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Outline

• Gain/Loss asymmetry, reference dependency 
and Prospect Theory (PT)

• Application to network modelling
• Extending PT framework to represent

– (i) heterogeneity;
– (ii) dynamic and social reference dependency

• Numeric example to illustrate the model
• Emergence of learning? (simulation)
• Discussion and Conclusions
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Loss Avoidance
Loss/Gain Asymmetry

• People are more sensitive to ‘bad outcomes’ than to 
‘good outcomes’: The psychological effect of a loss is 
about twice than the psychological effect of a same-
sized gain

• People tend to avoid losses more than they seek 
gains

• Gains and Losses are defined and measured against 
a “Reference Point” (Kahneman & Tversky, 1979; Thaler, 1985)
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Prospect’s Theory Value Function
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Losses

Gains
v(x)= xα 

λ Degree of loss aversion

α,β degree of diminishing sensitivity

v(x)= -λ*(-x)β  

Reference 
Point
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Travel time – Gain or loss?

travel as a derived demand 



Positive utility of the commute (Mokhtarian & Redmond ,2001)
Ideal positively related to actual and to ‘liking and utility’ of the 
commute
“…it is possible to commute as little as well as too much…”

“The gift of travel time” (Jain & Lyons, 2008)

Travel time – Gain or loss?
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Reference Point: A travel choice context

Reference 
Point

Previous 
Experience(s)

Others’ 
Experience(s)

Information

Observed 
travel time

Gain/Loss 
perception

40 min 30 min20 min

Avineri & Bovy (2008)
choice
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Application of Prospect Theory
to Network Modelling –

Numeric (very simple!) example

Origin Destination

B

A
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Travel time is calculated for each route based on the formulation by
the Bureau of Public Roads (BPR)
• 10 drivers choose their routes independently
• On route A, tf and C are 10 (minutes) and 10 (vehicles per hour). On
route B tf and C are 12 and 5.
• α and β were set to 0.5 and 1.0, for both routes
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(‘Traditional’) User Equilibrium

Wardrop's principle of user equilibrium:

Equilibrium under condition that no user can 
increase his/her route cost (time) by 

unilaterally switching routes
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Application of Prospect Theory
to Network Modelling

a user behaves as if s/he is a prospect maximizer; 
assumed to know the distribution of travel time on each route. 

Wardrop's principle of user equilibrium can be extended:

"Equilibrium under condition that no user 
can increase his/her route prospect value

by unilaterally switching routes"

                                BA Q
B

Q
A CWVCWV =

Equilibrium is reference-depended  (Avineri 2006) 
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Application of Prospect Theory
(and other reference-dependence models)

to Network Modelling

• PT has been designed to capture individual ‘one-shot’ choices 
without feedback
• Homogeneity: All users share the same reference point
• Static: reference point(s) values are fixed over time

This work introduces:
• Homogeneity → Heterogeneity (random effects; individual 
experiences; social interactions – Festinger’s Theory of Social 
Comparisons)

• Static → Dynamic (imitation/learning processes)

• Avineri (2006)
• Connors & Sumalee (2009)
• Xu et al. (2011)
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• Delle Site & Filippi (2011)
• Tian et al. (2012)
• Liu & Lam (2013) 



Numeric Example
Behavioural assumptions of the model (1):
• Gain/loss (reference-dependency)

• Prospect-theoretic value (following Tversky & Kahneman, 1979;
α=β=0.88, λ=2.25)

λ – degree of loss aversion;
α, β – degree of diminishing sensitivity
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Numeric Example
Behavioural assumptions of the model (2):

• Discrete choice rule:

examples: p(-15)=0.875,
p(+15)=0.125,
p(0)=0.5

• Level of stability of the network can be measured by the
propensity of users to change route

1)5.0025.(0)( <+−<= vswitchingp

N

switchingp
N

i
i )(

15



Numeric Example
Behavioural assumptions of the model (3):

Updating the reference point:
• Initial values of RP (minutes) are random – uniformly distributed

(heterogeneity)
)35,10(∈iRP

{ }1,1,, , −−= tititi RPTAverageRP

n=1 size of peer-group
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Numeric Example
Behavioural assumptions of the model (4):

Updating the reference point:
• Social learning/imitation of reference values
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Numeric Example
Behavioural assumptions of the model (4):
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Numeric Example
Behavioural assumptions of the model (5):

Updating the reference point:
• Social learning/imitation of reference values
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Numeric Example
Behavioural assumptions of the model (6):

Updating the reference point:
• Social learning/imitation of reference values
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Research Questions

• SOCIAL/DYNAMIC RP mechanism (as described in the numeric 
example) – Emergence of (social) Learning?

- Convergence of perceived RP towards a specific 
value

- Convergence of route choices and travel times 
towards a user equilibrium 

- Stability - propensity of users to change route is to be 
reduced over time (less fluctuations)

• Effect of the size of the peer-group (n=1,2,5,10) ?   
21



Methodology

• Repeated for different sizes of the peer-
group (n=1,2,5,10).

• Also – a model without loss aversion and 
diminishing sensitivity (α=β=0, λ=0), but with 
dynamic/social updating of reference points.

(2*4 conditions) * (20 simulation runs) * (12 rounds) * (10 
agents) 

• Simulation (20 runs) of perceived RPs and route choices of 
10 agents over 12 rounds.

