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Abstract: As an essential component of bus dwelling time,
passenger boarding time has a significant impact on bus
running reliability and service quality. In order to understand
the passengers’ boarding process and mitigate passenger
boarding time, a regression analysis framework is proposed
to capture the difference and influential factors of boarding
time for adult and elderly passengers based on smart card
data from Changzhou. Boarding gap, the time difference
between two consecutive smart card tapping records, is
calculated to approximate passenger boarding time. Analysis
of variance is applied to identify whether the difference in
boarding time between adults and seniors is statistically
significant. The multivariate regression modeling approach
is implemented to analyze the influences of passenger types,
marginal effects of each additional boarding passenger and
bus floor types on the total boarding time at each stop.
Results show that a constant difference exists in boarding
time between adults and seniors even without considering the
specific bus characteristics. The average passenger boarding
time decreases when the number of passenger increases. The
existence of two entrance steps delays the boarding process,
especially for elderly passengers.
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ublic transit has been regarded as an essential solu-
P tion to the increasing challenges of urban traffic
congestion, especially in some developing countries like
China. Governments and public transit agencies have
taken several measures to make the public bus services
more attractive to citizens.

Among them, one measure for attracting more passen-
gers to take buses is to ensure bus service reliability, and
another critical measure is to promote accessibility for
some special passenger groups like seniors. The dwelling
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time accounts for a substantial proportion of bus travel
time, and thus it has a significant effect on service relia-
bility. Besides, it is clear that the dwelling time is mainly
spent in allowing passengers to get on and off the bus.
Movements in the whole process of taking a bus, espe-
cially the boarding movement, reflect the accessibility to
bus service for each type of passengers. Hence, a critical
issue is to study the passenger boarding movement.
Previous studies mainly focused on investigating and
analyzing the determinants of bus dwelling time using
field survey data on a macro level, whereas the micro-
scopic characteristics of bus passengers in the boarding or
alighting process receive little attention'' ™' . Furth'"' found
that higher variability of dwelling time might increase the
risk of bus service unreliability. Based on the manually
collected data, Tirachini”' identified the effects of differ-
ent factors, including the type of bus floor, the age of
passengers as well as the type of fare collection system.
Furthermore, by using the archived bus dispatch system
data, Bertini and El-Geneidym found that the dwelling
time per passenger was not necessarily related to the total
number of passengers. Shalaby et al.'” proposed a bus
travel time prediction model and discovered that the
boarding passengers had a more significant influence than
the alighting ones on dwelling time. Li et al. '™ developed
a simulation model to estimate the bus dwell time, and
similarly, Gonzilez et al.™ established a bus dwelling
time estimation model which considered the influence of
occasional incidents. Then the emergence of smart card
technology provided a new and more efficient way for re-
searchers to model the bus dwelling time and analyze the
relationship between dwelling time and the boarding/
alighting process. Using the smart card data, Widan-
apathiranage et al. """ presented a model of busway station

"1 used the smart card

dwelling time, while Sun et al. !
data for the first time to study the bus boarding and aligh-
ting dynamics by measuring the interval between two suc-
cessive boarding/alighting passengers. Before their study,
the average dwelling time per passenger was treated as a
constant. they did not explore the distinct

boarding/alighting characteristics of passengers at differ-
1.0

However,
ent ages. Moreover, Zhao et a introduced the index
of rank to identify how passenger boarding/alighting time
changed in a dynamic process.

Although some researchers applied the smart card data
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to the study of passenger boarding/alighting behavior,
few of them took ages into account in their articles. How-
ever, this attribute of passengers plays a vital role in de-
termining passenger movement time since different types
of passengers may spend different amounts of time when
boarding or alighting a bus.

In China, most of the smart card systems only have
passenger boarding records.
study focuses on the microscopic analysis of the passenger
boarding process. There are two objectives in this study:
the first one is to identify the difference of the boarding
time between adults and seniors, and the second one is to

Given this limilation, our

investigate the effect of various factors on passenger
boarding time.

1 Data Collection and Preprocessing
1.1 The smart card system in Changzhou

Changzhou is a prefecture-level city in southern Jiangsu
province of China, bordering the provincial area of Nan-
jing to the west and Zhejiang province to the south. As a
part of China’s highly developed Yangtze Delta region,
Changzhou now covers an area of 4 385 square kilome-
ters, with a total population of 4.7 million in its five ur-
ban districts and one satellite city. There is no metro
service in Changzhou now. However, over 260 bus lines
have formed an effective bus system, and bus trips ac-
count for 12.2% of daily trips for all citizens in Chang-
zhou'"".

