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CHAPTER 7

Evolutionary Psychology
and the Emotions

K>

Leda Cosmides
John Tooby

Evolutionary psychology is an approach to the
psychological sciences in which principles and
results drawn from evolutionary biology, cogni-
tive science, anthropology, and neuroscience
are integrated with the rest of psychology in or-
der to map human nature. By “human nature,”
evolutionary psychologists mean the evolved,
reliably developing, species-typical computa-
tional and neural architecture of the human
mind and brain. According to this view, the
fimectional compenents of this architecture were
designed by natural selection to solve adaptive
problems faced by our hunter—gatherer ances-
tors, and to r¢gulate behavior so that these
adaptive problems were successfully addressed
(for discussion, see Cosmides & Tooby, 1987;
Tooby & Cosmides, 1992). Evolutionary psy-
chology is not a specific subfield of psycholo-
gy, such as the study of vision, reasoning, or so-
cial behavior. It is a way of thinking about
psychology that can be applied to any topic
within it—including the emotions.

The analysis of adaptive problems that arose
ancestrally has led evolutionary psychologists
to apply the concepts and methods of the cogni-
tive sciences to scores of topics that are relevant
to the study of emotion, such as the cognitive
processes that govern cooperation, sexual at-
tfraction, jealousy, aggression, parental love,
friendship, romantic love, the aesthetics of

~ landscape preferences, coalitional aggression,

incest avoidance, disgust, predator avoidance,
kinship, and family relations (for reviews, see
Barkow, Cosmides, & Tooby, 1992; Crawford
& Krebs, 1998; Daly & Wilson, 1988; Pinker,
1997). Indeed, a rich theory of the emotions
naturally emerges out of the core principles of
evolutionary psychology (Tooby, 1985; Tooby
& Cosmides, 1990a; see also Nesse, 1990), In
this chapter we (1) briefly state what we think
emotions are and what adaptive problem they
were designed to solve; (2) explain the evolu-
tionary and cognitive principles that led us to
this view; and (3) using this background, expli-
cate in a more detailed way the design of emo-
tion programs and the states they create.

AN EVOLUTIONARY-
PSYCHOLOGICAL THEORY
OF THE EMOTIONS

An evolutionary perspective leads one to view
the mind as a crowded zoo of evelved, domain-
specific programs. Each is functionally special-
ized for solving a different adaptive problem
that arose during hominid evolutionary history,
such as face recognition, foraging, mate choice,
heart rate regulation, sleep management, or
predator vigilance, and gach is activated by a
different set of cues from the enyironment. But
the existence of all these microprograms itself
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92 INTERDISCIPLINARY FOUNDATIONS

creates an adaptive problem: Programs that are
individually designed to solve specific adaptive
problems could, if simultanecusly activated, de-
liver putputs that conflict with one another, in-
terfering with or nullifying one another’s func-
tional products. For example, sleep and flight
from a predator require mutually inconsistent
actions, computations, and physiological states.
it is difficult to sleep when your heart and mind
are racing with fear, and this is no accident;
Disastrous consequences would ensue if propri-
oceptive cues were activating sleep programs at
the same time that the sight of a stalking lion
was activating programs designed for predator
evasion. To avoid such consequences, the mind
must be equipped with superordinate programs
that override some programs when others are
activated (e.g., a program that deactivates sleep
programs when predator evasion subroutines
are activated). Furthermore, many adaptive
problems are best solved by the simultaneous
activation of many different components of the
cognitive architecture, such that each compo-
nent assumes one of several alternative states
(e.g., predator avoidance may require simulta-
neous shifts in both heart rate and auditory acu-
ity; see below). Again, a superordinate program
is needed that coordinates these components,
snapping cach into the right configuration at
the right time.

Emotions are such programs. To behave
functionally according to evolutionary stan-
dards, the mind’s many sibprograms need to be
orchestrated so that their joint product at any
given time is functionally coordinated, rather
than cacophonous and self-defeating. This co-
ordination is accomplished by a set of superor-
dinate programs—the emotions, They are adap-
tations that have arisen in response to the
adaptive problem of mechanism orchestration
(Tooby & Cosmides, 1990a; Tooby, 1985). In
this view, exploring the statistical structure of
ancestral situations and their relationship to the
mind’s battery of functionally specialized pro-
grams is central to mapping the emotions. This
is because the most useful (or least harmful)
deployment of programs at any given time will
depend critically on the exact nature of the con-
fronting situation.

