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Abstract

Cultural evolution represents a body of theory and findings premised on the notions that
() human cultural change constitutes a Darwinian evolutionary process that shares key
characteristics with (but is not identical in details to) genetic evolution; (ii) this second
evolutionary process has been instrumental in our species’ dramatic ecological success
by allowing the rapid, open-ended generation and accumulation of technology, social
institutions, knowledge systems and behavioural practices far beyond the complexity of
other species’ socially learned behaviour; and (iii) our psychology permits, and has been
shaped by, this cultural evolutionary process, e.g. through socio-cognitive mechanisms
such as imitation, teaching and intentionality that support high-fidelity social learning, and

biases governing from whom and what we learn.
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Introduction

In just 60,000 years our species has colonised virtually every terrestrial environment on
the planet [1], and transformed the planet so greatly that it is claimed we are now living in
the “Anthropocene”, a geological epoch defined by human activity [2]. How has our
species been able to so rapidly adapt to and transform such diverse environments?
Beyond a few anatomical and physiological traits such as skin colour, human populations
are not genetically adapted to different environments, as underlined by our relative
genetic homogeneity [1]. Instead, our species’ success lies in our learning and cognition,
capacities which allow the rapid acquisition of information stored in brains, rather than
genes. Hunter-gatherers, for example, survive in diverse environments, from the Kalahari
desert to the Arctic, not primarily due to genetic adaptations to those environments, but
due to technology (e.g. bows, harpoons, clothing), knowledge (e.g. of predator behaviour
or celestial navigation) and social customs (e.g. food-sharing norms, childrearing
practices) that are all learned. Agriculture, city-states, the industrial revolution and other

major human-related activities all rely on learned knowledge.

But what exactly is it about human learning and cognition that underlies this ecological
success? Some evolutionary psychologists emphasise aspects of cognition that evolved
to solve specific adaptive challenges in our species’ ancestral past (typically the
Pleistocene), such as our ability to identify dangerous animals, to identify kin and free-
riders, or to use our folk physics to manipulate objects to solve foraging problems ‘on-
the-fly’ [3, 4]. According to this approach, humans uniquely occupy a ‘cognitive niche’ [3]
in which content-rich, genetically-guided cognitive modules allow us to solve problems

primarily via individual learning (Box 1).

While not denying that the human mind contains domain-specific mechanisms
corresponding to certain recurrent ancestral challenges, cultural evolution researchers [5-
9] argue that something more is needed to explain the complex technological and social
traits that seem to underlie our species’ success, from the bow-and-arrow to the internet,
from money and agriculture to laws and democracy. Such traits, it is argued, are primarily
acquired from others via social learning, often with little understanding of how and why

they work. These traits gradually evolve over successive generations not genetically but



74 culturally, as occasional beneficial modifications are selectively preserved and
75 accumulated via non-random social learning biases. A full understanding of the
76  evolutionary basis of human psychology therefore requires an understanding of these
77 mechanisms and pathways of social learning, and how these in turn generate and guide
78 the cumulative cultural evolution of technology, institutions, knowledge and practices.
79  According to this view, humans uniquely inhabit not just a cognitive niche, but also a
80 ‘cultural niche’ [7]. We are not just intelligent, we are ‘culturally’ intelligent [10]. Here |
81 review recent research that stems from, and supports, these claims.
82
83 Humans possess uniquely high-fidelity social learning
84  Within a cultural evolutionary framework, the key biological adaptations that underlie our
85 species’ ecological success are the socio-cognitive mechanisms that permit high-fidelity
86 social learning such that traits can be selectively preserved, shared and accumulated
87 without degradation or loss. While many species exhibit some form of social learning,
88 from honeybees’ waggle dances to chimpanzees’ nut-cracking, only humans seemingly
89 possess social learning of high enough fidelity to support the long-term accumulation of
90 cultural traits over successive generations [11].
91
92  Accordingly, comparative and developmental psychologists have found that while human
93 children and other great apes differ little in their individual cognitive abilities (e.g. their ‘folk
94 physics’ understanding of physical causality, or spatial cognition), only human children
95 spontaneously and effectively copy others’ actions [10, 12]. In a recent study comparing
96 children, chimpanzees and capuchins in a foraging-like task with increasingly difficult
97 solutions [13], children out-performed the other species due to multiple socio-cognitive
98 abilities (imitation, teaching, communication and prosociality) that supported the high-
99 fidelity transmission of successful solutions from child to child.
100
101  Moreover, both children and adults across diverse societies ‘over-imitate’, copying
102 actions that are causally irrelevant to obtaining rewards [14-16]. This tendency to copy
103  actions exhibited by others who possess greater expertise or experience, with no
104 understanding of why those actions should be copied, is thought to be a broadly adaptive

105 means of acquiring traits from others that are beyond any single individuals’ inventive
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capacity or understanding - the hallmark of cumulative cultural evolution [11].

