the mind is overall

is an empirical question that we still don’t have the answer to, because the work

of discovering and describing all of the mind’s mechanisms is not yet done.

I have advocated a view of domain specificity according to which all mechan-

isms have a proper domain, by virtue of their evolutionary history, and an actual

domain, by virtue of the information processing properties they have. In this

sense, all evolved mechanisms are domain specific. This usage differs from

conventional usage by psychologists, for two reasons: first, as I have stressed,

mechanisms do not possess domains to varying degrees; and second, the notion

that “narrowness” of domains can be arrayed along a single dimension is

misleading.

How do we reconcile the formal definition of domains I have proposed, in

which every mechanism has a domain, with the observation that some adapta-

tions seem to be more narrowly “targeted” than others? In doing so it is
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important to be clear about a key distinction: the distinction between the

breadth of information for which a mechanism might be deployed, and the fit

between the properties of the information and the nature of the processing. One

mechanism might use a wider “breadth” of possible information than another,

on some criterion, but this does not necessarilymean that the onemechanism is

less specialized than the other. To take just one example, a camera that can film

in both visible and infrared light is not necessarily less specialized than one that

can only film in visible light, though its domain is broader.

The evolution of traits always entails tradeoffs. As described above, natural

selection is a kind of titration or tuning process that selects between available

designs based on their different fitness effects. In information processing and

the regulation of behavior, particular kinds of tradeoffs will be involved depend-

ing on the function of the mechanism. For example, in problems of signal

detection, there will be tradeoffs involved in tuning the parameters of the

mechanism to minimize different types of error. Decreasing one type of error

will result in increasing others. The balance that is selected will depend on the

fitness effects of these different types of error (Haselton and Buss, 2000).

Similarly, evolutionists often speak of tradeoffs between specialization and

generalization. Broadly, being a generalist means that more problems can be

handled, but particular problems are usually handled less well than specialists

tailored to each problem could handle them.

Given such tradeoffs, what determines where the break-even point of fitness

will lie, along the specialization-generalization continuum? Clearly, it depends

on the details of the case. But one can imagine various general principles. For

example, if there is a common solution that holds across a range of problem

types, it is possible for amechanism to evolve that implements the solution, but

that does not have, as part of its proper domain, something that distinguishes

between the different problem types to which it applies. It would, however, still

need to have properties that cause it to detect the class of problems where it

applies.

There are a variety of information-processing solutions that have been pro-

posed that solve problems that are specific in nature, but that hold across a

variety of problem types. There are learning algorithms, for example, thatmight

have broad applicability. Gallistel and Gibbon (2000), for example, proposed

that many learning problems in behavioral decision-making that were thought

to be solved by an associative learningmechanismmight actually be solved by a

more computationally specialized time series learning algorithm. Gigerenzer,

Todd, and colleagues (Gigerenzer and Todd,1999; Gigerenzer and Goldstein,

1996) have proposed a variety of decision-making heuristics or algorithms,

such as “Take The Best,” which depend on the cue structure of information
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that might hold widely across many information types (in the case of Take The

Best, noncompensatory cue structures; Gigerenzer and Goldstein, 1996).

Suchmechanisms are “domain general” in the sense that they can be applied

across many information types. They also seem to disregard “content” in the

intuitive sense, because they can handle information that is “about” a wide

range of things. But these mechanisms are specialized, have algorithms that are

precisely tailored to handle a specific information-processing problem, and do

have both proper and actual domains. If Take The Best is an evolvedmechanism,

for example, then there was a set of evolutionary circumstances, all of which

involved non-compensatory cue structures, that caused the mechanism to

evolve. Its procedures are tailored to the structure of its proper domain, namely,

non-compensatory cue structures. And if it is actually deployed in cognition, it

must have an actual domain: there must be some set of properties that deter-

mine when it will be applied and when it will not be.

The nature of specialization, then, is heterogeneous. Different adaptations

are specialized in differentways, some ofwhich cause them to deal with “broad”

swaths of information, and others narrower, depending on what kinds of prob-

lems they are designed to solve. However, it is a mistake to think of specializa-

tion vs. generalization as a single dimension along which mechanisms can be

arrayed. Think of the organs of the body: heart, kidney, liver, spleen, lungs are

all specialized, but it is difficult to say which has a “broader” or “narrower”

domain. Is pumping blood narrower or broader than detoxifying it? Problem

space has high dimensionality, and the dimensions of specialization of different

systems are often orthogonal rather than overlapping. Only when there is a

shared dimension does it really make sense, conceptually, to talk about broader

or narrower domains.

As Barrett and Kurzban (2006) have argued, once the domain of a mechanism

or systemhas been properly defined in formal terms, debates aboutwhether it is

“domain specific” or “domain general” become moot. Edge detectors in the

visual system have the domain of visual edges, and speech parsers in the

auditory system have the domain of language features in the speech signal.

There is no reasonwhyweneed to try to line up these apples and oranges along a

single dimension of specificity/generality.

On the issue of domain-general mechanisms there is one final distinction

that is of critical importance: the distinction between domain-general mechan-

isms and domain-general principles. It is important to remember that the concept

of domains as evolutionary psychologists use it applies to evolved information-

processing mechanisms, not just “psychological phenomena” in general. There

may be elements of information-processing design – for example, information-

processing principles – that are shared across systems, without being the same
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mechanism per se. For example, many processes, such as visual processes, motor

control, and inductive learning and reasoning, may use some form of Bayesian

updating (Körding and Wolpert, 2006; Tenenbaum, Griffiths, and Kemp, 2006;

Yuille and Kersten, 2006). However, this does not mean that there is a single

Bayesian “mechanism” that operates across these domains. Rather, Bayesian

updating could be a principle or solution that has been engineered intomultiple

systems. If we called Bayesian updating “domain general,” then we would want

to be clear that we do not mean it in the sense of a domain-general mechanism.

Reconciling flexibility with domain specificity

Living things are clearly flexible, in a biologically relevant way. Not only

do they do different things depending on the circumstances, but the things they

do in a particular circumstance are often better suited to that circumstance, in

fitness terms, than what they might have done in other circumstances. It has

been argued that humans, in particular, aremasters of flexibility, and that there

are features of our brains that make us more flexible than any other organism.

It is sometimes held that domain specificity is incompatible with flexibility.

Sometimes this is even framed as a kind of tradeoff: to the degree that an

organism or mechanism is specialized, then it is inflexible to that same degree.

Hopefully it is clear by now that on the view of domain specificity I have

described here, this does not follow. To take a simple example, even a mechan-

ism that has been selected for flexibility as a main part of its design, such as a

learning algorithm, can only succeed if its information processing features are

tailored to the learning problem at hand (e.g., time series learning, Bayesian

updating). Beyond that, however, flexibility of some kind or other is part of the

solution to almost every adaptive problem, from foraging to finding mates to

learning language, and so there will be few evolved mechanisms that do not

have flexibility as part of their design. Finally, it is the case that mechanisms

that have not been selected “for” flexibility per se will nevertheless inevitably

have a degree of flexibility that is afforded by their design features and the

nature of their proper domain.

In discussions of flexibility it is important to keep in mind that flexibility is

not a “thing.” It is not like a substance that mechanisms can possess to varying

degrees. Instead, it is a property that is afforded by the design features of a

mechanism, and can be afforded in many different ways. For example, the

Take The Best algorithm is “flexible” in just the same sense that it is domain

general: it can be deployed across a wide range of information types, as long as

they have noncompensatory cue structure (Gigerenzer and Goldstein, 1996). A

learning algorithm, such as a Bayesian updating algorithm, is flexible in the
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sense that it is designed to modify the weights on some other, decision-making

algorithm in a systematic way. Finally, even a classic domain-specific mechan-

ism like the mechanism that determines diet breadth in foraging has flexibility

as an intrinsic part of its design in the sense that it must learn particular

parameters such as caloric value of specific foods and their encounter rates in

the environment (Stephens and Krebs, 1986).6 In each of these cases, flexibility

comes as a result of how the mechanism is designed. This is always the case:

flexibility in the biologically relevant sense, e.g., fitness-promoting as opposed

to fitness-random flexibility, can only be the result of design features that have

been shaped by natural selection. There are many kinds of flexibility, each

tailored to a particular kind of problem, even if the problem is very “broad,”

such as learning time series (Gallistel and Gibbon, 2000).

An important question is how evolved mechanisms can deal with “novel”

stimuli. In its most relevant sense, this means stimuli that have not been

encountered over evolutionary time.

Here wemust revisit the concept of a proper domain, and of the relationship

between a mechanism’s design features (and, therefore, its actual domain) and

its proper domain. Recall that strictly speaking, the proper domain of amechan-

ism is never a type or class of stimuli or events, but rather, a historical set of

circumstances that shaped the mechanism. To make this clear, we might say

that the proper domain of a face recognition mechanism is faces, but we should

remember that any particular face that the mechanism handles, now, is, tech-

nically, evolutionarily novel. GeorgeW. Bush’s face, for example, is unique, and

did not exist prior to his birth. When recognizing Bush’s face, then, my face

recognition system is handling an evolutionarily novel stimulus. In fact, all

stimuli that my brain handles are evolutionarily novel. If my brain is composed

entirely of mechanisms that evolved in past environments, how is this possible?

The answer, which is the general answer to how all adaptive flexibility is

possible, is that there were regularities in the structure of past environments

which continue to be true today. Face recognitionmechanisms evolved because

human faces existed in ancestral environments and there was a fitness advan-

tage in being able to distinguish between them. A system evolved with at least

two properties: first, it leveraged the common features of faces to be able to detect

them, and second, it leveraged the dimensions along which faces vary to build a

system that could use the relevant dimensions of variation to learn to discrimi-

nate between individual faces. Bush’s face both shares the relevant common

features of other faces and falls within the system’s range of variation that

allows his face to be learned and discriminated.7

The case with other systems that deal adaptively with evolutionarily novel

stimuli is no different in principle, though the details of course vary, as they do
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with all adapted systems. If a learning system is capable of learning the “right”

thing in an evolutionarily novel circumstance, it is because the structure of that

learning environment matches the structure of ancestral learning environ-

ments along the relevant dimensions.

This is why, for example, it is not problematic that forks can be handled by

our visual system, even though forks did not exist in ancestral environments.

The visual system is composed of many adaptations, and for each adaptation

that can handle forks, it is true that forks have properties that match the

properties of that adaptation’s proper domain along the relevant dimensions,

and the dimensions alongwhich forks vary fromancestral objects arewithin the

range of variation that the system can handle. This is true for mechanisms with

diverse proper domains that handle forks: the edge of a fork tine can be handled

by the edge detectors in early visual processing, and properties of a fork cause it

to be handled by systems designed to represent the properties of hand-held

objects for motor processing.

Evolutionarily novel stimuli, then, are the norm rather than the exception

for evolved systems: every object or situation encountered is new in its details.

Environmental variability is therefore something that evolution inevitably has

to deal with. The relevant questions are, along what parameters does the envi-

ronment vary and not vary, and how does this permit the engineering of

mechanisms that systematically exploit the variances and invariances?

Contrary to some arguments, variable environments do not render impossible

the evolution of domain-specific mechanisms, be they mechanisms for finding

food or mates, recognizing conspecifics, or learning skills. The relevant ques-

tion for psychological research is how the design features of the mechanism

help it to solve its adaptive problem in a flexible way. In every case that is solved

by an evolved system, there must be a mapping between the present problem

structure and the ancestral problem structure that makes the solution possible.

I have suggested that the only processes that find solutions to problems are

either natural selection itself, or cognitive processes shaped by natural selection

to do so. While this is broadly true, there is an important, solution-finding

subcategory of the evolutionary process that is important to mention: cultural

evolution (Boyd and Richerson, 1985). Among the processes of cultural evolu-

tion is a cultural analog of genetic natural selection which has the same hill-

climbing property as genetic natural selection, in that it selects between

cultural variants and, in a ratchet-like fashion, results over time in the evolution

of complex cultural solutions to problems. Cultural artifacts like tools, houses,

and food preparation techniques are examples (Richerson and Boyd, 2005). It is

important to take into account this potential source of solutions to problems.

Clearly, these solutions will depend on some interaction between culturally
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transmitted information and evolved mechanisms that acquire and use it. How

this interaction works in specific cases is a growing area of research (Tomasello

et al., 2005).

Directions for future research

This chapter has presented some basic principles and a framework for

understanding domain specificity. On this view, the nature of adaptive speciali-

zation, and therefore of domains, is heterogeneous. Nevertheless, every adapta-

tion has both a proper domain and an actual domain. These two ideas point to

several complementary avenues of future research on domain specificity.

The first is that the work of describing the heterogeneous assemblage of

adaptations that comprise the mind is far from done. In fact, we probably

know far more about it than is generally considered to be the case, because

many researchers are studying domain-specific adaptations either without

knowing that they are doing so or without explicitly representing that they

are doing so in the presentation of their work. Moreover, for various reasons,

including sociological factors and intuitions about what counts as “content,” a

circumscribed set of phenomena has become associated with the label “domain

specific,” but the actual set, according to the criteria I have offered here, is

probably much larger.

If one were to ask a psychologist to list the domain-specific adaptations they

know about, theymight mention a list that would includemate choice mechan-

isms (Buss, 1989), mechanisms involved in cheater detection and other aspects

of cooperation (Cosmides, 1989), face recognition mechanisms (Duchaine et al.,

2006; Kanwisher et al., 1997), mechanisms involved in mindreading, or “theory

of mind” (Baron-Cohen, 1995; Leslie, 1994), mechanisms underlying intuitive

physics (Baillargeon, 2004; Spelke, 2000), language acquisition and production

mechanisms (Pinker, 1994), kin detection mechanisms (Fessler and Navarrete,

2004; Lieberman et al., 2007), and mechanisms related to specific emotions like

disgust, fear, and jealousy (Buss et al., 1992; Öhman and Mineka, 2001; Rozin,

Haidt, and McCauley, 1993).

However, I have pointed to other mechanisms that are likely to have an

evolved function and to have specific input conditions for the type of informa-

tion that they process. Gallistel and Gibbon (2000), for example, have suggested

that many phenomena thought to be explained by a very general “associative

learning”mechanism are in fact better accounted for by amechanism dedicated

specifically to time series learning, and that has specific input criteria. Another

phenomenon that is also thought of by psychologists as a paradigm case of

domain generality is working memory. Baddeley (1986) has proposed that
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working memory is comprised of distinct subsystems, each of which is func-

tionally specialized to handle a particular information format, and all of which

have formal constraints on information processing. Repovs and Baddeley (2006)

present evidence that working memory contains at least three subsystems, the

visuospatial sketchpad, the phonological loop, and the episodic buffer. These

are specialized to handle visuospatial information, phonological information,

and an integrated representation of both types, respectively. They have buffers

that impose limits on the amount and format of information they can handle.

The existence of such constraints has been known for some time, for example,

in Miller’s (1956) classic finding that “seven plus or minus two” chunks of

information can be handled at a time. While this finding has been revised, and

“content” effects have been shown in that how items are chunked matters –

the basic finding that working memory has substantial format constraints

that are related to its function is still valid (Cowan, 2001).

There aremany other examples of such findings that are not often considered

under the rubric of evolved specializations whose design features delineate a

domain. Another example is substantial work showing two pathways in the

visual system, one for information about what an object is and another for

information about where it is, two clearly functionally specialized subsystems

with proprietary information formats (Haxby et al., 1991; Ungerleider and

Haxby, 1994). Existing data on brain systems alone would be enough to greatly

expand our catalog of specialized brain systems. However, there is also much –

arguably, more – that we don’t yet know. Expanding our catalog of the special-

ized information-processing adaptations of which the brain is comprised should

therefore be a major goal for future research.

Another major goal follows from the observation that every evolved cogni-

tive mechanism has both a proper and an actual domain. Currently, even for

mechanisms that are relatively well-studied, one or both of these is underspeci-

fied. Often, it is the actual domain that is more poorly understood, because the

task of coming up with the correct description of the properties of information

that cause it to be processed by a mechanism is a difficult one. This has perhaps

been done most rigorously in the study of vision, from low-level mechanisms

such as edge detectors to higher-level mechanisms such as object recognition

mechanisms (Palmer, 1999). Here, the properties of actual domains are often

discovered empirically, and the proper domain is inferred from that (e.g., edges).

In other cases, we have a good bet about the proper domain of a mechanism,

but the properties of the actual domain – what properties cause information to

be processed – have not been fully described. Face recognition is a good exam-

ple. It has long been known that faces are processed by the facial fusiform area

of the fusiform gyrus, or FFA (Kanwisher et al., 1997), but there has been much
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debate and empirical work on whether the area processes faces alone, or some

broader set of stimuli that includes faces (Gauthier et al., 2000;). There is now

mounting evidence that the FFA is indeed specialized for faces alone (McKone,

Kanwisher, andDuchaine, 2007; Duchaine et al., 2006). However, whilewe know

about some of the cues that are important in face processing (e.g., Morton and

Johnson, 1991), we still do not have a complete description of the formal

properties that allow the system to recognize faces in particular. The same is

true for many other systems where we have some evidence about the proper

domain: for example, there are mechanisms that appear specific to speech

processing (Marcus et al., 2007), but we often do not have a complete description

of the properties that cause the mechanism to recognize a particular sound

pattern as speech. This can be a difficult task, because an accurate informational

description of the actual domain might be quite complex.

A final and important avenue for future work on domain specificity will be to

elucidate not only the formal description of the input domain of a system, but

also a complete formal description of its procedures, or what it does with the

information that is being processed. Again, this is known in certain cases, such

as in vision, and there are also goodmodels of the actual algorithms used in area

of “higher” cognition like categorization and decision-making. But in many

cases, research on domain specificity is considered complete once it has been

established that the phenomenon is specific to a particular domain. However, as

I have tried to stress here,what information is used by amechanism is intimately

related to how it uses that information. By studying in tandem both the input

domains and procedures of evolvedmechanisms, we will comemuch closer to a

fuller understanding of the form-function fit in cognition.

Conclusion

In this chapter I have attempted to sketch an account of domain speci-

ficity that is based on logical rather than intuitive principles. In so doing, I am

aware that I am using the term “domain specific” in ways that differ from how it

is frequently used by many psychologists. I have tried to show where these

different usages overlap and diverge, especially in the section on the domain-

specific/domain-general distinction, and to acknowledge that there are ele-

ments of the domain-specific/domain-general distinction that make sense.

However, I have also tried to argue that treating specificity/generality as a single

linear dimension is a mistake that does not map well onto the heterogeneity of

adaptive specialization that we see in the mind and in other aspects of the

phenotype. To some extent, our strong intuition that some things are special-

ized and others not is an illusion that reflects our ignorance about the specific
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structural properties that are necessary for amechanism to do its job. Amechan-

ism that recognizes only elephants would certainly seem intuitively and

obviously narrowly specialized. A mechanism that does a Fourier transform or

a time series analysismight seemmore “general” to us, but that ismore amatter

of intuition or definition than some actual property of the world or themechan-

ism, since amechanism that carries out Fourier transformsmust presumably be

a specialized and well-tuned piece of cognitive equipment indeed.

In discussions about domain specificity it is important to remember that

some issues are issues of definition, and disagreements that come down to

differing opinions about how words should be defined are, in the long run,

trivial and unnecessary. The establishment of conventions of word use solves

this easily. However, when there are real underlying conceptual issues that are

being obscured, that is a genuine problem. The main conceptual misunder-

standing that I have hoped to address here is the mistaken notion that some

mechanisms are “general” in either the sense that they don’t have a specific

function, or that they have no domain (or that their domain includes “every-

thing”). Mechanisms are specialized to do different things, but if they are

adaptations, then our goal should be to come up with a description of their

function and of the structure that allows them to carry out that function. Once

we have done this, we will have an exact description of where they fall in the

high-dimensional space of cognitive specialization, and placing them on a one-

dimensional specialized/generalized continuum will then be unnecessary.

Notes

1. Here I use the concept of

design in the shorthand

sense often used by biolo-

gists and described by

Dawkins (1986), not in the

sense of design by an

intentional agent.

2. It is a logical necessity that

every adaptation must

have a historical domain,

or set of conditions to

which it was adapted.

Whether we can come up

with the correct descrip-

tion of those conditions is

another matter. These

have been conceptually

folded together in some

arguments about domain

specificity, and it is impor-

tant to keep them distinct.

3. This example shows how

important it is to think

rigorously about the com-

putational properties of a

system, and not to fixate

on spatial metaphors for

modules as boxes or pipes.

For example, dimes and

pseudo-dimes “pass

through” a coin sorter, so

they literally “enter” as

inputs, but because the

distinction is invisible to

the mechanism, it is not

computed. The point is

that whether the informa-

tion “gets into” themodule

is not relevant: it is that the

dime/pseudo-dime distinc-

tion is not part of the com-

putational domain of the

mechanism.

4. Note that if we are being

rigorous, the proper

domain is a historically

encountered set of events

or properties of events, not
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a “type.” In other words,

technically the proper

domain is not just “snakes”

or “information about

snakes,” but a specific set

of snakes encountered in

the past. In practice, how-

ever, this is usually glossed

and described as a type of

some kind, e.g., “snakes,”

and somight include snake

species that humans never

encountered. This usually

doesn’t matter much

except, as we will see, in

discussions about mechan-

isms that deal with evolu-

tionarily “novel” stimuli.

5. In fact, there is evidence for

kinship detection mechan-

isms in other mammal

species that also use coresi-

dence as a cue, e.g., inmice

(Yamazaki et al., 1988). The

systemmight therefore

have been present in the

common ancestor of

humans andmice, and both

species possess modified

forms of this ancestral sys-

tem. Interestingly, coresi-

dence is not the only cue

that is used to detect kin-

ship: for example, themajor

histocompatibility com-

plex,MHC, appears to play a

role, and MHC has formal

properties that make it

diagnostic of kinship (Penn

and Potts, 1999). However,

use of theMHC system itself

appears to be tuned by the

initial cue of coresidence

(Yamazaki et al., 1988).

6. Foraging mechanisms are

also flexible in that there is

evidence that they can be

applied in situations other

than food foraging when

the formal properties of

those situations are similar

enough to food foraging,

e.g., foraging for informa-

tion on the internet (Pirolli

and Card, 1999), or in a

computer game

(Hutchinson, Wilke, and

Todd, in press).

7. In fact, the system’s design

features will make it so

that it is “flexible” enough

to handle non-face items

that fall within its actual

domain because they are

similar enough to faces

along the relevant dimen-

sions, e.g., computer-

generated faces, wooden

masks, etc.
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5

Invention and community in the
emergence of language: Insights
from new sign languages

michael a. arbib

Conceptual frameworks

What was the interplay of biological and cultural evolution in yielding

modern humans with their rich, flexible, and diverse languages? What has

biological evolution contributed to the innate capabilities of the human brain

that allow human children to master language and how has society evolved to

develop those capabilities? I approach these questions through analysis of the

recent development of two new sign languages: Nicaraguan Sign Language (NSL),

which developed in just 25 years within a community of deaf Nicaraguans, and

Al-Sayyid Bedouin Sign Language (ABSL), which developed over a period of at

most 70 years in a community of deaf and speaking Bedouin. Understanding the

tradeoff between innate capabilities and social influences in the emergence of

NSL and ABSL will ground an understanding of how these modern social influ-

ences may differ from those available to early humans at the dawn of language.

