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The metro has developed rapidly in the past two decades and has become one of the crucial patterns of transportation for urban
residents in China. Many studies have explored the factors affecting metro ridership, but few have focused on the metro usage of
specific groups, such as the elderly and students. This paper uses the negative binomial regression model to explore the rela-
tionship between the built environment and the metro ridership of three types of people (adults, the elderly, and students) by using
the metro smart card data of Qingdao. We also used the fractional response model to discuss the factors that influence the
ridership share for the elderly and students. The results show that most variables promote the metro usage of the three groups of
people but have a significantly different effect on the market share of those groups. Specifically, the number of schools, hospitals,
supermarkets, squares, parks, and scenic spots near metro stations significantly increases the proportion of the elderly metro
usage. The number of bus stops and schools substantially increases the share of metro ridership by students. The research results
can provide valuable insights for promoting the metro’s overall ridership and minimizing the gap in allocating public transport
resources among different groups.

and lower accuracy [6-8]. In recent years, with the con-
tinuous development of geographic information systems
(GIS), a large number of studies have adopted statistical
models such as the ordinary least squares (OLS) regression
model [9], structural equation model (SEM) [10], and direct
ridership models (DRMs) [11], combined with urban built
environment to explore the factors influencing metro rid-

1. Introduction

With the rapid development of urbanization, many prob-
lems such as traffic congestion and environmental pollution
have become increasingly prominent. To solve this series of
social and environmental problems, an increasing number of
Chinese cities have begun to develop or expand rail transit

systems [1]. As of the end of 2020, 45 cities in China have
opened rail transit, with a total operating mileage of
7969.7 km, of which the metro mileage is 6280.8 km [2].
To adapt to the rapid development of the metro system,
many researchers began to predict and explore the factors
affecting metro ridership to formulate metro development
and operation plans. The most widely used ridership models
are the general four-step model [3] and activity-based model
[4,5]. Although these models can quantify urban passenger
demand well, they have disadvantages such as higher cost

ership. Compared with traditional models, they are simple,
straightforward interpretation of results, and cost less.
However, most studies have taken total ridership as the
research object, but only a few studies have explored the use
of the metro by specific groups such as the elderly and
students. Affected by unfavorable factors such as physiology
and economic income, specific groups have more urgent
public transportation demands than mainstream adults.
With the widespread use of smart card data, many re-
searchers use card types to classify passengers and explore
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the travel characteristics and differences between main-
stream and other groups [12, 13]. However, these studies are
based on bus data and do not involve the metro usage of
specific groups. In addition, policy recommendation is more
valuable when exploring the travel patterns and preferences
of multiple groups of people using the metro at the same
time. Therefore, this paper uses metro smart card data to
explore the metro usage by adults and other groups (the
elderly and students) to fill the gaps in the research content
of this direction.

The structure of this study is arranged as follows: Section
2 reviews related literature. Section 3 describes the study area
and data. Section 4 introduces the research method, and
Section 5 presents the research results and discussion.
Section 6 summarizes the conclusion and limitations.

2. Literature Review

Numerous previous studies exist on the travel behavior of
the elderly and the travel mode choices of students to go to
school. However, few studies have focused on the metro
travel behaviors of the elderly and students. Therefore, this
section will review this literature as references.

2.1. Elderly People. As problems of aging continue to in-
tensify, it is crucial to maintain the sense of social partici-
pation and mobility of the elderly [14-17]. As with the
mainstream population, the built environment affects the
travel modes of the elderly [18-20]. Studies have shown that
neighborhood design characteristics are closely related to the
active travel mode of the elderly. For instance, older adults
will have more active travel in highly walkable neighbor-
hoods [21]. At the same time, uneven sidewalks, pot-holes,
and other harsh walking environments will affect both the
accessibility and mobility of older adults [22]. Since most
older adults have retired, they have more time to engage in
nonwork activities. Compared with young people, their
mobility may not have been significantly reduced [17].
Meanwhile, due to the Chinese cultural background and
practical needs, the elderly living with their adult children
also have other out-of-home activities under family re-
sponsibilities [19]. For example, compared with others, older
people with many family members may have more bus trips
because they often help take children to school [23].