The smart card automatic fare collection ( AFC) system
was introduced in Changzhou in October 2001, which
aims to decrease cash transactions. Passengers only need
to tap their smart cards at the front door when boarding
and all the buses have only one card reader at the front
door. Besides, bus lines in Changzhou charge the same
price, which is not distance-based. Either cash or smart
cards can make the payment, but smart card users can en-
joy a fare discount from 40% to 70% . Moreover, seniors
over 70 years old can enjoy the bus services for free. It
was reported that more than 75% of public transportation
passengers in Changzhou used the smart card for payment
in 2015. This proportion reached 95% in some of the bus
lines. When a passenger is tapping on from a bus, the
detailed transaction information is recorded, including
time, bus ID, bus lines ID, smart card ID, the type of
smart card and other operational data.

It should be noted that the transit system in Changzhou
has an independent AFC system and the automatic vehicle
location (AVL) system, which means that we cannot di-
rectly obtain the location of each boarding transaction.
Hence, identifying the boarding location of each record is
a significant issue for further studies in this research. Dif-
ferent from some other smart card systems in the world
with complete information about boarding and alighting,
the system in Changzhou, like most cities in China, can

only provide boarding records. Besides, there is no auto-
matic passenger counter ( APC) system in Changzhou,
which means that we cannot obtain the number of onboard
passengers for each moving bus. Note that passengers are
restricted to boarding at the front door and alighting at the
rear door.

1.2 Data collection

This study contains one-week anonymous smart card
data from March, 16th to 22nd, 2015 in Changzhou. We
collected more than 4 x 10° smart card transaction records
from six bus lines with a high proportion of elderly pas-
sengers and a high rate (around 90% ) of those making
payments by smart card. The reasons why we choose
smart card data from six bus lines are as follows: Firstly,
all these bus lines have a relatively high proportion of eld-
erly passengers (over 20% ). Secondly, a cash payment
made by passengers can create a large time interval, in
that case, we cannot apply the recorded time from con-
secutive smart card data to calculate the boarding gaps
and use it to approximate passenger boarding time.
Therefore, it is necessary to select data from a dataset
which has few cash transactions.

It is acknowledged that there are more than five types
of cards used in the transit system. However, students,
the disabled and other types of passengers make up only
an extremly small proportion of the total number of pas-
sengers, which are ignored in the analysis. This research
only focuses on analysis and modeling of adult and elder-
ly passengers.

Tab. 1 shows the characteristics description of the oper-
ating buses. The contents include more than 20 fields of
information, but only six fields are used in this study as
listed in the table, including bus line ID, vehicle name,
entrance type, length and number of doors. In Chang-
zhou, most of the bus lines only have one type of vehicle.

Tab.1 Bus characteristics description

. Vehicle Entrance Length/ Boarding Alighting
Line ID
name type m door door
Huanghai
14 DD6120G13 ! 12 ! !
2 Changlong i 12 1 i
YS6121QG
Jinlong
56 10 1 1
KLQ6108 GE3
Changlong
16 YS6121NG ! 12 ! !
Changlong
6 YS6900G ! ? ! !
Jinlong
1 1 1
39 KLQ6108 GE3 0

Tab. 2 presents the description of the smart card data
structure. In our research, only four recorded fields are
used to analyze passenger boarding behavior: Card type,
tapping time, bus ID and bus line ID.



Analysis of passenger boarding time difference between adults and seniors based on smart card data 99

Tab.2 Smart card data structure description

Information Description

Transaction ID Records of each transaction

Smart card ID Card code for eachsmart card
Records of the card user

Card t
arc type (adult, student, elderly, disabled, other)

Records of the time when one person

Tapping ti
apping time is tapping on a card reader

Bus ID
Bus line ID

Given the number of each operating bus

Given the number of each bus route

Due to the requirement of identifying passenger board-
ing location, GPS data are also obtained from the AVL
system. Tab.3 shows the detailed contents of GPS data.

Tab.3 GPS data structure information

Information Description
Bus ID Given the number of each operating bus
Bus line ID Given the number of each bus route

Time of arrival Records of the bus arrival time at each stop

Time of departure ~ Records of the bus departure time at each stop
Longitude

Latitude

Longitude records

Latitude records

1.3 Data preprocessing

Data preprocessing is required before passenger board-
ing behavior analysis and modeling. The first step in data
preprocessing is to determine the bus stop where the smart
card users board. By linking the bus ID and bus line ID,
we can narrow down the possibilities of the boarding loca-
tion. Then, if we find that the tapping time in the smart
card data is between the arrival time and departure time of
one bus, we find the accurate boarding stop for this smart
card record. The next step is to compute the boarding gap
between two successive boarding records of two passen-
gers. The computed boarding gap is the approximated
boarding time for the latter passenger. In this way, we
should notice that the boarding gap of the first passenger at
each stop cannot be calculated, so the number of recorded
activities is one fewer than the actual number of the board-
ing passengers. Since the smallest unit of the bus boarding
gap is a second, the minimum gap is 1 s. Also, we will
only use the terminology “boarding gap” to stand for the
time that one passenger spends in boarding a bus in the rest
of this research in order to avoid confusion. Fig.1 shows a
complete process of computing passenger gaps.

