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In the early 1930°s Wintrop and Luella Kellogg (1933) began co-rearing their 10.5
month old son, Donald, with a 7.5 month old female chimpanzee named Gua. The Kelloggs
expected that Gua, with the chimpanzee’s popular reputation for aping, would acquire numerous
behaviors and practices via imitation from both Donald and themselves. Unexpectedly however,
while Gua did finally acquire a few human patterns (e.g., combining his hair), Donald was the
one who began to imitate the chimpanzee in some dramatic ways. Following Gua, Donald
acquired the habits of knuckle walking (which he continued well after achieving full bipedality),
chewing on shoes, scraping his teeth against interior walls, and hard biting. Donald even
adopted some stereotypical chimpanzee food grunts, barks and hoots, using a particular bark as
the word for orange. Thus, it was the human who did most of the aping.

People in many small-scale societies believe that a human fetus is formed by many
repeated ejaculations of sperm into the womb. This belief means that a child can have multiple
fathers, who share paternity according to the number of times they had sex with the mother prior
to birth (in anthropological parlance ‘partible paternity’). In response to this cultural belief,
women in many of these societies actively seek out extra-marital copulations, often to provide
their child with extra fathers. And, while male jealously from the husband is sometimes a
problem, it is regarded as socially inappropriate and thus suppressed. Detailed statistical
analyses from two such societies, the Bari of Venezuela (Beckerman et al. 2002) and Aché of
Paraguay (Hill and Hurtado 1996), show that the optimal number fathers for a child’s survival
is more than one. These ‘other fathers’ (non-husbands of mom) provide resources, in the form of
fish and meat, to their offspring and the mothers, both during pregnancy and while the child is
growing up. Interestingly, since much of the sex associated with ‘extra fathers’ occurs after
conception, many of these social fathers cannot be the genetic fathers. Culturally-transmitted
beliefs in partible paternity have been recorded in various linguistically-unrelated societies
across lowland South America, as well as in New Guinea, by multiple researchers over the last
75 years (Beckerman and Valentine 2002).

These examplesillugrate two key points abouthumans First, while chimpanzees do
show some capecities for imitative learning (Horner and Whiten 2005;Whiten et al. 2005) thar
cultural trangmission shows subgantialy lower degrees of fiddity, frequency, and internd
motivation. Compared to chimpanzees, humans are Omitation machinesO(Tomasello 1999)
More genedly, while only limited sodal learning abilities are foundelsewhere in naure, sodal
learning in our speciesis highfiddity, frequent, internaly motivated, often unconsious and
broadly applicable. Humanslearn, via observation of others, everything from motor paternsto
gods and affective respongs, in domainsranging from tod-making and food preferences to



altruism and suicide We will refer to thisform of sodal learning, which may be particular to
humans as cultural learning.

Thecombinaion of both thehighfiddity and frequency of soda learningin our lineage
has geneated cumulative cultural evolution. Cumulative cultural evolution, which may exist to
any significant degree only in our lineage, is the process throughwhich learning buildsa body of
culturally trangmitted information (behavior, practices, bdiefs, etc.) in apopuktionin such a
way tha locally adaptive aspects aggregate over time, with the accumulation of successful
additionsand modifications Cumulative cultural evolution builds adaptive practices, tools,
technique and bodies of knowledge (aboutanimal behavior, medicind plants, etc.) that no single
individual could figure out inther lifetime, and that can only be unde'stoodas produds of
cultural evolutionay processes. Paleoarchaeology suggests that subgantia cumulative cultura
evolution has likely been occurring for at least thelast 280000years (McBrearty and Brooks
2000) andthusa key element in undestanding human genetic evolution.

Our secondpoint isillugrated by sodeties with patible paernity: culturally acquired
bdiefs can shgpe how we undestand theworld in ways tha influence decisions induding
decisionsarising from essential aspects of our evolved cognition. To invest in thar offspring, for
example, males need to figure out which offspring are thars. Evidence indicates that we use a
variety of cuesto identify ourkin, induding phenatypic similarity and scent (DeBruine 2002;
Thomhill et al. 2003, but humansalso appaently use ther culturally-tranamitted bdiefs about
kindhip and reprodudion. More generally, there is also evidence that culture influences our
gpaial cogntion, perception of visud illusons(Segdl er al. 1966) judgrent (Nisbett 2003) risk
preferences (Henrich and McElreath 2002) and nationsof fairness or preferences for equity
(Henrich et al. 20049.

Given dl this, we think that a prope evolutionay framework for studying human
psychology and behavior needsto reckon with our speciesCheavy reliance on cultural learning
and cultural evolved adaptations In providing such aframework, Dual Inheritance Theory
(Cavalli-Sforza and Feldman 1981;Boyd and Richerson 1985;for similar approaches also see
Durham 1991;Laand 2000)aims to incorporate these and other aspects of human culture unde
the Darwinian umbrella by focusang onthree key concepts:

(1) Cultural capacities as adaptations: Culture, cultural learning, and cultural evolution
arise from gendicaly evolved psychologica adgptationsfor acquiring idess, bdiefs,
values, practices, mental modds, and strategies from other individuds by obervation
andinference. Thus thefirst step isto use thelogic of naural selectionto theorize
abouttheevolution and opeation of our cultural learning capecities.

(2) Cultural evolution: Our cultural learning mechanisms give rise to arobug second
system of inheitance (cultura evolution) tha opeates by different tranamission rules
than genetic inhaitance, and can thusprodue phenomenanot observed in other less
cultural species. Theorizing aboutthis process requires taking wha we know about
human cultural learning and human cognition, embedding these into evolutionay
modds tha induded sodal interaction, and studying the emergent propeaties of these
modeds. This approach alows researchers to cobble up from psychology and individud
decisornrmaking to socdology and popuktion-level phenomena

(3) Culture-gene Coevolution: The second system of inheaitance created by cultura
evolution can alter both thesoda and physcal environments faced by evolving genes,
leading to a process termed culture-gene coevolution. For example, suppo® the
practice of cooking meat spread by sodal learning in ancestral human popuktions In



an environment of @ooked meatQ natural selection may favor genes tha shorten our
energetically cogly intestines and alter our digestive chemistry. Such aredudion of
digestive tissue may have freed up energy for more ®rain bulding Qn this way, human
biology is adapting to culturally trangmitted behavior.