The mirror system hypothesis (MSH) is a specific theory of the evolution of

the human “language-ready brain.” It is informed by the view that language is a

multimodal system of production and performance that involves voice, hands,

and face. Speaking humans accompany their speechwith facial expressions and

cospeech gestures of the hands (Kendon, 2004;McNeill, 1992, 2005), whilemany

deaf people employ signed languages that are very different from spoken lan-

guages – with specific signs (which may integrate arm, hand, and face move-

ments) that are part of a conventionalized system with limited resemblance to

cospeech gestures. Details of MSH are set forth in Arbib (2005a, developing the

insights of Arbib and Rizzolatti, 1997; Rizzolatti and Arbib, 1998), with commen-

taries and a response. Here a brief summary will set the stage for the rest of this

Foundations in Evolutionary Cognitive Neuroscience, ed. Steven M. Platek and Todd K. Shackelford.
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chapter. MSH provides a theory which offers a strong role for gesture in the

origins of language (cf. Armstrong et al., 1995; Armstrong and Wilcox, 2007;

Corballis 2002; Hewes, 1973; Kendon, 2002) with a neurological twist – it

suggests that the brain mechanisms which support language evolved atop a

mirror system for grasping (i.e., a brain system active both when the subject is

grasping and when the subject observes another grasping) which is similar in

the brains of monkeys, apes, and humans.

From simple to complex imitation and the evolution of protolanguage

Monkeys have little or no capacity for imitation (Visalberghi and

Fragaszy, 1990, 2001), apes (chimpanzees, gorillas, bonobos, orangutans) have

a capacity for simple imitation, whereas humans are the only primates capable of

complex imitation. We thus argued that the mirror system shared by the common

ancestor of monkeys, apes, and humans then evolved in human ancestors as

part of successively larger, more competent systems.

� First, an enlarged system to support simple imitation, the ability to acquire

some novel actions by extensive observation and repetition, but only on a

limited basis, evolved in the common ancestor of humans and apes. For

example, Byrne and Byrne (1993) found that gorillas learn complex

feeding strategies but may take months to do so. Consider eating nettle

leaves. Skilled gorillas grasp the stem firmly, strip off leaves, remove

petioles bimanually, fold leaves over the thumb, pop the bundle into

the mouth, and eat. Teaching is virtually never observed in apes (Caro

andHauser, 1992) and the challenge is compounded because the sequence

of “atomic actions” varies greatly from trial to trial.

� Further evolution in the human line since the divergenceof the great apes

yielded brain mechanisms to support complex imitation – the ability (i) to

observe a novel performance and see, to a first approximation, the key

subgoals it involves and the actionswhich appear to achieve them, and (ii)

to use this to reproduce novel behaviors on the basis of very few

observations, so long as the constituents are familiar (Arbib, 2002;

Wohlschläger et al., 2003). Nonetheless, much practice may be required

to hone a novel skill so acquired.

Note that the above discussion says nothing about communication. Rather,

we suggest that the ability to imitate praxic skills may confer selective advan-

tage for those who can learn from the successful goal achievements of others.

Figure 5.1 goes further, showing how these new forms of imitation may have

made new forms of manual communication possible. Arbib, Liebal, and Pika (in
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press), summarizing data on primate communication, note that monkey voca-

lizations are innately specified (though occasions for using a call may change

with experience), whereas a group of apes can develop in the order of 10 novel

gestures for communicative purposes, perhaps acquired by ontogenetic ritualiza-

tion whereby reduced forms of actions may yield gestures that serve to request

the action (Tomasello et al., 1997) and further shared by simple imitation. This

supports the hypothesis that it was gesture, rather than vocalization (Seyfarth

et al., 2005), that created the opening for greatly expanded communication once

complex imitation had evolved for practical manual skills. Arbib (2005a) argues

that complex imitation supported the spontaneous use of pantomime (cf.

Stokoe, 2001) to dramatically expand the semantics of gestural communication

(Figure 5.1).

The current version of MSH then posits that:

� Further evolution yielded novel brain mechanisms which allowed

protohuman groups to move from pantomimes – which, while

expressive, may require much time to produce yet still be ambiguous –

to a system of conventionalized gestures which were easier both to

produce and interpret. The result was a rudimentary form of protosign.

� In due course, the brain and vocal apparatus evolved, in an expanding

spiral (Arbib, 2005b; cx. MacNeilage andDavis, 2005), themechanisms to

integrate protosign with protospeech, a new open system of communicative

vocalizations. At this stage, then, (proto)humans had a protolanguage – in

the sense of a system of utterances which served as a precursor to

human language in that it was open-ended in a manner denied to the

Ape gesture

Protosign

Protolanguage

Lan guage

Simple imitation

Complex imitation

Figure 5.1 A sketch of key elements of the Mirror System Hypothesis. The left hand

column suggests that the capability for simple imitation allows apes (and,

presumably, the common ancestor of apes and humans) to acquire a small repertoire

of communicative manual gestures, but it required the evolution of mechanisms for

complex imitation (in the hominim line) to support the open-ended symbol creation

of pantomime and, through extensive conventionalization, protosign and then

(adding protospeech to expand upon protosign) protolanguage. It is argued

(controversially) that the transition from protolanguage to language was then a

matter of cultural rather than biological evolution. See text for details.
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gestures and vocalizations of nonhuman primates but was not itself

truly a language (Bickerton, 1995) – with an open-ended vocabulary

of protowords, but nothing like a systematic syntax to combine the

protowords to derive an open-ended set of well-controlled meanings.

Protosign would seem to have required novel brain mechanisms relative

to pantomime since, in modern humans adept in sign language, certain

lesions can impair the ability to perform signs while leaving pantomime

unimpaired (Corina et al., 1992; Marshall et al., 2004).

� Myworking hypothesis is that a brain that could support protolanguage

could also support language: given a history (“cultural evolution”) that

created a culture in which the child would be exposed to the full

richness of a human language, such a brain would equip the child to

acquire and use that language. However, others would suggest that

further biological evolution was required to equip the human brain

with an innate universal grammar (Baker, 2001; Chomsky and Lasnik,

1993; Pinker and Bloom, 1990), and there are many intermediate

positions (e.g., Deacon, 1997, 2007).

Complex imitation has two parts:

(i) the ability to perceive that a novel action may be approximated by a

composite of known actions associated with appropriate subgoals; and

(ii) the ability to employ this perception to perform an approximation to

the observed action, which may then be refined through practice.

While I argue that complex imitation served first to support the transfer of

manual skills, not (proto)language, note that both (i) and (ii) – now applied to

communication – come into playwhen the child is learning a language, whereas

(i) predominates in adult use of language as the emphasis shifts frommastering

novel words and constructions to finding the appropriate way to continue a

dialogue. Interestingly, even newborn infants can perform certain acts of

imitation but this capacity for neonatal imitation – such as poking out the tongue

on seeing an adult poke out his tongue (Meltzoff and Moore, 1977) – is quantita-

tively different from that for complex imitation.

Elsewhere (Arbib, 2005a), I have sought to characterize the distinction

between protolanguage and language. Here, just a few comments will suffice:

a basic property of language – translating a hierarchical conceptual structure

into a temporally ordered structure of actions – is not unique to language but is

apparent whenever an animal takes in the nature of its surroundings and

produces appropriate behavior, with no necessary link to the ability to commu-

nicate about them. Similarly, when success of an action involves nested
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attempts to reach various subgoals, the structure of action exhibits the property

of recursion that some scholars see as the hallmark of language (Hauser et al.,

2002). I view complex imitation as providing a crucial extension of these capa-

bilities for situated action which made possible the cumulative development of

a vast range of social innovations in (proto)human (pre)history, with language

itself being an accumulation of innovations which cannot be fully understood

apart from the developing social milieu.

Deacon (1997) makes symbolization central to his account of the coevolution

of language and the human brain. We further stress the parity property – the fact

that an utterance canmean roughly the same for both speaker and hearer.1 The

ability to support complex imitation, as a dramatic extension of the mirror

system, was a major change in the capability of the brain, extending parity

from compact actions to extended, skilled behaviors. Figure 5.1 suggests how

this capability came to be exploited in increasingly sophisticated, intentional

communication. Other changes in the brain, too, were vital to the development

of human societies. Some involved the ability to recall past events or imagine

future ones (cf. the discussion of “mental time travel” by Suddendorf and

Corballis, 1997) – e.g., the hippocampus for episodic memory (Burgess and

O’Keefe, 2003) and the prefrontal cortex for planning (Fuster, 2000) – and it is

an exciting challenge for work “beyond the mirror” to show how such struc-

tures could provide the basis for humans to discover the capacities for commu-

nication about past and future, and the extension of this to ask questions, tell

stories, and tell lies.

Another crucial change, in both brain and body, was paedomorphy, the

prolonged period of infant dependency which is especially pronounced in

humans, combining with adult commitment to caregiving to provide the con-

ditions for complex social learning that have made possible the richness of

human cultures in general and of human languages in particular.

“Design features” vs. “rules” of language

Hockett (1987) provided an influential list of “design features” of lan-

guage. Two of Hockett’s features are discreteness and combinatorial patterning –

every language consists of a finite set of recombinable parts that are perceived

categorically, not shading one into the other. An English speaker hears either a /b/

or a /p/ even when a sound is formed intermediate between exemplars of the

two. These discrete sounds combine to form words, words combine to form

phrases, and phrases combine to form larger phrases and sentences. As a result,

each language has no bound on the number of expressions generated within

its finite system of components and constructions (the latter being patterns of

combination from the word level and up, linking the combination of words,
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morphemes and larger forms to the combination of their meanings). What

needs remarking here, though, is that the features of discreteness and combinator-

ial patterning are not restricted to language. For example, a frog’s behavior may

be dissected into a set of basic motor schemas such as orient, jump, lunge, and

snap. However, there is a crucial parametric aspect there as well – e.g., in

determining the appropriate angle of orientation to approach the prey or escape

the predator. What the frog lacks, and what complex imitation provides, is the

ability to analyze another’s behavior in these terms and respond accordingly.

Thus the crucial point is raised that some of Hockett’s features hold for proto-

language more generally, and in some cases even for praxis once it is wedded to

complex imitation (Roy and Arbib, 2005).

Hockett (1987) also lists duality of patterning, in which meaningful units are

composed from a smaller set of meaningless units as when discrete sounds

combine to form words. Stokoe (1960) demonstrated that a sign language also

has duality of patterning – meaningless handshapes, locations, and movements

combine to form a large set of lexical items. This provides the basis for “sign

phonology.” However, Aronoff et al. (2008) find an unexpectedly high degree of

intersigner variation in Al-Sayyid Bedouin Sign Language, suggesting that lin-

guistic proficiency can occur without duality of patterning. For example, the

second generation uses signs for “tree” which remain close to pantomime and

thus vary greatly, though the signs used by members of the same family may be

similar.

Describing languages; learning a language

It will be worth briefly considering how a language may be character-

ized and how a modern child normally acquires a language. This may then be

contrastedwithwhat happenswhen the languagemodel available to the child is

incomplete. Each language is generative or productive, being made up of words

and grammatical markers that can be combined in diverse ways to yield an

essentially unbounded stock of sentences. In almost all human languages, the

ability to build utterances includes processes that can be described by recursive

rules, e.g., “a noun phrase is still a noun phrase if you insert an(other) adjective,”

in which the generic construct – here noun phrase – appears as a term in its own

definition. Given the view, noted above, that recursion of action (but not of

communication) is part of language readiness, the key transition here is the

compositionality that allows cognitive structure to be reflected in symbolic

structure, as when perception (not uniquely human) grounds linguistic descrip-

tion (uniquely human) so that, e.g., the noun phrase describing a part of an

object may optionally form part of the noun phrase describing the overall

object. From this point of view, recursion in language is a corollary of the

122 M.A. Arbib



essentially recursive nature of action and perception once symbolization becomes

compositional.

For reasons summarized elsewhere (Arbib, 2007; Arbib and Hill, 1988), I

reject the view that a Universal Grammar is genetically encoded in humans

such that it can establish within the infant brain a range of parameters which

enable the child to acquire the syntax of its native language by setting each

parameter simply by hearing a few sentences to determine which value of the

parameter is consistent with them (Chomsky and Lasnik, 1993; Lightfoot, 2006).

Rather, I agree with the construction grammarians (Croft, 2001; Goldberg, 2003)

who see the grammar of each language as a more or less language-specific set of

constructions which combine form (how to aggregate words) with meaning (how

the meaning of the words constrains the meaning of the whole). This is to be

contrasted with a grammar in which autonomous syntactic rules put words

together in very general ways and without regard for the meaning of the result.

Construction grammar seems more hospitable to accounts (historical linguis-

tics/cultural evolution) of how languages emerge and change over time (see, e.g.,

Croft, 2000).

Various authors (Arbib and Hill, 1988; Tomasello, 2003) have explained how

modern children acquire words and constructions without invoking a universal

grammar. Hill (1983) showed that the child may first acquire what the adult

perceives as two-word utterances as holophrases (e.g., “want-milk”) whose parts

initially have no distinct meanings for the child. Subsequently, the child devel-

ops a more general construction (e.g., “want x”) in which “x” can be replaced by

the name of any “wantable thing.” Further experience will yield more subtle

constructions and the development of word classes like “noun” defined by their

syntactic roles in a range of constructions rather than their semantics.

Ontogeny does not in this case recapitulate phylogeny. Adult hunters and

gatherers had to communicate about situations outside the range of a modern

2-year old, and protohumans were not communicating with adults who already

used a large lexicon and set of constructions to generate complex sentences.

Nonetheless, I argue that protolanguage and language emerged through the

invention of an increasingly subtle interweaving of (proto)words and (proto)

constructions, and that the same basic mechanisms may have served both

protohumans inventing language and modern children acquiring the existing

language of their community (Arbib, 2008):

(1) The ability to create a novel gesture or vocalization and associate it with

a communicative goal.

(2) The ability both to perform and perceive such a gesture or vocalization.

This would improve with experience as its use spread within the

Invention and community in the emergence of language 123



community, as would sharpening of the perception of occasions of use

by members of the community.

(3) Commonalities between two structures could yield to “fractionation,”

the isolation of that commonality as a gesture or vocalization came to

be treated as if betokening some shared “semantic component” of the

event, object, or action denoted by each of the two structures (seeWray,

2000 for how this might have operated in protohumans; and Kirby,

2000 for a related computer model). This could in time lead to the

emergence of a construction for “putting the pieces back together,”

not only allowing recapture of the meanings of the original

structures, but also with the original pieces becoming instances of an

ever wider class of slot fillers (Arbib, 2005a). We may compare and

contrast this “semantic fractionation” which defines new meaningful

elements with the “motor fractionation” (whether manual or vocal)

which, as we shall see in the next section, defines new meaningless

elements as the basis for phonology.

It is complex imitation that makes these processes possible. In the case of

protohumans, this could lead to the invention of new (proto)words and con-

structions. In the case of the modern child, it provides the basis for understand-

ing that strings of sounds can be dissected into strings of words and that these

words can be grouped by constructions. The constructions become of greater or

more focused applicability both on a historical timescale as new words and

constructions are invented over the course of many generations, and on a

developmental timescale as the child has more experience of using fragments

of the ambient language to understand and be understood.

Genotypes, brains, and social schemas

Wenow address, briefly, the very different levels of analysis involved in

this enterprise. The first, which is outside the scope of this chapter is the

EvoDevo view – that the genotype of a creature is not a specification of the

adult creature, but rather the specification of the mechanisms whereby that

creature will develop into its adult form. The subtlety is that this process is

recursive. The genotype does not act directly. Rather, each cell of the body only

expresses a few genes at any time. Thus the genotype determines which genes

are available, and includes regulatory genes that can set constraints on how

genes are turned on or off. In particular, then, particular cells will be fated to

become parts of the brain, and we hold that the human genotype is unique in

creating a language-ready brain. However, we now know that learning changes

patterns of gene expression in neurons, as other aspects of the (internal and
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external) environment can change gene expression in cells more generally. In

particular, then, the cellular architecture of the adult brain reflects not only the

underlying genotype but also the social milieu as refracted through individual

experience, and this architecture includes not only the shape and connections

of the individual cells and the larger structures they form, but also the very

chemistry of specific cells.

Leaving EvoDevo aside, I want here to address the difference between social

reality as something we experience around us and our own interiorization of

those structures. Much of my work has sought to analyze “schemas” as the

“distributed programs” of the brain, at a level above, but reducible to, the

functioning of neural networks in the brain. For example, we have perceptual

schemas recognizing apples and doors, and motor schemas for peeling apples and

opening doors. Each of these schemas constitutes a psychological reality andwe

can combine them into schema assemblages and coordinated control programs

(Arbib, 1981; Arbib et al., 1998) to define complex courses of action. In The

Construction of Reality (Arbib and Hesse, 1986), Mary Hesse and I sought to inte-

grate and reconcile an epistemology based on mental schemas and brain

mechanisms “in the head” (Arbib) and an epistemology addressing the creation

of social schemas by a community (Hesse). The upshot was to extend my

approach to schema theory to embrace three levels, of which the third reflected

my collaboration with Mary Hesse:

(1) Basic Schema Theory: Schema theory simpliciter has its basic

definition at a functional level which associates schemas with specific

perceptual, motor, and cognitive abilities and then stresses how our

mental life results from the dynamic interaction – the competition and

cooperation – of many schema instances. It refines and extends an

overly phenomenological account of the “mental level.”

(2) Neural Schema Theory: The “downward” extension of schema theory

seeks to understand how schemas and their interactions may indeed be

played out over neural circuitry – a basic move from psychology and

cognitive science as classically conceived (viewing the mind “from the

outside”) to cognitive neuroscience.

(3) Social Schema Theory: The “upward” extension of schema theory

seeks to understand how “social schemas” constituted by collective

patterns of behavior in a society may provide an external reality for a

person’s acquisition of schemas “in the head” in the sense of basic

schema theory. Conversely, it is the collective effect of behaviors which

express schemas within the heads of many individuals that constitutes,

and changes, this social reality.
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Returning to language acquisition, the child is not exposed to a language as

unified external reality, but rather as part of interactions with other people

which may be associated with pragmatic or emotional consequences, and thus

comes to interiorize that language as a set of schemas for words and construc-

tions and the pragmatics of use that allow the child to become a member of the

community. In doing so, however, the child does so with schemas that may lead

to dissonance as well as consonance with currently dominant patterns of beha-

vior, and so has the potential to change the social schemas that shaped its

development. I will not make explicit the search for a rapprochement between

social schemas (patterns in the behavior of a community) and neural schemas

(brain mechanisms in the head of each individual), but it provides the implicit

structuring for what follows: society shapes the individual, but individuals not

only constitute but also change society.

Being deaf

A central claim ofMSH is that the brain evolved to support language as a

multimodal system of production and performance that involves voice, hands,

and face. This makes us receptive to the lessons that can be learned when voice

is ineffective. Most humans are born with adequate hearing and acquire speech

as their primary mode of communication. Deaf people (as distinct from those

just hard of hearing) can detect only the loudest of sounds, if any, so that hearing

aids provide little if any help in making auditory input interpretable. For them

the auditory signal cannot be the primary input. Hearing babies can recognize

their mothers’ voices within the first few days of life and seeing babies pay

attention to the movements of caregivers’ faces and their eye gaze (DeCasper

and Fifer, 1980; DeCasper and Spence, 1991; see Polich 2005 formore such data),

but 95% of children born deaf have hearing parents and soon become commu-

nicative outsiders in their families (Karchmer and Mitchell, 2003).

The newborn hearing infant exhibits effects of some months of auditory

exposure while in the womb, and by six months after being born will exhibit

language-specific responsiveness to auditory input (e.g., Japanese infants can

initially respond to the distinction between /l/ and /r/ sounds but eventually lose

this ability) and by ninemonths will respond best to the syllabic structure of the

ambient language (so that an English infant will become attuned to CVC as well

as CV syllables [C = consonant; V = vowel], whereas Japanese infants become

attuned to a restricted range of “moras,” syllables of the CV form, or /-n/). By one

year of age, the hearing child will increasingly use vocal production to express

herself, increasingly using something like words, complementing innate voca-

lizations like crying and laughing. However, it is worth stressing that even the
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hearing childmakes extensive use of gesture. Iverson, Capirci, and Caselli (1994)

found that gestures weremore prevalent than (vocal) words in the children they

observed as 16 month olds, whereas the majority of children had more words

than gestures by 20 months of age. Moreover, Capirci et al. (1996) observed that,

at both ages, the most frequent two-element utterances were gesture-word

combinations; and production of these combinations increased significantly

from 16 to 20months even as the use of two-word utterances increased sharply.

Home sign

People for whomprofound hearing loss occurs after adolescencewill, in

general, consider oral language their primary form of communication. However,

children exposed to a sign language from birth acquire that language as readily

as hearing children acquire the spoken language to which they are exposed,

achieving major milestones at approximately the same ages (Lillo-Martin, 1999;

Meier, 1991; Newport and Meier, 1985), and become members of a Deaf com-

munity for whom a signed language is the primary form of communication.

(The capital D in Deaf indicates membership of such a community, as distinct

from the loss of hearing.) This strengthens the argument that the brainmechan-

isms that support language are multimodal, rather than evolving to primarily

support the vocal-auditory modality.

However, deaf children with only auditory exposure to language often reach

six years of age with less than a 10 word receptive or expressive oral vocabulary.

Even with intensive training, a deaf child’s ability to understand and produce

spoken language is greatly delayed compared with the ability of normally

hearing children. Nonetheless, deaf children raised by non-signing parents do

develop home sign, a rudimentary form of communication with family members

(Goldin-Meadow, 1982).

Typically, such a child will have a small “vocabulary” of home signs together

with just a few strategies for combining signs into longer messages Since this

development does not rest on “direct input” from either a spoken language or a

sign language, home sign will differ from child to child. I put quotes around

“direct input” since it bears directly on the issues we will consider in distin-

guishing the evolution of the first languages in (proto)human prehistory from

the emergence of new languages in the present day. First, there is no direct

input from sign language because we are looking at children of speaking parents

who do not know sign language, but there is the input from seeing gestures –

both deictic gestures andmore descriptive gestures – used as part of speech acts.

Such gestures do not themselves constitute a language, but they do teach the

child that pointing and pantomime can be used to communicate just as they do

in the development of a hearing child (see the earlier discussion of the use of
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gesture by 16- and 20-month olds). The “indirect input” from speech is even less

direct. But the fact that family members can be seen to take turns to speak and

gesture, sometimes to no apparent end, but in other cases with clear links to

emotional impact or achieving instrumental goals, creates an understanding of

the general notion of dialogue conducted by a blend of gesture and facial

expression. Moreover, a child’s caregiver will provide a structured environment

such as pointing at specific objects or actions aswell as pictures in picture books

which – even though the child cannot hear the spoken names of what is in the

picture – encourages the understanding that objects and actions, etc., do have

names. In some cases, the child can adapt a caregiver’s gesture to provide such a

name, in other cases a more or less ritualized pantomime will serve – but this

process is far slower andmore limited than for children to whom the names are

supplied in speech (if the child can hear) or signed language (if not).

Home signers can combine a few signs to form what Goldin-Meadow calls a

“sentence,” though one must note that these are very simple in structure

compared to the range of sentences seen in full human languages. However,

these “sentences” do exhibit some basic “grammatical properties.” Goldin-

Meadow and Mylander (1998) find consistent word order among home signers

(even those in different cultures ) – they regularly produce two-gesture strings in

which actions appear in final position (O-V, object-verb; or S-V, subject-verb),

with intransitive actors and patients more likely to appear in such strings than

transitive actors. Indeed, even when hearing speakers who know no sign lan-

guage are asked to use their hands and not their mouths to communicate, the

same O-V order arises despite the fact that their natural spoken language uses

the S-V-O order (Goldin-Meadow et al., 2000).

