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,is paper analyzes the utility calculation principle of travelers from the perspective of mental accounting and proposes a travel
choice behavior model that considers travel time and cost (MA-TCmodel).,en, a questionnaire is designed to analyze the results
of the travel choice under different decision-making scenarios. Model parameters are estimated using nonlinear regression, and
the utility calculation principles are developed under different hypothetical scenarios. ,en, new expressions for the utility
function under deterministic and risky conditions are presented. For verification, the nonlinear correlation coefficient and hit rate
are used to compare the proposed MA-TCmodel with the other two models: (1) the classical prospect theory with travel time and
cost (PT-TCmodel) and (2) mental accounting based on the original hedonic editing criterion (MA-HEmodel). ,e results show
that model parameters under deterministic and risky conditions are pretty different. In the deterministic case, travelers have
similar sensitivity to the change in gain and loss of travel time and cost. ,e prediction accuracy of the MA-TCmodel is 3% lower
than the PT-TC model and 6% higher than the MA-HE model. Under risky conditions, travelers are more sensitive to the change
in loss than to the change in gain. Additionally, travelers tend to overestimate small probabilities and underestimate high
probabilities when losing more than when gaining. ,e prediction accuracy of the MA-TC model is 2% higher than the PT-TC
model and 6% higher than the MA-HE model.

1. Introduction

It is widely known that travel demand or behavior models can
be divided into the aggregate and disaggregate models. ,e
aggregate model uses a traffic zone or a specific group as the
primary analysis unit. On the contrary, the disaggregate model
considers individuals or groups the basic unit. ,e model does
not require aggregate data, and therefore, it will not cause
information loss. Besides, the disaggregate model has other
advantages, such as good transferability and policy evaluation.
,erefore, the model is widely used to analyze travel demand
and behavior. Among disaggregate models, the logit model is
most extensively used, and it is based on the theory of max-
imum utility [1]. ,is theory assumes that the traveler is
perfectly rational, has clear objectives and complete

information, and can always find the optimal solution in de-
cision-making. ,is assumption is unrealistic [2, 3]. In actual
traffic environments, travelers are often unable to make de-
cisions to maximize their utility due to many factors such as
personal cognitive level, information completeness, and en-
vironment. ,is phenomenon is called bounded rationality.
,e concept of bounded rationality was first proposed by
Simon [4], who believed that people always tend to find a
satisfactory solution in their decision-making process. Subse-
quently, bounded rationality has been applied in many fields,
such as financial investment and travel behavior [5, 6]. Many
scholars have researched the framework of bounded rationality
and put forward some new theories, such as satisficing rule,
regret theory, and prospect theory (PT). Among them, PTis the
most representative and has been extensively applied [7, 8].
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,e prospect theory was proposed by Kahneman and
Tversky [3]. ,e theory focuses on the risk attitude of de-
cision makers from the change of the value. It can well
explain the phenomenon of nonlinear preference, reference-
dependent, risk-seeking, and loss aversion in the decision-
making process. It has attracted the attention of many
scholars in various fields, especially in transportation en-
gineering, who conducted much research on whether the
theory is applicable to travel behavior. ,rough the ex-
perimental study, Katsikopoulos et al. [9] and Bogers and
Van Zuylen [10] found that the risk preference of travelers
was reversed in the process of travel decision-making, which
is consistent with PT. Avineri [11], Fujii and Kitamura [12],
and Jou et al. [13] also proved that the decision-making
behavior of traffic subjects in uncertain situations is similar
to that of economic subjects in PT, especially for the de-
parture time and route choices. Senbil and Kitamura [14]
chose the acceptable earliest and latest arrival times as
reference points and defined two different decision frame-
works according to the preferred and latest arrival times. On
this basis, they studied the impact of different departure
times on the commuter’s route choice under the PT
framework.

In recent years, PT has been widely used in trans-
portation [15–17]. However, with the development of PT
applications, scholars have found some problems, such as
estimated parameters’ applicability and reference points’
setting. Many scholars have researched these two issues
[18–20]. In addition, the descriptive ability of PT to mul-
tiresult decision-making problems is also minimal [21]. By
introducing cumulative weights into the original prospect
theory [22], the CPT made up for the shortcomings of the
original PT, which was only applicable to two outcome
decision-making problems. However, PTor CPTstill cannot
explain the individual’s choice behavior in some scenarios
(see the analysis of Section 2). ,e mental account theory
(MAT) can make up for the deficiency of PT and CPT [23].
According to the MAT, an individual will construct multiple
accounts by dividing his/her income source, consumption
items, or wealth storage mode. Each account for a particular
classification has a budget constraint.,e difference between
MATand other economic behavior theories is that it violates
the substitutability of money in traditional economics.

,e MAT provides a theoretical explanation of the
human boundedly rational decision-making behavior that
deviates from rationality and has attracted the attention of
scholars in various fields. Shefrin and Statma [24] believed
that investors would consider the security and potential of
the investment plan simultaneously, and its asset structure
should be a pyramid-like hierarchical mental accounting
structure. Based on the security potential/aspiration theory
and PT, the authors proposed the behavior portfolio theory.
Shefrin and ,aler [25] introduced mental accounting to
explain actual people’s consumption behavior and then put
forward the behavioral life-cycle hypothesis. Prelec and
Loewenstein [26] proposed a double-entry mental ac-
counting theory to describe the different psychological
feelings of consumers in consumption and payment. Shafir
and ,aler [27] used MAT to explain why people consider

buying luxury jewelry an investment behavior rather than a
consumption behavior when buying is separated from
consumption. Li [28] used field and experimental data to
verify Chinese mental accounts’ structure and internal
mechanism and revealed the inherent rule between mental
accounts and irrational decision-making behaviors. In ad-
dition, many scholars experimentally investigated whether
individuals would establish time accounts under the MAT
framework. For example, Rajagopal and Rha [29] confirmed
the similarity between time and money through five ex-
periments. ,e results showed that individuals would create
mental accounts for time and allocate them to different
accounts for evaluation, which is like money. Leclerc et al.
[30] took PTand MATas a theoretical framework to explore
whether individuals perceive time as money. ,e results
showed that when faced with time loss in a deterministic
situation, individuals showed risk-seeking, while in a risky
situation, individuals showed risk aversion.

At present, some scholars have proved that MAT is also
applicable in transportation engineering and applied it to the
study of travel choice behavior, but the relevant research is
relatively few. Hess and Sheldon [31] explored the consis-
tency and nonfungibility of cost and time, time and safety,
and safety and cost through stated choice experiments and
found that cost is not fungible, which verified the existence
of money mental account in travel. Using a questionnaire,
Bai [32] made the independent trade-off of walking time,
waiting time, and in-car time. ,e results showed that the
three types of travel time accounts could not be substituted
for each other, which proved that travelers would set up time
account in travel. Bao et al. [33] introduced the concepts of
mental account and mental budget and defined travel utility
function with an over-budget penalty.,ey proposed a user-
equilibrium model with a mental budget as a constraint
condition. Yang et al. [34] elaborated on how to combine PT
with MAT to study travelers’ travel decision-making be-
havior and proposed a travel choice behavior model that
considered an individual’s preference for time and money.

However, there are some problems in the application of
MAT. Specifically, the specific form of the value function
needs to be determined and how to edit and integrate the
relevant attributes involved in decision-making needs to be
developed. ,aler [23, 35] only pointed out that the MAT
value function has the characteristics of reference-dependent,
loss aversion, and diminishing sensitivity and did not give a
specific form. However, because the characteristics of MAT
are consistent with those of PT, the author took the PT
function as the basis ofmeasuringMATutility. Yang et al. [34]
believed that travelers have two mental accounts: time and
money. ,e new forms of the value and weight functions of
time and money accounts were obtained, respectively, using a
questionnaire and data fitting. ,e segregation principle was
used to integrate the utility. According to MAT, the principle
of segregation applies to two accounts with both gains or with
a large loss and a small gain. However, the authors did not
specify the gains or losses of travelers’ money or time accounts
and directly used the segregation principle to integrate the two
accounts.,e research did not explain the reason for adopting
this calculation principle.
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MAT is still at the initial research stage, and previous
research has mainly focused on individual investment,
consumption decision-making behavior, and human re-
sources. ,e attributes involved in the research are usually
single, such as money or time. However, travel decision-
making problems often involve both money and time
[33, 34, 36], and the existing mental accounting research on
multiattribute decision-making is very scarce.,erefore, it is
necessary to conduct further research on travel behavior
decision-making from MATperspective that considers both
money and time attributes. In addition, although a few
scholars have usedMATto conduct travel behavior research,
a thorough analysis of its utility measurement system has not
been made and a general model has not been proposed. To
make up for the lack of a theoretical model in the application
of MAT in multiattribute travel decision-making, this paper
assumes, based on previous studies, that travelers have two
mental accounts: time and money. Considering both travel
time and cost, we propose a travel choice behavior model
based on MAT and PT. ,en, behavior-choice data in dif-
ferent hypothetical situations are obtained using a ques-
tionnaire, and the expression of a multiattribute utility
function and the estimation of model parameters are dis-
cussed. In addition, this paper also uses the survey data to
determine the MATutility calculation principle in the traffic
context. Finally, the paper verifies whether the hedonic
editing (HE) criterion for economic subjects is also appli-
cable to travel subjects.

,e rest of this paper is organized as follows. Section 2
reviews the concepts and operation methods of PT and
MAT. Section 3 discusses the possible utility calculation
forms considering time and money in various scenarios
from the mental accounting perspective and proposes a
choice behavior model (MA-TC model) considering travel
time and cost. Section 4 describes the design of the ques-
tionnaire situation in detail and presents the statistical
analysis of the questionnaire data. In Section 5, the least
square fitting method is used to calibrate the model pa-
rameters, and the specific utility calculation principle and
the expression of the MA-TC model are determined. In
Section 6, the proposed model is validated by comparing the
proposed model with two traditional models. Finally, the
conclusions and further research areas are presented in
Section 7.

