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The traffic state of the urban road network is determined by travelers’ choices of travel modes and routes. With the development of
science and technology, people tend to have more travel choices and their distinctive temperaments often lead to different choices
even in the same situation. Therefore, a study of different factors that may affect people’s travel choices plays a crucial role in
the optimization of the traffic system. Focusing on the four major travel modes between Minhang campus and Xuhui campus of
Shanghai Jiao Tong University (SJTU) in Shanghai, China, this paper tries to gather the information of the factors that affect travel
choices and the extent of such effects both in general cases and when prior information is given by means of questionnaires. Based
on data processing, the paper draws pie charts on the travel choices under different circumstances and makes a qualitative analysis
of the influential factors. Then, a quantitative analysis is made by using the models of utility function and linear programming.
Finally, in contrast with the results, the paper finds out the extent of the effect of travel information on the choice of travel modes
and routes of the travelers with different temperaments.

1. Introduction

In everyday life, our travel is faced with the choices of travel
modes and routes. Since every traveler expects to spend the
shortest time arriving at the destination at the least cost,
they must make the choice according to the comparison
and contrast of the available information. Therefore, the
effect of the travel information on the travelers’ choice
behavior remains the focus of research scholars in the world.
With a clear understanding of such a choosing process and
its influential factors, we can promote the research and
optimization of the travel behavior and the thorough traffic
network.

The combination of fare, time, stability, comfort, con-
venience, and other factors will affect travelers’ choice of
travel modes and routes in different ways. As we know,
travel information has an effect on travelers’ expectation

of the utility of the travel plan which is closely related to
travelers’ temperament. That is to say, travelers with different
temperaments will make different choices when confronted
with the same information. Consequently, it is significant to
study the effect of travelers’ temperament on the travel choice.

This paper mainly focuses on how the variables of the
factors that determine the utility expectation affect the choice
of travel modes and routes of the travelers with different
temperaments facing various travel information. Also, the
paper aims to analyze the effect of the travel information on
the travel behavior.

The paper consists of five sections as follows. Section 2 is
literature review, concerning the focus of research. Section 3
relates the research thought and the research methods.
Section 4 dwells upon the data collection and the modeling
analysis. And the last section is about the research conclusion
and the future research directions.
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Table 1: Characteristics of travel modes.

Travel modes Fare Time Frequency Convenience Stability Comfort

School bus ¥4 40–45min
10 times a day from
Mon to Fri; 4 times a
day on weekends

5-to-20-minute walk to school
bus stop; wait in line 15 minutes
in advance for students

8 8

Bus and metro ¥5 60–70min Once every 5 to 10
minutes

15-to-20-minute walk to bus
stop; 0-to-10-minute wait; 0-to-5
minutes for transfer

10 6

Regular bus ¥2 70–80min Once every 15
minutes

20-minute walk to bus stop;
0-to-15-minute wait 8 5

Taxi over ¥80 40–50min Anytime Less-than-15-minute walk to
entrance 6 9

Notes: stability scale 1 to 10: the least stable to the most stable;
comfort scale 1 to 10: the least comfortable to the most comfortable.

2. Literature Review

With the development of information and communication
technology, travelers are increasingly concerned about travel
information before and during the travel and accordingly
make their travel choices. Since the effect of travel infor-
mation on travelers’ choice during the actual travel is hard
to obtain and analyze, most researchers focus more on the
collection of the stated preference data and the analysis of the
effect of travel information on travel decision behavior and
traffic system under experimental and virtual circumstances.
Since the 1990s, the scholars, represented by Hani Mahmas-
sani at University of Texas in the USA and Yasunori Iida at
Kyoto University in Japan, have made a lot of advancements
in the field. By setting up the traffic simulation platform
and constructing the two-route network or simple network
with single origin and destination, they studied the effect of
travelers’ behavior on traffic system with the available travel
information in the experimental and analytical methods and
analyzed the effect of travel information and its reliability on
travel behaviors [1–4]. Later, Koutsopulos et al. made further
studies in this direction [5–11]. Ewing et al. examined the
relationship between mode of travel to school and the full
range of factors that might affect mode choice [12]. Shu-
Sen et al. classified travel into rigid travel and flexible travel.
Shu-Sen et al. held that travelers also take fare, comfort,
safety, and other factors of various travel modes into account,
besides travel properties as travel distance and destination
[13]. Wei-Guo and Si-Ji made a study of travelers’ choice
of travel modes in the simulation method rather than in
the traditional mathematical and sampling method [14]. de
Palma and Picard studied on route choice decision based on
the ordered probit analysis and econometric estimates under
travel time uncertainty [15]. Khattak et al. analyzed travelers’
willingness to pay for better quality information received
from a traveler information system [16]. Besides, Chorus et
al. made route choice and mode choice studies based on
simulation [17–19].

