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Three slides on sign language emergence



Homesign

26. Homesign: gesture to language 607

for a class of actions. These handshape and motion components combine freely to
create signs, and the meanings of these signs are predictable from the meanings of their
component parts. For example, a hand shaped like an ‘O’ with the fingers touching the
thumb (?), that is, an OTouch handshape form, combined with a Revolve motion form
means ‘rotate an object < 2 inches wide around an axis’, a meaning that can be trans-
parently derived from the meanings of its two component parts (OTouch = handle an
object < 2 inches wide; Revolve = rotate around an axis).

Importantly, in terms of arguing that there really is a system underlying the chil-
dren’s signs, the vast majority of signs that each deaf child produces conform to the
morphological description for that child and the description can be used to predict new
signs that the child produces. Thus, homesigns exhibit a simple morphology, one that
is akin to the morphologies found in conventional sign languages. Interestingly, it is
much more difficult to impose a coherent morphological description that can account
for the gestures that the children’s hearing parents produce (Goldin-Meadow/Mylan-
der/Butcher 1995; Goldin-Meadow/Mylander/Franklin 2007), suggesting that morpho-
logical structure is not an inevitable outgrowth of the manual modality but is instead
a characteristic that deaf children impose on their communication systems.

2.3. Syntax

Homesigns are often combined with one another to form sentence-like strings. For
example, a homesigner combined a point at a toy grape with an ‘eat’ sign to comment
on the fact that grapes can be eaten, and at another time combined the ‘eat’ sign with
a point at a visitor to invite her to lunch with the family. The same homesigner com-
bined all three gestures into a single sentence to offer the experimenter a snack (see
Figure 26.3).

Fig. 26.3: Homesign sentences follow a consistent order. The homesigner is holding a toy and
uses it to point at a tray of snacks that his mother is carrying = snack (the tray is not
visible) [patient]. Without dropping the toy, he jabs it several times at his mouth = eat
[act]. Finally, he points with the toy at the experimenter sprawled on the floor in front
of him = you [actor]. This is a typical ordering pattern for this particular homesigner
(i.e., patient-act-actor).

Interestingly, homesign sentences convey the same meanings that young children
learning conventional languages, signed or spoken, typically convey with their senten-
ces (Goldin-Meadow/Mylander 1984). In addition, homesign sentences are structured
in language-like ways, as described in the next four sections.
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for negative meanings, the manual flip for question meanings. These signs are obviously
taken from hearing speakers’ gestures but are used by the homesigners as sentence
modulators and, as such, occupy systematic positions in those sentences: headshakes
appear at the beginning of sentences, flips at the end (Franklin/Giannakidou/Goldin-
Meadow 2011; see also Jepson 1991).

Homesign also includes ways of referring to the past and future (Morford/Goldin-
Meadow 1997). For example, one homesigner produced a sign, not observed in the
gestures of his hearing parents, to refer to both remote future and past events ! need-
ing to repair a toy (future) and having visited Santa (past). The sign is made by holding
the hand vertically near the chest, palm out, and making an arcing motion away from
the body (see Figure 26.4).

Fig. 26.4: Homesign has markers for the past and future. The homesigner is shown using a gesture
that he created to refer to non-present events ! the ‘away’ gesture which the child uses
to indicate that what he is gesturing about is displaced in time and space (akin to the
phrase ‘once upon a time’ used to introduce stories).

Another homesigner invented a comparable sign to refer only to past events. In
addition to these two novel signs, homesigners have been found to modify a conven-
tional gesture to use as a future marker. The gesture, formed by holding up the index
finger, is typically used to request a brief delay or time-out and is glossed as wait one
minute. The homesigners used the form for its conventional meaning but they also use
it to identify their intentions, that is, to signal the immediate future. For example, one
homesigner produced the sign and then pointed at the toy bag to indicate that he was
going to go retrieve a new toy. Hearing speakers use wait to get someone’s attention,
never to refer to the immediate future. The form of the sign is borrowed from gesture
but it takes on a meaning of its own.
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Fig. 26.2: Homesigns are stable in form. The homesigner is shown producing a break gesture.
Although this gesture looks like it should be used only to describe snapping long thin
objects into two pieces with the hands, in fact, all of the children used the gesture to
refer to objects of a variety of sizes and shapes, many of which had not been broken by
the hands.