2. Theoretical Basis

2.1.Prospect/eory. Because the value functionmodel of the
prospect theory is often introduced into the utility function
of the mental account theory, we will introduce the prospect
theory first.,e prospect theory divides the decision-making
process of an individual in an uncertain situation into two
phases: editing and evaluation. In the editing phase, the
reference point is used as the basis for evaluation, and the
possible results of each alternative are transformed into
gains or losses relative to the reference point. In the eval-
uation phase, the value function υ(·) and decision-weighting
function π(·) are used to calculate the prospects of each
alternative. Finally, the individual selects the alternative

according to the values of the prospects.,emain content of
PT can be divided into the following three parts.

Reference point: in the study of travel behavior, the
reference point is usually the predefined criteria of gains and
losses according to historical travel experience, travel pur-
pose, travel information, and other factors. ,ese factors can
be used to determine whether the utility of travelers after
trips is gain or loss.

Value function: Kahneman and Tversky believed that
individuals paid more attention to the change of wealth
rather than the final amount in their decision-making and
proposed a value function that can reflect the change of value
relative to the reference point. ,e function takes the ref-
erence point as the dividing point between gain and loss, and
it is convex in the area of gain and concave in the loss area, so
its curve is S-shaped (Figure 1). ,is form well describes the
preference characteristics of the decision makers who prefer
risk aversion in gain and risk-seeking in loss. ,e specific
expression is given as

υ(x) �
x − x0( 􏼁

α
, if x≥x0,

−λ x0 − x( 􏼁
β
, if x<x0,

⎧⎪⎨

⎪⎩
(1)

where x0 is the reference point, α and β are the risk attitude
parameters, which measures the degree of diminishing
sensitivity of the decision makers to risk changes (the greater
the value is, the more sensitive the decision makers are to
risk), and λ(λ≥ 1) is the loss aversion coefficient, which
indicates that individuals are more sensitive to losses than
the same gains (the greater the value is, the more sensitive
the decision makers are to losses).

Decision weighting function: the decision-weighting
function is a nonlinear monotone increasing function about
probability, which reflects the subjective psychological
perception of the decisionmaker on the objective probability
of events. At present, the most widely used form of the
decision-weighting function is the inverse S-shaped function
proposed by Tversky and Kahneman [22], as shown in
Figure 2, which is given by
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where p is the probability of an event occurrence and c and
δ(0≤ c, δ ≤ 1) are parameters denoting the curvature of the
weight function. Note that a smaller value of the two pa-
rameters c and δ indicates that the decision maker’s ten-
dency to overestimate small probability events and
underestimate high probability events is more obvious.

,us, let a simple event with two outcomes in an un-
certain situation be represented by A(x, p; y, q), where x and
y represent the two possible outcomes of the event and p and
q represent the possibility of the two outcomes. ,en, the
prospect value of A(x, p; y, q) is given by
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VPT(A) � υ(x)π(p) + υ(y)π(q). (3)

2.2. Mental Accounting /eory

2.2.1. Concept. Mental accounting is a cognitive operating
system for individuals, families, or organizations to psy-
chologically code, classify, and evaluate, especially economic
outcomes. One of the core ideas of MAT is that money is not
fungible. ,e money in one account will not be spent as well
in another account. Individuals will manage funds from
different sources and uses, and each subaccount has its
mental budget and control rules. ,ereby, it is difficult to
transfer money from one account to another. ,is is also the
most significant difference between MAT and traditional
economics. According to the relevant experimental MAT
research, nonfungibility can be divided into three situations
[23, 28, 32]. First, the mental accounts established by dif-
ferent sources of wealth are nonfungibility. For example,
people will deposit hard-earned money and unexpected
wealth in different accounts. Usually, people will not go to
the casino with $100,000 earned by themselves. However, if

they win $100,000 from the lottery, the possibility of going to
the casino is much higher. Second, the mental accounts
established for different consumption items are nonfungible.
For example, a wife is willing to receive expensive gifts from
her husband, but not willing to buy expensive things by
herself. Rationally speaking, the family’s total wealth does
not change, but for the same amount of money spent for
different reasons, people’s subjective psychological feelings
are different. ,ird, different storage methods lead to the
nonfungibility of mental accounts. For instance, people are
reluctant to embezzle housing funds for temporary expenses.

To illustrate the concept of mental accounting, it is
helpful to describe it first using the following example.

Tversky and Kahneman [37] conducted a classical ex-
periment and found an interesting phenomenon. Both
scenarios assumed that people were going to a $10 concert
and found that they had lost something worth $10 before
leaving. ,e only difference between the two scenarios was
that one scenario was the loss of a calling card. ,e other
scenario was the loss of the concert ticket (if the missing item
was a ticket, people had to pay another $10 to go to the
concert). In the two scenarios, people were asked whether
they would continue to attend the concert. Curiously, the
choice results were pretty different. In the case of losing the
calling card, 88% of the respondents said they would still go
to the concert, while in the case of losing the ticket, only 46%
of respondents said they would continue to attend the
concert.

Whether the individual lost a calling card or a concert
ticket, the lost item is worth $10. Why are people’s choices
different? According to the substitution axiom in traditional
economics and PT, the prospects of the two scenarios or
measures in each case are equal. ,erefore, the individual’s
choice results in the two scenarios should be the same, but
they are not. In response to this phenomenon, ,aler [35]
offered a reasonable explanation that people have mental
accounts in their minds, and there is nonfungibility between
money/time from different sources and uses. When evalu-
ating the alternatives, people will put different kinds of
money/time into different mental accounts and evaluate the
gains and losses of each account according to the preset
mental budget of each account. In the concert experiment,
people subconsciously divided the calling card and the
concert ticket into different expenditure accounts. Losing a
calling card would not affect the budget and the expenditure
of the concert ticket account, so most people still chose to go
to the concert.While the lost concert ticket and subsequently
the re-purchased ticket were grouped into the same account,
which seemed that it would cost $20 to listen to a concert, so
people naturally thought it was not worthwhile.

It can be seen from the preceding example that if people
havemental accounts in their minds whenmaking choices, it
will be biased to use PT to describe their choice behavior. In
contrast, using MAT can accurately explain their decision-
making behavior. ,erefore, if travelers have mental ac-
counts when they make travel choices, it is necessary to use
MAT to describe the boundedly rational travel behavior. To
more accurately characterize this behavior, this paper at-
tempts to model and analyze the travel behavior of travelers

Value

GainLoss 0

Figure 1: Value function of prospect theory.
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Figure 2: Decision-weighting function of prospect theory.
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from the perspective of mental accounting. ,e research
results will hopefully enrich and advance the theory of travel
behavior.

2.2.2. Hedonic Editing Criteria. For an economic activity,
how does an individual use mental accounting to evaluate it
and make decisions? ,aler [23] thought that the individual
maximizes emotional satisfaction in decision-making. ,e
process of psychological calculation for each account in-
volves evaluating the gains or losses of alternatives and
assessing in which alternatives will bring better psycho-
logical experience. In other words, the individual will
combine perceived gains or losses into an account, psy-
chologically encode them according to specific operational
rules, and ultimately choose the alternative that makes the
individual feel more pleasant. ,e author named these
operational rules “Hedonic Editing Criteria” in “Mental
Accounting Matters,” which is different from the traditional
economic and mathematical operational rules. Unfortu-
nately, individuals affected by these rules often make de-
cisions that violate the economic rules.

To better study how the HE criterion affects individual
decision-making behavior, ,aler [23] introduced the value
function concept to describe the value of alternatives
quantitatively. Compared with the traditional utility theory,
the MAT value function has three essential characteristics:
reference-dependent, diminishing sensitivity, and loss
aversion. It is basically consistent with the PT function.
,erefore, researchers often use PT to represent the MAT
value function [23, 30, 34, 35]. ,e present paper also
combines PT with MAT. VMA(·) is used to represent the
MAT value function. In addition, because MAT studies the
decision-making problem of joint outcomes and the PT
value function is only applicable to the decision-making
problem of describing single and one-dimensional out-
comes, ,aler [23] expanded the value function in the ap-
plication process. He proposed the following two principles
(integration and segregation) to calculate the utility of the
joint outcomes, which are expressed by VMA(x+ y) and
VMA(x) +VMA(y), respectively, where x and y represent two
outcomes. In addition, he used the characteristics of value
function to study individuals’ preferences in the different
combinations of gains and losses and summarized them into
the following four principles:

(1) Segregate gains: since VMA(·) is a concave function
in the region of gain (see Figure 3(a)), so when x and
y are both gains, then VMA(x) +VMA(y)>VMA(x+ y)
and the decision makers prefer segregation.

(2) Integrate losses: since VMA(·) is convex in the region
of loss (see Figure 3(a)), so when −x and −y are both
losses, then VMA(−(x+ y))>VMA(−x) +VMA(−y)
and the decision makers prefer integration.

(3) Integrate smaller loss with larger gain: in this case,
one of the two outcomes is gain and the other is loss,
and the gain is greater than the loss, i.e., x> 0, −y< 0,
and |x|> | − y|. According to the value function
curve shown in Figure 3(b), VMA(x− y) is always

greater than zero, while VMA(x) +VMA(−y) has a
high probability of being less than zero, so the in-
dividual prefers to integrate.

(4) Small gain and large loss need specific analysis: in
this case, the first situation is that one of the two
outcomes is gain and the other is loss, and the gain is
much less than the loss, x> 0, −y< 0, and |x|≪ |−y|.
From the value function curve shown in Figure 3(c),
it is noted that the curve is very flat at −y. At this
time, the pleasure of small gain is not large enough to
offset the pain of a big loss, so the integration
principle cannot bring good utility. However, if we
use the segregation principle, the pleasure of small
gain can be obtained, so the individual prefers to
separate. ,e second situation is that the individual
prefers to integrate when the gain is slightly less than
the loss, as shown in Figure 3(d). Because when the
two are integrated, although the overall outcome is
still a loss, the individual will psychologically
transform the loss from −y into x – y.,e gain offsets
most of the loss, and the individual has a better
psychological experience.

