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Aiming at the influence of information, we investigate and analyze the sequential route choice behavior under dynamic
reference points based on cumulative prospect theory in this paper. An experiment platform collecting the sequential route
choices based on C/S structure is designed and four types of information are released to participants, respectively. Real-time
travel time prediction methods are then proposed for travelers’ decision-making. Using nonlinear regression method, the
parameters of the value function and weight function of cumulative prospect theory are estimated under different types of
information, respectively. It is found that travelers’ behavior showed obvious characteristic of risk pursuit under the
circumstance where real-time travel time information is released. Instead, when they have access to descriptive information,
they tend to be more conservative.

1. Introduction

Perfect rationality theory, which assumes that the option
will be chosen only with the minimum cost or maximum
utility, is widely used in modeling travelers’ route choice,
mode choice, and travel time choice behavior [1].
Meanwhile, plenty of research shows that travelers may
not be able to obtain the information of optimal route due
to the uncertainty of information. In other words, the
traveler may not always select the route with maximum
utility.

Simon proposed that people are bounded rational during
the process of decision-making [2] to make up for the defi-
ciencies of perfect rationality. On the account of the uncertainty
of traffic environment and individual cognitive diversities, it is
unrealistic to find the optimal strategy every time.

Based on the bounded-rationality theory, Kahneman
and Tversky put forward the prospect theory (PT) in 1979

and cumulative prospect theory (CPT) in 1992 [3, 4] on
the basis of economic experiments. Instead of using the
utility maximization theory, PT and CPT assume that one
man will pursue risks in face of gains and avoid risks in
face of losses. Moreover, one is more sensitive to loss than
to gain. A large number of studies have proved that the
cumulative prospect theory is more consistent with the
actual travel behavior than the expected utility theory
[5–8].

*ere are five parameters in CPTmodel, which denotes
the sensitivity to gains and losses. Since the parameters
presented by Kahneman and Tversky are calibrated
according to economic behavior and cannot be applied to
other fields directly, some researchers in other fields cali-
brated these parameters by questionnaires and experiments.
Questionnaires and experiments in previous studies always
provided certain information for the travelers to choose.
However, traffic status may constantly change with actual
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travel behaviors; both accurate travel time and probability
cannot be obtained in advance. Even the traffic information
announced by the traffic guidance system will be dynami-
cally updated. *erefore, traditional questionnaire survey is
no longer applicable as a research tool in route choice be-
havior study.

In addition, these previous investigations based on in-
dividual choice behavior did not consider the characteristics
under groups or take sequential choice scenarios into account,
nor were the influence of different types of information
revealed clearly. It is obvious that travelers exhibit different
attitudes towards different types of information, and therefore
the CPT parameters should be calibrated, respectively.

*e paper establishes a route choice model under un-
certain decision circumstances based on CPTtheory scheme.
A method for estimating the possibility of travel time is put
forward, which can be applied to researching the traveler’s
route choice decision. Dynamic reference points are taken
into consideration in the CPTmodel in which case traveler’s
route decision is closer to the route choice behavior in re-
ality. *e model extends the application of CPT theory and
its parameters are more consistent with the characteristics of
travelers in China.

*e text is organized as follows. Section 2 gives a brief
introduction on cumulative prospect theory and parameters
calibration. In Section 3, data collection methods are con-
ducted and experimental data is preliminarily analyzed.
Section 4 presents the travel time prediction methods under
historical information and descriptive information and the
utility function is established under different information
situations. Section 5 discusses the results of parameters
calibration and compares them with other researchers’
conclusions. Section 6 summarizes this paper and puts
forward few suggestions for the future work.

2. Literature Review

2.1. Cumulative Prospect /eory. Cumulative prospect the-
ory (CPT) was proposed by Tversky and Kahneman in 1992
[4]. CPT includes subjective value function and subjective
probability function. Subjective value function can be de-
scribed as follows:

v(x) �
xα, x≥ 0; α> 0,

− λ(− x)β, x< 0; λ> 0; β> 0,
􏼨 (1)

where v(x) is the subjective utility corresponding to option
x, α is the concavity of value function for gains (x≥ 0), and β
is the convexity of value function for losses (x< 0). 0< α≤ 1
and 0< β≤ 1 indicate a progressive decrease in sensitivity. λ
is loss-avoidance coefficient. λ≥ 1 denotes greater preference
for gain than for the same loss, meaning that the loss region
of subjective utility is steeper than the gain region.