say, two fists breaking apart in a short arc to mean ‘break’, every single time that child
signs about breaking, no matter whether it’s a cup breaking, or a piece of chalk break-
ing, or a car breaking (see Figure 26.2; Goldin-Meadow et al. 1994). Thus, the home-
signer’s signs adhere to standards of form, just as a hearing child’s words or a deaf
child’s signs do. The difference is that the homesigner’s standards are idiosyncratic to
the creator rather than shared by a community of language users.

2.2. Morphology

Modern languages (both signed and spoken) build up words in combination from a
repertoire of a few dozen smaller meaningless units (see chapter 3 for word formation).
We do not yet know whether homesign has phonological structure (but see Brentari
et al. 2012). However, there is evidence that homesigns are composed of parts, each
of which is associated with a particular meaning; that is, they have morphological
structure (Goldin-Meadow/Mylander/Butcher 1995; Goldin-Meadow/Mylander/Frank-
lin 2007). The homesigners could have faithfully reproduced in their signs the actions
that they actually perform. They could have, for example, created signs that capture
the difference between holding a balloon string and holding an umbrella. But they
don’t. Instead, the children’s signs are composed of a limited set of handshape forms,
each standing for a class of objects, and a limited set of motion forms, each standing

From Goldin-Meadow, S. (2012). Homesign: gesture to language. In R. Pfau, M. Steinbach and B. Woll (Eds.) Sign 
Language: An International Handbook (pp 601-625). Berlin: De Gruyter Mouton.



Community and village sign languages

Padden, C. A., et al. (2013). Patterned iconicity in 
sign language lexicons. Gesture, 13, 287-308.

10.3.3.2 SASS compounds
In many compounds, one of the signs used to refer to an object is a SASS

describing the size and shape of the object that does not occur independ-

ently. Some examples follow in (3):

(3) (a) COLD^BIG-RECTANGLE ‘refrigerator’

(b) DRINK-TEA^ROUNDED-OBJECT ‘kettle’ (pictured in Figure 10.4b)

(c) WATER^ROUNDED-OBJECT ‘pitcher’

(d) CUCUMBER^LONG-THIN-OBJECT ‘cucumber’

(e) PHOTO^FLAT-OBJECT ‘photograph’,

(f) CHICKEN^SMALL-OVAL-OBJECT ‘egg’

(a)

(b)

Figure 10.4 Two different ABSL compounds meaning ‘kettle’, each found in a different
familylect. (a) TEA^POUR; (b) TEA^ROUNDED-OBJECT

Language emergence: Al-Sayyid Bedouin Sign Language 265

4  :��  19��9�3 ������	 �
��	
�������
	�������!0���421�98��82�0#��/70��132�.8�"2��� #���2��

10.3.3.2 SASS compounds
In many compounds, one of the signs used to refer to an object is a SASS

describing the size and shape of the object that does not occur independ-

ently. Some examples follow in (3):

(3) (a) COLD^BIG-RECTANGLE ‘refrigerator’

(b) DRINK-TEA^ROUNDED-OBJECT ‘kettle’ (pictured in Figure 10.4b)

(c) WATER^ROUNDED-OBJECT ‘pitcher’

(d) CUCUMBER^LONG-THIN-OBJECT ‘cucumber’

(e) PHOTO^FLAT-OBJECT ‘photograph’,

(f) CHICKEN^SMALL-OVAL-OBJECT ‘egg’

(a)

(b)

Figure 10.4 Two different ABSL compounds meaning ‘kettle’, each found in a different
familylect. (a) TEA^POUR; (b) TEA^ROUNDED-OBJECT

Language emergence: Al-Sayyid Bedouin Sign Language 265

4  :��  19��9�3 ������	 �
��	
�������
	�������!0���421�98��82�0#��/70��132�.8�"2��� #���2��

Sandler, W. et al. (2014). Language emergence: Al-Sayyid Bedouin Sign 
Language. In N. J. Enfield et al. (Eds.) The Cambridge Handbook of 
Linguistic Anthropology (pp. 250-284). Cambridge: CUP.