Previous studies have shown that Western older adults
have strong car dependence [24, 25]. Affected by the eco-
nomic development level and social background, the ac-
cessibility of public transportation is an essential
determinant of the travel behavior of the elderly in China
[19]. For example, a study in Nanjing showed that the
number of bus stops and bike share stations has a positive
effect on the travel frequency of the elderly [18]. As an
important pattern of travel for the elderly, public trans-
portation also helps to improve the accessibility and fairness
of the elderly to deal with the unbalanced distribution of
urban public service facilities. For instance, compared with
the elderly in urban areas, the elderly living in suburbs have a
longer distance to get medical treatment and are more
dependent on public transportation [26].
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To further protect the well-being of the elderly, many
Chinese cities have adopted various preferential policies to
encourage the elderly to use public transportation: dis-
counted fares and monthly public transportation subsidies.
Although these policies have effectively encouraged the use
of public transport, the effect may be quite limited. A study
in Beijing showed that free bus programs for the elderly only
induced less than 5% of bus trips among older adults [23].
Therefore, to further attract more elderly people to use
public transportation to maintain their necessary mobility,
in addition to public transportation preferential policies, we
also need to consider how to increase the attractiveness of
public transport to the elderly from other perspectives.

2.2. Elementary and Middle School Students. Going to school
is the leading travel activity for elementary and middle
school students (6 to 18 years old). A large number of studies
have shown that the built environment is closely related to
the students’ trip pattern of going to school [27-30]. First,
the distance between home and school is the main factor.
The increase in travel distance will prompt students to switch
from active travel mode to motorized mode. An Irish study
indicated that 2km is the dividing line between motorized
and nonmotorized modes for students [31]. A Chinese study
showed that as the distance of travel increases, students
would switch from walking to riding a bicycle. When the
travel distance exceeds 3 km, they will use more public
transportation and private cars to go to school [32]. Second,
the number of street intersections is also related to the
students’ school transportation patterns. A small number of
intersections will encourage children with shorter travel
distances to use active travel mode, but the increased in-
tersection number will affect the comfort of the journey and
reduce the propensity of students with longer travel dis-
tances to use public transportation [29]. Third, students’
travel patterns are closely related to the local geography and
culture. Due to Finnish cycling culture and developed cy-
cling infrastructure, 43% of students cycle to school in
Helsinki [27]. In Hong Kong, due to safety and topo-
graphical issues, students rarely ride bicycles to school, and
their main travel modes are walking and school buses [33].
Finally, due to a long commuting distance and complicated
urban transportation system, a single traffic vehicle may not
meet the commuting needs of students. The only study about
students commuting by the metro shows that the density of
bus stops and docks at bike share stations positively affects
students who use the metro to travel [30]. This means the
connectivity of transportation also affects the travel pattern
of students.

Many studies recommend that students use active mode
to school to protect their health and ease urban traffic
congestion [29, 34]. However, some Western and Chinese
studies have shown that the existing urban education system
is unfair. Many students start to go to schools farther away to
obtain higher-quality educational resources [29, 35, 36]; it is
essential for them to use safe and reliable transportation.
Limited by operational efficiency and inadequate supervi-
sion and management, the school bus system in China is not
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yet mature [30]. Therefore, besides private cars, public
transportation is a significant pattern for students who have
long commutes to school.

2.3. Literature Summary. In summary, the existing literature
focuses on the influence of the built environment on the
travel of the elderly and students. Still, the relationship
between these factors and metro ridership of the elderly and
students has not been explored. Therefore, the paper uses the
smart card and built environment data to analyze the travel
behavior of adult, the elderly, and student metro usage by the
negative binomial regression model. In addition, consid-
ering the importance and necessity of public transportation
for these groups, we also used the panel data model
framework to explore the factors affecting the market share
of specific groups to improve their transportation equity.
This result can evaluate the built environment preferences of
the elderly and students’ metro usage and provide valuable
insights into route planning and station design.

