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Abstract: To investigate citizens’ participation behavior in the lottery under the influence of the
license plate lottery policy (LPLP) and to guide them to participate in the lottery rationally, this
paper, based on social psychology and combined with the theory of planned behavior, divides
citizens into citizens with cars in their households and citizens without cars in their households.
This study then separately constructs structural equation models, sets perceived car necessity (PCN),
perceived behavioral control (PBC), attitude toward car ownership (ATT), and subjective norms
(SN), respectively. These four psychological latent variables were used to analyze the participation
behavior of different categories of citizens in the car lottery from the perspective of psychological
factors. Our empirical study found that there are significant differences in age and the number
of people living together. The mechanism of their intention to participate in the car lottery and
the psychological factors are different. The psychological factors affecting the intention of people
with a car and people without a car to participate in the car lottery are SN > ATT > PCN > PBC
and ATT > SN > PBC, respectively. Our research results can help to identify the internal factors and
mechanisms that influence citizens’ intention to participate in the car lottery and help government
administrators to optimize the LPLP.

Keywords: vehicle purchase restriction policy; license plate lottery; psychological factor; structural
equation model; theory of planned behavior; Amos

1. Introduction

To alleviate a series of environmental and traffic problems caused by the rapid growth
of motor vehicles [1–3], Shanghai, Beijing, Guangzhou, Shenzhen, Hangzhou, Tianjin and
Hainan have introduced a vehicle purchase restriction policy, shown in Table 1. Beijing,
in 2011, launched the license plate lottery policy (LPLP) for citizens who would like to
purchase passenger vehicles to stabilize the newly issued license plate registration number
at 100,000 vehicles per year [4]. Since the implementation of the LPLP, the number of lottery
participants has increased, while the winning rate has rapidly decreased due to the total
volume control of the issued license plate. The benchmark winning rate has dropped from
1:10.6 in 2011 of the first period to 1:3120 in the sixth period of 2020. In the sixth period of
2020, the number of valid codes was 20370763, the number of quota allocations was 6370,
and the winning rate was 1:3120 [5].

Subsequently, in 2014, the Beijing government added the license plate queuing policy
for new energy vehicles (NEV) registration to the LPLP, providing an alternative way for
citizens with urgent car needs to obtain a license plate quota [6]. Under the influence of
the government’s incentive policy for NEVs, a larger number of license plate applicants
have shifted to the NEV one, making the queue for the purchase of new energy vehicles
grow rapidly. As of November 2019, the number of valid codes for new energy minibus
indicators has increased to 448,576 [5]. If citizens currently join the NEV queue, they are
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expected to obtain a NEV purchase quota in 2028. In Beijing, the number of people who
are participating in the motor vehicle lottery is large. Similarly, the number of citizens
who have motor vehicles in their families but still participate in the lottery is large, further
increasing the difficulty of obtaining a license plate quota for citizens who do not have cars
in their families but have a high demand for cars [7].

Table 1. Regions that implemented the vehicle purchase restriction policy.

Year of Policy Application Regions Restricted Form Number of Annual Indicators Number of Vehicles Population

1994 Shanghai Auction 100,000 4.42 million 24.9 million
2011 Beijing Lottery 100,000 6.57 million 21.9 million
2013 Guangzhou Lottery + Auction 120,000 3.08 million 18.7 million
2013 Tianjin Lottery + Auction 100,000 3.38 million 13.9 million
2014 Hangzhou Lottery + Auction 80,000 2.86 million 11.9 million
2015 Shenzhen Lottery + Auction 80,000 3.59 million 17.6 million
2018 Hainan Lottery + Auction 120,000 1.50 million 10.1 million

Noted: Both the number of vehicles and the population are for the year 2020.

The above results indicate that the situation for citizens obtaining a license plate quota
is very critical [8]. In some cases, not everyone who participates in the LPLP has an urgent
need to own and use a motor vehicle, and there is no shortage of people who participate
in the lottery with a “queuing” mentality [9]. Situations such as these have made it more
difficult for a citizen to obtain a license plate quota. The participation of people without
car needs in the lottery can make it difficult for people with car needs to win the quota
in time. How to use the policy to guide people to participate in the LPLP rationally and
level out the probability of winning the lottery from the perspective of demand has become
a challenge for the administrators. Therefore, it is important to analyze the influencing
factors of citizens’ participation in the LPLP from the perspective of their psychology to
find the right guiding measures to lead them to participate rationally in the LPLP and thus
build a more relaxed environment for car purchasing.

Ever since Singapore pioneered the motor vehicle purchase restriction policy in the
1990s, scholars have continued to study motor vehicle purchase restriction policies. Liu
described the motor vehicle purchase restriction policies in Beijing, Tianjin, Shanghai, and
Guangzhou and analyzed the effects of these policies on the local private car stock. The
results show that the purchase restriction policies have kept the car stock per 1000 people in
these cities at a relatively stable level as the economy grows [10]. Sandel argued that both
lotteries and auctions are generic methods of allocating limited public resources [11]. Yang
analyzed the impact of the motor vehicle purchase restriction policy on energy consumption
from the perspective of energy consumption [12]. An evaluation of the Beijing vehicle
purchase restriction policy was conducted by Su [13]. Wang found that the lottery is a
tool for the rich to speculate rather than a solution for the poor by studying the motor
vehicle purchase restriction policy in Guangzhou [14]. Jianwei Ma analyzed the impact
of the lottery restriction policy on consumers’ car purchase choices from an economic
perspective [15]. Junze Zhu analyzed the impact on citizens’ participation behavior in
the car lottery from the perspective of increasing the cost of citizens’ participation in
lottery [16]. Li proposed an optimization and improvement method for the current lottery
restriction policy indicator allocation scheme [17]. Li conducted a theoretical analysis of
three alternative car ownership rationing schemes, including lottery, auction, and hybrid
schemes, and proposed an analytical model for determining the optimal automatic quota
for each scheme and the optimal allocation ratio between lottery and auction in the hybrid
scheme [18]. Zhuge focused on Beijing’s motor vehicle purchase restriction policy, using the
agent-based spatially integrated urban model SelfSim-EV, for investigating how the policy
may affect electric vehicle use at the individual level over time [19]. However, little research
has been done on how the LPLP works in terms of the public’s participation behavior in
the lottery.
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Researchers have studied the aspect of public participation in transportation planning
and available tools to support that process. Kazak’s research found the high usefulness of
the analyzed decision support system to solve the problem of public transport design [20].
Soegoto gave advice related to the transportation inspection by using a decision support
system [21].