Fig. S2). Thus, although it is possible for an individual homesigner
to make a distinction between symmetrical and reciprocal con-
struals of events by using verb constructions, not all individual
homesigners make this distinction. Nevertheless, the use of verb
constructions for this purpose does seem to become a robust part
of the communal language as soon as the language is shared
among users (i.e., as soon as the homesigners join a community
and begin to form a shared system).

Conclusion
We found that all of the NSL signers and homesigners in our
study made formal distinctions in their descriptions of events
designed to elicit symmetrical vs. reciprocal construals, despite
the visual similarity of the paired depicted events. Reciprocal
events were described by using the machinery developed to de-
scribe the control transitive events, whereas symmetrical events
were described quite differently.
At the word level, the striking result is that not all bidirectional

events that look symmetrical on the surface are represented by
using mirroring. When two people punch each other, the event
can look just as symmetrical as when two people high-five each
other. Nevertheless, the mirrored form was used primarily for
events that are abstractly construed as symmetrical—a single event
in which two participants act as one—not for two simultaneous
reciprocal events, even though these reciprocal events appear
symmetrical as we observe them. All signers, even homesigners,
have this intuition, and thus make a distinction between sym-
metrical and reciprocal construals of events at the word level. The
fact that three of the four homesigners made this distinction
suggests that having a formal distinction between symmetrical and
reciprocal construals of events is central to human language—so
central that it will be introduced into a linguistic system even when
that system is created by a deaf individual without the support of a
community of signers.
At the sentence level, verbs describing bidirectional events

designed to elicit reciprocal construals (as well as unidirectional
events involving one person acting on another person, that is,
asymmetrical events) are produced within CAS constructions.
These are transitive constructions for NSL signers, thus confirm-
ing that reciprocal events are construed as transitive. The striking
result here is that verbs describing symmetrical events are rarely
produced in CAS constructions, signaling that symmetrical events
are not typically construed as transitive. NSL signers displayed this
pattern regardless of their year of entry into the deaf community.
Note that only one of the four homesigners showed the pattern
(one showed the reverse pattern, and two showed no difference
between symmetricals and reciprocals). The CAS construction was
thus not likely to have been used in a discriminating way in the
homesign systems that contributed to early NSL (although the
homesigners may have used a different device to mark the dis-
tinction at the sentence level). Importantly, however, as soon as

the first group of homesigners came together and developed a
shared communication system, they converged on the CAS con-
struction as a formal marker of transitivity, and consequently so-
lidified this symmetrical/reciprocal distinction at the sentence
level. Marking the distinction between symmetrical and reciprocal
construals of events at the sentence level seems to be more fragile
than marking the distinction at the verb level (more homesigners
made the distinction at the verb level than at the verb construction
level). Nevertheless, the verb construction distinction was there to
be picked up (even if it was present in only a few homesign systems)
and consequently spread rapidly when a community was formed.
In summary, the remarkable fact is that both English speakers

and NSL signers distinguish between symmetricals (one event in-
volving a collective agent, described by one nontransitive clause)
and reciprocals (two events involving two agents, described by two
transitive clauses). These findings, taken together, suggest a com-
mon core of conceptual distinctions and grammatical means for
the foundational formal property of symmetry. The fact that this
sameness is found under radically different input conditions high-
lights that unlearned conceptual forces are at work in the creation
of universally shared language structure. Perhaps we have failed to
discover how this distinction is “learned” because it was there from
the beginning, in the earliest moments of language emergence,
prefigured in the conceptual underpinnings that make language
acquisition possible.