Some extreme large gaps are defined as outliers in this
study. These outliers are mainly caused by the following
factors: 1) Passengers making payments by cash ( Ap-
proximately 10% of payments in the records are made by
cash); 2) The passenger taking his card out after board-
ing; 3) Bus drivers waiting for the late-coming passen-
gers. The clustering-based method is implemented to de-
tect and clear the outliers.

Visual C* program language and structured query language
(SQL) are applied to accomplish the processes above.

° | .
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" [+ [Bo2saos Looooos 20154 EiT 6
5 |B028306 LOOOOOS 2015 kAT 7
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L7 s oo weEe 10000101 0000020002 1 o 1
8 ol 000008 SRR 1900-01-01 00:00:01.000f 1 1 1 1 0
e o L000008 FERBT 1900-01-01 00:00:04.000{ 4 4 1 1 0
10 01 LO0000S {1 1900-01-0100:00:04.000] 4 4 1 1 0

Fig.1 Process of computing boarding gaps

2 Analysis and Methodology
2.1 Descriptive analysis

The critical issue of this study is to figure out if there is
a statistically significant difference in the boarding gap be-
tween adult passengers and elderly passengers. Thus, we
calculate the statistics of boarding gap for adult passengers
and elderly passengers. The percentages of the boarding
gap for both types of passengers are computed by dividing
the total number of boarding records for one type of pas-
senger by the number of different boarding gaps. The line
charts in Fig.2 show the percentages of boarding gaps for
both adult and elderly passengers. The scale of the vertical
axis reflects the value of the frequency distribution. The
scale of the horizontal axis indicates time durations of differ-
ent boarding gaps. As can be seen in Fig.2, elderly passen-
gers are likely to spend more time when boarding a bus.

Descriptive statistics (see Tab. 4) demonstrate that the
average boarding gap of elderly passengers is higher than
that of adult passengers. Then, we conduct a one-way
analysis of variance ( ANOVA) to further check the
difference in their average boarding gaps by examining
the variances of samples.

2.2 Analysis of variance

Analysis of variance is a hypothesis-testing technique
used to analyze the differences among means. In this
study, ANOVA allows us to determine whether there are
systematic treatment effects that cause the mean in one
group to differ from the mean in another. Note that using
ANOVA to compare the means from two independent
samples is equivalent to using a t-test to make this com-
parison. However, ANOVA seems to be more suitable
for this research due to its conservativeness''". The re-
sults of ANOVA are presented in Tab. 5.

From these results, we can demonstrate that the differ-
ence in boarding gap between these two types of passen-
gers reaches a significant level. Thus, we should take in-
to account this difference in the following study.
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Tab.4 Statistics of passenger boarding gap

Number of Passenger boarding gap
Passenger type — - — -
records Mean/s Std. deviation/s Std. error of the mean/s Minimum/'s Maximum/'s
Adult 152 537 2.46 1.323 0.009 1 6
Elderly 64 897 2.74 1.402 0.015 1 7
Total 217 434 2.54 1.353 0.008 1 7

Tab.5 ANOVA for adult and elderly passengers

Type of Sum of Degree of Mean L.
. F-statistic p-value
comparison squares freedom  square
Between groups 514.418 1 514.418 283.557 0
Within groups 394 435.230 217 432 1.814
Total 394 949. 648

2.3 Regression analysis

Although the descriptive analysis in Section 2. 1 has al-
ready revealed the variation of gaps to some extent, it is
necessary to further explore changes in the dynamic
boarding process before conducting the regression analy-
sis. Fig. 3 presents the trends of the average boarding gap
g against the volume of boarding passengers at each bus
stop. The average boarding gap g has the highest variabil-
ity with a large range of possible values for the average
boarding gap when there is only one recorded boarding
activity. The trend of this variation is clearly shown in
the boxplot. As the number of passengers boarding a bus
at a bus stop increases, the variability of the average
boarding gap duration decreases and finally g reaches a
relatively stable value of 2 s. This pattern of variation is a
reflection of the marginal effect of each extra boarding
passenger on the dynamic process of boarding a bus.
Considering the difference in boarding behaviors between
adults and the elderly, we add the marginal effect for ad-
ditional boarding of each type of passengers into our mod-
el. However, the marginal effects of adult and elderly
passengers on g can be reasonably complicated in this re-

search since adults and the elderly have mutual influences
on each other when boarding buses. In other words, we
can claim four or even more types of marginal effects
when we study this process, namely, the marginal effects
of each additional boarding on the average boarding gap
of adult passengers and elderly passengers, respectively.