Concept 1: Evolved Psychological Mechanisms for Cultural Learning

Our approach to undestanding culture beginsby consdering what kindsof cognitive
learning abilities would have allowed individuds to efficiently and effectively extract adegptive
idess, bdiefs, and practices fromthar soda worlds in the changing environments of our hurter-
gatherer ancestors. This approach diverges from maindream evolutionay psychologyin its
emphasis onthe costly information hypothesis and on the evolution of specialized social learning
mechanisms. The cogly information hypohesis focuses on the evolutionay tradeoffs between
acquiring accurate behaviora information at high cos and gleaning less accurate information at
low cog. By formally exploring howthe cogly information hypothesis generates trade-offsin
the evolution of our sodal learning capacities, we can generate predictive theories aboutthe
details of human cultural psychology. When acquiring information by individud learning is
cogly, naural selectionwill favor cultural learning mechanisms tha allow individuds to extract
adaptive informationN strategies, practices, heuristics and bdiefsN from other members of ther
sodal groupat alower cod than throughalternative individud mechanisms (like trial-and-error
learning). Human cognition probably contains numerousheuristics, directed attentiond biases,
andinferentia tendendes that facilitate the acquisition of useful traits from other people.

Such cultural learning mechanisms can be categorized into (1) content biases and (2)
context biases. Content biases, or wha Boyd and Richerson (1985) have called direct biases,
cause usto more readily acquire certain bdiefs, ideas or behaviors because some aspect of ther
content makes them more appealing (or more likely to beinferred from observation). For
example, imaginethree practices invalving different additives to pop@m: thefirst involves
putting salt on poparn, the secondfavors adding suga, and thethird involves sprinkling chak
dug onthekernds. Innae content biases tha affect cultural tranamissionwill guaantee tha
chdk dug will likely notbea populr popmrm additive in any human sodety. Both salt and
suga have postive innae content biases for sengble evolutionay reasonsN foodswith salty or
sugay flavors were impartant sources of scarce nutrients and calories in ancestral human
environments. Thus naural selection favored abiasto acquire ataste for salty and sweet foods
so that we would bemotivated to acquire and eat them. Of course, if you grew upin asodety
tha only saltsits pop®rmn, youmay steadfastly adhere to your salting preference even onae you
findtha suga isthe standad poparn seasoning in other sodeties. Thus human food
preferences are smultaneoudy culturally learned and influenced by innae content biases.

Content biases may be either reliably developing produds of our species-shared genetic
heritage (i.e., innae) or they may beculture specific. In consdering theinfluences of innae
biases (such asthose for salty or fatty foodg, keep in mind tha evolutionay produds like
human mindsare likely to contain accidental by-produds and latent structures tha create biases
for fitness-neutral behaviors, idess, bdiefs and values. Boyer (2001)deails onekind of by-
produd content bias in his explanaionfor theuniversality of certain religiousconcepts (like
ghogs).

On thecultural side, people may culturally learn beliefs, values and/or mental modds that
then act as content biases for other aspects of culture. That is, having acquired a particular idea
via cultural trangmission, alearner may bemore likely to acquire another idea, because thetwo



Qit togetherOin some cognitive or psychological sense. For example, bdieving that a certain
ritud in the springwill inarease the crop harvest in the summer mightfavor theacquisition of a
belief that asimilar ritud will increase awoman@® oddsof conception, a healthy pregnancy,
and/or of successfully ddivering arobug infant.

Context biases, onthe other hand, exploit cues from the ndividuds who are being
learned fromQ(we term these individuds @nodd s, rather than features of the Ghing being
learnedQto guide sodal learning. Thereisagreat deal of adgptive information embodied in both
who holdsideas and how common theideas or practices are. For example, because informationis
cogly to acquire, individuds will do better if they preferentially pay attention to, and learn from,
people who are highly successful, particularly skilled, and/or well-respected. Sodal learners who
selectively learn fromthose more likely to have adaptive skills (that lead to success) can out-
compete those who do not A large amountof mathematical modding effort has been expended
in exploring the conditionsunde which different context biases will evolve, howthey should be
congructed psychologicaly, and wha popuktion paternswill emergefromindividuds usng
such learning mechanisms. Moreover, avast amount of field and laboratory data confirms tha
these learning biases are indesd an important part of our cognition, tha they are used by both
children and adults, and have been shown to influence economic decisons opinions judgnents,
values, and eating behavior. Our remaining discussion of psychological mechanisms focuses on
thetheory and evidence for two categories of context biasesin cultural learning: (1) success and
prestige bias and (2) conformity bias.

Selecting Good Cultural Models: Success & Prestige Biases

Once an individud islearning from others, shewould bewiseN in an adaptive
evolutionay senseN to be selective aboutwho she pays attention to for the purposes of learning
(Henrich and Gil-White 2001) Theideaistha alearner should use cues from, or characteristics
of, theindividudsin thar soda world to figure out who is mog likely to have useful idess,
bdiefs, values, preferences, or strategies tha might be gleaned, at least partially, through
observation. For example, an aspiring farmer might imitate the strategies and practices of the
modg skillful, successful, or prestigiousfarmers who live aroundhim. Simply figuring out who
obtainsthebiggest yields per hectare and copyingthem isalot easier than doing all thetrial and
error learning for theimmense variety of decisonsafarmer (or anyoneelse) hasto make. A
purely individud learner would have to experiment with many types of crops seeds fertilizers,
planting schedules, and variousplowing techniques. The variety of combinaionscreates a
combinaoria exploson of possibilities, making it virtudly impossible for an individud to figure
outthebest farming strategy by relying entirely on experimentation. Thisistrue of many, if not
modg, real world decisions However, dongwith figuring outwho is themos successful or mos
skilled, learners should also be concerned abouthow thethingsthey mightlearn will fit with
ther own abilities, the expectationsof thar role or gender, andther persond context. Learne's
should assess certain kinds of Gimilarity@ between themselves and potential moddsN and
weigh this alongsdethar assessments of GkillGand GuocessO Following thislogic, we arguein
thenext chapter that learners might preferentialy learn soda nomms fromindividuds who share
thar ethnic markers (e.g., thar diaect, languaye or dress, see McElreath et al. 2003)

Figuring outwho possesses the adgptive sKills, strategies, preferences, and bdiefsis often
not straightforward. To achieve this, peoplerely on arangeof cuesrelated to skill (or
competence), success, and prestige. For rhetorical purposes, this tripartite distinction is hd pful
because it captures the continuumof cues fromdirect observation by thelearner (of skill or
competence) to completely indirect assessments based on prestige (defined bdow). Noting



someoned skill or competence, for our purposes, meanstha onehas directly observed and
judged thar techniqueor paformance. An apprentice might watch two craftsmen working side
by side, onehitting all of his marks and gliding right alongto a perfect find produd (say a
handmede char) while another struggles, cuts himself twice, curses a bit, and produaes
something tha only the bravest of his friendswould venture to sit on. Direct observation
indicates who thelearner should pay attentionto for learning to make chairs.

