
ABSTRACT
Real-time transit information (RTI) service can pro-

vide travellers with information on public transport and 
guide them to arrange departure time and travel mode 
accordingly. This paper aims to analyse travellers’ choic-
es under RTI by exploring the relationship between the 
related variables of RTI and passengers’ travel choice. 
Based on the stated preference (SP) survey data, the or-
dinal logistic regression model is established to analyse 
the changing probability of passengers’ travel behaviour 
under RTI. The model calculation results show that trav-
ellers getting off work are more likely to change their 
travel choice under RTI. When data from the control 
and experimental groups are compared, the differences 
in route selection are significant. Specifically, passen-
gers with RTI have a more complex route selection than 
those without, including their changes of travel mode, 
departure time, vehicles, and stop choices. The research 
findings can provide insights into the optimisation of in-
telligent transit information systems and the strategy of 
RTI. Also, the analysis of passengers’ travel choice under 
RTI in the transit network can help to improve network 
planning.

KEYWORDS
real-time transit information; travel strategy; 
traveller behaviour changes; travel time.

1.	 INTRODUCTION
Improving the efficiency of public transportation 

and user satisfaction has been widely studied for a 
long time [1]. Many cities are committed to make 
better use of the public transportation system and 
improve urban traffic by strengthening the intelli-
gent service of public transportation. Among them, 
providing passengers with effective real-time transit 
information (RTI) has been a very popular practice 

in recent years [2-4]. The intelligent transit infor-
mation studied includes: static information (e.g. bus 
routes, departure time-tables, and ticket price), RTI 
(e.g. estimated bus arrival time, estimated travel 
time, road congestion) and crowding in vehicles. 
Passengers who choose to travel by bus can arrange 
the travel route based on these information and their 
own travel needs [5].

In recent years, RTI is no longer limited to bus 
stops only. As platforms that are equipped with RTI 
are becoming more diverse, RTI is being displayed 
in different ways [6]. For example, displaying dy-
namic location of vehicles can help reduce the un-
reliability of public transport services [7]. In addi-
tion, in order to provide RTI to passengers in a more 
cost-effective manner, many software developers 
are beginning to adopt open data [8]. Therefore, re-
search has been further expanded. For example, in 
order to assess the impacts of RTI that are obtained 
from electronic devices such as mobile phones, sev-
eral stated preference (SP) surveys, and revelled 
preference (RP) surveys have been conducted [9]. 
These impacts are mostly related to passenger per-
ception of time [10], passenger anxiety [11, 12], and 
their level of ride satisfaction.

First of all, some studies revealed that RTI has 
some positive effects, which helps improve the pas-
sengers’ use of public transport system services [13, 
14]. Among them, Zeng et al. [13] found that both 
qualitative and quantitative information can help 
passengers to be aware of their travel status. Pas-
sengers can arrange their departure time and travel 
route based on this information. They also demon-
strated that the space-time distribution of passen-
ger flow throughout the public transport network 
has changed significantly. Tang [15] developed a 
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behaviour and choices under RTI service. In section 
4, a brief discussion of major findings is given. Sec-
tion 5 provides final conclusion and future research 
of this study.

2.	 METHODOLOGY AND DATA 
COLLECTION

2.1	 Travel choice changes
When RTI service is available, travellers can 

make decisions based on these information and their 
previous travel experience. Most of the available 
studies showed that the most changeable attributes 
of passengers under RTI included their travel mode, 
departure time, route, and stop choices, which were 
the four most significant factors of travel deci-
sion-making [6, 11, 18, 25].

Change travel mode. The emergence of the RTI 
service and other intelligent transportation technol-
ogies allows passengers to have more confidence in 
the reliability and stability of public transport when 
faced with multiple travel modes. As for RTI with 
low repetition rate and high flexibility, it is easier 
for passengers to adjust their choices [5].

Adjust the departure time. In the previous car 
travel survey, departure time and route selection are 
often considered as a whole. However, when the 
RTI service is available, the passenger trip chain is 
considered adjustable during any point from the or-
igin to destination [13]. In the case where the road 
network and path selection are complicated, passen-
gers can first and foremost flexibly adjust the depar-
ture time according to their own needs. Generally 
speaking, passengers determine their departure time 
for the purpose of improving travel convenience 
and efficiency under the constraints of time, and re-
search shows that a significant number of travellers 
are willing to change their departure time [26].