High-fidelity social learning supports cumulative cultural evolution

If social learning is sufficiently faithful to support the long-term transmission of cultural
information, then cultural change becomes an evolutionary process, sharing key
characteristics with (but also differing importantly from) genetic evolution [5-9]. In The
Origin, Darwin defined evolution as comprising three basic processes: variation,
competition and inheritance. If cultural traits (ideas, beliefs etc.) exhibit variation, if they
are subject to some kind of competition (e.g. due to differences in their memorability or
effectiveness), and if they are relatively faithfully inherited from person to person (via
social learning mechanisms like imitation or language), then we can say that culture
evolves [5]. This parallel, non-genetic evolutionary process permits the rapid cultural
adaptation to, and creation of, novel environments via the open-ended generation and

accumulation of adaptive knowledge, technology and social institutions.

The task then is to identify the details of this cultural evolutionary system: where cultural
variation comes from, why some traits are more likely to be learned or remembered, and
how cultural traits are transmitted via social learning. Importantly, these processes need
not operate identically to genetic evolution [5]. For example, while genetic mutation is
random with respect to fitness, cultural ‘mutation’ may well be non-random and directed.
While genetic inheritance is often ‘vertical’ (parent to offspring) and follows specific
Mendelian rules, cultural inheritance is frequently ‘horizontal’ (between peers) and non-

Mendelian (e.g. weighted towards certain individuals: see below).

Cultural micro-evolution: Learning dynamics within populations

Cultural micro-evolution comprises the details of who people learn from, how they learn
from others, how they transform traits as they are learned, and other socio-cognitive
processes that cause changes in cultural traits within populations over time. Numerous
quantitative models, lab experiments and field studies have explored the pathways and
processes of cultural microevolution [5, 17]. There is much overlap here with social,
developmental and cognitive psychology [18], albeit with added rigour due to the use of

formal evolutionary models that explore both the adaptiveness and consequences of
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learning biases. Key micro-evolutionary processes include (see also Figure 1):

Content biases. Here certain traits are more likely to be acquired than others due to
their intrinsic characteristics. This may be because they fit better with genetically-
evolved features of cognition, such as content biases to acquire information about
animals’ dangerousness [19], social interactions [20, 21], or disgusting, potentially
disease-carrying stimuli [22]. There is much overlap here with evolutionary
psychology [4], and this is a strong point of intersection between the two fields.
Other content biases might arise from the effectiveness of a particular trait (e.g. the
bow that fires an arrow furthest), as evaluated via more flexible criteria for which
there are no domain-specific genetically-evolved biases.

Model-based biases. Experimental and field evidence demonstrates that people
preferentially learn from individuals who possess certain characteristics such as
skill or success [23-25], prestige [26-28], age [29] or ethnic markers like dialect
[30]. Model-based biases are a useful short-cut to acquiring adaptive behaviour
without needing to directly evaluate the behaviour itself, although this may allow
the occasional copying of neutral or maladaptive traits [27].

Frequency-dependent biases. Here people preferentially copy traits based on the
trait’s frequency in the population. Positive frequency-dependence (‘conformity’)
entails being disproportionately more likely to copy the most common trait [24, 31].
Negative frequency-dependence (‘anti-conformity’) entails disproportionately
copying rare traits. Here ‘conformity’ and ‘anti-conformity’ are used more precisely
than in social psychology, where conformity often cannot be distinguished from
random copying [18, 31]. Conformity has received particular attention as a means
of generating persistent between-group differences.