In short, when individuals make decisions in different
combinations of gains and losses, they will follow the HE
criterion to choose an evaluation principle that makes their
psychological experience better. ,e value expression of the
joint outcomes is given by [23]

VMA(x&y) � max VMA(x + y), VMA(x) + VMA(y)􏼂 􏼃.

(4)

3. Proposed Model

3.1. Account and Reference Point Settings. As previously
mentioned, this paper focuses on travel choice behavior,
considering both travel time and cost from the perspective of
mental accounting (MA-TC model). ,e model assumes
that travelers have time and money accounts in mind, and
they will set up a corresponding mental budget for each
account. Compared with the preset reference point of the
traveler, the time and cost of the travel plan have a gain or
loss. Only when travelers get more gain or less loss from one
plan than the others will they choose the plan. If multiple
alternatives meet the requirements, the alternative which
makes the traveler get the best psychological experience
(maximum utility) is selected.,e time and money accounts
in this study refer specifically to travel time and cost,
respectively.

Several methods can be used for setting the reference
points. ,e present study adopts the method proposed by
Levy et al. [38], Li and Hensher [20], Yang et al. [34], and
others, considering the actual travel time and cost in the
traveler’s previous trip experience as reference points. It
considers the heterogeneity of travelers’ reference points and
the influence of travel experience. Also, the reference points
between the accounts do not affect each other. If the traveler
is traveling for the first time, the traveler will take the ex-
pected travel time and cost as a reference.
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3.2. Value Function. Since the MAT value function has the
same characteristics as the PT value function, the latter can
be used to carry out MAT research. However, there are
differences between the two value functions. Compared with
the PT value function, the MATvalue function focuses more
on the utility calculation of the joint outcomes. For

convenience and without loss of generality, the joint utility
of the two outcomes is used in this study. We set up two
accounts (time and money) and adopt the two principles
(integration and segregation) to calculate the joint utility.
,e specific expressions are given by

V(T&M) �

V(T + M) �
T0 − T( 􏼁 + M0 − M( 􏼁( 􏼁

α
, if T0 + M0 >T + M,

−λ T − T0( 􏼁 + M − M0( 􏼁( 􏼁
β
, if T0 + M0 <T + M,

⎧⎪⎨

⎪⎩

V(T) + V(M) �

T0 − T( 􏼁
α

+ M0 − M( 􏼁
a
, if T0 >T, M0 >M,

−λ T − T0( 􏼁
β

− λ M − M0( 􏼁
β
, if T0 <T, M0 <M,

−λ T − T0( 􏼁
β

+ M0 − M( 􏼁
α
, if T0 <T, M0 >M,

T0 − T( 􏼁
α

− λ M − M0( 􏼁
β
, if T0 >T, M0 <M,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(5)
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Figure 3: Value function of mental accounting theory. (a) Both outcomes are gains or losses. (b) One is gain and the other is loss (gain is
greater than loss). (c) One is gain and the other is loss (gain is much less than the loss). (d) One is gain and the other is loss (gain is slightly
less than the loss).
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where T and M represent time and money accounts,
respectively, V(T&M) represents the joint utility of time
and money accounts, V(T + M) and V(T) + V(M) repre-
sent integrated and segregation utilities, respectively, T0 and
M0 are reference points, α and β are parameters representing
the degree of risk aversion and risk-seeking, respectively,
and λ is the loss aversion coefficient, where λ> 1 indicates
that individuals are more sensitive to losses than to gains.

It should be noted that the units of time and money are
not considered in equation (5). ,erefore, this equation is
only used to show the form of the value function of the two
accounts under different calculation principles. In Section
3.3, we will introduce a unified metric for multiple attributes
in detail.

3.3.MultiattributeUtility Function. As previously described,
the mental accounts have different utility calculation prin-
ciples from general ones. ,erefore, based on HE criterion,
this section summarizes all the gain-loss scenarios of time
and money accounts and presents the multiattribute utility
function expressions for different scenarios under the de-
terministic and risky conditions. Before calculating the
multiattribute utility, the problem of unifying the mea-
surement criteria of multiattribute utility should be first
solved. With the help of the Value of Time (VOT), the gain
and loss corresponding to the two attributes of time and
money can be transformed into a unified time or monetary
unit, thus achieving the integration of multiattribute utility.
It should be noted that most of the existing studies on travel
time and cost used VOT to convert time into the monetary
unit, so the unit of VOT is yuan/hour ($/hr). To interna-
tionalize and standardize the travel expenses, we exchange
RMB into U.S. dollars according to the exchange rate on the
survey day. However, to make the statistics more intuitive,
we did not modify the RMB in the table. To simplify the
calculations, we carried out a specific conversion to VOT,
where cost is converted into time unit to achieve the unified
measurement of the two attributes. To distinguish between
the two conversion coefficients, VOT′ is used to represent
the travel time value coefficient, where its unit is minute/
yuan (min/$).

According to the account type and the HE criterion, we
divided the gain-loss combination of time and money ac-
counts into four scenarios: gain for both time and money,
loss for time and gain for money, gain for time and loss for
money, and loss for both time and money (expressed as
Scenarios 1 to 4). According to the value of
ΔT + VOT′ ∗ ΔM, the combination of gain and loss (Sce-
narios 2 and 3) was subdivided into three categories: mixed
gain, mixed loss with similar gain and loss, and mixed loss
with a large difference between gain and loss. ,erefore,
there are 8 groups of decision scenarios. ,e specific sce-
narios are as follows:

Scenario 1: gain for both time and money
Scenario 2: loss for time and gain for money, mixed
gain (Scenario 2-1), mixed loss with similar gain and

loss (Scenario 2-2), and mixed loss with a large dif-
ference between gain and loss (Scenario 2-3)
Scenario 3: gain for time and loss for money, mixed
gain (Scenario 3-1), mixed loss with similar gain and
loss (Scenario 3-2), and mixed loss with a large dif-
ference between gain and loss (Scenario 3-3)
Scenario 4: loss for both time and money

According to the form of the value function and the
specific scenarios of gain and loss, expressions for the
multiattribute utility function were obtained for different
scenarios under deterministic conditions. When both time
account and money account gain simultaneously, i.e.,
ΔT> 0,ΔM> 0, the corresponding utility function is

V
1
DC(T&M) �

ΔT + VOT′ ∗ ΔM( 􏼁
α
, Integration,

ΔTα
+ VOT′ ∗ ΔM( 􏼁

α
, Segregation.

⎧⎪⎨

⎪⎩

(6)

When the time account losses, money account gains and
the final state is gain (the gain is greater than the loss), i.e.,
ΔT< 0,ΔM> 0, andΔT + VOT′ · ΔM> 0; the correspond-
ing utility function is

V
2−1
DC (T&M) �

ΔT + VOT′ ∗ ΔM( 􏼁
α
, Integration,

−λ|ΔT|
β

+ VOT′ ∗ ΔM( 􏼁
α
, Segregation.

⎧⎪⎨

⎪⎩

(7)

When the time account losses, money account gains and
the final state is loss (the loss is greater than the gain), i.e.,
ΔT< 0,ΔM> 0, andΔT + VOT′ · ΔM< 0; the correspond-
ing utility function is

V
2−2,2−3
DC (T&M) �

−λ ΔT + VOT′ ∗ ΔM
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
β
, Integration,

−λ|ΔT|
β

+ VOT′ ∗ ΔM( 􏼁
α
, Segregation.

⎧⎪⎨

⎪⎩

(8)

When the time account gains, money account losses and
the final state is gain, i.e., ΔT> 0,ΔM< 0, and ΔT+

VOT′ · ΔM> 0; the corresponding utility function is

V
3−1
DC (T&M) �

ΔT + VOT′ ∗ ΔM( 􏼁
α
, Integration,

ΔTα
− λ VOT′ ∗ ΔM

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
β
, Segregation.

⎧⎪⎨

⎪⎩

(9)

When the time account gains, money account losses and
the final state is loss, i.e., ΔT> 0,ΔM< 0, and ΔT+

VOT′ · ΔM< 0; the corresponding utility function is

V
3−2,3−3
DC (T&M) �

−λ ΔT + VOT′ ∗ ΔM
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
β
, Integration,

ΔTα
− λ VOT′ ∗ ΔM

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
β
, Segregation.

⎧⎪⎨

⎪⎩

(10)

When both time and money accounts are loss, i.e.,
ΔT< 0,ΔM< 0, the corresponding utility function is
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V
4
DC(T&M) �

−λ ΔT + VOT′ ∗ ΔM
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
β
, Integration,

−λ|ΔT|
β

− λ VOT′ ∗ ΔM
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
β
, Segregation,

⎧⎪⎨

⎪⎩

(11)

where Vi
DC(T&M) represents the joint utility function of

travel time T and travel cost M in Scenario i under deter-
ministic conditions and ΔT and ΔM represent the difference
between the travel time/cost reference point and its corre-
sponding item, respectively, where ΔT � T0 − T and
ΔM � M0 − M. When the value is greater than 0, the

account is in the state of gain; otherwise, the account is in the
state of loss.

In addition, the daily decision-making behavior of
travelers is often influenced by factors such as weather,
traffic accidents, and road conditions, which makes the
traffic environment very complex and uncertain. ,erefore,
we consider the impact of uncertainty on travel utility based
on deterministic conditions and introduce the PT weight
function to formulate a multiattribute utility function under
risky conditions. ,e expressions are assumed as follows.
When both time account and money account gain simul-
taneously, the corresponding utility function is

V
1
RC(T&M) �

ΔT∗ π+
(p) + VOT′ ∗ ΔM∗ π+

(q)( 􏼁
α
, Integration,

ΔTα ∗ π+
(p) + VOT′ ∗ ΔM( 􏼁

α ∗ π+
(q), Segregation.

⎧⎨

⎩ (12)

When the time account is loss, money account is gain
and the final state is gain; the corresponding utility function
is

V
2−1
RC (T&M) �

ΔT∗ π−
(p) + VOT′ ∗ ΔM∗ π+

(q)( 􏼁
α
, Integration,

−λ|ΔT|
β ∗ π−

(p) + VOT′ ∗ ΔM( 􏼁
α ∗ π+

(q), Segregation.