Cues of success are less direct and take advantage of easily observable correlates of
competence (especialy those tha are fake), as we@e defined it. Depending on the domein and
sodety, such cues might be measured by hous size, family size, nunber of wives and/or
children, numbe of peer-reviewed publications costliness of thar car, number of tapirskilled,
number of headstaken in raids the size of thar biggest yam, etc., each of which, in paticular
sodal contexts, is related to some domain of skill. While these cues provide only an indirect
measure, they are sometimes supeior to cues of compeence. If performances are highly noisy,
the observationsof a small sample of total performance may lead alearner to misperceive
competence. Cues of success, in contrast, often average over many paformances, which can hdp
reduce the error in the learner@ assessment of who to learn from.

Theevolutionay theory undepinning this form of modd-based cultural learning
proposs tha onae the psychological machinery that makes use of competence- and success-
based cues for targeted cultural learning has spread throughthe popuktion, highly skilled and
successful individuds will bein highdemand, and soda learners will need to compete for
access to themog skilled and successful. This creates a new selection pressure for such learna's
to pay deference to thoe they assess as mog valuable (those judgel mog likely to possess
adaptive information) in exchangefor preferred access and assistance in learning. Deference
bendfits may take many forms, induding coditiona suppot, general assistance (hdping
laboriousprojects), public praise, caring for the offspring of the skilled, and gifts (Gurven 2001J).

With the spread of deference for highly skilled individuds, naural selection can take
advantage of the observable paternsof deference to further save oninformation-gahering cods.
Naive entrants (say immigrants or children), lacking detailed information abouttherelative skill
or success of potential cultural modds, may take advantage of the existing patern of deference
by usgng the amounts and kindsof deference different modds receive as cues of undelying skill.
Assessing differences in deference-received provides a best guess to the skill ranking untl more
information can be accumulated. Figunng out whoto learn from usng thedistribution of
deference is merely away of aggregaing theinformation (opiniong tha others have already
gleaned aboutwhois agoodpersonto learn from.

As pat of these deference paterns people unoonsioudy cue who they think isagood
modd througha series of ethologcal and behavioral phenomenatha arise directly from efforts
to imitate these individuds. These paternsrelate to attention, eye gaze, verbd tones and
rhythms, and behavioral podures. As other learners seem keenly attuned to these subte paterns
it appearstha natural selection has favored attention to both paterns of deference and those
arising fromtargeted imitation, as a means of assessng whomto pay attentionto for cultural
learning. As we will discuss bdow, a mechanism like @opy the majorityQ(conformist
trangmission) provides an effective way to aggregae theinformation gathered by observing and
listening to others. In this case, conformist trangmission can be used to figure outwhomto pay
attention to for cultural learning.

To undestand thedifference between cues of prestige, success and skill, consder the
following stylized example of an academic department. A new Ph.D. entering a department and



aiming at tenure might assess his senior colleagues in orde to figure out whom to learn from
(with the god of getting tenure). Initially, he can glean a measure of people@ prestige-deference
by listening to and observing how people act towards each other. If he@ really serious he might
pull up everyond3 CV's and countther publications (and divide by ther Qears since PhDQ. This
would give ameasure of success. Findly, if our fresh Ph.D. still has notgiven up al hopeof
finding agoodmodd, he might read everyone® papers (or at least those who rank highin
BuccessOand Qrrestiged) and watch them teach. This would give our learner a measure of skill or
competence. Aggregaing al these measures, he@ have a decent estimate of whoto learn from.

Interestingly, theindirect nature of assessing another person@® utility as a cultural modd
(i.e., their possession of adagptive information tha could be useful to thelearner) creates an
important phenomena In acomplex world, such indirect measures do nottell thelearner which
of themodd@® behavior, ideas, practices, and strategies causaly contribute to his success or
competence. For example, are people successful in farming because of what they plant, when
they plant, howthey plant, or how they make sacrifices to the spiritsN or all four? Because of
this ambiguity, humansmay have evolved the propengty to copy successful individuds across a
widerangeof cultural traits, only some of which may actudly relate to theindividuadsOsuccess.
When informationis codly it turnsoutthat this strategy will befavored by naural selection even
thoughit may allow neutral and even somewha maladaptive traits to hitch-hike alongwith
adaptive cultural traits.

Evidence of Selective Model-Based Cultural Learning

Evidence for these learning mechanismsis plentiful, and comes from across the sodal
sciences. A broad spectrum of work shows that bath kidsand adults will preferentially learn all
kindsof thingsfrom other indviduds demondrating particular cues of competence, success
and/or prestigeN and there need not beany particular relationship between domeins of prestige
or competence and thethingsbeing learned. Unfortunaely, the details dorn® go much beyond
tha. For example, we would like to know how different kindsof information are integrated. How
important is observed competence compared to prestige? How important isindividud
information when it contradicts the behavior of highly successful people? Having looked at a
widerangeof sodal learning evidence, it is clear tha thetendency to imitate prestigiousand
successful people is oneof themod powerful aspects of cultural learning.

