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Private owners’ propensity to engage in shared parking schemes under uncertainty: 
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ABSTRACT
To develop effective strategies for the supply of shared parking and study various theoretical choice models 
under uncertainty, this paper investigates private parking space owners’ propensity to engage in shared 
parking schemes using a stated choice experiment that involves an uncertain key attribute. A hybrid 
expected utility-regret model incorporating rejoice is specified to explore the participation behavior. 
Equivalent models considering the perception of attribute differences are also estimated. Results show 
that socio-demographic characteristics, social influence, government’s role, media attention, platform fee, 
and revenues are all important factors explaining private parking owners’ propensity to engage in shared 
parking schemes. Besides, the model incorporating all these components, including the emotions of regret 
and rejoice and the perception of attribute differences, yields the best results. These findings could help 
promote the policy development toward increasing people’s engagement in shared parking.

KEYWORDS 
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Introduction

For thousands of years, people have been sharing the use of assets. 
The advent of the internet and the use of big data have made it 
easier for asset owners and users to find each other. This dynamic 
has been referred to as the sharing economy, which is an IT- 
facilitated peer-to-peer model for commercial or noncommercial 
sharing of underutilized goods and service capacity through an 
intermediary without transfer of ownership (Schlagwein, Schoder, 
and Spindeldreher 2020).

As cities continue to thrive and their population increases, it is 
inevitable that finding an empty parking space is increasingly 
more difficult. By bouncing between lots and garages that are 
full, drivers become restless and may choose to park illegally or 
leave altogether, creating a loss for the city in more than one way. 
Establishing a highly functional and efficient parking manage-
ment solution that ensures resident satisfaction and utilizes the 
existing parking lots throughout the city is needed. Applying the 
notion of a sharing economy to the parking industry may be 
a good solution to optimize existing parking capacity. Through 
shared parking, parking space owners can rent out their parking 
space at times they do not use it and generate revenues, drivers 
can use the shared parking space to avoid long search times and 
circling around, and developers can eliminate the burden to build 
more parking spaces, while urban planners can use the saved 
space for other functions.

In many cities, private parking spaces account for a large pro-
portion of parking resources and are often idle at daytime. 
According to the statistics of the Hong Kong Transport 
Department in 2016, 485,000 parking spaces were designated for 
private use, which represents nearly 70% of the total number of 
parking spaces. Similarly, residential parking resources accounted 
for 58.1% of all parking resources in Beijing (Xiao, Xu, and Gao 
2018). The peak parking hours of residential buildings are at night, 

while those hours of catering, office, and commercial buildings are 
complementary with residential buildings. Thus, it seems logical 
that urban parking problems can be relieved with enhanced use of 
these private parking resources.

To the best of our knowledge, Lalani (1984) was the first to study 
the concept of shared parking. Different types of land that could 
possibly be used for shared parking were systematically discussed. 
However, the shared parking concept proposed in the 1980s is 
actually quite different from the current concept because of no 
support of modern technology and the Internet. The current con-
cept of shared parking may renew people’s interest with the rise of 
the so-called sharing economy. It was not until a decade ago that an 
increasing number of publications on shared parking emerged, 
mainly focusing on matching, pricing, evaluation, and the willing-
ness of different parties.

Regarding the matching problem between suppliers and users, 
Kim et al. (2015) considered both drivers’ preferences and rev-
enues of parking lots and developed an effective algorithm to get 
a stable set of assignments of parking lots. Simulation results 
show that the proposed approach provides a reliable solution 
for drivers to find a parking lot. Zhang et al. (2020) allocated 
shared parking spaces with the goal of not only improving 
utilization but also reducing walking distance. Parking demand 
and supply data in the central district of Harbin in China were 
collected to evaluate the feasibility of the model. Yan et al. (2021) 
proposed a real-time reservation approach to deal with private 
parking-sharing allocation problem where demands and supplies 
occur randomly. A two-stage heuristic algorithm is proposed to 
quickly obtain near-optimal results.

To examine the pricing effects on shared parking demand, Hao, 
Chen, and Chen (2019) proposed a floating charge method for 
shared parking. Their results showed that compared with fixed 
fees, the floating charge method can improve the utilization rate 
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of idle spaces by more than 60%. Xiao, Xu, and Gao (2018) 
attempted to solve the pricing problem and matching problem 
simultaneously and therefore proposed an auction-based mechan-
ism. Later in 2020, Xiao et al. presented a differential price strategy 
(DPS) and a uniform price strategy (UPS) for shared parking and 
found that the DPS is superior to the UPS in terms of parking 
platform’s payoff, while the UPS outperforms the DPS in terms of 
participants’ utilities.

Besides, some researchers are interested in evaluation of shared 
parking. Abbott and Bigazzi (2017) examined the potential of 
shared parking with an emphasis on the imbalanced parking sup-
ply. Results based on a case study of a high-density residential 
neighborhood in Canada showed that on-street parking congestion 
could be greatly reduced by introducing a relatively small number 
of off-street stalls from selected residential buildings to the residen-
tial parking permit program. Zhao et al. (2021) constructed 
a quantitative model to estimate the effect of emission reduction 
in the implementation of shared parking policy. The results indicate 
that shared parking can not only effectively reduce the cruising time 
of vehicles searching for parking but also has a significantly positive 
effect on emission reduction.