Bus route and vehicle choices. For a station with 
only one bus line, the vehicle load factor is gener-
ally not very high. At stops where RTI is available, 
passengers can know exactly where the bus is and 
then determine the waiting time. However, unlike 
single-line stops, passengers are more concerned 
about the total travel time [22]. A common situation 
is that the RTI shows that bus A will arrive first, but 
the full travel time of bus A takes longer than that 
of bus B. Under these circumstances, not all passen-
gers will choose the bus that arrives first.

discrete choice model, which reflects the selection 
characteristics of passenger departure time under 
RTI. Hu et al. [16] showed that constructions along 
the way may increase travel time, and that such in-
formation changed traveller’s route choices.

Second, the effects of different types of RTI are 
different. A survey conducted at the University of 
Maryland showed that the estimated bus arrival time 
can increase the passenger's personal sense of safety 
when they are travelling at night [17]. A network 
survey conducted in Seattle found that more than 
32% of image information users have positively 
changed their perception of waiting time [18]. Sim-
ilar findings indicated the passengers’ increased de-
mand for the diversity of the RTI service. The most 
critical requirement is the accuracy and timeliness 
of the information [19, 20]. It can be seen that RTI 
plays an important role in changing the passenger 
route selection.

To sum up, travel choice under RTI will have 
significant impacts on the use of the entire public 
transport system [21]. Over the past few years, many 
researchers explored the influence of RTI on the 
passenger perceived time [22, 23] and assessed the 
benefits of providing information, such as reducing 
waiting time, relieving anxiety, and improving sat-
isfaction [24]. Another vital influence on passengers 
is their change of travel choice and frequency during 
the entire trip, which can be quantitatively evaluat-
ed. For example, due to the accurate understanding 
of bus arrival time and total travel time, passengers 
can flexibly adjust their departure time, change trav-
el modes, and choose different routes based on their 
time constraints. Judging by the empty seats in the 
bus and the arriving time interval between the two 
vehicles, they can choose the bus most preferred. 
Therefore, this paper focuses on passengers’ travel 
choice changes under RTI. This research will help 
to evaluate the effectiveness of RTI and yield in-
sights into the improvements of information con-
tents. Also, the analysis of passengers’ choices in 
the transit network can help to make the planning of 
this network more reasonable.

The rest of the paper is organised as follows. 
Following the general introduction and literature 
review, section 2 presents the SP survey-based data 
collection procedure and analyses the factors that 
impact passenger travel choices, and an ordinal lo-
gistic regression model is used to study the passen-
ger travel choice under RTI service. In section 3, we 
present the modelling results and explore passenger 
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depends on the factors they consider when making 
impromptu choices. Those factors include tolerable 
waiting time, frequency of use of RTI, and accu-
racy of information. A horizontal comparison of 
these factors shows that passengers are always more 
prone to change travel choices when they are on the 
way home than when they are commuting to work. 
On the other hand, passengers who are willing to 
change their route choices are most concerned about 
whether the bus will make a detour during the trip, 
the level of comfort, waiting time, and whether the 
tickets fare will change as the commuting situation 
shifts. Figure 1 takes the tolerable waiting time as an 
example. The impact analysis of other factors is the 
same.

Figure 1 shows the relationship between the 
changes in travel choices and the tolerable waiting 
time. Whether the passengers are on the way from 
home to work or getting off work, the number of 
passengers who certainly change their routes selec-
tion becomes higher as the waiting time within the 
tolerable range becomes shorter. There is a nega-
tive correlation between tolerable waiting time and 
changes in travel choices. That means the longer 
the tolerable waiting time is, the less likely it is to 
change the original riding plan. These findings are 
consistent with the travel choice assumptions iden-
tified previously in this paper.

2.3	 Ordinal logistic regression
According to the number of the dependent vari-

able, the ordinal logistic regression model can be di-
vided into binary choice models and multiple choice 
models. When the dependent variable is a multi-level 
categorical variable and the levels have an ordinal re-
lationship, the ordinal logistic regression model is a 

Bus stop choices. A bus stop is the location or 
carrier where passengers most often make deci-
sion changes [11]. This includes departure stations, 
transfer nodes, and getting-off stations. For exam-
ple, passengers with more than one choice at the 
starting point may not necessarily choose the near-
est station but will consider the entire information 
of a certain travel route, i.e., the related vehicle de-
parture interval, transfer convenience, and comfort 
level. In this case, the choice of transfer node and 
getting-off station will also become more change-
able due to the influence of the RTI service.