Guided variation. This occurs when individuals transform an acquired trait in a
specific, non-random direction, then pass on that modified trait to others [32]. This
can generate cross-cultural regularities when biases are common across
individuals. For example, colour terminology has been shown experimentally to
converge on the same small number of terms due to intrinsic regularities in our
perceptual systems [33]. Another experiment showed that repeated transmission of

social information spontaneously generated social stereotypes [34]. Individual
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transformation has sometimes been labelled ‘cultural attraction’ [35] or Bayesian
‘inductive biases’ [36]. Transformation may occur due to similar cognitive
processes as those that constitute content biases. However, it is useful to
distinguish them because while content biases depend on the extent of cultural
variation in the population (much like natural selection depends on the extent of
genetic variation) and cannot generate new cultural variation, guided variation does

not depend on existing variation and can generate new cultural variation [32].

Cultural macro-evolution: Linking psychology to culture

Many of the aforementioned learning biases have also been studied within social

psychology (e.g. conformity) or evolutionary psychology (e.g. content biases). A benefit of

placing them within a cultural evolutionary framework, however, is that we can formally

explore — using modelling techniques borrowed from biology — the large-scale,

population-level (or ‘macro-evolutionary’) consequences of these learning biases.

Examples include:

Cumulative cultural evolution. Recent work has focused on explaining the
cumulative dynamics of human culture, in particular for domains such as science
and technology where there is clear accumulation of knowledge over successive
generations. Models suggest that cumulative culture requires high-fidelity social
learning [37], model-based or content biases that selectively preserve and
accumulate beneficial traits [38], and large enough populations such that beneficial
traits are not accidentally lost [37, 39]. These predictions have been tested using
real-life datasets [40] and experiments [41-43].

Cultural phylogenies. One of Darwin’s key insights was that descent plus
modification can generate tree-like ancestries, now called ‘phylogenies’. Biologists
have since developed sophisticated methods for reconstructing genetic
phylogenies from extant species diversity. Cultural traits may exhibit similar tree-
like structure due to the same process of descent with modification, and cultural
evolution researchers have used phylogenetic methods to reconstruct the past
cultural evolution of languages [44, 45], tools [46, 47], and folk tales [48].

Phylogenetic patterns are increasingly linked to specific micro-evolutionary



202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226

learning dynamics, such as conformity (frequently used words undergo less
change [49]), and content biases (easily learned words undergo less change [50]).

* Cross-cultural regularities. As noted, where individuals all share similar cognitive
features, and consequently all transform representations in a similar direction, then
guided variation and/or content biases can result in cross-cultural regularities [51].
Examples include colour terminology [33] or portrait eye-gaze orientation [52].

* Large-scale cooperation. Humans cooperate in large groups of non-kin, often in
one-shot interactions with no possibility of reciprocity. Some argue that this large-
scale cooperation arose via cultural group selection [32, 53], wherein more
internally-cooperative societies historically out-competed less internally-
cooperative societies. Various micro-evolutionary biases have been proposed as
mechanisms for this, such as conformity maintaining between-group variation, or

payoff-biased social learning driving inter-group competition [32, 53].

Conclusions

The field of cultural evolution provides an integrated set of findings, methods and
concepts for understanding the links between psychology, evolution and culture. While
major questions remain concerning the causes and consequences of cultural evolution
(Box 2), recent research is already shedding light on the psychological mechanisms that
permit the generation and accumulation of socially-learned knowledge, and the long-term

dynamics of cumulative cultural evolution.
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Cultural evolution: the idea that Darwin’s theory of evolution — comprising variation,
competition and inheritance — applies to cultural change, where inheritance derives
from social learning rather than genetic transmission.

Cumulative cultural evolution: the preservation of cultural traits over successive
generations such that individuals acquire knowledge that exceeds what any single
individual could invent alone.

Individual (or asocial) learning: acquisition of information with no direct social input,
e.g. through associative learning (classical or operant conditioning) or the
manipulation of mental models to solve problems ‘on-the-fly’.

Social learning: acquisition of learned information from another individual non-
genetically, e.g. through imitation, teaching or spoken/written language.

Social learning biases: non-random rules governing from whom people learn, what

they learn, and how they transform what they learn during the process of learning.
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Box 2: Current research questions

To what extent is cultural change driven by selection-like processes (e.g. content or
model-based biases) versus transformative processes (e.g. guided variation or
cultural attraction) [54]?

