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Learning bias

• Particular properties that a learner has will influence that learner’s ability to 
acquire particular languages


• This learning bias comes from our biology (right?), and has been argued to 
affect the languages that we speak


• Christiansen & Devlin (1997) suggest that sequential learning biases make 
certain word-orders more easy to learn than others


• For example: verb-final languages are far more likely to have postpositions 
than verb-initial languages


• Explained by fact that a neural network finds the rare orders harder to 
learn (tested by feeding particular hand-constructed languages to the 
neural network)



But what’s missing here?

• In Christiansen & Devlin’s work, the experimenter provides a language, and 
tests the network’s ability to learn it


• Two issues:


• Where does this language come from?


• How do we bridge the gap between learning bias and universal 
properties of language structure?

Learning bias Language 
structure?

THE PROBLEM OF LINKAGE



Solving the problem of linkage

• Where does the language data come from that our 
learners have to acquire?

signal/meaning 
pairs

signal/meaning 
pairs



Solving the problem of linkage

• Where does the language data come from that our 
learners have to acquire?


• From other learners! signal/meaning 
pairs

signal/meaning 
pairs

signal/meaning 
pairs

signal/meaning 
pairs



Solving the problem of linkage

• Where does the language data come from that our 
learners have to acquire?


• From other learners!


• Language persists over time by repeatedly being 
learned and used by multiple individuals in a 
population


• It is out of this continual process of iterated learning 
that the structure of language emerges


• Note, this is cultural rather than biological evolution
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Key research question for iterated learning

• We can try and tackle this by using our computational model


• Place agents in population in which they learn from each others 
utterances.


• Start with random language and observe what languages emerge given 
different possible learning rules.

What is the relationship between learning 
bias and emergent universal properties of 

language structure?



Back to our learner

• Idea was to see how different learning biases have distinct consequences 
in iterated learning even for a hugely simplified model of language


• Varying α, β, γ and δ has surprising consequences


• Smith (2002) suggests three important tests: 
 
Acquisition 
Maintenance 
Construction



The acquisition test

• Similar to Christiansen & Devlin’s (1997) approach. Test a learner with 
particular bias and see if it can learn


• But what type of language?


• Try the optimal system (i.e. one that is unambiguous)


• For example, given rule [1, 0, 0, 0]:


• take a learner using that rule


• expose them to perfect system


• test if they can reproduce the perfect system



Result

• Can they reproduce a perfect system? YES. 

• If you use this rule: 
 
 
 

• You can successfully learn the perfect system with enough exposure


• This tells us about the link between learning bias and language learning... 
but it still doesn’t solve the problem of linkage.


• We need to build an iterated learning model

Δwmisj = +1 if both mi and sj are active 
Δwmisj = 0 if mi is active and sj is inactive  
Δwmisj = 0 if mi is inactive and sj is active  
Δwmisj = 0 if both mi and sj are inactive



Population model

1. Somebody dies



Population model

2. A child is born



Population model

3. Adults speak



Population model

4. Child learns



Population model

5. Child enters population



Population model

6. Repeat



An aside: other possible population models

• Mesoudi & Whiten (2008) review a number of different ways we could 
model cultural evolution.the transmission of minimally counter-intuitive con-

cepts in general, but which specific minimally counter-
intuitive concept a person adopts is determined by
model-based biases such as conformity.

The final study we discuss in this section used the
transmission chain method to address not what people
copy but how they copy, and comes not from psychology
or anthropology but from experimental economics.
Schotter & Sopher (2003) had successive pairs of
participants play the ‘Battle of the Sexes’ game, in
which two players must choose one of two options with
no communication. If the players choose different
options, then neither player gets any pay-off; if both
players choose the same option, then they both get a
pay-off. This rule encourages cooperation. However, the
two options differ in their pay-offs to the two players: if
both players choose the first option, then player 1 gets a
larger pay-off than player 2; and if both players choose
the second option, then player 2 gets a larger pay-off.
This rule encourages competition. Two modes of
transmission between successive generations were
allowed: either (i) a behavioural history of the choices
(option 1 or 2) made by pairs of players in every previous
generation and their associated pay-offs, or (ii) explicit
verbal advice given by the previous generation as to
which option the present generation should choose and
why. Verbal advice was found to generate stable
conventions, i.e. long periods during which both players
agreed on which option to choose, punctuated with brief
periods of rapid change. Viewing behavioural history
without verbal advice, on the other hand, did not
generate stable conventions, resulting instead in
continuous fluctuation. This study nicely demonstrates
how the transmission chain method can be used to test
the effect of different transmission mechanisms and that
these mechanisms can have striking effects on the rate
and form of cultural change.

