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Outline 

o Transportation’s Tragedy of the Commons 

o The future’s innovation vision: shared mobility with 

autonomous connected vehicles 

o Social cooperation in mode and route choice (Game Theory) 

o Paradigm shift in individual behaviour inference and system 

modelling.  

o Next generation modelling: Serious immersive games and 

game-based simulations  
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Transportation’s ‘Tragedy of the Commons’ is 
still here… 

 o Personal mobility, is based either on fully flexible low occupancy 
vehicles (private cars and taxis) or spatiotemporally inflexible and 
heavily regulated public transport. 

 
 
 

Too many cars on 
too little road 
space has 
become a "social 
mobility 
dilemma".  

o Carsharing or ridesharing, is still too limited to have an impact.  
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A plethora of apps at our fingertips are trying 
to persuade us how to move about 

But so far….travel behaviour has not changed by much. 
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ICT Innovation is bringing in new opportunities 
to revolutionize personal mobility   

Fully autonomous, connected vehicles (FAV) can form the 
backbone for advancing next generation mass mobility based on 
shared transport modes (carsharing or ridesharing). 
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o Ridesharing (carpool) replaces more vehicles than carsharing  
which requires more vehicles to provide the same level of 
mobility. 
 

o Ridesharing combined with high capacity public transport could 
remove 9 out of every 10 cars in a mid-sized European city. 
 

o But…transition is not trivial: If only 50% of car travel is carried out 
by shared vehicles and the remainder by traditional cars, total 
vehicle travel will increase between 30% and 90%. 

Simulation studies* 
show the potential 
benefits and problems 
of shared mobility 

*http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf 
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Social cooperation is the key to shared mobility 

o To prevent congestion, a sufficient fraction of travellers has to agree 
to change transport mode. However, persuading travellers to do so 
was regarded as impractical until recently. 
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Game Theoretic analysis (1): Mode Choice 

Mode Choice is essentially a 
Prisoners’ dilemma game: 
 
o Society benefits when both 

players rideshare: 
“cooperation” total = -100 
 

o Without communication each 
player rides alone and  the 
societal result is “defection” = 
-130 

 
 

o If players can communicate and if information is provided on the total 
benefits – players can learn to cooperate over time, but defection is always 
worthwhile (enforcement or rewarding is likely necessary)    



Emergence of Cooperation in Ridesharing  
(SMART-PT* Algorithm) 

Service 
route 

Co-evolution of travellers and transport causes emergence of serviceable 
clusters. Travellers are rewarded for sharing rides and clustering of trips   

Pickup 
spot 

*With I. Benenson and A. Shabalov 
https://smart-pt.tau.ac.il 
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o Communication is essential for 
cooperation to emerge, 
building trust and insuring 
continued reciprocity.  
 

o Information alone is usually 
not enough to bring 
substantial travel behaviour 
change. 

A necessary condition for cooperation to 
emerge is availability of ICT 
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Game Theoretic analysis (2): Route Choice 
Route choice is an alternating 
coordination game 
 
o Without communication both 

players take the highway 
societal result is “defection” = 
-100 and this is the user 
equilibrium (UE) of the system 
 

o Selfish route guidance will 
push both drivers to overuse 
the highway 
 
 

 
 

 
 

UE=-100 

Take the 
highway 
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Game Theoretic analysis (2): Route Choice 
o With communication players can 

learn to take turns on each route 
every other day. 
 

o Alternating cooperation is the best 
outcome for society = -95 this is the 
social optimum (SO). 5 minutes 
difference between UE and SO is the 
“price of anarchy”.  
 

o Alternating cooperation produces a 
fair and reciprocal outcome. 
Defection is not worthwhile. 

   

SO=-95 

Take the highway 
tomorrow, use the side 

road today 
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Today ICT is enabling fellow 
travellers to exchange 
information, communicate 
and coordinate mobility 
decisions 

o ICT and social media open up possibilities for interpersonal 
telecommunications that did not exist before allowing people 
to coordinate mobility decisions e.g:  
o Neighbours on Tel Aviv residential streets cooperating on parking via 

whatsapp  
o Waze© announces its carpool initiative.  
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o Cooperation happens more naturally in smaller groups with 
common agendas. But…to radically alter urban mobility – 
cooperation must be embraced by anonymous masses.  
 

o System simulations are still too speculative and decision rules too 
simplistic to be reliable predictions even when properly calibrated 
when modelling disruptive modes of transport like shared mobility. 
Parameter stability over time is questionable.    

 
 

Is it a time for a paradigm shift? 
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Shift in Theory 

o The existing travel behaviour 
paradigm is based (mostly) on 
selfish (utility) maximization and 
competition 

o Models still assume travellers are more like homo-economicus 
(rational or bounded rational) than homo-sapiens, whose self 
interest is more complex than immediate gratification.  
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“new results challenge the standard assumption of 
maximization of individualistic utility, indicating that 
social networks as information sources, reciprocity, and 
altruism enter human behaviour and cannot be 
ignored” (McFadden, 2013, p.37).  



o Individuals’ cooperation “emerges” out of the dynamics of 
their social interaction in a complex system. It cannot be 
predicted from a static choice context (e.g. SP survey).  

o We do not choose to cooperate – we usually learn to in 
reaction to the social environment around.  

Shift in Methodology 
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Serious games allow implicitly investigating 
emergent phenomena  

o Flexible augmented research environment 

o Inference of human (travel) behaviours in 
dynamic and realistic context  

o Social interaction (multiplayers) and learning  

o Immersion in virtual reality (VR) environment 
(reduces hypothetical bias) 

o Integration of persuasive technologies in 
game rules and constraints 

o And not the least… it’s fun!  

 

ParkGame* 

With I. Benenson 
www.inplanning.eu 
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SG = A virtual system 
where players engage 
in artificial conflict, 
defined by the game 
rules and constraints, 
resulting in a 
quantifiable outcome 

http://www.inplanning.eu/


Game-based Modelling: Fusion 
of ABM and Serious Games   
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Oculus Rift 

http://www.esri.com/software/cityengine  

o Game-based formalization of behaviour 
rules enable to generate dynamics of an 
entire system 

o Human and AI become indistinguishable 
to the external observer: a metaphor of 
Turing’s Interrogation Test 

http://www.esri.com/software/cityengine
http://www.esri.com/software/cityengine


Thanks  

benelia@bgu.ac.il; 
idokl@post.bgu.ac.il  
 
http://in.bgu.ac.il/en/hums
os/geog/Pages/staff/Eran-
Ben-Elia.aspx 
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