2.2	 Questionnaire
This study launches an investigation into the 

different passenger choices by conducting a stated 
preference (SP) survey. Therefore, we can use this 
data to analyse the decision-making characteristics 
of passengers who receive the RTI service in differ-
ent situations.

With reference to the research on the choice of 
car drivers’ travel routes under the influence of vari-
able message board, various factors that may im-
pact drivers’ choices are summarised and analysed 
synthetically [21, 24]. Similarly, the content of the 
survey can be determined as follows: personal attri-
butes of passengers, travelling attributes, tendency 
to change the travel route, and attitude of passen-
gers towards RTI.

In this study, a total of 700 questionnaires were 
distributed in 15 bus stops in Yanta District, Xi'an, 
Shaanxi Province, China. According to the princi-
ples of screening in this survey, 660 valid question-
naires were ultimately obtained, with an effective 
rate of 94.3%. Specifically, under the service of RTI, 
whether passengers will change their travel choices 
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by the characteristics of data and variables, we choose 
the ordinal logistic regression. The behavioural the-
ory of this model is based on random utility theory, 
following the principle of utility maximisation. The 
utility function can be expressed as follows:

U Vi i ip= + 	 (1)

V Xi n in
n

N

1
i=

=
/ 	 (2)

where Ui represents utility value of the ith travel 
choice; Vi represents fixed utility value of the ith 
travel plan; ξi represents random utility value of the 
ith travel plan; θn represents the coefficient corre-
sponding to the nth variable in travel plan i; Xin rep-
resents the nth variable in travel plan i. Since there 
are three final passenger choice plans, the multivar-
iate ordinal logistic regression model is used, which 
can be expressed as follows:
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where ym represents the mth bus passenger’s de-
cision on travel modes; cm represents the decision 
variable of the mth bus passenger; αi represents the 
influence coefficient of the a-type travel mode rel-
ative to the other mode; αk represents the influence 
coefficient of the b-type travel mode relative to the 
other mode; K represents the total category of travel 
modes, that is K=3. It should be noted that the travel 
mode here is not equal to its traditional definition, 
but rather to the passengers’ travel choices that we 
care about.

The cumulative odds model divides the response 
variables into ordered k levels and calculates the 
probability of different ones. This model is often 

natural choice. In our research we used the ordinal 
discrete choice model because the dependent vari-
ables included change path often, change path occa-
sionally, and never change path. Furthermore, ordinal 
logistic regression is easier to understand than other 
ordinal discrete choice models. Therefore, the ordinal 
logistic regression model is used to study passengers’ 
travel choices under the RTI service.

Variable selection
Model variables are based on the factor analysis 

approach. Independent variables consist of personal 
attributes, travelling attributes, tendency to change 
the travel route, and passenger attitude towards RTI. 
Correlation between those independent variables 
and travel choice requires further confirmation by 
calculating the significance level. The reference 
coefficient of the significance level is 0.1. If the 
value is less than 0.1, the correlation between the 
variables is significant. Results of the significance 
analysis are shown in Table 1.

Table 1 shows that the variables which are signifi-
cantly correlated with travel choices include age, 
trip frequency, tolerable waiting time, travel consid-
erations when changing travel paths, the presenta-
tion of RTI, the frequency of use of RTI, and the 
accuracy of information. Next, the numerical trans-
formation and definitions of independent variables 
are shown in Table 2.

Parameter estimation and model test
This paper explores the impact and effectiveness 

of RTI on passengers’ travel choices. The predicted 
passenger travel choices are as follows: changing 
travel choices usually, changing travel choices occa-
sionally, and never changing travel choices. Judging 
Table 1 – Correlation analysis between influencing factors and changes of travel choices

Variable I Variable II Coefficient Significance level Correlation degree

Gender Change travel choices 0.134 0.126 Insignificant

Age Change travel choices 0.114 0.021* Significant

Education Change travel choices 0.015 0.301 Insignificant

Trip frequency Change travel choices 0.087 0.046* Significant

Approach of achieving RTI Change travel choices -0.058 0.381 Insignificant

Tolerable waiting time Change travel choices -0.206 0.012* Significant

Travel considerations Change travel choices -0.042 0.038* Significant

RTI distribution Change travel choices 0.039 0.049* Significant

Accuracy of RTI Change travel choices 0.24 0.037* Significant

Frequency of using RTI Change travel choices 0.15 0.015* Significant

Note: * represents 0.01< P < 0.05
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Logit transformation of the above formula can 
be obtained as follows:
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where β0 is a constant term; p is between [0,1]; βi is 
a regression coefficient, which represents the loga-
rithm of the probability that the dependent variable 
increases by one or more levels for each additional 
unit of xi.