All the researchers have made abundant studies of travel-
ers’ choice of travel modes or routes, or the combined choice
of both. In their studies, the factors that affect travelers’ choice

mainly focus on time, fare, stability, comfort, and conve-
nience. The research methods of theirs are either qualitative,
by posing the influential factors, or comparison and contrast
of the results in the simulation or experimental methods,
or by means of actual sampling. However, seldom did they
make a quantitative analysis of all the factors. This paper will
make a study of the extent of the effect of the variables of the
factors on the choice of travel modes and routes of travelers
with different temperaments, in the combined qualitative and
quantitative methods.

3. Research Thought and Methodology

In the recent 15 years, almost every university has several
campuses due to the large-scale consolidation of universities
and colleges in China. Commuting between campuses is
increasingly becoming representative of urban travel. There-
fore, this paper makes a study of the commuting system
of Minhang campus and Xuhui campus of Shanghai Jiao
Tong University (SJTU) in China, choosing students as the
respondents. With a distance of 25 kilometers between the
two campuses, the optional travel modes consist of school
buses, the transfer from buses to metro (bus and metro),
regular buses, and taxis. The characteristics of the four travel
modes are shown in Table 1.

First of all, travelers are divided into four types according
to the four temperaments from Galen [20]:

(i) sanguine (Type A travelers): excited-pleasant and
shallow-broad,

(ii) choleric (Type B travelers): exited-unpleasant and
deep-broad,

(iii) phlegmatic (Type C travelers): calm-pleasant and
shallow-narrow,

(iv) melancholic (Type D travelers): calm-unpleasant and
deep-narrow.
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Figure 1: Framework of research.

Thereafter, we design the questionnaire with the subject
of the effect of travel information on the travelers’ choice of
travel modes and routes.

Second, we study the choosing behavior of the travel-
ers with the four temperaments under the following three
circumstances by means of paper questionnaires and online
survey.

(A) Given (or not given) the prior information of various
travelmodes, how travelers choose the available travel
modes and routes.

(B) Under different preconditions, how travelers choose
the travel modes and routes.

(C) How travelers change their former decisions with the
change of the variables of the travel modes (fare,
schedule, comfort, routes, etc.).

Finally, by screening the collected questionnaires, we
take in the valuable data, make a quantitative analysis of
the priority of choosing travel modes by means of utility
function andmake a contrast with the actual research results;
then, by making adjustments to the weight of the variables
(fare, time, stability, comfort, and convenience) by way of
linear programming, we make the results of utility function
approaching the actual results and arrive at the extent of the
effect of the variables on the choice of travel modes.

The framework of the research is shown in Figure 1.

4. Data Collection and Modeling Analysis

4.1. Data Collection. A total of 597 questionnaires had been
issued to students, 420 in paper version and 177 sent online.
At the end of the survey, 459 questionnaires were collected,
282 in paper version and 177 received online. Through the
initial screening, there are 204 valid questionnaires excluding

255 invalid questionnaires (which cannot be used in the
qualitative analysis).

4.2. Qualitative Analysis of the Influential Factors

4.2.1. Time Outweighs Comfort (concerning the Extent ofTheir
Effect). As we know, taxis take priority among the four travel
modes, when time and comfort are concerned. From Figures
2(a), 2(b), and 2(c), we can see that there is a drastic rise in the
percentage of choosing taxis as the travel mode when time is
pressing and in badweather.The 1% in general cases increases
to 33% when time is pressing and to 25% in bad weather.
There are more respondents who tend to give priority to
time (by taking taxis) when time is pressing than those who
tend to give priority to comfort (by taking taxis) in bad
weather.