How did emotions arise and assume their
distinctive structures? Fighting, falling in love,
escaping predators, conitonting sexual infideli-
ty, experiencing a failure-driven loss in status,
responding to the death of a family member,
and 50 on each involved conditions, contingen-

cies, situations, or event types that recurred in-
numerable times in hominid evolutionary histo-
ry. Repeated encounters with each kind of situ-
ation selected for adaptations that guided
information processing, behavior, and the body
adaptively through the clusters of conditions,
demands, and contingencies that characterized
that particular class of situation. This can be ac-
complished by engineering superordinate pro-
grams, each of which jointly mobilizes a subset
of the psychological architecture’s other pro-
grams in a particular configuration. Each con-
figuration should be selected to deploy compu-
tational and physiological mechanisms in a way
that, when averaged over individuals and gener-
ations, would have led to the most fitness-pro-
moting subsequent lifetime outcome, given that
ancestral situation type.

This coordinated adjustment and entrain-
ment of mechanisms constitutes a mode of op-
eration for the entire psychological architec-
ture, and serves as the basis for a precise
computational and functional definition of each
emotion state {Tooby & Cosmides, 1990a; Too-
by, 1985). Each emotion entrains various other
adaptive programs—deactivating sotne, activat-
ing others, and adjusting the modifiable para-
meters of still others—so that the whole system
operates in a particularly harmonious and effi-
cacious way when the individual is confronting
certain kinds of triggering conditions or situa-
tions. The conditions or situations relevant to
the emotions are those that (1) recurred ances-
trally; (2) could not be negotiated successfully
unless there was a superordinate level of pro-
gram coordination (i.e., circumstances in which
the independent operation of programs caused
no conflicts would not have selected for an
emotion program, and would lead to emotional-
ly neutral states of mind); (3) had a rich and re-
liable repeated structure; (4) had recognizabie
cues signaling their presence;' and {5) were of a
type in which an error would have resulted in
large fitness costs (Teoby & Cosmides, 1990a;
Tooby, 1985). When a condition or situation of
an evolutionarily recognizable kind is detected,
a signal is sent out from the emotion program
that activates the specific constellation of sub-
programs appropriate to solving the types of
adaptive problems that were regularly embed-
ded in that situation, and deactivates programs
whose operation might interfere with solving
those types of adaptive problems. Programs di-
rected to remain active may be cued to enter
subroutines that are specific to that emotion
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mode and that were tailored by natural selec-
tion to solve the problems inherent in the trig-
gering situation with special efficiency.

According to this theoretical framework, an
emotion is a superordinate program whose
function is to direct the activities and interac-
tions of the subprograms governing perception;
attention; inference; learning; memory; goal
choice; motivational priorities; categorization
and conceptual frameworks; physieclogical reac-
tions (e.g., heart rate, endocrine function,
immune function, gamete release); reflexes; be-
havioral decision rules; motor systems; com-
munication processes; encrgy level and effort
allocation; affective coloration of events and
stimuli; recalibration of probability estimates,
situation assessments, vatues, and regulatory
variables (e.g., self-esteem, estimations of rela-
tive formidability, relative value of alternative
goal states, efficacy discount rate); and so on.
An emotion is not reducible to any one catego-
ry of effects, such as effects on physiology, be-
havioral inclinations, cognitive appraisals, or
feeling states, because it involves evolved in-
structions for all of them together, as well as
other mechanisms distributed throughout the
human mental and physical architecture.

All cognitive programs—including superor-
dinate programs of this kind—are sometimes
mistaken for “homunculi,” that is, entities en-
dowed with “free will” A homunculus scans
the environment and freely chooses successful
actions in a way that is not systematic enough
to be implemented by a program. It is the task
of cognitive psychologists to replace theories
that implicitly posit such an impossible entity
with theories that can be implemented as fixed
programs with open parameters. Emotion pro-
grams, for example, have a front end that is de-
signed to detect evolutionarily reliable cues that
a situation exists (whether or not these cues re-
liably signal the presence of that situation in the
modern world). When triggered, they entrain a
specific set of subprograms: those that natural
selection “chose™ as most useful for solving the
problems that situation posed in ancestral envi-
ronpments. Just as a computer can have a hierar-
chy of programs, some of which controt the ac-
tivation of others, the human mind can as well.
Far from being internat free agents, these pro-
grams have an unchanging structure regardless
of the needs of the individual or her circum-
stances, because they were designed to create
states that worked well in ancestral situations,
regardless of their consequences in the present.