3.	 MODELLING RESULTS
According to the screening principles of the 

questionnaire, the parameters were computed by 
SPSS software. By gradually eliminating the vari-
ables with significant level lower than 95%, the it-
erative results of logistic regression analysis under 
the conditions of going to work/school are shown 
in Table 3.

Going to work/school
After 6 iterations, it can be seen from Table 3 that 

the variables that remained are as follows: frequen-
cy of using RTI, tolerable waiting time, accuracy 
and timeliness of information, and travel consider-
ations when changing routes. These are four vari-
ables required for modelling when RTI is available. 
Modelling results are shown in Formula 6–8.

( ) . . ( )
. ( ) . ( ) . ( )
. ( ) . ( ) . ( )

P x
x x x
x x x

7 275 0 897 1
1 305 1 1 223 1 0 965 2
1 489 1 1 034 2 1 129 4

Logit Change path often 5

6 7 7

8 8 8

= - +
+ + +
- - -

	 (6)

( ) .
. ( ) . ( ) . ( ) . ( )
. ( ) . ( ) . ( )

P
x x x x
x x x

5 670
0 897 1 1 305 1 1 223 1 0 965 2
1 489 1 1 034 2 1 129 4

Logit Change path occasionally
5 6 7 7

8 8 8

= -
+ + + +
- - -

	 (7)

( ) .
. ( ) . ( ) . ( ) . ( )
. ( ) . ( ) . ( )

P
x x x x
x x x

6 092
0 897 1 1 305 1 1 223 1 0 965 2
1 489 1 1 034 2 1 129 4

Logit Never change path
5 6 7 7

8 8 8

= -
+ + + +
- - -

	 (8)

Getting off work or after school
By gradually eliminating the variables with a 

significant level lower than 95%, the final logistic 
regression model under the case of getting off work 
can be expressed as Formula 9–11.

( ) . . ( )
. ( ) . ( ) . ( ) . ( )
. ( ) . ( )

P x
x x x x
x x

3 245 0 587 1
1 193 1 2 170 1 1 856 2 0 765 1
0 341 2 0 229 4

Logit Change path often 5

6 7 7 8

8 8

= - +
+ + + -
+ +

	 (9)

used in the study of ordinal logistic regression, and 
is also applicable to the solution of travel choice 
problem in this paper.

Let the response variable y be an ordered vari-
able with k levels; the independent variable is  
X=x1,x2,…,xm; the probability of ranking j (j=1,2, 
...,k) is P (y=j|x); then the probability that the level 
is less than j (j=1,2, ..., k) is as follows:

Table 2 – Numerical transformation and definitions of 
independent variables

Variable name Definition Assignment

Gender x1 Man=0 Woman=1

Age x2

18–30 years old=1
31–45 years old=2
Older than 45 year-old =3

Education x3

Senior high school or technical 
secondary school 
or lower education=1
Bachelor junior college stu-
dent=2
Master or higher degree=3

Trip frequen-
cy x3

Less than 2 days=1
3–5 days=2
6–7 days=3

Frequency of 
using RTI x4

Usually=1
Occasionally=2
Never=3

Tolerable 
waiting time x5

5–10 minutes =1
10–15 minutes =2
Longer than 15 minutes=3

Accuracy of 
RTI x6

Very accurate or fairly accu-
rate=1
Generally accurate or not very 
accurate=2
Very inaccurate=3

Travel con-
siderations x6

Transfer=1
Detour=2
Empty seat=3
Waiting time=4
Tickets price=5

Displayed 
types of infor-

mation
x7

Time prediction=1
Images with character=2
Images=3
Character=4

Source of 
information x8

Bus electronic stop=1
Applications on smart 
phones=2
Newspaper or television=3
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Since the models of going to work and getting 
off work have been iterated for 6 and 5 times re-
spectively, we got the fitting results shown in Table 5.

Table 5 reveals the model’s goodness of fit under 
commuting. Firstly, when travellers are going to 
work or school, the value of -2 Log likelihood is 
215.890 in the last iteration. The value of Nagelk-
erke R2 is 0.654, which is close to 1, indicating that 
this model fits well. Each variable is taken into the 
work model to calculate, and the probability that the 
passengers will change their path choice is 67.2%. 
Secondly, in the getting-off-work or after-school 
model, the value of -2 Log likelihood is 225.105 
in the last iteration, and its Nagelkerke R2 is 0.910, 
which is higher than that of the work model. Values 
of these variables are brought into the work model 
to calculate, and the probability that the passenger 
will change their line selection is 74.6%. Therefore, 
the model based on getting-off-work conditions fits 
better than the other one.