Two new sign languages

Nicaraguan Sign Language (NSL) is a new sign language that developed

in just 25 years in tandem with the formation of a community of deaf

Nicaraguans; while Al-Sayyid Bedouin Sign Language (ABSL) has arisen in the

last 70 years in a community of deaf and speaking Bedouin. Both these sign

languages are still developing – and researchers use the study of different

“cohorts” (NSL) or generations (ABSL) of signers to gather insights into processes

of language change. I will sample a few findings on NSL and ABSL to focus an

analysis of the roles of invention and community in the emergence of language.

I will emphasize that the first “signers” of these languages (when in fact there

were no such languages, just a host of diverse, limited precursors) had

the “language is all around, I just can’t hear it” cues that are exploited by all

home signers; and that the key to the transition fromhome sign to languagewas
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the creation of a community in which children could learn the creations of others

and begin to build an expanding vocabulary and shared set of constructions.

A brief history of Nicaraguan Sign Language (NSL)

Before the 1970s, deaf Nicaraguans had little contact with each other

(Polich, 2005; Senghas, 1997). Most deaf individuals stayed at home, and the few

schools to which they had access treated them asmentally retarded. During this

period, no sign language emerged. Different children developed home sign

within their individual families, but the home sign systems thus developed

varied widely in form and complexity (Coppola, 2002). Yet NSL was in common

use in Managua’s school for the deaf in 1986, when Judy Kegl initiated the

academic study of NSL (Kegl, 1994; Kegl et al., 1999).

An expanded elementary school for special education of the deaf was opened

in Managua, Nicaragua in 1977, followed by a vocational school in 1981, also in

Managua, and by the mid 1980s deaf adolescents were meeting regularly on the

weekends (Polich, 2005). It is important to note that instruction was conducted

in Spanish, though with minimal success. From the start, the children began to

develop a new, gestural system for communicating with each other – in part by

consolidating the different home signs each had developed. The gestures soon

expanded to form a rudimentary sign language. It has been claimed that no one

actually taught them to sign, but the section “The emergence of the Nicaraguan

Deaf community” suggests that the situation is more subtle.

As the years passed, the early collection of gestures developed into an expres-

sive sign language, Nicaraguan Sign Language (NSL). NSL continues to develop

with successful innovations being learned naturally as new children enter the

community each year. Senghas (2003) found that changes in its grammar first

appear among pre-adolescent signers, soon spreading to subsequent, younger

learners, but not to adults. This statement seems a little strong – a successful

innovation would presumably spread to most children currently in school,

whether or not they were younger than the innovators. Nonetheless, the fact

remains that most adults fail to master innovations made by a cohort 10 years

younger – just asmany hearing adults around theworld fail to develop a taste for

the music currently popular with teenagers. Note that while NSL is the first

language for these children it is not quite a native language, since they start

learning NSL when they enter school at age six or younger.

A brief history of Al-Sayyid Bedouin Sign Language (ABSL)

The Al-Sayyid Bedouin group, in the Negev region of Israel, comprises

descendants of a single founder, who arrived 200 years ago from Egypt and

married a local woman. The group, now in its seventh generation, contains
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about 3500members, residing in a single community, with frequent consangui-

neous marriages. There are now about 125 congenitally deaf individuals dis-

tributed throughout the community, all descended from two of the founders’

five sons (Scott et al., 1995). All deaf individuals show profound neurosensory

hearing loss and are of normal intelligence. Unlike the deaf in Nicaragua, the

deaf members of this community are fully integrated into its social structure

and marry hearing individuals. Moreover, siblings and children of deaf indivi-

duals and other hearing members of the large extended family often become

fluent signers (Kisch, 2004). In other words, ABSL is a second language of the

village with each deaf infant born into an environment with adult models of the

language available to them (Sandler et al., 2005).

Emerging patterns of motion description in NSL

To exemplify what has been learned about the development of NSL, I

will focus on one study which exploits the difference between older signers,

who retain much of NSL’s early nature, and younger signers who produce the

language in its most developed form. Senghas et al. (2004) studied 30 deaf

Nicaraguans who had been signing NSL since the age of six or younger: 10

from a first cohort (who started signing before 1984), 10 from a second cohort

(1984 to 1993), and 10 from a third cohort (after 1993). Their signed expressions

during description of motion were compared to the gestures produced by 10

hearing Nicaraguans while speaking Spanish.

Senghas et al. (2004) recorded hand movements made while describing a clip

from a Tweety and Sylvester cartoon (see McNeill, 1992 for more on this meth-

odology for the study of hand gesture). In this clip, the cat, Sylvester, having

swallowed a bowling ball, proceeds rapidly down a steep street in a “rolling”

manner. (A ball would roll down the hill, the cartoon cat with a ball inside

wobbles down the hill but English speakers tend to say that the cat rolls down

the hill.) This event includes a manner (in this case, rolling) and a path of move-

ment (here, descending) which are experienced as a unity. The most direct way

to iconically represent such an event is to represent manner and path simulta-

neously. However, languages will often encode manner and path in separate

elements. English, for example, uses the sequence “rolling down” to represent

manner (rolling) and path (down).

Senghas et al. (2004) found that all of the Spanish speakers’ gestures and 73%

of the first-cohort NSL signers expressed manner and path simultaneously. By

contrast, almost 70% of second- and third-cohort signers expressedmanner (by a

circling motion) and path (by a trajectory down to the signer’s right) in two

separate signs in sequence.2 This, then, provides dramatic evidence of an emer-

gent feature of NSL: the speakers that signers could observe, and most of the
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related signing by first-cohort signers, did not separate path and manner in

describing such an event. Yet as second and third cohorts learned the language

in the mid 1980s and 1990s, they rapidly made this segmented, sequenced

construction their preferred (but not exclusive) means of expressing motion

events. Thus NSL is not a copying of Spanish cospeech gestures but here exhibits

a novel conventionalization. (It should also be noted that many sign languages

do express manner and path simultaneously.)

Before going on, it should be stressed that the later cohort’s preference for

separating manner and path is not the only aspect of the above data worthy of

comment. As Slobin, 2005 observes, we should also note (i) that 73% of the first-

cohort NSL signers and more than 30% of second- and third-cohort signers used

the strategy employed by Spanish speakers, and that (ii) 27% of the first-cohort

NSL signers did separate path and manner. Thus, at least some of the original

signs were strongly influenced by the cospeech gestures of the surrounding

community, while the innovation of the separation of path and manner was

achieved by individuals in the first cohort. What we see in the later cohorts is its

increasingly wide adoption.

The drawback to expressing manner and path separately is that it may be

unclear whether the two aspects of movement occurred within a single event.

Roll followed by downward might mean “rolling, then descending.” However, a

key finding of Senghas et al. (2004) is that not only did NSL signers come to

fractionate path and manner, they also developed a way to put the pieces back

together again. NSL now has the X-Y-X construction, such as roll-descend-roll, to

express simultaneity. This string can serve as a structural unit within a larger

expression like cat [roll descend roll], or it can even be nested, as in waddle [roll

descend roll] waddle. These X-Y-X constructions appeared in about one-third of the

recorded second- and third-cohort expressions. This construction never

appeared in the gestures of the Spanish speakers and is also quite unlike any

construction of spoken Spanish.

This is an important point – but one must distinguish the specific construc-

tion from the need to find a form to express a certain semantics. This need

catalyzes the invention of new constructions, but a sign language can seek

forms different from that of spoken languages. Which of the possible forms

takes hold is a social matter, rather than a consequence of general learning

principles. It is interesting that we see here in NSL a process earlier postulated as

contributing to the development of human protolanguages (Kirby, 2000; Wray,

2000) wherein commonalities between two structures could yield to the isola-

tion of that commonality as a gesture or vocalization, possibly leading to the

emergence of a construction for “putting the pieces back together,” with the

original pieces becoming instances of an ever wider class of slot fillers.
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Segmentation and sequencing of motion events has also been observed in

home signers exposed only to unsegmented cospeech gestures. One home

signer produced the sequence flutter descend to describe snowing (see Figure 3

in Goldin-Meadow, 2003). But what else could he do? He retrieves a sign

“flutter” that does not exhaust what he perceives about the situation, and

then produces another, “descend.” This is a weak form of compositionality –

one may encounter a new situation which resembles a situation for which a

sign already exists, then be dissatisfied with the “gaps” left by that sign. If

another sign is available to cover the gap, at least in part, then that may be

uttered, too. This is much weaker than being able to marshal constructions

to put together words that express the cognized relations in a situation.

Word order in Al-Sayyid Bedouin Sign Language

Sandler et al. (2005) found that the grammatical relation between sub-

ject (S), object (O), and verb (V) was fixed at a very early stage in the development

of ABSL, providing a convention for expressing the relation between elements in

a sentence without relying on external context. However, the particular word

orders in ABSL differ from those found both in the ambient spoken languages in

the community and in Israeli Sign Language (ISL, Meir and Sandler, 2004). (ABSL

developed independently of ISL.) Therefore, the emerging grammatical struc-

tures should be regarded as an independent development within the language.

Moreover, Sandler et al. (2005) further claim that these grammatical structures

are “a reflection of a basic property of language in general,” a claim which we

must scrutinize.

Signers readily use ABSL to relate complex information such as descrip-

tions of folk remedies, cultural traditions, and personal histories. Sandler

et al. (2005) focused on eight signers of the second generation, seven deaf

and one hearing, all currently in their 30s and 40s, except one in her 20s.

(Preliminary results from the third generation, ranging from teenagers to

young children, reveal interesting differences between the systems of the

two generations.) They generated their corpus by presenting two tasks to

the second generation of signers: (i) spontaneous recounting of a personal

experience and (ii) descriptions of single events portrayed by actors in a series

of short video clips. All responses were videotaped, translated by a hearing

signer from the same generation, and transcribed with glosses for each

individually identifiable sign production. Signs for actions or events were

classified as the predicate nucleus of a sentence while subjects, objects, and

indirect objects (IO) were identified depending on their semantic roles in a

clause and the standard mapping of these roles onto syntactic positions

(Jackendoff, 1987).
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Most strings could be parsed unambiguously using semantic criteria, but in

some cases prosodic criteria played a crucial role. Manual criteria at the intona-

tional phrase boundary included holding the hands in place, pause and relaxa-

tion of the hands, or repeating the final sign in the constituent; non-manual

cues included both a clear change in head or body position, and a concomitant

change in facial expression (Nespor and Sandler, 1999). For example, one signer,

in describing his personal history, produced the following string: MONEY

COLLECT BUILD WALLS DOORS. The first prosodic constituent, MONEY

COLLECT, means “I saved money,” an O–V sentence. BUILD WALLS DOORS

was parsed using a prosodic break between BUILD and WALLS. This break

involved holding the hands in position at the end of BUILD, and then moving

the body first forward, then up, then enumerating the things being built,WALLS

and DOORS. The spontaneous translation of the string by a consultant was: “I

saved some money. I started to build a house. Walls, doors.”

The parsing ofmost utteranceswasmore straightforward. Sandler et al. (2005)

found the vast majority of sentences to be of the form S–O–V, although either

subject or object could be unexpressed. For example, one description of a video

clip showing a woman giving an apple to a man wasWOMAN APPLE GIVE; MAN

GIVE [“The woman gave an apple; (she) gave (it) to the man”], the first clause is

S–O–V, and the second clause is IO–V. Another signer responded to the same clip

with WOMAN GIVE MAN TAKE, i.e., two S–V sentences.

However, the basic word order in the spoken Arabic dialect of the hearing

members of the community, as well as in Hebrew, is S–V–O. Nonetheless, the

only hearing subject in their study – bilingual in Arabic and ABSL – uses the ABSL

S–O–V word order in his signing. This generation of signers had little or no

contact with ISL, whose word order appears to vary more widely in any case

(Meir and Sandler, 2004). Hence, the S–O–V pattern is an independent develop-

ment within ABSL. Sandler et al. (2005) speak of “a pattern rooted in the basic

syntactic notions of subject, object, and verb or predicate” but it is not clear

from their data that ABSL signers are relying on these syntactic relations rather

than the semantic relations between action, agent, and theme, etc. Once lan-

guages have had time to accrue such mechanisms as case marking on nouns to

indicate their relation to the verb, the roles of participants can be made clear,

even without consistent word order. In the absence of such mechanisms, word

order is the only way to disambiguate a message linguistically. Sandler et al.

(2005) view the appearance of this conventionalization “at such an early stage in

the emergence of a language [as] rare empirical verification of the unique

proclivity of the human mind for structuring a communication system along

grammatical lines.” However, the “grammar” demonstrated in the above exam-

ples is very simple, and should not be over-interpreted. What is remarkable is
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that the order of constituents was not taken over from that used by the Arabic-

speaking members of the community. How did that occur? The earlier discus-

sion of why the X-Y-X construction of NSL differs from Spanish constructions

offers some clues. My hypothesis is that ABSL and NSL differ from home sign

because:

� The existence of a community provides more opportunities to use signs

and choose signs, so that some get lost to the community while others

gain power by being widely shared. “Natural selection by learning.”

� Since knowledge of another language is possessed by somemembers of

the community, they seek to translate this knowledge into the new

medium (as is proven for the lexicon), but few attempts to capture a

given property will become widespread in the community.

The emergence of the Nicaraguan Deaf community

It has been claimed that NSL arose “from scratch” (Pearson, 2004) in that

the community of deaf Nicaraguans who developed it “lacked exposure to a

developed language” (Senghas et al., 2004). But did deaf Nicaraguans “reinvent

language” – as the claim that NSL arose out of nothing might suggest – or did

they “develop a language”? In the latter case we must understand how the

presence of other languages may have complemented the language-readiness

of the brain in the development of NSL. In this section, I want to give some sense

of the social matrix that supported the emergence of NSL, summarizing ma-

terial from the book, The Emergence of the Nicaraguan Deaf Community in Nicaragua:

“With Sign Language You Can Learn So Much” (Polich, 2005). Laura Polich spent the

year of 1997 in Managua, and during that time interviewed many people in and

associated with the Deaf community. The result is an invaluable complement to

the cohort-by-cohort analysis of specific linguistic features of NSL, showing how

adolescents and young adults played important roles in the formation of the

Deaf community and its sign language.

There is no evidence of sign language in use in Nicaragua in 1975. Until the

late 1970s, deaf students were placed in special education classes where they

were outnumbered by mentally retarded students and were unable to form a

community. But then a vocational school was established that kept adolescents

and young adults together “at a timewhen theywere carving out their identities

and craving a peer group in which to try out and enact their abilities to be social

actors” (Polich, p. 146). Note here the crucial notions of social actor, peer group,

and creating one’s identity. The process that Polich charts is the transition from a

deaf person in Nicaragua having no peer group and thus having the passive

134 M.A. Arbib



social role of an outcast, to persons with a language which empowered them to

be true social actors within the Deaf community created by the enriched com-

munication that came with the expanding capabilities of NSL. This process, as

Polich shows, was catalyzed by a number of individuals, some deaf and others

hearing people intent on opening up to the deaf the social opportunities which

most hearing people could take for granted.

Teachers played an important role in developing a community which pro-

vided social opportunities for the deaf children, going beyond the classroom.

Ruthy Doran, a hearing person who not only taught the deaf children at the

vocational school but also did much to create a social environment for them,

told Polich:

There wasn’t a sign language [around 1980] … But we were able to

understand one another. We would … use a lot of the gestures that

everyone around here (in Nicaragua) uses andwe had a set of some signs

that the students made up. (They aren’t used now.)We had special signs

like for the days of the week that we had used with each other for years,

and they had learned new signs … which they taught me. And when

everything else failed, we would write words down, or else act it out.

(Polich, pp. 77–78)

Another teacher, Gloria Minero, remembers great diversity in the signs used

before 1987:

There was a lot of rudimentary gestures and ASL signs and mimicry,

which are not “signs” but more “iconic.” There wasn’t much structure –

that came later. (Polich, p.89)

Over a period of time they developed a system integrating home sign and

gesture and a stronger grammar. The work of Annie Senghas and others shows

that the grammaticization of NSL still continues and can be expected to

continue.

Thus, in its early stages the community being formed was influenced by the

gestures of the surrounding community and included hearing people who

spoke Spanish. Even those who could not speak had at least a small vocabulary

of written Spanish and the group had access to some signs of American Sign

Language (ASL). Of course, using a few signs of ASL is very different from

knowing ASL as such – just as a tourist in Paris may be able to say “bonjour”

and “merci” but not know French. However, note the difference between the

true statement “In the early 1980s, many deaf Nicaraguans knew no grammar”

and the false statement “In the early 1980s, no deaf Nicaraguans knew gram-

mar.” The impressive achievement of creating this new language, NSL, did not
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have to rest solely on innate capabilities of the human brain (which distinguish

us from other primates, for example) but could indeed exploit the cultural

innovations of existing language communities.

In Nicaragua in the 1970s and beyond,most language teaching for deaf children

was oral training based on Spanish, which was successful for relatively few stu-

dents. It thus was a revelation when, in 1983, Ruthy Duran and two other teachers

visited Costa Rica and saw how sign language was used there to augment an oral

program (Polich, Chapter 7) and that signs could constitute a fully expressive

language. However, they were unable to get approval for the use of Costa Rican

sign language for instruction in Managua. Instead, the full use of sign language

had to await the development of a sign language within Nicaragua. The point

here, however, is that the idea of sign languagewas available to somemembers of

the nascent community, even though the full use of a such language was not.

Gloria Minero encouraged the students to develop an association of deaf

persons to work for more education and increased jobs for its members, assist-

ing work on a constitution and bylaws. The official founding of the Association

(APRIAS) came in 1986. Thus, while many of the deaf Nicaraguans could not

speak Spanish, there were enough who did and could work with their hearing

mentors to help develop a document written in Spanish. Most older deaf

adults claim that it was at APRIAS meetings that they learned sign language.

Communicative outsiders in their own homes, they became part of a developing

community with APRIAS. The crucial point that Polich establishes is the virtu-

ous circle of developing a language and a community which uses that language.

The joy of conversation provides powerful social bonds. Through such conversa-

tion, one has the chance to gain fluency in available signs and to share experi-

ences which drive the invention and spread of new signs and constructions to

tell others about those experiences.

However, the talk of a community must not blind us to the fact that each

aspect of the language has to meet two conditions: (i) a specific individual or

dyad used it for the first time (or the first time that they and others knew about)

and (ii) others, understanding itsmeaning, came to adopt it for their own use. Of

course, as more people came to use it, the sign or constructionmay have shifted

its “pronunciation” as well as its meaning. It is thus worth noting what Polich

has to say about Javier Gómez López, whom many deaf adults who attended

early APRIAS meetings credit with teaching sign language to all the others.

Javier’s interest in sign language began when he was given a sign language

dictionary during a trip to Costa Rica in the late 1970s. He would seek out

anyone who knew sign language or had access to a dictionary of any kind in

order to improve his vocabulary, and would simultaneously teach what he

learned to other deaf Nicaraguans.
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In 1990, the Royal Swedish Deaf Association sent representatives to visit

APRIAS. This was apparently one of the earliest major contacts between

APRIAS and individuals who not only advocated the use of sign language and

expected deaf individuals to enter the world of employment, but who also had a

cultural conception of deafness as a difference rather than a defect. They urged

the deaf members to attach more value to the use of sign language.

Javier was active in the workshops in the years around 1990 in which groups

of members of the association discussed which signs should be adopted as the

“standard” versions which members should use. A mimeographed dictionary of

such signs was produced in 1992. In 1991, the Royal Swedish Deaf Association

began to finance the collection of entries for a professionally published sign

language dictionary. This makes clear that, at least from 1990 onwards, the

Nicaraguan Deaf community was in no way isolated. Note, however, that

the Swedes did not teach Swedish Sign Language. Rather, while helping the

Nicaraguan systematize what they had achieved in the early stages of creating

NSL, they also provided models of expressiveness of sign language which

spurred Association members to extend NSL. Indeed, Annie Senghas (personal

communication) observes that the second cohort studied both Spanish diction-

aries and ASL videos as a basis for devising new signs to expand NSL. But,

although NSL exhibits some lexical influences from other sign languages, it

shows enough distinctness of syntax and vocabulary to be classified as a sepa-

rate sign language.

Thus the communal use of sign language increased just when adolescents

and young adults began to remain longer in the educational system and began to

increase their after-school contact. Polich argues that (i) being at an age when

participation as an independent social actor is important interacts with (ii) the

formation of a group whose identity is based upon deafness, and both of these

interact with (iii) the need for a communal sign language. All three elements

seem to be needed, and do not arise one at a time but as a system that develops

together.

Sincemost deaf children inNicaragua have hearing parents, and almost none

of these have any knowledge of NSL, it is true that families do not play for NSL

the role they play in transmission of most human languages – including ABSL.

However, we have seen that APRIAS played a vital role in building the

Nicaraguan Deaf community as well as the language which made it possible.

The influences of culture and community

Is the implication of the rapid rise of ABSL and NSL that once the brain

of Homo sapiens achieved its present form, a mere two or three generations
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sufficed for emergence of a full human language? On the contrary, it has been

argued (Noble and Davidson, 1996) that the brain of Homo sapiens was biologi-

cally ready for language perhaps 200 000 years ago but, if increased complexity

of artifacts like art and burial customs correlate with language of some subtlety,

then human languages as we know them arose at most 50 000 to 90 000 years

ago. If one accepts the idea that it took humans with brains based on a modern-

like genotype 100 000 years ormore to invent language-as-we-know-it, onemust

ask what advantage the NSL and ABSL communities had that early humans

lacked. Recall the earlier hypothesis that ABSL and NSL differ from home sign

because

(i) The existence of a community provides more opportunities to use signs

and choose signs, so that some get lost while increasingly many gain

power by being widely shared.

(ii) Thosemembers of the community with knowledge of another language

seek to translate this knowledge into the new medium, but few

attempts to capture a given property will become widespread in the

community.

Polich (2005) has shown us how NSL developed as the medium of community

building even as the growing community supported the development of NSL. But I

claim that what catalyzed this development to take place in 20 years, more or less,

was the overlap with a surrounding community in which language was already

established, and the changed awareness that the deaf could aspire to the forma-

tion of a community of their own. By contrast, ABSL developed within an existing

community as people – deaf and hearing – developed new forms of communica-

tion which enabled the deaf to become active members of that community. Even

the relatively isolated home signer learns fromhis family that things can be freely

named, and recognizes the success of speech acts of others even if he cannot

understand what is being said. (Note, however, that the home signers studied by

Goldin-Meadow do not remain isolated. Within a few years almost all are

instructed within an oral or signed language. We shall shortly examine observa-

tions of a different scenario in Brazil.) Nicaraguan children (like home signers, and

the first generation of deaf Al-Sayyid Bedouin) lived in a world ofmany distinctive

objects, bothnatural and artificial, and could see that somethingmore subtle than

pointing could be used to showwhich object was required. Moreover, some of the

first NSL cohort had at least basic knowledge of Spanish while the Al-Sayyid

Bedouin community always integrated deaf and hearing people in the same

extended family – and thus would be motivated to try to convey something of

their needs, or share their interest in the current scene, by pantomime and the

development of increasingly conventionalized gestures.
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Early humans shared a community, but had no models of successful language

use. For us, asmodernhumans, it seems almost inconceivable that the very idea of

language is something that has to be invented. However, to take a related exam-

ple, we know that writing was only invented some 5000 years ago. Yet, we have

every reason to believe that no changes in brain genotype were required

to support literacy (though the syndromes of dyslexia show that not all human

brains are equally well prepared to match speech to writing; and the experience

of literacy does indeed change the organization of the brain; Petersson et al.,

2000). Moreover, many societies have lasted till modern times with no written

form for their spoken language. Yet, once onehas the idea of phoneticwriting, it is

relatively straightforward to invent a writing system – as has been demonstrated

by many Christian missionaries who wanted to bring literacy and the Bible to a

people who had language but no writing. Even more pertinently, around 1820,

Sequoyah, a Cherokee who knew very little English and could not read it,

invented – inspired solely by the idea of writing – a syllabary with 86 characters

to represent the sounds of the Cherokee language (Walker and Sarbaugh, 1993).

