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SUMMARY

This study develops a random effect panel data logit model that identifies the factors that influence expressway
users’ decision behavior under a new arterial road variable message sign information service. The new informa-
tion service provides travel time of both an expressway route and an alternate arterial road route. It is based on
the data collected from a stated preference survey of Shanghai drivers. Correlations within repeated choices by
the same respondent were addressed. The results show that the random effect model performs well in addressing
repeated observations and evidences the existence of common unobserved random factors affecting route
choice behaviors of the same respondent. It is shown that drivers’ decisions can be significantly influenced
by the new information service. Driving experience, travel time saving, and occurrence of expressway accidents
serve as positive factors whereas number of traffic lights on the arterial road serves as a negative factor in choos-
ing the arterial road. Private car drivers, employer-provided car drivers, and taxi drivers value number of traffic
lights in a different way. Female drivers are more sensitive to expressway delays. Drivers with rich driving
experience and female drivers are more sensitive to number of traffic lights. Copyright © 2014 John Wiley
& Sons, Ltd.
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1. INTRODUCTION

The effectiveness of advanced traveler information systems (ATIS) depends highly on travelers’
behavior in response to real-time information. It is well recognized that it is very important to indentify
the factors that influence travelers’ decision behavior under ATIS [1-43]. Research results in this
challenging field can facilitate better investment, design, and operation of ATIS technologies.
Internationally, variable message signs (VMS), a common ATIS technology, have been widely used
to manage the traffic on urban expressways accommodating a large amount of trips. In China, many
big cities such as Shanghai, Beijing, Guangzhou, Hangzhou, Ningbo, Chengdu, and Suzhou have
installed a lot of VMS on urban expressways. In Shanghai, VMS are even installed on the local streets
(e.g., arterial roads) in the vicinity of expressway entrance, which notify the traffic condition of
expressways. Figure 1 shows a real-world VMS in Shanghai, which is installed on an arterial road
and displays traffic conditions of an elevated road (un-tolled urban expressway) over the arterial road.
However, those arterial road VMS do not provide information about the arterial road (alternate route),
which may limit their effectiveness regarding diverting the urban expressway traffic to local streets. As
Shanghai Traffic Police Department reported on some newspapers [44], many outbound elevated roads
(urban expressways) connecting the downtown and the suburb often have big delays, and their travel
time is surprisingly much longer than the travel time of parallel arterial road under them during some
traditional national holidays (e.g., the QingMing holiday during which a lot of people go to big
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Figure 1. Arterial road variable message signs in Shanghai.

cemeteries in other cities to hold a memorial ceremony for their families they lost). This situation is
partially due to the fact that drivers are not so confident that they will be better off after diverting to
an arterial road because they are not given any real-time information about alternate routes. A feasible
way to help drivers make more informed decisions about expressway usage and alleviate expressway
congestion is to update the existing arterial road VMS service in Shanghai. In this context, Shanghai is
planning to provide a new arterial road VMS service that gives travel time information about both an
urban expressway route and a competitive alternate arterial road route.

This motivates the need to understand drivers’ route choice behavior in response to the new arterial
road VMS service, because the effectiveness of VMS essentially depends on how drivers respond to
information. This study therefore will investigate the factors that influence expressway users’ decision
behavior under the new arterial road VMS information. Because the new arterial road VMS service
currently did not exist at the time of the study, only stated preference (SP) data were collected to model
drivers’ behavior in this study. In the SP survey, each respondent is asked to make repeated choices,
thus raising the repeated observations issue (i.e., possible correlations among repeated choices of the
same respondent). This issue was addressed reasonably in this study.

