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Talking Heads Expt.  
Steels (2006)

✤ G r o u p s c a n f o r m l i n g u i s t i c 
conventions bottom-up 

✤ Assumptions: 
1. Symbols can ground shared symbols 

(Forms) 
2. Learning via reinforcement learning 

(Dynamics) 
3. Interactive feedback via pointing 

(Embodiment)



Forms 
Assumption 1: Symbols can ground shared symbols

“Words would seem to have 
been necessary to establish 
the use of words”  
Rousseau (1755/1964)

“Symbols grow. They come 
into being by development 
o u t o f o t h e r s i g n s , 
particularly from icons, or 
from mixed signs partaking 
of the nature of icons and 
symbols.” 
Peirce (1893)

The Symbol Grounding Problem (Harnad, 1990)



Forms: The Experimental Task

✤ To study language evolution in the laboratory 
we need the right task!  

✤ A Task that: 
1. Prohibits the use of Ps’ existing language system 

✤ forces Ps to create a new communication system from 
scratch 

2. Ps play several times 
✤ to track the evolution of the communication system



Forms 
Garrod, Fay, Lee, Oberlander & MacLeod (2007)

✤ Theatre 
✤ Art Gallery 
✤ Museum 
✤ Parliament 
✤ Robert De Niro 
✤ Arnold Schwarzenegger 
✤ Clint Eastwood 
✤ Drama 
✤ Soap Opera 
✤ Homesick 
✤ Cartoon 
✤ Television 
✤ Computer Monitor 
✤ Microwave 
✤ Loud 
✤ Poverty MatcherDrawer



Forms 
Garrod, Fay, Lee, Oberlander & MacLeod (2007)

game 1

game 2

game 3

game 4

game 5

game 6

Decreasing form complexity

Increasing form alignmentincreasing communication success
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Forms 
Assumption 1: Symbols can ground shared symbols

✤ Assumption not supported 

✤ Icons ground shared meanings  
✤ Social Interaction drives form refinement 

& symbolisation (Peirce, 1893) 

✤ Similar Icon-to-Symbol transition seen in 
the evolution of writing systems

Sym
bolisation of ‘Com

puter M
onitor’



Dynamics 
Assumption 2: Learning via Reinforcement Learning

✤ Use experimental micro-societies to study how groups 
form linguistic conventions



P1 P2 P3 P4 P5 P6 P7 P8

G1
A A B B C C D D

G2
A B C D D C B A

G3
A B B A C D D C

G4
A B C D B A D C

G5
A B C D C D A B

G6
A B A B C D C D

G7
A B C D A B C D



P1 P2 P3 P4 P5 P6 P7 P8

G1
A A B B C C D D

G2
A B C D D C A B

G3
A B C D B A C D

G4
A B B A C D C D

G5
A B C D C D B A

G6
A B C D A B D C

G7
A B A B C D C D



Functional Adaptation  
Production & Comprehension by Next Generation



Brad Pitt ExampleMicrowave Example



Egocentric Allocentric



Dynamics 
Cultural Selection

✤ 72% of data structures *required* a 
biased account 
✤ Content-Bias & Egocentric-Bias 

✤ Cultural Selection is operating on 
the communication system 

✤ Assumption 2: Learning via 
reinforcement learning 

✤ Findings support Assumption 2, 
but add nuance



Embodiment 
Assumption 3: Embodiment is important to language creation



Language Origin: Vocal- or Gesture-First? 
Comparative Evidence is Mixed

✤ Evidence for Gesture-First Account: 
✤ > flexibility in primate gesture compared to vocal 

calls 
✤ > success in teaching primates sign language 

compared to vocal language 
✤ Striking similarities in gestures produced by 

young children & chimpanzees 

✤ Evidence for Vocal-First Account: 
✤ primates use vocal calls to convey specific 

information (about predators) to conspecifics 
✤ vocal calls more flexible than first thought 
✤ vocal calls combined to make new meanings



Language Origin: Vocal- or Gesture-First? 
Experimental Approach

✤ Similar to the Pictionary task 

✤ Communication restricted to (non-
linguistic) Vocalisation or Gesture 

✤ Cross-Cultural Study: Australian or 
Ni-Vanuatu Producers 

✤ Cross-Experiential Study: Sighted 
or Blind Producers 

✤ S i g n a l s v i d e o - r e c o r d e d & 
Interpreted by another group of Ps 



Embodiment 
& Evidence for Gestural Universals

✤ Hypothesis: Gesture > Vocal (comm. success) 

✤ Explanation: 
✤ Greater iconicity for gestured signals 
✤ Greater universality of gestured signals 

✤ Embodiment: body & its interaction in the 
environment important to cognition 
✤ embodiment opportunity in gesture 
✤ no embodiment opportunity in vocal 

✤ Embodiment gives rise to universality 
✤ Hypotheses: 1) > Universality in gesture &   

2) Universality predicts comm. success



Embodiment 
Cross-Cultural Study



Embodiment 
Cross-Cultural Study



Embodiment 
Cross-Cultural Study



Embodiment 
Cross-Cultural Study



Embodiment: Results 
Cross-Cultural Study



Embodiment: Results 
Cross-Experiential Study



Embodiment 
Assumption 3: Embodiment is important to language creation

✤ Embodiment: we understand the world via our physical 
interactions 

✤ Gesture offers substantial scope for embodiment 
✤ Leads to stronger universality in gesture modality 
✤ Contributes to the communication success of gesture 

✤ Benefits even seen among blind people who have access to 
the vocal world but not the visual world… 

✤ Assumption 3 supported



To Conclude

✤ Groups can form linguistic conventions 
bottom-up 

✤ Process: 

1. Forms: Icons ground shared meanings 

2. Dynamics: Learning guided by content-
bias & egocentric-bias 

3. Embodiment: Embodiment drives signal 
universality & communication success