⎧⎨

⎩ (13)

When the time account is loss, money account is gain
and the final state is loss; the corresponding utility function
is

V
2−2,2−3
RC (T&M) �

−λ ΔT∗ π−
(p) + VOT′ ∗ ΔM∗ π+

(q)
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
β
, Integration,

−λ|ΔT|
β ∗ π−

(p) + VOT′ ∗ ΔM( 􏼁
α ∗ π+

(q), Segregation.

⎧⎪⎨

⎪⎩
(14)

When the time account is gain, money account is loss
and the final state is gain; the corresponding utility function
is

V
3−1
RC (T&M) �

ΔT∗ π+
(p) + VOT′ ∗ ΔM∗ π−

(q)( 􏼁
α
, Integration,

ΔTα ∗ π+
(p) − λ VOT′ ∗ ΔM

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
β ∗ π−

(q), Segregation.

⎧⎪⎨

⎪⎩
(15)

When the time account is gain, money account is loss
and the final state is loss; the corresponding utility
function is
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V
3−2,3−3
RC (T&M) �

−λ ΔT∗ π+
(p) + VOT′ ∗ ΔM∗ π−
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β
, Integration,
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(q) Segregation.
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When both time account and money account are loss
simultaneously, the corresponding utility function is

V
4
RC(T&M) �

−λ ΔT∗ π−
(p) + VOT′ ∗ ΔM∗ π−

(q)
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
β
, Integration,

−λ|ΔT|
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(p) − λ VOT′ ∗ ΔM
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
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⎧⎪⎨

⎪⎩
(17)

where Vi
RC(T&M) represents the joint utility function of

travel time T and travel cost M in Scenario i under risky
conditions, p and q represent the probability of occurrence
of two outcomes, and π+(·) and π− (·) are the corresponding
weight functions for the gain and loss, respectively, given by
equation (2).

From equations (12)–(17), the segregation utility for-
mula under risky conditions is equivalent to the sum of the
prospects of travel time and cost in the PT. Because the main
objective of the present study is to explore whether the HE
criterion for economic subjects is also applicable to travel
subjects, this section has listed the possible multiattribute
utility function expressions under different scenarios. ,at
is, the utility functions under both deterministic and risky
conditions include two principles of utility calculation. In
the following sections, the results of the questionnaire are
combined to further study the utility calculation principle
that the traveler will use under different scenarios and de-
termine the calculation principle of the mental accounting
utility in the traffic environment.

4. Questionnaire Design and Results

4.1. Data Collection and Study Scenarios

4.1.1. Data Collection. An online questionnaire was
designed to obtain the primary data for estimating the
parameters of the proposed MA-TCmodel, considering that
the decision variables of the model were travel time and cost.
,e questionnaire included questions about (a) traveler’s
gender, age, education, occupation, monthly income level,
and total working hours of one week and (b) travelers’ travel
preferences for travel choice under given scenarios. ,e
central part of the questionnaire consisted of all the com-
bination scenarios of gain and loss under deterministic and
risky conditions. Since this paper focuses on travel behavior
modeling from the perspective of the mental account, the
combined utility form of time and money in different
scenarios and the value of model parameters (calibrated
using the questionnaire data) are considered. ,e primary
consideration is to meet the principles in Section 3.3 for
setting time and money in deterministic and risky scenarios.
Under each condition, there were 8 groups of decision-
making scenarios: pure gains, one gain and one loss (mixed
gain, mixed loss with similar gain and loss, and mixed loss

with a large difference between gain and loss), and pure
losses. ,e influence of the probability on the selection
results was considered for the risky conditions, and each
group of scenarios has 5 decision rungs.

As noted, in addition to the essential characteristics of
individual travelers, this survey has 8 scenarios for deter-
ministic conditional decision-making and 40 scenarios for
risky conditional decision-making. To ensure the quality of
the questionnaire, the questionnaire was divided into four
parts: A, B, C, and D. Each part is composed of three
sections: traveler’s primary characteristics survey, deter-
ministic conditions, and risky condition scenario survey.
,ere are 20 single-choice questions in total in each part.,e
difference between the four parts of the questionnaire is only
related to the combination of deterministic and risky con-
ditions scenarios.

,e questionnaire was distributed to subjects in different
regions, occupations, and ages through the professional
platform named “Wenjuanxing.” In addition, repeated trap
questions were set to test the effectiveness of the ques-
tionnaire. ,e formal survey was completed from April to
May 2019, and 1249 valid questionnaires were obtained after
sorting out and screening the data (each part has more than
300 questionnaires).

,e questionnaire data were used to verify whether the
HE criterion for economic subjects is also applicable to travel
subjects. If not, the specific utility calculation principle that
travelers adopt in different scenarios will be determined, and
the HE criterion will be revised. To distinguish it from the
utility calculation principle of mental accounting obtained of
this paper, the HE criterion proposed by,aler [23] is called
herein the original HE criterion (equation (4) describes the
original HE criterion). ,e specific scenarios are described
next.

4.1.2. Scenarios of Deterministic Conditions. Scenario 1 (gain
for both time andmoney): assuming that a traveler is making
a trip now, it will take a long time for self-driving due to the
severe traffic congestion. Considering the fuel cost, parking
fee, and road congestion cost for self-driving, the traveler
eventually gives up driving. ,ere are two modes of
transportation available for the traveler to choose from.
Whatever mode the traveler uses, the travel time and cost are
less than those of self-driving. ,e specific alternatives are as
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follows. ChoosingMode R can save 10min of travel time and
40 yuan ($5.81) of travel cost, while the corresponding
savings of Mode S are 20min and 30 yuan ($4.35).

Scenarios 2-1 and 2-2 (loss for time and gain for money,
mixed gain and mixed loss with similar gain and loss):
suppose that the traveler usually chooses to travel by a car,
the traveler’s car is being repaired today. ,e traveler is now
making a trip, and there are two modes of transportation
available. Whatever mode is used, its travel time is longer,
but its travel cost is less than that of self-driving (e.g., due to
fuel cost and parking fee). ,e specific alternatives are as
follows. Choosing mode R will take an extra travel time of
20/50min, but can save a travel cost of 30/15 yuan ($4.35/
$2.18), while mode S will take 10/40min more, but can save
20/5 yuan ($2.90/$0.73), where the numbers refer to Sce-
nario 2-1/Scenario 2-2.

Scenario 2-3 (loss for time and gain for money, mixed
loss with a large difference between gain and loss): assume
that a traveler needs to fly from country A to country B for a
long flight distance, but all the tickets of nonstop flight have
been sold out. ,erefore, the traveler can only choose to
transfer. ,ere are two flights available for the traveler to
choose from. No matter which flight is used, the travel time
is longer than that of the nonstop flight, but the travel cost is
reduced. ,e specific alternatives are as follows: choosing
flight R will take 15 hrs more, but can save 150 yuan ($21.77)
travel costs, while flight S will take 14 hrs more, but can save
100 yuan ($14.51).

Scenarios 3-1 and 3-2 (gain for time and loss for money,
mixed gain and mixed loss with similar gain and loss):
assuming that the traveler is making a trip now, unfor-
tunately, the traveler has just missed a bus, and it will take a
long time before the next departure, so the traveler turns to
other transportation modes. ,ere are two modes available
for the traveler to choose from. Whatever mode is adopted,
the travel time is shorter than that by bus, but the travel cost
is increased. ,e specific alternatives are as follows:
choosing mode R can save 40min of travel time, but the
travel cost will increase by 15/20 yuan ($2.18/$2.90), while
mode S can save 15min, but the cost will increase by 5/10
yuan ($0.73/$1.45), where the numbers refer to Scenario 3-
1/Scenario 3-2.

Scenario 3-3 (gain for time and loss for money, mixed
loss with a large difference between gain and loss): assume
that a traveler needs to fly fromCountry A to Country B, and
the transfer flight is cheaper, but the flight time is about twice
that of the nonstop flight. After careful consideration, the
traveler ultimately chose to take the nonstop flight, and there
are two flights available for the traveler to choose from. No
matter which flight is used, the travel time is shorter than
that of transfer flight, but simultaneously, the travel cost will
increase. ,e specific alternatives are as follows: choosing
flight R can save 15 hrs of travel time, but it will cost 700
yuan ($101.60) more, while flight S can save 11 hrs, but it will
cost 600 yuan ($87.08) more.

Scenario 4 (loss for both time and money): if the traveler
makes a trip now, he or she chooses to take a bus to the
destination. Unfortunately, the bus broke down, so the
traveler must transfer to another transportation mode, and

there are two transportation modes available for the traveler
to choose from. Whatever mode the traveler uses, the arrival
time is later than the expected arrival time and travel cost
also increased. ,e specific alternatives are as follows:
choosing mode R will make the arrival 25min later than
expected and cost 30 yuan ($4.35) more, while mode S will
make the arrival time 5min later and cost 45 yuan ($6.53)
more.

,e specific settings of the alternatives and choice results
are shown in Table 1.

4.1.3. Scenarios of Risky Conditions. When a traveler makes
a trip, there are two alternatives R and S to choose from.
Because of the uncertainties of travel, (t, p; m, q) is used to
represent the increase/decrease in travel time and cost of the
alternative, where t and m are travel time and cost, p and q

are the probabilities of the event occurrence, and 1 − p and
1 − q are the probabilities of the event nonoccurrence, re-
spectively. ,e specific settings of the alternatives are shown
in Table 2.

Scenario 1 (gain for both time and money): because the
traffic authorities have strengthened the road traffic man-
agement, the travel time and cost of Route R and S have been
reduced.

Scenarios 2-1 and 2-2 (loss for time and gain for money,
mixed gain and mixed loss with similar gain and loss): since
the road that the traveler frequently chooses before is im-
possible to pass due to road construction, the traveler can
only choose between Route R and Route S. Compared with
the regular route, the travel times of these two routes in-
crease, but the travel costs decrease.