In the literature, many studies on travel behavior under ATIS exist. In terms of collecting
data about traveler response to ATIS, many researchers used SP data from questionnaire surveys
(e.g., [2-10, 13, 17, 19-22, 24-32]). Some other studies used SP data from travel simulator exper-
iments (e.g., [33-39]). Others used revealed preference (RP) data (e.g., [11, 40-43]). In terms of
modeling travelers’ decision behavior under ATIS, the mainstream method applied in previous
studies is discrete choice analysis based on random utility theories. The developed econometric
models vary from simple multinomial logit models to sophisticated models with complex utility
function specifications (e.g., [3, 4, 8, 17, 21, 30, 33, 34]. On the other hand, some scholars have
demonstrated the usefulness of the prospect theory (PT) and the cumulative PT (CPT), which
were originally proposed and developed in the psychology field [45, 46] regarding their
capabilities in describing travelers’ decision behavior under uncertainties (e.g., [5, 8, 14, 21]).
These PT-based and CPT-based modeling approaches are still in such a relatively preliminary
stage that, most exploratory studies are mostly descriptive, only address a small network, and
generally acceptable explicit operational mathematical models have not been available so far.
In contrast to the aforementioned discrete choice analysis approaches and PT or CPT approaches,
a small number of researchers apply other approaches such as fuzzy logic [38] and regret theory
[13] to reveal travel behavioral mechanism. However, no generalized conclusions can be obtained
from such a limited number of literatures. This paper thus applies the mainstream discrete choice
analysis methodology to model urban expressway users’ decision behavior under the new arterial
road VMS information.
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So far, most previous studies only investigated the effects of expressway VMS on expressway users’
route choice behavior. Many previous studies showed that VMS have impacts on route choice
decisions and the impact may depend on VMS messages, driver characteristics, and situational factors,
although they may have different findings due to differences in VMS technology, culture, road
network, research context, and so on.

However, the understanding of expressway users’ route choice behavior with the presence of the
dynamic information about both expressway and local streets provided by arterial road VMS seems
to be limited. This is partially due to that real-world arterial road VMS that provide dynamic informa-
tion about both expressway and local streets are rare in the world. In the literature, there does exist an
RP-data-based arterial road VMS study in USA that showed that arterial road VMS are more helpful
and effective than expressway VMS in diverting expressway users and alleviating expressway conges-
tion [42]. However, this US arterial road VMS study did not explicitly address travel time information
about both expressway and local streets.

Although there are many studies on travel behavior under ATIS, fewer studies accounted for
correlations among repeated observations. A recent review was given in [24]. While developing discrete
choice models of travel behavior under ATIS, approaches applied to address repeated observations in
previous studies include mixed logit (e.g., [34, 43]), multinomial probit (e.g., [3, 34]), normal mixing
distributions (e.g., [25]), generalized estimating equations (e.g., [24, 31]), and mixed linear models
(e.g., [39]). In contrast to the aforementioned studies, this study proposes a random effect panel data
logit model to address correlations among repeated observations of the same respondent.

Given the aforementioned context, the main contribution of this study is the following. It uses the
discrete choice analysis methodology to investigate Shanghai urban expressway users’ decision behav-
ior under the new arterial road VMS information (i.e., travel time of both an elevated expressway and
its competitive parallel arterial road alternative) through developing a random effect panel data logit
model that addresses correlations among repeated observations of the same respondent.

This study has obtained insightful results that have implications for future deployment of the new
arterial road VMS information service and modeling of driver response behavior.

Main conclusions of this study follow. First, the new arterial road VMS information service has
significant impacts on expressway users’ en route decisions on whether to enter expressway or not,
and the impacts depend on driver attributes and VMS information. Second, the proposed random effect
panel data logit model performs well in addressing correlations between repeated choices by the same
respondent. Third, the heterogeneity of driver behavior regarding sensitivity to number of traffic lights
and travel time savings is revealed by the developed panel data model.

The rest of this paper is organized as follows. First, it describes the SP survey method of collecting
behavioral data about drivers’ decision under the new arterial road VMS information. Second, it
presents the modeling methodology and develops the random effect panel data logit model for iden-
tifying factors that affect drivers’ route choice response to the new arterial road VMS information
based on the collected SP data. Next, it discusses the model estimation results. Last, concluding
remarks are given.

2. METHODOLOGY

2.1. Survey design

Because the new arterial road VMS information service currently does not exist in Shanghai, this study
applied the SP approach to collect data about travelers’ route choice decision behavior under the new
VMS information. A questionnaire survey was executed to collect behavioral data.

The SP experiment was designed on the basis of a hypothetical trip that reflects the situation of a typical
real-life commuting trip in downtown Shanghai. The hypothetical trip is depicted in Figure 2. There are
two alternate routes for respondents to choose. They are an un-tolled elevated expressway route and an
arterial road (a local street) route. There is an arterial road VMS at the diversion point (i.e., the upstream
of the entrance of the elevated expressway) on the arterial road. The travel time of the expressway and the
travel time of the local street are displayed on the VMS, which is intended to help drivers make more
informed decisions on whether to enter the expressway.
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Figure 2. Hypothetical journey in the stated preference survey.