( ) .
. ( ) . ( ) . ( ) . ( )
. ( ) . ( ) . ( )

P
x x x x
x x x

1 780
0 587 1 1 193 1 2 170 1 1 856 2
0 765 1 0 341 2 0 229 4

Logit Change path occasionally
5 6 7 7

8 8 8

= -
+ + + +
- + +

	 (10)

( ) . . ( )
. ( ) . ( ) . ( ) . ( )
. ( ) . ( )

P x
x x x x
x x

0 974 0 587 1
1 193 1 2 170 1 1 856 2 0 765 1
0 341 2 0 229 4

Logit Never change path 5

6 7 7 8

8 8

= - +
+ + + -
+ +

	 (11)

Combing these two models above, we anal-
ysed several independent variables still retained. 
The meaning of independent variables is shown in 
Table 4.

Table 3 – Iterative results of going to work/school logistic model 

B S.E Wald Sig. EXP(B)

Change(1) -7.275 1.330 29.615 0.000 -

Change(2) -5.670 1.313 8.527 0.000 -

Change(3) -6.092 1.3225 11.796 0.000 -

Frequency(1) 0.897 0.412 5.766 0.027 2.714

Frequency(2) 0.048 0.435 1.354 0.239 1.436

Frequency(3) 0 - - - -

Waiting(1) 1.350 0.799 3.891 0.039 4.203

Waiting(2) 0.766 0.843 0.790 0.268 0.391

Waiting(3) 0 - - - -

Accuracy(1) 1.223 0.349 8.535 0.014 3.550

Accuracy(2) 0.965 0.302 4.250 0.041 2.335

Accuracy(3) 0 - - - -

Travel considerations(1) -1.489 0.532 4.645 0.021 1.210

Travel considerations(2) -1.034 0.601 3.992 0.043 1.008

Travel considerations(3) 0.765 1.212 2.355 0.102 0.342

Travel considerations(4) -1.129 0.438 4.027 0.004 1.535

Travel considerations(5) 0 - - - -

Table 4 – Interpretation of independent variables

Independent 
variable Interpretation

x2 (1) Age 18–30

x5 (1) Querying information often

x6 (1) Tolerable waiting time less than 5 minutes

x7 (1) Very accurate and timely information

x7 (2) Not very accurate and timely information

x8 (1) Transfer 

x8 (2) Detour

x8 (3) Empty seats/comfort level

x8 (4) Waiting time 

x9 (1) Displayed in predicted time

x9 (2) Character and images

Table 5 – Summary of the model’s goodness of fit 

Step -2 Log  
likelihood Cox&Snell R2 Nagelkerke R2

1 202.989 0.507 0.542
6 215.890 0.554 0.654
1 219.489 0.654 0.774
5 225.105 0.662 0.910
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The fitting results are shown in the above table. 
In the getting-off-work model, it can be seen from 
the constant term that when other factors remain 
unchanged, the order of attractiveness of the three 
kinds of travel choices from high to low is change 
path choice often, change path choice occasionally, 
and never change path choice. It can be learned from 
the specific value that the constant term of change 
path choice often relative to change path choice oc-
casionally is -0.17, and the value corresponding to 
the never change path choice is -6.85. When other 
influencing factors remain unchanged, the prob-
ability of occurrence of the change path choice of-
ten is 0.17 times greater than that of change path 
choice occasionally, and the probability of change 
path choice occasionally is 6.68 times greater than 
never change path choice. The effects of vari-
ous variables vary from going-to-work model and  
getting-off-work model. Here are the values of statis-
tic F and η2 of each variable. Among them, η2 is the 
effect coefficient, representing the ratio of the sum of 

4.	 DISCUSSION

4.1	 Validation of model
This section focuses on the feasibility and practi-

cality of the model. Regression analysis is performed 
based on the degree of change in passengers’ travel 
choice, and the ratio of relative risk (RRR) and con-
stant (Constant) are listed in Table 6. For the analysis 
of the variance of the influence variable, see Table 6. 
The actual sample size of this analysis is n=660. The 
experiment proves that the reliability of the analysis 
result can be improved by expanding the sample size 
by 3 times. The goodness ratio coefficients of the two 
models are 0.6380 and 0.5442, respectively, which 
satisfies the minimum threshold of 0.2 for model ac-
curacy, so it is reasonable to assume that the accura-
cy of the model is high. From the specific numerical 
point of view, the forecasting accuracy of going-to-
work model is higher than that of the getting-off-
work model. The hit rate of the former is 75.49%, 
and the hit rate of the latter is 71.99%.
Table 6 – Comparison of model analysis results