Design features vs. innate rules

But perhaps we would not need to discover the idea of language were

the brains of Homo sapiens genetically endowed with a universal grammar which

“pre-wired” all possible syntactic rules in the infant human brain. While

researchers studying NSL and ABSL have been relatively circumspect in making

claims for the implications of their research, science journalists discussing the

work have not been so restrained. For example, Juliana Kettlewell (2004) claims

that the work of Senghas et al. (2004) proved that:

� Some language rules may be innate.

� NSL followsmany basic rules common to all languages, even though the

children were not taught them.

� Some language traits are not passed on by culture, but instead arise due

to the innate way human beings process language.

However, the above claims are misleading if (as seems natural) we under-

stand a “language rule” as the sort of rule of syntax that (some suggest) would be

defined by setting parameters in universal grammar. On the other hand, if we

take a “language rule” to be a design feature in the sense of Hockett (1987), then

the claim seems reasonable. The breaking out of symbols is a basic skill. We

have already discussed how, on the path to the first human languages, fraction-

ation might have replaced protowords by words denoting “semantic compo-

nents” for those words and then, as protowords fractionated, constructions

emerged to allow recapture of the meanings of protowords. The advantage of
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this development was that these constructions and the increased stock of more

focused words allowed for recombinations that expressed many situations that

were not captured by the original stock of protowords, and provided the space

for the creation of new words to fill the slots in constructions in new ways.

Exercising these skills lies in the domain of “design features” rather than para-

meters of a putative universal grammar. What is striking here is the ability of a

community not only to add to its own stock of signs but also to develop new

means to deploy them appropriately, as in the scenario observed by Senghas

et al. (2004) in the decomposition of path and manner, and the development of

the X-Y-X construction to retrieve the simultaneity of the original gesture.

Kettlewell (2004) quotes Annie Senghas as saying that theNSL study “does prove

the fundamentals of language are part of the innate endowment. You don’t have

language or grammar in your head when you are born, but you do have certain

learning abilities.” I agree with “you do have certain learning abilities,” but dis-

agree with “it does prove the fundamentals of language are part of the innate

endowment.” I would see discreteness as a property of protolanguage rather than

language (and I have noted its precursor in motor schemas) while combinatorial

patterning rests on the learning abilities captured by complex imitation. The above

section on “The emergence of the Nicaraguan Deaf community” (summarizing,

and commenting upon, the observations of Polich, 2005) suggests that these capa-

bilities, combined with a cumulative process of individual innovation and social

acceptance forming an upward spiral, can explain what is going on. A counter

claim, in the spirit of, e.g., Lightfoot (2006), might be that there is an innate

language acquisition device that sets parameters in Universal Grammar, but can

only do this when there are data to set them. But then this would not explain how

NSL developed unless one were to characterize first-cohort NSL as a full language

defined by default or random parameter settings, which it manifestly is not.

Pearson (2004) argues that the results of Senghas et al. (2004) show that

children are born with a natural ability to break down language into, e.g.,

manner vs. path, and asserts that “hard wired rules like this help explain how

language is acquired so easily,” and quotes Annie Senghas as saying “You think

it takes years and years of evolution, and then boom, one [language] emerges in

a generation.” I have already noted that the “hard-wired” rule is a “design

feature” not a rule of grammar, and that the key feature here may be complex

imitation, which is a design feature which is not specific to language. What

needs to be critically examined here is

(i) whether the term “easily” is justified, and

(ii) whether “emergence in one generation” is a product of such “language

rules” at work in an isolated community.
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To (i), note that if developing NSL innovations like the separation of signs for

path and manner were the easy result of innate rules, then it should have been

achieved by children in home sign and the first NSL cohort. This leads me to

answer (ii) by suggesting that special cultural factors were at play, and that these

go beyond the mere ending of isolation of deaf children that began in the late

1970s.

As demonstrated by Polich (2005), the sign language in Nicaragua did not

develop in a vacuum, but owes a debt to multiple influences. The language and

the community appear to have grown in tandem, and they grew most rapidly

among a group that was not composed of children, but of those looking toward

adulthood. Let us then re-examine a number of claims made in the following

extract from Senghas et al. (2004, p.1781):

The difference today between first- and second-cohort signers

therefore indicates what children could do that adolescents and adults

could not … Using their early learning skills, those who were still

children in the mid-1980s developed NSL into the more discrete and

combinatorial system that they, and the children who followed in the

1990s, still exhibit today.

We have already noted (with Slobin 2005) that the innovations of concern to

us were already present, if not widespread, in the first NSL cohort. New signs

and constructions were devised by individuals, some of them children, some

adolescents or older. However, the majority of children may have done nothing

to increase the language other than to augment the community which could

increase the probability that a useful new sign would spread widely rather than

being part of an idiolect of just a few signers before being lost (as is the case with

most home signs).

One must be careful to distinguish mechanisms which generate innovations

from those which determine the spread or demise of each innovation. One is

reminded here of the processes of cumulative cultural evolution which

Tomasello (1999) attributes to a “ratchet effect” whereby “individual and group

inventions aremastered relatively faithfully by conspecifics, including youngsters,

which enables them to remain in their new and improved form within the group

until something better comes along.” The notion is that this is possible because

human beings are biologically adapted for culture in ways that other primates are

not. Tomasello argues that the key adaptation is one that enables individuals to

understand other individuals as intentional agents like the self, but I think that

complex imitation would suffice without invoking any “Theory of Mind” – which is

not to deny that understanding the intentions of others does indeedplay a vital role

in the development of human social networks.
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Continuing, Senghas et al. (2004, p. 1781) assert:

Our observations highlight two of the learning mechanisms available

during childhood.

(a) a dissecting, segmental approach to bundles of information; this

analytical approach appears to override other patterns of organization in the

input, to the point of breaking apart previously unanalyzed wholes.

(b) a predisposition for linear sequencing; sequential combinations appear even when

it is physically possible to combine elements simultaneously, and despite the

availability of a simultaneous model. [My italics.]

For me, complex imitation is the generic skill which underlies these phe-

nomena. However, as a caveat to (a), note that languages do resist decomposi-

tion when the compound is in sufficiently frequent use: thus in English we say

kick instead of hit with the foot and punch for hit with the fist but still have the

decomposition hit with the X for use where X is a less common instrument or

where the foot or fist require special emphasis. As a caveat to (b), we noted

earlier that some signed languages do not segregate path and manner, while

others do (or may employ either strategy on different occasions). To support (b),

Senghas et al. (2004) note that children acquiring American Sign Language (ASL)

do initially break complex verb expressions down into sequential morphemes

(Meier, 1987; Newport, 1981), rather than producing the simultaneous expres-

sion found in adults. However, I suggest that this is a matter of attention and

skill. Some compounds are easy to imitate, others are hard. Speaking children

first progress towards speech by mastering sounds which involve differential

control of one articulator and only later master differential control of multiple

articulators simultaneously (Studdert-Kennedy, 2002 offers data consistent with

this view). Complex imitation is cumulative. Moreover, deaf children within a

Deaf community (as distinct from those creating home sign or in the first cohort

or generation of NSL or ABSL) do not acquire signs by ritualizing pantomime,

but rather emulate the signs themselves as entities within a communicative

system. If a child sees a complicated sign, it will successfully mimic one or two

features at first. I would thus suggest that what might look like breaking com-

plex verb expressions down into sequential morphemes may be a matter of

motor simplification rather than linguistic re-analysis. Breaking complex skills

into pieces and then learning how to gracefully reconstitute them is a general

property of motor learning, and should not be counted as a design feature

specific to language.

Senghas et al. (2004) suggest that the elements chosen for segmentation may

reveal the primitives that children are predisposed to seek out as basic,
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grammatical units. However, one must be careful with the notion of “primi-

tives” here. When a speaking child simplifies a word, the result is clearly just a

poor pronunciation of a word, since omitting parts of the phonological struc-

ture has no semantic correlate. However, if a child “mispronounces” a sign by

better approximating the hand shape rather than the trajectory, say, one might

interpret this as extracting a grammatical (or, perhaps better, semantic) primi-

tive, but I think this would be amisinterpretation of the data. Nonetheless, I am

happy to agree – once we switch to (a) and (b) as being available rather than

universally applied – that:

such learning processes leave an imprint on languages – observable

in mature languages in their core, universal properties – including

discrete elements (such as words and morphemes) combined into

hierarchically organized constructions (such as phrases and sentences)

(Senghas et al., 2004, p. 1781)

with the caveat that wemust distinguish the perhaps relatively rare discovery of

ways to add expressive power by application of (a) and (b) from the ability to

readily learn such innovations once they have been made.

InMSH, complex imitation – an analytical, combinatorial learningmechanism–

is argued to evolvewithin the domainof praxis. Byrne’s “feeding programs” (Byrne,

2003) show that gorillas can indeed learn complex hierarchical and conditional

structures, but this requires a long drawn out process of “imitation by behavior

parsing.” My suggestion is that the ability to more rapidly acquire novel behaviors

was a crucial evolutionary step that preceded the emergence of protolanguage, let

alone language. MSH posits that the next crucial turning point came with panto-

mime – the transition from praxis to communication – but that the ability for

conventionalization that yieldedprotosign as embeddedwithin a “cultural system”

requiredneurological innovations (witness the signerswho lose signingbutnot the

ability to pantomime; Corina et al., 1992; Marshall et al., 2004).

Emerging (dyadic) sign languages

The existence of Spanish and its cospeech gestures in the NSL environment

creates, I suggest “communicative needs” which children then seek to reach in

the new medium. Indeed, Russo and Volterra (2005) note that Senghas et al.

(2004) provided no information about the extent of the influence of gestures of

hearing people during the early stages of acquisition of the deaf learners and

about the influence of spoken and written languages such as Spanish or English

(see Capirci and Volterra, 2008 for further development of these ideas). They

note that Fusellier-Souza (2001, 2006), studying the “emerging sign languages”

(ESL) spontaneously developed by isolated deaf individuals in Brazil, shows the
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strong continuity between the gestures used by the hearing population and the

lexicon of the emerging sign languages. However, one must be careful with the

word “isolated.” Each of the three deaf people Fusellier-Souza studied was

isolated from any Deaf community, but each had a speaking person with

whom they developed their own sign language, unique to this dyad. Moreover,

each person developed a rolewithin the broader Brazilian society and developed

strategies for communication with other people. In some sense, then, an “emer-

ging sign language” is better thought of as a “dyadic sign language” (DSL) to

reflect the fact that it is the product of a community of at least two, but not

necessarily more than two, people within their own lifetime. A DSL thus exhi-

bits what can happen to home sign when it remains isolated from an existing

sign language, but also shares the crucial property that it is shaped by input

from speaking members of the surrounding community (in this case, the other

member of the dyad). Where a DSL differs from NSL and ABSL is that it rests on

the inventions of two people who can adapt to each other’s idiosyncrasies,

though perhaps within the context of the larger speaking community.

Fusellier-Souza (personal communication, December 2007) reports that:

Two of my subjects (Ivaldo and Jo) have always worked in contact

with hearing Brazilian people of their settings. When they are not in

communication with their privileged hearing interlocutor, the

communication with other hearing people is characterized by a kind

of “exolingue gestural communication” based on face to face

interactions, shared knowledge, use of the iconisation process

activating the intent of the speaker to “say by showing” (using highly

iconic structures, gestures of the hearing culture and loads of

pointing for referential constructions). None of my deaf informants

mastered written Portuguese. However, I’ve observed that Ivaldo

uses his arm as a kind of board on which to use specific written

forms of Portuguese (city name abbreviations, numbers, short names)

in order to communicate with his hearing interlocutor. It’s a clever

strategy showing the use of functional writing despite extremely

limited knowledge of written language. [Slightly edited]

A DSL thus lacks the systematization that results when a larger Deaf commu-

nity converges on a shared set of signs but nonetheless reflects active engage-

ment with speakers, akin to what I have suggested was operative in the

pre-systematization stages of ABSL and NSL. Fusellier-Souza, who adopts the

theoretical framework of the French linguist Christian Cuxac (see, e.g., Sallandre

and Cuxac, 2002), stresses the role of iconicity in the autonomous development

of signs, seeing it as playing an important role in different linguistic levels
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(phonetic, morphemic, lexical, syntactic, semantic, discourse). Here we may

recall the crucial role of pantomime in MSH, while also recalling that many

processes serve to “erode” iconicity. Indeed,many signs in ASLmake explicit the

effects of bilingualism. For example, the ASL sign for BLUE is a reduced form of

the finger spelling of B-L (Padden, 1996). Russo and Volterra (2005) stress that the

way in which young signers are exposed to gestural, vocal, or written language

in the first years of acquisition may strongly affect their language competence

(Bates and Volterra, 1984; Volterra and Erting, 1994), so that differences between

generations of signers may be attributable to the different communicative

inputs to which they were exposed. ABSL and NSL each reflect the merging of

many people’s contributions over multiple cohorts or generations and this

process continues. As already noted, some ABSL signs tend to vary from one

extended family to another, with a resultant lack of convergence to a well-

defined phonology for ABSL (Aronoff et al., 2008).

Diffusion of communicative goals, not specific constructions

Senghas et al. (2005) note that “The vocal and written Spanish exposure

afforded to young deaf children in Nicaragua appears not to have changed over

the past 25 years. Both are minimally available. … Spanish is taught in school,

but by graduation at the completion of sixth grade, none of the students have an

easy command of written or spoken Spanish.” But this is to confuse two quite

separate claims:

� All deaf children build on a knowledge of Spanish to contribute to the

development of NSL,

which is false and

� The development of NSL had two catalysts: (i) the development of novel

signs and constructions by perhaps only a minority of individuals, some

of whomwere influenced by their knowledge of Spanish or existing sign

languages; and (ii) the development of a Deaf community so that such

inventions could become widespread, passed on to younger members [at

least] of the community, and to some extent regularized in the process.

Fluency is not required for (i) – just that a key word or construction is under-

stood well enough by one child for him/her to invent a signing strategy that

achieves a similar communicative goal.

Signed languagesuse “signing space” tomake spatial relations clear inaway that

is denied to speech, which is temporal rather than spatial. Indeed, unlike speech,

themanualmodalitymakes it relativelyeasy to invent forms that canbeunderstood

bynaı̈ve observers (e.g., indexical pointing gestures or iconicmiming gestures). As a
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result, communication systems can be invented “on the spot” in the manual

modality. ABSL developed in a community in which the deaf were integrated with

Arabic speakers, and the latter already had the use of a language. Similarly, some

members of the early NSL community knew a moderate amount of Spanish. The

challenge was to find low-energy ways to express these thoughts in the new

medium of sign. The result was that ABSL had many novel features not present in

Arabic, and similarly for NSL in relation to Spanish, but this is very different from

asserting there is no influence. Letme illustrate this with an example from English.

The French expression “respondez s’il vous plait” – “reply, if it pleases you” – has

passed into English as the abbreviation RSVP, spoken according to the English

pronunciation of these four letters. This form is now used as both a noun and

verb, and most people who use it do not know that it contains “please” as part of

itsmeaning – thus the expression “Please RSVP.” It would bemistaken to deny that

RSVP derives from French influence, but it does demonstrate that once a sign is

introduced into a language by thosewhodo know its etymology it can take on a life

of its ownonce adopted by those unaware of, or choosing to ignore, this etymology,

andwho thus canbequite free in theway they assimilate it to the structures of their

own language. Returning toNSL andABSL, there is little in the speech environment

that canbe adopteddirectly. But the issue iswhether the childrenwouldhave got as

far if they had been isolated from all contact with other humans. I say “No.”

Challenges for future research

All this opens up manifest directions for future research. In studies of

home sign, I would like to see muchmore analysis of the role of the caregiver in

the child’s construction of home sign – e.g., by repeatedly pointing to pictures in

picture books, thus creating categories which require names. I would also like to

seemorework on the interplay ofmechanisms for action and sign. For ABSL and

NSL, one pressing, and immensely hard, empirical issue is to go beyond “snap-

shots” of the capabilities of a cohort to an “epidemiology” of where novel signs

and constructions arise and how they spread through the population and

become transformed as they do so.

Notes

1. I use the terms “speaker”

and “hearer” even

when the use of

language involves the

production and visual

observation of hand and

face movements.

2. See www.sciencemag.org/

cgi/content/full/305/5691/

1779/DC1 for a video clip of

(S1) the cospeech

gestures of a Spanish

speaker, and (S2) the

signing of a third-cohort

NSL signer.
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6

Origins of the language: Correlation
between brain evolution and
language development

alfredo ardila

Introduction

The question about when and how language emerged in human evolu-

tion has been a major and intriguing question since at least the classical

Egyptian times. It is reported that the Pharaoh Psamtik took two children to

be raised by deaf-mutes, in order to find out what was the first and natural

language.When these childrenwere later observed, one of them said something

that sounded like bekos, the Phrygian word for bread. From this, Psamtik con-

cluded that Phrygian was the first and original language. During the following

centuries, the origin of language continued as a most intriguing and polemic

question. Different approaches and interpretations were proposed throughout

history. At a certain point the debate became so complex and hot that in 1866

the Linguistic Society of Paris banned discussion of the origin of language,

arguing that it is an unanswerable problem.

Contemporary research on linguistics, archeology, comparative psychology

and genetics has significantly advanced understanding of the origins of human

language (e.g., Bickerton, 1990; Corballis, 2002, 2006; Enard et al., 2002; Mallory,

1989; Nowak and Krakauer, 1999; Ruhlen, 1994; Swadesh, 1967; Tallerman,

2005). Different disciplines have contributed from their own perspective to

make the human communication system more comprehensible.

Thepurposeof thispaper isnot to furtherreviewanddiscuss thehistoricalorigins

of language, but to relate what is known (or supposed) on the origins of language,

with contemporary neurology andneuropsychology data, particularlywith the area

of aphasia. Aphasia knowledge can potentially alsomake a significant contribution

to understanding about the origin and evolution of human language.

Foundations in Evolutionary Cognitive Neuroscience, ed. Steven M. Platek and Todd K. Shackelford.
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Initially, some basic neuropsychological data about language impairments in

cases of brain pathology will be presented. It will be emphasized that there are

two basic linguistic operations (selecting and sequencing; i.e., language as a

paradigm and syntagm) (Jakobson and Halle, 1956; Jakobson, 1971). There are

also two basic types of aphasia syndromes, named in different ways (e.g., motor/

sensory; anterior/posterior; nonfluent/fluent; Broca-type/Wernicke-type; encod-

ing/decoding disorder; expressive/impressive disorder, etc.), each one related to

the disturbance of one of these two basic language elements (lexical/semantic

and grammatical). Hence, in considering language evolution these two different

dimensions of language have to be recognized. Each onemay have emerged at a

different historical moment. Analyzing this basic distinction and including it in

an interpretation about language evolution can potentially further language

evolution understanding.

There are only two fundamental aphasia syndromes

Since the nineteenth century it has been well known that there are two

major aphasic syndromes, named in different ways, but roughly corresponding

to Wernicke-type aphasia and Broca-type aphasia (e.g., Albert et al., 1981;

Bastian, 1898; Benson and Ardila, 1996; Freud, 1891/1973; Goldstein, 1948;

Head, 1926; Hécaen, 1972; Kertesz, 1979; Lichtheim, 1885; Luria, 1976; Pick,

1931; Schuell et al., 1964; Taylor-Sarno, 1998; Wilson, 1926). These two major

aphasic syndromes have been related with the two basic linguistic operations:

selecting (language as paradigm) and sequencing (language as syntagm)

(Jakobson and Halle, 1956; Jakobson, 1971; Luria, 1972/1983). Jakobson (1964)

proposed that aphasia tends to involve one of two types of linguistic deficiency.

A patient may lose the ability to use language in two rather different ways: the

language impairment can be situated on the paradigmatic axis (similarity dis-

order) or the syntagmatic axis (contiguity disorder).

The similarity disorder restricts the patient’s ability to select words from the

paradigmatic axis. These patients (Wernicke-type aphasia) cannot find words

that exist as parts of the system (vocabulary). These aphasics have severely

limited access to this language repertoire system. Specific nouns tend to be

inaccessible and more general ones (cat becomes animal) take their place.

These patients cannot select among alternative names (dog, cat, fox, etc). These

patients may instead fill out their discourse with circumlocutions (the clock is

referred as “to know the time”). Words no longer have a generic (paradigmatic)

meaning for these patients, so verbal expressions tend to be strongly contextual-

ized, and speech becomes empty. A “dog” can be referred to as “animal,” “it

barks,” “fox,” etc.
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Luria (1972/1983) emphasized that the selection disorder can be observed at

different levels of the language, corresponding to different aphasia subtypes:

phoneme selection (acoustic agnosic aphasia), word selection (acoustic amnesic

aphasia), and meaning selection (amnesic aphasia). By the same token, the con-

tiguity disorder can be observed at different levels: sequencing words (kinetic

motor aphasia – Broca aphasia) or sequencing sentences (dynamic aphasia –

transcortical motor aphasia). Noteworthily, different subtypes ofWernicke apha-

sia are frequently distinguished (e.g., Ardila, 2006). Luria’s acoustic agnosic,

acoustic amnesic, and amnesic aphasia are indeed subtypes of the language

impairment syndrome referred to as a whole as Wernicke aphasia.

The selection disorder

The Wernicke-type of aphasia represents the clinical syndrome char-

acterized by impairments in the selection process (paradigmatic axis defect).

In Wernicke aphasia, the lexical repertoire tends to decrease and language

understanding difficulties are evident. Wernicke aphasia patients do not fully

discriminate the acoustic information contained in speech. Lexical (word)

and semantic (meaning) association become deficient. Patients have prob-

lems in recalling the words (memory of the words) and also in associating

the words with specific meanings. It means that at least three different

deficits underlie Wernicke-type aphasia: (1) phoneme discrimination defects,

(2) verbal memory defects, and finally (3) lexical/semantic association deficits

(Ardila, 1993).

In the Wernicke-type of aphasia obviously the language defect is situated at

the level of the meaningful words (nouns). Phoneme and word selection are

deficient, but language syntax (contiguity: sequencing elements) is well pre-

served and even overused (paragrammatism in Wernicke aphasia).

Nouns seem to depend on an organized pattern of brain activity. Contempor-

ary clinical and neuroimaging studies have corroborated that different

semantic categories are differentially impaired in cases of brain pathology.