What socio-cognitive capacities (e.g. imitation, pro-sociality, language) and/or
demographic factors are present in humans but absent in other species such that
only humans possess cumulative cultural evolution [11, 37]?

Is large-scale human cooperation a product of cultural group selection [53], or
scaled-up versions of standard evolutionary processes like reciprocity [55]?

To what extent is there cross-cultural variation in the dynamics of social learning
[56], and what generates and maintains this cross-cultural variation?

How is socially-learned information stored and represented in brains at a neural

level?

10



254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

References and recommended reading

1. Henn BM, Cavalli-Sforza LL, Feldman MW: The great human expansion. Proc Nat/
Acad Sci 2012, 109:17758-17764.

2. Lewis SL, Maslin MA: Defining the Anthropocene. Nature 2015, 519:171-180.

3. Pinker S: The cognitive niche: Coevolution of intelligence, sociality, and language.
Proc Natl Acad Sci 2010, 107:8993-8999.

4. Cosmides L, Tooby J: Evolutionary psychology: new perspectives on cognition and
motivation. Annu Rev Psychol 2013, 64:201-229.

5. Mesoudi A: Cultural Evolution. Chicago, IL: Univ. Chicago Press; 2011.

6. Henrich J: The Secret of Our Success: How Culture Is Driving Human Evolution,
Domesticating Our Species, and Making Us Smarter. Princeton University Press;
2015.

*A recent overview of cultural evolution theory as applied to numerous aspects of human

psychology and behaviour, summarising the author’s influential models, experiments and

field studies.

7. Boyd R, Richerson PJ, Henrich J: The cultural niche: Why social learning is
essential for human adaptation. Proc Nat/ Acad Sci 2011, 108:10918-10925.

8. Richerson PJ, Christiansen MH: Cultural Evolution: Society, Technology, Language, and
Religion. Cambridge MA: MIT Press; 2013.

*A collection of chapters written by leading experts in the field representing the state-of-

the-art knowledge of key areas of cultural evolution theory, including science and

technology, religion, social organisation, and language.

9. Whiten A, Hinde RA, Laland KN, Stringer CB: Culture Evolves. Oxford, UK: Oxford
University Press; 2012.

10. Herrmann E, Call J, Hernandez-Lloreda MV, Hare B, Tomasello M: Humans have
evolved specialized skills of social cognition: The cultural intelligence hypothesis.
Science 2007, 317:1360-1366.

11. Dean LG, Vale GL, Laland KN, Flynn E, Kendal RL: Human cumulative culture: a
comparative perspective. Biol Rev 2014, 89:284-301.

*An authoritative review of the socio-cognitive factors that may underlie our species’

capacity for cumulative cultural evolution, drawing on comparative evidence from other

species.

11



286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Leeuwen EJC van, Call J, Haun DBM: Human children rely more on social
information than chimpanzees do. Biol Lett 2014, 10:20140487.

Dean LG, Kendal RL, Schapiro SJ, Thierry B, Laland KN: Identification of the social
and cognitive processes underlying human cumulative culture. Science 2012,
335:1114-1118.

Lyons DE, Young AG, Keil FC: The hidden structure of overimitation. Proc Nat/
Acad Sci 2007, 104:19751-19756.

Flynn E, Smith K: Investigating the mechanisms of cultural acquisition: How
pervasive is adults’ overimitation?. Soc Psychol 2012, 43:185-195.

Nielsen M, Tomaselli K: Overimitation in Kalahari Bushman children and the
origins of human cultural cognition. Psychol Sci 2010, 21:729-736.

Rendell L, Fogarty L, Hoppitt WJE, Morgan TJH, Webster MM, Laland KN: Cognitive
culture: theoretical and empirical insights into social learning strategies. Trends
Cogn Sci 2011, 15:68-76.

Mesoudi A: How cultural evolutionary theory can inform social psychology and
vice versa. Psychol Rev 2009, 116:929-952.

Barrett HC, Broesch J: Prepared social learning about dangerous animals in
children. Evol Hum Behav 2012, 33:499-508.

Stubbersfield JM, Tehrani JJ, Flynn EG: Serial killers, spiders and cybersex: Social
and survival information bias in the transmission of urban legends. Br J Psychol
2014, 106:288-307.