Formula (1) indicates that the reference point of gain and
loss is 0. When reference point is x0(x0 ≠ 0), the subjective
value function can be described as follows:

v(x) �
x − x0( 􏼁

α
, x≥ 0; α> 0,

− λ − x + x0( 􏼁
β
, x< 0; λ> 0; β> 0.

⎧⎨

⎩ (2)

*e subjective probability function can be described as
follows:

π(p) �

π+(p) �
pc

pc +(1 − p)c
( 􏼁

1/c, x≥ 0,

π− (p) �
pδ

pδ +(1 − p)δ􏼐 􏼑
1/δ, x< 0,

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(3)

where π+(p) is the probability of subjective gains, π− (p) is
the probability of subjective loss, p is the actual probability
of gains and losses, and c and δ are the sensitivity of gain and
loss. c≤ 1 and δ ≤ 1.

*e prospect value can be described as the sum of the
subjective gains and subjective loss:

U � 􏽘 v
+
(t) · π+

(p)( 􏼁 + 􏽘 v
−

(t) · π−
(p)( 􏼁. (4)

*ere are five parameters in CPT, and researchers always
assume α � β or δ � c.

2.2. Parameters Estimation of CPT. Kahneman and Tversky
first studied the parameters using Certainty Equivalent (CE)
and obtained the original parameters estimation results of
α � β � 0.88, λ � 2.25, c � 0.61, and δ � 0.69. For several
decades, a large number of researchers applied the esti-
mation results on the study of travel route choice [7, 9, 10],
mode choice [11–13], departure time, and network equi-
librium [14–16].

In terms of travel behavior, Xu et al. [17] and Liu et al.
[18] designed some decision-making scenarios to conduct a
questionnaire survey. Schwanen and Ettema [19] studied the
behavior of picking up children from school using genetic
algorithm (GA) methods. Zhang et al. [20] applied the CPT
to day-to-day route choice under friends’ travel information.
Chow et al. [21] researched the lane-changing behavior on
the basis of CPT theory. *ese studies all calibrated the CPT
parameters using questionnaire data or estimating data and
the conclusions are listed as in Table 1.

As shown as Table 1, studies of α, β, and λ are more
popular. Results of Xu and Zhang are similar to each other
for all the five parameters. However, for different reference
points which are involved in Liu’s models, the numerical
distribution of parameters is very wide. Schwanen got larger
α and β, while Chow came to a completely different con-
clusion than anyone else.

CPT is also widely put into use in behavior study of stock
market. Table 2 summarizes some of the study results on the
stock market.

In general, behavior of stock market is basically con-
sistent. *e results represent that behavior of stock market is
obviously different with travel behavior and does not reflect
significant loss-avoidance characteristic.

As for the research methods, Zeng [26] applied the same
paradigm (Certainty Equivalent) used by Kahneman and
Tversky in 1992 to conduct behavior experiments, using
nonlinear regression to calibrate CPTparameters. It is found
that α and β are both greater than 1 and the results are
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incompatible with the basic idea of CPT, suggesting that
Kahneman and Tversky’s estimation has to be modified
when CPT is applied in China. Wu and Gonzalez [27]
designed a risk-prospect gradient experiment with eco-
nomic benefits as reward and calibrated the parameters.
Prelec [28] adopted different subjective probability func-
tion g(p) � exp(− (− ln p)c).

Rieger et al. [29] conducted a standardized survey on risk
preferences at 53 countries around the world. *e results of
parameters estimation show that there are significant dif-
ferences among countries and the values of parameters are
related to economic and cultural differences. Rieger found
that Chinese had a higher value of δ, which implies that
Chinese are less worried about the small probability of loss.
Rieger also found that the five parameters of CPT model
were correlated.

We could summarize that CPT theory has been widely
used in a variety of behavior analyses. *e parameters of
CPT are different in various scenarios. In current research
methods, experiments were designed based on determinate
probability and profit (or loss) so that all participants could
know the probability and profit (or loss) of random events in
advance. *is premise assumption is inconsistent with the
actual situation in reality. In addition, the CPT theory only
investigates individual behavior and hardly involves the
influence of other participants in the case of group travel.
*e difference between individual travel and group travel,
travelers’ sensitivity to gain and loss under different types of
information, has not been completely revealed. Based on the
two key factors above, travelers’ sequential route choice
behavior under different types of information has been
studied in the article.