4. THE REPLACEMENT METHOD
The replacementmethod, originally proposed byGerard
et al. (1956), involves groups of participants repeatedly
engaging in a task or game that is designed to capture
some aspect of actual cultural change. One by one, the
participants in the groups are replaced with new
participants, with each replacement representing a single
‘cultural generation’ (figure 2). Researchers can then
examine how group performance changes over succes-
sive generations, and how the socialization of each new
participant into the group affects this change. In some
replacement studies, a norm or bias is artificially
introduced into the first generation of participants,
either by explicitly training the participants to follow
this normor by using confederates to introduce the norm
surreptitiously. The extent to which this artificially
introduced norm remains in the group during successive
generations then represents ameasure of its transmission
to the newmembers.Generally, the replacementmethod
is useful for simulating cultural change that occurs with
changing groupmembership, as is found, for example, in
business organizations with frequent staff turnover or
traditional hunter-gatherer societies in which small
groups maintain stable traditions despite continual
population replacement via births, deaths andmigration.

As an illustrative example, Jacobs & Campbell
(1961) used the replacement method to study the
conformist transmission of artificially exaggerated
judgements of an ambiguous perceptual illusion. In
an earlier study by Sherif (1936), participants res-
ponded to a perceptual illusion in which a stationary
point of light in an otherwise pitch-black room is
perceived as constantly moving by a few centimetres.
The participants were asked to publicly estimate the
distance which the light moved after several other
participants, actually confederates of the experimenter,
had given unrealistically exaggerated judgements.
Sherif ’s (1936) now-classic finding was that the
majority of participants gave similar estimates to the
confederates despite that estimate being patently false,
illustrating the powerful effect of conformity in group
settings. Jacobs & Campbell (1961) repeated Sherif ’s
(1936) experiment with the additional step that, after
the group had made their estimates, one group member
was replaced with a new naive participant and the
new group estimated again. Significant evidence of
the artificially introduced norm remained for about
four or five generations following the replacement of all
of the confederates, after which the perceptual
judgement tended to return to that exhibited by naive
control groups. This finding indicates some degree of
conformist transmission but no long-term persistence.

Several other studies have used the replacement
method with various tasks and tested various
hypotheses (Rose & Felton 1955; Zucker 1977; Insko
et al. 1980, 1983; Baum et al. 2004; Caldwell & Millen
2008a; see Mesoudi 2007). Here, we highlight the
implications that these studies have had or potentially
could have on three areas of cultural evolution research
in particular: cultural group selection; cumulative
cultural evolution; and cultural innovation.

Cultural group selection has been proposed by
Richerson & Boyd (2005) to explain the widespread
non-kin and non-reciprocal altruism that is observed in
human societies. This theory holds that, during human
evolutionary history, more-cooperative and more-
cohesive groups tied together by conformity and
policed by the punishment of non-cooperators would
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Figure 2. Design of a typical replacement study. Four
participants (A–D) engage in a learning task, and in each
generation one member of the group is replaced with a new
participant. Adapted from Mesoudi (2007).
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An aside: other possible population models

• Mesoudi & Whiten (2008) review a number of different ways we could 
model cultural evolution.

humans, focusing on their implications for the field of
cultural evolution. To count as a study of cultural
transmission, there must be some kind of transmission
of information (knowledge or behaviour) along a chain
or within a group of more than two participants. The
studies are categorized according to their methodology;
we discuss in turn the linear transmission chain
method, the replacement method and the closed-
group method. A more detailed literature review
using the same classification can be found in Mesoudi
(2007), and we direct readers interested in fuller
descriptions of the studies mentioned here to consult
that publication. For further reference, table S1 of the
electronic supplementary material provides a summary
of all adult human cultural transmission studies that we
are aware of, listing for each one the methodology used,
the participant sample, the material/behaviour that was
transmitted and the study authors’ main conclusions.