The travel scenario as described by text instructions on the questionnaire follows. A respondent is
driving on the arterial road such as ZhongshanBei Road for a commuting trip from his home to his
workplace in a weekday morning. When the respondent reaches the detour point, he sees the arterial
road VMS displaying the elevated expressway’s travel time and the arterial road’s travel time. The
respondent will make a route choice decision in response to VMS messages.

The designed VMS messages include three parts: (1) travel time of the expressway route; (2) travel
time of the arterial road route; and (3) cause of expressway delay. The wording style of the arterial road
VMS is similar to that of the VMS installed on the elevated expressway in Shanghai, so that the new
VMS information could easily be understood by the respondents.

The attribute levels and values of alternatives were specified on the basis of discussions with
officials and operators in the Shanghai expressway network traffic management center and on the VMS
message usage record in the computer database, so as to give respondents a realistic feeling of the
hypothetical journey. For a typical 30-minute around-expressway journey, the range of (0, 10) minutes
is considered reasonable for expressway delays by traffic management center operators, which is also
justified by the VMS message usage record. To this end, cause of expressway delay (C) contains two
levels: congestion and accident. Expressway travel time (T) takes two values: 35 and 40 minutes. That
is, two levels of expressway delay (i.e., 5 and 10 minutes) are used in the SP survey. Considering the
typical spacing of traffic lights for Shanghai arterial roads, the number of traffic lights on the local street
(L) takes two values: 10 and 20. Expressway travel time, number of traffic lights on the local street route,
and cause of expressway delay are controlling factors in the SP experiment.

Given the aforementioned setting of attribute values for three controlling factors, the complete
factorial design [47] was adopted to generate a total of eight (2 x2 x2) choice scenarios. The eight
choice scenarios follow.

Scenario 1: T =35; C=congestion; L.=10.
Scenario 2: T=35; C=accident; L=10.
Scenario 3: T =40; C=congestion; L.=10.
Scenario 4: T=40; C=accident; L=10.
Scenario 5: T =35; C=congestion; L =20.
Scenario 6: T=35; C=accident; L =20.
Scenario 7: T =40; C=congestion; L =20.
Scenario 8: T=40; C=accident; L =20.

The respondents were required to respond to each scenario and make a choice between two routes.
An SP questionnaire survey was conducted in July 2009. Random sampling approach was adopted.
The survey location is an underground garage in a shopping mall. Some of the drivers were questioned
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in their cars because they were leaving from the garage at the time of interview. The others were
interviewed after they parked their cars and came out of their cars. Respondents can choose to com-
plete the questionnaire by themselves or choose to answer the experimenter who read questions to
them. This depends on the respondent’s preference. A total of 228 drivers participated in the question-
naire survey. Those respondents who did not fully complete all the SP choice questions were removed.
To this end, the data set available for model development contains 1512 (189 x 8) choice observations.

The data collected through the SP experiment include driver attributes (e.g., gender, age, frequency
of expressway use, and driving experience) and route choice decisions.

2.2. Survey results

Table I shows driver characteristics of the sample.

The aforementioned statistics show that slightly more than one fourth (26.5%) of the sample are drivers
of an employer-provided car. In China, a person at a high hierarchy level in a governmental agency or a
state-owned enterprise or a company may be allowed to use a car owned by his or her employer.

According to the 2010 statistic from Chinese ministry of public security [48], the ratio of private car and
employer-provided car is 2.88: 1 (i.e., 25.7% of employer-provided car). In big Chinese cities such as
Shanghai, Beijing, and Guangzhou, the percentage of employer-provided cars may be even higher. There-
fore, the percentage of employer-provided cars in the sample does reflect a typical Shanghai situation. In
our sample, almost 10% of the respondents are taxi drivers. This reflects the real situation in Shanghai.
Taxi is usually comfortable and timesaving; thus, a lot of white collars or those working in the downtown
with a parking price will choose to take a taxi to their workplace. In addition, the sample includes drivers
with various degrees of driving experience and has a reasonable coverage of age. In terms of expressway
use, nearly half of the sample has rich experiences of using expressways (about 48%). To this end, the
driver sample provides sufficient variation in attribute variables for model estimation.