3. Study Area and Data

3.1. Study Area. Qingdao is a subprovincial city located in
Shandong Province, an important central city and inter-
national port city along the coast of China. Qingdao’s
permanent population was 9.50 million in 2019, of which
6.45 million lived in the urban area, including 2.20 million
older adults and 0.99 million elementary and middle school
students [37]. Qingdao’s built-up area was 758.16 km?, and
the urbanization rate was 74.12% [37, 38]. There are two
main reasons for choosing Qingdao as the research object.
First, Qingdao is the second Chinese batch of selected
“transit metropolis” model cities, with a relatively developed
metro system. The city has already built and operates four
metro lines by the end of 2019. The total length of the metro
network is 176 km and includes 82 stations, and an annual
passenger capacity of 187 million. Second, Qingdao provides
excellent preferential policies to encourage the elderly and
students to use public transportation. Elementary and
middle school students and older adults (60 to 64 years old)
can take the bus and metro at half price. The elderly of 65 and
above can take free public transportation. Therefore,
Qingdao is an excellent case for this research to explore the
metro usage of the elderly and students. The study area
includes the main urban areas of Shinan, Shibei, Licang,
Laoshan, and the urban areas of Huangdao and Jimo covered
by the metro network. The metro network of Qingdao is
shown in Figure 1.

3.2. Data

3.2.1. Data Processing. To explore the built environment’s
influence on the metro usage of three groups of people, this
study used the Qingdao Metro smart card and built envi-
ronment data.

We use Qingdao Metro smart card data from 13/5/2019
(Monday) to 19/5/2019 (Sunday). The data come from
Qingdao Metro Company. Due to route planning issues, 3

stations were not yet operational at that time. Therefore, this
study includes card transaction data generated by 79 sta-
tions. After a passenger enters the station and swipes a card,
a data set will be generated, including passenger card
number, card type, transaction date, and transaction time.
See Table S1 in Supplementary Material for the metro smart
card data structure. Since passengers need to swipe their
cards to enter and exit the metro station, the two transaction
records represent one trip.

The Qingdao Metro smart card types mainly include
regular cards, old age cards, and student cards. The old age
card is only for adults aged 60 and above. The student card is
used only by school students under 18. In this study, we used
only regular cards, old age cards, and student cards and used
these card types to represent adults (18-59 years old), the
elderly, and students, respectively.

The original data of Qingdao Metro in one week in-
cluded a total of 6.04 million transaction records. After
deleting some records that had errors or were incomplete,
we extracted the card types corresponding only to the three
groups. Our data set included 3.314 million metro trans-
actions, accounting for 54.9% of the original data. In the data
set, adults, the elderly, and students, respectively, have 2.620,
0.489, and 0.205 million transaction records. The elderly and
students, respectively, accounted for 14.8% and 6.2% of the
data set. This proportion is much smaller than the actual
proportion of the elderly and elementary and middle school
students in Qingdao (14.8% <23.2%, 6.2% < 10.4%). The
result means the elderly and students are far less likely to use
the metro than adults.

In this paper, we used point of interest (POI) data
collected from the Baidu map to represent the built en-
vironment. We selected the explanatory variables as fol-
lows. First, we extracted the characteristics of metro
stations and used them to measure which type of metro
station people like to use. Specifically, four factors were
considered: bus stops, road intersections, metro station
entrances/exits, and whether the station is in the main
urban area. Second, considering people’s travel purpose, we
further chose the following variables: extracted the hos-
pitals, squares, and parks to represent their medical and
leisure demands and selected the scenic spots and super-
makets to represent their entertainment and shopping
demands. In addition, we extracted elementary and middle
schools to represent students’ daily commuting purposes.
The descriptive statistics of variables are shown in Table 1.
All varijables related to numbers were calculated within an
800 m distance from each metro station, which is con-
sidered the standard distance and is often used to delimit
the buffer of metro stations [1, 39].