In addition, the influence of psychological factors on choice behavior has received
increasing scholarly attention. Lars examined which variables drive the intention to reduce
car use by modeling the structure of a phase of change with mechanisms in the theory of
planned behavior (TPB) and the normative activation model (NAM) [22]. Wang used the
theory of planned behavior as the basis of his research to explore the gap between intention
and environmental behavior in waste separation policy in China, and the results showed
that perceived policy effectiveness and actual behavioral control had a positive effect on
behavioral intention, implementation intention, and environmental behavior [23]. Peng Ju
integrated the psychological factors influencing car-sharing behavior into the traditional
discrete choice model to study travelers’ choice of car-sharing behavior; the results showed
that latent psychological variables such as travelers’ perceived usefulness of car-sharing
positively influenced their choice behavior, and the model had higher fitness than the
traditional model without latent variables [24]. Peng Jing proposed an extended theory of
planned behavior (ETPB) to delve into the psychological factors that result from the influ-
ence of adults’ cognitive and behavioral habits [25]. Haustein et al. compared the electric
vehicle user group with the conventional vehicle user group using the theory of planned
behavior based on a Swedish online survey and showed that the acceptance of electric
vehicles is the most important factor influencing citizens’ choice of electric vehicles [26].
Zhang constructed a structural equation model of travel mode choice considering the non-
differential threshold in the framework of the classical theory of planned behavior, taking
into account the “sensitivity of travelers to changes in mode costs” [27]. Oretiz-Peregrina
studied the factors influencing distracted driving using the theory of planned behavior [28].
Mingyu Huo used the theory of planned behavior to study the behavior of Chinese people
using cell phones while crossing the street [29]. Huiling Wang used the theory of planned
behavior as a basis to explore the relationship between willingness and environmental
behavior in the new waste separation policy in China [30]. Ange Wang used the theory of
planned behavior to explore the intention to share parking spaces from the perspective of
private urban parking space owners at different levels [31].

Previous studies have shown that psychological factors, especially social factors, have
an important influence on citizens’ choice behavior, which in turn affects people’s related
behaviors. However, an analysis of the existing research literature shows that no scholar
has yet studied the participation behavior of different categories of citizens in the LPLP in
terms of social psychology. Therefore, this paper extends the perceived car necessity (PCN)
based on the TPB and divides participating citizens into those with cars and those without
cars according to their household car ownership. This paper then establishes structural
equation models to examine the intrinsic factors affecting the participation behavior of
different categories of citizens in car lottery and their mechanisms of action from the
perspective of social psychology to provide a reference basis for improving motor vehicle
demand management and motor vehicle lottery restriction policies and guiding citizens to
participate in the lottery rationally.

The remainder of the thesis is organized as follows: Section 2 constructs a model of
citizens’ participation behavior in the LPLP and its influencing factors based on the theory
of planned behavior, provides a structural equation modeling approach and proposes
research hypotheses. Section 3 describes the design of the questionnaire, the data collection
using Beijing as an example, and the preliminary data statistics. The reliability of the latent
variables and the results of the analysis of the structural equation model of different citizens
are given in Section 4. Section 5 proposes corresponding policy recommendations for the
optimization and adjustment of citizen participation in LPLP based on the results of the
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model analysis. Finally, Section 6 summarizes the main contents of this study and provides
an outlook on future research directions.

2. Methods
2.1. Structural Equation Modeling (SEM)

Structural equation modeling (SEM), also known as structural analysis of covariance, is
a method for building, estimating, and testing causal models that contain explicit observable
variables and latent variables that are not directly observable. Structural equation modeling
combines the traditional multivariate statistical analysis of “factor analysis” and “regression
analysis of linear models”, which can not only quantitatively analyze the interrelationships
between multiple variables but also analyze the direct and indirect effects between variables.
It also gives the overall goodness of fit of the model, not just the significance of the model
coefficients [32]. Structural equation modeling is widely used in various fields of economics,
marketing, psychology, and sociology [33–35]. As the complexity of scientific research
problems in traffic behavior increases, more and more scholars are introducing structural
equation models into the field of traffic behavior research [36,37].

A complete structural equation model with latent variables consists of two sub-models
together: the measurement model and the structural model.

(1) The measurement model is mainly used to verify the relationship between latent and
observed variables, and its expressions are as follows:

y = Λyη + ε (1)

x = Λxξ + δ (2)

In the formula:
x, y: denote the vectors composed of endogenous and exogenous indicators, respectively.
η, ξ: denote endogenous latent variables and explicit exogenous variables, respectively.
Λx: the factor loading matrix of x on η, representing the relationship between endoge-

nous indicators and endogenous latent variables.
Λy: the factor loading matrix of y on ξ, representing the relationship between exoge-

nous indicators and exogenous latent variables.
ε, δ: denote the error terms between the endogenous and exogenous indicators, respectively;

(2) The structural equation is mainly used to verify the causal relationship between latent
variables and latent variables, and its expression is as follows:

η = Bη + Γζ + ζ (3)

In the formula:
B: coefficient matrix, indicating the relationship between the endogenous latent variables.
Γ: coefficient matrix, indicating the effect of exogenous latent variables on endogenous

latent variables.
ζ: denotes the residual term of the structural equation.