Materials and Methods
Participants. A total of 27 deaf individuals in Nicaragua participated in the
study. Four were adult homesigners (one female, three male; mean age, 24 y;
age range, 20–29 y). The homesigners had no known congenital cognitive
deficits, had not learned spoken or written Spanish, and had not acquired
NSL. None of the homesigners had attended school regularly, nor were any
of them members of the deaf community. They did not know or interact
with one another. Each had developed an individual homesign system (13)
that was used to interact socially with hearing friends and family. The
remaining 23 were NSL signers, categorized according to the year that each
individual entered the deaf community, which ranged from 1974 to 1998
(10 female, 13 male; mean age, 30 y; age range, 18–45 y). All NSL signers
entered the community by age 6 y, typically upon school entry (mean age at
entry, 4.3 y; range, 2.1–5.7 y), and all used NSL as their primary daily language.
This study was approved by the institutional review board of The University of
Chicago (protocol 97–074). All participants were provided with a written
consent form in Spanish, which was translated to NSL or the participant’s
homesign system to assure all participants understood the content. Partici-
pants read and signed the consent form before participating in the study.

Procedure. Each participant viewed a series of video clip stimuli on a laptop
computer, and was asked to describe the event in each clip to a conversation
partner. NSL signers related the events to a peer signer; homesigners related
the events to a family member who was a frequent communication partner.

Coding Utterances. All responses were glossed and coded at the utterance
level (by M.F., who has 10 y of experience transcribing and coding NSL). Most

HCNUPHCNUPNAMOWNAM GET-PUNCHED, GET-PUNCHED.
Fig. 7. The reciprocal sentence meaning “the man and woman punch each other” includes four variants of the verb “punch,” none of them mirrored in
form, arranged in two CAS pairs.

11710 | www.pnas.org/cgi/doi/10.1073/pnas.1819872116 Gleitman et al.
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Gleitman, L., et al. (2019). The emergence of the formal category “symmetry” in a new sign 
language. Proceedings of the National Academy of Sciences, USA, 116, 11705-11711.



Role of the child in creating structure?

same generation 5 participant shown in Fig. 6c, for the meanings prison,
church and hair salon, all meanings from the location category. In each,
the participant re-uses and recombines parts of signs; the roof sign is
re-used as a category marker for location, followed by a thematic signal
(in this case, a cuffing gesture for prison, a praying gesture for church, and
a hair cutting gesture for hair salon). In this way, participants recombine
meaningful gesture elements to systematically signal similarities and
differences between meanings. Importantly, this set reflects not simply a
single participant but a gradual development across chains.

Gestures in later generations also demonstrate the re-use of thematic
signals. Fig. 7b illustrates a gesture for photographer, camera and to take
a photo (thematic category of photography), in generation 5 of a chain.
The camera shape is used as the sole signifier across all meanings for
this category, paired with either a point-at-self for photographer or a
point-at-object for camera, which signal the functional category (person
or object).

Fig. 8 illustrates how this process proceeds: a highly iconic panto-
mime is reanalysed as a symbolic grammatical marker. In generation 1,
the gesture for hairdresser involves a pantomime in which the hair-
dresser waves to the customer, motions them to sit down, and mimes
cutting hair. The gesturer finally points to herself, an indication of the
person category. This hand wave gesture is repeated for the same
meaning at generation 2, and by generation 3 has spread to other
meanings within the same thematic dimension. By generation 5, the
same element has been grammaticalised as a functional category
marker, re-used throughout the functional category for action. This
claim is supported by changes in form, including increasingly restrained
movement and a decoupling from directed eye-gaze and facial expres-
sion; it is no longer an iconic representation of a greeting, but a sys-
tematic, symbolic marker. More generally, this example illustrates the
finding that combinatorial systems emerge by generation 5 as a product
of cumulative reanalysis.

2.3. Results: quantitative results

Recall that the presence of both interaction and transmission in this
experiment was predicted to lead to gestures that are both commu-
nicatively efficient and systematic. Gibson et al. (2019) describe the
main intuition behind efficiency as follows: an efficient language should
enable a speaker to transmit many different messages successfully with
minimal effort (p. 391). When measuring efficiency in an experimental
context, different papers have operationalised different aspects of this
intuition, depending partly on the properties of the experimental set-
ting. For instance, Kirby et al. (2015) emphasise the successful trans-
mission of information, by measuring the expressivity of the system.
Other work (Fay, Arbib, & Garrod, 2013; Fay & Ellison, 2013) focuses
on production effort. Because our experimental setup shares features
with that of the latter (i.e. it starts from a situation in which there are
no conventions, and communication conventionalises over time), we
will focus on production effort, measuring the efficiency of gestures
using a combination of gesture length and the number of repetitions
within a gesture. We measure systematicity in two ways. First, we use
entropy to measure the internal consistency of gestures for each parti-
cipant. Higher entropy indicates use of a distinct set of idiosyncratic
gestures to describe each meaning; low entropy indicates re-use of
gestures from a limited set. We also use a measure of structure based on
the presence of marking on the functional dimension (for the categories
person, location, object and action). In terms of these measures then, we
predict that over generations, (i) gestures will shorten in length and
repetitions will be reduced, showing increased efficiency and (ii) ges-
tures will decrease in entropy and involve more functional markers.2