3.2.2. Data Analysis. We divided the metro operating period
(6:00-23:00) into 16-time intervals and calculated the
travel time distribution of adults, the elderly, and students, as
shown in Figure 2. The three groups of people have obvious
morning and evening peak travel characteristics but are
slightly different. Specifically, the adults have more trips in
the morning peak than in the evening peak. For the elderly,
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FIGURE 1: The metro network of Qingdao.

the most frequent trips are from 7:00 to 11: 00 in the whole
day, as well as the proportion of trips between 11:00 and 15:
00 is higher than that in other groups. This travel charac-
teristic is because most older adults have retired and their
schedule is more flexible. The travel time distribution of
students is roughly similar to adults, but there are still two
differences. The first is that students’ morning and evening
peaks are earlier than adults because they go to school/leave
school earlier than adults go to work/off work. Second, the
proportion of their trips in the morning peak is less than that
in the evening peak because some parents drive their stu-
dents to school in the morning [29]. These students need to
take other transportation to get back home by themselves in
the evening.

Station-level metro ridership composition is shown in
Figure 3. In general, the composition of passengers in dif-
ferent stations has a significant difference. Specifically,
stations with a high proportion of adults traveling are mainly
concentrated in the main urban area because this area has a
high job density. Adults have a lot of commuting demands at
these stations. Quite differently from the stations with a high
proportion of adults, the stations with a high proportion of
elderly travelers are mainly located in the northeast and
southwest areas of Qingdao, far away from the city center.
This can be explained in two ways. First, a previous study
shows that both adults and the elderly in Qingdao prefer to
travel in main urban areas, but the total amount of adult
travel is much more than that of older adults [12]. Therefore,
from the overall ridership composition, the urban elderly’s

share of trips is relatively low. Second, as there are many
tourism resources along with the metro in the southwest and
northeast of Qingdao, this may attract many elderly pas-
sengers. Students have a higher proportion of trips at the
stations on the west coast of Qingdao. This may be because
the educational resources in the Huangdao district are more
concentrated than that in other regions, attracting much
ridership by students along metro lines.

4. Method

4.1. Negative Binomial Regression Model. The aim of this
paper is to explore the influence of station characteristics
and city facilities on the metro usage of adults, the elderly,
and students because there is much more ridership in some
metro stations than others; in other words, the sample data
are too discrete and random. Therefore, we estimated the
corresponding negative binomial regression model for three
groups of people, which is widely used for data whose sample
variance significantly exceeds the average and is over-
dispersed [40]. The negative binomial regression model can
be described as follows:

y; = exp /30+Zﬁjxij+s , (1)
=1

where y; represents the metro ridership of the i" metro
station i = (1,2,3,...,m), fB, represents the intercept, x;;
represents the j® independent variable of the i" metro
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TaBLE 1: Descriptive statistics of variables.
Variable Description Mean Std. Dev.
Station characteristics
Bus stops Number of bus stops in 800 m buffer 9.21 5.94
Road intersections Number of road intersections in 800 m buffer 3.36 2.53
Main urban area 1: if the metro station in main urban area; 0: otherwise 0.65 0.48
Entrances/exits Number of metro station entrances or exits in 800 m buffer 2.90 1.22
City facilities
Schools Number of elementary and middle schools in 800 m buffer 1.68 2.07
Hospitals Number of tertiary hospitals in 800 m buffer 0.15 0.39
Supermarkets Number of supermarkets in 800 m buffer 0.64 1.50
Squares and parks Number of squares and parks in 800 m buffer 1.44 1.76
Scenic spots Number of scenic spots in 800 m buffer 0.21 0.40
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FIGURE 2: Proportion distribution of metro ridership among adults,
the elderly, and students.

station j = (1,2,3,...,n), B; is the regression coefficient of
the j independent variable, and ¢ is the error term of the
model and obeys the gamma-distribution.