Another line of research is related to the willingness of different 
parties to engage in shared parking. Liang, Eccarius, and Lu (2019) 
investigated the intention to use shared parking from the perspec-
tive of parking space suppliers and parking space users based on the 
theory of planned behavior. Yan, Feng, and Timmermans (2020) 
developed a prospect theoretical model to represent the implied 
decision-making of private parking space owners. Ardeshiri, 
Safarighouzhdi, and Rashidi (2021) developed a latent class beha-
vioral model for a sample of 1,008 residents in New South Wales, 
Australia, to explore drivers’ taste variation and preference for 
shared parking in different segments.

Among the relevant aspects related to shared parking, the deci-
sion-making of owners is seen fundamental and essential for policy 
makers to plan optimal parking systems. It is thus necessary to 
further understand the decision-making mechanisms of private 
owners related shared parking.

In transportation research, the decision-making process of indi-
viduals has been analyzed using a variety of models, e.g. random 
(expected) utility maximization (RUM) model, attitudinal models, 
prospect theoretic models, random regret minimization (RRM) 
models, satisfaction models, decision field models, etc. The most 
frequently used RUM model is based on the assumption that 
individuals are rational economic agents. Particularly in case of 
decision-making under uncertainty, random (expected) utility the-
ory has been shown to not accurately represent the psychological 
mechanisms of decision-making between alternatives with uncer-
tain consequences. Prospect theory has been the dominant alter-
native theory of decision-making under uncertainty and has 
outperformed random expected utility maximizing models in 
a great variety of contexts including transportation-related choices. 
Regret models offer an alternative. Bell (1982) and Loomes and 
Sugden (1982) introduced regret theory to explain individuals’ 
decision-making in risky choices. Rooted in regret theory, 
Chorus, Arentze, and Timmermans (2008) proposed the random 
regret minimization model to account for both risky and riskless 
decisions. Different from regret theory which considers both 
expected payoffs and regret, the seminal RRM assumes that people 
minimize anticipated regret. The main development of regret mod-
els in transportation research has involved the introduction of 
different specifications of the regret function (Chorus 2010, 2014a; 
Van Cranenburgh, Guevara, and Chorus 2015), the introduction of 
rejoice as the counterpart of regret (Jang, Rasouli, and 
Timmermans 2017a, 2018a; Rasouli and Timmermans 2019; 

Zagonari 2019), and the incorporation of the perceptual mapping 
of objective attributes into perceived attributes (Jang, Rasouli, and 
Timmermans 2017b, 2018b). The number of applications of regret 
minimization models to decisions under uncertainty in transporta-
tion research has, however, remained very small (Kim, Rasouli, and 
Timmermans 2017).

In the context of shared parking, individual parking space own-
ers may decide to share by pursuing the maximum profit or utility if 
the sharing scheme fits their parking needs linked with the activity- 
travel agendas of their household members. When multiple sharing 
schemes exist, e.g., sharing during a fixed or variant time period, the 
decision may depend on not only the difference between the sharing 
arrangement but also the difference between (main) attributes, such 
as time limits and expected revenue. Especially, when such condi-
tions become uncertain, the final choice of sharing scheme may 
depend on individuals’ judgment on the expected derived utility, 
and/or regret and/or rejoice. Therefore, it is necessary to investigate 
the fundamental mechanisms underlying individuals’ decision- 
making in shared parking.

The purpose of this paper is to analyze private parking space 
owners’ propensity to engage in shared parking by applying models 
of decision-making under uncertainty. A stated choice experiment 
that considers the influence of social network members, the role of 
the government, media attention, platform fee, contract period, and 
possible revenue was designed to collect the relevant data. First, we 
propose a hybrid expected utility-regret model to explore private 
owners’ choices. Next, we incorporate rejoice to examine the exis-
tence of rejoice when people compare alternatives. Finally, we 
investigate whether the inclusion of the perception of attribute 
differences improves model performance.

The remainder of this paper is structured as follows: in the next 
section, we will first discuss the operationalization of the study, 
expressed in the design of the stated choice experiment and its 
implementation. Next, we propose and estimate a series of hybrid 
expected utility-regret-rejoice models, followed by a discussion of 
estimation results. Finally, we conclude the paper and point out 
avenues for future research.

Data collection

China is facing the pressure of limited parking resources due to its 
rapidly increasing car ownership. As a potential solution, shared 
parking has attracted people’s attention recently. There is, however, 
not any empirical knowledge on private owners’ propensity to 
engage in these initiatives. Consequently, stated choice data were 
collected in this study. These data were collected between August 
and October 2019 in downtown Qingdao, China. Since parking 
space is a household property, we assumed that owner’s choice to 
join shared parking programs is a household decision. Therefore, 
the sample was limited to couples with private parking spaces. Some 
communities do not allow the purchase of parking spaces but can 
only rent them for private use. Privately owned parking spaces in 
this paper refer to bought or rented parking spaces that are not 
open to the general public. We invite each couple to first make 
choices individually and then jointly to reach a household decision. 
Individual decision-making is the focus of this paper however, 
leaving household decision-making for future research.