2.3. Model development

Now, we develop an econometric model for predicting a driver’s route choice probability under the
new arterial road VMS information, using the collected SP data.

2.3.1. Modeling methodology

The data used for modeling analysis belongs to panel data because each individual in the survey
responded to questions in eight different scenarios. While analyzing SP behavior data, it is important
to recognize the correlation between repeated choices by the same individual. To account for the
correlation between repeated observations, this paper develops a random effect panel data logit model
instead of a traditional cross-sectional model to make the econometric model more accurate. The
econometric model can be formulated as follows:

Ui :ﬁo +ﬂ1xi+ﬂzzr+¢7ni+8n (€))

Table 1. Driver characteristics of the sample.

Attribute Range % of sample Attribute Range % of sample
Gender Male 67.7% Driver type Private car driver 64.0%
Female 32.3% Employer-provided 26.5%
car driver
Age 19-30 37.0% Taxi driver 9.5%
3140 46.6% Expressway use Almost every day 47.6%
>40 16.4% frequency 2-3 days per week 37.6%
Driving experience 0-5 42.3% Seldom 14.8%
>5 57.7%

Private car is owned by a driver himself or herself. Employer-provided car is not owned by a driver but assigned by his/her em-
ployer for business purpose.
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“ 1)

In the utility function, is the driver index and “f’ is the scenario index; x; is a vector of
explanatory variables changmg across drivers but not changing across scenarios (e.g., gender, age)
and “z,”’is a vector of variables changing across scenarios but not changing across drivers (e.g., travel
time saving, number of traffic lights on the arterial road). “n;” is a random effect changing across

[T 1)

drivers but not changing within the same driver. “n;” is spec1ﬁed to capture the effects of common
unobserved random factors on the choice behavior of the same driver. “c” is a coefficient indicating
the standard deviation of the random effect variable. “¢;” is a random variable changing across both
individuals and scenarios. “n;” and “g,,” are assumed to be standard normally and logistically distrib-
uted, respectively. “By”, “B1”, and ” are model coefficients.

The binary choice Variable V=1 (choose arterial road) when U;, > 0; y;;=0 (choose expressway)

[T T}

when U;; < 0. Thus, conditional on “n;”, one may have

1[ni) = exp(By + B1xi + frz + omy)
l

B 2
Pl = 1+ exp(By + B1xi + Pazi + omy) 2
P(y, = Olm) = ! .
n;
Y 1 + eXp(ﬂO +ﬁ1x1 +ﬁ2Zz + O'I’l,)
Equations (2) and (3) can be summarized as follows:
Py, m) = [P(3, = 1m)P*[P(3, = Ol “

For unconditional probability function, the conditional probability function needs to be integrated
over the probability density function of “n;”:

P; :I o(n; Ht 1 )’zzlnl dn; (%)

Here, T=8, representing eight different SP scenarios for each respondent. Gaussian—Hermite inte-
gral method [49] is employed to evaluate the integral in Equation (5) as

PZ () T POula) ©)

In this study, 10 points are chosen to support the integral evaluation (i.e., K= 10). Values for w; and
z; can be found in the APPENDIX. Finally, the log-likelihood function over the entire sample can be
formulated as

LL =3, In(P) @)
In this study, model coefficients are estimated in Gauss System.

2.3.2. Model estimation results
The potential explanatory variables include driver attributes (e.g., age, gender, years of driving expe-
rience, driver type, and expressway use frequency), scenario variables (e.g., travel time saving, cause
of expressway delay, and number of traffic lights on the arterial road), and all interactive terms of
driver attributes and scenario variables. All the variables remaining in the final model take statistically
significant coefficients.

Table II provides model estimation results. The variables that are statistically significant in the final
model include the following:

* “Driving experience is less than 5 years” (dummy);

* “using expressway less than two times per week” (dummy);
* “travel time savings”;

» “expressway delay is caused by accident” (dummy);
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Table II. Model estimation results for the random effect panel data logit model.