4.2.2. Comfort Outweighs Stability (concerning the Extent
of Their Effect). From Figure 2(d), we can see, concerning
commuting with a frequency of five days a week, only a small
proportion of respondents choose regular buses and taxis;
comparatively, the percentage of choosing the transfer from
buses to metro decreases from 44% to 27%; however, the
percentage of choosing school buses increases from 46% to
67%. That is to say, under such circumstances, school buses
occupy a predominant position. As we see, when the transfer
from buses to metro and school buses are concerned, they
bear similarities in time, fare, and convenience but differ
in comfort and stability which may affect travelers’ choice.
Due to the limit of capacity, school buses cannot allow all
the students to wait in line on board. Therefore, school
buses are more comfortable while the transfer from buses to
metro tend to be more stable. On average, comfort outweighs
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Figure 2: The proportion of the choices of travel modes under different circumstances.

stability among the five factors that influence the travelers’
choice.

4.2.3. The Extent of the Effect of Stability on Travelers’
Choice Rises with the Extent of the Travelers’ Introversion.
In general cases, if given prior information (the estimated
time, fare, and route of various travel modes), the choices
of travelers with different temperaments are shown in
Figure 3.

The transfer from buses to metro is characteristic of
stability. As is seen from Figure 3, the percentage of travelers’
choosing the transfer from buses to metro is changing with
their different temperaments. For those extroverted travelers,

the percentage is 25% for sanguine (TypeA travelers) and 27%
for choleric (Type B travelers); while for those introverted
travelers, the percentage rises to 31% for phlegmatic (Type
C travelers) and 53% for melancholic (Type D travelers).
Therefore, we think the introverted travelers tend to choose
the travel modes of strong stability and the extent of the effect
of stability on travelers’ choice rises with the extent of the
travelers’ introversion.

4.2.4. The Effect of Fare Is Evident, Especially Greater on
Introverted Travelers. We see from Figure 4, only 16% of
respondents are willing to choose school buses as the travel
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Figure 3: The proportion of the choices of travel modes of travelers with different temperaments.

mode, when the fare rises from ¥4 to ¥8. It is easy to see that
travelers are greatly affected by the factor of fare.

From Figure 5, we can see that 19% of Type A students,
26% of Type B students, 10% of Type C students, and 6%
of Type D students keep choosing school buses, even when
there is a rise of fare from ¥4 to ¥8. Therefore, we consider
introverted travelers to bemore affected by the change of fare.
In another word, the effect of fare is greater on introverted
travelers than extroverted ones.

4.3. The Quantitative Analysis of the Factors

4.3.1. Quantitative Evaluation of the Factors. According to
the data from the questionnaire of the factors that affect the
choice of travel modes, we average the evaluation data from

travelers with different temperaments and the travelers on the
whole, as is seen in Table 2.

4.3.2. Quantitative Evaluation of the Travel Modes. We aver-
age the data of overall evaluation of all travel modes chosen
by different types of respondents in the survey, as is seen in
Table 3.

4.3.3. Linear Programming. Due to the few samples of Type
D travelers, we failed to make a quantitative analysis. The
frequently chosen travel modes between two campuses are
school buses and the transfer from buses to metro, rather
than regular buses and taxis. According to the observation
of the data, travelers’ evaluation of the regular buses does



6 Mathematical Problems in Engineering

Table 2: The evaluation utility of the factors that affect the travel mode choice.

Types of travelers Travel modes Fare Time Stability Comfort Convenience

Type A travelers

School Bus 2.58 2.47 2.05 1.84 2.05
Bus and Metro 1.32 1.37 2.00 1.37 1.37
Regular Bus 1.95 0.37 0.74 0.32 0.42

Taxi 0.16 1.79 1.21 2.47 2.16

Type B travelers

School Bus 2.76 2.48 1.52 1.81 1.76
Bus and Metro 1.24 1.62 2.38 1.33 1.67
Regular Bus 2.00 0.10 0.90 0.38 0.38

Taxi 0.00 1.81 1.19 2.48 2.19

Type C travelers

School Bus 2.58 2.08 1.58 2.08 1.75
Bus and Metro 1.50 1.75 2.50 1.33 1.67
Regular Bus 1.92 0.29 0.83 0.38 0.75