To ensure data quality, face-to-face interviews were conducted 
by university students. The students were trained for their task in 
a group meeting in which the concept of shared parking and 
objectives of the study were explained. A trial interview was held 
to observe the performance of all student interviewers and correct 
them when problems occurred. After the trial interview, students 
could ask questions. The answers to these questions were discussed 
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in meetings with all interviewers. For completed, high-quality inter-
views, we offered students a small gift for their assistance. 
Respondents are randomly sampled households at different loca-
tions and different times of the day. Finally, 302 couples (604 
individuals) successfully completed the survey after deleting the 
questionnaires with incomplete answers or obvious standardized 
response patterns. Table 1 presents the descriptive statistics of the 
main socio-demographic variables of the sample.

It is shown that the number of males in the sample is equal to 
the number of females. Twenty-one and a half percent of the 
sample is under 30 years old, 36.8% is between 30 and 40, and 
most (41.7%) are over 40 years of age. Middle-income (46.4%) 
and high-income (20.7%) respondents account for the majority, 
while 32.9% has relatively low incomes. Young people and low- 
income people account for a lower percentage because they can 
afford less buying a house, car, and parking space. As for the 
youngest child, 14.6% of these couples have no children, 23.8% 
has a 0–5 years old youngest child, while the remaining 61.6% 
has children over 5 years of age.

Considering that the availability of a parking space may be 
highly dynamic because of individuals’ own needs, a stated choice 
experiment including three alternatives (fixed mode, flexible 
modes, and no interest in sharing) was designed to investigate 
owner’s response to shared parking. The fixed mode means that 
the parking space owner may sign a contract with one person to 
share his parking space for a fixed period of time. The flexible mode 
means that the owner only needs to publish the time for a shared 
parking space so that anyone can use the parking space within 
a given time period. In addition, the option ‘no interested in shar-
ing’ is included. The flexible sharing mode allows owners to update 
the sharing time according to their needs, while fixed sharing means 
that the owner will not be able to use the parking space within the 
time specified in the contract. On the other hand, compared with 
the fixed sharing scheme, the flexible sharing scheme requires the 
owner to spend more time and effort considering the time period 
during which the parking space is not used and posting it on the 
online/app.

As every stated choice study, the design of the experiment 
started with the elicitation of attributes considered influential in 
the choice of interest. Because this step could not be based on 
a literature review, attributes were selected based on self- 
inspection, qualitative interviews with a small convenience sam-
ple, and an examination of the wider literature of consumer 
acceptance of new technology. Table 2 gives an overview of 
selected attributes and attribute levels. One of the selected attri-
butes is the percentage of social network members who share their 
parking space, following the extensive literature on social 

influence (Kim, Rasouli, and Timmermans 2017; Caiati, Rasouli, 
and Timmermans 2020; Kim, Rasouli, and Timmermans 2014). 
More specifically, we varied adoption percentages among social 
network members (Kim, Rasouli, and Timmermans 2017), differ-
entiating between friends, coworkers, relatives, and community 
residents. In addition, different governments have different atti-
tudes toward sharing economy. Some governments prohibit the 
sharing economy, while others support the provision of such 
services, and many cities simply do not take a clear stance on it 
(Hong and Lee 2018). As a potential solution to alleviate parking 
problems, shared parking may get support from Chinese govern-
ment. Whether the support of Chinese government has an influ-
ence on owners’ decisions is thus investigated. Media may have 
a similar persuasive or discouraging power. For example, some 
smokers decide to quit smoking after seeing reports about its 
harmful effects (Durkin, Brennan, and Wakefield 2012). 
Therefore, we assume that social media may also affect owners’ 
participation in shared parking. As a third-party company, the 
shared parking platform needs charging a proportion of the fees 
paid by users to guarantee ongoing development of the platform. 
We set four levels from 0% to 45% to vary the fees that owners 
need to pay. These seven attributes describe a specific context and 
are called context variables. Apart from these context variables, 
the attributes of alternatives also influence owners’ decisions. The 
contract period in fixed mode, the revenue from shared parking 
and the probability of earning that amount of revenue were 
selected as alternative-specific variables. As literally, contract per-
iod means the duration of the signed parking space sharing con-
tract. The revenue from shared parking refers to the monthly 
amount that owners can earn from sharing parking space out. 
The probability corresponds to the revenue in the sense that 
a certain amount of revenue can be received with a certain prob-
ability. In total, 12 attributes were selected for the choice experi-
ment (Table 2). Since the demand for shared parking is uncertain, 
the revenue generated is also uncertain. The levels of these attri-
butes were defined according to the state of the practice in devel-
oping shared parking schemes in China (Report of China’s shared 
parking industry analysis and investment strategy 2019) and the 
current parking situation in Qingdao, China (Traffic yearbook of 
Shandong province 2019). Because the revenue from shared park-
ing is uncertain, we systematically varied the values of the revenue 
and the probability of getting that amount of revenue.

The attributes and attribute levels listed in Table 2 lead to a 22 ×  
410 full factorial design. To reduce the number of combinations to 
a more manageable size without losing essential information, an 
orthogonal main effect design can be developed assuming interac-
tions are negligible. In this paper, an orthogonal fractional factorial 
design consisting of 64 choice sets was created, which ensures that 
the attributes presented to individuals are varied independently of 
one another. Moreover, an orthogonal blocking strategy was part of 
the design generation process to assign subsets of treatment com-
binations to respondents. The 64 choice sets were blocked into 16 
subsets. Each subset consists of 4 treatments and was randomly 
assigned to a respondent. A screenshot of an example choice task is 
shown in Figure 1.