2.2. Theory of Planned Behavior

Social psychology is a theoretical system that focuses on the psychology of people
in a social environment. It is the study of the psychological and behavioral patterns of
individuals and groups in social interaction. The representative theory is the theory of
planned behavior (TPB), firstly proposed by Ajzen et al. It can explain the decision-making
process of general behavior. The theory believes that individual behavioral decisions are
determined by their behavioral intentions, which in turn are jointly influenced by the
combination of attitudes, subjective norms, and perceived behavioral control [38]. The
following hypotheses are proposed.

Hypothesis 1 (H1). Citizens’ attitudes toward car ownership (ATT) are positively related to their
behavioral intention to participate in the LPLP.
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Hypothesis 2 (H2). Citizens’ subjective norms (SN) are positively correlated with their intention
to participate in the LPLP.

Hypothesis 3 (H3). Citizens’ perceptual behavioral control (PBC) is positively related to their
behavioral intention to participate in the LPLP.

Hypothesis 4 (H4). Citizens’ perceived behavioral control (PBC) is positively correlated with
participation behavior in the LPLP.

Hypothesis 5 (H5). Citizens’ behavioral intention to participate in the LPLP (BI) is positively
correlated with participation behavior in the LPLP. Haustein added perceived mobility necessity
(PMN) to the TPB, defining PMN as people’s perception of mobility-related influences in their
living environment and arguing that it affects travel mode choice and that PMN is determined
by actual needs [39]. He thought PBC is positively related to PMN, and that PMN is positively
correlated with behavioral intention and behavior. Many subsequent studies have extended PMN to
the theory of planned behavior in travel behavior studies [40–42]. The demand for car use affects
the willingness of citizens to participate in LPLP [9]. Therefore, this paper combines the PMN and
extends the perceived car necessity (PCN) latent variable based on the TPB.

Hypothesis 6 (H6). Citizens’ perceptual behavioral control (PBC) is positively related to citizens’
perceived car necessity (PCN).

Hypothesis 7 (H7). Citizens’ perceived car necessity (PCN) is positively correlated with their
intention to participate in the lottery.

Hypothesis 8 (H8). Citizens’ perceived car necessity (PCN) is positively correlated with participa-
tion in lottery selection behavior.

We constructed an extended theoretical model of planned behavior that includes the
PCN, psychological factors, intention to participate in the LPLP, and participation behavior
in the LPLP, as shown in Figure 1, in which the behavioral intention to participate in the
LPLP (BI) is used as the mediating variable. The outcome of behavioral intention is whether
to choose to participate in the LPLP (Behavior). The following hypotheses are proposed.

Sustainability 2022, 14, 944 6 of 23 
 

ATT

SN

PBC
PCN

BI

Behavior

H4
H8

H5

H7

H1

H2

H3

H6

 

Figure 1. Modeling framework of willingness to participate in the lottery. 

Based on the above theory, this paper constructs a structural equation model of will-

ingness to participate in the LPLP, uses the model to analyze the factors influencing will-

ingness to participate in the LPLP, and analyzes the influence of psychological factors on 

citizens’ participation behavior in the LPLP through the parameters in the model. The 

model includes 5 latent variables, PCN, SN, PBC, ATT, and BI, and 27 measured variables. 

The specific descriptions of each latent variable and its measurement variables are shown 

in Table 2, where the measurement variables are measured by referring to the question 

items of the relevant domestic and international TPB [38] using the Likert (Likert) five-

level scale. 

Table 2. A specific description of each latent variable and its measurement variables. 

Latent Variable 
Measurement  

Variable 
Variable Description 

Perceived Car  

Necessity 

(PCN) 

PCN1 Holiday driving demand 

PCN2 The demand for driving when taking children to and from school 

PCN3 Demand for commuting by private vehicle 

PCN4 Other driving demand 

 Car Ownership  

Attitude 

(ATT) 

ATT1 Owning a car can improve the flexibility of travel 

ATT2 Owning a car can improve the comfort of travel 

ATT3 Owning a car can improve the convenience of travel 

ATT4 Owning a car can improve the safety of travel 

ATT5 Owning a car can improve the quality of life 

Subjective Norm (SN) 

SN1 Influenced by friends/colleagues/classmates 

SN2 Influenced by relevant news or social media 

SN3 Other people who participate in the lottery will affect your participation 

SN4 Influenced by family 

Perceptual Behavior Con-

trol (PBC) 

PBC1 Participate in the lottery with a “try and see” mentality out of opportunism 

PBC2 
The degree of difficulty of successfully applying for the license plate (win-

ning rate) 

PBC3 You can participate in the lottery without any cost 

PBC4 
The license plates can be leased and sold at a profit, and the results of the 

application for license plates are equivalent to invisible property 

Intention to Participate in 

Lottery Behavior (BI) 

BI1 I have a strong desire to participate in the lottery 

BI2 I would like to encourage people around me to participate in the lottery 

BI3 Even if I have a car, I will still participate in the lottery 

2.3. Methodological Steps 

The required data include latent variable measures, socioeconomic attributes, partic-

ipation shake characteristics, and travel characteristics. The latent psychological variables 

are those mentioned in Section 2.2. Socioeconomic attributes include gender, occupation, 

education level, number of household members, annual household income, and number 

Figure 1. Modeling framework of willingness to participate in the lottery.

Based on the above theory, this paper constructs a structural equation model of
willingness to participate in the LPLP, uses the model to analyze the factors influencing
willingness to participate in the LPLP, and analyzes the influence of psychological factors
on citizens’ participation behavior in the LPLP through the parameters in the model. The
model includes 5 latent variables, PCN, SN, PBC, ATT, and BI, and 27 measured variables.
The specific descriptions of each latent variable and its measurement variables are shown in
Table 2, where the measurement variables are measured by referring to the question items
of the relevant domestic and international TPB [38] using the Likert (Likert) five-level scale.
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Table 2. A specific description of each latent variable and its measurement variables.