Fig. 7. Segmentation into sequential, sys-
tematically re-used parts along the func-
tional category (a), and the thematic cate-
gory (b). Gestures in (a) communicate
prison, church, and hair salon, and were
produced by a participant in chain 3, gen-
eration 5, and show use of the same location
marker, a roof shape. Gestures in (b) com-
municate photographer, camera and to take a
photo, and were produced by a participant
in chain 4, generation 5, and show use of the
same thematic marker, a camera gesture.

2 Additional results measuring matching accuracy, alignment between parti-
cipants, and transmission success across experiment 1 and subsequent experi-
ments can be found in the Supplementary Materials.

Y. Motamedi, et al. Cognition 192 (2019) 103964

7

Motamedi, Y., et al. (2019). Evolving artificial sign languages in the lab: 
from improvised gesture to systematic sign. Cognition, 192, 103964.

Motamedi, Y., et al. (2021). The emergence of systematic 
argument distinctions in artificial sign languages. Journal of 
Language Evolution, 6, 77-98.



Gene-culture co-evolution



Reminder: the human package

Somehow, we ended up with
• The ability to learn complex grammars
– capacity for complex vocal imitation
– ability to learn complex sequencing constraints
– ability to learn compositional meaning-form mappings

• The ability and motivation to mindread and mindshare

This sets up the preconditions for the cultural transmission of learned, 
meaning-bearing communication
• Once that’s in place, exciting stuff happens



Gene-culture co-evolution

Genes Culture



Has culture ended human evolution?



Dairying and lactase persistence

Figure 5.4 from Durham, W. (1991). Coevolution: Genes, Culture, 
and Human Diversity. Stanford, CA: Stanford University Press.

Gerbault, P., et al. (2011). Evolution of Lactase Persistence: an 
example of human niche construction. Philosophical Transactions of 
the Royal Society of London B, 366, 863-878.



Sickle-cell anemia and malaria

https://en.wikipedia.org/wiki/Human_genetic_resistance_to_malaria



Construction of a malarial niche



Evidence of gene-culture co-evolution

Figure 3.10 from Durham, W. (1991). Coevolution: Genes, Culture, 
and Human Diversity. Stanford, CA: Stanford University Press.



Other possibilities?

“In the space below, briefly (1 short paragraph max!) give an 
example of a human cultural practice other than language (i.e. 
some non-linguistic behaviour that humans acquire through 
social learning, imitation, teaching etc) that you think plausibly 
changes the selection pressures acting on human genes - say 
what this cultural practice is, and what selection pressure it 
exposes us to / insulates us from. This could be an example from 
the reading, or an idea you have yourself.”

Genes Culture



How could this work for 
language?

• Biological adaptations (rudimentary vocal learning, sequence and 
compositionality learning, mindreading) set scene for cultural transmission

• Cultural evolution begins to create structured (proto-)linguistic system
• Presence of structured, functional language creates/increases selection 

pressures for language-relevant skills, natural selection ensues
– Enhanced vocal learning, better sequence/grammar learning, better 

mindreading
– Other things? Discuss in a moment

• Enhanced linguistic capacities allow cultural transmission to do more
– New functions, more complex structures, …

• And repeat

Genes Culture



Two examples

• Niche construction in perceptual/articulatory capacity
• Unmasking and masking in the evolution of innate constraints

(Reviewed in Smith, K. (2020). How Culture and Biology Interact 
to Shape Language and the Language Faculty. Topics in Cognitive 
Science, 12, 690–712.)