For instance, in anomia it has been traditionally recognized that naming body-

parts, external objects, and colors depend (and are altered) upon the activity of

different brain areas (Hécaen and Albert, 1978). It has also been found that finer

distinctions can bemade with regard to naming defects, which can be limited to

a rather specific semantic category (e.g., people’s names, living things, tools,

geographical names, etc) (e.g., Harris and Kay, 1995; Goodglass et al., 1986; Lyons

et al., 2002; Warrington and Shallice, 1984) and even as specific as “medical

terms” (Crosson et al., 1997). A brain “mapping” of the memory organization of

different semantic categories could be supposed.
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The sequencing disorder

The Broca-type of aphasia represents the clinical syndrome character-

ized by impairments in the sequencing process (syntagmatic axis defect). It is

usually cognized that Broca aphasia has two different distinguishing character-

istics: (a) a motor component (lack of fluency, disintegration of the speech

kinetic melodies, verbal–articulatory defects, etc., that is usually referred to as

apraxia of speech); and (b) agrammatism (e.g., Benson and Ardila, 1996; Luria,

1976; Goodglass, 1993; Kertesz, 1985). If both defects are simultaneously

observed (i.e., they are very highly correlated), it simply means they are both

just two different manifestations of a single underlying defect. It is not easy

to understand what could be the single factor responsible for these two

clinical manifestations; but it may be a kind of “inability to sequence expressive

elements” (Ardila and Bernal, 2007). A single common factor underlying both

defects should be assumed. Broca’s area, most likely, is not specialized in

producing language, but in certain neural activities that can support not only

skilled movements required for speech, but also morphosyntax. It is interesting

to note that deaf-mute subjects (who, in consequence have never produced

verbal articulatory movements) present a virtually total impossibility to

learn, understand, and use language grammar (Poizner et al., 1987). It is probable

that the lack of normal verbal articulatory development is necessarily asso-

ciated with a lack of normal grammatical development.

Other aphasia syndromes

Some aphasic syndromes can eventually be considered as variants of

the Broca and Wernicke aphasia. For instance, amnesic (anomic or nominal)

aphasia (usually due to damage in the vicinity of Brodmann’s area 37) (Hécaen

and Albert, 1978; Head, 1926; Luria, 1976) can be interpreted as a subtype of

Wernicke aphasia in which the semantic associations of the words are signifi-

cantly impaired.

Some other aphasic syndromes can be interpreted as language distur-

bances due to a more general underlying disorder. For instance, extrasylvian

(transcortical) motor aphasia associated with left convexital prefrontal

damage could be interpreted as an executive function defect specifically

affecting language use. The ability to actively and appropriately use language

appears impaired, while the phonology, lexicon, semantics, and grammar

are preserved. It does not seem difficult to argue that the ability to correctly

use language can be interpreted as an executive function and as a metacog-

nitive ability rather than a purely linguistic ability. Some rationales to
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support this interpretation are: (1) in extrasylvian (transcortical) motor

aphasia there is a defect in verbal initiative rather than in language knowl-

edge (Kleist, 1934); (2) this type of aphasia shares the general character-

istics of the prefrontal (i.e., dysexecutive) syndrome but specifically with

regard to the verbal processes so that it is the prefrontal (dysexecutive)

syndrome affecting the verbal processes (Luria, 1976, 1980); (3) further, the

language defect in extrasylvian (transcortical) motor aphasia does not affect

the language understanding, and the fundamental linguistic processes are

preserved (Berthier, 1999); and finally, (4) it could be argued that the pre-

frontal cortex does not participate in basic cognition but in metacognition

(e.g., Ardila and Surloff, 2006). Extrasylvian (transcortical) motor aphasia

could indeed be referred to as “dysexecutive aphasia.” Some authors have

interpreted extrasylvian motor aphasia in a similar way (e.g., Alexander,

2006; Luria, 1976, 1980).

Conduction aphasia, on the other hand, has usually been interpreted as a

disconnection syndrome (e.g., Damasio and Damasio, 1980; Geschwind, 1965;

Wernicke, 1874) usually due to an impairment in the arcuate fasciculus and

sporadically in an indirect pathway passing through inferior parietal cortex

(Catani et al., 2005). Alternatively, conduction aphasia has also been interpreted

as a segmentary ideomotor apraxia (e.g., Ardila and Rosselli, 1990; Brown, 1972,

1975; Luria, 1976, 1980).

Usually it is recognized that conduction aphasia has three fundamental

(fluent conversational language; comprehension almost normal; and significant

impairments in repetition) and five secondary characteristics (defects in nam-

ing; reading defects; variable writing difficulties; ideomotor apraxia; and neu-

rological abnormalities); so-called secondary characteristics are frequently but

not necessarily found in conduction aphasia (Benson et al., 1973; Benson and

Ardila, 1996).

This description of conduction aphasia clearly recognizes that sponta-

neous language production and language understanding are significantly

preserved. In consequence, some mechanism required for correct language

repetition is abnormal, but the knowledge of the language itself (phonology,

lexicon, semantics, and grammar) is not impaired. Should conduction apha-

sia be interpreted as a primary aphasic syndrome? Obviously, if parrots can

repeat, that means that language repetition cannot be considered as a pri-

mary linguistic ability.

Conduction aphasia is not really a primary form of aphasia but rather a

secondary (or “peripheral”) defect in language affecting a specific language

ability (i.e., the ability to repeat). The language itself is not impaired, but rather

the ability to reproduce aloud the auditory information that is heard.

Origins of the language 157



Linguistic and anthropological data: three stages

in language development

The question “When did language begin?” could be rephrased as the ques-

tion “How did language begin?” Different steps in language development can be

proposed, at least:

(1) Initial communication systems using sounds and other types of

information – such as gestures, etc., similar to the communication

systems observed in other animals, including nonhuman primates.

(2) Primitive language systems using combined sounds (words) but without

a grammar (language as paradigm). This type of language could be likened

to the holophrasic period in language development, observed in

children around 1 to 1.5 years of age (Hoff, 2003).

(3) Communication systems using grammar (language as syntagm). During a

child’s language development, it is observed that the use of grammar

is found after the holophrasic period. It simply means that it is a

more advanced and complex stage. By the end of their second year,

children begin to combine words into simple sentences. Initially,

sentences represent a telegraphic speech (around 24–30 months of

age), including two-word utterances in which connecting elements are

omitted (e.g., “other dog,” “child eat”) (Hoff, 2003). It means language

initially emerges as a system of words (language as a paradigm: lexical/

semantic system), and only later as a systemof relations among thewords

(language as a syntagm: grammatical system).

Initial communication systems

It is easy to assume that at the beginning of the human language,

communication systems were like the communication systems found in non-

human primates. It is known that chimpanzees and other nonhuman primates

in their natural environment can use some communication strategies.

Chimpanzees employ a variety of gestures and facial expressions to commu-

nicate and keep in touch with each other. They possess a simple repertoire of

noises and postures (body language) that can be used in different contexts with

specific communication purposes. Observations have been collected in different

environments, including natural environments and captive groups in human-

controlled environments (McCrone, 1991). Chimpanzees make use of simple

gestures, make facial expressions, and produce a limited amount of vocaliza-

tions. Unlike humans, chimps only produce about 12 different vocalizations. In
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captive conditions and under human training, chimpanzees can learn some

artificial languages and close to about 200 “words” (Cheney and Seyfarth,

1997; McCrone, 1991).

Different attempts have been made to teach nonhuman primates to use a

more complex communication system. Initially, Hayes and Hayes (1952) trained

the chimp Vicki. She became able to produce only four different sounds in six

years (“mom,” “pa,” “cup,” and “up”)! Other chimps and gorillas have also

participated in communication training programs: Nim and Koko used signs;

Sara used plastic chips; Lana, Sherman, and Austionmanipulated combinations

of buttons to communicate (Gardner and Gardner, 1979; Limber 1982; Patterson

and Linden, 1981).

Regardless of the relatively large amount of meaningful elements that chim-

panzees can learn, they fail in developing sequencing of elements (grammar).

Kanzi learned to use around 200 symbols on a portable electronic symbol board.

While chimpanzees can learn to order their symbols to get what they want, it is

not clear that they have mastered syntax (Mitani, 1995; Savage-Rumbaugh and

Lewin, 1994). The reason is that when they initiate communication, they often

abandon the order they have learned and word order becomes random.

There have been occasional reports of chimpanzees signing new combina-

tions of words in response to new situations.Washoe, for example, was in a boat

on a pond when she encountered her first duck. She signed “water bird” (Terrace

et al., 1979). This could be a new compound noun or it could be two separate

responses to the water and a bird. But between two nouns, there is not a

grammatical relationship and hence no grammar is involved in “water bird.”

In conclusion, there is not convincing evidence that chimpanzees and other

nonhuman primates can learn language syntax (language as syntagm) even after

intensive and controlled training.

The question becomes how this type of simple communication system found

in subhuman primates in natural conditions (i.e., to use a few vocalizations,

gestures, and facial expressions) further developed into contemporary human

language. Certain mechanisms potentially could be used, e.g., words can be

created departing from onomatopoeias, emotional expressions, etc. Indeed, a

diversity of mechanisms has been proposed throughout history to account for

how human words emerged. It means that different strategies could potentially

be useful to create words. This is an ability that is not found in nonhuman

primates. Using these strategies certainly requires a brain notoriously more

advanced than the chimpanzee’s brain.

During the nineteenth century different hypotheses were presented in an

attempt to explain the origin of language from the lexical point of view.

Jespersen (1922) referred to such hypotheses using some unusual names, as
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a way of deriding the hypotheses as simplistic speculation. However, these

names became popular and they have continued to be used even in contempor-

ary literature. Some hypotheses are (Yule, 1996):

(1) Language began as imitations of natural sounds. Itmeans that words are

created departing from onomatopoeias.

(2) Language began with interjections, emotive cries, and emotional

expressions.

(3) Gestures are at the origin of language, and body movement preceded

language. Oral language represents the use of oral gestures that

began in imitation of hand gestures that were already in use for

communication. Contemporarily, several authors (e.g., Arbib, 2005;

Corballis, 2002) have argued that gestures represent the most

important element in creating human language.

(4) Language arose in rhythmic chants and vocalisms uttered by people

engaged in communal labor. Language began as rhythmic chants,

perhaps ultimately from the grunts of heavy work, or related to

assistance or cooperation accompanied by appropriate gestures.

(5) Language began with the easiest syllables attached to the most

significant objects.

(6) It has been pointed out that there is a certain correspondence between

sounds and meanings. Small, sharp, high things tend to have words

with high front vowels in many languages, while big, round, low things

tend to have round back vowels! This is often referred to as phonetic

symbolism.

(7) It has also been suggested that language comes out of play, laughter,

cooing, courtship, emotional mutterings, and the like.

(8) Considering that there is a need for interpersonal contact, language

may have begun as sounds to signal both identity (here I am!) and

belonging (I’m with you!).

All these hypotheses may be partially true, and all these factors may have

contributed to the creation of new words. As a matter of fact, these hypotheses

attempt to explain how the initial communication systems (observed in non-

human primates) evolved to the second stage in language: the development of a

lexical system, which potentially can be transmitted to the offspring. But they

do not account for the development of grammar. These mechanisms for creat-

ing new words continue being useful in the contemporary world. For instance,

onomatopoeias continue to represent a mechanism in the creation of new

words (e.g., the game of ping-pong). The phonetic symbolism is particularly

useful in the creation of adjectives (qualities of the objects).
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The function of noises (grunts) in human communication

No mention about the function of noises (grunts) in human everyday

communication is readily available. As noted above, noises represent a basic

communication strategy in chimpanzees, and noises have continued to play a

communication function throughout human history. It is evident that people in

everyday life use a diversity of noises to say “yes,” “no,” to express different

emotions, to communicate with animals (e.g., “come here,” “go away”), etc.

These noises are close to interjections, and sometimes become real interjections

(e.g., “ooph!”). Even though there is not a “dictionary” of noises, the author of

this paper has been able to identify over 30 different noises commonly used in

contemporary Spanish language. Some of these noises seem understandable by

speakers of other languages, but others seem idiosyncratic of Spanish-speaking

people. It can be speculated that these utterances/noises are only partially cross-

linguistic.

Second stage: lexical/semantic

Bickerton (1990) developed the idea that a protolanguage must have

preceded the full-fledged syntax of today’s discourse. Echoes of this protolan-

guage can be seen, he argued, (1) in pidgin languages, (2) in the first words of

infants, (3) in the symbols used by trained chimpanzees, and (4) in the syntax-

free utterances of children who do not learn to speak at the normal age.

It is not easy to imagine what these original words were like. But the analogy

with the child’s initial vocabulary can be taken: (1) They were articulatory

easiest to produce, most likely using those phonemes regarded as “universal”

(e.g., /p/, /a/). (2) They contained a simple syllable (consonant-vowel) that may

have been repeated (e.g., papapa). In this regard, they were alike to the infantile

words. (3) They were mostly “nouns” (real objects) even though they obviously

did not have a grammatical category.

To move from grunts, onomatopoeias, and emotional expression to words,

requires the progressive development of a series of oppositions. According to

Jakobson (1968) the most basic one is the opposition between vowels and

consonants. The second most important one is between oral and nasal articula-

tions. But the production of these oppositions requires some anatomical

adaptations.

Human articulatory ability has been related to the specific position and

configuration of the larynx. The human larynx descends during infancy and

the early juvenile periods, and this greatly contributes to the morphological

foundations of speech development. This developmental phenomenon is
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frequently believed to be unique to humans. However, Nishimura (2005;

Nishimura et al., 2003) demonstrated that chimpanzees’ larynxes also descend

during infancy, as in human infants. This descent is completed primarily

through the rapid descent of the laryngeal skeleton relative to the hyoid, but

it is not accompanied by the descent of the hyoid itself. The descent is possibly

associated with developmental changes in the swallowing mechanism.

Moreover, it contributes physically to an increased independence between the

processes of phonation and articulation for vocalization. Thus, the descent of

the larynx and themorphological foundations for speech productionmust have

evolved in part during hominoid evolution and not in a single shift during

human evolution.

Several authors have attempted to find universal language characteristics,

and even to reconstruct extinct languages (e.g., Greenberg, 1978; Hagége, 1982;

Van den Berghe 1979) such as the Indo-European language (Anderson, 1973;

Lehmann, 1974;Martinet, 1975; Shevoroshkin, 1990), whose last speaker passed

away over 10 000 years ago. Furthermore, examples of which words could have

been the initial ones in human language have been proposed. Swadesh (1971)

refers to the communality existing in somewords across the world. If we cannot

be sure what the initial words used by humans were, there are clues about the

initial meaning sounds and approximately how the initial wordsmay have been

formed.

Third stage: grammar

What was the crucial leap for the development of grammar? (i.e., syn-

tagmatic dimension of the language). Obviously grammar was initially simple,

and “sentences” contained only two words. How to link two words to create a

new higher-level unit (syntagm)? Further, how to mark the relationship

between the two words? The mechanism has to be the simplest one, and it is

not unlikely that it may be similar to the mechanism observed in children

during language development.

Suppose that we have two lexical units:

-animal – fruit

Different relations between these two words can exist; but the relationship

requires an action (verb); it means that there is an interaction between both

elements: animal eats fruit; animal has fruit; animal receives fruit; animal likes fruit, etc.

In consequence, before creating a syntagmatic relationship between the

words, different word categories have to be separated (e.g., objects and actions).

According to the Swadesh word list (1952, 1967), the following categories are
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found across different languages, andmay represent the initial word categories:

(1) grammatical words (e.g., I/me), (2) quantifiers (e.g., all), (3) adjectives (e.g.,

big), (4) human distinctions (e.g., person), (5) animals (e.g., fish), (6) highly

frequent elements (e.g., tree), (7) body parts (e.g., hair), (8) actions (e.g., drink),

(9) natural phenomena (e.g., sun), and (10) colors (e.g., red).

Indeed, for creating a phrase only two types of elements are really required:

nouns (nominal phrase) and verbs (verbal phrase). If putting together twowords

corresponding to two different classes (e.g., animal sleep), a syntagm and gram-

mar have already appeared. In childhood language it is observed that words

corresponding to two different classes are combined such as “big dog,” “food

good,” “dad gone.” They contain a grammar, because the words belong to two

different classes. In the first two examples, there is an existence verb (to be) that

is omitted (as currently observed in some contemporary languages, such as

Russian). “Mom dad” is not a phrase, but “mom big” is a primitive sentence.

Brown (1973) found that the majority of the utterances at the beginning of

the child’s grammar could be described by a small set of functional relationships

between words:

(1) “agent + action” baby kiss

(2) “action + object” pull car

(3) “agent + object” daddy ball

(4) “action + location” sit chair

(5) “object + location” cup table

(6) “possessor + possession” mommy sock

(7) “object + attribute” car red

(8) “demonstrative + object” there car

So, the crucial point in emerging grammar is not the extension of the

vocabulary. What is really crucial is to have words corresponding to different

classes that can be combined to form a higher-level unit (syntagm). One of the

words has to be a noun; the other is usually a verb.

Hence, the problem becomes, how verbs appeared. To create nouns does

not seem so complicated using the hypothesis mentioned above (e.g., nouns

can be created departing from onomatopoeias, etc). Verbs, on the other hand,

can be created departing from the nouns, but with the meaning of an action

(e.g., baby kiss). Action usually means moving, doing, executing, not simply

perceiving and associating with some visual (or auditory or tactile) information.

“Kiss” can be associated with some sensory information, and obviously the

temporal, parietal, and occipital brain areas have to participate (kiss as a

noun). “Kiss” can also be associated with an action, and obviously the frontal

areas have to be involved in this second type of association (kiss as a verb).
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Brain organization of nouns and verbs

It has been observed that verbs and nouns clearly depend on different

brain area activity, and naming objects and actions are disrupted in cases of

different types of brain pathology. While speaking or thinking in nouns

increased activity is observed in the temporal lobe, whereas speaking or think-

ing verbs activates the Broca frontal area (Raichle, 1994). By the same token,

impairments in finding nouns are associated with temporal lobe pathology,

whereas impairments in finding verbs are associated with left frontal damage

and Broca aphasia (Ardila and Rosselli, 1994; Damasio and Tranel, 1993).

Naming actions activates the left frontal operculum roughly corresponding to

Broca’s area (Damasio et al., 2001). The neural correlates of naming concrete

entities such as tools (with nouns) and naming actions (with verbs) are partially

distinct: the former are linked to the left inferotemporal region, whereas the

latter are linked to the left frontal opercular and left posterior middle temporal

regions (Tranel et al., 2005).

The recent discovery of mirror neurons could significantly contribute to the

understanding of the brain organization of verbs. A mirror neuron is a neuron

which fires both when an animal performs an action and also when the animal

observes the same action performed by another animal. In humans, brain

activity consistent with mirror neurons has been found in the premotor cortex

and the inferior parietal cortex (Rizzolatti, Fadiga, Gallese, and Fogassi, 1996;

Rizzolatti and Craighero, 2004). These neurons (mirror neurons) appear to

represent a system that matches observed events to similar, internally gener-

ated actions. Transcranial magnetic stimulation and positron emission tomo-

graphy (PET) experiments suggest that a mirror system for gesture recognition

also exists in humans and includes Broca’s area (Rizzolati and Arbib, 1998). The

discovery of mirror neurons in the Broca’s area might have important conse-

quences for understanding brain language organization and language evolution

(Arbib, 2006; Craighero, Metta, Sandini, and Fadiga, 2007). An obvious implica-

tion ofmirror neurons is that they can participate in the internal representation

of actions.

Two memory systems in language

Two major memory systems are frequently distinguished in contem-

porary memory literature: declarative memory (divided into semantic and epi-

sodic or experiential) and procedural memory (Tulving et al., 2004). It has been

suggested that the lexical/semantic and grammar aspects of the language are

subserved by different neuroanatomic brain circuitries and depend upon these

two differentmemory systems (Fabbro, 1999, 2001; Paradis, 2004; Ullman, 2001;
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2004).Whereas lexical/semantic aspects of the language depend on a declarative

semantic memory (knowledge about the meaning of the words), grammar

depends on a procedural memory. Lexical/semantic aspects of the language

(language as a paradigm) is explicitly learned, and represent a type of knowledge

we are aware of (declarative memory). It depends on retro-rolandic cortical

structures and the hippocampus. Grammar (language sequences, contiguity) is

acquired incidentally. Procedural memory for grammar supposes implicit lan-

guage knowledge. Procedural grammatical learning is related to the execution

of sequences of elements (skilled articulatory acts and grammar) used for speak-

ing but also for syntax. Procedural memory is related with frontal/subcortical

circuitries (Tulving et al., 2004).

Broca’s areadamage results inadefect ingrammarandalso inan inability to find

verbs. In consequence, brain representation of actions and brain representation of

grammar is coincidental.Using verbs and using grammar depends upon the very same type

of brain activity and both are simultaneously disrupted in cases of Broca aphasia. It

can be conjectured that verbs and grammar appeared almost simultaneously in

human language; or rather, they are the two sides of the same coin. Furthermore,

grammar is associated with oral praxis skills (i.e., agrammatism and apraxia of

speech appear simultaneously in Broca aphasia), and hence, all three have to have

appeared simultaneously in the evolution of human language: using verbs, using

grammar, and rapidly sequencing movements with the articulatory organs.

Integrating aphasia, anthropology, and genetics

As emphasized above, language activity depends on two discrete brain

areas (so-calledWernicke’s and Broca’s areas). Damage in these two brain regions

results in disturbances in language as a paradigm (similarity: selection; lexical/

semantic system) and syntagm (contiguity: combination; grammatical system).

At what moment in human history did the first and the second aspects of

language emerge? There is not a simple answer, but obviously language as a

lexical/semantic system appeared before language as a grammatical system.

Prehuman communication systems continue to play a role in contemporary

human communication. Onomatopoeias continue to represent a source for the

creation of new words. Noises and gesture are actively used nowadays in every-

day communication.

The lexical/semantic system

Paleoneurology (the study and analysis of fossil endocasts) can also sig-

nificantly contribute to the understanding of the origins of the language. How did
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the brain areas participating in human lexical/semantic knowledge (i.e., tem-

poral lobes) evolve? In monkeys, the temporal lobes are involved in recognizing

the sounds and calls of their own species (Rauschecker et al., 1995; Wang et al.,

1995; Wollberg and Newman, 1972), and obviously the temporal lobe was a

crucial area in developing a complex lexical/semantic system.

Gannon et al. (1998) observed that the anatomic pattern and left hemisphere

size predominance of the planum temporale, a language area of the human

brain, are also present in chimpanzees. They found that the left planum tem-

porale was significantly larger in 94% of chimpanzee brains examined. Hence,

the crucial lexical/semantic difference between humans and chimpanzees can-

not be related to the planum temporale. By the same token, it has been observed

that anatomical temporal-lobe asymmetries favoring the left hemisphere are

found in several Old and NewWorldmonkey species (Heilbroner and Holloway,

1988). Development of a human lexical/semantic communication system can-

not be related to temporal lobe asymmetry, because this asymmetry is observed

long before the beginning of the human language.

Nonetheless, differences can be related to the temporal lobe volume. Rilling

and Seligman (2002) analyzed the volume of the temporal lobe in different

primates. Whole brain, T1-weighted MRI scans were collected from 44 living

anthropoid primates spanning 11 species. The surface areas of both the entire

temporal lobe and the superior temporal gyrus weremeasured, as was temporal

cortical gyrification. Allometric regressions of temporal lobe structures on brain

volume consistently showed apes and monkeys to scale along different trajec-

tories, with the monkeys typically lying at a higher elevation than the apes.