FEAR: AN EXAMPLE

Consider the following example, The ancestral-
Iy recurrent situation is being alone at night,
and a situation detector circuit perceives cues
that indicate the possible presence of a human
or animal predator. The emotion mode is a fear
of being stalked. (In this conceptualization of
emotion, there might be several distinct emo-
tion modes that are lumped together under the
folk category “fear,” but that are computation-
ally and empirically distinguishable by the
different constellation of programs each en-
trains.) When the situation detector signals
that you have entered the situation “pos-
sible stalking and ambush,” the following
kinds of mental programs are entrained or
modified:

l. There are shifts in perception and atten-
tion. You may suddenly hear with far greater
clarity sounds that bear on the hypothesis that
you are being stalked, but that ordinarily you
would not perceive or attend to, such as creaks
or rustling. Are the creaks footsteps? Is the
rustling caused by something moving stealthily
through the bushes? Signal detection thresholds
shift: Less evidence is required before you re-
spond as if there were a threat, and more true
positives will be perceived at the cost of a high-
er rate of false alarms.

2. Goals and motivational weightings
change. Safety becomes a far higher priority.
Other goals and the computational systems that
subserve them are deactivated: You are no
longer hungry; you cease to think about how to
charm a potential mate; practicing a new skill
no fonger seems rewarding, Your planning fo-
cus narrows to the present: Worries about yes-
terday and tomorrow temporarily vanish.
Hunger, thirst, and pain are suppressed.

3. Information-gathering programs are redi-
rected: Where is my baby? Where are others
who can protect me? Is there somewhere | can
ge where | can see and hear what is going on
better?

4, Conceptual frames shift, with the auto-
matic imposition of categories such as “danger-
ous™ or “safe.” Walking a familiar and usually
comfortable route may now be mentally tagged
as “dangerous™, Odd places that you normally
would not occupy—a hallway closet, the
branches of a tree—suddenly may become
salient as instances of the category “safe” or
“hiding place”
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5. Memory processes are directed to new
retrieval tasks: Where was that tree I climbed
before? Did my adversary and his friend look
at me furtively the last time I saw them?

6. Communication processes change, De-
pending on the circumstances, decision rules
might cause you to emit an alarm cry, or to be
paralyzed and unable to speak. Your face may
automatically assume a species-typical fear ex-
pression.

7. Specialized inference systems are activat-
ed. Information about a lion’s trajectory or eye
direction may be fed into systems for inferring
whether the lion saw you. If the inference is
“yes,” then a program automatically infers that
the lion knows where you are; if “no,” then the
lion does not know where you are (the “seeing-
is-knowing” circuit identified by Baron-Cohen,
1995, and inactive in individuals with autism).
This wvariable may automatically govern
whether you freeze in terror or bolt, Are there
cues in the lion’s behavior that indicate whether
it has eaten recently, and so is unlikely to be
predatory in the near future? (Savannah-
dwelling unpulates, such as zebras and wilde-
beests, commonly make this kind of judgment;
Marks, 1987.) :

8. Specialized learning systems are activat-
ed, as the large literature on fear conditioning
indicates (e.g., LeDoux, 1995; Mineka & Cook,
1993; Pitman & Orr, 1995). if the threat is real,
and the ambush occurs, you may experience an
amygdala-mediated recalibration (as in post-
traumatic stress disorder) that cam last for the
remainder of your life (Pitman & Orr, 1995),

9. Physiology changes: Gastric mucosa turn
white as blood leaves the digestive tract (anoth-
er concomitant of motivational priorities
changing from feeding to safety); adrenalin
spikes; heart rate may go up or down (depend-
ing on whether the situation calls for flight or
immobility); blood rushes to the periphery, and
so on (Cannon, 1929, Tomaka, Blascovich,
Kibler, & Ernst, 1997); instructions to the mus-
culature (face, and elsewhere) are sent (Ekman,
1982). Indeed, the nature of the physiologicai
response can depend in detailed ways on the
nature of the threat and the best response option
(Marks, 1987).

10. Behavioral decision rules are activated,
Depending on the nature of the potential threat,
different courses of action will be potentiated:
hiding, flight, self-defense, or even tonic immo-
bility (the latter is a common response to actual
attacks, both in other animals and in humans?).

Some of these responses may be experienced as
automatic or involuntary.

From the point of view of avoiding danger,
these computational changes are crucial: They
are what allowed the adaptive problem to be
solved with high probability, on average over
evolutionary time. Of course, in any single case
they may fail, because they are only the evolu-
tionarily computed best bet, based on ancestral-
ly summed outcomes, they are not a sure bet,
based on an unattainable perfect knowledge of
the present.