Latent Variable Measurement Variable Variable Description

Perceived Car
Necessity

(PCN)

PCN1 Holiday driving demand
PCN2 The demand for driving when taking children to and from school
PCN3 Demand for commuting by private vehicle
PCN4 Other driving demand

Car Ownership
Attitude

(ATT)

ATT1 Owning a car can improve the flexibility of travel
ATT2 Owning a car can improve the comfort of travel
ATT3 Owning a car can improve the convenience of travel
ATT4 Owning a car can improve the safety of travel
ATT5 Owning a car can improve the quality of life

Subjective Norm (SN)

SN1 Influenced by friends/colleagues/classmates
SN2 Influenced by relevant news or social media
SN3 Other people who participate in the lottery will affect your participation
SN4 Influenced by family

Perceptual Behavior
Control (PBC)

PBC1 Participate in the lottery with a “try and see” mentality out of opportunism
PBC2 The degree of difficulty of successfully applying for the license plate (winning rate)
PBC3 You can participate in the lottery without any cost

PBC4 The license plates can be leased and sold at a profit, and the results of the application
for license plates are equivalent to invisible property

Intention to Participate in
Lottery Behavior (BI)

BI1 I have a strong desire to participate in the lottery
BI2 I would like to encourage people around me to participate in the lottery
BI3 Even if I have a car, I will still participate in the lottery

2.3. Methodological Steps

The required data include latent variable measures, socioeconomic attributes, partici-
pation shake characteristics, and travel characteristics. The latent psychological variables
are those mentioned in Section 2.2. Socioeconomic attributes include gender, occupation,
education level, number of household members, annual household income, and number of
vehicles in the household. Participation characteristics include the number of household
households eligible for the lottery, the number of households participating in the lottery,
the time of participation in the lottery, and the participation behavior in the lottery. The
travel characteristics include the number of households with commuting needs by car, daily
travel distance, and travel mode.

After obtaining the data, statistical analyses were first performed, which included
descriptive statistics of individual socioeconomic attributes and cross-tabulations of in-
dividual socioeconomic attributes and participation in the shakeout behavior. This was
followed by reliability tests, validity tests, factor analyses, and fitness tests of the latent
psychological variables. This was followed by model analysis, path analysis between the
latent variables and path analysis between the measured variables and the corresponding
latent variables, as shown in Figure 2.
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3. Questionnaire Survey, Descriptive Statistics and Inspection

In Beijing, smartphones are widely available, and web-based questionnaires reach
more people than face-to-face questionnaires, so online questionnaires were chosen. This
paper obtains empirical data through a questionnaire survey, and the respondents are
mainly people who are eligible for the lottery (holding a motor vehicle license and no
motor vehicle in their name). To ensure the reliability of the sample, as well as richness,
the questionnaire describes the current LPLP scenarios in Beijing so that all respondents
can empathize with them, and respondents answer according to their reality in the LPLP
scenarios. The questionnaire mainly includes information on respondents’ personal and
household socioeconomic attributes and willingness to participate in the lottery table.

The survey was conducted on 13 August 2019 through a web-based questionnaire
issued by Questionnaire Star and took 3 weeks. A total of 528 questionnaires were collected,
of which 430 were valid, accounting for 81.4%. To conduct SEM analysis, the ratio of the
sample size to the observed variables must be at least 5:1 [43]. This paper constructs a
structural equation model with 26 observed variables, so the minimum sample size is 130,
and the number of valid questionnaires is greater than 260. Hence, the sample size meets
the requirements.

For a finite population, the sample sampling size formula is as follows [44]:

n ≥ N

( α
k )

2 N−1
P(1−P) + 1

(4)

In the formula:
n is the sample demand;
N is the population;
α is the significance level;
k is quantile;
P is usually set to 0.5, because a setting of 0.50 yields the most plausible sample size.
Generally, the significance level α was set to 0.05, the quantile k was 1.96, the number

of participants in the shake was 3.3 million, and the minimum sample size n was calcu-
lated to be about 384. The number of valid questionnaires was 430 over 384, meeting
the requirement.

3.1. Descriptive Statistics Analysis

Descriptive statistics were conducted on the socioeconomic attributes of individuals
in the sample. There are slightly more men than women, accounting for 58.14%; the
education level is mostly undergraduate, accounting for 36.98%; 32.56% of them have
annual household income distributed from 50,000 to 100,000 yuan; 74.65% of them are
qualified to participate in the LPLP (legally holding a driver’s license and no registered
motor vehicle in their name), and the number of household members living together is
mostly 3. Information on personal socioeconomic attributes is shown in Table 3.

According to the Beijing Seventh National Population Census Bulletin, the survey
results of the seventh national census in Beijing in 2020 show that there are slightly more
males than females in Beijing at present, and a higher proportion has an education level of
university or above. Therefore, the survey data in this paper are consistent with the data
of the seventh census in Beijing and are representative of the population. Thus, the data
can represent the overall circumstances of participation in the lottery among permanent
residents of Beijing and can be used for the analysis described in the subsequent chapters.

3.2. Analysis of the Difference between Citizens with a Car in the Household and Those without a
Car in the Household

In the questionnaire survey, we investigated “Would you choose to participate in the
lottery?”. The results of the survey are shown in Figure 3. The proportion of people who
choose to participate in the lottery is more than 50% in general, s well as for the proportion
of people who have a car in their family and people who do not have a car in their family.
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Table 3. Personal socioeconomic attributes of respondents.