4.2. Fractional Response Model. Our data set shows that
compared with adults, the share of the elderly and students
in the metro ridership is much smaller than their actual
population. Therefore, we not only used the linear model to
explore the influence of the built environment on the rid-
ership of the three groups of people but also used the
fractional response model to explore the determinants of the
share of those groups in the metro ridership.

The fractional response model (also known as the
fractional logit model) was first proposed by Papke and
Wooldridge [41]. The model can effectively deal with
bounded dependent variables and does not require ad-
ditional calculations and is often used to explain models in

which dependent variables such as share, pass rate, and
proportion are between 0 and 1. In recent years, this model
has also gained some applicability in traffic research. For
instance, McDonald used the fractional logit model to
analyze the influence of the Safe Routes to School (SRTS)
program on the proportion of students walking or cycling
to school [42]. Wang used the fractional logit model to
explore the difference in the influence of environmental
factors on the share of trips made by men and women
using bike share [43]. These studies have verified the
advantages of the fractional response model compared
with the linear model in dealing with bounded dependent
variables. The structure of the fractional response model is
as follows [41, 44]:

E(ylx) = G(x; ), (2)

where G(.) is a nonlinear cumulative function; the fitted
value falls within the unit interval [0, 1]. The fractional
response model in the form of logistic function can be
expressed as follows:

exp (xf3)

E(ylx) = G(x; ) :W-

(3)

In this study, x represents independent variables, and f3
is the coeflicient of the corresponding independent variable.
y is the dependent variable and represents the proportion of
elderly and student trips to the total metro ridership. y is
calculated as follows:

metro ridership for the elderly

Yiheelderly = o] ridership of the metro

(4)

metro ridership for the student

Ymdent = ] ridership of the metro

To visually indicate the influence of selected variables on
the market share of the metro by the elderly and students, we
calculate the average elasticity effects (AEEs) for the built
environment variables in the fractional response model. The
elasticity effects represent the change in the market share of
the metro ridership for the specific groups for every 1%
increase in the dependent variable, while holding others
constant.
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5. Results and Discussion

Before establishing the models, we used the variance
inflation factor (VIF) to check the collinearity of the
variables and found that there was no collinearity among
all the variables. Then, we retained the variables signifi-
cant at the 95% level, and the model results are reported in
Table 2. The first three models are negative binomial
regression models, with the metro trips of three groups of
people as the dependent variable. The latter two are
fractional response models, with the proportion of elderly
and student trips to the total ridership as the dependent
variable. To encourage more old adults and students to use
the metro and increase their market share, we will focus
on the factors that influence metro usage by the elderly
and students.

5.1. Station Characteristics. In our case, the number of bus
stops will significantly enhance the attractiveness of the
metro to adults and students. Moreover, the factor will have
a positive effect on the trip share of students. The result is
predictable because students usually use the bus as a feeder
mode when they use the metro to go to school [30].
Therefore, higher bus stop densities help students transfer to
the metro, thereby promoting the metro ridership by stu-
dents. Previous studies generally demonstrate that bus
stations positively correlate with metro ridership [45, 46].
However, our results showed that this factor is a negative
predictor of the share of the elderly metro trips. This may be
because, compared with others, older people do not like
transfer between metro and bus.

The results show that the number of road intersections is
positively correlated with the metro ridership of adults,
while it has a negative influence factor for the elderly.
Moreover, we found the factor significantly reduces the
share of the elderly. The results may mean that older people
prefer metro stations with fewer intersections, which pe-
destrian environment may make them feel safe. However, we
do not have more data to verify this hypothesis. Future
research will continue to explore the influence of the pe-
destrian environment in the catchment area of metro sta-
tions on the elderly and students, such as road network
density and road width.