In providing ataste of the evidence for success and prestige-biased cultural learning, we
emphasize X main points. First, these imitative paterns spontaneoudy appear in incentivized
(where individud & choices influence moneary payoffs or other kindsof returns) and non
incentivized circumstances, in both nonsoda and sodal situaions induding situaionstha
involve direct competition amongthelearners. Gocia situationgare those in which a person®
payoffs and those of others are jointly influenced by ther choices. Second, the effects repeatedly
emerge across a broad rangeof contexts, induding economic decisions opinions food
preferences and consumption, bdiefs, and diaects. Third, congstent with theory, the amountof
cultural learning observed dependscriticaly onthe degree of uncertainty foundin the
environment. As uncertainty increases, so does cultural learning. Fourth, these learning paterns
emerge even when the modd@ domein of competence, success, or prestigeis appaently
unrelated to thebehavioral domain in question. Fifth, diverse findingsfrom laboratory
experiments in both Econonics and Psychology, using very different experimental paradigms,
consstently convergeN giving usconfidence in the findinggrobudicity across experimental
contexts. Sixth, the paternsof cultural learning observed in thelaboratories fit closely with field
dataN giving usconfidence tha the effects observed in the artificial context of experiments



actudly matter in thereal world. Below, we first summarize some of thelaboratory findingsto
illudrate points 1 through5, and then describe afew key field studies tha illudrate point six.
Experimenta evidence from Pingle (1995 confirms tha people (well, university
students) imitate the strategies of successful individuds when payoffs are ontheline Usinga
series of computerized decision situaions participants had to repeatedly select the amountof
three different inpuss (e.g., GertilizerQ GeedGand Gebord) into a produdion problem for either 21
or 31 rounds depending on thetreatment. Before each decisionN i.e., before setting thefind
amounts, (x1, x> andx3) of thethree inputsfor agiven roundN subjects could pay to find out what
profit they@ get if they used different sets of inpuss (a @osgtly experiment(). In the baseline
treatment, subjects could only learn fromthar own andyses and direct experience (i.e., wha
they earned each roundfromtheir chosen inpus). To calculate profit in each round the subject@
inputs were runthrougha pre-set produdion fundion. This fundion, which was unknown to

players, had only oneset of optimainpus (x;, , x5, x;) N these inputs would make the most

money. In four other treatments, oppotunities for imitation were introduced in varying ways and
with different cogs. Participantsin all treatments faced the same environment (the same
produdion fundion) for roundsl to 11 (Block 1). At round12, the environment shifted and
agan remained congdant throughround21. For treatments 2-4 and the control, therewas also a
@ompstitiveQenvironment that commenced in round 22 with an environmental shift that lasted
through31 (Block 3). During this Block, the optimal set of inputs shifted dynamically and
dependad onwha other players had done Thismeansthat participants faced a new environment
beginninginroundsl, 12 and 22 Blocks 1 and 2 are non-sodal decisons while Block 3
provides onetype of soda interaction.

Thedifferent treatments manipulated the information available for imitation: in treatment
1, during each round(starting in round?2) participants couldN at a costN look at theinputs and
output of one other subject who had previoudy played that round In treatment 2 participants
couldN at a cogN look at alist of inputs and outputs for that roundfor all the subjects tha had
gonebefore them. In treatment 3, before the play for each Block commenced, subjects were
given the best outputs and inputs of previousplayers for that Blodk. In treatment 4, each subject
watched two other subjects complete all 31 roundsbefore playing themselves. Each treatment
used different subjects, who were pad real money according to the profit they earned, which was
determined by ther choices of inpus.

A compaison of thefindingsfrom across the treatments highlights several important
points aboutimitation, all of which have been anticipated by cultural evolutionay modds (Boyd
and Richerson 1985;Boyd and Richerson 1988;Boyd and Richerson 1995; Weibull 1995)

1) Innonsodal situdions, paticipants use imitation, often to asubgantial degree, even
when decisionsare finandally motivated and cos-bendit andysisis possible (but
codly). Thepatern of results across all four experimentsN vis-"-vis the non-imitation
controlN shows the strength of our propendty for imitation: In round2 of treatments
1 and 2, which can be compared directly to round2 in theno-imitation control,
people imitated 87%and 57% of thetime, respectively.

2) Imitationtendendes remain strongeven in compditive sodal environments. About
43% of subjects imitated in round22 of treatment 2.

3) Peopletended to imitate (theinputs) of more successful players (those who gothighe
outputs). Thepaternsin thedaa are only explicable if people are looking at the
difference in paformance and usng tha as a cue about who and when to imitate.

4) Uncertainty causes asubgantial increase in thereliance onimitation. Inrounds2, 12,



22, when anew environmentisfirst encouniered, rates of imitation are highest.

5) Theavailability of imitative oppotunities, even costly ones, improves theaverage
performance of the group.As agroup subjects in imitation treatments outperformed
tho=e of the control.

6) The Gmitation environmentQ(treatment) affects the average performance of the
group.Averagepeaformance in Treatment 3 and 4 exceedsthat of Treatment 1 and 2.
Only theinformationd environment of Treatment 3 avoidsa subgantial degradaion
in group peformance during the Block 3.

Othe work by economists confirms these findings Kroll & Levy (1992 showtha
individuds readily imitate the investments of successful players, and tha adding the possibility
of imitationimproves theoveall peformance of the group.Offerman & Sonneanans (1998)
show tha, notonly will people copy economic chaices and investment strategies, but they will
also preferentially imitate bdiefs aboutthe state of theworld from successful people. Work
studying competitive Coumot markets demongrates the power of this form as imitation
(Alpesteguiaer al. 2003)

Recent studies exemplified by the aboveexpeariment are important because thedecision
makingisincentivized and theavailable informationis rigoroudy controlled. Quditatively
however, these findingsfrom Econormics merely confirm older empirical ingghts from
Psychology. Research elsewhere in Psychology has shown tha individuds preferentially acquire
opinionsfrom prestigioussources, especialy in anbiguous uncertain, or difficult situaions and
even when these opinionsare not connested to themodd @ domein of expertise. See Henrich &
Gil-White for areview of al this evidence (2001) Not only do these cultural learning
mechanisms opeaate in incentivized decision-making, butthey also appear in non-incentivized
situaionsin which behavior, opinionsand preferences shift both spontaneoudy and
unoongioudy.

The same evolved cultural learning mechanisms emerge outside thelaboratory, across a
widerangeof behavioral domeins induding two areas tha we mention here: (1) thediffugon of
innovdion and (2) theepidemiology of suicide In his massive review of theliterature onthe
Diffusion of Innovations, Rogeas (199518) summarizes some of thelessonsfrom 50 years of
research asfollows:

Indead, mog people degpend mainly uponasubjective evaluaion of an innovdionthat is

conveyed to them from other individuds like themselves who have previoudy adopied

theinnovaion. This dependence on the experience of near peers suggests tha the heart of

the diffuson process congsts of the modding and imitation by potential adopters of ther

network partners who have adopted previoudy.
Roge's devotes an entire chapter to explaining how thediffuson of new idess, technologies, and
practicesis strongly influenced by Qocal opinion leaders.OCompiling findingsfrom many
diffuson studies, Rogea's describes these individuds as: (1) locally highin sodal status(e.g. high
statuswithin thevillage or villagecluger); (2) well respected (indicating prestige); (3) widdy
connected; and (4) effective soda modds for others. RogasOinsghts are paticularly important
here because they confirm tha success and prestige-biased cultural learning are important for the
spread of novd technologies and practices.

