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   Abstract 

• As often described in the literature, the living has inspired the construction 
of many robots. 

• We focus on the reverse phenomenon: building robots can impact 
importantly the way we conceptualize behaviour and cognition in animals 
and humans. 

 

inspiration 

How about? ? 



   Abstract 

 

• I review the way robots can be used as operational models 
confronting specific theories to reality, or can be used as 
proof of concepts, or as conceptual exploration tools 
generating new hypotheses, or used as experimental set 
ups to uncover particular behavioural properties in 
animals or humans, or even used as therapeutic tools. 



   Objective 

• The objective of this article is to show that 
experiments and models based on the use of robots 
can change the way we understand behavior and 
cognition in various profound ways. 

 

 

Robot can helpful for understanding cognitive 
science. 



   Choosing Examples 

• The main criterion for choosing examples, 

 
1. simple 

2. widely understandable 

3. could be very clearly sorted out from the often 
concomitant engineering goal 



   Choosing Examples 

• The examples chosen in this paper focus on the 
specific impact, in behavioral and cognitive 
sciences, of having a robotic model as opposed 
to only a computational model: thus, in all of 
them the role of embodiment is central. 



   Precursors: robots, biology and folk 

• Electric dog 
– Hammond, Miessner(1912) 

http://youtu.be/23ETs5Vevi8 

http://youtu.be/23ETs5Vevi8


   Electric dog 

• Phototropic behavior 

• “Chemical heliotropic 
machines” 

 
• he argued that the behaviour of 

phototropic insects, which appear as 
complex trajectories around lights sources, 
could be explained simply by the fact 
that the muscles on the side of the animal 
that is struck by the light were more 
activated than those on the opposite side.  



   About heliotropic behaviour 

• Vital scientist : 

– “will”, “consciouness”, “teleology” 

 

• Hammond and Miessner‟s robot : 

– “It‟s just simple physical mechanism.” 

 
• It showed that it was possible to generate a behaviour that appeared 

voluntary and teleological but which was not in practice. 



   Impact of the electric dog 

• New hypotheses can also be the result of such a process of robot 
construction. 

• The robot is not only a model, it is also an experimental setup for studying 
humans (or animals) that interact with him. 

• the central question is not any more whether a vital principle was needed or 
not, but rather asked which particular physical and chemical mechanisms are 
responsible of these insects„ behaviors(Webb, 2000). 

inspiration 



   Insect navigation 



   Bee – Optical Flow 

Optical Flow Theory 

Simulations 

Operation Model 



   Waggle dance 

• How they send “navigation information”? 
– Von Fisch, 1971 

 

 

http://youtu.be/-7ijI-g4jHg 

http://youtu.be/-7ijI-g4jHg
http://youtu.be/-7ijI-g4jHg
http://youtu.be/-7ijI-g4jHg
http://youtu.be/-7ijI-g4jHg
http://youtu.be/-7ijI-g4jHg


   Waggle dance 

• In spite of its Nobel prize in 1973, the 
theory of von Frisch was vividly criticized 
by several researchers. 
– Even in the case of a far nectar source, they were still 

mainly guided by their sense of smell (Wenner and 
Wells, 1990).  

– The intrinsic variability of each dance and each bee 

– The fact that a bee always produces concurrently a 
complex flow of signals which are difficult to untangle 
and which we are not sure to have all identified. 

• The theory of von Frisch is difficult to 
accurately validate experimentally.  

 

• Michelsen and his colleagues developed a 
small robot of the same size and shape as 
a bee. 



   Hydrodynamics of swimming 

• Zoologist James Gray calculated the muscular force that 
a dolphin would need to reach a speed of 20 knots. 

• The comparison of this result with the muscular models 

– dolphins were seven times too weak.  

• The answer will be the difference between 
nautical/terrestrial animal muscles! 

 Wrong answer 

 

 

• Researchers wondered whether the solution might lie in 
hydrodynamics. 

• Indeed, in addition to their phenomenal speed, dolphins 
and fishes are able to change suddenly and importantly 
their directions without loosing speed. 