3. THE LINEAR TRANSMISSION CHAIN METHOD
The linear transmission (or diffusion) chain method
represents perhaps the simplest experimental
procedure for studying cultural transmission. Devised
by Bartlett (1932), this method resembles the children’s
game ‘Chinese whispers’ or ‘Telephone’, wherein some
material relevant to a particular hypothesis is passed
along linear chains of participants (figure 1). The first
participant in the chain reads or hears some material
(typically text or pictures), and then attempts to recall
it. This recalled information is given to the second
participant, who reads it and later recalls it in a similar
way; this recall is passed on to the third participant, and
so on along the chain. By measuring the changes that
occur within the material as it is passed along the
chain, or by comparing the rates at which different
kinds of material degrades, the researcher can infer the
operation of systematic biases in cultural transmission.

Bartlett (1932) conducted a series of transmission
chain studies using various types of material, from
Native American folk tales to descriptions of sporting
events. As transmission proceeded along the chains,
Bartlett (1932) noted that the material became much
shorter in length and lost many of the details, with
only the overall gist remaining. Participants also tended
to distort the material, making it more coherent
and consistent with their own pre-existing knowledge.
The folk tales from non-industrial societies, for
example, contained many supernatural elements that
were nonsensical to the English participants and were
subsequently removed or replaced with more familiar
events. These two processes, loss of detail and
assimilation to prior knowledge, led Bartlett (1932) to
propose that remembering is primarily a reconstructive
process, and seldom a process of exact replication.
Only the gist or overall impression of the material is
preserved and rebuilt around pre-existing knowledge
structures or schemas. Accordingly, Bartlett (1932)
found that folk stories were transmitted with greater
accuracy than any of the other material, which he
argued was because people already possess story
schemas that contain the structure of a typical folk
tale, thus aiding recall.

The two decades following Bartlett’s (1932) original
study saw the publication of several transmission chain
studies that shared Bartlett’s general methodology but
varied in the material used and participants tested
(Maxwell 1936; Northway 1936; Allport & Postman
1947; Ward 1949; Hall 1951). The results of these
studies largely supported Bartlett’s original findings of
increasing generalization and assimilation to pre-existing
knowledge. Although the later twentieth century saw a
decline in the popularity of the transmission chain
method, several recent studies have sought to reintro-
duce the method as a means of studying cultural change,
and have updated the transmission chain method to
conform to modern standards of experimental psychol-
ogy (Bangerter 2000; Kashima 2000; Barrett & Nyhof
2001; Mesoudi & Whiten 2004; Mesoudi et al. 2006a;
Kalish et al. 2007; Griffiths et al. 2008; see Mesoudi
2007). These recent studies, too, support Bartlett’s
(1932) conclusions. For example, Mesoudi & Whiten
(2004) confirmed and updated Bartlett’s (1932) notion
of ‘generalization’ by drawing on script theories from
cognitive psychology, finding that descriptions of every-
day events were described at increasingly abstract levels
of a hierarchically organized knowledge structure as they
were passed along transmission chains. Other studies
have supported Bartlett’s claim of assimilation to
previous knowledge, finding that transmitted infor-
mation gradually converges upon pre-existing gender
stereotypes (Bangerter 2000; Kashima 2000) and prior
cognitive biases (Kalish et al. 2007; Griffiths et al. 2008;
see Griffiths et al. 2008).

How can the transmission chain method, and the
findings of transmission chain studies, inform research
into cultural evolution? The transmission chain
method, as it has been used predominantly to date,
seems most suited to identifying what Richerson &
Boyd (2005) have called ‘content-based’ or ‘direct’
biases, in which transmission is determined by the
content of the information being transmitted (i.e.
‘what’ is transmitted). However, content-based biases
have received relatively little attention from mathe-
matical modellers such as Cavalli-Sforza & Feldman
(1981) and Boyd & Richerson (1985), who focus more
on model-based biases (‘who’ is copied; see §§5 and
6c). Content-based biases have received much more
attention from cognitively minded anthropologists
such as Boyer (1994), Sperber (1996, 2000)
and Atran (1998, 2001). Content-biased cultural
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Figure 1. Design of a typical transmission chain study. The
original material is passed along parallel chains of participants
(represented by circles). Here, there are four chains (A–D),
each comprising four generations (1–4). Adapted from
Mesoudi (2007).
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An aside: other possible population models

• Mesoudi & Whiten (2008) review a number of different ways we could 
model cultural evolution.