Variable Coefficient T-test Significance
Constant —1.3962 —2.228 0.0259
Driving experience is less than 5 years —2.6106 —4.943 0.0000
Using expressway less than two times per week 2.8695 4.390 0.0000
Travel time savings (minutes) 0.3228 4.181 0.0000
Expressway delay is caused by accident 1.1487 6.340 0.0000
Number of traffic lights on arterial road —0.2286 —5.937 0.0000
Travel time savings x male driver —0.1390 —1.884 0.0595
Number of traffic lights x driving experience is more than 10 years —0.1169 —3.767 0.0002
Number of traffic lights x male driver 0.1516 4.414 0.0000
Number of traffic lights x employer-provided car driver 0.1029 2.621 0.0088
Number of traffic lights x taxi driver —0.1473 —3.005 0.0027
c 2.6546 4917 0.0000
Model statistics and goodness-of-fit measurement

Sample size 189x8
Log-likelihood value at convergence —651.154

P2(0) 0.3787

adjusted p*(0) 0.3672

p2(c) 0.2965

adjusted p(c) 0.2825

* “number of traffic lights on arterial road”;

e interaction term “travel time savings x male driver”;

* interaction term “number of traffic lights x male driver”;

e interaction term “number of traffic lights x driving experience is more than 10 years”;
e interaction term “number of traffic lights x employer-provided car driver”’; and

e interaction term “number of traffic lights x taxi driver”.

3. FINDINGS AND DISCUSSIONS

3.1. Correlations between repeated observations from the same respondent

As shown in Table II, the coefficient “c” appears highly significant (z-value is 4.917), validating our
econometric modeling method for panel data. This strongly evidences the existence of common
unobserved random factors affecting the route choice behavior of the same respondent. Our modeling
efforts showed that the random effect panel data logit model performs well in accounting for the re-
peated observations from the same respondent.

The study highlighted the importance of accounting for the correlation between repeated choices by
the same respondent in the SP survey and has implications for future efforts in model estimations.

3.2. Discussions about model estimation results

The goodness-of-fit indices (e.g., adjusted p*(0)=0.3672) for the SP model shows that the overall SP
model has a satisfactory performance. The coefficient of all the explanatory variables all takes
intuitively correct sign. The influence of the explanatory variables is discussed in the succeeding text.

Intercept. The negative sign of the constant parameter (—1.3962) indicates that drivers have an
intrinsic preference for expressway. This result reflects our SP experimental settings in which the
respondents’ primary route is the expressway.

Travel time saving. “Travel time savings” takes a statistically significant positive coefficient.
Because the interactive term “travel time savings x male driver” is specified, this coefficient indicates
that the more time savings a female driver can obtain after using arterial road, the less likely she will
choose the original expressway route. The sensitivity to travel time savings is quantified by the
coefficient magnitude 0.3228.
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The interaction term “travel time savings x male driver”. The negative coefficient (—0.1390) of the
term indicates that male drivers are less sensitive to expressway delay than female drivers. The
coefficient magnitude of travel time savings for male drivers is actually 0.1838 (0.3228-0.1390),
which is only 57% (~0.1838/0.3228) of the one for female drivers. That is to say, female drivers
may be more likely to choose the arterial road to avoid expressway delay. This is presumably because
some male drivers may think that traffic will become normal when they reach the problem location and
they actually will not encounter a delay. This result to some degree reflects the risk-aversion person-
ality of Shanghai female drivers.

Driving experience. “Driving experience is less than 5years” takes a highly negative coefficient
—2.6106. Its negative impact is virtually equivalent to that from 8-minute time loss on female drivers
(2.6106/0.3228 =~ 8.0). This indicates that drivers with less driving experience are less likely to choose
the arterial road under VMS. This is possibly because Shanghai drivers with less driving experience are
more likely to use expressways as their commuting route as it is relatively easier to maneuver vehicles
on expressways that are characterized of uninterrupted traffic flow and better geometric alignments.

Frequency of expressway usage. The highly positive coefficient 2.8695 of the dummy “using
expressway less than two times per week” indicates that the less frequently a driver uses expressways,
the more likely he will choose the arterial road. Its impact is virtually equivalent to that from 9-minute
time saving on female drivers (2.8695/0.3228 = 8.9). This is possibly because drivers using express-
ways infrequently are not so dependent on expressways while drivers using expressways frequently
are more dependent on expressways or have a bias for expressways.

Cause of expressway delay. “Expressway delay is caused by accident” takes a positive coefficient
1.1487, and its impact is almost equal to 3.6 minutes of time saving to a female driver (1.1487/
0.3228 = 3.6). This indicates that drivers are more likely to choose the arterial road if VMS indicates
occurrence of incident on the expressway. This finding is reasonable because when an expressway
accident happens, a driver’s perceived travel time uncertainty will increase, and he will be more reluc-
tant to use expressway. This finding conforms with the findings of some previous studies (e.g., [26, 27]).