Example 1: could co-evolution produce increasingly 
sophisticated linguistic capacities?

de Boer, B. (2000). Self-organization in vowel systems. Journal of Phonetics, 28, 441–465.
de Boer, B. (2016). Modeling co-evolution of speech and biology. Topics in Cognitive Science, 8, 459–468. 

Figure 2. Example of the imitation game. First, the initiator chooses a random
vowel (in this case /a/) from its repertoire, produces it with its synthesizer, adding
noise (it becomes [7]). Secondly, the imitator analyzes this sound in terms of its
vowels and synthesizes the recognized vowel (/ɑ/ ) also adding noise (it becomes
[-]). Then the initiator listens to the imitator's sound, analyzes it, and checks if the
recognized vowel is the same as the original one (here, [-] is analyzed as /a/, so the
game is successful). If the [-] had been perceived closer to /&/, then the game would
have been a failure. The vowel systems shown are representative examples. In
reality, agents' vowel systems can contain all possible vowels and may contain
di!erent numbers of vowels.

Figure 3. Changes an agent can make to its vowel system. Circles indicate vowels
in the agent's repertoire (both articlatory and acoustic aspects) while the cross
indicates the position (in acoustic space) of the signal the agent just perceived.

However, it is thought to capture the essentials for this simulation. The whole process is
illustrated with an example in Fig. 2.

In reaction to the imitation game, the agents undertake several actions (described in
routine &&Update according to feedback signal'' in Table IV and illustrated in Fig. 3).
Both the imitator and the initiator keep track of the number of times each vowel is used
(u

!
in the table) and the number of times it was used successfully (s

!
). The imitator also

changes its vowel repertoire in reaction to the imitation games. If the imitation game was
successful, it shifts the vowel it used so that it matches the signal that it heard more

452 Bart de Boer

Figure 4. Emergence of a vowel system in a population of 20 agents. The
approximate part of the acoustic space that can be reached is indicated in the
rightmost frame. All acoustic prototypes of all agents in the population are
superimposed.

prototypes of the agents' vowels in the population are plotted in the F
!
}F!

"
space. Each

prototype is represented by a dot. Note that due to articulatory constraints, only
a roughly triangular area of the acoustic space is available to the agents. This is indicated
in the fourth frame of Fig. 4.

From the "gure it is clear that after the "rst 20 games the agents still only have very few
vowels. The vowels that exist are more or less randomly dispersed through the acoustic
space, although some of them already show a tendency to cluster. This is caused by the
fact that all agents start out with an empty vowel repertoire. In order to get the imitation
games started, random vowels are inserted. However, the imitating agents in the games
try to make imitations that are as close as possible and add these to their vowel reper-
toires. This accounts for the clustering. After some 500 imitation games, shown in the
second frame, the clustering has become more pronounced. The most important process
at this moment is the compacting of the clusters due to the fact that the agents move their
vowel prototypes closer to the signals they perceive. However, there is still su$cient
room in the auditory space for extra vowels, so the random addition of new vowels also
plays a role. After 2000 games, the available vowel space becomes "lled more evenly with
vowels and the shape of the vowel system becomes more realistic. After 10 000 imitation
games, the available acoustic space has become more or less "lled up with vowels and the
vowel system has become realistically symmetric and dispersed. After this has happened,
the vowel system remains stable. However, it is not static. The vowel prototypes of agents
(and therefore the clusters) tend to move, and it is even possible that they merge or that
new clusters are formed (if they do not interfere with other clusters).

The way in which vowel systems emerge in the simulation is not realistic. Children
probably learn vowel systems in a di!erent way (e.g., see Kuhl & Meltzo! (1996), where it
appears that infants' vowel systems gradually expand from a homogenous beginning
towards the language's vowel system). Also, human vowel systems evolve in more
complex ways than do the vowel systems that emerge in the simulation. The purpose
of the simulations, however, is not to model the historical evolution of vowel systems.
Many more complex mechanisms play a role in historical language change than can be
modeled by a simple computer simulation. Its purpose is to show that interactions
between individual speakers can cause organization on the scale of the population and
that the organization that emerges is similar to the organization one "nds in human
vowel systems.