Scenario 2-3 (loss for time and gain for money, mixed
loss with a large difference between gain and loss): as-
suming that the traveler needs to travel from Province A to
Province B, but during the Spring Festival, train tickets and
air tickets are minimal. After careful consideration, the
traveler finally chose to drive to Province B by himself/
herself. Compared with trains and airplanes, the travel time
of the two self-driving routes increases, but the travel cost
decreases.

Scenarios 3-1 and 3-2 (gain for time and loss for money,
mixed gain and mixed loss with similar gain and loss): since
the road that the traveler frequently chooses before is im-
possible to pass due to road construction, the traveler can
only choose between Route R and Route S. Compared with
the regular route, the travel time of these two routes is
reduced, but the travel cost is increased.

Scenario 3-3 (gain for time and loss for money, mixed
loss with a large difference between gain and loss): if the
traveler needs to travel from Province A to Province B,
traveling by train is cheap, but the travel time is long. After
careful consideration, the traveler finally chose to fly.
Compared to taking a train, two flights available for travel
have a shorter travel time, but the travel costs have increased.

Scenario 4 (loss for both time and money): due to traffic
congestion, both routes’ travel time and cost have increased.

Due to the large number of scenarios under risky
conditions, this paper only takes Rung 1 in Scenario 1 as an
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Table 1: Travel choice results under deterministic conditions.

Scenario
Alternative R Alternative S

t, m No. of choices/proportion t, m No. of choices/proportion
1 +10；+40 148/46.3% +20；+30 172/53.7%
2-1 −20；+30 127/39.7% −10；+20 193/60.3%
2-2 −50；+15 173/55.3% −40；+5 140/44.7%
2-3 −900；+150 139/45.0% −850；+100 170/55.0%
3-1 +40；−15 128/41.7% +15；−5 179/58.3%
3-2 +40；−20 180/58.3% +15；−10 129/41.7%
3-3 +900；−700 190/61.9% +650；−600 117/38.1%
4 −25；−30 71/22.7% −5；−45 242/77.3%

t and m represent travel time and cost, respectively, and the corresponding units are minutes and yuan. ,e symbol “+” indicates that the travel time/cost of
the alternative is gain relative to the reference point (i.e., the travel time/cost decreases), while the symbol “−” indicates that the travel time/cost of the
alternative is loss relative to the reference point (i.e., the travel time/cost increases).

Table 2: Travel choice results of different scenarios under risky conditions.

Rung
Alternative R Alternative S

t, p; m, q No. of choices/proportion t, p; m, q No. of choices/proportion
(a) Scenario 1

1 +10，30%；+20，20% 185/57.8% +30，10%；+10，40% 135/42.2%
2 +10，60%；+20，40% 157/49.1% +30，20%；+10，80% 163/50.9%
3 +10，20%；+40，30% 168/52.5% +20，10%；+30，40% 152/47.5%
4 +10，40%；+40，60% 153/47.8% +20，20%；+30，80% 167/52.2%
5 +10，20%；+50，40% 171/53.4% +20，10%；+40，50% 149/46.6%

(b) Scenario 2-1
6 −30，10%；+20，20% 125/39.1% −10，30%；+10，40% 195/60.9%
7 −30，20%；+20，40% 94/29.4% −10，60%；+10，80% 226/70.6%
8 −20，10%；+30，20% 118/36.9% −10，20%；+20，30% 202/63.1%
9 −20，20%；+30，40% 106/33.1% −10，40%；+20，60% 214/66.9%
10 −20，30%；+40，20% 120/37.5% −10，60%；+20，40% 200/62.5%

(c) Scenario 2-2
11 −30，20%；+10，20% 122/39.0% −20，30%；+5，40% 191/61.0%
12 −30，40%；+10，30% 113/36.1% −20，60%；+5，60% 200/63.9%
13 −30，30%；+10，20% 111/35.5% −20，45%；+5，40% 202/64.5%
14 −50，40%；+15，20% 109/34.8% −40，50%；+5，60% 204/65.2%
15 −60，50%；+15，30% 111/35.5% −50，60%；+5，90% 202/64.5%

(d) Scenario 2-3
16 −600，80%；+100，100% 246/79.6% −800，60%；+200，50% 63/20.4%
17 −700，65%；+100，40% 113/36.6% −650，70%；+50，80% 196/63.4%
18 −700，60%；+150，30% 92/29.8% −600，70%；+50，90% 217/70.2%
19 −700，80%；+100，90% 220/71.2% −800，70%；+150，60% 89/28.8%
20 −900，40%；+200，20% 110/35.6% −800，45%；+50，80% 199/64.4%

(e) Scenario 3-1
21 +30，20%；−10，10% 114/37.1% +15，40%；−5，20% 193/62.9%
22 +30，30%；−10，20% 116/37.8% +15，60%；−5，40% 191/62.2%
23 +30，40%；−10，30% 107/34.8% +15，80%；−5，60% 200/65.2%
24 +40，20%；−10，10% 115/37.5% +20，40%；−5，20% 192/62.5%
25 +40，30%；−10，20% 114/37.1% +20，60%；−5，40% 193/62.9%

(f) Scenario 3-2
26 +30，20%；−15，20% 167/54.1% +15，40%；−10，30% 142/45.9%
27 +30，50%；−15，40% 123/39.8% +15，100%；−10，60% 186/60.2%
28 +30，20%；−25，40% 137/44.3% +15，40%；−20，50% 172/55.7%
29 +40，30%；−30，20% 135/43.7% +15，80%；−20，30% 174/56.3%
30 +40，25%；−25，20% 150/48.5% +25，40%；−20，25% 159/51.5%

(g) Scenario 3-3
31 +450，70%；−500，60% 163/53.1% +700，45%；−600，50% 144/46.9%
32 +500，80%；−500，60% 166/54.1% +800，50%；−600，50% 141/45.9%
33 +550，80%；−600，70% 175/57.0% +800，55%；−700，60% 132/43.0%
34 +600，90%；−600，70% 175/57.0% +900，60%；−700，60% 132/43.0%
35 +650，90%；−700，80% 185/60.3% +900，65%；−800，70% 122/39.7%
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example to introduce in detail the scenario settings in the
questionnaire survey, and the other scenarios are similar.
,e scenario of Rung 1 in the questionnaire is as follows.

Suppose you are facing a trip now and there are two
routes for you to choose. Due to the strengthening of road
traffic management by the transportation authorities, the
travel time and cost on both routes are reduced. If you
choose Route R, the possibility of your travel time reduction
by 10min is 30% (the possibility of time invariance is 70%),
and the possibility of your cost reduction by 20 yuan ($2.90)
is 20% (the possibility of cost invariance is 80%). If you
choose Route S, the possibility of your travel time reduction
by 30min is 10% (the possibility of time invariance is 90%),
and the possibility of your cost reduction by 10 yuan ($1.45)
is 40% (the possibility of cost invariance is 60%). Which
route would you choose?

,e risk or uncertainty associated with travel is the
numerical probability. For example, Rung 1 under Scenario
1 of risk condition, the alternative path S (+30, 10%; +10,
40%) has a 10% chance of reducing 30min and a 40% chance
of reducing 10 yuan ($1.45). According to the statistical
results, the number of travelers choosing S is 135. If the
probability increases from 10% or 40% to 50%, the number
of travelers who chose the route will increase.

4.2. Analysis of Questionnaire Data

4.2.1. Traveler Characteristics. ,is section first analyzes the
distribution of the obtained data for age, education, occu-
pation, monthly income level, and total working hours of
one week. ,e specific distributions are as follows:

(a) Age: the age distribution of subjects is concentrated
between 20 and 40 years old, accounting for 90% of
the total number of subjects.

(b) Educational level: the subjects’ average educational
level is high, and the number of subjects with an
undergraduate degree or above accounts for 85% of
the total. ,e high level of education means that the
subjects can easily understand the situation designed
in the questionnaire, which is conducive to this
study.

(c) Occupation: company employees (75%), public in-
stitutions (14%), and civil servants (3%) account for
the top three proportions. ,ese occupations have

relatively strict commuting time requirements so
that the working hours of subjects do not fluctuate as
much as those of self-employed or freelancers.
Moreover, the salaries of these occupations are
relatively stable, which helps calculate the travel time
value of the subjects.

(d) Monthly income level: the level of monthly income is
concentrated in the three sections of 3000-5000 yuan
($435.41-$725.69), 5000-7000 yuan ($725.59-
$1015.97), and 7000-10000 yuan ($1015.97-
$1451.38), accounting for 23.2%, 32.9%, and 28.1%,
respectively.

(e) Total working hours per week: the number of people
with 40 to 49 hrs is the largest, accounting for 60%,
followed by 30 to 39 hrs (22%) and 50 to 59 hrs
(12%). After calculating the average value, the av-
erage working hours of the subjects are 8 hrs a day.
,is value is close to the average working hours of
the wage laborers published in the National Time
Use Survey Bulletin of 2018 (7.7 hrs, the data from
the official website of [39]). ,erefore, this shows
that the sample data collected in this survey are
representative and reflect the actual situation.

In addition, the income-benefit method is used to cal-
culate the VOT of travelers [40] as follows:

VOT �
1
N

􏽘

N

i�1

INC
4T

, (18)

where INC is the monthly income of the subjects, T is the
total weekly working time of the subjects, and N is the
sample size. After calculation, the average travel time value
of the subjects in this survey is 38.74 yuan/hr ($5.62/hr).
,at is, VOT′ is 1.55min/yuan (0.22min/$). ,us, the re-
sults are not much different from those of Wang [41] and
Hou [42]. ,e VOTs in these studies are 27.5-44.1 yuan/hr
($3.99-$6.40/hr) and 34.35 yuan/hr ($4.99/hr), respectively.

4.2.2. Choice Results of Situational Decision-Making.
Decision scenarios under deterministic and risky conditions
include pure gain, one gain and one loss (mixed gain, mixed
loss with similar gain and loss, and mixed loss with large
difference in gain and loss), and pure loss. ,e only dif-
ference between deterministic and risky conditions is that

Table 2: Continued.