Variables Percentage Variables Percentage

Age

18~25 years old 26.5%
Gender

Male 58.1%
26~30 years old 27.7% Famale 41.9%

31~40 years old 25.8%

The number of household
members who need to

commute by car

0 19.8%
41~50 years old 16.5% 1 38.6%
51~60 years old 3.3% 2 30.2%

Older than 60 years old 0.2% 3 7.9%

Occupation

Staff in government
or public institution 33.0% 4 1.9%

Professional and technical
personnel such as

lawyers/doctors/teachers/engineers
15.1% ≥5 1.6%

Private/self-employed 3.3%
The number of household
members who are eligible

for participating in the
LPLP

0 25.3%
Corporate Staff 20.9% 1 37.2%

Freelance 4.7% 2 29.5%
Retired 0.5% 3 6.1%

Full-time student 13.7% ≥4 1.9%

Other 8.8%

Family annual income
(CNY)

≤50,000 21.6%

Education level

Senior high school
and under 7.9% 50,000~100,000 32.6%

Technical secondary
school/junior college 24.9% 100,000~200,000 25.1%

University 37.0% 200,000~300,000 10.5%
Master degree or above 30.2% 300,000~500,000 6.7%

Number of
household
members

1 10.7% 500,000~1,000,000 2.1%
2 17.4% ≥1,000,000 1.4%

3 34.7%

The main mode of
transportation for

daily travel

Private car 38.8%

4 23.7% Public transportation
(subway, bus) 31.2%

≥5 13.5% Walking\cycling 21.4%

Number of vehicles
in the household

0 29.8% Taxi\online
car-hailing 5.6%

1 49.5% other 3.0%
2 18.1%
≥3 2.6%

Note: CNY 1000 ≈ USD 156.8.
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Figure 3. Statistical results of participate behavior in the LPLP.

Next, we used correlation tests to filter out the socioeconomic attributes of citizens
with and without a car in the household and compared them, as shown in Figure 4. We
found that:
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• The group of citizens without a car in the household is younger than those with a
car in the household, with the proportion of those distributed under 30 years old
exceeding 60%;

• The group without a car has a higher education level than the group with a car, with
46.1% of those with postgraduate education or above;

• The number of people without a car in their family is smaller, 28.9% live alone, 20.3%
live with two people, 28.1% live with three people, while the number of people with a
car in their family is higher for those with a car, 37.4% live with three people, 26.5%
live with four people, and 16.9% live with five or more people;

• In terms of the number of people living together who commute by car, 48.4% of the
group without a car don’t need to commute by car, while 92.4% of the group with a
car need to commute by car;

• In terms of annual income, the annual income of people without a car in their family
is relatively lower than that of people with a car in their family.
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Figure 4. Different categories of respondents’ socio-economic attributes (Age, Education level,
Number of household members, Number of household members who need to commute by cars,
Family annual income. (a) Age. (b) Education level. (c) Number of household members. (d) Number
of household members who need to commute by cars. (e) Family annual income (CNY).

A cross-analysis of individual socioeconomic attributes and choice for household
car-owning citizens and citizens without a car in their family can be obtained:

(1) For citizens with a car in their family: the results of the cross-tabulation analysis
between age and selection show that the older the age, the lower the willingness to
participate in the car lottery, as shown in Figure 5. Further cross-tabulation analysis of
age with other personal socioeconomic attributes found that the older the citizen, the
lower the annual household income and the fewer the number of households living
together with a commuting car need, which may be the reason why older citizens
do not participate in the car lottery. Among the education levels, the results of the
cross-tabulation analysis between education level and choice show that the higher the
education level, the stronger the willingness to participate in the car lottery. Further
cross-tabulation analysis of educational attainment with other personal socioeconomic
attributes, as shown in Figure 6. The result reveals that the higher the educational
attainment, the greater the number of people living together with the need to commute
by car, and the higher the annual household income, which may contribute to the
stronger willingness of people with higher educational attainment to participate in
the LPLP;

(2) For household car-free citizens: the cross-tabulation analysis of age and selection
shows the same trend as that of household car-owning citizens, with car-free citizens
older than 40 years old tending not to participate in the car purchase lottery and
car-free citizens younger than 40 years old tending to select the car purchase lottery,
as shown in Figure 7. Further cross-tabulation analysis of age with other personal
socioeconomic attributes reveals that the younger the citizen, the more educated he
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or she is. As shown in Figure 8, the higher the education level, the more likely the
citizens are to participate in the car lottery. The cross-tabulation analysis between the
number of commuters living together and the participation in the car lottery shows
that the greater the number of household members who need to commute by car, the
more likely they are to participate in the car lottery, as shown in Figure 9.
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Figure 7. Cross-analysis of age and choice intention of citizens without cars in their families.
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Figure 9. Cross-analysis of the number of household members who need to commute by car and
choice intention of citizens without cars in their families.

3.3. Model Test

Reliability and validity are used to measure the accuracy and stability of the question-
naire test results [45]. The reliability of the scale was tested by calculating the Cronbach’s
alpha coefficient for each variable. According to Mallery and George, a reliability coefficient
α greater than 0.9 indicates excellent credibility, while good is above 0.8, acceptable is
above 0.7, largely acceptable above is 0.6, crossover is above 0.5, and unacceptable occurs
at less than 0.5 [46]. As can be seen from Table 4, the Cronbach’s alpha coefficient for each
variable is greater than the standard value of 0.7, and the overall Cronbach’s reliability
coefficient is 0.922, which has a strong internal consistency. This indicates that the variables
have good reliability. The convergent validity of the questionnaire was evaluated using
average variance extracted (AVE), which is the extent to which the amount of variance
explained by each factor originates from the full range of questions included in that factor.
An average variance extracted value greater than 0.5 indicates that the indicator variable
can effectively respond to its latent variables and that the latent variable has good reliability
and validity [47]. As shown in Table 3, the average variance extracted values (AVE) for
each latent variable are greater than 0.5, which indicates that the convergent validity of the
questionnaire is ideal and can be used for further research analysis.
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Table 4. Reliability test of latent variables.

Latent Variable
Citizen Family without Car Model Citizen Family with Car Model

AVE Cronbach’s Alpha AVE Cronbach’s Alpha

PCN 0.700 0.899 0.615 0.883
ATT 0.827 0.908 0.697 0.915
SN 0.790 0.901 0.659 0.869

PBC 0.866 0.935 0.832 0.951
BI 0.673 0.794 0.713 0.852

This paper extends the perceived latent variable of car use necessity based on the
theory of planned behavior, thus requiring a factor analysis. In this paper, exploratory
factor analysis was performed on the sample. The results of the scale Kaiser–Meyer–Olkin
(KMO) and Bartlett’s spherical test are shown in Table 5. The KMO values of both the
model of household willingness to participate in the lottery for people without a car and
the model of household willingness to participate in the lottery for people with a car are
greater than 0.7. Bartlett’s spherical test is significant (Sig. < 0.001), which indicates that
there is a strong correlation between the observed variables and meets the prerequisite
requirements of factor analysis. The total explanatory power of the five factors, PCN, SN,
PBC, ATT, and BI, was 79.017% and 78.428% in the model of people without a car and
people with a car, respectively, which were higher than 50%, indicating that the scale has
good internal consistency reliability.