Whether individuals report conscigusly ex-
periencing fear is a separate question from
whether their mechanisms have assumed the
characteristic configuration that, according to
this theoretical approach, defines the fear emo-
tion state. Individuals ofien behave as if they
are in the prip of an emotion, while denying
that they are feeling that emotion. We think it is

perfectly possible that individuals sometimes -

remain unaware of their emotion states, which
is one reason we do not use subjective experi-
ence as the sine qua non of emotion, At present,
both the function of ¢onscious awareness, and
the principles that regulate conscious access to
emotion states and other mental programs, are
complex and unresolved questions. Mapping
the design features of emotion programs can
proceed independently of their resolution, at
least for the present,

With the preceding view of emotions in
mind, in the next two sections we outline the
evolutionary and cognitive principies that led
us to it (detailed arguments for these positions
can be found in Tooby & Cosmides, 19904,
1990b, 1992, and in Cosmides & Tooby, 1987,
1992, 1997). .

EVOLUTIONARY FOUNDATIONS

Chance and Selection

For reasons researchers have only recently
come to appreciate fully, every species has a
universal, species-typical evolved architecture
(Tooby & Cosmides, 1990b).? These designs
are largely conserved through genetic tnheri-
tance from generation to generation (account-
ing over the long term for homologous similari-
ties among related species). Nevertheless, over
the long run, evolutionary change takes place,
and this design modification is poverned by
two kinds of processes: chance and selection.

P R P

I




experienced as

oiding danger,
: crucial: They
problem to be
1 average over
uy single case
mly the evolu-
d on ancestral-
10t a sure bet,
knowledge of

msciously ex-
juestion from
assumed the
according to
the fear emo-
we as if they
vhile denying
We think it is
Is sometimes
states, which
ective experi-
. At present,
vareness, and
ous access to
Jrograms, are
ns. Mapping
yrograms can
-esolution, at

emotions in
¢ outline the
ples that led
ese positions
lides, 1990a,
Tooby, 1987,

IONS

oly recently
Jecies has a
architecture
iese designs
tetic inheri-
m (account-
Sus similari-
‘heless, over
takes place,
roverned by
Wl selection.

Evolutionary Psychology and the Emotions 95

Random mutations are always being injected
jnto species. What ultimately happens to each
mutation is shaped both by chance and by the
stable consequences the mutation has on the de-
sign of the organism—selection. A mutational
modification to a design feature will often alter
how well it functions (e.g., improving the optics
of the lens, or reducing a liver enzyme’s detoxi-
fication efficiency). Those alterations in a de-
sign feature that improve the machine’s ability
to solve reproduction-promoting tasks (com-
pared to the earlier model desipn feature) wiil
increase their own fiequency over the genera-
tions, until (usuably) they become universally
incorporated into the species design. The accu-
mulated effects of this positive feedback is one
reason why species tend to have umiversal,
species-typical evolved architecture in their
functional components (see Tooby & Cos-
mides, 1990b, for details and exceptions). Oth-
er modifications interfere with replication;
these act to edit themselves from the population
and the species design (negative feedback).
Still others have no systematic effect: Neutral
alterations randomly drift in frequency, some-
times disappearing and sometimes becoming
species-typical. These processes—chance and
selection—explain how species acquired their
designs.

For researchers seeking to understand organ-
ic design, natural selection is the most impor-
tant component to consider, because it is the
only force in nature that can build functional
organization into organisms. Natural selection
is a hill-climbing feedback process that chooses
among alternative designs on the basis of how
well they function. This is what biologists mean
when they say that function determines struc-
ture, Natural selection is a causal process in
which a structure spreads because of its func-
tional consequences. This causal relationship is
what gives theories of adaptive function their
heuristic power for psychologists and biofo-
gists. If investigators know what adaptive prob-
lems our ancestors faced generation after gen-
eration, they can took for mechanisms that are
well engineered for solving them.

Because of the different roles played by
chance and selection, the evolutionary process
builds three different types of outcomes into or-
ganisms; (1) adaptations—that is, functional
machinery built by selection (usually species-
typical); (2) by-products of adaptations, which
are present in the design of organisms because
they are causally coupled to traits that were se-

lected for (usually species-typical); and (3) ran-
dom noise, injected by inutation and other ran-
dom processes {often not species-typical) (Too-
by & Cosmides, 1990a, 1990b, 1992; Williams,
1966). The emotion of sexual jealousy is an
adaptation (Daly, Wilson, & Weghorst, 1982;
Buss, 1994); stress-induced physical deteriora-
tion is arguably a by-product of the flight-fight
system; and heritable personality varjation in
emotional functioning (e.g., extreme shyness,
morbid jealousy, bipolar depression) is proba-
bly noise (Tooby & Cosmides, 1990b), Evi-
dence of the presence (or absence) of high de-
grees of coordination between adaptive
problems and the desipn features of putative
adaptations allows researchers te distinguish
adaptations, by-products, and noise from one
another (Williams, 1966; Cosmides & Tooby,
1997).