In order to help respondents better understand the experiment, 
an example was shown to respondents as a task description before 
they started the real experiment. The meaning of the three alter-
natives and of every attribute, and the advantages and disadvan-
tages of shared parking were carefully introduced in advance. The 
task description avoided any leading or suggestive answers and 
underlined the trade-offs and uncertainties involved. Respondents 
were informed that any other factor they may consider did not 
differ between the choice options.

Table 1. Profile of the respondents.

Characteristic Level Frequency %

Socio-demographic 
characteristics

Gender Male 302 50
Female 302 50

Age ≤30 130 21.5
30–40 222 36.8
>40 252 41.7

Education level High school or 
below

310 51.3

Bachelor degree 
or above

294 48.7

Monthly salary Low 199 32.9
Middle 280 46.4
High 125 20.7

Age of the 
youngest child

Have no child 88 14.6
0–5 years old 144 23.8
>5 years old 372 61.6
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Model specification

Table 2 shows that the representation of the decision problem of 
parking space owners involves a set of contextual variables, one 
certain attribute of a choice option, and the uncertain generated 
revenue variable. Thus, we have a mixed decision problem. In 
a previous paper, we explored the performance of a prospect theo-
retic model. To further explore the performance of regret-based 
models, in this paper we modify different specifications of extant 
regret-based choice models and examine their performance. 
Different from other applications in transportation research, the 
key assumption underlying the tested models is that when making 
a choice under uncertainty, parking space owners trade off the 
utility they expect to derive from their choice and the anticipated 
regret (and rejoicing).

Hybrid expected utility-regret model

The first model we explore is a hybrid expected utility-regret model, 
which can be written as follows: 

where E[Vnit] is the expected utility of the deterministic and sto-
chastic terms of individual n for alternative i in choice situation t. 
RGnit is the regret of individual n who chooses alternative i in choice 
situation t, and εnit is an error term. 

Vnit consists of an alternative specific constant (β0
i ), the effects of 

effect-coded social-demographic variables (xs
nk), the effects of effect- 

coded context variables (xc
nmt) and alternative-specific attributes 

(xa
nigt), one being uncertain (

P

ih2iH
pa

niht ¼ 1) and the other being 

certain (pa
nit ¼ 1). βs

ik, βc
m and βa

ig respectively denote their corre-
sponding parameters that need to be estimated. Since each respon-
dent was required to complete multiple-choice tasks, panel effects 
were estimated, which were varying across alternatives and respon-
dents but invariant within respondents.

Table 2. Attributes and attribute levels.

Attributes Levels

Context variables Percentage community residents sharing their parking space 0%
25%
50%
75%

Percentage friends sharing their parking space 0%
25%
50%
75%

Percentage coworkers sharing their parking space 0%
25%
50%
75%

Percentage relatives sharing their parking space 0%
25%
50%
75%

Platform fee (percentage of the fees paid by users) 0%
15%
30%
45%

Government’s role Do nothing
Encouragement

Media’s attention Few advertisements
Many advertisements

Fixed mode Contract period 3 months
6 months
9 months

12 months
Revenues from sharing parking 20 60 100 140 180

120 160 200 240 280
220 260 300 340 380
320 360 400 440 480

Corresponding probabilities of revenues 20% 20% 20% 20% 20%
10% 20% 40% 20% 10%

5% 15% 60% 15% 5%
0% 10% 80% 10% 0%

Flexible mode Revenues from shared parking 20 60 100 140 180
120 160 200 240 280
220 260 300 340 380
320 360 400 440 480

Corresponding probabilities of revenues 20% 20% 20% 20% 20%
10% 20% 40% 20% 10%

5% 15% 60% 15% 5%
0% 10% 80% 10% 0%
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The specification of the seminal random regret-only choice 
model in a risky choice context is as follows (Kim, Rasouli, and 
Timmermans 2017): 

where xniht means the outcome at the hth state of the world of 
chosen alternative i in choice situation t, xnjvt means the out-
come at the vth state of the world of non-chosen alternative j 
in choice situation t, βg is the parameter of regret, pniht indi-
cates the probability that the hth state of the world of alter-
native i occurs in choice situation t, pnjvt indicates the 
probability that the vth state of the world of alternative j 
occurs in choice situation t.

The hybrid expected utility-regret-rejoice model

The assumption that choice behavior is only based on regret may be 
too rigorous in many decision contexts. Besides the emotion of 
regret, another emotion – rejoice – has triggered the interest of 
many researchers in recent years (Jang, Rasouli, and Timmermans 
2017a, 2018a; Rasouli and Timmermans 2019; Zagonari 2019) and 
was also mentioned in the seminal work on regret theory. Rejoicing 
is the feeling that individuals experience when the chosen alterna-
tive indeed outperforms the non-chosen one(s).