Thetheory derived fromthelogic of selective model-based cultural learning even
illuminates some of therobug paternsobserved in studies of suicide Datafromindugrialized
sodeties show that committing suicide, induding the methods(poisoning, gun, hanging, buming,
etc.), are imitated according to prestige and self-smilarity (Wasserman et al. 1994 Stack 1996).



For prestige, many studiesin the U.S., Japan, and Germany show tha suicide rates spike more
after celebrity suicides than non-celebrity suicides (Stack 1987;Kesder ef al. 1988) even once
media coverageis controlled for (Stack 199Q Jonas 1992;Stack 1996) For similarity, theresults
show tha theindividuds who kill themselves after celebrity suicides tend to match ther modds
on age, sex, and ethnicity. Findly, thetime trendsof these suicides do not show regression to the
mean during the subsequent month, indicating tha these were notindividuds who would have
committed suicidein thenear future.

Because suicideis strongly influenced by imitation, it can spread in epidemic fashion,
showing paternssimilar to observed for diseases, novd cultural practices, and innovdions In
Micronesia (Rubingein 1983) beginningin 1960and lasting for at least 25 years, asuicide
epidemic spread throughcertain idand populations This case is particularly stark because the
suicides are geographically paterned and distinctively stereotyped. Thetypical victim was a
youngmale between 15 and 24 (modd age of 18)who still lived at home with his parents. After
adisagreement with his parents or girlfriend, thevictim was visited in avision by past suicide
victims who @alled him to themQ(we know this from parasuicides). Heeding the call, thevictim
performed a @ean hangingGrom either a standing or sitting postion, usualy in an abandonel
hous, until hedied of anoxia, or was accidentally discovered. In 75% of the cases there was no
prior hint of suicide or depression. These suicides occur sporadically in local outbreaks among
sodally interconnected male adolescents who ethnically identify asfrom Truk or the Marshds
(matching on sex and ethnicity), which can sometimes betraced to the precipitating suicides of
prominent sonsfrom wealthy families (assoaated with prestige).

Prestige bias also appears in studies of linguistic change(Labov 1972;Labov 1980) the
trangmission of manageria styles (Weiss 1977;Weiss ef al. 1999)and in nauraistic studies of
jaywalking manipulation (Mullen ez al. 1990) It also been repeatedly observed by ethnogipheas
in an immense variety of contexts (Berreman 1972 141;Dove 1993 Boyd 2001;Rao 2001)

Conformist Transmission

Asan adgptive learner, wha do you dowhen any observable differencesin skill, success,
and prestige amongindividuds do not covary with the observable differences in behavior,
bdiefs, practices, or values? For example, suppo® everyonein your village uses blowgunsfor
huning, except oneregular guy who uses abow and arrow, and obtainsfairly average huning
returns Do you adoptthe bow or the blowgun?One solution for dealing with such information-
poordilemmasisto copy thebehaviors, bdiefs, and strategies of themgjority (Boyd and
Richerson 1985;Henrich and Boyd 1999. Termed conformist transmission, this mechanism
allows individuds to aggregate information over the behavior of many individuds. Because
these behaviorsimplicitly contain the effects of each individud @ own experience and learning
efforts, conformist trangmission can bethebest route to adgptation in information-poa
environments. To see this, suppo® every individua is given anoisy signd (a piece of
information) from the environment aboutwha thebest practice isin the current circumstances.
Thisinformation, for any oneindividud, might give them a 60 percent chance of noticing that
blowgunsbring back dightly larger returnsthan bows. Thus ugngindividud learning along
learners will adoptthe more efficient huning practice with probability 0.60. But, if an individud
samples the behavior of 10 other individuds, and smply adopts the mgjority behavior, his
chances of adoping the supeaior blowguntechnology increase to 75%

The same logic can be applied to aggregate and improve theimperfect information about
therelative success of others, who may beuseful as cultura modds. Some individuds may
obtain accurate information tha allows them to effectively pick out and copy the mog successful



individuds, while othe's may receive noisy (inaccurate) information aboutrelative success,
which prevents them from effectively distinguishing differences. This secondgroupcan still take
advantage of the more accurate information received by thefirst group by adoping thetraits
adopted by the magjority. To see this more clearly, imagineagroupof 200individuds, wherein
100are experienced hunters and 100 are novices who need to figure out which technology to
invest in learning. Of the 100 experienced individuals, suppo® tha 40 used bows and 60 use
blowgunsfor huning. In thar current environment (which recently changed), however, bows
obtain amore efficient return, althoughthe differenceis small and huning returnsin genera are
highly variable. Neverthdess, usng thereturns of the experienced huners, 40 of the 100 novices
selected abow hunter to learn from, 50 were left confused, and 10 picked a blowgunhuntr to
learn from (they got bad information dueto thenase in huning returns). In their confuson, the
50 decideto use conformist tranamission, where now 80 hunters use bows (40+40) and 70use
blowguns Thiswill result in over 53.3% of the @onfusedCindividuds adoping bows. For
example, of the confused 50, 40 might adoptbows, while 10 still decideto go with blowguns
After al of thetranamission this generation, 120 hunters will use the more adaptive bow, while
only 80 use blowguns If theolder (@xperienced generation dies, 80% of the new generation
will use bows (compared to only 40% of thenow dead cohott).