How Well Designed Are Emotion
Adaptations Expected to Be?

Organisms, as a result of millions of years of
selection, are full of evolved adaptations that
are improbably well engineered to solve the
adaptive problems the species encountered re-
peatedly during its evolution. Biologists have
found that selection has routinely produced ex-
quisitely engineered biological machines of the
highest order, at all scales—from genetic error
carrection and quality control in protein assem-
bly to photosynthetic pigments, the immune
system, the vertebrate eye and visual system,
efficient bee foraging algorithms, echolocation,
and color constancy systems. Although Stephen
Jay Gould (1997) and his followers have ener-
getically argued in the popular science litera-
ture that natural selection is a weak evolution-
ary force, evolutionary biologists, familiar with
the primary literature, have found it difficult to
take these arguments seriously (Tooby & Cos-
mides, 1999).

In fact, whenever the adaptive problem can
be well specified (as in color constancy, object
recognition, grammar acquisition, word mean-
ing induction, tactile perception, or chemical
identification), natural computational adapta-
tions have consistently and strikingly outper-
formed the best artificial devices that teams of
engineers, after decades of effort and millions
of dollars of funding, have produced (consider,
e.g., artificial vision or speech recognitien pro-
grams). So while adaptations are in some ab-
stract sense undoubtedly far from optimal, they
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are nevertheless extremely well engineered, and
their performance on the problems they evolved
to solve is unrivaled by any machine yet de-
signed by humans. The empirical evidence fal-
sifies the claim that evolved computational
adaptations tend to be crude or primitive in de-
sign, and supports the opposite view; that our
mental machinery, including the emotions, is
likely to be very well designed to carry out
evolved functions. For emotion researchers,
this means that working hypotheses (which are
always open to empirical revision} should begin
with the expectation of high levels of evolution-
ary functionality, and that research methods
should be sensitive enough to detect such orga-
nization. This does not mean that emotions are
well designed for the modern world—only that
their functional logic is likely to be sophisticat-
ed and well engineered to solve ancestral adap-
tive problems.

Adaptive Problems

Qver evolutionary time, design features are
added to or discarded from the species’ design
because of their consequences. A design feature
will cause its own spread over generations if it
has the consequence of solving adaptive prob-
lems such as detecting predators, deternng
sexual rivals, helping sisters, or ejecting toxin-
laden food. “Adaptive problems™ are evolution-
arily long-enduring recurring clusters of condi-
tions that constitute either reproductive
opportunities (e.g., the arrival of a potential
mate, the reflectant properties of light) or re-
productive obstacles (e.g., the speed of a prey
animal, the actions of a sexual rival, Limited
food supplies for relatives). Adaptations were
designed by selection to exploit these opportu-
nities and to circumvent these obstacles. A de-
sigh feature may be said to solve an adaptive
problem to the extent that its presence in an or-
ganism (when compared to alternative designs)
increases the organism’s net lifespan reproduc-
tion, and/or the reproduction of kin {who are
likely to carry the same genetically based de-
sign feature; Hamilton, 1964).

Researchers less familiar with' evolutionary
psychology often equate adaptive problems ex-
clusively with short-run threats to physical sur-
vival. However, survival is not central to evolu-
tion; indeed, all individual organisms die
sooner or later, In contrast, genes—which can
be thought of as particles of design—are poten-
tially immortal, and design features spread by

promoting the reproduction of the genes that
participate in building them. Survival is signifi-
cant only insofar as it promotes the reproduc-
tion of design features. It is no more significant
than anything else that promotes reproduction,
and is often advantageousty risked or sacrificed
in the process of promoting reproduction in
self, children, or other relatives,

Because events and conditions in the organ-
ism’s local world are causally linked, the en-
hancement of its reproduction reaches out to
encompass, in a network of causal linkages, all
of human life—from the subtleties of facial ex-
pression to attributions of responsibility to the
intrinsic rewards of projectile games to the abil-
ity to imagine alternatives. The realm of adap-
tive information-processing problems is not
limited to one area of human [ife, such as sex,
violence, or resource acquisition. Instead, it is a
dimension cross-cutting all areas of hurnan life,
as weighted by the strange, nonintuitive metric
of their cross-generational statistical effects on
direct and kin reproduction.