Taxi 0.00 1.88 1.08 2.21 1.83

Type D travelers

School Bus 3.00 0.80 1.00 1.00 1.00
Bus and Metro 1.60 2.00 2.20 1.60 1.80
Regular Bus 1.40 0.80 0.80 1.20 1.20

Taxi 0.00 2.40 2.00 2.20 2.00

Type A travelers

School Bus 2.67 2.22 1.65 1.86 1.78
Bus and Metro 1.38 1.62 2.30 1.36 1.59
Regular Bus 1.91 0.29 0.83 0.42 0.58

Taxi 0.04 1.87 1.22 2.36 2.04

Table 3: The overall evaluation utility of the travel modes.

Types of travelers School bus Bus and metro Regular bus Taxi
Type A travelers 2.53 2.21 1.05 0.21
Type B travelers 2.10 2.48 1.10 0.33
Type C travelers 2.17 2.43 1.13 0.60
Type D travelers 0.00 2.80 1.60 1.60

24%

26%
24%

10%

16%

To what extent that when the fare increases 
you would not consider taking school buses? 

¥5

¥6

¥7

¥8

Over ¥8

Figure 4: The analysis of the effect of fare on the choice of school
buses.

not agree with the real condition.Therefore, disregarding the
regular buses, the analysis is only made of the other three
travel modes: school buses, the transfer from buses to metro,
and taxis.

Consider the following.

Assume that𝑋, 𝑌,𝑍, 𝑃, and𝑄 represent the variables
of the five factors: fare, time, stability, comfort, and
convenience.

Assume that 𝑎, 𝑏, 𝑐, 𝑑, and 𝑒 represent the weight
of the five factors: fare, time, stability, comfort, and
convenience.

Assume that 𝑆 = 𝑎 + 𝑏 + 𝑐 + 𝑑 + 𝑒, and 0 ⩽ 𝑆 ⩽ 1.

We get the evaluation of all the travel modes.

School buses:

𝑆1 = 𝑎 ∗ 𝑋11 + 𝑏 ∗ 𝑌12 + 𝑐 ∗ 𝑍13 + 𝑑 ∗ 𝑃14 + 𝑒 ∗ 𝑄15.

(1)
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Figure 5: The analysis of the effect of fare on different types of travelers’ choice of school buses.

Transfer from buses to metro:

𝑆2 = 𝑎 ∗ 𝑋21 + 𝑏 ∗ 𝑌22 + 𝑐 ∗ 𝑍23 + 𝑑 ∗ 𝑃24 + 𝑒 ∗ 𝑄25.

(2)

Taxis:

𝑆4 = 𝑎 ∗ 𝑋41 + 𝑏 ∗ 𝑌42 + 𝑐 ∗ 𝑍43 + 𝑑 ∗ 𝑃44 + 𝑒 ∗ 𝑄45.

(3)

According to the data in Table 3, we can see the relation
among 𝑆1, 𝑆2, and 𝑆4 for the three types of travelers as
follows:

for Type A travelers, 𝑆1 > 𝑆2 > 𝑆4;
for Type B travelers, 𝑆2 > 𝑆1 > 𝑆4;
for Type C travelers, 𝑆2 > 𝑆1 > 𝑆4.

According to linear programming macro command,
we set target function asMIN (1−𝑆), with the constraints

as follows:

(1) 𝑆 ≤ 1, 𝑎 > 0, 𝑏 > 0, 𝑐 > 0, 𝑑 > 0, 𝑒 > 0;
(2) Type A travelers: 𝑆1 > 𝑆2 > 𝑆4;

Type B travelers: 𝑆2 > 𝑆1 > 𝑆4;
Type C travelers: 𝑆2 > 𝑆1 > 𝑆4;

(3) setting constraints on the upper and lower limits of
the weight 𝑎, 𝑏, 𝑐, 𝑑, and 𝑒 in various cases, as is shown
in Table 4.

The processing results of linear programming are shown
in Table 5. (/ represents that there are no results that agree
with the condition.)
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Table 4: The range of the weight of the factors.

Upper limit 0.5 0.5 0.5 0.45 0.45 0.45 0.4 0.4 0.4
Lower limit 0.05 0.1 0.15 0.05 0.1 0.15 0.05 0.1 0.15

Table 5: The extent of importance of the factors.