Travel choice Variables
Going to work Getting off work

Coefficient Z RRR Coefficient Z RRR

Change path 
often

x2 - - - -0.03 0.85 3.01

x5 0.023 1.48 1.94 - - -

x6 -0.24 -10.11 1.88 -0.781 4.22 0.73

x7 -1.96 0.62 0.96 0.032 7.25 1.38

x8 0.042 7.84 1.22 0.05 2.76 0.01

x9 - - - -0.88 5.69 8.01

Change path 
occasionally

x2 - - - -0.25 1.11 2.96

x5 0.21 -0.56 2.03 - - -

x6 -2.66 -3.17 0.06 0.025 0.46 1.24

x7 0.09 1.8 0.43 -0.45 1.86 0.53

x8 -2.22 0.34 1.04 -4.21 -10.67 0.89

x9 - - - 0.03 0.39 1.05

Never change 
path 

x2 - - - -0.05 1.15 1.73

x5 -0.15 4.22 1.81 - - -

x6 -0.33 3.91 2.05 -0.88 1.23 0.81

x7 -2.5 0.15 2.12 0.03 1.27 5.14

x8 0.27 1.32 2.08 0.015 5.1 0.36

x9 - - - 0.07 15.1 0.009

Samples size 1980 1980

Likelihood estimation -982.14 -763.25

Likelihood ratio 1881.24 1592.98

Goodness ratio 0.638 0.5442

Hit rate 75.49% 71.99%



Deng Y, Chen M. Impacts of Real-Time Transit Information on Bus Passengers’ Travel Choices Based on Travel Behaviour Survey

546	 Promet – Traffic&Transportation, Vol. 33, 2021, No. 4, 539-550

4.2	 Influencing factors

Here are several factors that influence passen-
ger satisfaction in a certain trip. According to the 
results of the survey in section 2 and model esti-
mation, the specific impacts of each main factor 
on the passenger travel choice are analysed under 
two different situations: going to work/school and  
getting off work/school. Among them, there are three 
common influencing factors of these two types of 
models. The first is travel considerations when they 
are changing routes, then there is the accuracy of the 
information, and the last one is tolerable waiting time 
of the passengers. In addition, the going-to-work/
school model considers the using frequency of RTI. 
The getting-off work/out-of school model focuses on 
passenger age and the displayed form of information. 
The influencing factors of six models were analysed 
as shown in Figure 2.

squares between the groups in the total square sum, 
and the larger the ratio, the greater the degree of in-
fluence. 

As shown in Table 7, all kinds of variables have 
significant differences for the relevant travel modes. 
But the effect coefficient η2 is relatively small except 
for the tolerable waiting time and accuracy of infor-
mation, which have a slightly higher effect value. 
The results are basically consistent with the results 
in Table 6. According to that, the model used is suit-
able for this study.
Table 7 – Analysis of the variables’ variance

Variable F MS η2

x2 4.21 2.1 0.01
x5 7.98 5.16 0.02
x6 12.69 8.18 0.01
x7 8.42 12.14 0.03
x8 19.02 2.01 0.004
x9 8.32 5.13 0.02

Tolerable
waiting time

Information
accuracy 

Accurate 
and timely

Vague 
and lagging

Transfer

Detour

Waiting time

Travel
Considerations

Information 
inquiry habits

Occasionally

Often

Less than 5
minutes

10–15 minutes

2.714 times
greater

Coefficient:
0.897(positive)

Age

18-30 years old

31-45 years old

Older than 45

1.58 times
greater

1.849 times
greater

Coefficient:
0.587(positive)

Age has less impact
on path changes.

Prefer the direct route
when going to work;
pay more attention 
to comfort when 
getting-off work.

Passengers trust 
timely and accurate 
information more.

The shorter the 
tolerable time, the 
greater the probability 
of changing path 
selection.