3. Data Collection

3.1. Experiment Design. First, a route choice experiment
platform is established, which includes four scenarios.
Suppose that the origin is Northwest Polytechnical Uni-
versity and the destination is Xi’an Jiao Tong University in
Xi’an, Shaanxi province, China. *e experiment platform
provides ten sections commonly used for participants to
choose.

*e interfaces of the route choice experiment platform
are shown in Figure 1.

*ere are six routes which can be chosen in the ex-
periment platform, which is shown in Table 3.

All participants are asked to complete the experiment in
a predetermined order. In each scenario, all participants are
required to carry five rounds. *e multiple choices are used
to simulate the day-to-day travel behavior aiming to elim-
inate randomness and analyze continuous behavior char-
acteristics. Four scenarios are designed as follows.

Scenario 1: historical descriptive information is released.
Scenario 2: historical travel time is released. Scenario 3: real-
time descriptive information is released. Scenario 4: real-
time travel time information is released.

When descriptive information is published, different
sections of road will be displayed to participants in different
colors, which all represent various speeds of travel (shown as
Figure 1(a)), and when travel time information is released,
sections with specific travel time will be shown (shown as
Figure 1(b)). Historical information means the actual travel
time of the previous round and real-time information rep-
resents the predicted travel information of the next round.

Assume that there are N travelers and every traveler has
to finish M-round experiments for each scenario in the
sequential choice system. *e experiment process can be
shown in Figure 2.

In each scenario, all participants receive the same in-
formation and are supposed to complete all the four sce-
narios.*e original information is the same for all scenarios.
BPR impedance function is used to update travel time for
routes and all scenarios.

3.2. Implementation of the Experiment. *e experiment is
established based on C/S (C: client; S: server) structure. *e
client collects the choice results of each participant and
synchronizes with the server. *e server calculates the
travel time of each route dynamically, and travel infor-
mation is pushed to client in real time. Travel times of all
routes are updated in real time and pushed to the server,
and participants make their next choice based on the results
of the client’s push.

Table 1: Summary of parameters calibration results of travel behavior.

References α β λ c δ
Xu et al. [17] 0.37 0.59 1.51 — —
Liu et al. [18] 0.25 ∼ 0.7 β � α 0.7∼1.3 0.68∼0.74 0.7∼0.9
Schwanen and Ettema [19] 1.07∼1.10 β � α 1.27 0.82∼0.83 δ � c

Zhang et al. [20] 0.5 0.54 1.85 — —
Chow et al. [21] 0.796 0.785 2.394 0.015 5.479

Table 2: Summary of parameters calibration results of stock market.

References α β λ c δ
Gurevich et al. [22] 0.79 0.79 1.12 0.77 0.91
Bleichrodt and Pinto [23] 0.79 0.79 — 0.674 —
Abdellaoui [24] — — — 0.6 0.7
Ryan and Robert [25] 0.6∼0.8 β � α 1.1∼1.2 0.7∼0.9 0.6∼0.9
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Requirements of the experiment: (1) the experiment
program is sent to participants via e-mail and the installation
should be completed in advance. (2)All participants are required
to conduct the experiment on the appointed date and within the
specified period of time. (3) All participants are numbered first,
and then they should make their choice in order and follow the
same sequence for all later scenarios and rounds.

3.3. Preliminary Analysis of Experimental Data. 216 partic-
ipants took part in the experiment. Each scenario runs five
rounds and produces 1080 pieces of data.

Each of the participants’ two consecutive choices was
considered as a unit to analyze sequential behavior differences.

For each traveler, assume that his/her choice is i at
(r − 1)th round and tr− 1,i is the actual travel time for route i at

(a)

(b)

Figure 1: Surfaces of the route choice experiment platform. (a) Scenario 1 and Scenario 3. (b) Scenario 2 and Scenario 4.
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the (r − 1)th round; assume that his/her choice is j at rth
round and tr,j is the actual travel time for route j at the rth
round. If j≠ i, we consider that the state of route choice is
“switch”; else the state of route choice is “keep.” If
tr,j − tr− 1,i > 0, we consider that the time saving is “loss”; if
tr,j − tr− 1,i < 0, we suggest that the time saving is “gain.”