Thiskind of verbd reasoning has been rigoroudy tested in both andytica modds (Boyd
and Richerson 1985: Chgpter 7) and extended to more complex environments usng evolutionay
simulations(Henrich and Boyd 1998;Kameda and Nakanishi 2002) In thar computer
simulation, Henrich & Boyd investigaed theinteraction and coevolution of vertical trangmission
(parent-offspring trangmission), individud learning, and conformist tranamissionin spatially and
temporally varying environments. Theresults confirm tha conformist tranamissionislikely to
evolve unde avery widerangeof condiions In fact, these results show tha therangeof
conditionstha favor conformist trangmission are broader than those for vertical trangmission
aoneN suggesting that if trueimitation (via parent-child transmission) evolves at al, we should
also expect to observe asubdantial conformist component. Taken togeher, thiswork leadsto
severa specific predictionsabouthuman psychology. First, this modd predicts tha learners will
prefer conformist transmission over vertical trangmission, assumingit is posible to accessa
rangeof cultural modds at low cog (which is often, but not always the case). While a direct test
of this predictionis lacking, we note that a subgantial amountof research in behavioral genetics
indicates that parents actudly transmit very little culturally to ther offspringN once genetic
trangmissionis accountd for, vertical cultural transmission often accounts for less than 5% of
thevariation amongindividuds (Harris 1995;Harris 1998;Plomin et al. 2000. Those familiar
with earlier work on cultural tranamission mightrecall high correlationsbeween parents and
offspring, suggesting an important role for vertical cultural tranamission (e.g., Cavalli-Sforza et
al. 1982) Thiswork neglected the similarity between parents and offspring created by genetic
trangmission. Once theinfluence of gendic trangnissionis accounted for, the effect of vertical
cultural trangmissionin creating parent-offspring correlationslargdy evaporates. Certainly there
may be cases in which parents are theonly viable modds, and so have alargerole, such asin
early languaye acquisition or family recipes. But tha does notindicate tha people prefer to
imitate ther parents, nar tha paents have alargeeffect in general. Second themodd predicts
that as the accuracy of information acquired throuch individud learning decreases, alearnerG
reliance on conformist trangmission (over individual learning) will increase. Third, asthe
propottion of moddsN in thelearner® sample of moddsN displaying atrait increases, the
strength of the conformist effect should increase non-linearly as well. We address the secondand
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third predictionsbdow.

A subdantial anountof empirical research from Psychology shows tha people conform
in awiderangeof circumstances, paticularly when problems are complex or difficult to figure
outon oned own. This work reveals that humans have two different forms of conformity that
opeaate in different contexts (Baron et al. 1996) Thefirst, often called informational conformity,
matches thetheoretical expectationsfrom modds of conformist trangmission andis used to
figure outdifficult or ambiguousprobems. Informationd conformity resultsin people actudly
atering thar private opinionsand bdiefs aboutsomething. The second, often called normative
conformity, is conformity for the purposes of going alongwith the groupto avoid appearing
deviant. Unde this type of conformity, people alter their supaficial behavior, butoften don®
changethar undelying opinions preferences or beliefs.

Experimental work shows tha conformist trangmissionisimportantin individud
decison-making situaions(nonsodal circumstances). In an experimental designtha paalels
the aforementioned smulation congructed by Henrich & Boyd, McElreath et al. (2005 had
undegraduae subjects repeatedly face an economic choice between two options A or B, for 20
rounds Thiswas posed as a Garming decisionGin which A and B were different cropswith
different yieldsandyield variances. Players did nat know themean yieldsor yield variances for
thetwo crops butwere told tha thelocal environment mightfluctuae such that the mean yields
of thecropschange After each round each farmer learned theyield realized in tha year for his
field, and could choos to look at thedecisions(crop A or B, but nottheyields) of other farmers
in the past year. At theend of the20 roundsplayers were pad according to ther total yield over
the 20 seasons making between $4 and $8. Congstent with theoretical predictions McElreath et
a.@andysis confirmsthat (1) people increase ther appdite for soda information when crop
variance is high and decrease it in temparally fluctuaing environments, and (2) asimple
conformist learning rule (copy the majority) seems to capture an important part of decision
making in this problem, althoughthere is quite a bit of individud heterogenaty.

A nauradistic experiment uang non-incentivized behavior furthe confirms these
conformist effects by showing the nonlinear influence of thefrequency of abehavior (Coultas
2004)onits adopton. Here, subjects entered a computer lab oneby-ong nat realizing they were
in an experiment, and observed a @are behaviorCthat involved placing thekeyboad cover ontop
of the monitor. In pre-testing, the experimenters confirm tha no one withou modding, ever put
the cover ontop of themoritorN so without modding the expected frequency of placing the
cove onthemonitor is zero. The experimenters were able to manipulate the number of
individuds placing the cover on themonitor by silently giving explicit ingructionsto some few
throughthar computer monitors. Others, notreceiving these indructions were observed to see if
they placed the cover ontop of themonitor. Figure 1 summarizes theresults by showing how the
frequency of modds performing the cover placement affected a subject@ likelihoodof making
the same placement. Thehorizontal axis gives the percentage of individuds already present in
theroomwho had ther keyboad covers on top of therr monitor as the subject entered. The
vertical axis gives the probability tha the subject would then place his keyboad cover onto of
his monitor. As predicted, thelikelihoodof performing this behavior, which is not otherwise
performed, increases noninearly as the percentage of modds performing the behavior rises
above50%. One problem with thisexperiment istha it does not carefully distinguish
informationd from nomative conformity.

[Figure 1 here]
Aswith prestige-biased trangmission, conformist trangmissionis aso important in sodal
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situaions induding coopeative interactions Conformity effects have also been observed in
experimental situaionsinvolving oppatunities for coopeation and punishment. Playersin these
games were willing to use conformist learning for acquiring coopeative behavior, selfish
behavior, thecogly punishment of non-coopeators, and even the cosly punishment of those
who refuse to punish non-coopeators (Carpenter 2004; Denant-Boemonter al. 2005. The
powerful effects of cultural learningN in generaN on coopeation and altruism are empirical
well-established (for summary see Henrich and Henrich in press. Chapter 2)

Concepts 2 and 3: Cultural Evolution and Culture-Gene Coevolution

By combining these kindsof working hypotheses aboutthe nature of our evolved
individud-level adgptive learning mechanisms (e.g., prestige-biased and conformist biased
trangmission) with formal modds of population processes (see McElreath and Henrich, this
volume) Dud Inheitance Theory can generate awiderangeof highe level theories aboutthe
cultural evolutionay and culture-gene coevolutionary originsof sodologica phenomena(e.g.
ethnic groupy. Ingead of arguing tha uni-directiond causation exists a either theindvidud or
sodety level, Dud Inheitance Theory explicitly modds individuds with evolved or evolving
psychologies in interactionswith other individuds to undestand more precisely how cultural
learning mechanisms give rise to cultural evolution, and how this mightfeedback on genetic
evolution (Cavalli-Sforza and Feldman 1981 ;Boyd and Richerson 1985) Here we discuss
theory, rooted in forma modding efforts, applied to the following questions (1) why do cultural
evolutionay rates and degrees of, adgptation vary among popukbtions(Shennan 2001;Henrich
2004)and how mightthis have influenced the basic cognttive abilities of different human groups
and (2) why do ethnically-marked groupsemerge and how did our @thnic psychologyGievelop
(Gil-White 2001;McElreath er al. 2003) Other work in this area examines how adaptive cultural
learning can sometimes give rise to the othewise puzling paterns of maladaptive cultural
practices, such as the demographic trangtion (Richerson and Boyd 2005) and human
coopeation and sodal psychology (McElreath and Henrich, this volume).