Coefficient:
1.489(negative)

Coefficient:
1.034(negative)

Coefficient:
1.129(negative)

Comfort:
empty seats

Coefficient:
0.765(positive)

Coefficient:
2.17(positive)

Coefficient:
1.93(positive)

Coefficient:
1.350(positive)

Coefficient:
1.223(positive)

4.203 times greater 2.203 times greater

2.75 times greater3.55 times greater

Less than 5
minutes

10–15 minutes

Accurate
and timely

Vague
and lagging

Logit model analysis 
(going to work)

Logit model analysis
(getting-off work)

Relation between the probability of
changing travel behavior

 
Figure 2 – Analysis of influencing factors in ordinal logistic regression model
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control group in the survey is 6.69 minutes, which is 
significantly different from the 5.35 minutes of the 
experimental group (t=3.01, p=0.0085<0.01). This 
conclusion confirms the efficiency of public trans-
port has been improved. Unlike the analysis of route 
choices, it is the complexity of stops selection that 
reflects the influence of RTI in choosing travel sta-
tions. The selection of passengers under RTI is more 
complex, indicating that these respondents display 
greater uncertainty in the choice of boarding, trans-
fer, and drop-off sites. Taking the passenger's get-
ting-off site as an example, passengers query RTI 
before setting out and find the planned route near 
the departure point or if they are experiencing traffic 
congestion. This congestion will last for some time. 
At this point, the passengers will combine their own 
preference for walking distance, decide whether to 
get off early to walk to the end point. As a result, the 
passengers' site selection complexity has increased.

Based on the conclusion and experience of 
some previous studies, there may be cases where 
the passengers’ perceived time is inconsistent with 
the actual waiting time [27]. In the survey’s results, 
74.8% of passengers usually checked the informa-
tion before leaving home or workplace; and 19.9% 
of passengers occasionally checked the information; 
only 5.3% of passengers said they never checked 
RTI. Therefore, the frequency of checking informa-
tion can be used to explore the impact of RTI on pas-
senger perceived waiting time, and further explore 
their changes of travel choice. However, after ana-
lysing the questionnaire and other related studies, we 
found this information lacking in diversity and dis-
playing insufficient flexibility. Moreover, the form of 
the information also needs to be further improved. 
According to the survey, 87.2% of passengers pre-
fer information in the time prediction category, and 
the preference for text-based information is 67.7%. 
In view of several popular bus information applica-
tions, it is still necessary to provide more accurate 
forecasting time, such as bus arrival time, transfer 

With regression analysis, we know about the 
probability of the passenger's trust of RTI under 
two travelling scenarios. That is, the probability of 
changing the travel choices with RTI is 67.2% for 
people who go to work and 74.6% for those going 
home, respectively. When passengers are on their 
way to work/school, they are more willing to use 
RTI to change their original travel options. This 
finding is consistent with the results when there are 
no time constraints [27].

4.3	 Analysis of travel choice change
In the previous section, it could be seen that trav-

el influencing factors ultimately affect passenger 
behaviour changes. This study will evaluate four 
indicators of passenger change in behaviour: travel 
mode, departure time, routes, and stop choices. In 
order to specifically examine the changes in these 
four behaviours, this study calculates the score dif-
ference of each surveyed individual with RTI and 
without it. Taking the travel mode as an example, 
the experimental group has the RTI service during 
travels, while the control group does not. The scores 
and standard deviations of the two groups of data 
are calculated separately. The results show that the 
score difference is not significant for the weekly bus 
travel mode selection (t=0.54, p=0.631), and there 
is no significant change for the weekly departure 
time choices (t=0.46, p=0.593). The specific calcu-
lation results are shown in Table 8.

Comparing the control group and the experimen-
tal group, the average scores of three variables with-
out RTI is lower than variables with RTI. Among 
them, the average number of changes in the route se-
lection of the control group is 2.17, and the average 
number of respondents in the experimental group 
was 0.98, which is a significant difference (t=3.01, 
p=0.0085<0.01). Meanwhile, this paper confirms 
that RTI can actually reduce the average waiting 
time of passengers. The average waiting time of the 
Table 8 – Statistical results of four changes in travel choice

Behaviour changes

Control group Experimental group Difference

Sample size
Mean

(standard  
deviation)

Sample size
Mean

(standard  
deviation)

T-stat P-value

Change travel mode 80 6.839 (3.94) 80 6.75 (3.83) 0.54 0.631

Adjust departure time 90 4.44 (4.03) 90 4.07 (3.63) 0.46 0.593

Bus route and vehicle choice 75 10.61 (4.07) 75 10.46 (4.37) 3.01 0.0085

Stop choice 85 23.94 (3.26) 85 16.25 (1.02) 1.73 0.00094
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Therefore, the passengers’ trust in RTI depended, 
to a large extent, on the accuracy and timelines 
of the information, especially for the commuters. 
This study also found that the higher the accuracy 
of RTI was, the higher the frequency became, with 
which passengers change the line selection based 
on the information provided.