*en, travelers’ behavior can be classified as four
states, including switch/loss, stay/loss, stay/gain, and
switch/gain.*e state “switch/loss”means that traveler changes
his/her route to another route in the next round and the travel
time is longer than the previous round. *e state “stay/gain”
means that traveler keeps his/her route unchanged in the next
round and his/her travel time is shorter than the previous
round. Other cases can be similarly defined.

Route choice behavior under Scenario 2 and Scenario 4 is
shown in Figure 3.

With the release of the historical travel time (Scenario 2),
most travelers (85%) kept their route unchanged in the next
round. However, only 24% of travelers received positive
utility if they kept their routes the same.

With the release of the real-time travel time (Scenario 4),
most travelers (65%) switched their routes in the next round.
Travelers could obtain the exact current travel time;

therefore, most travelers chose the relatively shorter route.
Meanwhile, these travelers had no way of knowing the
subsequent participants’ options and not all travelers could
obtain positive utility.

By comparing Figures 3(a) and 3(b), we can learn that
travelers’ route choice behavior is affected by the types of
information. Moreover, across all participants, there are
always fewer travelers in the “gain” state than in the “loss”
state, regardless of the “switch” or “hold” behavior.

Evolution of route choice behavior under Scenario 2 and
Scenario 4 is shown in Figures 4 and 5.

As shown in Figure 4(a), for the sequential choice
behavior, probabilities of each state generally remain
unchanged.*e travelers in the “stay/loss” state account for the
most in each round, followed by the travelers in the “stay/gain”
state. *is characteristic indicates that travelers’ performance
tends to be consistent with each turn; that is, he or she will
hardly change his or her route continuously.

As can be seen from Figure 4(b), the states of “switch”
and “stay” are basically stable, with slight fluctuation on the
whole.While the possibility of “loss” decreases gradually, the
possibility of “gain” increases gradually. It is apparent that

�e original scenario

Traveler i makes his/her
choice 

i = N

r = 1

For the rth round

i = 1

r = M

i = i + 1

r = r + 1

Update the traffic
information 

(a)

�e original scenario

Traveler i makes his/her
choice 

i = N

r = 1

For the rth round

i = 1

r = M

i = i + 1

r = r + 1

Update the traffic
information 

(b)

Figure 2: Experiment process. (a) Scenario 1 and Scenario 2 (historical information). (b) Scenario 3 and Scenario 4 (real-time information).

Table 3: Routes shown in the experiment platform.

Number of the routes Sections
1 ①-⑥-⑩
2 ②-④-⑩
3 ②-⑦-⑨
4 ③-⑤-④-⑩
5 ③-⑤-⑦-⑨
6 ③-⑧-⑨
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more and more travelers can reduce their travel time
through multiple exploratory choices.

*e probability and evolution propensity of travelers’
route choice behavior are described in Figure 5. In
Figure 5(a), the probability of each state generally remains

unchanged during the sequential choice process, which is the
same as the characteristics shown in Figure 4(a).

As shown in Figure 5(b), each state fluctuates slightly
during the sequential choice progress. Travelers who switch
their routes still outnumbered travelers who keep their
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Figure 4: Evolution of route choice behavior under Scenario 2. (a) Probability of each state. (b) Propensity of each state.
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Figure 5: Evolution of route choice behavior under scenario 4. (a) Probability of each state. (b) Propensity of each state.
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Figure 3: Route choice behavior under Scenario 2 and Scenario 4. (a) Scenario 2 (b); Scenario 4.
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routes the same. *e amounts of travelers who obtained
positive utility are almost equal to the number of travelers
who received negative utility, about 50% each.

By comparing Figures 4 and 5, it can be concluded that
travelers are more inclined to pursue risks and utility when
faced with real-time information. Precisely because the
travel time under real-time travel time information is
available, more people choose to switch their route to the
shortest route in order to obtain objective utility. Inversely,
when historical information is published, the manifestation
of behavior of travelers tends to be conservative on account
of the fact that they cannot get an accurate prediction travel
time.

Moreover, the trend each stage presents in Scenario 2
and Scenario 4 indicates that the traveler’s behavior exhibits
a high degree of consistency in the route choice process.
*en, all the data recorded in the experiment would be
applied to the modeling.

Since descriptive information is published in Scenarios 1
and 3, the accurate travel time could not be obtained from
the platform, so the traveler’s behavior is not analyzed.