Several specifications of regret-rejoice functions have been sug-
gested in the literature. Bell (1982) proposed an exponential func-
tion to account for risk avoiding behavior. It is graphed in 
Figure 2a. The exponential regret-rejoice function can be expressed 
as: 

where βgj is the parameter of regret-rejoice.
Based on the same assumption, Chorus (2010) suggested 

a logarithmic function. Originally, it was introduced as 
a smoothing approximation of the regret model by Chorus, 

Arentze, and Timmermans (2008). Later, it was argued that the 
part of the function when the considered alternative outperforms 
the alternative can be viewed as rejoice. In this paper, we subtract 
ln 2ð Þ to ensure that regret and rejoice equal zero when the attribute 
levels of the compared alternative are the same. Note that this does 
not affect the estimated coefficients. Later in 2014, Chorus (2014b) 
suggested a generalized logarithmic function in which the ‘1’ in the 
logarithmic function is replaced by regret-weight γ. The generalized 
logarithmic function can also be adjusted to ensure regret/rejoice is 
equal to zero in the absence of attribute differences by subtracting 
ln γþ 1ð Þ. The logarithmic and generalized regret-rejoice functions 
are shown in, respectively, Figure 2b and 2c and can be written, 
respectively, as Equations (5) and (6): 

γ is a binary logit function of δ to ensure that γ lies between 0 and 1.
Note that the above specifications involve a single equation that 

applies to both the regret and the rejoice domain. In contrast, 
Rasouli and Timmermans (2019) suggested to define rejoice as 
a (linear) function of the sum of attribute differences of the con-
sidered alternative against the second best alternative. Jang, Rasouli, 
and Timmermans (2017a, 2018a) proposed to estimate a separate 
(non)linear function of attribute differences for the regret and 
rejoice domain. Considering the setup of the current study, these 
two proposals are identical. Also note that compared to the single 
function, these specifications offer more flexibility in capturing 

Figure 1. A screenshot of an example choice task.
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different choice mechanisms and principles. Assuming linear diver-
ging functions in the regret and rejoice domain, Figure 2d graphs 
the regret-rejoice function. The model can be expressed as follows: 

where RJnit is the rejoice of individual n who chooses alternative i in 
choice situation t, RGnit is the regret of individual n who chooses 
alternative i in choice situation t, βj is the parameter for rejoice, and 
βg is the parameter for regret.

Elaborating these specifications and applying them to the study 
of decision-making under uncertainty, we propose a hybrid 
expected utility-regret-rejoice model that consists of 
a combination of utility, regret-rejoice, and random disturbance 
terms. The model can be expressed as follows: 

The hybrid expected utility-regret-rejoice model considering 
perception

Most regret-rejoice models have been based on differences between 
the objective attributes of the choice alternatives (Δx). In reality, 
regret and/or rejoice are, however, more likely based on the sub-
jective perception of attribute differences. For example, the relative 
regret and/or rejoice the owner feels in the scenario where he/she 
gets 30Ұ and 60Ұ from the two options may be different from that 
when parking space owners get 330Ұ from one option and 360Ұ 
from the other. Based on psychophysical research, Jang, Rasouli, 
and Timmermans (2017b) introduced psycho-physical mapping 
into regret – rejoice models. Later, to allow the variance in 

perception to vary with the size of attribute, Jang, Rasouli, and 
Timmermans (2018b) put forward two possible functions. 
Applying the two functions to the regret-rejoice specification 
based on the linear split function gives: 

respectively 

Equation (10) indicates that the relationship between attribute 
intensity and the value of the power coefficient is symmetric around 
the Weber point. η and ψ are parameters to be estimated. ψ=η is 
calculated as the Weber point. η and ψ together determine the 
width of the curve. That is, the marginal change in perception for 
an attribute difference is the same for the same increase, respec-
tively, decrease from the Weber point. Equation (11) explores the 
possibility of asymmetric perception around the Weber point. 
Parameter σ directly indicates the location of the Weber point. 
Parameter τ decides the width of the curve and the degree of 
asymmetry: If it is estimated positive, individuals’ perception is 
more sensitive to the attribute intensities smaller than the Weber 

Figure 2. Graphical representation of the four regret-rejoice functions.
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point. The graph of the power coefficient regarding attribute inten-
sity is skewed on the left side of the Weber point. If negative, 
individuals’ perception is more sensitive to the attribute intensities 
bigger than the Weber point. The graph of the power coefficient 
regarding attribute intensity is skewed on the right side of the 
Weber point. In addition, if the absolute value of τ is close to 
zero, the shape of the graph becomes flat and symmetric, meaning 
that individuals perceive attribute differences following the Weber’s 
law for most attribute intensities. When the absolute value becomes 
larger, individuals’ perception is only sensitive around the Weber 
point, and the perception is similar to the objective difference. It is 
worth noting that the asymmetric function is proposed to explore 
the possible asymmetry of individuals’ response to a certain central 
point in many real settings. However, the asymmetric function is 
not a generalized version of the symmetric function.

Results

Estimation results

The estimation results of random expected utility model (REUM), 
RRM, and hybrid expected utility-regret models are shown in 
Table 3. Results show that social influence significantly affects 
private owners’ intention to share private parking spaces. The 
influence is highest for community residents, followed by friends, 
coworkers, and relatives. The community residents as stakeholders 
may be influenced if people allow strangers to use their private 
parking space. The respondents therefore bear pressure from com-
munity residents. Regarding platform fee, results show that the 
estimated parameters systematically decrease with increasing fee. 
The estimated parameter for a fee of 45% is significantly negative at 
conventional levels. Moreover, results show that government’s role 
and media’s attention show significant effects on owners’ choices. 
This means actions like encouragement of government may 
enhance market confidence, which provides directions for shared 
parking operators to publicize government’s encouragement and 
even cooperate with government. May, Königsson, and Holmstrom 
(2017) highlight ‘trust’ as a critical lever for making the sharing 
economy work. Liang, Eccarius, and Lu (2019) also put forward 
similar views that the government’s guidance and development of 
relevant support measures will help suppliers, their relatives, and 
other community members to trust and approve the shared parking 
mechanism, and provide peace of mind to individuals who are 
willing to participate. Besides, the values of the alternative-specific 
constants are negative, which means that on average the respon-
dents prefer not to share their parking space.