Rung
Alternative R Alternative S

t, p; m, q No. of choices/proportion t, p; m, q No. of choices/proportion
(h) Scenario 4

36 −30，10%；−10，40% 134/42.8% −10，30%；−20，20% 179/57.2%
37 −30，15%；−10，60% 125/39.9% −10，45%；−20，30% 188/60.1%
38 −30，20%；−10，80% 136/43.5% −10，60%；−20，40% 177/56.5%
39 −30，10%；−40，50% 129/41.2% −15，20%；−50，40% 184/58.8%
40 −30，30%；−40，75% 137/43.8% −15，60%；−50，60% 176/56.2%

(t, p; m, q) indicates the decrease/increase in travel time and cost of the alternative, where t and m represent travel time and cost, respectively, and p and q

represent the probabilities of the event occurrence. ,e plus and minus signs indicate that the travel time/cost of the alternative is gain and loss, respectively,
relative to the reference point.
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the risky conditions consider the influence of probability on
the choice results, and each scenario includes 5 decision
rungs. ,e choice results under the deterministic and risky
conditions are shown in Tables 1 and 2.

5. Estimation and Analysis of the Proposed
MA-TC Model

5.1. Parameter Estimation. We used the parameter estima-
tion method adopted byWu and Gonzalez [43] and Xu et al.
[44], which is based on minimizing the sum-square error
(SSE) using the least-squares fitting method. ,e respective
formulas are given by

Pr Ri > Si( 􏼁 �
1

1 + exp V Si( 􏼁 − V Ri( 􏼁( 􏼁
,

SSEDC(α, β, λ) � 􏽘
8

i�1
ri − Pr Ri > Si( 􏼁( 􏼁

2
,

SSERC(α, β, λ, c, δ) � 􏽘

40

i�1
ri − Pr Ri > Si( 􏼁( 􏼁

2
.

(19)

where V(Si) and V(Ri) denote the utility values of alter-
natives S and R under scenario i, respectively, and the
specific formulas are equations (6)–(17), ri denotes the
proportion of subjects who actually choose the alternative R

under scenario i, Pr(Ri > Si) denotes the probability that the
utility value of alternative R is greater than that of alternative
S under scenario i, and DC and RC denote deterministic and
risky conditions, respectively.

Before model calibration, we listed all possible com-
binations of the value calculation methods under 8 decision
scenarios. Since each scenario has two methods (integra-
tion and segregation), there were 256 combinations in total.
We chose the utility calculation principle corresponding to
the minimum SSE as the best combination of utility cal-
culation methods for different scenarios under determin-
istic and risky conditions. As noted, the sum-squared error
formula is a nonlinear function, and its solution process
belongs to nonlinear least-squares optimization. ,erefore,
we intended to use the Levenberg–Marquard (LM) algo-
rithm, the particle swarm optimization (PSO) algorithm,
and the improved particle swarm optimization (BreedPSO)
algorithm to solve the problem [45] and finally selected the
parameters with the best fitting effect. ,e estimated values
of model parameters under deterministic and risky con-
ditions obtained by the three methods are summarized in
Table 3.

From Table 3, the minimum SSE values under deter-
ministic and risky conditions are 0.0198 and 0.1605, re-
spectively, and the fitting effect is the best. ,erefore, the
parameters corresponding to the SSE value are selected as
the final results of the model parameter calibration. ,e
parameter estimates are {α� 0.39, β� 0.36, λ� 1.48} and
{α� 0.13, β� 0.48, λ� 1.31, c � 0.68, δ � 0.22}, for deter-
ministic and risky conditions, respectively.

According to the calibration results, under deterministic
conditions, the risk attitude coefficients are similar (α� 0.39
and β� 0.36). ,is indicates that travelers have similar sensi-
tivity to the change of gain/loss of travel time and cost under
deterministic conditions. ,e loss aversion coefficient λ� 1.48
is slightly less than the calibration value of 1.51 [44], but it still
conforms to the conclusion that travelers are more sensitive to
loss than to gain. Under risky conditions, the risk attitude
coefficients are pretty different, α� 0.13, β� 0.48, and α<β. It
indicates that travelers are more sensitive to the change of loss
of travel time and cost and less sensitive to the change of gain.
,e loss aversion coefficient λ� 1.31 is slightly smaller than the
value under deterministic conditions, indicating that the loss
aversion phenomenon under risky conditions is less obvious
than that of deterministic conditions. ,e parameters of the
weight function corresponding to the gain and loss are c � 0.68
and δ � 0.22, respectively, which are pretty different.,is shows
that the tendency of the traveler to overestimate the small
probability event and underestimate the high probability event
is more obvious when losing than when gaining.

5.2. Principle of Utility Calculation. According to some ac-
tual economic phenomena and scenario experiments, the
original HE criterion is an ideal decision-making evaluation
principle proposed by ,aler [23, 35]. ,e criterion can be
used to explain economic phenomena such as sunk cost
effect. However, whether the criterion still has a good ex-
planatory ability under different decision-making back-
grounds (e.g., different research purposes, behavior subjects,
and fields) is worth further study.

We chose the utility calculation principle corresponding to
the minimum SSE as the best combination of utility functions
for different scenarios under deterministic and risky condi-
tions. According to the questionnaire data and fitting results,
the utility calculation principle corresponding to eight groups
of scenarios under deterministic and risky conditions can be
obtained. ,ey are {Segregation, Segregation, Integration, In-
tegration, Segregation, Segregation, Segregation, Segregation}
and {Integration, Segregation, Segregation, Segregation, Seg-
regation, Segregation, Segregation, Segregation}, respectively.
From the calculation results, only Scenario 2-2 and Scenario 2-
3 adopt the integrated calculation principle under deterministic
conditions. Travelers prefer the integrated principle when the
time account is loss, the money account is gain, and the final
state is mixed loss. In this way, they can try to integrate the gain
to reduce the pain caused by the loss. While travelers prefer to
separate in another scenario, where the time account is gain,
the money account is loss and the final state is mixed loss
(Scenario 3-2 and Scenario 3-3). In the same case of one ac-
count loss and another account gain, the traveler’s choice
results of time loss and money loss are pretty different. ,is
result once again confirms that travelers have different attitudes
towards time and money, which is consistent with the research
conclusions of Leclerc et al. and Yang et al. [30, 34]. Under the
risky conditions, travelers prefer segregation in all scenarios
except Scenario 1, which indicates that when risk is considered
in utility measurement system, travelers’ preference will be
reversed.
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,e utility calculation principle based on the proposed
mental accounting deviates from the original HE criterion,
and the specific comparison schemes are shown in Table 4.
,is table shows the value calculation principle (integration
or segregation), which the decision maker prefers in the
eight decision scenarios. If the integration principle is
adopted, the formula can be expressed as VMA(T + M);
otherwise, it is VMA(T) + VMA(M). For example, according
to the original HE criterion, decision makers prefer to use
the segregation principle to calculate the utility of the joint
outcomes in Scenario 1, so the corresponding formula is
VMA(T) + VMA(M). ,e formula of the original HE cri-
terion is shown in equation (4), and the formulas of the
deterministic and risky conditions are shown in equations
(5)–(17). ,e possible reason for the difference mentioned
above is that the scenarios designed in this paper have strong
traffic characteristics and consider both time and money
attributes, which are different from traditional economic
scenarios. Different hypothetical scenarios and subjects lead
to different prediction results. Furthermore, researchers still
know little about the utility measurement system of MAT
and only have a general utility calculation principle, namely,

the original HE criterion. ,ereby, the early theoretical
research of MAT usually only involves decision-making
problems under deterministic conditions. However, this
paper aims to explore the travelers’ decision-making under
both deterministic and risky conditions, so the different
problems involved in the research may also be one of the
reasons for the difference between the two prediction results.

To sum up, there may be some differences in the HE
criterion under different environments. ,erefore, in
practice, the original HE criterion should be appropriately
corrected according to the research background, objects, and
purposes, to make the criterion close to the actual choice
behavior of the subjects.

5.3. New Utility Expressions. Based on the preceding results
of parameter estimation and the principle of utility calcu-
lation (Table 4), the expressions of the multiattribute utility
function of Section 4.3 can be refined and integrated. ,en,
the utility expression of the travel choice behavior model
based on mental accounting can be obtained. ,e specific
expressions are as follows:

VDC(T&M) �

ΔTα
+ VOT′ ∗ ΔM( 􏼁

α
, if ΔT> 0 andΔM> 0,

−λ|ΔT|
β

+ VOT′ ∗ ΔM( 􏼁
α
, if ΔT< 0,ΔM> 0 andΔT + VOT′ ∗ ΔM> 0,

−λ ΔT + VOT′ ∗ ΔM
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
β
, if ΔT< 0,ΔM> 0 andΔT + VOT′ ∗ ΔM< 0,

ΔTα
− λ VOT′ ∗ ΔM

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
β
, if ΔT> 0 andΔM< 0,

−λ|ΔT|
β

− λ VOT′ ∗ ΔM
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
β
, if ΔT< 0 andΔM< 0,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

VRC(T&M) �

ΔT∗ π+
(p) + VOT′ ∗ ΔM∗ π+

(q)( 􏼁
α
, if ΔT> 0 andΔM> 0,

−λ|ΔT|
β ∗ π−

(p) + VOT′ ∗ ΔM( 􏼁
α ∗ π+

(q), if ΔT< 0 andΔM> 0,

ΔTα ∗ π+
(p) − λ VOT′ ∗ ΔM

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
β ∗ π−

(q), if ΔT> 0 and ΔM< 0,

−λ|ΔT|
β ∗ π−

(p) − λ VOT′ ∗ ΔM
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
β ∗ π−

(q), if ΔT< 0 andΔM< 0,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(20)

Table 3: Calibration results of MA-TC model parameters under deterministic and risky conditions.