~

w
T

IS N

Average boarding time/s
[\S)

1 2 3 4 5 6 7 8
The total number of recorded boardings

(=]

Fig.3 Trend of average boarding gap against the volume of
boarding passengers

To simplify our analysis, we only consider two mar-
ginal effects: 1) The marginal effect of extra boarding
(no matter what type of passengers they are) on the aver-
age boarding gap of adult passengers b*""; 2) The mar-
ginal effect of extra boarding on the average boarding gap
of elderly passengers b2 "™ .

Also, we include one dummy variable D, which is ac-
tive to be one if one bus has a two-step entrance; other-
wise D equals zero, representing a low floor entrance.
One can expect that setting a two-step entrance in a bus
increases passenger boarding gaps. Using a nonlinear re-

gression model, we can measure the average cost of each
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adult passenger boarding g, and elderly passenger board-
T=Ag, +Eg +e=A(g," +by"R+b""D) +
E( geblderly + b:rllderlyR + b:lderlyD) +e ( 1)

boarding

- tae - denotes the total passenger
boarding time at each bus stops; £ and ¢ are the
time for the last passenger and the first passenger to board
one bus, respectively; A is the number of recorded board-
ing activities of adult passengers for each stop; E repre-
sents the number of recorded activities of elderly passen-
gers at each stop; R is the total number of recorded
boarding passengers and R = A + E; & is the residual of
the model; gi" represent the basic average
boarding gaps for adult passengers and elderly passen-
gers, respectively; 5" and bZ*" are the parameters indi-

s

boarding
last

where T =t

first
boarding
first

elderly

and g,

cating the contribution of bus entrance type to adult and
elderly passengers. The regression results are shown in
Tab. 6.

Tab.6 Results of regression analysis

Parameter Estimate t-test p-value
glt/(s - passenger ') 2.210 63. 040 0
b/ (s « passenger ~2) -0.014 —-7.542 0.001
b/ (s - passenger ') 0.074 6.332
gilderly /(s « passenger ') 2.700 61.808
beldery (5 - passenger %) -0.144 10.294
be%ly /(s « passenger ~!) 0.120 6.169

Adjusted R? 0.756

From the modeling results, we find that there is a
difference of 0.49 s/passenger between adults and seniors
in the basic boarding gaps, namely gi"
gesting that even without considering the specific charac-

teristics of the bus, seniors are slower to board buses.

elderly

and g,° ", sug-

The effects due to the existence of a two-step entrance at
the front door are significant, increasing both the average
boarding gaps for adults by 0. 074 s and seniors by 0. 120
s, respectively. Note that there is a small distinction of
0. 046 s between b*“" and bHI*", suggesting that the
effect of the step entrance is higher for the elderly. We
also find that the total number of recorded boardings has a
negative marginal impact on the average boarding gap for
both adults and seniors, indicating that the average board-
ing gap decreases with the increase of boarding passen-
gers, which is consistent with the findings obtained by

Sun et al'""’. There is a clear difference between 5™ and

elderly
bm

, suggesting that the marginal effect is more signifi-
cant for elderly passengers. To sum up, the process of
tapping smart cards and waiting for reader responses ac-
counts for a substantial part of the boarding time, and in-
deed seniors spend more time than adults in this process.
Besides,
board more quickly than a two-step entrance by reducing
the extra effort for passengers to walk up the steps, espe-

the one-step entrance enables passengers to

cially for the elderly.
3 Conclusion

In this paper, regression analysis is conducted using
data from the automatic fare collection system in Chang-
zhou, with the objective of quantifying the boarding gap
and difference between adult and elderly passengers and
analyzing the influence of the specific determinants of to-
tal boarding time at each bus stop, such as age and steps
inside buses. The results of ANOVA demonstrate that
there is a statistically significant difference between adults
and seniors in the time spent on boarding a bus. In re-
gression analysis, the model is estimated to account for
the total time for a queue of passengers to boarding. We
find that there are some negative marginal effects on both
adults and seniors, indicating that a high demand for tak-
ing a bus speeds up the boarding process of a queue of
passengers waiting at a bus stop by decreasing the average
passenger boarding time. Moreover, this effect is greater
on seniors than adults. From an operational aspect, this
marginal effect brings extra variability in the boarding
process and then this is expected to have an impact on bus
service reliability. Besides, the existence of a two-step
entrance is found to make the boarding process slower,
which is an expected outcome. This negative impact is
more significant in seniors than adults. Although the total
boarding time cannot adequately represent bus dwelling
time, it can be seen as an essential component of the time
spent on transferring passengers. Some policy recommen-
dations might be proposed based on the results of our
study. Seniors usually spend more time boarding a bus
and bring more variability to the dynamic boarding
process. Thus, it might be a cost-effective way for bus a-
gencies to provide customized bus services for the elder-
ly, using low-floor buses with optimal capacity, to im-
prove the efficiency of the whole transit system.
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