4. CPT Model Establishment

4.1. Dynamic Reference Point. *e actual travel time in the
previous round could be regarded as the reference point in
the process of establishing CPT model, which is x0 men-
tioned in formula (1). *en, the reference point 􏽥ti− 1,j on
behalf of the travel time of route j in round i − 1 can be
specifically expressed as

􏽥ti− 1,j � tj,0 1 + 0.15 ·
􏽥qi− 1,j

Cj

􏼠 􏼡

4
⎛⎝ ⎞⎠. (5)

􏽥qi− 1,j means the number of travelers choosing route j at
round i − 1, which can be collected by the experimental
platform. tj,0 is the free-flow travel time for route j, which is
constant given by the platform before the experiments. Cj is
the capacity of route j.

*e value function is

v(t) �
v+(t) � 􏽥ti− 1,j − Ti,k,j􏼐 􏼑

α
, Ti,k,j ≤􏽥ti− 1,j; α> 0,

v− (t) � − λ Ti,k,j − 􏽥ti− 1,j􏼐 􏼑
β
, Ti,k,j >􏽥ti− 1,j; λ> 0; β> 0.

⎧⎪⎨

⎪⎩

(6)

Ti,k,jis the travel time of route j in round i predicted by
kth traveler. *en, v+(t) means the subjective obtained,
because the actual travel time decreases compared with the
last round for traveler k. Similarly, v− (t) means the sub-
jective loss. α, β, λ are the parameters needed to be
calibrated.

In the next step, travel time Ti,k,j will be elaborated in
detail first, and utility function may be established for every
scenario, respectively. Calculating methods of travel time
under the certain traffic information is different from others;
then the actual travel time Ti,k,j is redefined as t1,i,k,j (his-
torical information), t2,i,k,j (real-time descriptive informa-
tion), and t3,i,k,j (real-time travel time information).

4.2. Historical Information (Scenario 1 and Scenario 2)

4.2.1. Travel Time Calculation. Before making a decision,
each traveler can forecast the choice of other travelers
according to the decision of all travelers in the previous round
and the choice of the travelers before him in order in the
current round. Suppose that there areN travelers in the system.

Step 1. *e traveler forecasts other travelers’ choice
results in the ith round according to the actual choice
results in the (i − 1)th round, using Markov method.

(1) Divide the status. *e system contains six routes,
each representing a state.

(2) Establish the state transition probability matrix:

Gi,k �

g11(i, k) · · · g16(i, k)

· · · · · · · · ·

g61(i, k) · · · g66(i, k)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (7)

where Gi,k is the state transition probability matrix of
the kth traveler in i − 1 rounds, gj,j′(i, k) is the state
transition probability from jth state to j’th state in all the
i − 1 rounds (j� 1, . . ., 6; j′� 1, . . ., 6, j≠ j′), and
g11(i, k) is the probability that traveler k chooses route
1 twice in succession in i − 1 rounds. One has

gj,j′(i, k) �
Mj,j′(i, k)

Mj(i, k)
, (8)

where Mj,j′(i, k) is the transition time of traveler k
from state j to state j′ in i − 1 rounds and Mj(i, k) is
the number of times that traveler k belongs to the
state j in all the i − 1 rounds. *erefore, M1(i, k)

represents the number of times that traveler k
chooses route 1 in all the i − 1 rounds.

(3) Forecast the choice results at round i:

Ri,k � vi− 1,k × Gi,k. (9)

Ri,k is choice probability matrix of traveler k in round i,
Ri,k(1, j) is the probability that traveler k chooses route
j in round i, and vi− 1,k is the choice vector matrix of
traveler k in (i − 1)th round. If traveler k chooses route 1,
vi− 1,k � (1, 0, 0, 0, 0, 0).

*e probability that traveler k chooses route j in round i
is 􏽥gi,j,k � Ri,k(1, j). Assume that the number of times
travelers choose route j in round i is qi,j � 􏽐

N
k�1 􏽥gi,j,k

and the corresponding probability is gi,j(qi,j) �

(􏽐
N
k�1 􏽥gi,j,k)/N.

Step 2. Traveler k forecasts the decision results of
others based on the current choices of some trav-
elers. For traveler k, when he/she makes the choice,
there are k − 1 travelers who have made their de-
cision. Traveler k can infer others’ decision results
according to the actual choices of the previous k − 1
travelers.