The positive parameter for owners under 30 years old and the 
negative parameter for owners over 40 years old indicate that young 
owners are more willing to participate in shared parking than older 
owners. One of the reasons may be that young owners tend to be 
more willing to accept new things in general. Another reason may 
be young owners, who have not experienced long-term wealth 
accumulation, value the revenue from shared parking more than 
older owners. The third reason may be that many older owners are 
more reluctant to participate in APP-related and Internet-related 
projects because they are unfamiliar with the technology. 
Parameters are, respectively, negative and positive for male and 
female for the fixed mode, whereas they are exactly opposite for 
flexible modes, which implies that males favor the flexible mode 
over the fixed mode. According to the statistics from the Ministry of 
Public Security of China, in 2020, there were 308 million male 
drivers, accounting for 67.57%, and 148 million female drivers, 
accounting for 32.43% (Wang et al. 2021). Perhaps, the reason 
that males care more about flexibility is because they are the main 

car users. The estimated parameters for individual salary suggest 
that high-income owners are less interested in shared parking than 
low- and medium-income owners. It may be because parking space 
owners with low and medium salary are more interested in the extra 
revenue shared parking may bring, while parking space owners with 
high salary are more concerned about the hassle and inconvenience 
that comes with shared parking. Another interesting finding is that 
parking space owners whose youngest child is between 0 and 5 years 
old prefer the fixed mode. The reason may be that parking space 
owners with small kids have high opportunity costs in spending 
time on arranging flexible sharing agreements. As expected, the 
parameter for revenue shows that the more money shared parking 
can bring, the more parking space owners tend to engage in shared 
parking. Parameters of ‘contract period’ are not significant for the 
current sample size.

Because we compare non-nested models with a different number 
of estimated parameters, Ben-Akiva and Swait’s (1986) was applied. 
It shows that the probability that the RRM outperforms the REUM 
is zero (p � Φ � 10:507ð Þ), and the probability that the REUM is 
superior to the hybrid specification is also zero (p � Φ � 3:173ð Þ), 
with Φ being the standard normal cumulative distribution function. 
It means the hybrid expected utility-regret model has a higher 
explanatory power than RRM and REUM, and the RRM performs 
the worst of the three models. Empirical evidence about RRM has 
a somewhat weaker performance than utility theory when an ‘opt 
out’ option is presented to respondents can also be found in the 
previous research (Thiene, Boeri, and Chorus 2012; Hess, Beck, and 
Chorus 2014). As explained in a previous paper, the reason of 
RRM’s failure may be that when all the alternatives are comparable, 
the assumption of RRM that people make decision based on regret 
generated by comparison makes sense. However, ‘no-choice’ option 
cannot create regret since this alternative has no attribute in com-
mon and cannot be compared to other alternatives.

Table 4 shows the estimation results of the four above men-
tioned hybrid expected utility-regret-rejoice specifications. Based 
on the results of Ben-Akiva and Swait’s (1986), the probability that 
the hybrid expected utility-regret-only specification is superior to 
the hybrid expected utility-regret-rejoice specification that applying 
exponential regret-rejoice function is 0.011 (p � Φ � 2:280ð Þ); the 
probability that the hybrid expected utility-regret-only specification 
is superior to the hybrid expected utility-regret-rejoice specification 
that applying logarithmic regret-rejoice function is 0.009 
(p � Φ � 2:366ð Þ), and probability that the hybrid expected utility- 
regret-only specification is superior to the hybrid expected utility- 
regret-rejoice specification that applying generalized logarithmic 
regret-rejoice function is 0.014 (p � Φ � 2:191ð Þ); the probability 
that the hybrid expected utility-regret-only specification is superior 
to the hybrid expected utility-regret-rejoice specification that apply-
ing split linear split regret-rejoice function is 0.004 
(p � Φ � 2:683ð Þ). We can draw the conclusion that the hybrid 
expected utility-regret-rejoice models are superior to the hybrid 
expected utility-regret-only model at the 95% significant level.

Results show that the four specifications, especially the first three 
specifications, have similar performance. The closer the value of γ is 
to 1, the closer the results of the logarithmic function and the 
generalized logarithmic function. When the estimated value of δ 
is 2.076, then the value of γ equals to 0.889.

Table 5 shows the estimation results of regret-rejoice specifica-
tion based on linear split function considering perceptual mapping. 
Based on Ben-Akiva and Swait’s (1986), the probability that the 
regret-rejoice function outperforms its specification by taking sym-
metry perceptual mechanism into consideration is zero 
(p � Φ � 6:573ð Þ). Also, the probability that this specification is 
superior to the specification that includes asymmetric perception 

760 Q. YAN ET AL.



Table 3. Estimation results of the REUM, RRM, and hybrid expected utility-regret models.