Types of travelers Upper limit Lower limit Fare Time Stability Comfort Convenience Optimized results

Type A travelers

0.50 0.05 0.48 0.05 0.05 0.37 0.05 0.00
0.50 0.10 0.42 0.10 0.10 0.28 0.10 0.00
0.50 0.15 0.35 0.15 0.15 0.20 0.15 0.00
0.45 0.05 0.45 0.05 0.09 0.36 0.05 0.00
0.45 0.10 0.42 0.10 0.10 0.28 0.10 0.00
0.45 0.15 0.35 0.15 0.15 0.20 0.15 0.00
0.40 0.05 0.40 0.05 0.15 0.35 0.05 0.00
0.40 0.10 0.40 0.10 0.12 0.28 0.10 0.00
0.40 0.15 0.35 0.15 0.15 0.20 0.15 0.00

Total 3.62 0.90 1.05 2.53 0.90

Type B travelers

0.5 0.05 0.05 0.15 0.50 0.05 0.25 0.00
0.5 0.1/0.15 / / / / / /
0.45 0.05 0.05 0.09 0.45 0.05 0.36 0.00
0.45 0.1/0.15 / / / / / /
0.4 0.05 0.06 0.05 0.40 0.05 0.34 0.10
0.4 0.1/0.15 / / / / / /

Total 0.16 0.29 1.35 0.15 0.96

Type C travelers

0.5 0.05 0.05 0.15 0.50 0.05 0.25 0.00
0.5 0.1/0.15 / / / / / /
0.45 0.05 0.05 0.09 0.45 0.05 0.36 0.00
0.45 0.1/0.15 / / / / / /
0.4 0.05 0.06 0.05 0.40 0.05 0.34 0.10
0.4 0.1/0.15 / / / / / /

Total 0.16 0.29 1.35 0.15 0.96

Overall travelers

0.50 0.05 0.05 0.05 0.50 0.05 0.24 0.11
0.50 0.1/0.15 / / / / / /
0.45 0.05 0.05 0.05 0.45 0.05 0.18 0.22
0.45 0.1/0.15 / / / / / /
0.40 0.05 0.05 0.05 0.40 0.05 0.11 0.34
0.40 0.1/0.15 / / / / / /

Total 0.15 0.15 1.35 0.15 0.53
Notes: the column of optimized results represents the weight that cannot be classified into a certain category after linear programming.

4.3.4. The Analysis of the Results. From Table 5, we can see
that for Type A travelers, the ranking of the factors that affect
the choice of travel modes and routes is fare > comfort >
stability > time and convenience. For Types B and C travelers,
the ranking is stability> convenience> time> comfort> fare.
For all the travelers, the ranking is stability > convenience >
fare, time, and comfort.

Therefore, we can see that the prior information con-
sisting of all the influential factors has a different effect on
the choice of travel modes and routes of the travelers with
different temperaments. The overall analysis of the travelers
conceals the effect of temperaments on travel behaviors. From
the figures of the optimized results in the quantitative analysis
of all the travelers, we can also see that there is a bigger error

if the analysis of travel behaviors excludes the distinction of
temperaments.

5. Conclusion

This paper has classified travelers into four types according
to the temperaments and collected the evaluation data of
the factors that affect their choice of travel modes and
routes under three different circumstances. We have made
a detailed study of the extent of the importance of the
effect of the five factors on the different types of travelers’
choice of travel modes and routes in general cases and
with prior information, by means of the qualitative and
quantitative analysis. We can discover the important effect of
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temperaments on travelers’ choice of travelmodes and routes.
For Type A travelers (sanguine) and Type B/C travelers
(choleric/phlegmatic), the ranking of the factors that affect
their choices of travel modes and routes is inconsistent.

The future study should be directed to the expansion
of samples to travelers with different occupations and the
collection of data by more advanced means of smartphones,
travel logs, and so forth. Through the deep analysis of a
large quantity of data, the study should also be made of the
interaction of all the factors affecting travel choice behaviors
so as to have a more profound understanding of the process
of travel choice behaviors and provide the foundation for the
policymaking of transportation demand management.
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