Discrete Dynamics in Nature and Society 7



For traveler k, the probability of choosing route j in all
the i − 1 rounds can be expressed as

􏽥hi,k,j �
wi,k− 1,j

k − 1
. (10)

wi,k− 1,j means the number of travelers who choose route
j among all k − 1 travelers in all the i − 1 rounds.
*en, the number of travelers choosing route j at round
i that traveler k infers is

mi,k,j � 􏽥hi,k,j · N. (11)

And the probability corresponding to mi,k,j is
hi,k,j(mi,k,j) � 􏽥hi,k,j.
Step 3. Considering the prediction results of previous
all i − 1 rounds and the current round i, traveler k could
infer that the number of travelers choosing route j and
their corresponding probability are {qi,j, gi,j(qi,j);

mi,k,j, hi,k,j(mi,k,j)}. We can construct two sets to

represent the number of travelers Qi,k,j � qi,j, mi,k,j􏽮 􏽯

and the corresponding probability distribution
Pi,k,j� gi,j(qi,j)hi,k,j(mi,k,j)􏽮 􏽯, respectively.

Traveler k forecasts the actual travel time of route j at ith

round as

t1,i,k,j(p) � tj,0 1 + 0.15 ·
qi,k,j(p)

Cj

􏼠 􏼡

4
⎛⎝ ⎞⎠,

qi,k,j(p) ∈ Qi,k,j, p ∈ Pi,k,j.

(12)

t1,i,k,j(p) is the travel time of route j at round i predicted
by kth traveler, of which corresponding probability is p.
qi,k,j(p) is the number of travelers choosing route j, of which
corresponding probability is p. Other variables are defined
as before.

*e value function can be written as

v(t) �
v+(t) � 􏽥ti− 1,j − t1,i,k,j(p)􏼐 􏼑

α
, t1,i,k,j(p)≤􏽥ti− 1,j; α> 0; p ∈ Pi,k,j,

v− (t) � − λ t1,i,k,j(p) − 􏽥ti− 1,j􏼐 􏼑
β
, t1,i,k,j(p)>􏽥ti− 1,j; λ> 0; β> 0; p ∈ Pi,k,j.

⎧⎪⎨

⎪⎩
(13)

4.2.2. Subjective Probability Function. *e probability
function is

π(p) �

π+(p) �
pc

pc +(1 − p)c
( 􏼁

1/c,

π− (p) �
pδ

pδ +(1 − p)δ􏼐 􏼑
1/c,

p ∈ Pi,k,j.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(14)

4.2.3. Utility Function Establishment. *e utility function
can be described as

Ui,k,j � 􏽘 v
+
(t) · π+

(p)( 􏼁 + 􏽘 v
−

(t) · π−
(p)( 􏼁

� 􏽘 v
+

t1,i,k,j(p) · π+
(p)􏼐 􏼑 + 􏽘 v

−
t1,i,k,j(p) · π−

(p)􏼐 􏼑.

(15)

4.3. Real-Time Descriptive Information (Scenario 3)

4.3.1. Travel Time Calculation. It is assumed that the
maximum travel time of route j is 􏽥Tdj and the minimum
travel time is 􏽥Tuj. *e actual travel time tj obeys uniform
distribution tj ∼ U(􏽥Tdj,

􏽥Tuj), the probability density

function is f(tj) � 1/(􏽥Tuj − 􏽥Tdj), and the cumulative dis-
tribution function is F(tj) � (tj − 􏽥Tdj)/(􏽥Tuj − 􏽥Tdj).

Assume that the maximum speed and minimum speed
of a certain route are vu and vd, respectively. For the sections
displaying red information, vru � 20 and vrd � 5. For the
sections displaying yellow information, vyu � 40 and
vyd � 20. For the sections displaying green information,
vgu � 60 and vgd � 40. For route j, the lengths of the sections
showing red, yellow, and green information in the round i
before traveler kmakes his/her decision are Lr,j,i,k, Ly,j,i,k, and
Lg,j,i,k, respectively.