In this study, the metro stations in the main urban area
and the number of station entrances/exits are statistically
significant and positively correlated with all groups. These
results are interesting and can be explained by previous
research. For the previous variable, Qingdao seniors prefer
to travel in the old city [12], and most of the elementary and
middle schools are located in the Qingdao main urban area
[47]. Therefore, compared with the urban area, the metro
stations located in the main urban area have more ridership
of the elderly and students. For the latter variable, although
previous studies have confirmed that the factor positively
affects metro ridership [39], it is still unknown whether this
factor affects the elderly and students. The research results
verify and further expand the scope of this conclusion.
Moreover, our research also found that these two variables

have no positive effect on increasing the proportion of older
adults and students. This may be because metro stations with
these characteristics also attract a large number of adult
travelers. Although the three groups of people have many
trips in those stations, the adults have the most significant
increase.

5.2. City Facilities. The number of elementary and middle
schools is positively correlated with the metro ridership of
adults and students and the share of trips made by students.
Surprisingly, the factor has also significantly increased the
elderly’s metro usage and proportion. The result of the
former is easy to understand. This latter finding can be
explained by a previous study that found some older adults
participate in some activities such as shopping in super-
markets and escorting children to school to support the
older and younger generations in the family [17]. Thus, the
number of schools is positively correlated with the number
of trips and market share of the elderly and students.
Moreover, the estimated margin effect shows that for every
1% increase in the number of elementary and middle schools
near stations, the share of students in the metro ridership
will increase by 0.31%. The factor is most effective in in-
creasing the proportion of students in metro ridership in all
variables.

Regarding hospitals and supermarkets, we found that
these two factors significantly increased the overall ridership
but only positively influenced the proportion of the elderly.
The result means that a large proportion of the ridership by
the elderly meets their medical and shopping needs through
the metro compared with other groups. Previous studies
have verified that public transportation facilities positively
influence the elderly’s travel for medical treatment [26] and
shopping [19]. Our research reconfirms these conclusions in
terms of elderly metro usage.

The number of parks and squares is positively correlated
with the ridership of the three groups of people. In addition,
those factors have significantly increased the proportion of
older adult metro usage. The result is not surprising. Because
parks and squares are important leisure places for the elderly
in China, they can meet various needs here, such as exer-
cising and chatting with friends [18, 19].

Regarding scenic spots, we found the factor is posi-
tively associated with the elderly metro usage, as well as
the share of the elderly. At the same time, we found the
factor is negatively associated with the share of students’
trips. This reason may be because many Chinese elderly
have retired and have more free time to take the metro to
visit the scenic spots. In contrast, students may not have
much free time. Therefore, the variable only can signifi-
cantly improve the use of the elderly. The estimated
marginal effect shows that every 1% increase in the
number of scenic spots in the metro catchment area leads
to a 5.47% increase in the proportion of trips made by the
elderly. Among the variables associated with the char-
acteristics of the built environment, scenic spots have the
greatest significant influence on increasing the market
share of elderly metro usage.
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TABLE 2: Results for negative binomial regression models and fractional response model.

Negative binomial regression model Fractional response model
Adults The elderly Students The elderly Students

Coef. p-value Coef. p-value Coef. p-value Coef. p-value AEEs  Coef. p-value AEEs
Station characteristics
Bus stops 0.030  <0.001 0.026 <0.001 -0.034 <0.001 -0.56% 0.007 0.047 0.04%
Road intersections 0.064  <0.001 -0.055 <0.001 -0.082 <0.001 -1.34%
Main urban area 1.240 <0.001 0.671 <0.001 0.474 <0.001 -0.259 <0.001 -4.23% -0.350 <0.001 -2.19%
Entrances/exits 0.129  <0.001  0.033 0.004  0.090 <0.001 -0.093 <0.001 -1.51%
City facilities
Schools 0.080 <0.001 0.123 <0.001 0.142 <0.001 0.057 <0.001 0.94% 0.049 <0.001 0.31%
Hospitals 0.157 <0.001 0.267 <0.001 0.313 <0.001 0.064 0.014 1.05%
Supermarkets 0.136  <0.001 0.146 <0.001 0.121 <0.001 0.028 <0.001 0.46% -0.021 0.035 —0.13%
Squares and parks 0.083  <0.001 0.087 <0.001 0.066 <0.001 0.019 0.009 0.32%
Scenic spots -0.228 <0.001  0.077 0.009 0.335 <0.001 547% -0.072 0.038 —-0.45%
Constant 2.444 2.221 0.813 —-0.548 —2.541
AIC 100195.10 74839.33 56993.95 9311.06 4545.48
BIC 100273.50 74917.73 57072.34 9382.33 4616.75

AEEs refer to the average elasticity effects.