Motreover, it is important to remember that
the consequences at issue in a good design are
total lifetime fitness conseguences, not just
what happens in the short run. The design fea-
tures of every program have been shaped by the
answer to the question: Given the situation the
organism ts in at each given present moment,
what is the deployment at that moment of the
modifiable characteristics of the individual
{physiology, action, knowledge states, etc.) that
will net the best return on own and kin repro-
duction, as accrued over the expected remain-
der of the individual's lifespan? Emotion pro-
grams that incline the individual to engage in
seemingly pointless activities over the near-
term (e.g., grief, playfulness, fascination, guilt,
depression, feeling tiumphant} need to be ana-
lyzed in terms of how they modify the psycho-
logical architecture for benefits that are ac-
crued probabilistically over the long run (e.g.,
gains in knowledge; recalibration of motiva-
tional priorities; the recomputation of a huge
body of choice-variables in the face of informa-

-tion that the local world has dramatically

changed).*

The Environment
of Evolutionary Adaptedness

Behavior in the present is generated by evolved
information-processing mechanisms that were
constructed in the past because they solved
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adaptive problems in the ancestral emviron-
ments in which the human line evolved. For this
reason, evolutionary psychology is both envi-

ronment-oriented and past-oriented in its func- .

tionalist orientation. Adaptations become in-
creasingly effective as selection makes their
! desigh features more and more complementary
i/10 the long-enduring structure of the world. The

articulated features of the adaptation are de-

signed to mesh with the features of the environ-
ment that were stable during the adaptation’s
evolution, so that their interaction produced
functional outcomes. The regulation of breath-
ing assumes the presence of certain long-endur-
ing properties of the atmosphere and the respi-
ratory system. Vision assumes the presence of
certain evolutionarily stable properties of sur-
faces, objects, and terrestrial spectral distribu-
tions, The lactase digestive enzyme presuppos-
es an infant diet of milk with lactose. And each
emotion presupposes that certain cues signal
the presence of a structure of events and condi-
tions that held irue during the evolution of that
emotion, Disgust circuits presume a world in
which rotten smells signal toxins or microbial
contamination, for example.

Accordingly, to understand an adaptationas a
problem solver, one needs to model the enduring
properties of the task environment that selected
for that adaptation—the “environment of evolu-
tionary adaptedness,” or EEA, Although the ho-
minid line is thought to have first differentiated
from the chimpanzee lineage on the African sa-
vannahs and woodlands, the EEA is not a place
or time, It is the statistical composite of selec-
tion pressures that caused the genes underlying
the design of an adaptation to increase in fre-
quency until they became species-typical or sta-
bly persistent (Tooby & Cosmides, 1990a). Thus
statistical regularities define the EEA for any
given adaptation. The conditions that character-
ize the EEA are usefully decomposed into a con-
stellation of specific environmental regularities
that kad a systematic {though not necessarily un-
varying) impact on reproduction and that en-
dured long enough to work evolutionary change
on the design of an adaptation. These regulan-
ties can include complex conditionals {(e.g., if
one is a male hunter—gatherer gnd one is having
a sexual liaison with someone else’s mate and
that is discovered, then one is the target of lethal
retributory violence 37% of the time). Descrip-
tions of these statistical regularities are essential
for constructing a task analysis of the adaptive
problem that a hypothesized adaptation evolved

to solve (Tooby & Cosmides, 1990a). Conceptu-
alizing the EEA in statistical terms is fundamen-
tal to the functional definition of emotion that
we presented above and will elucidate below.

COGNITIVE FOUNDATIONS

The Cognitive Science Resolution
of the Mind-Body Problem

Evolutionary psychology starts with a funda-
mental insight from cognitive psychology: The
brain is a machine designed to process informa-
tion. From this perspective, one can define the
“mind” as a set of information-processing pro-
cedures (cognitive programs) that are physical-
ly embodied in the neural circuitry of the brain.
For cognitive scientists, “brain” and “mind™ are
terms that refer to the same system, which can
be described in two complementary ways—
eithér in terms of its physical properties {the
neural) or in terms of its information-process-
ing operation (the mental). The mind is what
the brain does, described in computational®
terms (Jackendoff, 1987; Cosmides & Tooby,
1987; Pinker, 1997). This approach allows
mental operations to be described with great
precision: One is led to specify what informa-
tion is extracted from the environment; what
procedures act to transform it; what formats are
involved in its representation or storage; and
what operations access it to govern decision
making, physiological or behavioral regulation,
or further information integration (Marr, 1982).
Also, because it provides an intelligible way of
relating physical and mental phenomena, dis-
coveries in brain science (e.g., from dissocia-
tion studies and neuroimaging) can be used in
making inferences about the mind, and vice
versa—a process that is leading to a principled
mapping between brain and mind (for reviews,
see Gazzaniga, 1995).