*e minimum travel time of the route j in round i for
traveler k is Td,j,i,k � (Lr,j,i,k/vru) + (Ly,j,i,k/vyu) + (Lg,j,i,k/
vgu). *e maximum travel time of the route j in round i for
traveler k is Tu,j,i,k � (Lr,j,i,k/vrd) + (Ly,j,i,k/vyd) + (Lg,j,i,k/
vgd).*e travel time t2,i,k,j of route j perceived by traveler k at
the ith round can be randomly selected during [Td,j,i,k,

Tu,j,i,k], of which probability isf(t2,i,k,j) � 1/(Tu,j,i,k− Td,j,i,k)

and cumulative distribution function is F(t2,i,k,j) � (tj−

Td,j,i,k)/(Tu,j,i,k − Td,j,i,k).

4.3.2. Utility Function Establishment. By the analysis of
travel time, it can be seen that the perceived travel time of
route j is ti,k,j when traveler kmakes his/her choice at round I
and its probability density function and distribution func-
tion are f(t2,i,k,j) and F(t2,i,k,j), respectively. *e utility of
route j can be expressed as
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Ui,k,j � 􏽘

​
v

+
(t) · π+

(p)( 􏼁 + 􏽘

​
v

−
(t) · π−

(p)( 􏼁

� 􏽚
􏽥ti− 1,j

− ∞
−
dπ 1 − F t2,i,k,j􏼐 􏼑􏼐 􏼑

dt2,i,k,j

v
+

t2,i,k,j􏼐 􏼑dt2,i,k,j

+ 􏽚
∞

􏽥ti− 1,j

dπ F t2,i,k,j􏼐 􏼑􏼐 􏼑

dt2,i,k,j

v
−

t2,i,k,j􏼐 􏼑dt2,i,k,j.

(16)

4.4. Real-Time Travel Time Information (Scenario 4).
Real-time travel time is published before each traveler makes
a choice. In the ith round, when the kth traveler makes a
choice, t3,i,k,j is the travel time of route j accessible to the
traveler, which can be obtained from the platform record.

When traveler k makes his/her choice at round i, travel
time of route j is t3,i,k,j, which would be released by the
system. If t3,k,i,j ≤􏽥ti− 1,j, the probability obtaining positive
utility is p � 1; that is, π+(p) � 1; else, the probability
obtaining negative utility is p � 1; that is, π− (p) � 1. *e
total utility of route j is expressed as

Ui,k,j � 􏽘 v
+
(t) · π+

(p)( 􏼁 + 􏽘 v
−

(t) · π−
(p)( 􏼁

� 􏽘 v
+
(t) + 􏽘 v

−
(t)

�

􏽥ti− 1,j − t3,i,k,j􏼐 􏼑
α
, t3,i,k,j ≤􏽥ti− 1,j,

− λ t3,i,k,j − 􏽥ti− 1,j􏼐 􏼑
β
, t3,i,k,j >􏽥ti− 1,j.

⎧⎪⎨

⎪⎩

(17)

5. Results and Discussion

5.1. Methods of Parameters Evaluation. Methods of Sum-
Square Error (SEE) are used to estimate the parameters of
CPT:

Pr Ui,k,j >Ui,k,j′􏼐 􏼑 �
1

1 + exp Ui,k,j − Ui,k,j′
􏼒 􏼓

,

SSE(α, β, λ, c, δ) � 􏽘
M

i�1
􏽘

N

k�1
ri,j,k − Pr Ui,k,j >Ui,k,j′

􏼒 􏼓􏼒 􏼓
2
,

(j � 1, . . . , 6),

(18)

where Pr(Ui,k,j >Ui,k,j′) is the probability that the prospect
value of route j is greater than that of route j′ for traveler k
and ri,j,k is the actual probability for traveler k to choose
route j at round i. If the difference between the probability of
prospect value and the actual probability for all the travelers
is closer to 0, then the parameters calibration is more ac-
curate. *e goal of the parameter estimation is minimizing
the SSE.

Levenberg-Marquardt method is used to estimate the
parameters. Parameters estimation step can be described as
follows. Assume that the actual choosing probability ri,j,k is
expressed as matrix R.

Step 1. Give initial value of all the parameters, which
can be recorded as vector X0 and control constant
vector E. *e initial value of E is E0 � ‖R − SSS(P0)‖.
Other control parameters can be given as k � 0, λ0 �

103, v � 10 (or other values larger than 1).
Step 2. Calculate the Jacobian matrix Jk. Construct
incremental equation Nk · Gk � JT

k · Ek, where Nk �

JT
k · Jk + λk · I and I is unit matrix.
Step 3. Obtain the vector Gk through solving the
incremental equation.