McGuigan N, Cubillo M: Cultural transmission in young children: When social
information is more important than non-social information. J Genet Psychol 2013,
174.

Eriksson K, Coultas JC: Corpses, maggots, poodles and rats: emotional selection
operating in three phases of cultural transmission of urban legends. J Cogn Cult
2014, 14:1-26.

Beheim BA, Thigpen C, McElreath R: Strategic social learning and the population
dynamics of human behavior: the game of Go. Evol Hum Behav 2014, 35:351-357.
Van den Berg P, Molleman L, Weissing FJ: Focus on the success of others leads to
selfish behavior. Proc Natl Acad Sci 2015, 112:2912-2917.

Baldini R: Two success-biased social learning strategies. Theor Popul Biol 2013,

12



318 86:43-49.
319 26. Chudek M, Heller S, Birch S, Henrich J: Prestige-biased cultural learning:

320 bystander’s differential attention to potential models influences children’s

321 learning. Evol Hum Behav 2012, 33:46-56.

322 27. Atkisson C, O’Brien MJ, Mesoudi A: Adult learners in a novel environment use
323 prestige-biased social learning. Evol Psychol 2011, 10:519-537.

324 28. Cheng JT, Tracy JL, Foulsham T, Kingstone A, Henrich J: Two ways to the top:

325 Evidence that dominance and prestige are distinct yet viable avenues to social
326 rank and influence. J Pers Soc Psychol 2013, 104:103-125.

327 29. Wood LA, Kendal RL, Flynn EG: Context-dependent model-based biases in

328 cultural transmission: children’s imitation is affected by model age over model
329 knowledge state. Evol Hum Behav 2012, 33:387-394.

330 30. Kinzler KD, Corriveau KH, Harris PL: Children’s selective trust in native-accented
331 speakers. Dev Sci 2011, 14:106-111.

332 31. Morgan TJH, Laland KN: The biological bases of conformity. Front Neurosci 2012,
333 6.

334 32. Richerson PJ, Boyd R: Not by Genes Alone. Chicago: Univ. Chicago Press; 2005.

335 33. Xu J, Dowman M, Griffiths TL: Cultural transmission results in convergence

336 towards colour term universals. Proc R Soc B Biol Sci 2013, 280.

337 34. Martin D, Hutchison J, Slessor G, Urquhart J, Cunningham SJ, Smith K: The

338 spontaneous formation of stereotypes via cumulative cultural evolution. Psychol
339 Sci 2014, 25:1777-1786.

340 *An innovative experimental study showing that cultural stereotypes can spontaneously
341 and unintentionally emerge simply through the repeated transmission of information about
342 other people, rather than any conscious intent on the part of the participants.

343 35. Claidiere N, Sperber D: The role of attraction in cultural evolution. J Cogn Cult

344 2007, 7:89-111.

345 36. Griffiths TL, Kalish ML, Lewandowsky S: Theoretical and empirical evidence for the
346 impact of inductive biases on cultural evolution. Philos Trans R Soc B 2008,

347 363:3503-3514.

348 37. Kempe M, Lycett SJ, Mesoudi A: From cultural traditions to cumulative culture:

349 Parameterizing the differences between human and nonhuman culture. J Theor

13



350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381

Biol 2014, 359:29-36.

*This recent modelling study showed that cumulative cultural evolution requires both high

fidelity social learning and a sufficiently large number of demonstrators from whom to

learn. This model integrates previous socio-cognitive and demographic explanations, and

perhaps explains why cumulative culture is so rare across species.

38.

39.

40.

41.

42.

43.

Mesoudi A: Variable cultural acquisition costs constrain cumulative cultural
evolution. PLOS One 2011, 6:18239.

Kobayashi Y, Aoki K: Innovativeness, population size and cumulative cultural
evolution. Theor Popul Biol 2012, 82:38-47.

Collard M, Ruttle A, Buchanan B, O’Brien MJ: Population size and cultural
evolution in nonindustrial food-producing societies. PLoS ONE 2013, 8:e72628.
Kempe M, Mesoudi A: An experimental demonstration of the effect of group size
on cultural accumulation. Evol Hum Behav 2014, 35:285-290.

Muthukrishna M, Shulman BW, Vasilescu V, Henrich J: Sociality influences cultural
complexity. Proc R Soc B Biol Sci 2014, 281:20132511.