454 Bart de Boer
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Result: niche construction leads to increasingly 
complex vowel systems 
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Schematic illustration of results from Smith, K. (2020). How Culture and Biology Interact 
to Shape Language and the Language Faculty. Topics in Cognitive Science, 12, 690–712.



Example 2: could co-evolution produce arbitrary 
constraints on learning?

Central idea in many linguistic theories: arbitrary innate 
constraints on learning
• e.g. Principles and Parameters

polysynthesis

head	directionality

subject	side

verb	attraction

subject	placement serial	verb

null	subject

yesno

Mohawk,	
Warlpirifinalinitial

Japanese,	Turkish
initial final

Malagasy,	Tzotzil
yes no

no yes

English Edo,	Khmer

highlow

Welsh,	
Zapotec no yes

French Spanish,	
Romanian



A candidate mechanism: the 
Baldwin effect 

(aka genetic assimilation)
• Behaviour is initially learned
• Learning has some cost (time, error)
• Individuals whose genes reduce 

amount of learning required (e.g. by 
building in some aspects of the 
solution) are selected

• Eventually, learning minimized / 
nativised away



The simplest possible model of language

U1 U1 U1 U2 U1 U1 U1 U1 …

T2

U2 U1 …U2 U2 U2 U2 U2 U2

T1

Smith, K., & Kirby, S. (2008). Cultural evolution: implications for understanding the human language 
faculty and its evolution. Philosophical Transactions of the Royal Society B, 363, 3591-3603.

Thompson, B., Kirby, S., & Smith, K. (2016). Culture shapes the evolution of cognition. Proceedings of the 
National Academy of Sciences, USA, 113, 4530-4535. 



P (h|d) � P (d|h)P (h)

Learning

Learning: finding the most probable hypothesis (i.e. language) 
given some data (i.e. utterances).



Genes and selection

Genes: bias in favour of T1 (α) is polygenic
• Bias encoded by a string of genes
• Alleles either promote or inhibit T1 

Selection: Individuals reproduce proportional to their 
communicative success in the population

• Communication = sharing same language type

α=0.6
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Predictions?

• A linguistic universal underpinned by highly informative/ 
strongly constraining prior (perhaps via the Baldwin effect)?

α ≈ θ ≈ 0 or 1

(α: bias in favour of T1 language
θ: proportion of population using T1 language)



Result: strong universal, weak constraint

Generation

1 10 100 1000

0
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5
1 Prior (α)

Language (θ)



Result: strong skew in languages, weak constraint 
in learners
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Also works for functional features
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Tiny genetic biases are unmasked by culture
Culture masks large differences in bias strength

Weak biases stabilize, fast.
Strongly constraining priors never evolve. 



Gene-culture co-evolution: summary

• Humans are constructing environments which create new 
selection pressures and shape the evolution of our genes

• Language likely to be involved in the same process
• Should expect suite of genes underpinning learning and use of 

language to be under selection
• In some (most?) cases, can lead to cycles of niche construction 

producing increasingly sophisticated linguistic capacities
• Evolution of Universal Grammar unlikely though?



Course outline in retrospect
Week Topic

1 Introduction
2 Natural selection, adaptation and language
3 Intention and structure in animal communication
4 Social learning and cumulative culture
5 Evolution of vocal learning and grammar learning

Flexible learning week
6 No class (essay 1 due this week)
7 Evolution of social cognition
8 Cultural evolution of language
9 Sign language and language origins

10 Gene-culture co-evolution

Produces adaptations

Some but not much?

Human social / technological niche

Important cognitive innovations: 
vocal learning, sequence learning, 
compositional grammar learning

Important cognitive 
innovation: mindreading

How transmission produces 
linguistic structure

Natural selection responds



Things I’d like to know

• Is mindreading really due to social and technological 
complexity?

• What are the selection pressures leading to the evolution of 
vocal learning and grammar learning capacities in humans?

• Why and how do languages get so complex?
• Once culture delivered linguistic structure, how did biological 

evolution respond? 



Next up

• Final tutorial
– Self-domestication in humans (as related to niche construction?)