After analysing passenger behavioural changes, 
this study confirmed the impact of RTI on the pas-
senger decision-making process, and obtained the 
probability of occurrence of different travel choic-
es. Passengers adjusted their travel arrangements 
because of this information, and once they believe 
that such changes would have beneficial impacts, 
these diverse choices will greatly help improve 
the utilisation of the public transport system. Also, 
analysing passengers’ travel choices in the public 
transport network helped to make the planning of 
network more reasonable.

This study still has some limitations that are 
worth noting. The results obtained in this ques-
tionnaire were based on the samples of 660 public 
transport passengers in Xi'an, China. However, the 
multivariate analysis captured significant relations 
that could be investigated in the future on a larger 
scale. In terms of using the ordinal logistic regres-
sion model to predict the passenger’s travel choice, 
there might be broader applications if the sample 
size and investigating area can be further expand-
ed. Secondly, the results of the questionnaire were 
derived from the information that the passengers 
filled out and reported subjectively, which means 
there may be some biases or deviation between the 
survey results and the actual situation. 

This research will help us to have a clearer un-
derstanding of the route choice behaviour of bus 
travellers. Further research can verify the quan-
tified benefits that RTI brings to the passengers, 
such as how to reduce their waiting time, ease their 
anxiety, and improve their satisfaction.
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time, etc., which will greatly help to reduce pas-
senger anxiety [16, 28]. As the following aspects, 
we can foresee the improvement of the efficiency 
of the public transport system:
1)	 	Bus passengers who travelled only based on ex-

perience in the past can now use the multi-line 
and multi-scheme selection provided by RTI to 
proactively avoid the congested path, which is 
conducive to the dispersion of passenger flow 
on the bus line during peak hours.

2)	 	Under the influence of the RTI service, the time 
spent by some passengers on the bus has de-
creased. On the one hand, it may be because 
they arrived at the destination as soon as pos-
sible; on the other hand, they may have chosen 
walking or other means with reference to RTI, 
thereby shortening the total travel time. The re-
alisation of these advantages and benefits must 
rely on the efficient and advanced RTI service 
system.

5.	 CONCLUSION AND FUTURE 
RESEARCH
In this paper, we used survey data of 660 bus 

passenger travel behaviours from Xi'an, China to 
assess the impact of RTI on the passengers’ change 
of their travel choice. The survey data included 
personal attributes of the passengers, travelling 
attributes, preference on changing path, and atti-
tudes towards RTI. Based on the data analysis, we 
designed a statistical experiment that integrated 
the survey data to facilitate the review of deci-
sion-making changes before and after the use of 
RTI.

Based on the ordinal logistic regression mod-
el, we found that with different time constraints, 
RTI affects passenger path choice differently. 
However, the analysis of the questionnaire and the 
ordinal logistic regression model showed that tol-
erable waiting time, accuracy of information, and 
travel considerations when changing path choice 
had significant impacts on passenger selections, 
whether there were time constraints or not. For the 
trips of going to work or school, passengers were 
more sensitive to tolerable waiting time and accu-
racy of the RTI service than when they were get-
ting off work, as they were often faced with time 
constraints when going to work. If there was inac-
curate information, they would not easily change 
the original travel plan. Otherwise, they would be 
late for work or school and suffer financial losses. 
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实时信息对公交乘客出行选择行为的影响

摘要

实时公交信息（RTI）服务可以为出行者提供与
公交系统有关的各类信息，出行者可以根据其需
求，利用这些信息更合理地安排出发时间和出行方
式。本文建立RTI服务下的公交乘客出行选择行为
模型，解释实时信息相关因素与乘客出行行为改变
之间的关系，为实时公交信息服务系统的改善提供
有效的建议。本研究基于意向性偏好（SP）调查数
据，建立了有序逻辑回归模型，分析RTI下公交乘客
出行行为的变化概率。模型计算结果表明：下班时
出行者更有可能根据RTI改变他们的行为选择；比较
对照组和实验组的数据发现，有RTI服务的乘客比没
有RTI服务的乘客在出行方式、出发时间、车辆和换
乘站的选择上复杂程度更高。本文成果可为智能公
交出行信息系统的优化及RTI的发布策略提供参考，

同时有助于提升公交网络的规划质量。

关键词

实时公交信息；出行决策；乘客行为变化； 

出行时间
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