Number of traffic lights on the arterial road. Number of traffic lights on the arterial road is an
important factor affecting drivers’ route choice behavior. Although travel time of the arterial road is the
same for all scenarios in the SP experiment, the number of traffic lights still matters with the driving
psychological aspect. For example, drivers are generally not comfortable with frequent stops during
driving. Moreover, more traffic lights may increase drivers’ perceived travel time uncertainty. These neg-
ative effects on drivers’ choosing the arterial road are reflected in the negative coefficient. This finding is
consistent with previous studies (e.g., [24]). The magnitude of the coefficient is 0.2286, indicating that the
impact from each traffic light is approximately equal to that from 0.7-minute time loss on female drivers
(0.2286/0.3228 = 0.7).

The interaction term “number of traffic lights x male driver”. This term takes the positive sign. Thus,
the coefficient of number of traffic lights for male drivers is actually —0.0770 (i.e., 0.1516-0.2286), which
is only about one third of the coefficient —0.2286 for female drivers. This indicates that male drivers are
less sensitive to number of traffic lights on the arterial road than female drivers. This is possibly because
male drivers usually are more confident of their vehicle-maneuvering skills and are more adaptable in
interrupted traffic flow situations as compared with female drivers.

The interaction term “number of traffic lights x driving experience is more than 10 years”. This term
takes the negative sign, and the coefficient is —0.1169. The coefficient of the number of traffic light for
drivers with more than 10 years of driving experience is actually —0.3455 (i.e., —0.1169-0.2286), which
is about 51% (=[—0.3455 +0.2286]/[—0.2286]) more negative than that for other drivers. This indicates
that drivers with rich driving experience are more sensitive to number of traffic lights on the arterial road.
This is possibly because drivers with rich driving experience know very well the fact that for a typical
Shanghai arterial road, more traffic lights means a bigger travel time unreliability and heavier driving
workload, and thus, they are more likely to avoid an arterial road with many traffic lights.

The interaction term “number of traffic lights x employer-provided car driver”. This term takes a
positive sign, and the coefficient of number of traffic lights for employer-provided drivers can be calcu-
lated as —0.1257 (0.1029-0.2286), which is about 55% (= —0.1257/—0.2286) of the coefficient for other
types of drivers. It indicates that employer-provided car drivers are less sensitive to number of traffic lights
on the arterial road as compared with other types of drivers. The possible reasons follow. Normally, the
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increase of number of traffic lights means more decelerations, stops, and accelerations near the intersec-
tions and may cause extra cost on fuel consumption and greater travel time uncertainty and bigger
delays. In China, a person at a high hierarchy level in a governmental agency or a state-owned enter-
prise or a company may be allowed to use a car owned by his or her employer. For an employer-
provided car driver, fuel cost usually can be reimbursed by their employers, and he or she will not
be punished for late arrival caused by traffic delay in a commuting trip. Private car drivers ordinarily
need to afford the fuel cost by themselves and are relatively more time-constrained in their commut-
ing trips. Therefore, employer-provided car drivers may be less sensitive to number of traffic lights as
compared with private car drivers.

The interaction term “number of traffic lights x taxi driver”. This term takes the negative sign, and the
coefficient of number of traffic lights for taxi drivers can be calculated as —0.3759 (—0.1473-0.2286),
which is about 64% (=~ [—0.3759 + 0.2286]/[—0.2286]) more negative than that for other types of drivers.
It indicates that taxi drivers are more sensitive to number of traffic lights on the arterial road. This is
possibly due to the following facts. First, given the extensive coverage of expressways in Shanghai, both
an expressway route and an arterial road route will be practical in many occasions. The expressway route
is often a bit longer physically but time shorter as compared with the arterial road route. The fare for the
expressway route is similar to or slightly higher than the fare for the arterial road route, given the pricing
scheme for taxi industry. Second, passengers normally take a taxi for time saving and comfort and will
usually ask the taxi driver to decide a route. Because the expressway route usually will both satisty the
need of passengers and benefit the taxi drivers’ business, Shanghai taxi drivers naturally are more willing
to choose expressways and avoid arterial roads as long as passengers allow them to decide the route.