Demography and Cultural Evolutionary Rates

In thelast ten thousnd years, therate of cumulative cultural adaptation has accelerated
many times over, butthedistributionin rates has been very uneven across the continents
(Diamond 1997) While much of this variationislikely to be explained by historical particulars,
we sugpect several important general processes are also at work (Turchin 2003. While
difference beween continents is probably the mog significant patern in human history,
evolutionay approaches, at least those devoid of an explicit appreciation of cultural
trangmission, have remarkably little to say aboutit. To illudrate, we briefly discuss onecultural
evolutionay modd tha explores theinteraction beween demographic conditionsand cultural
evolutionay rates of adagptation (e.g., in technology, skills, knowledge tha may hdp explain
both variable rates of cultural adgptation in different places and peculiar cases of maladagptive
cultural andtechnological losses.

Asthemog extreme and archaeologically best-doaumented case of maladgptive
technological loss, Tasmania provides an intriguing puzzle, and goodpoint of departure for an
inquiry. Humansfirst arrived in Tasmania about34,000years ago and were subsquently cut off
from mainland Audraliabetween 12,000and 10,000 years ago by rising seas that filled the 200
km stretch of land linking Tasmaniato Victoria. At thetime of European discovery Tasmania
had the smplest technology of any popuktion ever encountered. A combinaion of ethno-
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historical and archaeological daa suggests tha, over the 10,000year period after bang cut off
from mainland Audralian, Tasmanianslikely log, or never evolved, the ability to make bone
tools, fitted cold-weather clothing, hafted tools, fishing spears, barbed spears, nets, and
boomerangs Bonesewing needles, of thekind used ethnogmphically by Audralian aborigind to
make fitted clothing, are clearly present in Tasmania before theseasrose. To huntandfight,
Tasmanian men used only onepiece spears, rocks and throwing clubs In all, theentire
Tasmanian toolkit congsted of only about24 items, and contrasts starkly with both ther
contemporary aborigind cousnsjug across the Bass Strait in southern Audralia and other cold-
climate foragers such asthe Onaand Y ahgan of Tierradd Fuego. The Audralian mainlandea's
possessed the entire Tasmanian toolkit plushundeds of additiond specialized toolsinduding
multi-pronged fish spears, spear throwers, boonmerangs mounted adzes, sewn bark canoes,
groundedgeaxes, string bags, composte tools, and a variety of nesfor birds fish and wallabies
(Henrich 2004)

With this puzzle in mind, Henrich (2004)congdructed a modd in which individuds
preferentialy imitate highly skilled individuds. Unlike previousmodéds, however, Henrich®
modd left open the possibility tha tranamission was both noisy (highly variable) and negatively
biased (copies are usudly worse than the originds)N both plausble assumptions especialy for
complex technological skills and areas of knowledge Theandytical results show two things
worthy of note: (1) therate of adgptive evolution dependson the naural logaithm of the
effective popukbtion size (effective popuation size incorporate absolute size and degree of
interconnectedness: the size of the pool of interacting sodal learners), and (2) if awell-adgpted
large popuktion suddenly shrank, it could enter aregime of gradud maladagptive deterioration, as
it moved toward a new, less-well-adepted, equilibrium. Empiricaly, theintervening time period
between thetwo equilibria would show a gradud loss of complex skills and knowledge (easy-to-
learn skillswould not be affected). Effective popuktion size influences the evolutionay rate by
making (ostiveQerrorsN those that result in amore adaptive practiceN more likely. This, along
with afew other nuances in thearchaeological record, indcate tha the Tasmania patern of
deterioration may have been ignited by the interaction between the dynamics of cultura
tranamission and the sudden drop in effective popuation size created when rising oceans severed
thelink to thesodal learning networks of southern Audralia. Overall, besides revealing the
possibility of maladgptive deteriorationswhen networked popuktionsare cut off, this ssimple
modd also shows that larger, more interconnected, popuktionscan evolve both more rapidly and
to a beter adegpted equilibriathan smaller, or lesswell interconnested, popuktions This may
provide an evolutionay explanaion why Diamond3 observation that rates of technological
evolution proceeded at different rates on different continents.

With the adagptive nature of cultural evolutionin mind, it isimportant notto
undeestimate the degree to which culture, and cumulative cultural evolution, can influence basic
facets of human cognition. Congder two aspects of our psychology: (1) spaial cognitionand (2)
numerical congeptionsof quantity.

Spatial cognition: At mog, human languages possess three different systems for
describing spaia postion: (a) absolute: thebdl isnorth of thetree, (b) object-centered: the bdl
ison Richad@ left (as an object, Richard inhaently has a (culturally defined) I€ft, right, front,
etc.), and (c) relative: thebdl isto theleft of thetree (here an imaginary lineis drawn fromthe
spesker or other reference point to thetree, thuscreating a @eftCfor the tree). However, notall
languayes have evolved al three systems, with some cultures and languayes lacking therelative
system, and relying heavily on the absolute system. Cognitively, speakers of these languages (1)
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possess incredible dead-reckoning abilities and seem to have a congantly running mental
compass, and (2) peform dramatically differently in nonlinguistic tests of spaial memory
(Levinon 2003. It seems the cultural evolution of linguistic system, and assodated cultural
routines, for discussing and dealing with space and orientation influences our nonlinguistic
gpatia cogntion.

Numerical conaeptionsof quantity: Number systems are an aspect of culture and
languaethat varies subgantially anongsodeties. Many sodeties, for example, only have
ordind numbers up 3. Recent work usng experiments from cognitive science amongtwo
Amazonian groupsdemondrates that growing up with such number systems dramatically
influences people@ abilitiesin nonlinguigtic tasks tha involve memory and matching, in dedling
with quantity and nunber (Pierre ef al. 2004 Gordon 2005) Thus the cultural evolution of a
number system influences the brains of those who grow up usngit.