An evolutionary perspective makes clear
why the cognitive or computational level of de-
scription is more than an analogy. Whereas oth-
er parts of the body were designed for lifting
loads, grinding food, chemically extracting nu-
trients, and so on, the brain was designed by
evolution to use information derived from the
environment and the body to functionally regu-
late behavior and the body. The brain came into
existence and accreted its present complex
structure over evolutionary time because, in an-
cestral populations, mutations that created or
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altered cognitive programs such that they car-
ried out adaptively consequential information-
processing tasks more successfully were differ-

entially retained, replicated, and incorporated

into our species’ neural design.

The ancestral world posed recurrent infor-
mation-processing problems, such as What sub-
stances are best to eat? or What is the relation-
ship between others’ facial expressions and
their mental states? Information-processing
programs—food preferences and aversions, or
rules for inferring emotions from facial expres-
sions—acquired one set of design features
rather than many others because the retained
features better computed solutions to these in-
formation-processing problems. Over evolu-
tionary time, it was the computational proper-
ties of alternative neural circuits—their relative
ability to solve adaptive information-process-
ing tasks—that cdused some newral circuits to
be selected for and others to be selected out,
So, from an evolutionary and a functional point
of view, the brain is intrinsically and by its na-
ture an organ of computation—a set of infor-
mation-processing devices realized in neural
tissue (Cosmides & Tooby, 1987; Tooby & Cos-
mides, 1992; Pinker, 1997). Key tasks for psy-
chologists, then, are to discover, inventory, and
map the “circuit logic” of the collection of pro-
grams that constitute the human mind, and to
relate how that adaptive logic maps onto the
suite of informational problems faced by our
hunter—gatherer ancestors,

Emotion and Computation

It may strike some as odad to speak about love or
jealousy or disgust in computational terms.
“Cognition” and “computation” have affectiess,
flavorless connotations. In everyday language,
the term “cognition™ is often used to refer to a
particular subset of information processing—
roughly, the effortful, conscious, voluntary, de-
liberative kind of thinking one does when soly-
ing a mathematics problem or playing chess:
what is sometimes called “cold cognition.” This
use of “cognition™ falls out of the folk-psycho-
logical classification of thinking as distinct
from feeting and emotion, and it appears in a
few subfields of psychology as well (particular-
ly those concerned with education and the ac-
quisition of skills that must be explicitly
taught). As a result, one sometimes sees articles
in the psychological literature on how emotion,
affect, or mood influence “cognition.™

However, from an evolutionary cognitive
perspective, one cannot sensibly talk about
emotion affecting cognition because “cogni-
tion” refers to a language for describing all of
the brain’s operations, including emotions and
reasoning (whether deliberative or noncon-
scious), and not to any particular subset of op-
erations. If the brain evolved as a system of in-

formation-processing relations, then emotions

are, in an evolutionary sense, best understood
as information-processing relations (i.e., pro-
prams) with naturally selected functions, Ini-
tially, the commitment to exploring the under-
lying computational architecture of the
emotions may strike one as odd or infelicitous,
but it leads to a large number of scientific pay-
offs, as we sketch out below.

Thus the claim that emotion is computational
does not mean that an evolutionary-psychologi-
cal approach reduces the human experience to
bloodless, affectless, disembodied ratiocina-
tiot. Every mechanisi in the brain—whether it
does something categorizable as “cold cogni-
tion” (such as inducing a rule of grammar or
judging a probability) or as “hot cognition”
(such as computing the intensity of parental
fear, the imperative to strike an adversary, oran
escalation in infatuation)—depends on an un-
derlying computational organization to give its
operation its patterned structure, as well as a set
of neural circuits to implement it physically.

