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If you were trying to build 
a robot to behave 

spontaneously like the 
chimp in the following clip, 

how would you do it?



Pal, 2.5 years old

video taken by  Misato Hayashi, Primate Research Institute, 
Kyoto University, used with permission

Hayashi & Matsuzawa (2003) Animal Cognition



Questions raised

¥What mechanism could have allowed Pal to 
learn that she could stack the blocks?

¥If such a mechanism is common to the 
species, why was she the only one of 3 infants 
to stack blocks spontaneously?

¥Why does stacking blocks appear later than in 
humans, but inserting shapes into holes in a 
box appear at about the same time as in 
humans?

¥Why does she seem to Þnd it so enjoyable?



What kinds of mechanisms 
make it possible for animals to 

Þnd out about affordances, 
attribute causes to effects and 

generate appropriate 
(sometimes novel) behaviour?



Forms of learning

¥ Developmentally-Þxed behaviour - usually genetically 
determined

¥ Fast and reliable, but inßexible

¥ Associative learning

¥ Gradual process, but fairly ßexible and surprisingly 
subtle

¥ Social learning

¥ Can provide a short-cut to learning a novel 
behaviour

¥ Extended learning mechanism, involving exploration



Developmentally-Þxed 
behaviour

¥Complex behaviour triggered by simple cues

¥Useful when:

¥Limited opportunity for learning

¥Behaviour needs to be perfect on the Þrst 
attempt (e.g. ßight in cliff or tree-nesting birds)

¥There are time constraints (e.g. short life span)

¥Common in precocial species where young are 
relatively independent from birth



Mason wasp, Monobia 
quadridens

¥ Females drill out the centre of a stem

¥ Lay an egg, then cap off cell with a mud 
partition

¥ Partition is rough and convex on inner 
surface, concave and smooth on side 
nearest opening

¥ Larvae bore through the convex cell wall 
only, so that they leave the end of the 
stem



Associative learning

¥Classical conditioning and operant 
conditioning

¥Can lead to a complex chain of behaviour => 
novel responses to the environment

¥Relatively slow and gradual process (though 
one-trial learning is possible)



Animals can be trained to do almost 
anything with operant conditioning...

...it just takes a long time

ÔProject OrconÕ



Associative learning is 
much more subtle and 

rich than you might think



ÒAppropriatenessÓ of the stimulus or 
response matters (Domjan & Wilson, 1972)

Group tasteGroup noise
Train Sweet water !  illness Noisy water !  illness

Test Sweet water vs. Plain 
water

Noisy water vs. Silent 
water

RESULT LEARNING NO LEARNING

Train Sweet water !  shock Noisy water !  shock

Test Sweet water vs. Plain 
water

Noisy water vs. Silent 
water

RESULT NO LEARNING LEARNING

So, natural selection constrains associations to 
those likely to be causally linked



Animals can learn about the temporal 
relationship between events => causal 

attribution (Barnet, Cole & Miller, 1997) 

Test

I

II



Social learning

¥Learn from the behaviour of others:

¥Directly, by observation

¥Or via products of anotherÕs behaviour

¥Can spread novel behaviour rapidly through a 
population => cultural transmission => 
cultural evolution



Extended learning 
mechanism and exploration

¥ Exploration (not directly reinforced) is very important

¥ Animals can learn about the space of possible actions 
with an object, unusual properties etc.

¥ Time consuming, but possible for altricial species during 
development, when parent(s) care for offspring

¥ May also enable very rapid learning if ÔchunksÕ of 
knowledge about the environment can be reused

¥ May allow the generation of individually novel behaviour 
(similar to Margaret BodenÕs ÔPersonal CreativityÕ, 1990)



Are animals limited by species-speciÞc 
representational capacities, or by the 

their exploratory tendencies?

¥Representational view vs. Ecological view 
(Cummins-Sebree and Fragaszy, 2005)

¥Capuchin monkeys spontaneously re-
positioned canes to pull a food reward 
towards them, unlike tamarins

¥Is this difference because of species differences 
in exploratory/manipulatory behaviour? 



Complex, spontaneous novel 
behaviour

¥Betty making hooks (Alex to show video and 
discuss)

¥Alex the parrot spontaneously transferring 
label of ÔnoneÕ



Self-monitoring of behaviour 
might also be important

Possibly gaining dynamic feedback from environment, and 
adjusting behaviour appropriately



What might this mechanism be?

¥Combination of:

¥Built-in drive to explore (with no 
immediate reinforcement consequences)

¥Cognitive structures (genetically 
determined) which might guide or 
constrain exploration (ÔbootstrappingÕ of 
behaviour)

¥Construction of reusable ÔchunksÕ which 
can themselves be recombined into more 
complex structures (e.g. language learning)



Summary and 
unanswered questions

¥ For novel behaviour, need to Þnd a balance between 
exploration, and constraining possibilities

¥ Also, balance between built-in structures and 
knowledge, and learned/acquired knowledge

¥ Do species differ in their ability to form these chunks?

¥ How important is individual experience?

¥ How important is it to explore while your brain is being 
constructed?