Table 5. Results of KMO and Bartlett’s spherical test.

Citizen Family without Car Model Citizen Family with Car Model

Kaiser–Meyer–Olkin metric for sampling adequacy 0.904 0.850

Bartlett’s spherical test
Approximate Chi-squared 5028.161 2151.609

Df 190 190
Sig. 0.000 0.000

The maximum variance method was used to orthogonally rotate the factor loading
matrix, and all factor loading values were greater than 0.5, which indicated that the scale
had good structural validity.

Then, the confirmatory factor analysis is applied to test the model fit. This paper
selects the chi-squared degree of freedom ratio (χ2/d f ), the goodness of fit index (GFI),
adjusted goodness of fit index (AGFI), root-mean-square residual (RMR), root-mean-square
error of approximate (RMSEA), normed fit index (NFI), incremental fit index (IFI), and
comparative fit index (CFI) as the evaluation indicators in this study. Among them, χ2/d f
is a statistic that directly tests the similarity between the sample covariance matrix and the
estimated covariance matrix. The closer the χ2/d f value is to 0, the better the observation
data fits the model. It is generally believed that when the χ2/d f value is less than 3, the
model fits well, and when the χ2/d f value is between 3 and 5, the model fits the model,
and the model is acceptable. When it is greater than 5, the observation data does not fit
the model well [48]. The results of the fitness are shown in Table 6. From the results of
the table, we can see that the model can meet the criteria for all the fitness indexes except
for the AGFI and RMR of the household carless citizen model, which are slightly lower
than the standard values, and the overall model fit is good, indicating that the model has
good fitness.
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Table 6. Fitness results.

Evaluation Indicators Citizen Family
without Car Model

Citizen Family
with Car Model Standard Value General

Standard Value

Chi-squared/degrees of freedom
(
χ2/d f

)
2.106 1.743 1~3 3~5

Goodness of fit index (GFI) 0.895 0.837 >0.90 >0.80
Adjusted goodness of fit index (AGFI) 0.861 0.778 >0.90 >0.80

Root mean square residual (RMR) 0.058 0.088 <0.05 <0.08
Root mean square error of approximate (RMSEA) 0.061 0.077 <0.05 <0.08

Normed fit index (NFI) 0.930 0.874 >0.90 >0.80
Incremental fit index (IFI) 0.962 0.942 >0.90 >0.80

Comparative fit index (CFI) 0.962 0.941 >0.90 >0.80

4. Structural Equation Model Analysis

Amos is a powerful structural equation modeling (SEM) software that helps support
research and theories by extending standard multivariate analysis methods, including
regression, factor analysis, correlation and analysis of variance. Amos can build attitudinal
and behavioral models reflecting complex relationships more accurately than with standard
multivariate statistics techniques using either an intuitive graphical or programmatic user
interface [49]. The structural equation model constructed in this paper was calibrated using
Amos software. The results from the calibration of the model revealed the mutual causality
between the latent variables of the extended theory of planned behavior and the degree of
influence of the observed variables on their corresponding latent variables.

4.1. The Willingness Model of Family Car-Owning Citizens to Participate in Car Purchase
4.1.1. Analysis of the Relationship between Latent Variables

The model output is shown in Figure 9. The normalized path coefficients between the
variables respond to the magnitude of the direct effects between the variables. As seen in
Figure 10, the positive effects of ATT, SN, PBC, and PCN on BI were significant, with path
coefficients of 0.250, 0.482, 0.144, and 185, respectively, with significant levels of p < 0.01
for ATT, SN, and PBC and p < 0.05 for PCN. This suggests that the intention to participate
in the car lottery is influenced by the attitude toward car ownership, subjective norms,
perceived behavioral control, and perceived necessity to use a car, thus hypothesizing that
H1, H2, H3, and H7 are proven. The degree of influence on the intention to participate in
the lottery is SN, ATT, PCN, and PBC in descending order, with the path coefficient of SN
far exceeding the other three, which indicates that the participation behavior of citizens
with cars in their families in the LPLP is mainly influenced by subjective norms.
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There was a significant positive effect of BI and PBC on behavior, with path coefficients
of 0.188 and 0.149, respectively, at a significance level of p < 0.05. This suggests that the
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intention to participate in the LPLP and intuitive behavioral control are influential factors
in citizens’ participation behavior in the lottery. Therefore, hypotheses H4 and H5 hold.
There was a significant positive effect of PBC on PCN, respectively, with a significance level
of p < 0.05. Therefore, hypothesis H6 is held. In contrast, the path of the effect of PCN on
behavior did not pass the significance test, so hypothesis H8 does not hold.

4.1.2. Analysis of the Relationship between Latent Variables and Corresponding
Observed Variables

The results of the parameter estimate between the latent variables and their observed
variables in the SEM model of citizens with a car in their families to participate in the car
lottery are shown in Table 7.

Table 7. Estimation results of parameters between latent variables and observed variables.

Path Estimate Standard Deviation Critical Ratio p

ATT→ATT1 0.857 0.076 15.508 ***
ATT→ATT2 0.913 0.076 16.557 ***
ATT→ATT3 0.937 0.076 16.883 ***
ATT→ATT4 0.701 0.081 12.415 ***
ATT→ATT5 0.741 — — —

SN→SN1 0.854 0.147 10.164 ***
SN→SN2 0.884 0.152 10.309 ***
SN→SN3 0.906 0.151 10.432 ***
SN→SN4 0.553 — — —

PBC→PBC1 0.898 0.040 25.153 ***
PBC→PBC2 0.898 0.042 25.285 ***
PBC→PBC3 0.937 0.036 28.785 ***
PBC→PBC4 0.916 — — —
PCN→PCN1 0.694 0.073 12.887 ***
PCN→PCN2 0.716 0.071 13.436 ***
PCN→PCN3 0.882 0.058 18.070 ***
PCN→PCN4 0.829 — — —

BI→BI1 0.963 — — —
BI→BI2 0.795 0.059 14.618 ***
BI→BI3 0.762 0.061 13.386 ***

Note: “***”: p < 0.001.