REUM RRM Hybrid expected utility-regret model

Variables Level Parameter p-Value Parameter p-Value Parameter p-Value

Percentage of community 
residents sharing their parking 
space

0% −0.454*** 0.000 −0.449*** 0.000 −0.446*** 0.000
25% 0.082 0.317 0.096 0.292 0.092 0.295
50% 0.060 - 0.053 - 0.065 -
75% 0.312*** 0.000 0.300*** 0.000 0.289*** 0.000

Percentage of friends sharing 
their parking space

0% −0.325*** 0.000 −0.304*** 0.001 −0.320*** 0.000
25% −0.023 0.733 −0.024 0.697 −0.025 0.675
50% 0.079 - 0.080 - 0.083 -
75% 0.269*** 0.001 0.248** 0.006 0.262** 0.002

Percentage of coworkers sharing 
their parking space

0% −0.185** 0.024 −0.174** 0.031 −0.180** 0.026
25% −0.124 0.130 −0.118 0.183 −0.121 0.138
50% 0.079 - 0.071 - 0.063 -
75% 0.230** 0.031 0.221** 0.044 0.238** 0.028

Percentage of relatives sharing 
their parking space

0% −0.077 0.116 −0.083 0.101 −0.084* 0.096
25% −0.089 0.335 −0.086 0.329 −0.091 0.319
50% −0.029 - −0.021 - −0.026 -
75% 0.195** 0.022 0.190** 0.027 0.201** 0.018

Platform fee (percentage of 
shared parking revenues)

0 0.191** 0.028 0.187** 0.031 0.203** 0.021
15% 0.103 0.261 0.102 0.302 0.101 0.220
30% −0.066 - −0.062 - −0.069 -
45% −0.228** 0.031 −0.227* 0.052 −0.235** 0.028

Government’s role Do nothing −0.238*** 0.000 −0.233*** 0.000 −0.253*** 0.000
Support 0.238 - 0.233 - 0.253 -

Media’s attention Few advertisements −0.195*** 0.001 −0.192*** 0.002 −0.193*** 0.002
Many advertisements 0.195 - 0.192 - 0.193 -

Constant-fixed mode −2.177*** 0.000 0.061 0.479 −1.828*** 0.000
Age-fixed mode <30 0.519*** 0.000 0.485*** 0.000 0.453*** 0.001

30–40 −0.132 0.161 −0.120 0.184 −0.114 0.202
>40 −0.387 - −0.365 - −0.339 -

Gender-fixed mode Male −0.110* 0.067 −0.112* 0.056 −0.119** 0.041
Female 0.110 - 0.112 - 0.119 -

Individual salary-fixed mode Low 0.639*** 0.000 0.600*** 0.000 0.628*** 0.002
Medium 0.087 0.537 0.060 0.642 0.082 0.556
High −0.726 - −0.660 - −0.710 -

Age of the youngest child-fixed 
mode

Have no child −0.396** 0.024 −0.393** 0.025 −0.374** 0.032
Between 0 and 5 years old 0.131 0.141 0.112 0.188 0.102 0.189
>5 years old 0.265 - 0.281 - 0.272 -

Revenues from sharing parking- 
fixed mode

0.007*** 0.000 - - 0.006*** 0.000

Contract period-fixed mode 3 months 0.064 0.398 0.048 0.463 0.057 0.375
6 months −0.091 0.267 −0.096 0.232 −0.079 0.168
9 months 0.045 0.553 0.084 0.599 0.046 0.512
12 months −0.028 - −0.036 - −0.023 -

Constant-flexible mode −2.036*** 0.000 −0.008 0.926 −1.689*** 0.000
Age-flexible mode <30 0.712*** 0.000 0.734*** 0.001 0.683*** 0.001

30–40 −0.118 0.264 −0.131 0.192 −0.113 0.283
>40 −0.594 - −0.603 - −0.570 -

Gender-flexible mode Male 0.051 0.368 0.047 0.395 0.048 0.486
Female −0.051 - −0.047 - −0.048 -

Individual salary-flexible mode Low 0.712*** 0.000 0.682*** 0.001 0.720*** 0.000
Medium 0.125 0.211 0.146 0.298 0.164 0.233
High −0.837 - −0.828 - −0.884 -

Age of the youngest child-flexible 
mode

Have no child −0.249 0.100 −0.225 0.109 −0.253 0.097
Between 0 and 5 years old −0.177* 0.093 −0.194* 0.071 −0.172* 0.096
>5 years old 0.426 - 0.429 - 0.425 -

Revenues from sharing parking- 
flexible mode

0.006*** 0.000 - - 0.005*** 0.000

Regret βg - - 0.007*** 0.000 0.002** 0.012
LL(0) −2654.3 −2654.3 −2654.3
LL(β) −2303.5 −2358.7 −2298.0
Rho2 0.132 0.111 0.134

*** at the 1% level of confidence, ** at the 5% level of confidence, and * at the 10% level of confidence.

TRANSPORTATION LETTERS 761



is also zero (p � Φ � 6:309ð Þ). However, different from Jang, 
Rasouli, and Timmermans (2017b, 2018b) whose results show 
that the asymmetric perception function is superior to the sym-
metric perception function, the results of this paper find that the 
two functions perform similarly, and even the symmetric percep-
tion function slightly outperforms the asymmetric perception 
function.