Interestingly the aforementioned two findings indicate that different types of drivers value the
attribute “number of traffic lights” in a different way, with employer-provided car drivers being the
least sensitive, taxi drivers being the most sensitive, and private car drivers in between, to number
of traffic lights. This finding may, to some degree, reflect some Chinese culture.

The aforementioned results show that the heterogeneity of driver behavior under new VMS informa-
tion is well captured by the developed panel data model.

Some earlier studies also revealed that male drivers behave differently from female drivers in
response to real-time traffic information (e.g., [26, 28, 29, 33, 41]). However, the difference in VMS
response behavior among taxi, employer-provided, and private car drivers were rarely reported in
the literature, partially due to that behavior data about taxi, employer-provided drivers were rarely
collected in earlier studies. One of the authors’ previous expressway VMS studies did reveal the
difference in VMS response behavior among employer-provided and private car drivers [30], but it
did not found a statistically significant difference between private car drivers and taxi drivers.

It is noted that some of the effects could well be localized (e.g., travel time saving x male driver,
number of traffic lights x male driver, employer-provided car driver). The obtained results may only
reflect specific situations of Shanghai in terms of culture, geometrical and physical characteristics of
expressways and local streets, traffic flow patterns, institution, and so on.

4. CONCLUDING REMARKS

The random effect panel data logit model was developed to identify factors that affect drivers’ route
choice decisions under the new arterial road VMS information service that provides the travel time
of both an expressway and its competitive arterial road alternative. This is based on the data collected
from a SP survey of Shanghai drivers. Several substantive conclusions have been obtained in this study
as summarized hereafter.

(1) Driving experience and travel time saving serve as positive factors in choosing the arterial road,
whereas number of traffic lights on the arterial road serves as negative factor in choosing the
arterial road.

(2) Expressway accident will increase the probability of choosing the arterial road.

(3) Interestingly, drivers value number of traffic lights differently, with employer-provided car drivers
being the least sensitive, taxi drivers being the most sensitive, and private car drivers in between,
to number of traffic lights.

Copyright © 2014 John Wiley & Sons, Ltd. J. Adv. Transp. 2015; 49:267-278
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(4) Female drivers are more sensitive to expressway delays and are more likely to choose the arterial road.

(5) Drivers with rich driving experience and female drivers are more sensitive to number of traffic lights.

(6) Model estimation results strongly evidence the existence of common unobserved random factors
affecting route choice behaviors of the same driver and show that the developed random effect
panel data logit model is suitable to account for the repeated observations from the same respon-
dent. This work highlights the importance of addressing correlations between repeated choices by
the same respondent in an SP survey and has implications for future modeling efforts.

A potential limitation of SP-data-based travel behavior model is that actual behavior of respondents
may not necessarily correspond to the stated choice in the survey. However, SP model is well
recognized to be useful in understanding the general propensity of travelers in terms of travel choice
decision under ATIS. Currently, the new arterial road VMS has not been deployed yet, thus making
collection of RP data infeasible. In the future, once the new arterial road VMS service is put into operation,
RP data can be collected to validate and enhance the developed behavior model.

Future exploration may also improve the survey design to include questions about the perception of the
number of traffic lights on the arterial road and use perceived number of traffic lights as an explanatory
variable while developing discrete choice models. Also, a comparative study of expressway VMS and
arterial road VMS in terms of their impacts on expressway users’ route choice is desired.

5. LIST OF SYMBOLS AND ABBREVIATIONS

ATIS advanced traveler information systems

VMS variable message signs

SP stated preference

RP revealed preference

PT prospect theory

CPT cumulative prospect theory
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APPENDIX

The Gauss—Hermite integral method uses the Hermite polynomials to deal with the integration
interval of (—e0, +«). Gauss—Hermite method is formulated as

K
H:f(x)dx %Zwkf(Zk)
=

In the aforementioned formula, z; and wy, are abscissae and weights. The following table provides

10-point abscissae and weights that are used in this study.

Table Al. Ten-point abscissae and weights.

k e Wy

1 —3.436159119 1.025451691
2 —2.532731674 0.820666126
3 —1.756683649 0.741441932
4 —1.036610830 0.703296323
5 —0.342901327 0.687081854
6 0.342901327 0.687081854
7 1.036610830 0.703296323
8 1.756683649 0.741441932
9 2.532731674 0.820666126
10 3.436159119 1.025451691
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