• Among the ATTs, ATT3 has the greatest impact, with a path coefficient of 0.937, and
ATT2 has a path coefficient of 0.913, which is close to ATT2. This suggests that the
comfort and convenience of travel that comes with owning a motor vehicle motivate
families with cars to participate in the lottery;

• Among SNs, SN3 has the largest standardized path coefficient of 0.906, which indicates
that citizens with cars in their households are vulnerable to the influence of other
participating citizens around them to participate in the lottery;

• Among the PBCs, PBC3 has a standardized path coefficient of 0.943, while PBC4 also
has a high path coefficient of 0.916, indicating that the no-cost participation in the
lottery and the potential economic benefits of car acquisition targets are the main
factors that attract citizens with a car in their families to participate in the car lottery;

• In the PCN, the path coefficient of PCN3 is 0.882, which indicates that the need to
commute to work is the main factor that drives people to participate in the car lottery.

4.2. The Willingness Model of Family without Car Citizens to Participate in Car Purchase
4.2.1. Analysis of the Relationship between Latent Variables

The model output is shown in Figure 10. The normalized path coefficients between
the variables respond to the magnitude of the direct effects between the variables. As seen
in Figure 11, the positive effects of ATT, SN, and PBC on BI were significant, with path
coefficients of 0.399, 0.336, and 0.313, respectively, with significance levels of p < 0.001 for
ATT, SN, and PBC and p < 0.01 for PCN. This suggests that the intention to participate in
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the lottery is influenced by the attitude toward car ownership, subjective norms, perceptual
behavioral control, and perceived necessity to use a car. Thus hypotheses H1, H2, and H3
are proven. The effect of PCN on BI did not pass the significance test, so hypothesis H7
is not valid. The path coefficients of ATT, SN, and PBC on BI in the model of household
carless citizens’ willingness to purchase a car lottery exceed 0.3, which indicates that
attitude toward car ownership, subjective norms, and perceptual behavioral control all
have significant effects on household carless citizens’ participation in car lottery behavior.
This is inconsistent with the model of willingness to participate in car lottery among citizens
with a car in the household.
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There was a significant positive effect of BI on behavior with a path coefficient of
0.245 and a significance level of p < 0.05. This indicates that the intention to participate
in the lottery is the only factor influencing citizens’ participation in the lottery, which is
inconsistent with the participation in the LPLP for car purchases by citizens with a car in
their families. Therefore, hypothesis H5 above is valid. There was a significant positive
effect of PBC on PCN at a significance level of p < 0.05. Therefore, hypothesis H6 is held.
The effects of PCN and PBC on behavior did not pass the significance test, so hypotheses
H4 and H8 are not valid.

4.2.2. Analysis of the Relationship between Latent Variables and Corresponding
Observed Variables

The results of the parameter estimate between the latent variables and their observed
variables in the SEM model of the family without car citizens’ willingness to participate in
the car lottery are shown in Table 8.

• Among the ATTs, ATT2 has the highest impact, with a path coefficient of 0.967, fol-
lowed by ATT3 with a path coefficient of 0.904. This suggests that the comfort and
convenience of travel that comes with owning a motor vehicle motivate people without
a car to participate in the lottery;

• Among SNs, SN3 has the largest standardized path coefficient of 0.957, which indi-
cates that household citizens without a car are vulnerable to the influence of other
participating citizens around them to participate in the lottery;

• In the PCNs, the path coefficient of PCN3 is 0.908, which indicates that the demand
for cars to and from work is the main factor that motivates family car-free citizens to
participate in the LPLP. These three points are consistent with the model presented for
citizens with a car in the household;

• Among the PBCs, PBC1 has the largest standardized path coefficient of 0.926, followed
by PBC2 with a path coefficient of 0.889, indicating that the difficulty of winning the
lottery is the main factor that attracts people without a car to participate in the lottery
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due to the opportunistic mentality of “trying,” which is very different from the model
of people with a car. The difficulty of winning the lottery is the main factor that attracts
people without a car to participate in the lottery. This phenomenon may be since
citizens with cars in their families are already accustomed to using cars for commuting
and show their dependence on cars for travel, so the PCN by household citizens
with cars has an impact on their participation in the car purchase lottery. In contrast,
household citizens without cars can only travel by public transportation and other
means, and the PCN has no impact on their participation in the car purchase lottery.

Table 8. Estimation results of parameters between latent variables and observed variables.

Path Estimate Standard Deviation Critical Ratio p

ATT→ATT1 0.835 0.129 8.687 ***
ATT→ATT2 0.967 0.125 9.770 ***
ATT→ATT3 0.904 0.132 9.345 ***
ATT→ATT4 0.678 — — —
ATT→ATT5 0.691 0.133 7.285 ***

SN→SN1 0.838 0.155 8.601 ***
SN→SN2 0.884 0.151 8.899 ***
SN→SN3 0.953 0.161 9.379 ***
SN→SN4 0.667 — — —

PBC→PBC1 0.926 0.094 12.510 ***
PBC→PBC2 0.889 0.099 12.302 ***
PBC→PBC3 0.851 0.060 16.994 ***
PBC→PBC4 0.813 — — —
PCN→PCN1 0.747 0.113 9.146 ***
PCN→PCN2 0.887 0.106 11.943 ***
PCN→PCN3 0.908 0.099 11.696 ***
PCN→PCN4 0.794 — — —

BI→BI1 0.714 — — —
BI→BI2 0.847 0.142 8.002 ***
BI→BI3 0.714 0.145 7.083 ***

Note: “***”: p < 0.001.