Closed group

a single individual alone; this remains a challenge for
future studies.

An issue that has been seldom addressed by the
cultural evolution literature is that of innovation, or the
emergence and spread of novel cultural traits. In an
early study, sociologists Rose & Felton (1955) used a
modified form of the replacement method to ask under
what conditions cultural innovation is likely to occur.
Groups of participants discussed their interpretations
of Rorschach ink blots, and over successive generations
participants were systematically swapped across groups
in order to see how rates of cultural innovation and
transmission (in this case, of ink-blot interpretations)
were affected by different forms of migration/replace-
ment. The somewhat surprising result was that closed
societies with no participant migration were signi-
ficantly more innovative in generating novel interpre-
tations than open societies in which members
frequently switched groups. With hindsight, this result
is somewhat intuitive: migrants into a new group could
simply repeat the interpretations that they generated in
previous groups, whereas the participants in closed
groups were forced to come up with novel interpre-
tations. However, as Rose & Felton (1955) noted, this
finding contradicts the commonly held notion that
cosmopolitan societies with many immigrants (e.g.
large cities such as New York or London) are more
creative/innovative than closed societies that prohibit
migration (e.g. the Amish). Although different experi-
mental findings might be obtained with functional
rather than subjective/arbitrary cultural traits, Rose &
Felton’s (1955) study shows how experiments can be
useful in challenging intuitive beliefs concerning
cultural processes, and points to how the replacement
method might be used to explore the effect of migration
on cultural phenomena such as innovation.

5. THE CLOSED-GROUP METHOD
The closed-group (or constant-group) method involves
simulating cultural transmission within small groups
of participants with no replacement of members.
Individuals within a group repeatedly engage in a task
or game over the course of the experiment, and the
experimenter can manipulate the opportunities for
cultural transmission (i.e. who can view and copy other
participants’ behaviour and when) within the group
(figure 3). This method is useful for simulating under
controlled conditions the various cultural transmission
biases modelled in the cultural evolution literature
concerning ‘who’ people copy, such as conformity or
prestige bias, as well as testing cultural evolutionary
hypotheses regarding the conditions under which
cultural transmission is predicted to be employed
relative to individual learning (‘when’ questions).
Consequently, closed-group experiments typically
employ an individual learning control condition in
which participants engage in the same task as the
participants in groups, but with no social interaction.
In practical terms, the closed-group method requires
fewer participants and is less time consuming than the
replacement method, which requires a steady stream of
new participants to introduce into the groups. Conse-
quently, several closed-group studies have appeared

in the last few years (Kameda & Nakanishi 2002,
2003; McElreath et al. 2005; Efferson et al. 2007,
2008; Mesoudi & O’Brien 2008; Mesoudi 2008b;
see Mesoudi 2007).

Unlike many of the transmission chain and replace-
ment method studies, these closed-group studies have
often been explicitly designed to test the assumptions
and findings of existing theoretical models of cultural
evolution. Accordingly, it is easier to draw direct links
between experiments andmodels (indeed,many of these
studies present both theoretical models and experiments
in the same paper). For example, Kameda & Nakanishi
(2002, 2003) explored experimentally the conditions
under which cultural learning is adaptive relative to
individual learning. A previous theoretical model
(Rogers 1988) suggested that the reason that culture is
adaptive is not, contrary to popular belief, that cultural
learning helps to avoid the costs of individual learning.
This is because in a population of cultural and individual
learners, the cultural learners become free-riding ‘infor-
mation scroungers’ who copy adaptive behaviour from
individual learners (‘information producers’) without
paying the associated costs of individual learning. If
the frequency of cultural learners becomes too high,
however, then there are not enough individual learners
to effectively track environmental change. Thus, cultural
learners copy outdated, maladaptive behaviour from
each other, such that cultural learners decrease in
frequency and individual learners increase in frequency.
Kameda & Nakanishi (2002) tested these predictions
experimentally. Participants in groups had to choose one
of two locations to search for a rabbit, one of which was
correct, using either individual or cultural learning. The
results confirmed that groups of learners do indeed
divide themselves into cultural learners (information
scroungers) and individual learners (information pro-
ducers) and that both types coexist at equilibrium. The
theoretical prediction that cultural learning should be
more common when individual learning is costly
(Boyd & Richerson 1995) was also supported: increas-
ing the cost of individual learning increased the
proportion of cultural learners. Finally, the experiment
revealed that this equilibrium was polymorphic, i.e.