Validation results

The k-fold cross-validation method is used to calculate the predic-
tion power of the models. The lower is k the more biased the 
estimates; the higher is k the larger the estimate variability. An 
important aspect of k-fold cross-validation is to find the optimal 
value for k. k=10 and k = 20 have been verified to work the best for 
small datasets (Dhurandhar and Dobra 2008). In this study, the data 
were randomly split into 10 different subsets. Observations sharing 
the same respondent ID were put in the same fold (four folds with 

Table 4. Estimation results of the hybrid expected utility-regret-rejoice model.

Exponential function Logarithmic function Generalized logarithmic function
Linear split 

function

Parameter p-Value Parameter p-Value Parameter p-Value Parameter p-Value

βg - - - - - - 0.001 0.492
βj - - - - - 0.003** 0.012

βgj 0.001*** 0.001 0.003*** 0.001 0.003*** 0.002 - -
δ - - - - 2.076** 0.023 - -
LL(0) −2654.3 −2654.3 −2654.3 −2654.3
LL(β) −2295.4 −2295.2 −2295.1 −2294.0
Rho2 0.135 0.135 0.135 0.136

*** at the 1% level of confidence and ** at the 5% level of confidence.

Table 5. Estimation results of the regret-rejoice function considering symmetric and 
asymmetric perception.

Regret-rejoice function considering 
perception (Symmetry)

Regret-rejoice function considering 
perception (Asymmetry)

Parameter Prob.|z|>Z* Parameter Prob.|z|>Z*

βj 0.007*** 0.004 0.010* 0.083
ηj 0.010** 0.040 - -
ψj 4.382*** 0.009 - -
τj - - −0.003*** 0.000
σj - - 794*** 0.000
βg 0.009* 0.066 0.010*** 0.000
ηg 0.009*** 0.000 - -
ψg 0.786* 0.066 - -
τg - - 0.013*** 0.000
σg - - 104.6*** 0.000
LL(0) −2654.3 −2654.3
LL(β) −2270.4 −2272.1
Rho2 0.145 0.144

*** at the 1% level of confidence, ** at the 5% level of confidence, and * at the 10% 
level of confidence

Figure 3. The number of correctly predicted cases for 10-fold cross-validation test.

762 Q. YAN ET AL.



244 observations and six folds with 240 observations). The models 
were estimated by pooling nine of these subsets and then were 
applied to predict the observations of the remaining one subset. 
By repeating this procedure 10 times, each subset is used as a test set 
once. The overall accuracy is evaluated by averaging the accuracy 
values produced by all 10 folds.

Figure 3 shows the cross-validation test results of each fold for all 
models, in which a few fluctuations can be observed. A larger value 
indicates a higher predictive power. Table 6 shows the average number 
of correctly predicted cases among different models. Although there 
are no significant differences among the models, results of Table 6 
reinforce the findings that taking the emotions of regret and rejoice, 
and the perception of attribute differences into consideration 
improves the predictive power of choice models. Thus, it can be 
ruled out that a peculiar subset or peculiar respondent causes the 
improvement in predictive success of the original regret model.

Conclusions

Shared parking takes advantage of the fact that most parking spaces 
are only used during certain times of the day because activity 
patterns follow daily, weekly, and annual cycles. To develop effec-
tive marketing strategies for shared parking, this study designed 
a stated choice experiment to identify private parking space owners’ 
propensity to engage in shared parking schemes and investigated 
various theoretical choice models under uncertainty.

Results show that that socio-demographic characteristics, con-
text variables, and expected revenues are all important factors in 
explaining owners’ choice behavior. The findings have practical and 
policy implications for the success and future growth of the shared 
parking industry. For example, the results of the estimated models 
indicate that low- and middle-income, young owners are the best 
target market. In addition, results indicate that at some level plat-
form fees become prohibitive to become engaged in shared parking. 
At the initial stage, operators may attract owners by asking zero or 
low introductory platform fees or introducing other incentives. 
When the market share reaches a certain level, operators can adjust 
this strategy to enhance their profit. Operators can also rely on 
social influence as it seems to play a significant role in the diffusion 
of shared parking. The high influence of community residents can 
inspire operators to do marketing activities in communities to 
dispel residents’ doubts and encourage them to participate in, 
thereby driving more owners to join. It also seems beneficial to 
promote shared parking by cooperating with government and 
invest in advertising. In addition to expressing support attitude to 
give confidence to the market, the government can also implement 
demonstration projects of shared parking and broadcasted its posi-
tive effects to the public via social media. To many people, shared 
parking requires a change in the way of their parking behavior. 
Naturally, people feel nervous about it, and they are reluctant to 
alter their behavior. Successful demonstration projects can elimi-
nate anxieties of parking space owners.

This study also compared the REUM, RRM, and hybrid expected 
utility-regret models and found the less outperformed pure models, 
although the differences were small. By incorporating rejoice, 
empirical results show improved performance of the models. The 
best results were obtained when in addition a perceptual mapping 
function was introduced, which significantly enhances the explana-
tory power. From a methodological perspective, another contribu-
tion of the research would be to adopt different specifications of 
extant regret-based choice models and examine their performance.

The results of this paper are just a preliminary step. We plan to 
explore several directions for subsequent analyses in the future. One 
is investigating the effects of unobserved variables, such as decision- 
makers’ latent attitudes and personality traits, by hybrid choice 
model. Another intended analysis is to analyze the family decision, 
which requires an extension of these models to the case of house-
hold decisions under uncertainty.
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