5. Discussion and Policy Recommendations

Based on the above findings, the following policy recommendations are proposed.

1. From the comparison of personal socioeconomic attributes of household car-owning
citizens and household car-free citizens, it can be seen there are significant differences
in age distribution and household size between household car-owning citizens and
household car-free citizens;

2. Analysis from the perspective of an extended theory of planned behavior revealed that:

(1) For citizens with cars in their families, PCN, PBC, ATT, and SN have a signifi-
cant positive effect on BI. Among them, the effect of SN on BI is much higher
than PCN, PBC, and ATT, which indicates that SN plays a major role in the
participation behavior of citizens whose families own cars in the car lottery;

(2) PBC, ATT, and SN have significant positive effects on the BI for people without
a car in their family, and the effects of these three items on the intention to
participate in the car lottery are approximately the same, which indicates that
ATT, SN, and PBC play a major role in the car lottery behavior of people
without a car in their family;

3. A comparative analysis of the latent variables revealed that:

(1) Among the SNs, the strongest subjective norms for citizens whose families
have cars and those whose families do not have cars were both from other
participants in the lottery, with the second strongest subjective norms being
influenced by related news or social media. Some studies have shown the
crucial role of social media on transportation choice behavior [50]. Therefore, it
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is suggested that the management department should strengthen the publicity
of rational participation in the LPLP and the use of public transport and green
transport to reduce the subjective normative effect of other participants on
public participation in car purchasing;

(2) The comfort and convenience of travel brought by owning a motor vehicle
is the main factor influencing the participation in the car lottery for citizens
whose families have cars and those whose families do not have cars in the
ATTs. The government can learn from the practices of cities with developed
public transportation, such as Portland in the United States [51], to reduce the
comfort level of the car travel environment, reduce car travel, and improve
the planning and construction of a multi-modal transportation system with
public transportation, bicycle transportation, and pedestrian transportation
service quality, as a way to change the public’s attitude that car travel can bring
convenience and comfort in travel, and thus rationally choose to participate in
car purchase lottery;

(3) In the PBC comparison, the zero cost of participating in the lottery and the
potential economic benefits of the car purchase index are the main factors
that attract people with a car in their family to participate in the lottery. In
contrast, the difficulty of winning the lottery and the opportunistic mentality
of “trying” are the main factors that attract people without a car in their family
to participate in the lottery. At present, citizens can participate in the lottery as
long as they meet the eligibility criteria for the lottery. There is no restriction
on the number of motor vehicles in the family, only that citizens with motor
vehicles registered under their names cannot participate in the lottery, so a
considerable number of citizens with cars in their families and those without
urgent needs for cars in their families obtain the purchase index for small cars
and then rent and sell the index to those without cars who have urgent needs
for cars. A number of car owners and people without the urgent need for
a car, after obtaining a small car purchase quota, are leasing and selling the
quota to people without the urgent need for a car to obtain substantial financial
benefits. In response to this result, combined with the significant difference in
socioeconomic attributes between car-owning and car-free households men-
tioned above, administrators can classify citizens according to whether they
have a motor vehicle in the household, set different lottery rules for car-free
and car-owning households, respectively, create additional car-free household
number pools, and set separate quotas for car-free household number pools
to reduce the difficulty of winning the lottery for car-free households. At the
same time, the government should also strengthen the monitoring of illegal
renting and selling of car purchase indexes and vigorously publicize the legal
risks associated with the illegal renting and selling of indexes;

(4) The perceived necessity of using a car has an impact on the intention of partici-
pating in the lottery for citizens with a car in their families. In contrast, it has
no significant impact on the willingness of citizens without a car to participate
in the lottery for purchasing a car, in which the necessity of using a car for
commuting to and from work is the main factor that motivates citizens with a
car in their families to participate in the lottery for purchasing a car. Manage-
ment can reduce the service level of cars on an existing basis, restrict the use
of cars, and improve the service level of public transportation. Furthermore,
management can lower the service level of small cars, restrict the use of small
cars, improve the service level of public transportation, and lower the PCN of
citizens with a car in their families, to guide citizens with a car in their families
to give up the lottery.
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6. Conclusions

This study aims to investigate the high enthusiasm of citizens’ participation in the
lottery under the motor vehicle lottery restriction policy. This paper takes the citizens’
participation in car lottery selection behavior as the research object, divides the citizens
into citizens with a car in their families and citizens without a car in their families, and
explores in-depth the influence mechanism of different categories of citizens’ participation
in car lottery behavior. The relationship between psychological factors and the influence of
potential psychological variables on citizens’ participation in the lottery was verified by
constructing a structural equation model based on the research framework of the theory
of planned behavior. The model validation results show that the extended plan behavior
theory of different citizens constructed in this paper has high explanatory power and
proves that the extended plan behavior theory can explain the differences in the willingness
of different categories of citizens to participate in the lottery. Based on the model results,
we also propose corresponding policy recommendations.

This study makes many theoretical and practical contributions. To the best of our
knowledge, this is the first study to apply extended plan behavior theory to explore citizens’
intention to participate in car lottery. This study can also help policymakers to optimize
motor vehicle shakeout policies.

This study only considers the influence of psychological factors on the participation
behavior of different categories of citizens in the lottery. This study did not explore the
influence of objective factors on the participation behavior of different categories of citizens
in the lottery.

The findings show that not all psychological variables directly affect the intention to
participate in the car lottery, which may be related to the structure of these psychologi-
cal factors. The psychological variables used are all introduced from abroad, and their
applicability in China needs much domestic empirical evidence for further research.

In future research, other psychological influences can be further introduced into the
theory of planned behavior, or even combined with psychological behavior models, and
this can be used as the basis for designing and verifying effective regulation measures for
citizens’ participation in the lottery to achieve effective guidance for different categories
of citizens’ participation in the car lottery. If possible, we can cooperate with the relevant
departments in Beijing and use an official platform to collect data.
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