• Robotuna Project (Triantafyllou, 1995) 

 

• On the one hand on the perfect knowledge of the shape and motors of the robot, 
and on the other hand on conventional hydrodynamics models. 

 

 

   Hydrodynamics of swimming 

• The experimental speed of the robot was 
significantly higher than the predicted speed (but 
yet inferior to the speed of a real tuna).  

 

• The example of biorobotic investigations of the 
function of pectoral fins and of the hydrodynamic 
interactions between dorsal and caudal fins. 

• A detailed argumentation of the impact that the 
use of robots can have in our scientific 
understanding of animal swimming. 



   Robots as proof of concepts and exploration tools 

• Many robots have been constructed to study specific hypothesis on the 
behaviour of relatively simple animals. 

 

• Yet, an equivalent number of robots have been built to explore and evaluate 
more general hypotheses, in particular in respect to the dynamic brain-body-
environment relations or to the explanation of high-level cognitive 
phenomena such as imitation or language. 



   The role of the body in intelligent behaviour 

• Cognitivism : theoretical foundation underlying both artificial intelligence 
and a large part of cognitive sciences 

 Robot‟s body : only an interface which transforms sensori inputs into 
internal symbols and executes commands 

 

• Ex) checker game programs, automatic prove theorems 

 

 

 

• Limits 

– Incapable to learn how to play another game 

– ATP were not able to understand simplest jokes 



• Intelligence and behaviour might be the result of the dynamical interactions 
between the brain, the body and the environment. 

• With this view, the body was not simply an interface, but fully part of 
mechanisms that gave rise to intelligence. 

• Body : A new variable of intelligence mechanism! 

 

• Didabots Experiment 

   The role of the body in intelligent behaviour 



   Didabots experiment 

• In conclusion, this experiment shows 
clearly that the behaviour of robots (B) 
is neither the simple result of its 
brain/controller, nor the simple result 
of its body (which would not move 
without a brain), but a result of the 
interaction between the two. 

 

 

• This shows the potentially important 
impact of robotic experiments in which 
for the first time one can consider the 
body as a variable. 

 First approach 



   Biped walking 

ASIMO 

Passive dynamic walker 

Move itself and keep its equilibrium without a 
brain and without an internal source of energy 



   Intelligence without representation 

• One of the central concepts of cognitivism is representation, and in particular 
internal world models used by the brain to reason and deduce actions that 
should be undertaken to reach given goals, without which high-level 
behaviour is argued to be impossible. 

 

 

• Bootstrapping foundational representations of the body and of the self/other 
distinction. 



   Self-organization and language formation 

• Self-organization characterizes systems in which macroscopic properties 
result from the microscopic properties but are qualitatively different. 

 



   Self-organization and language formation 

• Several groups of researchers have proposed that self-organization might not 
only be crucial crucial for understanding basic biological mechanisms, but 
also for understanding human cognitive and social mechanisms, in particular 
language origins. 

• Certain vowels and consonants are much more frequent than other : there 
are statistical structural regularities in human vocalisation systems. 

 

 



• Results of robot simulation 

– Several vowel systems appeared significantly more frequently than 
others. 

– More precisely, the most frequent vowel systems in robot 
communities were the same as the most frequent systems in 
human languages. 

 

   Self-organization and language formation 



   Discussion 

• Phototaxic robot : Hammond, Miessner(1912)  Walter(1953)  Brroks(1986) 

 

• How can we explain this scientific forgetfulness and relative inefficiency to 
achieve cumulative scientific progress in the use of robots in biological, 
behavioural and cognitive sciences? 

 

– 1. Robotics and all these sciences are strong well-identifined but remote 
disciplines  

– 2. Trying to link psychological concepts has been considered as a 
dubious activity by many researchers. 

– 3. The use of robots is not directly science but an anctivity which 
stimulates science. 

– 4. The scientific message gets blurred and it is often difficult to extract 
what the feedback to behavioural and cognitive sciences actually is. 



Thanks for listening! 