Solution Estimated parameter
Algorithm αa βa λb cc δc SSE
(a) Deterministic conditions
LM 0.39 0.36 1.48 −d — 0.0198
PSO 0.34 0.26 1.75 — — 0.0232
BreedPSO 0.31 0.20 2.40 — — 0.0232
(b) Risky conditions
LM 0.25 0.33 1.12 0.87 0.48 0.2290
PSO 0.19 0.29 2.21 0.88 0.35 0.1995
BreedPSO 0.13 0.48 1.31 0.68 0.22 0.1605
a α and β are risk attitude coefficients, which measure the degree of diminishing sensitivity of the decision makers to risk changes. ,e greater the value is, the
more sensitive the decisionmakers are to risk. b λ is the loss aversion coefficient, which indicates that individuals are more sensitive to losses than to gains.,e
greater the value is, the more sensitive the decisionmakers are to losses. c c and δ are parameters denoting the curvature of the weight function. A smaller value
of the parameters indicates that the tendency of the decision makers to overestimate small probability events and underestimate high probability events is
more obvious. d denotes not applicable.
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where V(T&M) is the joint utility function of travel time T

and travel cost M, DC and RC refer to deterministic and
risky conditions, respectively, and VOT′ is the travel time
value coefficient, where the unit is minute/yuan. ,e values
of the parameters α, β, λ, c, and δ are as presented in Section
6.1.

6. Model Validation

,e proposed MA-TC model was validated by comparing it
with two other formulated models: (1) the PT model that
considers both travel time and cost (PT-TC) and (2) the
mental accounting model based on the original HE criterion
(MA-HE, see equation (4)). Two indicators were used for
comparison: nonlinear correlation coefficient (RNL) and hit
rate (HitR). ,ere are two reasons for selecting these two
models. First, PT is the most commonly used tool for an-
alyzing and modeling of bounded rational travel behavior
[16, 46, 47]. Transportation scholars have widely recognized
the tool with rich research results and broad applications.
,e proposed model is based on mental accounting con-
sidering travel time and cost and it seems intuitive to use the
PT-TC model as a comparison model. Second, there are
some differences between the utility calculation principle
and the original HE criterion. Using the mental accounting
model based on the original HE criterion (MA-HEmodel) as
a comparison model, one can further verify that the original
HE criterion should be appropriately corrected in actual
applications.

6.1. Evaluation Indicators. Two indicators were used for
model evaluation: nonlinear correlation coefficient RNL and
hit rate HitR. ,e RNL is usually used as the goodness-of-fit
indicator, and its significance is similar to R2 in linear re-
gression analysis. ,e closer the goodness-of-fit value is to 1,
the better the prediction effect of the model is. ,e specific
calculation is as follows:

RNL � 1 −

����������

􏽐 yi − 􏽢yi( 􏼁
2

􏽐 y
2
i

􏽶
􏽴

, (21)

where yi and 􏽢yi represent the actual value and the predicted
value, respectively, that is, the actual choice probability and
the ideal choice probability calculated by the model.

,e hit rate is an indicator to evaluate whether the actual
choice results are consistent with the prediction results of the
model. ,e higher the value is, the higher the accuracy of the
prediction results of the model is and the stronger the

prediction ability of the traveler’s travel choice behavior is.
For Scenario i, if the choice probability calculated by the
model is greater than or equal to 50%, it is regarded as the
selection result of travelers in the scenario, and then, the
choice result SRi is predicted as

SRi �
1, if Pr≥ 50%,

0, if P< 50%.
􏼨 (22)

If the prediction result SRi of themodel is consistent with
the actual choice result, let σi be 1, otherwise 0. ,erefore,
the HitR can be calculated by

HitR �
􏽐

N
i�1 σi

N
× 100%, (23)

where N is the number of scenarios. ,e number of de-
terministic and risky conditions are 8 and 40, respectively.

6.2. Parameter Calibration of Comparison Models

6.2.1. PT-TC Model. Based on the prospect theory, this
section presents a travel choice behavior model that con-
siders both travel time and cost. ,e value and weight
functions of the model are represented in the classical forms
(see [22]). ,e reference point is the same as that of the
proposed model, based on the actual or expected travel time/
cost in the previous trip. ,e idea of calculating the mul-
tiattribute utility function of the comparison PT-TC model
is as follows. ,e value and weight functions are first used to
calculate the prospects of the time and cost attributes, re-
spectively. ,en, these prospects are summed up to obtain
the multiattribute utility function. ,e expression is as
follows:

UPT � υ(T)π(p) + υ(M)π(q), (24)

where UPT denotes the utility function of PT, T and M

denote travel time and cost, p and q denote the probability of
events occurrence, υ(·) denotes the value function as
equation (1), and π(·) denotes the weight function of
equation (2). It is worth noting that, under deterministic
conditions the values of π(p) and π(q) equal 1. ,e same
parameter calibration method and solution algorithm were
used to estimate the parameters of the PT-TC model based
on the questionnaire data.,e specific calibration results are
shown in Table 5.

Table 5 shows that, in the traffic environment, the pa-
rameter estimates of the PT-TCmodel considering the travel
time and cost are different from those of the previous studies
[22], especially the calibration values under deterministic

Table 4: Comparison of the utility calculation principle for different scenarios under deterministic and risky conditions.

Conditions
Calculation principle

Sce.1 Sce.2-1 Sce.2-2 Sce.2-3 Sce.3-1 Sce.3-2 Sce.3-3 Sce.4
Prediction results based on OHEC Sep. Int. Int. Sep. Int. Int. Sep. Int.
Solution results of the DC model Sep. Sep. Int. Int. Sep. Sep. Sep. Sep.
Solution results of the RC model Int. Sep. Sep. Sep. Sep. Sep. Sep. Sep.
OHEC, original HE criterion; DC, deterministic conditions; RC, risky conditions; Sce., scenario; Sep., segregation; Int., integration.
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conditions, where the risk attitude coefficient α and β are
relatively small. ,is indicates that travelers are not sensitive
to the change of travel time and cost under deterministic
conditions. ,e loss aversion coefficient λ� 2.04 is slightly
less than the calibration value of 2.25 [22], but it is consistent
with the conclusion that travelers are more sensitive to loss
than gain. Under risky conditions, the value function pa-
rameters are α� 0.42, β� 0.53, and λ� 1.19; α and β are
larger than those of the deterministic conditions, while λ is
the opposite.,ese calibration results show that travelers are
more sensitive to the change of travel time and cost when
considering uncertainty, but the degree of loss aversion is
smaller than deterministic conditions. ,e parameters c and
δ of the weight function have little difference from the
calibration values of the existing PT studies. Note that δ for
PT is 3 to 4 times larger than that δ for the MA models. ,e
parameter δ denotes the curvature of the weight function,
and a smaller value indicates that the tendency of the de-
cision makers to overestimate small probability events and
underestimate high probability events is more obvious. Such
a difference between the value of PT and that of the MA
model means that the tendency is more obvious when the
travelers have mental accounts.

6.2.2. MA-HE Model. Similar to the PT-TC model, the MA-
HE model presented in this section still uses the actual travel
time/cost or expected travel time/cost as the reference point.
Its utility calculation principle fully follows the original HE
criterion [23]. ,at is, the combination of the eight sce-
narios’ utility calculation principles under both determin-
istic and risky conditions is {Segregation, Integration,
Integration, Segregation, Integration. Integration, Segrega-
tion, Integration}. On this basis, we used the samemethod to
calibrate the parameters of the MA-HE model based on the
questionnaire data.

,e specific calibration results are shown in Table 5. As
noted, under deterministic conditions, the risk attitude
coefficients α and β of the MA-HE model are relatively small
and almost equal. ,is indicates that travelers are not
sensitive to the travel time and cost changes, and the sen-
sitivity to changes is similar. Loss aversion coefficient
λ� 1.65 is smaller than the values calibrated by Tversky and
Kahneman [22], indicating that travelers from the

perspective of MA are more sensitive to loss than gain, but
less sensitive than PT. Under risky conditions, the risk at-
titude coefficients α and β are 0.11 and 0.61, respectively, and
the difference between them is large. In addition, the loss
aversion coefficient λ� 2.52 is larger than that of Tversky and
Kahneman [22]. ,e values of these three parameters in-
dicate that travelers are very sensitive to the travel time and
cost changes, and the phenomenon of loss aversion is evi-
dent. ,e weighting function c � 0.95 is very close to 1 in
gain, but the parameter is exactly the opposite in loss,
δ � 0.15. ,is shows that travelers have slight tendency to
overestimate small probability and underestimate proba-
bility in gain, but it is pronounced in loss.

6.3. Comparison ofModel FittingAccuracy. RNL and HitR of
the three models were calculated for the deterministic and
risky conditions (Table 6). For the deterministic conditions,
RNL of the travel choice behavior model based on the
proposed MA-TC model is 0.90, which is larger than that of
the PT-TC andMA-HEmodels (0.84 and 0.62, respectively).
,is result shows that the fitting effect of the proposedmodel
is the best.,e hit rates of the proposedMA-TC, PT-TC, and
MA-HE models are 87.5%, 75.0%, and 37.5%, respectively.
,e accuracy of the first two models is relatively high, and
the proposed model is obviously superior to the two
comparison models. ,e results also show that the original
HE criterion has poor explanatory ability in the traffic en-
vironment, which further verifies the conclusion that there
are differences in the HE criterion under different research
backgrounds.

For the risky conditions, after considering the uncer-
tainty in travel, RNL of the proposed and PT-TC models are
less than those of the deterministic conditions, but the extent
of the reduction is different.,e value of the proposedmodel
decreases from 0.90 to 0.86 and remains at a high level
(above 0.85), while the value of the PT-TC model decreases
from 0.84 to 0.79, with a relatively poor-fitting effect. It is
interesting to note that the MA-HE model is different from
the other two models. After considering risk, RNL of this
model increases (rather than decreases) from 0.62 to 0.78,
but the fitting effect is still not as good as that of the proposed
model. Although there are many hypothetical scenarios
under risky conditions, the hit rates of the three models are

Table 5: Parameter calibration results of the PT-TC, MA-HE, and proposed models.