Derex M, Beugin M-P, Godelle B, Raymond M: Experimental evidence for the

influence of group size on cultural complexity. Nature 2013, 503:389-391.

*An experimental study showing how cultural complexity is dependent on the number of

available demonstrators, supporting previous models and archaeological data suggesting

a link between cultural evolution and demography. See also refs 41 and 42.

44,

45.

46.

47.

48.

Pagel M: Human language as a culturally transmitted replicator. Nat Rev Genet
2009, 10:405-415.

Bouckaert R, Lemey P, Dunn M, Greenhill SJ, Alekseyenko AV, Drummond AJ, Gray
RD, Suchard MA, Atkinson QD: Mapping the origins and expansion of the Indo-
European language family. Science 2012, 337:957-960.

O’Brien MJ, Boulanger MT, Buchanan B, Collard M, Lee Lyman R, Darwent J:
Innovation and cultural transmission in the American Paleolithic: Phylogenetic
analysis of eastern Paleoindian projectile-point classes. J Anthropol Archaeol
2014, 34:100-119.

Lycett SJ: Cultural evolutionary approaches to artifact variation over time and
space: basis, progress, and prospects. J Archaeol Sci 2015, 56:21-31.

Tehrani JJ: The phylogeny of little red riding hood. PLoS ONE 2013, 8:e78871.

14



382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410

49. Pagel M, Atkinson QD, Meade A: Frequency of word-use predicts rates of lexical
evolution throughout Indo-European history. Nature 2007, 449:717-721.

50. Monaghan P: Age of acquisition predicts rate of lexical evolution. Cognition 2014,
133:530-534.

51. Sperber D, Hirschfeld LA: The cognitive foundations of cultural stability and
diversity. Trends Cogn Sci 2004, 8:40-46.

52. Morin O: How portraits turned their eyes upon us: Visual preferences and
demographic change in cultural evolution. Evol Hum Behav 2013, 34:222-229.

53. Richerson PJ, Baldini R, Bell A, Demps K, Frost K, Hillis V, Mathew S, Newton E, Narr
N, Newson L, Ross C, Smaldino P, Waring T, Zefferman M: Cultural group selection
plays an essential role in explaining human cooperation: a sketch of the
evidence. Behav Brain Sci 2015.

*A comprehensive review of the evidence for the cultural group selection hypothesis for

the emergence of large-scale cooperation in humans, along with commentaries from

supporters and critics of this theory.

54. Acerbi A, Mesoudi A: If we are all cultural Darwinians what’s the fuss about?
Clarifying recent disagreements in the field of cultural evolution. Biol Philos in
press.

55. Krasnow MM, Delton AW, Tooby J, Cosmides L: Meeting now suggests we will
meet again: Implications for debates on the evolution of cooperation. Sci Rep
2013, 3.

56. Mesoudi A, Chang L, Murray K, Lu H: Higher frequency of social learning in China
than in the West shows cultural variation in the dynamics of cultural evolution.
Proc R Soc B 2015, 282:20142209.

*One of the few experimental studies to directly compare Western and non-Western

participants in a social learning task designed to test cultural evolution models. We found

higher levels of social learning in mainland China than in the UK and Hong Kong,

suggesting that rates of social learning vary cross-culturally.

15



411
412
413
414
415
416
417
418
419
420

(a) Content bias

t=0 t=1
» © ®
©

(c) Conformist bias

t=0 t=1
o ©Gfe
(b) Model-based bias @ @
t=0 t=1 @ @

(d) Guided variation
=0 t=1 t=2 t=3

— —
@ E

Figure 1 - Cultural micro-evolutionary learning dynamics. Schematic diagrams
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illustrating four commonly studied biases that generate cultural change. Circles with
letters represent different individuals. Different shadings indicate different cultural traits.
(@) Individual A exhibits a content bias favouring dark-shaded traits, so preferentially
adopts the darkest-shaded trait from individual D. (b) Individual A exhibits a model-based
bias to preferentially learn from the most prestigious individual, as indicated by number of
stars, in this case individual C. (c) Individual A exhibits conformist bias so preferentially
adopts the most common trait in the population, which here is the lighter-shaded trait. (d)
Successive individuals gradually transform a trait via guided variation, each one making

the trait darker.
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