Within the temporal lobe, overall volume, surface area, and white matter

volume were significantly larger in humans than predicted by the ape regres-

sion lines. The largest departure from allometry in humanswas for the temporal

lobe white matter volume which, in addition to being significantly larger than

predicted for brain size, was also significantly larger than predicted for tem-

poral lobe volume. Among the nonhuman primate sample, Cebus have small

temporal lobes for their brain size, and Macaca and Papio have large superior

temporal gyri for their brain size. The observed departures from allometry

might reflect neurobiological adaptations supporting species-specific commu-

nication in both humans and Old World monkeys. The authors concluded that

the entire human temporal lobe and some of its component structures are

significantly larger than predicted for a primate brain of human size. The most

dramatic allometric departure is in the volume of the human temporal lobe

white matter, which, in addition to being large relative to brain size, is also

large relative to temporal lobe size. These allometric departures in humans could

reflect a reorganization of the temporal lobes driven by expansion of language
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cortex and its associated connections. It is interesting to note that in primates the

superior temporal gyrus contains neurons tuned to species-specific calls and the

magnitude of different species relate to the repertoire of vocal communicative

signals as reflections of the complexity of their respective social environments.

It has been calculated that this enlargement of the temporal lobe occurred

some 200–300000 years ago (Kochetkova, 1973). It can thus be conjectured that

hominids existing before the contemporary Cro-Magnon Homo sapiens could

have developed certain complex lexical/semantic communication systems. For

instance, it could be speculated that Neanderthal man could have had a rela-

tively complex language as a lexical/semantic system.

Brain organization of the lexicon seems to be related to the type of associa-

tion between words and perceptions. When the word is associated with own-

body information, brain representation of the lexicon seems associated with a

parietal extension (e.g., body-part names); when the word has visual associa-

tions, an occipital extension is found (Roux et al., 2006).

Origins of the language

Departing from the above observations, it can be speculated that gram-

mar, speech praxis movements, and using verbs appeared roughly simulta-

neously in human history. Rather, they are strongly interrelated and depend

upon a common neural activity.

Recently, a milestone observation was made that significantly enlightened

our understanding about the origin of language in general and grammar in

particular. In England a family, usually referred to as the KE family, was found.

Over three generations of this family, about half the family members had

presented a significant disturbance in language development. Speech was larg-

ely unintelligible, and as children they were taught sign language as a supple-

ment to speech. Affected members presented severe disturbances in articulation

and other linguistic skills, and broader intellectual and physical problems. From

the genetic point of view the disorder was associated with amutation in a single

autosomal-dominant gene, FOXP2, located in chromosome 7 (Vargha-Khadem

et al., 1995). The disorder was not restricted to speech and also included the

following characteristics: defects in processing words according to grammatical

rules; poor understanding of more complex sentence structure such as sen-

tences with embedded relative clauses; inability to form intelligible speech;

defects in the ability to move the mouth and face not associated with speaking

(relative immobility of the lower face and mouth, particularly the upper lip);

and significantly reduced IQ in the affected members compared with the unaf-

fected members in both the verbal and the nonverbal domain.
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Furthermore, affected family members presented a pronounced develop-

mental verbal dyspraxia. The authors refer to the core deficit as one involving

sequential articulation and orofacial praxis (Vernes et al., 2006; Vargha-Khadem

et al., 1998). A PET study revealed functional abnormalities in both cortical and

subcortical motor-related areas of the frontal lobe, while quantitative analyses

of MRI revealed structural abnormalities in several of these same areas, parti-

cularly the caudate nucleus, whichwas found to be abnormally small bilaterally.

An abnormal gene (SPCH1) in the chromosomal band 7q31 was localized. The

genetic mutation or deletion in this region was proposed to result in marked

disruption of speech and expressive language, including grammar (Fisher et al.,

1998).

Enard et al. (2002) analyzed the evolution of the gene FOXP2. They noted the

extremely conservative nature of FOXP2. The mouse FOXP2 differs in just one

amino acid from chimpanzee, gorilla, and rhesus monkey. However, human

FOXP2 differs from gorilla, chimp, and rhesus macaque in two further amino

acids (and thus differs frommouse in three amino acids out of 715). So, in the 75

million years since the divergence of mouse and chimpanzee lineages, only one

change occurred in FOXP2, while in the sixmillion years since the divergence of

man and chimpanzee lineages, two changes have occurred in the human line-

age. The authors estimated that the last twomutations occurred between 10000

and 100000 years ago and speculate that themutations have been critical for the

development of contemporary human speech.

This genetic approach to the origins of language seems particularly provoca-

tive. Replication of the KE family genetic findings is expected in the near future.

Conclusions

Aphasia can contribute to the understanding of human language evolu-

tion. According to contemporary aphasia knowledge, in cases of brain pathology

language can be disturbed in two rather different ways: as a lexical/semantic

system (Wernicke-type aphasia) and as a grammatical system (Broca-type apha-

sia). Both language systemsnot only dependupon different brain areas (temporal

and frontal) but also upon different types of learning (declarative and procedural)

supported by different neuroanatomical circuitries. Observations of children’s

language development and experiments with nonhuman primates demonstrate

that language initially appears a lexical/semantic system. Grammar is correlated

with the ability to represent and use actions. This is an ability that depends on

the so-called Broca’s area and related brain circuits, but also depends, is corre-

lated, and likely appeared simultaneously in human history with the ability to

rapidly sequence articulatory movements (speech praxis).
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Language as a lexical/semantic system may have appeared long before lan-

guage as a syntactic system. The first may have appeared some 200–300 000

years ago, and may have existed in other hominids. Language as a grammatical

system may have appeared relatively recently, maybe some 10–100000 years

ago and seems to be exclusive to Homo sapiens.
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7

The evolutionary cognitive
neuropsychology of face preferences

anthony c. little and benedict c. jones

Introduction

The human face has been a source of great interest to psychologists and

other scientists in recent years because of the extraordinarily well-developed

ability of humans to process, recognize, and extract information from others’

faces. Our magazines and television screens are not just filled with any faces –

they are filled with attractive faces, and both women and men are highly

concerned with good looks in a potential partner (Buss and Barnes, 1986).

Physical appearance is important to humans and there appear to be certain

features that are found attractive across individuals and cultures (Langlois et al.,

2000). The same holds true across the animal kingdom:most nonhuman species

rely on external factors, such as the size, shape, and color of adornments (e.g.,

feathers, fur, and fins) to attract mates (Andersson, 1994). Research on animals

has focused on individual traits that are attractive across individuals, and even

species, such as symmetry (e.g., Møller and Thornhill, 1998).

An evolutionary view assumes that perception and preferences serve an

adaptive function: the external world provides information to guide biologically

and socially functional behaviors (Zebrowitz-McArthur and Baron, 1983). If in

our evolutionary past, information was present about a person’s value (e.g.,

genetic quality) in any way, then an advantage would accrue to those who

utilized these signs and those individuals would leave more genes behind in

the next generation. Theoretically then, preferences guide us to choose mates

that will provide the best chance of our genes surviving. In many studies this

evolutionary view of attractiveness has been used to predict the specific char-

acteristics of attractive faces (Thornhill and Gangestad, 1999 for review).
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Although we can say whether a face is attractive or unattractive it is extreme-

ly difficult to articulate the specific features that determine this attraction.

Evolutionary theorists have long posited special brain mechanisms that are

focused on particular adaptive problems (Cosmides and Tooby, 1994; Pinker,

1997). Mate choice is a complicated problem faced by our ancestors and

assessment of different aspects of quality in a partner may involve specialized

mechanisms. Fodor (1983) famously described the human brain as modular and

has also argued that there is no continuity from perception to cognition (i.e.,

low level visual processes do not interact with higher cognitive processes).

Potentially a modular nature is why it is so difficult to articulate the specific

features that make faces attractive.

The Fusiform Face Area is the area of the brain proposed to be relatively

specialized for face perception (but see Gauthier and Tarr, 1997; Kanwisher et al.,

1997), and is perhaps an excellent example of neural substrates dedicated to a

specific task. As the detection of beauty represents an important selection

pressure we then might expect specialized “beauty detectors” in the brain

(Senior, 2003). Much research has been conducted on reward mechanisms and

face processing but as yet neuroimaging studies addressing the perception of

attractiveness are few. In recent years several important papers have been

published on facial attractiveness and in this chapter we review these studies

as well as discussing the more well known reward and face processing brain

mechanisms. We also review behavioral cognitive work which links to how

beauty is processed in the brain in the second part.

Part A: Brain mechanisms of reward and face perception

Reward in the brain

While how the brain processes facial attractiveness is currently poorly

understood, general reward processes have received much attention (see

Berridge, 2003 for a more detailed review). The brain areas implicated in reward

function that underpin appetitive behavior are likely to also be involved in

determining our attraction to others (Aharon et al., 2001; O’Doherty et al., 2003).

In this section we briefly outline this reward system. The major components

associated with positive affect covered here fall into cortical and subcortical

regions and are summarized in Figure 7.1.

Cortical areas involved in reward

The prefrontal cortex, in particular the orbitofrontal cortex, has long

been associated with a diverse range of positive and negative emotional
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responses (for reviews see Bechara et al., 2000; Rolls, 1999). The role of the

prefrontal cortex in regulating emotions goes back to the classic example of

Phineas Gage for whom prefrontal damage led to major changes in emotional

behavior (Damasio et al., 1994).

Animal studies suggest that orbitofrontal activity is involved in encoding the

importance of rewarding stimuli. Neurons in the rat prefrontal cortex are active

in direct response to cocaine or heroin (Chang et al., 1998) and also respond to the

reward value of food (Bassareo andDiChiara, 1997). Interestingly, the reaction of

frontal cortex also comes to be associated with factors correlated with food

reward via conditioning such that presentation of the food box leads to

increased activity and with repeated exposure with no reward this stimulus

loses its rewarding property (Bassareo and DiChiara, 1997). In monkeys, orbito-

frontal neurons fire vigorously on tasting or seeing a favorite food and also

when seeing a cue that predicts such reward (Rolls, 2000). It has been suggested,

then, that the orbitofrontal cortex is involved in decoding and representing

rewarding stimuli, in learning associations of other stimuli to reward, and in

controlling reward-related behavior (Rolls, 2000).

Human brain imaging studies support the notion that this area is strongly

tied to rewarding stimuli. Responses in the orbitofrontal cortex are found to be

rewarding to drugs (Breiter et al., 1997), pleasant tastes and odors (Zald et al., 1998;

Zald and Pardo, 1997), pleasant touch (Francis et al., 1999), pleasant sounds (Blood

and Zatorre, 2001), andmonetary rewards (Thut et al., 1997). As noted by Berridge

(2003), however, the case that orbitofrontal cortex actually generates positive

affective reactions is not clear, only that the cortex is activated by rewarding

Components of the
reward systemPrefrontal cortex

Nucleus accumbens

Ventral pallidum

Ventral tegmentum

Amygdala

(liking and wanting)

(wanting)

(wanting)

(cognitive incentive
processing)

(liking and wanting)

Figure 7.1 Simplified components of the reward system and their function.

Adapted from Berridge and Robinson (2003).
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stimuli. Potentially, as suggested by Rolls (2000), orbitofrontal cortex serves to

represent rewarding stimuli (and associated stimuli) and does not generate the

feelings of reward. Cingulate cortex, especially anterior cingulate cortex, is also

implicated in reward. It is activated by positive and negative affective stimuli

similar to orbitofrontal or prefrontal cortex (Breiter et al., 1997). Again there is

little evidence available to suggest cingulate cortex causes positive affective

reaction (Berridge, 2003).

Sub-cortical regions involved in reward

Sub-cortical regions have been associatedwith reward since research on

direct stimulation of the pleasure centers by Olds (1956). Olds and Milner

(1954) found that rats would work to deliver electrical stimulation to the lateral

hypothalamus and suggested this was based on positive affect and pleasure.

Areas which elicit self-stimulation sites include the ventral tegmentum, the

ventral pallidum, ventral thalamus and the nucleus accumbens, and the pre-

frontal cortex (McBride, Murphy, and Ikemoto, 1999; Phillips, 1984; Shizgal,

1999; Yeomans, 1989). Such is power of the reward here that rats were found to

self-stimulate to the point of exhaustion and in preference to all other activities.

While these studies are powerful in demonstrating a link with reward, Berridge

and colleagues have argued this may represent wanting and not liking, that

self-stimulation may involve incentive salience rather than the feeling of liking

(see Berridge and Robinson, 1998; Berridge and Valenstein, 1991; Robinson and

Berridge, 2000).

Berridge and colleagues have identified two subcortical brain systems that

are associated with “liking.” The nucleus accumbens shell is proposed as a

principal sufficient cause for enhanced sweetness “liking.” In one study, posi-

tive affective reactions were increased by activation of opioid neurotransmitter

receptors within the medial caudal portion of the nucleus accumbens shell

(Pecina and Berridge, 2000, 2005). The ventral pallidum, which lies immediately

adjacent to the lateral hypothalamus, has also been found to be a necessary

cause for at least one form of positive affective reaction. Cromwell and Berridge

and other colleagues (Cromwell and Berridge, 1993; Tindell et al., 2006) have

found that excitotoxin lesions that destroyed neurons in the ventral pallidum

cause rats to respond to a sweet taste with aversion as though it were a bitter

taste, which suggests the removal of a hedonic response directly coded by these

neurons.

Two further components of the reward system that are linked to wanting

rather than liking are the ventral tegmentum and the amygdala. The ventral

tegmentum appears intimately tied to predicting reward value as there is evi-

dence that subpopulations of nucleus accumbens neurons that respond to
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predictive cues require the dopaminergic projection from the ventral tegmental

area to promote reward-seeking behavior (Yun et al., 2004). The amygdala has

been associated with a wide range of cognitive functions, including emotion,

learning, and memory. The amygdala is best known for its role in negative

emotions, such as fear, but recent evidence supports a role for the amygdala

in processing positive emotions as well as negative ones (for review see Baxter

and Murray, 2002).

General face processing by the brain

As noted by Senior (2003), most studies concerning the cognitive neuro-

anatomy of face perception address recognition and not the processing of facial

beauty. It is useful, however, to first consider this data before discussing studies

that specifically relate to attraction and mate-choice as much work has been

done to try and understand general face processing in the brain.

In an important model by Haxby, Hoffman, and Gobbini (2000) called “The

distributed human neural system for face perception,” the authors outline

the brain systems that have been found to process specific aspects of faces

and put these systems into a model. This model is redrawn in Figure 7.2, and

Inferior occipital
gyri

(early perception of
facial features)

Core system

Superior temporal
sulcus

(changeable aspects of
faces – eye-gaze,
expression)

Extended system (further
processing in concert with

other systems)

(spatially directed attention)

(prelexical speech perception)

(Emotion)

(personal identity, name and
biographical information)

Intraparietal sulcus

Auditory cortex

Amygdala, insula, limbic
system

Anterior temporal

Lateral fusiform gyrus

(invariant aspects of
faces – perception of
unique identity)

Figure 7.2 The distributed human neural system for face perception redrawn from

Haxby et al. (2000). Function is presented in brackets.
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as can be seen a neural substrate specific to each task in face processing is

drawn. For a full description of the model and evidence for each components

underlying brain region, interested readers are pointed to the original paper

(Haxby et al., 2000).

The distributed neural system for face processing broadly encompasses

regions in the visual cortex, the limbic system, and the prefrontal cortex

(Haxby et al., 2000; Ishai et al., 2005). In Haxby et al.’s model the processes

involved in face perception are divided into two main systems: the core system

which deals with initial structural analysis of faces, and the extended system

which involves more subunits dealing with particular reactions to faces.

Core system

In the initial stages of face processing in the core system, following

previous cognitive models of face perception (Bruce and Young, 1986), Haxby

et al. highlight the separable and parallel processing of invariant and variant

face traits, though the two systems may interact. There are theoretical reasons

for such a distinction. Knowing a person’s identity requires recognition of

features that do not rapidly change, invariant features, aspects such as feature

position and size. Other aspects of faces are more changeable, variant features,

and are important for social interaction such as emotional expression, eye and

head direction, and lip movements. The inferior occipital gyri is thought to

process basic facial shape information before the split in processing as its location

suggests it may provide input to both the superior temporal sulcus and inferior

temporal cortex (Hoffman and Haxby, 2000). Evidence for the dissociation in

processing routes comes from studies of monkeys where face-selective cells

have been found to respond selectively either to identity or expression whereby

cells that responded differentially to identity did so across expressions and cells

that responded differentially to different expressions did so across different iden-

tities (Hasselmo et al., 1989). Further, cells tuned for expression were found

primarily in the superior temporal sulcus, whereas the cells that tuned for identity

were found primarily in inferior temporal cortex (Hasselmo et al., 1989). Data for

the same dissociation in humans comes from an fMRI study in which participants

were engaged in either attention to eye-gaze or attention to identity by asking

participants to judge eye-direction orwhether the facewas the sameor different to

the previous identity (Hoffman and Haxby, 2000). Attention to eye gaze elicited a

stronger response in the superior temporal sulcus than attention to identity did,

and attention to identity elicited a stronger response in the lateral fusiform

gyrus than attention to gaze did (Hoffman and Haxby, 2000). A similar pattern

is also seen dissociating identity from expression such that identity changes a

caudal segment of superior temporal sulcus and emotional expression changes
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a more rostral region (Winston et al., 2004). This then supports the dissociation

between processing variant and invariant aspects of faces in the brain.

Extended system

Functional brain imaging also suggests brain regions are recruited

to process information gleaned from faces and these regions are placed but

become part of the face perception system when they act with other face

processing regions (Haxby et al., 2000). Eye and head direction give important

information about the orientation of the attention of others. Neuroimaging

studies have demonstrated that in humans the intraparietal sulcus participates

in spatial perception and covert shifts in spatial attention (Corbetta et al., 1998,

1995). Reciprocal connections between the superior temporal sulcus and the

intraparietal sulcus could facilitate an interaction (Harries and Perrett, 1991).

Visual information from the lips contributes to understanding what we hear,

and watching lips move while speaking, in the absence of sound, elicits activa-

tion of auditory areas in the superior temporal gyrus that are also known to

be active when hearing words spoken (Calvert et al., 1997). This suggests that

auditory processing is tied into the extended face processing system to provide

an integrated perception. The amygdala has long been associated with emotion

and data suggests it is critical in the perception of fearful facial expressions

(Morris et al., 1996; Phillips et al., 1998, 1997). Damage to the amygdala also

disrupts fear expression processing (Adolphs et al., 1994; Calder et al., 1996). As

the amygdala is involved in fear conditioning (LaBar et al., 1998), this suggests

perception of fear is tied to other fear processing mechanisms. Fear expression

perception appears dissociatedwith disgust expression perception, with disgust

expressions evoking responses in the anterior insula (Phillips et al., 1998, 1997) a

region which may more generally process disgust in rejecting foods based on

appearance and smell. Both the amygdala and the insular cortex, then, appear

specialized for processing facial emotions and inferring useful social informa-

tion from them. Finally, as noted above, the perception of identity is associated

with activity in the inferior occipital and lateral fusiform gyri (George, et al.,

1999). Further, recognition of the faces of personally known individuals and

famous faces is associated with activity in anterior temporal regions (Leveroni

et al., 2000; Sergent et al., 1992). Evidence for separation of processing comes

from an fMRI study demonstrating that structural aspects of faces are processed

in the inferior occipital gyri while recognition of identity is more associated

with activity in the fusiform face area (Rotshtein et al., 2005). These brain areas

are thought to be specialized for face perception (Kanwisher et al., 1997) though

can be recruited for nonface stimuli for which expertise is acquired (Gauthier

et al., 1999).
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Current data on face preferences and the human brain

As noted earlier there are only a limited number of neurobiological

studies that deal with the perception of attractive faces. Here we briefly review

these studies (see also Senior, 2003). We also review other relevant studies

moving beyond facial attractiveness that have examined neural responses to

the faces of loved ones and sex differences in response to sexual stimuli and

same- and opposite-sex faces.

Attractive faces

One of the earliest studies addressing the processing of attractiveness in

the brain measured regional cerebral blood flow using positron emission tomo-

graphy (PET) while participants assessed facial attractiveness fromphotographs.

Two left frontal regions showed a significant increase in activation while asses-

sing facial attractiveness. Blood flow in the left anterior frontal cortex was

correlated with the percentage of assessments of a face as unattractive, while

blood flow in the left frontotemporal junction correlated with the percentage of

assessments of faces as attractive (Nakamura et al., 1998).

While this first study places the judgment of attractiveness in the frontal

lobes, recent functional brain imaging studies have reported that facial beauty

evokes activation in the reward circuitry. Aharon et al. (2001) have shown

that while men rate male and female attractiveness at similar levels, men

find attractive female faces more rewarding as they are only willing to “work”

(assessed as button presses to maintain viewing a face) to view attractive female

faces and not for attractive male faces. In subsequent fMRI block presentation

the authors found that attractive female faces elicited activation in the right

orbitofrontal gyrus and nuclueus accumbens and to a lesser extent activation in

the ventral tegmentum and amygdala (and surrounding areas – the sublenticu-

lar extended amygdala). The authors also examined reaction to attractive male

faces, which were not found to be rewarding, and also found activation in the

ventral tegmentum but that activity was decreased in the extended amygdala

and nucleus accumbens. The authors then postulated a difference in the proces-

sing of “liking” faces and “wanting” them based on reward value in a manner

akin to Berridge’s distinction in food preferences (Berridge, 2003). This study

is suggestive that reward of faces is processed by the sublenticular extended

amygdala and nucleus accumbens and that the general aesthetic properties of

faces are governed by the ventral tegmentum (see also Senior, 2003).

Further fMRI studies have shown that brain responses are moderated by

variant aspects of faces (gaze direction and expression). In one study the per-

ceived attractiveness of an unfamiliar face was associated with increased brain
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activity in the ventral striatum, which prominently includes the nucleus accum-

bens, only when the eyes were pointed at the observer and in fact activity was

decreased when eye-gaze was averted (Kampe et al., 2001). The opposite pattern

is seen for unattractive faces. These findings are in line with predictions that

eye-gaze from attractive individuals might be rewarding as their attention is on

the observer but averted gaze suggests their attention is directed elsewhere.

A similar interaction has been observed with smiling and attractiveness.

O’Doherty et al. (2003) found that attractive faces produced more activation of

the medial orbitofrontal cortex, a region involved in processing rewards, than

unattractive faces and that this difference in activation was greater when the

faces had a smiling facial expression thanwhen theywere shownwith relatively

negative expressions. Again this may be predicted as positive (social interest by

attractive individuals can be rewarding while a lack of positive response may be

less so). Both of these studies suggest integration of brain mechanisms involved

in processing eye-gaze and facial expression and the reward system, though no

effects in subcortical regions of reward systems for attractive faces were seen in

the second study. Interestingly, in behavioral studies, attractive faces are rated

as most attractive when eye-gaze is directed towards the viewer and when the

face is smiling, the two factors combined with attractiveness generate the

strongest attractiveness judgments (Jones et al., 2006).

Other relevant responses: love, sexual arousal, and sex differences

So far, studies of brain activation in processing have highlighted

the role of involving frontal cortex and the classic component of reward, the

nucleus accumbens. Some studies that have examined neural responses when

looking at loved individuals highlight the importance of the amygdala. Using

fMRI it has been shown that looking at people whom you love, compared to

similarly aged friends, evokes deactivations in the posterior cingulate gyrus and

in the amygdala (Bartels and Zeki, 2000). In a different study Bartels and Zeki,

(2004) compared this activation with activation found when viewing one’s chil-

dren, specifically of mothers observing their children to examine the difference

between maternal and romantic love. They found that both types of attachment

activated regions specific to each, as well as overlapping regions in the brain’s

reward system that coincidewith areas rich in oxytocin and vasopressin receptors,

both neuropeptides involved in the formation and maintenance of attachment

between individuals (e.g., Pedersen and Boccia, 2006). Both types of viewing also

deactivate the amygdala and mesial prefrontal cortex which are associated with

negative emotions (Calder et al., 1996; Morris et al., 1996) and social judgments

(Frith and Frith, 2001) respectively. The authors suggest that human attachment

might employ a push–pull mechanism that deactivates networks used for social
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assessment and negative emotions, while attracting individuals to each other

through reward circuitry. Hypothalamic activation was found to be specific to

romantic love and the authors suggest this might reflect a component of erotic

arousal (Bartels and Zeki, 2004).