Of course, shifting terminology (e.g., from
“cognition” as thinking to “cognition” as every-
thing mental) does nothing to invalidate re-
search done with the old terminology, and valu-
able research exploring how various emotion
states modify performance on tasks that require
deliberative thinking has beea done (e.z., Isen,
1987; Mackie & Worth, 1991}). But an evolu-
tionary and computational view of emotion can
open up for exploration new empirical possibil-
ities obscured by other frameworks. An evolu-
tionary perspective breaks categories such as
“thinking” into a large set of independent do-
main-specific programs, and so opens up the
possibility that distinct emotions affect separate
inference programs in diverse yet functionally
patterned ways, rather than in a single, aggre-
gate way.®

Domain Specificity and Functional
Specialization

A basic engineering principle is that the same
machine is rarely capable of solving two differ-
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ent problems equally well. Corkscrews and
cups have different properties because they are
solutions to different problems, and each there-
fore solves its targeted problem better than the
other. Similarly, natural selection has construct-
ed different tissues and organs {e.g., the heart
for pumping blood, the liver for detoxifying
poisons) for exactly this reason. This same
principle applies to our evelved cognitive pro-
grams and neural circuitry. Different informa-
tion-processing problems usually require differ-
ent procedures for their successful solution. For
example, to solve the adaptive problem of se-
lecting a good mate, one’s choices must be
guided by qualitatively different standards than
when one is choosing the right food, or the right
habitat, or the right meaning for an unfamiliar
word. Implementing different solutions re-
quires different, functionally distinct mecha-
nisms {Sherry & Schacter, 1987; Gallistel,
1995). Speed, reliability, and efficiency can be
engineered into specialized mechanisms be-
cause they do not need to make tradecffs be-
tween mutually incompatible task demands,
and because they can use problem-solving prin-
ciples that work in one domain but not in oth-
ers. (For detailed arguments, both on the weak-
ness of domain-general architectures and on the
many advantages of architectures that include a
large number of domain-specific computational
devices, see Cosmides & Tooby, 1987, 1994,
Tooby & Cosmides, 1990a, 1992).

The application of these principles to the de-
sign of the mind has convinced many scientists,
including most evolutionary psychologists, that
the human cognitive architecture is multimodu-
lar—that it is composed of a Jarge number of
information-processing programs, many of
which are functionally specialized for solving a
different adaptive problem. These adaptations
appear to be domain-specific expert systems,
equipped with “crib sheets™ inference proce-
dures, regulatory rules, motivational priorities,
goal definitions, and assumptions that embody
knowledge, regulatory structure, and value
weightings specific to an evolved problem do-
main. These generate correct (or at least adap-
tive) outputs that would not be warranted on the
basis of perceptual data processed through
some general-purpose decisional algorithm. In
the last two decades, many cognitive re-
searchers have found evidence for the existence
of a diverse collection of inference systetns, in-
cluding specializations for reasoning about ob-
jects, physical causality, number, lanpuage, the

biological world, the beliefs and motivations of
other individuals, and social interactions (for
reviews, see Hirschfeld & Gelman, 1994; Cog-
nitive Science, Volume 14, 1990; and Barkow et
al,, 1992). These domain-specific inference
systemns have a distinct advantage over domain-
independent ones, akin to the difference be-
tween experts and novices: Experts can solve
problems faster and more efficiently than
novices because they already know a lot about
the problem domain, and because they are
equipped with specialized tools and practices.

Each adaptive problem recurred millions of
times in the EEA, and so manifested a statisti-
cal and causal structure whose elements were
available for specialized exploitation by design
features of the evolving adaptation. For exam-
ple, predators used darkness and cover to am-
bush. Physical appearance varied with fertility
and health. Other children reguilarly fed by
one’s mother were usually one'’s genetic sib-
lings. Specialized programs—tor predator fear,
sexual attraction, and incest avoidance, respec-
tively—could evolve whose configuration of
design features embodied and/or exploited
these statistical regularities, allowing these
adaptive problems to be solved economically,
reliably, and effectively. Such specializations,
by embodying “innate knowledge™ about the
problem space, operate better than any general
learning strategy could. A child did not have to
wait to be ambushed and killed in the dark to
prudently modulate his or her activities. Aduits
did not need to observe the negative effects of
incest, because the Westermarck mechanism
mebilizes disgust toward having sex with prob-
able siblings (Shepher, 1983},

Selection Detects
the Individually Unobservable

Animals subsist on information. The single
most limiting resource to reproduction is not
food or safety or access to mates, but what
makes them each possible: the information re-
quired for making adaptive behavioral choices.
However, many important features of the world
cannot be perceived directly. Cogunitive adapta-
tions can use perceivable evenis as cues for in-
ferring the status of important, nonperceivable
sets of conditions, provided that a predictable
probabilistic relationship between them was
maintained over evolutionary time. Natural se-
lection can extract statistical relationships that
would be undetectable to any individual orga-




