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Explanation in Science

• Science never gives perfect certainty.

• Approach the truth by showing which 
explanations (theories) are more likely. 

• Biology:  all explanation rooted in evolution.

• Ultimate:  why nature selects a trait.

• Proximate:  how a trait works. 



Simulations as Scientific 
Explanation

Joanna J. Bryson, Yasushi Ando and Hagen Lehmann “Agent-based modelling as 
scientific method: a case study analysing primate social behaviour”, Philosophical 
Transactions of the Royal Society, B — Biology, 362(1485):1685–1698, 2007.



Simulations as Scientific 
Explanation

• A simulation is a hypothesis like any other.

• Thesis specified so completely it can be 
run on a computer.

Joanna J. Bryson, Yasushi Ando and Hagen Lehmann “Agent-based modelling as 
scientific method: a case study analysing primate social behaviour”, Philosophical 
Transactions of the Royal Society, B — Biology, 362(1485):1685–1698, 2007.



Simulations as Scientific 
Explanation

• A simulation is a hypothesis like any other.

• Thesis specified so completely it can be 
run on a computer.

• Consequences of model assessed by 
sampling.

• Model behaviour compared to target 
system’s using standard hypothesis 
testing.

Joanna J. Bryson, Yasushi Ando and Hagen Lehmann “Agent-based modelling as 
scientific method: a case study analysing primate social behaviour”, Philosophical 
Transactions of the Royal Society, B — Biology, 362(1485):1685–1698, 2007.



Simulations as Good 
Science

• The output of a model is not data about 
the world! 

• Data about the hypothesis.

• Predictions of the hypothesis.

Joanna J. Bryson, Yasushi Ando and Hagen Lehmann “Agent-based modelling as 
scientific method: a case study analysing primate social behaviour”, Philosophical 
Transactions of the Royal Society, B — Biology, 362(1485):1685–1698, 2007.



Modelling as Science

• Simulations are one form of modelling.

• Other forms of modelling have been 
around longer, e.g. differential equations.

• Excellent text on this:   Kokko (2007), 
Modelling for Field Biologists, CUP.

• “We use models because our brains 
aren’t big enough to understand all the 
consequences of our theories.”
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Agent-Based Modelling

• Describe essential features of the 
environment.

• Specify the behavior of individuals. 

• See if the consequences of individuals acting 
in an environment are what you predicted.

• (Examples later.)



Science with ABM

• As with any theory, be as general as you 
can be and still get the behavior you are 
trying to explain.

• If two models both predict data equally 
well, the simplest model wins.
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True of All Science, Not 
Just ABM

• “Be as general as you can be and still get 
the behavior you are trying to explain.”

• In fact, may start at level of intuition, then 
simplify.

• “If two models both predict data equally 
well, the simplest model wins.”

• Simplicity/accuracy tradeoff can be tricky.



Science special to ABM

• If you match the world in more ways than 
you predicted, then this is convergent 
evidence for your theory.

• Just trying to build the model may make 
you realise there were things you didn’t 
know about your target system.

Joanna J. Bryson and Jonathan C. S. Leong “Primate Errors in Transitive ‘Inference’” 
Animal Cognition, 10(1):1–15, 2007.
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The altruistic communication 
of knowledge is adaptive...

• Altruistic behaviour can 
evolve without religion 
so long as lives are finite 
and moving around takes 
time (Hamilton 1964).

• The propensity to give 
away knowledge helps 
others like you (kin 
selection), selected for if 
it makes it easier to live.

Ivana Čače and Joanna J. Bryson, “Agent Based Modelling of 
Communication Costs: Why Information can be Free”, in 
Emergence and Evolution of Linguistic Communication C. Lyon, 
C.L Nehaniv and A. Cangelosi, eds., pp. 305–322, Springer 2007.
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• Altruistic behaviour can 
evolve without religion 
so long as lives are finite 
and moving around takes 
time (Hamilton 1964).

• The propensity to give 
away knowledge helps 
others like you (kin 
selection), selected for if 
it makes it easier to live.

Ivana Čače and Joanna J. Bryson, “Agent Based Modelling of 
Communication Costs: Why Information can be Free”, in 
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Altruism doesn’t 
require religion
or punishment



...but it is hard to both retain 
culture and accept innovation.

• Difficult to find a uniform 
learning system that both 
preserves culture 
between generations and 
accepts even useful 
innovation.

Joanna J. Bryson, “The Role of Modularity in Stablizing Cultural 
Evolution: Conformity and Innovation in an Agent-Based Model”, 
Proceedings of the Fall AAAI Symposium on Adaptive Agents in 
Cultural Contexts (AACC ’08), A. Davis and J. Ludwig (eds), pp. 
8–17, Arlington VA, October 2008.



...but it is hard to both retain 
culture and accept innovation.

• Difficult to find a uniform 
learning system that both 
preserves culture 
between generations and 
accepts even useful 
innovation.

• Some prevalent traits of 
religion may address this 
problem, e.g. oscillations.

Joanna J. Bryson, “The Role of Modularity in Stablizing Cultural 
Evolution: Conformity and Innovation in an Agent-Based Model”, 
Proceedings of the Fall AAAI Symposium on Adaptive Agents in 
Cultural Contexts (AACC ’08), A. Davis and J. Ludwig (eds), pp. 
8–17, Arlington VA, October 2008.
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• Powell, Shennan & 
Thomas (2008) explain 
the archaeological record 
for the appearance of 
rich culture associated 
with imagistic religion by 
population density.

Powell, Shennan & Thomas (2008) Late Pleistocene Demography 
andthe Appearance of ModernHuman Behavior, Science 324
(1298-1301).



The importance 
of demographics...

• Powell, Shennan & 
Thomas (2008) explain 
the archaeological record 
for the appearance of 
rich culture associated 
with imagistic religion by 
population density.

• Population density may 
be a proximate 
explanation for religion.

Powell, Shennan & Thomas (2008) Late Pleistocene Demography 
andthe Appearance of ModernHuman Behavior, Science 324
(1298-1301).
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so we tend to discount them, 
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• If future generations share our 
evolved traits, we should 
discount social rewards less 
(Sozou 2009).

• Ancestor worship may facilitate 
a concern for successful 
descendants.

Sozou PD (2009) Individual and social discounting in 
a viscous population Proc. R. Soc. B 276,(2955-2962)



...and of considering future 
generations.

• Future rewards are less certain 
so we tend to discount them, 
even if they would be great.

• If future generations share our 
evolved traits, we should 
discount social rewards less 
(Sozou 2009).

• Ancestor worship may facilitate 
a concern for successful 
descendants.

Sozou PD (2009) Individual and social discounting in 
a viscous population Proc. R. Soc. B 276,(2955-2962)

Ultimate explanation
for ancestor worship: 

it’s a proximate 
mechanism for 

increasing
inclusive fitness. 



Summary

• Science is about finding the most likely 
explanation.

• Simulations check the logical consequences 
of explanations;  they provide data about 
theories (not the world).

• Simulations support a theory by 
demonstrating its mechanisms, and provide 
predictions that can be tested against data.



Next

• Data about patterns of variation in religious 
ritual across cultures.

• Experimental evidence for explaining some 
of these patterns.

• More detailed descriptions of simulations 
accounting for the evolution of these 
patterns.