This brings us to some interesting data regarding sex differences in responses

to sexual stimuli. In rats the medial amygdala moderates appetitive behavior to

sexual signals from smell and vision in males but not females (Newman, 1999)

and in humans a larger amygdala is related to higher sex drive (Baird et al., 2004).

These studies are suggestive that the amygdala plays an important role in sexual

attraction and moderates sex differences in motivation to pay attention to

attractiveness. Recent fMRI studies have shown that the amygdala and hypotha-

lamus are more strongly activated in men than in women when viewing sexual

stimuli (Hamann et al., 2004). In other studies the thalamus and hypothalamus, a

sexually dimorphic area of the brain known to play a pivotal role in physiologi-

cal arousal and sexual behavior, has been shown to activate to sexual stimuli

in a sexually dimorphic way, with men showing more activation than women

(Karama et al., 2002).

A study has also used fMRI to examine how the brain responds to sexually

preferred faces. Kranz and Ishai (2006) examined heterosexual and homosexual

men and women who viewed photographs of male and female faces and

assessed facial attractiveness. Multiple regions in the visual cortex limbic sys-

tem, and prefrontal cortex, demonstrated similar patterns of activation across

all participants to both male and female faces. A significant interaction was

found between sex of face and the sexual preference of the participant in the

thalamus and medial orbitofrontal cortex, whereby heterosexual men and

homosexual women responded more to female faces and heterosexual women

and homosexual men responded more to male faces. The authors suggest that

the oribitofrontal cortex plays a general role in representing the reward value of

faces of potential sexual partners, including same-sex mates.

Together then these studies suggest a strong role of the subcortical amygdala

and thalamus/hypothalamus, and the orbitofrontal cortex in generating respo-

nses to individuals you may be attracted to. Interestingly the study by Kranz and

Ishai suggests that the reward system codes sexually preferred faces and simple

sex-specific responses to same and opposite-sex faces.

Additions to the distributed model of face perception to process attractiveness

The data reviewed above suggests several areas of overlap between the

reward system and the distributed network for face recognition. Certain regions

of the reward circuitry are associated with activation by attractive faces, includ-

ing the nucleus accumbens and orbitofrontal cortex (Aharon et al., 2001; Kampe
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et al., 2001; O’Doherty et al., 2003). Data also suggests a distinction between the

reward value and the general aesthetics of faces (Aharon et al., 2001). Two of the

studies examining facial attractiveness in the brain demonstrate the response is

moderated by variant aspects of facial appearance (eye-gaze, smiling) which is

suggestive that the response to attractiveness occurs after the processing of

these features, or at least in parallel.

Senior (2003) has already proposed extensions to the distributed model for

beauty evaluation (see Figure 7.3). Following the findings of Aharon (2001),

Senior suggests that the extended amygdala system and the ventral tegmentum

are involved in the initial processing of beautiful faces. The model already

incorporates connections between the superior temporal sulcus and the amyg-

dala (Haxby et al., 2000) and Senior suggests that processing by the extended

amygdala system and ventral tegmentum is distinct from emotion processing.

Rewarding faces also generate activity in the orbitofrontal gyrus, ventromedial

prefrontal cortex, and nucleus accumbens but nonrewarding (same-sex) beauti-

ful faces are associated with a reduction in activity in the extended amygdala

and the nucleus accumbens (Aharon et al., 2001). The opposite directions of

signal response suggest processing occurs separately so that projections from

the module representing the extended amygdala system/ventral tegmentum

diverge into separate pathways.

While these additions are important, there are otherways to think about how

attractiveness is processed. Different studies, and different types of study, have

generated a mixture of results highlighting the importance of various brain

mechanisms. Below we briefly reiterate the main components of a system to

process facial attractiveness.

Ventral tegmentum and nucleus accumbens

The ventral tegmentum is rich in dopamine and serotonin neurons and

an important part of the reward system (Berridge and Robinson, 2003). Its role in

the processing of attractive faces is supported by fMRI studies directly showing

the reward value of opposite-sex faces (Aharon et al., 2001). The nucleus accum-

bens has long been associated with reward and it also appears to play a crucial

role in processing the attractiveness of faces being activated by viewing reward-

ing faces (Aharon et al., 2001) and implicated in ventral striatum activationwhen

the eyes of attractive individuals are pointed at the observer (Kampe et al., 2001).

The ventral tegmentum is closely tied to the nucleus accumbens as some

nucleus accumbens neurons require dopaminergic projections from the ventral

tegmental area to promote reward-seeking behavior (Yun et al., 2004). These

two structures may then form an associated component processing attractive

faces.
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Extended amygdala and thalamus/hypothalamus

The amygdala is already present in the extended system for face proces-

sing. The amygdala has been strongly associatedwith the processing of threatening

facial expressions and is also involved in social perceptionmore generally (Adolphs

Core system

(a)

(b)

Extended amydala &
ventral tegmentum

(beauty appraisal)

Nucleus accumbens

(aesthetic beauty)

Facial attractiveness systemCore system

Ventral tegmentum & nucleus accumbens

(Processing reward value and reward)

Amygdala & thalamic regions

(emotional reactions to personal
identity, sexual motivation)

Frontal cortex

(cognitive processing surrounding reward,
social attribution relevant to attraction,
associating reward with remembered
individuals)

Inferior occipital gyri
(early perception of facial features)

Superior temporal sulcus
(Changeable aspects of faces)

Lateral fusiform gyrus

(invariant aspects of faces)

Intraparietal sulcus

(spatially directed attention)

Extended system

Amygdala, insula, Iimbic system

(emotion)

Anterior temporal cortex

(personal identity, name and
biographical information)

Extended system

Nucleus accumbens,
orbitofrontal gyri, &
ventromedial frontal

cortex

(rewarding beauty)

Figure 7.3 (a) Extension to the extended system of face processing redrawn from

Senior (2003). (b) The distributed system of face processing extendedwith speculative

further additions to process attractiveness of faces. We infer that attractiveness is

processed subsequent (or in parallel) to the extended system because reward value is

changed for faces based on variant traits processed in the extended system (Kampe

et al., 2001; O’Doherty et al., 2003). We also connect the core system as invariant

aspects of face not linked to identity are likely linked to attraction. It is currently

unclear exactly how these subsystems are interconnected.
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et al., 1998). Following the outlined studies showing activation (or deactivation) in

response to loved faces we can further suggest that the amygdala is involved in

the judgment of positive feelings felt towards particular valued individuals. The

amygdala is activated in response to attractive faces (Aharon et al., 2001) and

interestingly in humans a larger amygdala is related to higher sex drive (Baird

et al., 2004). The amygdala is also implicated in sex differences in response to

sexual stimuli (Hamann et al., 2004; Karama et al., 2002), with men showing more

amygdala activation than women to such stimuli. Other fMRI studies have

provided evidence for a similar role for the thalamic regions. The thalamus

appears to play a role in the reward of sexually preferred faces, responding

more in heterosexual men to female faces and more in heterosexual women

to male faces (Kranz and Ishai, 2006). Hypothalamic activation is significantly

greater in men when shown sexual stimuli and, for men, the magnitude of

hypothalamic activation is positively correlated with reported levels of sexual

arousal (Karama et al., 2002). These studies further cement the role of the

amygdala and thalamic regions in attaching salience to attractive stimuli. In

terms of processing facial attractiveness the role of the amygdala is somewhat

separable from its role in emotion processing as suggested by Senior (2003) and

must be related to identity processing and sex processing, both invariant aspects

of faces. Of course some emotion processing is also involved in determining the

attractiveness of faces as beauty is more rewarding when the face smiles

(O’Doherty et al., 2003).

Frontal cortex

One of the first studies addressing where attractiveness is processed in

the brain highlighted the role of frontal cortex (Nakamura et al., 1998). This

work is supported by many of the other studies discussed above. Orbitofrontal

cortex is involved in attraction to sexually preferred faces (Kranz and Ishai,

2006) and attractive faces that are gazing at the observer also produce activation

in the medial orbitofrontal cortex (O’Doherty et al., 2003). Medial frontal cortex

is relevant to many different aspects of social cognitive processing (Amodio and

Frith, 2006). Strong ties to social cognitive processing are predicted based on

studies that show personality attributions may be important in making attrac-

tiveness judgments (Little et al., 2006; Perrett et al., 1998). Frontal cortex is

then possibly tied to attractiveness processing via processing associated beha-

vioral or potential behavioral traits of the observed faces.

Fit with general reward structures

The results for attractiveness processing show that facial beauty fits

very well into current understanding of general reward systems. The ventral
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tegmentum, nucleus accumbens, and amygdala are all core units in general

reward (Berridge and Robinson, 2003) and the frontal cortex is involved in

representing the reward value of various sensory stimuli (Rolls, 2004). These

areas are the main components also associated with judgments of facial attrac-

tiveness. Generally, activity (or reduction of activity) in these areas is associated

with a variety of responses important in the judgments of beauty including

sexual arousal and reaction to rewarding opposite-sex faces. Two areas men-

tioned in the review of general reward above have not been highlighted but

could be implicated in processing facial attractiveness. Cingulate cortex plays a

role in general reward and looking at people whom you love does evoke de-

activations in the posterior cingulate gyrus (Bartels and Zeki, 2000). Anterior

cingulate is also activated to sexual stimuli in both men and women (Karama

et al., 2002). Berridge has highlighted the ventral pallidum as an area associated

with liking. Notably this structure lies immediately adjacent to the lateral

hypothalamuswhich is linked to sexual arousal. Overall, the processing of facial

beauty appears very closely tied to general reward mechanisms.

Part B: Examples integrating evolution, cognition,

and neuropsychology

Currently we are only just beginning to understand the neural

mechanisms underlying attraction to certain faces. While reward mechanisms

may be implicated in viewing attractive faces this raises the crucial question

of what makes a face attractive. Presumably the brain processes certain traits

and the presence or absence of these traits generates the reward and attrac-

tion. The studies described above all begin with the notion that attractiveness

is a quality of faces but the brain must compute which faces are and which

are not attractive somewhere in the system. Here we focus on invariant

aspects of faces in contrast to variant aspects such as eye-gaze or smiling.

We might draw a distinction between invariant traits that are attractive based

on their structure and attraction to traits perceived as normal or due to

experience. In discussion of structure we can say that all faces share certain

properties by which they can be described, factors such as whether a person’s

face looks more like a man or a woman. In comparison we can say that what

appears normal or familiar in structure is likely to be closely linked to one’s

personal experience. Of course normality/familiarity is tied to structure and

assumes structural differences. In the next part of this chapter we outline

behavioral data addressing attraction to these two broad distinctions of trait

using symmetry as structural trait detectable across different faces and the

phenomenon of adaptation to highlight experience driven attraction. For each
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we discuss evolutionary pressures, the cognitive processing of the face traits,

and proposed links to brain mechanisms.

Attraction to specific physical traits: symmetry

Symmetry refers to how one half of a visual stimulus mirrors the other

half and is a basic property of the visual world. Many studies of face preferences

have focused on attraction to symmetry (for a review of these studies see

Gangestad and Simpson, 2000; Thornhill and Gangestad, 1999). Symmetry is

found attractive by many animals (see review by Møller and Thornhill, 1998) and

studies of naturally occurring human facial asymmetries have shown that sym-

metry assessed by facialmetric and perceptual measures is positively correlated

with attractiveness judgments (Grammer and Thornhill, 1994; Penton-Voak et al.,

2001; Scheib et al., 1999). Consistent with preferences for naturally occurring

symmetry in real faces, computer graphic studies (Little et al., 2001; Perrett et al.,

1999; Rhodes et al., 1998, 2001b) have shown preferences for faces that had

been manipulated to increase symmetry (see Figure 7.4 for example stimuli).

Cross-cultural agreement (Rhodes et al., 2001b), and even cross-species agreement

(Waitt and Little, 2006), on the attractiveness of symmetrymay indicate a biological

basis for symmetry preference. While symmetry is considered an attractive trait,

individuals may not necessarily consciously look for it. Indeed, in a studymanipu-

lating only symmetry in faces, individuals preferred symmetry but none reported

seeing symmetry as the manipulation made (Perrett et al., 1999).

Figure 7.4 Asymmetric (top) versus symmetric faces (bottom). Symmetric images

are usually found more attractive (e.g., Perrett et al. 1999).
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Evolution

One explanation for the preference for symmetric faces comes from a

postulated link to an evolutionary adaptation to identify high-quality mates

(Little and Jones, 2003; Thornhill and Gangestad, 1999, for review). Symmetry

in human faces has been linked to potential heritable fitness because symmetry

is a useful measure of the ability of an organism to cope with developmental

stress, both genetic and environmental. In other words, symmetrymay act as an

indicator of both phenotypic and genotypic quality (e.g., the ability to resist

disease, Møller and Thornhill, 1998, for reviews).

Cognition

Currently there is debate aboutwhether symmetry preferences reflect an

adaptation or are a functionless cognitive by-product. An alternative explanation

for a preference for symmetrical faces is that symmetrical stimuli aremore easily

processed by the visual system. This can be referred to as the perceptual bias view,

as it proposes symmetry preferences arise from biases based on properties of

perceptual systems (e.g., Little and Jones, 2003, for brief review). Preferences for

symmetry have been observed for stimuli not related to mate-choice, such as

everyday objects (Rensch, 1963) and decorative art (Gombrich, 1984). “Simple”

perceptual bias views posit that symmetry is preferred via simple stimulus prop-

erties such as redundancy of information in symmetric stimuli or that symmetric

stimulimatch the human visual system’s own bilaterally symmetric organization

(Attneave, 1955; Herbert and Humphrey, 1996; Mach, 1897).

A more complicated perceptual bias view for symmetry preference comes

from cognitive theories about prototype formation. From this view, symmetry is

attractive because when asymmetries in stimuli are randomly distributed the

average stimuli are very symmetric. We therefore find symmetry attractive in

faces and other stimuli as it represents something closer to our internal proto-

types for these stimuli and may be attractive as it is perceived as familiar (see

Jansson et al., 2002; Little and Jones, 2003, for reviews). In this way symmetry

preferences may arise as a by-product of experience of asymmetric stimuli

which are on average symmetric (Enquist and Arak, 1994; Enquist and

Ghirlanda, 1998; Enquist and Johnstone, 1997).

Little and Jones (2003) have shown that while symmetry is preferred in upright

faces, it is preferred less in inverted faces. Inversion disrupts the perception of

faces, particularly configural processing, to the extent that inverted faces are

processed in a manner more similar to other objects (i.e., less like faces, Murray

et al., 2000). As bilateral symmetry remains constant in inverted images Little and

Jones’ findings for inversion effects on symmetry preferences are evidence against
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a simple perceptual bias view, but not amore complicated perceptual bias view as

described above. Little and Jones also show that symmetry is preferred in familiar

faceswhen the familiar version is the asymmetric version, suggesting symmetry is

not preferred solely via an associationwith familiarity. Further, it has been shown

that attraction to symmetry occurs for real faces controlling for rated distinctive-

ness (Rhodes et al., 1999), suggesting attraction to symmetry is independent of

prototypicality. Together these studies are problematic for perceptual bias views

that posit that symmetry is attractive because symmetrical faces are closer to

prototypes and that symmetry preferences are linked to familiarity with sym-

metric prototypes. Other studies have presented evidence that human symmetry

preferences are focused on mate-choice relevant factors. For example, Jones et al.

(2001) have shown that the attractiveness-symmetry relationships may be

mediated by perceived health, and both Little et al. (2001) and Penton-Voak et al.

(2001), using different methodologies, have shown that preferences for symmetry

are strongest in opposite-sex faces. Findings that symmetry is preferred in mate-

choice relevant stimuli are indeed suggestive that there may be special mechan-

isms involved in human symmetry preferences. Following Fodor (1983), it is

possible that if symmetry preference is “modular” then preference may not

influence higher cognitive functions. Certainly that symmetry can be preferred

and yet judges not perceive symmetry manipulation explicitly (Perrett et al., 1999)

is consistent with symmetry preferences reflecting an unconscious response.

In other areas there are distinctions in brain mechanisms involved in proces-

sing and preference. For example in face judgments, neuroimaging studies have

revealed that conscious social judgment recruits different neural responses to

passive viewing, suggesting a dissociation between automatic and intentional

processing (Winston et al., 2002). Furthermore, in the taste domain patient data

suggests that preference can be found without recognition of flavor (Adolphs

et al., 2005). We have recently shown that symmetry preferences appear dissoci-

able from the ability to detect symmetry. Individuals who find symmetry attrac-

tive are not able to detect symmetry any better than those who have relatively

low preferences for symmetry (Little and Jones, 2006).

Our findings also give some explanation as towhy humans are quickly able to

judge attractiveness and yet have difficulty in expressing exactly what physical

traits are attractive. If attraction is partly or evenwholly determined bymechan-

isms that are largely unconscious then an overall feeling of attractionmay be all

that reaches consciousness.

Overall the data reviewed here suggests that symmetry preference mechan-

isms are somewhat different to symmetry detectionmechanisms, that symmetry

preferences might not be a simple by-product of cognitive machinery, and that

symmetry preferences may have dedicated neural processing.
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Neuropsychology

There is limited information on how symmetry is processed in the

brain. It has been shown using fMRI that symmetric versus random dot stimuli

produces activity in higher-order regions of human visual cortex, especially

areas V3, V4, and V7 (Sasaki et al., 2005), but little activity elsewhere in the

brain including no activity in the basic visual processing areas (V1 and V2).

Interestingly, the authors found weaker responses to symmetry in analogous

regions ofmacaque visual cortex and suggest that processing visual symmetry is

specifically enhanced in the human brain.

There are limits towhat can be concluded from this study. The stimuli were not

socially relevant and perhaps the processing of facial symmetry occurs elsewhere.

More importantly the authors found that the activation was closely tied to detec-

tion of symmetry in the stimuli. Since preference and detection appear somewhat

dissociated when judging the attractiveness of faces (Little and Jones, 2006) we

have to be cautious in interpreting how closely these regions might factor into

preference for facial symmetry. That said, that there are neural substrates that

detect symmetry is supportive that symmetry is an important general property of

the world. Potentially, symmetry is a property processed early in the core part of

the distributed face processing model (Haxby et al., 2000) which feeds into the

ventral tegmentum and nucleus accumbens of the reward system.

Changeable attraction: Neural tuning influencing the attractiveness of faces

Familiarity is a powerful determinant of attraction. For many types

of stimuli, including faces, exposure increases attraction even when the exposure

is unconscious (Bornstein, 1989; Zajonc, 2001; Zajonc and Rajecki, 1969). Structural

features of the face must be stored and represented in order to determine famil-

iarity. Tied to these findings, as well as symmetry, another face trait that has

received much attention is averageness – how closely they resemble the majority

of other faces within a population; nonaverage faces havemore extreme character-

istics than the average of a population. Francis Galton (1878) first noted that multi-

ple faces blended together were more attractive than the constituent faces. Recent

studies have improved upon these techniques using computers to create digitally

blended composite faces and generally the more images in a composite the more

attractive it is found (Langlois and Roggman, 1990; Little and Hancock, 2002).

Evolution

Familiarity, when not paired with aversive stimuli, is thought to be

rewarding (Zajonc, 2001) and indeed there are obvious benefits to avoiding the

unfamiliar. Imprinting-like effects are also an example of learning in mate
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choice. Average faces may be attractive because an alignment of features that is

close to a population average is linked to genetic diversity (Thornhill and

Gangestad, 1993). Thornhill and Gangestad have argued that average faces

may be preferred to less average faces because owners of average faces possess

a more diverse set of genes, whichmay result in less common proteins to which

pathogens are poorly adapted. Parasites are generally best adapted to proteins

that are common in the host population, hence parasites are adapted to the

genes that code for the production of these proteins. A second evolutionary

based theory for the attractiveness of averageness in faces is that extreme

(nonaverage) genotypes are more likely to be homozygous for deleterious

alleles, that is, to be more likely to possess genes that are detrimental to an

individual than those with more average genotypes (Thornhill and Gangestad,

1993). Both of these theories propose evolutionary benefits tomatingwith those

possessing average faces.

Imprinting, whereby individuals are attracted to parental traits, is well

studied in nonhuman animals (Kendrick et al., 1998; Lorenz, 1943) and there is

increasing evidence for similar effects in humans. Following studies of facial

similarity, judges have been shown to correctly match wives to their mother-in-

law at a significantly higher rate than expected by chance and thatwife–mother-

in-law similarity is higher than similarity between the husbands and their wives

(Bereczkei et al., 2002). Such effects are also seen with adopted daughters,

controlling for genetic effects, with significant facial resemblance between

the daughter’s husband and her adoptive father (Bereczkei et al., 2004). Other

studies have shown that for hair and eye color the best predictors of partner

traits are the opposite-sex parent’s color traits (Little et al., 2003) and that

individuals are attracted to age in faces consistent with the age of their parents

when they were born (Perrett et al., 2002). Imprinting-like effects may be adap-

tive as they increase the coefficient of relatedness between parent and offspring

when male and female partners have genetic similarity. Potentially, then, a

system that learns about known individuals and increases attraction to them

or even their face traits could be adaptive.

Cognition

We are unlikely to have an inbuilt representation of an average face and

what is averagemust be calculated from experience. For each class of stimuli the

human visual system encounters it may develop an individual representation,

or prototype,madeupof an averageof the characteristics of all thedifferent stimuli

of that type that have been seen (Enquist and Arak, 1994; Giese and Leopold,

2005; Johnstone, 1994; Loffler et al., 2005; Valentine, 1991). Computer modeling

has revealed that algorithms trained to discriminate different stimuli produce
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stronger responses to stimuli that represent the average of the training set,

even though this average was not previously encountered (Enquist and Arak,

1994; Johnstone, 1994). These findings have been interpreted as evidence that

prototype formation is a property of learning to recognize different stimuli as

members of a class (Enquist and Arak, 1994; Johnstone, 1994).

Studies on category learning have a long history (e.g., Posner and Keele, 1968).

Learning studies examine how categorical perception develops using abstract

stimuli. In classic studies it has been shown that exposure to different dot

patternswith particular configurations results in abstraction so that the average

of each of the patterns, while never previously seen, is recognized as belonging

to the set of patterns from which it was derived (Posner and Keele, 1968). These

results were originally taken as evidence for prototype formation but there is

much debate about whether it does represent abstraction of a prototype or

whether individuals store individual exemplars and use these to determine

category (Ashby and Maddox, 2005; Nosofsky and Zaki, 2002; Smith and

Minda, 2002).

Faces have been the focus of much research regarding recognition and proto-

type formation. While it has been proposed that faces may be coded as

veridical representations of individuals or exemplars (Valentine, 1991), recent

neuroimaging and single-cell recording studies have supported a prototype-

referenced model of face coding (Giese and Leopold, 2005; Loffler et al., 2005).