• Based on traffic assignment at the previous round, and 
previous values of travel times and reference points, values 
are updated for each agent.
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Results (1)
Reference point values

(20 runs, 10 agents, for each round, for each peer-group size)
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Results (2)
Travel times

(20 runs, 10 agents, for each round, for each peer-group size)
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Results (3)
Stability (propensity to change route)

(20 runs, 10 agents, for each round, for each peer-group size)
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Results (4)
Reference point values

(20 runs, 10 agents, for each round, for each peer-group size)

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10 11 12

n=1

n=2

n=5

n=10

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10 11 12

n=1

n=2

n=5

n=10

RP→14.5

RP→16.0

Prospect 
Theory

α=β=0.88, 
λ=2.25

‘Traditional’ 
Utility 
model
α=β=0,
λ=0

26



Results (5)
Travel times

(20 runs, 10 agents, for each round, for each peer-group size)
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Results (6)
Stability (propensity to change route)

(20 runs, 10 agents, for each round, for each peer-group size)
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Discussion (1)

• Can the SOCIAL/DYNAMIC RP mechanism (as described 
in the numeric example) be associated with learning?

- Convergence of perceived RP towards a specific 
value 

- Convergence of route choices and travel times 
towards a user equilibrium 

- Stability - propensity of users to change route is to be 
reduced over time (less fluctuations)

RP→14.5

p: 0.5→0.1

T→14.5

Prospect Theory ‘Traditional’ Utility model
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Discussion (2)

• Can the SOCIAL/DYNAMIC RP mechanism (as described 
in the numeric example) be associated with learning?

- Convergence of perceived RP towards a specific 
value 

- Convergence of route choices and travel times 
towards a user equilibrium 

- Stability - propensity of users to change route is to be 
reduced over time (less fluctuations)

RP→14.5

p: 0.5→0.1

RP→16.0

T→14.5 T→?17.0
(UE=14)

p: 0.5→?0.5

Prospect Theory ‘Traditional’ Utility model
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Discussion (3)

• Loss aversion - an important element of (social) learning 
and system stability?

Evolutionary Psychology –
Loss aversion can represent an optimal strategy for a 
person evolved to maximize his prospects for survival in 
environments that vary between abundance and scarcity 
over time (McDermott et al., 2008).

• Effect of the size of the peer-group (n=1,2,5,10)?
- No significant size effect was observed
- Might be associated with the size and complexity of the 
network?
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Further Research

• Further theoretical and empirical investigation 
of the behavioural assumptions

- Calibration of model parameters
- Validation of assumptions and results
- Applied context
- Social dilemmas
- Large and complex networks

• Application areas
- Modelling
- Behavioural change
- Connected vehicles
- Social Networks
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Two Paradigms of Human Behaviour

The Rational Man 
Paradigm

Homo 
Economicus

How people 
‘should’ behave?

Bounded 
Rationality

Homo 
Psycholigicus

How people do 
(might) behave?

Economics PsychologyBehavioural 
Economics

Behavioural Economics study the effects of social, cognitive, 
and emotional factors on economic decisions 35



“Cognitive Anomalies”
(McFadden, 1999)
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Expected Utility Theory (EUT)
(Von Neuman & Morgenstern, 1944)

Outcomes 
(x1,…,xn)

Probabilities 
(p1,…,pn)

Utilities 
(u(x1),…,u(xn))

Expected Utility:    p1u(x1) + p2u(x2)+…

Expected Utilities
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Prospect Theory

Kahneman & Tversky (1979) Prospect Theory
Tversky & Kahneman (1992) Cumulative Prospect Theory

Prospect:    π(p1)v(x1) + π(p2)v(x2)+…

Value functionWeighting function

Outcomes 
(x1,…,xn)

Probabilities 
(p1,…,pn)

Values 
(v(x1),…,v(xn))

Weights 
(π(p1),…, π(pn))

Prospects

a descriptive model of decision making under risk and uncertainty
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Prospect’s Theory Weighting Function

/γγγγ ]p)(/[(p p(p)  w 11−+=+

/δδδδ- ]p)(/[(p p(p)   w 11−+=0

0.5

1

0 0.5 1

Stated Probability: P

π (p)
Decision 
Weight

Overweighting of small 
probabilities

Underweighting of high 
probabilities

• risk aversion when outcomes are 
framed as gains
• risk seeking when outcomes are 
framed as losses
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CPT formulation
Tversky & Kahneman (1992)
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Setting a value to the reference point 

• Money can be pooled / stored
• Time can not be stored 

• 0 is the common reference point for gains / losses
• What is the reference point in the context of travel choice? 

                                                                      Value of outcome 

 
                                                                                            Lottery outcomeLosses

Gains
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Violations of EUT
in route-choice situations

preferences revealed in some problems violate the EUT 
assumptions (Avineri & Prashker, 2004) 

These violations of EUT assumptions are not based on a 
specific shape of the utility function

a particular pattern of risk attitude is captured: 
risk aversion when lotteries are framed as gains
risk seeking when lotteries are framed as losses

Robustness of Kahneman’s & Tversky’s results
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Applications of Prospect Theory to Travel 
Choice Modelling

• Avineri & Prashker (2003, 2004, 2005)
• Senbil & Kitamura (2004)
• Avineri (2004, 2006)
• Viti et al. (2005)
• Han et al. (2005)
• Michea & Polak (2006)
• Chen & Mahmassani (2006)
• Zhao & Zhang (2006)
• Dell’Orco et al. (2007)
• Polak, Hess, & Liu (2008)
• Schwanen & Ettema (2009)
• van de Kaa (2010)
• EJTIR Special Issue (2010)
• Gao, Frejinger, Ben-Akiva (2010)
• …  

• SP
• Small databases
• Static situations
• Not all features of PT incorporated/explored 43