6. Conclusions

The metro is an essential infrastructure for alleviating traffic
congestion and prompting the city’s development. Exploring
the factors that affect the metro ridership can help policy-
makers better formulate operational plans. This paper ex-
plores the travel characteristics and built environment
preferences of specific groups (elderly and students) using
the metro. The results verify findings from previous studies
and provide new insights for improving the ridership of the
elderly and students in station design and route planning.

Compared with adults, the share of the elderly and
students in the metro ridership is much smaller than the
proportion of the actual population in our data set.
Therefore, we have not only used the negative binomial
regression model to explore the influence of the built en-
vironment on the metro usage of the three groups but have
also used the fractional response model to explore factors
that increase the share of the elderly and students in the
metro ridership. In our results, most variables are positively
attractive to specific groups but have significant differences
in their influence on the market share of the elderly and
students. This conclusion provides new ideas for increasing
the metro ridership and reducing the gap in allocating public
transportation resources. For example, the number of
schools in the catchment area of the metro station not only
enhances the metro ridership but also increases the pro-
portion of the elderly and students in the metro ridership.

We found that the distribution of travel time of the three
groups of people showed morning and evening peaks, but the
peak travel time of students is earlier than that of adults. As the
elderly have more free time, they also have more trips between
9:00 and 15:00. These conclusions help policymakers un-
derstand the travel differences of different groups and for-
mulate diversified metro ticket prices and operation plans to
meet the travel demands of specific groups; for instance, to
alleviate the travel conflicts between the elderly and other
people during the morning peak periods. The government can

appropriately reduce the ticket price discount for the elderly
during peak periods and encourage them to take more trips
during off-peak periods. At the same time, policymakers
should consider shortening students’ travel time and distance
through good urban planning schemes and education man-
agement to ensure the healthy growth of children.

Among all the station characteristics, the number of bus
stops is the only factor that increases the number of metro
trips and the market share of students. The result means that
in future transportation planning, policymakers can plan
some bus routes near high-density children’s residences and
schools to facilitate students’ changes of transportation
mode. In addition, we found that metro stations located in
the main urban area with many entrances/exits can sig-
nificantly attract more elderly and student passengers. This
discovery is crucial and provides a reference for policy-
makers to increase metro ridership from the metro line
design and station characteristics.

The study found that the number of schools around
metro stations significantly increased students’ usage and
share of the metro ridership. Surprisingly, the factor also
positively influences the number and proportion of metro
trips by the elderly. Therefore, policymakers should consider
improving the travel environment of schools near metro
stations to facilitate the travel of students and the elderly.
Moreover, we found that the number of hospitals, super-
markets, squares, parks, and scenic spots is significantly and
positively associated with the elderly metro usage and the
market share of the elderly. These results indicate that the
metro is essential for maintaining the quality of older adults’
daily lives. In response to the increase in the aging society,
policymakers should consider building metro stations near
the elderly community and elderly care homes to maintain
the necessary mobility of the elderly.

The study has some limitations. First, although we ex-
plored the travel time distribution of adults, senior citizens,
and students using the metro, we did not consider the impact
of date attributes on the three groups of people. In the future,
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we should collect long-period metro smart card data to an-
alyze the travel characteristics of various people on weekdays,
weekends, and holidays. Second, due to the limitations of the
data set, we did not consider the family characteristics of the
studied groups. The next step should be to design a detailed
family survey questionnaire covering family members, family
income, and car ownership for further research.
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