The coevolution of ethnically marked groups and ethnic psychology

A curiousfeature of human sodetiesisthar subdvisioninto self-ascribed arbitrarily
marked groups sometimes called Gethnic groups (Barth 1969) These groupsare sometimes the
lod of coopeation and collective action (Henrich and Henrich in press: Chapter 9), aswell as
out-group hared (LeVineand Campbdl 1972. Many sodal scientists hold the opinion that these
groupsand thar markingsform out of collective interest along or that they are theresult of
strategic switching and signding on the part of political actors. While we think thisis partly true,
the existence of strategic ethnic manipulation makes the maintenance of these arbitrarily marked
groupsproblematic. If individuds can merely choaose thar ethnicity at any time, then why should
anyonepay attention to the chegp labds at al? Modds of ethnic markers as signds of
coopeative intentionsin fact show tha theprocessis unlikely to work (Nettle and Dunba 1997,
Robeats and Sherratt 2002;see McElreath er al. 2003 for more discussion of andogous
biological modds).

To explore therelation between soda nomms, symbolic markers, and cultural learning,
McElreath, Boyd, and Richerson (2003 condructed a mathematical modd to study theclaim
that arbitrary and easily-acquired @thnic markersQ(e.g., dialect, dress, harstyle) may fundion to
signd hidden, important norms of behavior tha differ anongpopuation subdivisons

Themodd assumes the popuktion is subdivided spaially into QyroupsOlinked by
migration. Groupsare large and each individud is characterized by oneof two norms. Norm
differences arise in themodd because the authors assumed tha the nomms solve coordindion
problems, such tha indviduds with locally common behaviors are at an advantage in terms of
individud success (locally if everyonepays brideprice not dowry, oneshould also pay
brideprice, to coordinae with others). Themodd assumes these behaviors are not observable,
because many nomms are unaongiousand not easy to anticipae (Nave 2000;Gil-White 2001).
Each individud also adopts oneof two visible markers. These markers are cogless, but may be
observed prior to interacting based uponthe hidden noms. Individuds may preferentially
interact with those with the same markers as themselves, butthistendency is allowed to evolve
within the modd.

Naive individuds acquire both norms and markers by imitating successful individuds (as
discussed above). With some chance, they acquire both from the same individud, which may
generate covariance between markers and behaviors. Thisbunded imitationis aso allowed to
evolvein themodd.

Thecentral question addressed by themodd is nat whether stable nomrm differences can
evolve, butrather whether, given stable nomm differences, stable regionsof ethnic marking will
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arise tha covary with nom boundaies. Tha is, do adgptive cultural learning mechanisms
sometimes give rise to ethnic groups as an emergent byprodud? And, if they do, how does this
emergent sodal environment influence the genetic evolutionay processes tha shgoed human
psychology?It isimpaortant to realize tha in a purely genetic modd ethnic groupswould be
unlikely to emerge as migration between subdivisonswould nommally swamp selection. Y et,
empirically we knowthat ethnic groups manageto maintain appaent norm differences despite
migration rates of onesex approachingone alongtheVaupesriver linguistic exogamy mean that
people mug marry someonefrom a groupwho does not spesk thar languaye (Jackson 1983)
Only extreme selection could maintain genetically-based behavior differences unde such
migration. However, as mentionead in the preceding sections both sodal interactionsand
mechanisms like conformist transmission can maintain differences between soda groups even
when interaction and the physcal movement of bodiesis common. Likewise, selective cultural
learning processes can be strong even when the direct payoff differences amongbehaviors are
small (see McElreath and Henrich, this volume).

A feedback loop generates and maintains ethnic marking, as longas migration exists but
isnottoo strongrelative to the selective processed created by success-biased cultural learning (at
arise fromtheneed to coordinae soda interactions). Themodd workslike this:

(1) Migration creates small amounts of covariance between specific markers and behaviors
within each local group This occurs even if thereisinitially no covariance within each
group.Thereasonissubte. If local groupsdiffer a all in thar frequendes of markers
and behaviors, then thereis covariance at the popuation level. Population structure is
represented by the covariance across groups Migration amonglocal groupstranders
this popuktion covaiance into within group covariance.

(2) Direct selective processes favoring common behaviors create indirect selection on
markers, propationd to the covariance between behaviors and markers. Thisincreases
markers assodated with common behaviors, within each local group

(3) Natural selectionfavors a psychological biasfor interacting with those with the same
marker as oneself, because there is aways some covariance between markers and
behaviors, dueto migration. Asthisinteraction bias increases, selection increases the
covaiance further, because then makers and behaviors form co-adapted pars.

(4) While migration may be needed to get the process going, if it istoo strong,it swampsthe
selective forces above leading to unmarked groups, sometimes even if behavioral
(nom) differences remain. Thisis where the plaugbility of weak migration relative to
the strongforces of our cultural learning psychologyis crudal to themodd. If
individuds are not strondy disposed to learn from group members with highe payoffs,
then mixing will erodedifferences beween naghloring groups

Once regionsof norms and ethnic markers exist, selection on genes favors an increased
predispostion to interact with those who look like oneself (share one@ markers). It aso favors
acquiring bundes of traits, norms and markers together, fromthe same individud during socal
learning (this may further enhance thetendency of individuds to learn thingsfrom successful
modds that don®directly relate to ther domain of success or expertise). Importantly, thecultural
evolution of behaviorally-distinct groupsand their markers leadsto natural selection on aspects
of psychology. Thisisthekind of culture-gene coevolution tha we think is common in human
evolution.

In conduson, if we are rightthen condraining ourselves to purely gendtic modds of
human evolution will handicap our attempts to understand important domeins of human
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behavior, because the cruaa selective forces tha may accountfor some of our psychological
adaptationsarose first throughthe evolution of culture. Thisisnotto say tha humansmay have
in any sense QranscendedOnatural selection, anymore than domesticated animals have. Rather,
the sources of our selection pressures may often beimportantly different than those of closly
related species, because of our evolved capacities for cultural tranamission. Our bet, bolstered
now by more than two decades of formal modds of culture-gene coevolution and subgantial
evidence from laboratory andfield sciences, istha it will provevery hard in thelongrunto
undestand the structure of human psychology withoutreference to the dynamic popuktion
processes tha hdp to congruct our selection pressures.
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