Exposure to faces biases subsequent perceptions of novel faces by causing faces

similar to those initially viewed to appear more prototypical than they would

otherwise be perceived as, presumably, a prototype or population of exemplars

becomes updated (Leopold et al., 2001, 2005; Rhodes et al., 2001a, 2003, 2004;

Webster et al., 2004). For example, adaptation to faces with contracted features

causes novel faceswith contracted features to be perceived asmore normal than

prior to this exposure (Rhodes et al., 2003, 2004). Analogous visual after-effects

have been observed following exposure to faces varying in identity (Leopold

et al., 2001; Rhodes et al., 2001a), ethnicity (Webster et al., 2004), sex (Rhodes et al.,

2004;Webster et al., 2004), expression (Webster et al., 2004), and sexual dimorph-

ism (Buckingham et al., 2006; Little et al., 2005). Such after-effects are thought to

reflect changes in the responses of neural mechanisms underlying face proces-

sing (Leopold et al., 2005; Moradi et al., 2005; Rhodes et al., 2003, 2004; Webster

et al., 2004).

These studies may then shed light on how the brain builds an average

representation that other faces can be compared to. Importantly, exposure in

the manner described above also influences attractiveness judgments. After

exposure to faces possessing certain traits, these traits come to be preferred

(Buckingham et al., 2006; Little et al., 2005; Rhodes et al., 2003). For example if
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exposed to faces which look more like one identity, then new faces that resem-

ble that identity are foundmore attractive than if exposed to the opposite set of

face traits. A similar effect has also been observed for judgments of the trust-

worthiness of faces (Buckingham et al., 2006).

Neuropsychology

Adaptation effects are thought to reflect neural responses giving a

strong link to neuropsychology. The representation of individual identity

involves the anterior temporal cortex and invariant aspects of faces the lateral

fusiform gyrus (Haxby et al., 2000) and these are likely the seat of where repre-

sentations of faces are processed. These areas likely link to both the frontal

cortex, which serves to draw cognitive information about the behavior of

individuals, and to the amygdala, which represents emotional feelings towards

known individuals. These same systems also potentially compare unknown

individuals to known identities. In this way the brain may draw recognition as

familiarity which is then attractive and also be able to compare novel faces to

known identities, or prototypes of faces, a comparison to which can generate

attraction.

Summary and conclusions

In Part A we reviewed work on both the general reward system and the

distributed model of face perception alongside current evidence on the neuro-

biology of face preferences. We find much in common between the areas

dedicated to reward and those found active in judging the attractiveness of

faces. We also suggest that both the core and extended face processing mechan-

isms feed into the reward system to represent the attractiveness of faces both

accounting for changeable (eye-gaze, smiling) and unchangeable (shape) aspects

of faces that make them more or less attractive.

In Part B we discussed two examples of aspects of faces that might lead to

them being considered as attractive and the mechanism by which this may

occur. Symmetry is an invariant aspect of faces and is likely processed early in

themodel, possibly in the core system, and potentially linked directly to reward

centers in the brain. Learningwhat an average face is and comparing other faces

to this ideal requires computation and potentially this is done alongside proces-

sing and representation of new faces in the same way as identity is stored.

Comparison to stored representations could account for the attractiveness of

averageness and also ties these mechanisms to judging familiar individuals.

We have proposed a model of how attractiveness is processed in the brain,

however there is still muchwork to be done to dissect the various aspects of this
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model and discover whether some of the assumptions we have made are justi-

fied. Future studies on the neurobiology of beauty processing are necessary to

truly understand exactly what mechanisms are activated when the brain

encounters attractive and unattractive faces and in what order.
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8

Sex differences in the neural
correlates of jealousy

hidehiko takahashi and yoshiro okubo

Sexual jealousy and mate retention behaviors

Jealousy is an emotional response generated by a threat to a valued

relationship with another person, due to an actual or imagined rival (Dijkstra

and Buunk, 2002). Jealousy, however, may become maladaptive when it causes

distress in the jealous person or the target person and could be associated with

behavioral problems observed not only in a psychiatric setting but also in a

general social environment.

One of the most common forms of violence against women is that perpe-

trated by a husband or an intimate male partner (Wathen and MacMillan, 2003;

Watts and Zimmerman, 2002). Research on intimate partner violence, often

termed domestic violence, occurs in all countries, irrespective of social, eco-

nomic, religious, or cultural group (WHO, 2002). Although women can be

violent in relationships with men, the overwhelming majority of victims of

partner violence are women (WHO, 2002). In 48 population-based surveys

from around the world, between 10% and 69% of women were reported to be

physically assaulted by an intimate male partner at some point in their lives

(WHO, 2002). Although there are multiple risk factors for intimate partner

violence such as poverty, alcohol consumption, and the social status of

women, a key risk factor is the partner’s jealousy (Jewkes, 2002; Kingham and

Gordon, 2004). Expressions of male sexual jealousy historically may have been

functional in deterring rivals frommate poaching (Schmitt and Buss, 2001) and

in deterring a mate from committing a sexual infidelity or defecting perma-

nently from the relationship (Buss, Larsen, Westen, and Semmelroth, 1992;

Daly, Wilson, and Weghorst, 1982; Symons, 1979). Therefore, violence in

romantic relationships might be associated with mate retention behaviors

(Buss, 1988; Shackelford, Goetz, Buss, Euler, and Hoier, 2005).
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Morbid jealousy

Morbid jealousy is a condition of inappropriate or excessive jealousy

specific to the sexual partner together with unacceptable or extreme behavior

based on a preoccupation with the partner’s unfaithfulness (Easton, Schipper,

and Shackelford, 2007; Kingham and Gordon, 2004). It is more common in men

than in women (Kingham and Gordon, 2004). Nonpsychotic obsessional morbid

jealousy has been described as a variant of obsessive-compulsive disorder (OCD;

Parker and Barrett, 1997). In fact, several groups have reported successful treat-

ment of morbid jealousy with selective serotonin reuptake inhibitors (SSRIs)

widely used in the treatment of OCD (Stein, Hollander, and Josephson, 1994;

Wright, 1994). When it becomes delusional and is associated with a false belief

in the sexual infidelity of the partner, it is described as delusional jealousy.

Delusional jealousy has been identified as a symptom of different psychiatric

disorders such as dementia (Tsai, Hwang, Yang, and Liu, 1997), alcoholism

(Michael, Mirza, Mirza, Babu, and Vithayathil, 1995), and schizophrenia (Soyka,

Naber, and Volcker, 1991). Delusional jealousy can also occur without the

presence of another psychiatric disorder, and it is defined as Delusional

Disorder – Jealous Type (American Psychiatric Association, 1994). Morbid jeal-

ousy is also known as the Othello syndrome (Todd and Dewhurst, 1955). As in

Shakespeare’s Othello, in which Othello’s jealousy drives him to kill his beloved

wife and himself, this syndrome sometimes includes violence, especially as

directed toward the partner, and it can result in disruption of the relationship,

and in extraordinary cases homicide and suicide. Stalking behavior is also

associated with morbid jealousy (Mullen, Pathe, Purcell, and Stuart, 1999;

Roberts, 2002; Silva, Derecho, Leong, and Ferrari, 2000). Therefore, jealousy is

an important subject for forensic psychology and psychiatry (Lamberg, 2001;

Silva, Ferrari, Leong, and Penny, 1998).

Sex differences in jealousy in response to a partner’s infidelity

Evolutionary psychologists have proposed that men and women have

evolved different psychological mechanisms to process the cues that trigger

jealousy (Symons, 1979; Daly, Weghorst, and Wilson, 1982). Because fertiliza-

tion occurs internally within women, men cannot be certain of their paternity

or genetic relatedness to children produced by their partner. If a woman con-

ceives by someone other than her regular partner, she places him at risk of

unwittingly expending scarce resources on another man’s offspring. Therefore,

men have evolved a special sensitivity to cues of sexual infidelity. In contrast,

women are certain that they are the mothers of their offspring. Instead,
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ancestral women confronted the threat of their regular partner diverting

resources, time, parenting, attention, protection, and commitments to another

woman and her children. Diversion of emotional commitment is an indicator of

diversion of these resources. Therefore, women are predicted to be more sensi-

tive to a partner’s emotional infidelity (Buss, 2002; Buss et al., 1992; Daly et al.,

1982; Symons, 1979).

There is accumulating evidence consistent with evolved sex differences in

jealousy. Previous psychological studies have reported sex differences in the

nature of jealousy in different cultures, including in Western and Asian coun-

tries. Men tend to bemore distressed or upset over partner’s sexual infidelity than

women, and women tend to be more distressed or upset over partner’s emotional

infidelity than men (Buss et al., 1999; Buunk, Angleitner, Oubaid, and Buss, 1996;

DeSteno, Bartlett, Braverman, and Salovey, 2002; DeSteno and Salovey, 1996;

Harris, 2002, 2003; Pietrzak, Laird, Stevens, and Thompson, 2002; Wiederman

and Allgeier, 1993; Wiederman and Kendall, 1999). The majority of studies

supporting the evolutionary hypothesis used hypothetical infidelity scenarios,

and participants had to choose which type of infidelity (sexual or emotional) is

more distressing or upsetting. Studies using continuous measures of jealousy

also have found that men were more distressed over sexual infidelity than

women, and women were more distressed over emotional infidelity than men,

although a few studies using continuous measures did not find sex differences

in response to infidelity (see Sagarin, 2005, for review).

In addition to these survey methods, the evolutionary hypothesis has been

supported by studies using physiological and cognitive methods. Buss et al.

(1992) assessed participants’ physiological arousal in response to situations of

imagined infidelity by measuring their electroderrnal activity (EDA), pulse rate

(PR), and electromyographic activity (EMG). They found that men showed

greater EDA for sexual than for emotional infidelity, whereas women showed

greater EDA for emotional than for sexual infidelity. Men also showed a higher

PR for sexual than emotional infidelity, but women displayed no difference in

PR as a function of the infidelity type, and EMG data showed no significant

effects in men or women (Buss et al., 1992). A study in which participants

listened to a story indicating both types of infidelity and one week later were

unexpectedly asked to recall the contents of the story showed that men prefer-

entially recalled cues to sexual infidelity, whereas women preferentially

recalled cues to emotional infidelity (Schützwohl and Koch, 2004). More recently,

a cognitive study measuring reaction times showed that men and women

systematically differ in sensitivity and speed of the processing cues to sexual

and emotional infidelity, corroborating hypotheses generated by an evolution-

ary perspective (Schützwohl, 2005).
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Sex differences in brain activations in response to sexual

and emotional infidelity

The emerging field of affective cognitive neuroscience and neuroima-

ging techniques is providing new insights into the neural basis of complex social

emotions such as guilt, embarrassment, and pride (Berthoz, Armony, Blair, and

Dolan, 2002; Shin et al., 2000; Takahashi et al., 2007; Takahashi et al., 2004). Study

of the neural correlates of jealousy and their sex differencesmight contribute to

a better understanding of the neural basis of the jealousy-related behaviors

predominantly observed in men.

A study using positron emission tomography (PET) has investigated the neural

correlates of sexual jealousy inmale rhesusmonkeys. In the study, dominantmale

monkeys were injected with the PET tracer [18F]-fluorodeoxyglucose and scanned

when being visually confronted with an interaction between their female mate

and a subordinate male. Compared to the control condition in which the female

consortwas presentwithout the rivalmale, themales showed increased activation

in the brain regions that have been implicated in negative emotions and social

cognition, such as the amygdala, insula, and superior temporal sulcus (STS) during

the jealousy condition (Rilling, Winslow, and Kilts, 2004).

For practical and ethical reasons, it is not feasible to investigate brain activa-

tions in response to actual infidelity in humans. Using functional magnetic

resonance imaging (fMRI), we investigated brain activation in response to

hypothetical sexual infidelity scenarios (e.g., “My girlfriend had her underwear

taken off by another man.” “My girlfriend spent a night in her ex-boyfriend’s

room.”) and emotional infidelity scenarios (e.g., “My girlfriend wrote a love

letter to another man.” “My girlfriend telephones her ex-boyfriend everyday.”)

(Takahashi et al., 2006). Sexual infidelity might be accompanied by emotional

infidelity and vice versa (Buss et al., 1999). For this reason, we carefully chose the

situations, although we knew that it was difficult to entirely dissociate sexual

and emotional infidelity in our fMRI study. We defined sexual infidelity as a

condition explicitly or implicitly indicating a sexual relationship or intimate

physical contact, and emotional infidelity as a condition indicating diversion of

the partner’s emotional commitment to another boyfriend/girlfriend.

We scanned 11male and 11 female university students. Each participant was

heterosexual, had not been married, and was currently in an intimate relation-

ship. The average length of the intimate relationshipwas 14.8months (SD = 10.6)

for the men and 18.5 months (SD = 10.9) for the women.

The participants read sexual and emotional infidelity scenarios during fMRI

scans and then rated the intensity of jealousy and other basic emotions (anger,

sadness, disgust, fear, etc.) using the 6-point Likert scale (1 = none, 6 = extremely
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intense). For men, the mean ratings of jealousy for sexual infidelity and emo-

tional infidelity were 5.7 (SD = 0.4) and 5.1 (SD = 0.5), respectively. For women,

the mean ratings of jealousy for sexual infidelity and emotional infidelity were

5.5 (SD = 0.8) and 4.9 (SD = 0.8), respectively. We did not find sex differences in

jealousy in response to sexual and emotional infidelity (Takahashi et al., 2006).

The lack of sex differences in Likert scale data might be attributable to several

factors. First, the majority of participants rated jealousy as “very” or “extreme-

ly,” indicating that ceiling effects of the Likert scale existed. Second, the Likert

scales for sexual and emotional infidelities were correlated with each other

using our method, suggesting that sexual and emotional infidelities might

have co-occurred.

As for the fMRI results, men and women showed distinct brain activations

in response to sexual and emotional infidelity. For men, the amygdala,

hippocampal regions, and hypothalamus were activated in response to sexual

infidelity. Emotional infidelity activated several brain regions including the

insula, hippocampal regions, and hypothalamus. There was a positive linear

correlation between self-rating of jealousy for emotional infidelity and the

degree of activation in the insula (Montreal Neurological Institute brain

coordinates: x =−38, y= 6, z= 8, r = 0.88, p<0.001). Men showed greater activa-

tion than women in the amygdala in response to sexual infidelity (Figure 8.1)

Figure 8.1Compared towomen,men demonstrated greater activation in response to

sexual infidelity in the amygdala (peak coordinates: x= 22, y= 2, z =−14). Sex

differences were recognized at a height threshold of P<0.0005, uncorrected (t>4.59)

and extent threshold of three contiguous voxels.
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(Takahashi et al., 2006). Men also showed greater activation than women in

the insula and hypothalamus in response to emotional infidelity (Figure 8.2)

(Takahashi et al., 2006). For women, emotional infidelity elicited activation in

the posterior superior temporal sulcus, which was correlated with self-rating

of jealousy for emotional infidelity (x =−46, y=−66, z= 34, r = 0.88, p<0.001).

Women showed greater activation than men in the posterior superior

temporal sulcus in response to emotional infidelity (Figure 8.3) (Takahashi

et al., 2006).

Greater activations in the amygdala, insula, and hypothalamus in men were

similar to the results obtained in the PET study withmonkeys. The amygdala and

insula are the central nodes of processing negative emotions (Calder, Lawrence,

and Young, 2001; Phan, Wager, Taylor, and Liberzon, 2002; Wicker et al., 2003).

In the study with monkeys, males showed increases in plasma testosterone

during a situation provoking sexual jealousy (Rilling et al., 2004). Testosterone

receptors in the brain existmainly in the amygdala, hippocampus, and hypotha-

lamic regions that are involved in sexual and aggressive behaviors (Fernandez-

Guasti, Kruijver, Fodor, and Swaab, 2000; Giammanco, Tabacchi, Giammanco,

Di Majo, and La Guardia, 2005; Lathe, 2001). This means that hormonal trans-

missions might be responsible for the increased activation in the amygdala,

hippocampus, and hypothalamus. Elevation in the testosterone level in the

brain and activations in the amygdala and hypothalamus might be a precursor

Figure 8.2 Compared to women, men showed greater activations in response to

emotional infidelity in the (a) insula (peak coordinates: x =−32, y= 14, z =12) and (b)

hypothalamus (peak coordinates: x =−4, y=−12, z =−12). Sex differences were

recognized at a height threshold of P<0.0005, uncorrected (t>4.59) and extent

threshold of three contiguous voxels.
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of extreme jealousy-related behaviors such as intimate partner violence and

morbid jealousy.

The posterior superior temporal sulcus has been implicated in social cogni-

tion such as detection of intension, deception, and trustworthiness of others

(Gallagher and Frith, 2003; Winston, Strange, O’Doherty, and Dolan, 2002).

Considering this function of the posterior superior temporal sulcus, greater

activation elicited by emotional infidelity in women suggests that women

may be more sensitive than men to a partner’s potential deception or

trustworthiness.

Conclusion

We used continuous measures and did not find a sex difference in

the rating of jealousy for the two types of infidelity. However, using func-

tional neuroimaging techniques, we observed sex differences in brain activa-

tions in response to sexual and emotional infidelities, supporting the view

that men and women have different neurocognitive systems to process a

partner’s sexual and emotional infidelity. Because jealousy-related behaviors

such as intimate partner violence are more common in men, we expect that

our findings will contribute to a broadening of the knowledge pertaining to

these behaviors and their possible treatments.

Figure 8.3 Compared to men, women showed greater activation in response to

emotional infidelity in the posterior superior temporal sulcus (peak coordinates:

x =52, y= −62, z = 34). Sex differences were recognized at a height threshold of

P<0.0005, uncorrected (t>4.59) and extent threshold of three contiguous voxels.

Sex differences in the neural correlates of jealousy 211



References

American Psychiatric Association (1994). Diagnostic and Statistical Manual of Mental

Disorders. 4th revised edn. Washington, DC: American Psychiatric Association.

Berman, M. I. and Frazier, P. A. (2005). Relationship power and betrayal experience as

predictors of reactions to infidelity. Personality and Social Psychology Bulletin, 31(12),

1617–1627.

Berthoz, S., Armony, J. L., Blair, R. J., and Dolan, R. J. (2002). An fMRI study of

intentional and unintentional (embarrassing) violations of social norms. Brain,

125(Pt 8), 1696–1708.

Buss, D.M. (1988). From vigilance to violence: Tactics of mate retention in American

undergraduates. Ethology and Sociobiology, 9, 291–317.

Buss, D.M. (2002). Humanmate guarding.Neuroendocrinology Letters, 23 Suppl 4, 23–29.

Buss, D.M., Larsen, R. J., Westen, D., and Semmelroth, J. (1992). Sex differences in

jealousy: Evolution, physiology, and psychology. Psychological Science, 3(2),

251–255.

Buss, D.M., Shackelford, T. K., Kirkpatrick, L. A., Chloe, J., Hasegawa,M., Hasegawa, T.,

and Bennett, K. (1999). Jealousy and beliefs about infidelity: Tests of competing

hypotheses in the United States, Korea, and Japan. Personal Relationships, 6,

125–150.

Buunk, B. P., Angleitner, A., Oubaid, V., and Buss, D.M. (1996). Sex differences in

jealousy in evolutionary and cultural perspective: Tests from the Netherlands,

Germany, and the United States. Psychological Science, 7(6), 359–363.

Calder, A. J., Lawrence, A.D., and Young, A.W. (2001). Neuropsychology of fear and

loathing. Nature Review Neuroscience, 2(5), 352–363.

Daly, M., Wilson, M., and Weghorst, S. J. (1982). Male sexual jealousy. Ethology and

Sociobiology, 3, 11–17.

DeSteno, D.M., Bartlett, M. Y., Braverman, J., and Salovey, P. (2002). Sex differences in

jealousy: Evolutionary mechanism or artifact of measurement? Journal of

Personality and Social Psychology, 83(5), 1103–1116.

DeSteno,D.A. and Salovey, P. (1996). Evolutionary origins of sex differences in jealousy?

Questioning the “fitness” of the model. Psychological Science, 7(6), 367–372.

Dijkstra, P. and Buunk, B. P. (2002). Sex differences in the jealousy-evoking effect of

rival charactictics. European Journal of Social Psychology, 32(2), 829–852.

Easton, J. A., Schipper, L.D., and Shackelford, T. K. (2007). Morbid jealousy from an

evolutionary psychological perspective. Evolution and Human Behavior, 28(6),

399–402.

Fernandez-Guasti, A., Kruijver, F. P., Fodor,M., and Swaab, D. F. (2000). Sex differences

in the distribution of androgen receptors in the humanhypothalamus. The Journal

of Comparative Neurology, 425(3), 422–435.

Gallagher, H. L. and Frith, C. D. (2003). Functional imaging of “theory of mind.” Trends

in Cognitive Science, 7(2), 77–83.

Giammanco, M., Tabacchi, G., Giammanco, S., Di Majo, D., and La Guardia, M. (2005).

Testosterone and aggressiveness. Medical Science Monitor, 11(4), RA136–145.

212 H. Takahashi and Y. Okubo



Harris, C. R. (2002). Sexual and romantic jealousy in heterosexual and homosexual

adults. Psychological Science, 13(1), 7–12.

Harris, C. R. (2003). A review of sex differences in sexual jealousy, including self-

report data, psychophysiological responses, interpersonal violence, and morbid

jealousy. Personality and Social Psychology Review, 7(2), 102–128.

Jewkes, R. (2002). Intimate partner violence: Causes and prevention. Lancet, 359

(9315), 1423–1429.

Kingham M. and Gordon H. (2004). Aspects of morbid jealousy. Advances in Psychiatric

Treatment, 10(6), 207–215.

Lamberg, L. (2001). Stalking disrupts lives, leaves emotional scars: Perpetrators

are often mentally ill. Journal of the American Medical Association, 286(5), 519,

513–522.

Lathe, R. (2001). Hormones and the hippocampus. Journal of Endocrinology, 169(2),

205–231.

Michael, A., Mirza, S., Mirza, K. A., Babu, V. S., and Vithayathil, E. (1995). Morbid

jealousy in alcoholism. British Journal of Psychiatry, 167(5), 668–672.

Mullen, P. E., Pathe,M., Purcell, R., and Stuart, G.W. (1999). Study of stalkers. American

Journal of Psychiatry, 156(8), 1244–1249.

Parker, G. and Barrett, E. (1997). Morbid jealousy as a variant of obsessive-compulsive

disorder. Australian and New Zealand Journal of Psychiatry, 31(1), 133–138.

Phan, K. L., Wager, T., Taylor, S. F., and Liberzon, I. (2002). Functional neuroanatomy

of emotion: A meta-analysis of emotion activation studies in PET and fMRI.

Neuroimage, 16(2), 331–348.

Pietrzak, R.H., Laird, J. D., Stevens, D. A., and Thompson, N. S. (2002). Sex differences

in human jealousy: A coordinated study of forced-choice, continuous rating-

scale, and physiological responses on the same subjects. Evolution and Human

Behavior, 23(2), 83–94.

Rilling, J. K., Winslow, J. T., and Kilts, C.D. (2004). The neural correlates of mate

competition in dominant male rhesus macaques. Biological Psychiatry, 56(5),

364–375.

Roberts, K. A. (2002). Stalking following the breakup of romantic relationships:

Characteristics of stalking former partners. Journal of Forensic Science, 47(5),

1070–1077.

Sagarin B. J. (2005). Reconsidering evolved sex differences in jealousy: Comment on

Harris (2003). Personality and Social Psychology Review, 9(1), 62–75

Sagarin, B., Vaughn Becker, D., Guadagno, R., Nicastle, L., and Millevoi, A. (2003). Sex

differences (and similarities) in jealousy: The moderating influence of infidelity

experience and sexual orientation of the infidelity. Evolution and Human Behavior,

24(1), 17–23.

Schmitt, D. P. and Buss, D.M. (2001). Humanmate poaching: Tactics and temptations

for infiltrating existingmateships. Journal of Personality and Social Psychology, 80(6),

894–917.
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