social
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Figure 3. Design of a typical closed-group study. In the social
learning condition, four participants (A–D) repeatedly engage
in a learning task. Arrows indicate the flow of information via
social learning, e.g. in generation 1, A learns from C, B learns
from A and C, and C and D learn from each other. In
generations 2 and 3, A, C and D all learn from B, who might
have been recognized (or manipulated) to be particularly
successful or prestigious. In the individual learning control
condition, four participants engage in the same task but
with no social interaction. Adapted from Mesoudi (2007).
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Beyond the acquisition test

• Using replacement method, Smith (2002) set out two further tests: 
maintenance & construction


• Both test behaviour over time in a population through iterated learning (i.e. 
cultural evolution of language)


• Differ only in their starting condition:


• maintenance - starts with optimal system


• construction - starts with random system



Maintenance

• Can a population using our basic rule [1, 0, 0, 0] maintain an optimal 
system? (under noisy conditions)


• Note that Smith (2002) uses communicative accuracy as an evaluation 
metric for this


• In other words, answer this question by testing whether the population 
can communicate successfully



Result: yes



Construction test

• Can a population using our rule [1,0,0,0] construct an optimal system from 
randomness?


• In other words, can our model not only account for learning, but also the 
cultural evolution of optimal communication in the first place?



Result: no



What have we discovered?

• If individuals learn like this: 
 
 
 

• Individuals can learn an optimal system


• Populations will maintain an optimal system


• Populations cannot construct an optimal system

Δwmisj = +1 if both mi and sj are active 
Δwmisj = 0 if mi is active and sj is inactive  
Δwmisj = 0 if mi is inactive and sj is active  
Δwmisj = 0 if both mi and sj are inactive



Another weight update rule

• How about this one?  
 
 
 
 
 
 

• Is this fundamentally the same as the old rule? 
Different? Better? Worse?


• Acquisition test: yes, an individual with this rule can learn an optimal 
system

Δwmisj = +1 if both mi and sj are active 
Δwmisj = -1 if mi is active and sj is inactive 
Δwmisj = -1 if mi is inactive and sj is active 
Δwmisj = 0  if both mi and sj are inactive



Maintenance test: yes (again)



Construction: yes!



What have we discovered?

• If individuals learn like this: 
 
 
 

• Individuals can learn an optimal system


• Populations will maintain an optimal system


• Populations will construct an optimal system

Δwmisj = +1 if both mi and sj are active 
Δwmisj = -1 if mi is active and sj is inactive 
Δwmisj = -1 if mi is inactive and sj is active 
Δwmisj = 0 if both mi and sj are inactive



The only difference is the way they learn

• Language changes (evolves) because of the way individuals learn 

• Different ways of learning give different (cultural) evolutionary outcomes, 
even if the behaviour is apparently the same at the individual level!



What about this rule?

Δwmisj = +1 if both mi and sj are active 
Δwmisj = -1 if mi is active and sj is inactive 
Δwmisj = +1 if mi is inactive and sj is active 
Δwmisj = 0 if both mi and sj are inactive



Results for third rule: [1, -1, 1, 0]

Passes acquisition test? Yes

Maintenance: No Construction: No



What about all 81 possible rules?

• For all the values of α, β, γ and δ, there may be different learning biases


• These may lead to different cultural evolutionary trajectories


• Which ones allow for the evolution of communication?


• Which of these is closest to the real human learning bias?


• What does this mean for how we think of the relationship between 
innateness, learning, and the explanation of the universals of language 
structure?



Next classes

• Next week: iterated learning week


• Week 6


• Monday 22nd: lab on iterated learning


• Thursday 25th: final lecture on learning bias in networks


• Friday 26th: new topic, Bayesian Learning


• There will be a chunky preparatory reading!