(1) If ‖R − SSE(X0 + Gk)‖<Ek, then Xk+1 � X0 + Gk. If
‖Gk‖<E, stop iteration and output the results; else,
λk+1 � λk/v and return to Step 2.

(2) If ‖R − SSE(X0 + Gk)‖≥Ek, then λk+1 � v · λk and
resolving the incremental equation to obtain Gk,
return to Step 1.

For the experiment of the article, M� 5 and N� 216.

5.2. Results of Parameters Evaluation. Consulting the
methods and hypothesis of other researchers, we assume that
α� β and c � δ with the purpose of simplifying the calcu-
lation, which is congruent with the original hypothesis of
Kahneman and Tversky.

*e estimated results of three parameters are shown in
Table 4.

For all scenarios, α(β)< 1, c(δ)< 1, and most λ> 1. It
can be seen that α(β) under which travel time information is
available (Scenario 2 and Scenario 4) is always larger than
that under descriptive information (Scenario 1 and Scenario 3).
*is could be expounded as that the value function is steeper in
the case of travel time information releasing than in other cases.
In other words, travelers’ sensitivity to profit and loss declines
faster. In addition, the value of α(β) under real-time travel
information is larger than that under the historical travel in-
formation situation, which indicates that when the real-time
travel time is learned, travelers are more adventurous when
facing a single risk.

Under the situation of real-time travel time information
(λ< 1), traveler’s subjective utility is smoother in loss do-
main than in the profit domain, which indicates that trav-
elers hardly show the characteristic of loss avoidance.

Under the situation of the uncertain information such as
historical or descriptive information, travelers may under-
estimate the probability, which is concluded from the fact
that the value of c(δ) in Scenario 1 and Scenario 2 is less than
that in other scenarios.

6. Discussion

Results of some typical studies are shown in Table 5.
*e values of c and δ are basically consistent with each

other. c(δ) in Scenario 1 and Scenario 2 (which release
descriptive information) is larger than that in Table 2. *e
phenomenon indicates that travelers are more sensitive to
losses and gains in the face of uncertain information.

*e values of λ, α, and β in this paper differ greatly from
those of other researchers’ study.
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Comparing the current study achievement with the
results in this article, it is clear that travelers are more prone
to pursue risk (i.e., larger α and β) when real-time infor-
mation is published. Travelers have limited ability to per-
ceive subjective probability (minimum value of c(δ) ) under
the context of historical descriptive information. In the case
conducted in the article, smaller λ means that travelers are
less inclined to avoid loss. It is accounted from the fact that
there is no incentive mechanism established for participants
in the experiment in this paper; travelers will not be con-
fronted with real loss. All travelers completed the experi-
ments due to their professionalism.

7. Conclusions

In this paper, an experiment platform is constructed and
four types of information about travel are released to four
groups severally. Next, we propose travel time calculations
method under the circumstance of descriptive information
and historical information. *en, CPTmodel is established
based on sequential route choice behavior and the param-
eters are calibrated. It can be concluded that decision-
makers exhibit different behavioral characteristics when
faced with various decision-making scenarios, as well as
facing route choice. Route selection behaviors tend to be
more diversified and the attitude about risk of decision-
makers mainly depends on the experiment methods and the
scheme provided.

It is convinced that travelers embody differentiated
propensity of risk pursuit and risk avoidance. Specifically,
compared with descriptive information, travelers are more
inclined to pursue risks in the face of travel time information
and they are more inclined to pursue risks in the face of real-
time information compared with historical information.
Meanwhile, when real-time travel time information is ac-
cessible, travelers hardly express the characteristic of loss
avoidance. *e behaviors of travelers have few such feature
as risk aversion when real-time travel time information is
accessible.

*e five parameters indicate the degree of travelers’
bounded rationality. Calibration of parameters further
consummates the CPT theory and the achievement can be
directly applied to traffic guidance. Travelers’ route choice

can be forecasted based on CPT theory under different
guidance mechanism, which could supply more accurate
traffic information for travelers and allocate traffic resources
reasonably.

Nevertheless, only two routes are involved in the ex-
periment and route choice behavior under complicated
network has not been thoroughly revealed. More effort is
supposed to be devoted into actual daily travel behavior.
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