Conditions
Estimated parameter value

SSE
α β λ c δ

(a) PT-TC model
Deterministic 0.21 0.18 2.04 −a — 0.0459
Risky 0.42 0.53 1.19 0.75 0.70 0.3835
(b) MA-HE model
Deterministic 0.15 0.15 1.65 — — 0.2013
Risky 0.11 0.61 2.52 0.95 0.15 0.4000
(c) Proposed MA-TC model
Deterministic 0.39 0.36 1.48 — — 0.0198
Risky 0.13 0.48 1.31 0.68 0.22 0.1605
a, not applicable.
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increasing. ,e hit rate of the proposed model is as high as
97.5%, which is better than that of the two comparison
models (90.0% and 62.5%).

In addition, model fitting curves were developed so that
the fitting differences of the three models can be seen more

intuitively. ,e curves under deterministic and risky con-
ditions are shown in Figures 4 and 5, respectively. ,e solid
green lines represent actual questionnaire results. ,e ma-
genta dashed lines, the blue dotted lines, and the red dash-
dotted lines represent the predicted results based on the

Table 6: Contrastive analysis of models.

Conditions
PT-TC model MA-HE model Proposed MA-TC model

RNL HitR RNL HitR RNL HitR
Deterministic 0.84 75.0% 0.62 37.5% 0.90 87.5%
Risky 0.79 90.0% 0.78 62.5% 0.86 97.5%
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Figure 4: Fitting curve under deterministic conditions.
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Figure 5: Fitting curve under risky conditions.
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proposed MA-TC, PT-TC, and MA-HE models, respec-
tively. ,e numbers of scenarios for the deterministic and
risky conditions are 8 and 40, respectively. ,e fitting curves
show that the fitting effect of the proposed model in this
paper is better than that of the PT-TC model under

deterministic conditions, especially Scenarios 6 to 8. In
contrast, the MA-HE model has a poor-fitting effect, and
only Scenario 3 is closer to the actual choice result. Under
risky conditions, the fitting results of the proposed and PT-
TC models have their advantages and disadvantages.

Table 7: Prediction accuracy of models.

Conditions
PT-TC model MA-HE model Proposed MA-TC model

RNL HitR RNL HitR RNL HitR
Deterministic 0.84 75.0% 0.75 37.5% 0.81 87.5%
Risky 0.80 80.0% 0.76 52.5% 0.82 87.5%
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Figure 6: Forecast curve under deterministic conditions.
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Figure 7: Forecast curve under risky conditions.
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Although the PT-TC model is slightly closer to the actual
choice curve in some scenarios than the proposed model, it
performs poorly in Scenarios 20, 26, and 29 to 34, and the
prediction results are pretty different from the actual ob-
servations. In this model, among all the predicted values,
there are 7 scenarios where the choice probability deviation
ranges from 15% to 24%. In contrast, the deviation of the
proposed model is less than 15% in all scenarios. From the
overall trend, the fitting effect of the model in this paper is
still better, so the proposed model has stronger explanatory
power and can describe the actual travel choice behavior of
the traveler more accurately. In addition, Figure 5 shows that
the prediction accuracy of the MA-HEmodel is poor, almost
50% of the scenario prediction deviations exceed 10%, and
the fitting effect is inferior to the proposedmodel. Compared
with the HE criterion of the mental account and the linear
utility combination of the PT theory, the MA-TC model
considers the different utility combinations of travelers for
time and money to improve the fitting accuracy.

6.4. Validation of the Proposed Model. Because all the col-
lected data from April to May 2019 were used to calibrate
model parameters, we conducted another survey in De-
cember 2021 and collected a total of 436 valid question-
naires. To verify the effectiveness of the MA-TC model, the
proposed and comparison models were used to predict the
choice of travelers. RNL and HitR of the three models were
calculated for the deterministic and risky conditions
(Table 7).

For the deterministic conditions, RNL of the MA-TC
model is 0.81, which is slightly lower than that of the PT-TC
model and higher than that of the MA-HE model (0.84 and
0.62, respectively). However, HitR of the MA-TC and PT-
TC models are 87.5% and 75%, respectively, while HitR of
theMA-HE comparisonmodel is only 37.5%. So, HitR of the
proposed model is the best although RNL is the second best.

For the risky conditions, RNL of the MA-TC and MA-
HE models increases, but RNL of the PT-TC model de-
creases by 4%. ,e MA-TC model has the highest RNL of
0.82, which has the best prediction accuracy. In terms of
HitR, the MA-TC model is also the best. ,erefore, from the
two aspects of nonlinear correlation coefficient and hit rate,
the proposed MA-TC model has the best prediction effect
under risky conditions and can better explain the travel
choice behavior of the travelers.

In addition, the prediction curves in the two cases are
shown in Figures 6 and 7. As noted in Figure 6, the prediction
accuracy of the MA-TC model is less than that of the PT-TC
model in deterministic scenarios, which is mainly due to the
large gap between the predicted and actual values of Scenarios 1
and 8, which are 15% and 20%, respectively. However, the
prediction errors of the other scenarios are less than 5%, except
that Scenario 3 is 6.7% and Scenario 5 is 5.3%. ,is indicates
that a smaller nonlinear correlation coefficient is mainly
contributed by Scenarios 1 and 8. In these two scenarios, the
number of travelers choosing routeR increases since they focus
more onmoney than time account.,ey paymore attention to
increasingmoney gain and reducingmoney loss, whichmay be

caused by the prevalence of COVID-19 and other reasons.
However, for the MA-HE model, only the prediction error of
Scenario 4 is less than 10%, but the error of other scenarios is
more than 10%, so its prediction effect is poor. In the risky case,
the proposed model has high prediction accuracy. Only the
prediction error of Scenarios 23, 24, and 40 is more than 15%,
and the maximum prediction error is 16.97%. For the PT-TC
model, the prediction error of five scenarios is more than 15%,
and the maximum prediction error of the model is 24.48%. For
the MA-HE comparison model, the prediction error of Sce-
narios 7, 23, 24, and 27 is more than 20%. ,erefore, the MA-
TC model is more suitable for risk decision to describe the
travelers’ travel choice behavior. In addition, the prediction
accuracy of the MA-HE model is lower than that of MA-TC
model in two scenarios, which indicates that the calculation
principle of mental accounts should be adjusted appropriately
in the traffic background.

7. Conclusions

,e research on bounded rational travel choice behavior is a
complex and challenging topic. How to use bounded ra-
tionality theory to propose a travel behavior model that is
more in line with the actual travel behavior of travelers is the
focus of scholars in transportation. Based on the mental
accounting theory in behavioral economics, we conducted
an in-depth analysis of its utility measurement system
concerning account setting, value function form, and cal-
culation principle and proposed a travel choice behavior
model considering both travel time and cost under deter-
ministic and risky conditions. ,e following research results
are offered:

(1) According to the survey data, the parameters of the
travel choice behavior model were calibrated.,ere are
great differences in model parameters under deter-
ministic and risky conditions. In deterministic con-
ditions, travelers have similar sensitivity to the change
[23, 35] of gain/loss of travel time and cost. Under risky
conditions, they aremore sensitive to the change in loss
and less sensitive to the change in gain. Simultaneously,
the tendency of overestimating small probability events
and underestimating high probability events is more
obvious when travelers lose in risky environments.,e
parameter estimates are {α� 0.39, β� 0.36, λ� 1.48}
and {α� 0.13, β� 0.48, λ� 1.31, c � 0.68, δ � 0.22}, for
deterministic and risky conditions, respectively.

(2) ,e original HE criterion is an ideal decision-making
evaluation principle proposed by ,aler, which can
be used to explain how individuals use mental ac-
counts to evaluate and make decisions on economic
activities. However, this study has focused on
whether the criterion still has a good explanatory
ability under different decision-making back-
grounds, such as different research purposes, be-
havior subjects, and fields. Based on this idea, this
paper used a questionnaire to explore how travelers
use time and money accounts to make travel choice
decisions and then verified whether the original HE
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criterion for economic subjects is also applicable to
travel subjects. ,e results showed that the original
HE criterion deviates from the actual survey results,
so we revised the criterion and proposed a utility
calculation principle in the traffic context. ,e
proposed principle is closer to the traveler’s choice
behavior in natural traffic environments. ,e com-
bination of the utility calculation principle under
deterministic and risky conditions presented in this
paper are {Segregation, Segregation, Integration,
Integration, Segregation, Segregation, Segregation,
Segregation} and {Integration, Segregation, Segre-
gation, Segregation, Segregation, Segregation, Seg-
regation, Segregation, Segregation}, respectively. ,e
“Integration” and “Segregation” mentioned above
represent the value function calculation method
preferred by travelers in each decision-making
scenario.

(3) Taking the nonlinear correlation coefficient and the hit
rate as evaluation indicators, the proposed model was
compared with the prospective theory and mental
accounting models for fitting accuracy and prediction.
,e prospect theory model considers both travel time
and cost (PT-TC model) and the mental accounting
model is based on the original HE criterion (MA-HE
model). ,e results of data fitting accuracy show that
the values of the two indicators of the proposed model
are larger than those of the two comparison models.
,erefore, the proposed model has stronger explana-
tory power and can describe the actual travel choice
behavior of the traveler more accurately. For model
prediction, under deterministic scenarios, although the
nonlinear correlation coefficient of the MA-TC model
is slightly smaller than that of PT-TC, the nonlinear
correlation coefficient of the proposed model is larger
than that ofMA-HE. Under risk scenarios, theMA-TC
model’s nonlinear correlation coefficient and the hit
rate are larger than those of the two comparison
models.,erefore, the proposedmodel canwell predict
the travel choices in most cases.

(4) Future research may focus on the relationship be-
tween time and money from the perspective of
mental accounts. From the perspective of mental
account, the purpose of travel, time constraints, and
other factors affecting travelers’ travel choice can be
explored. In addition, this study adopts the stated
preference survey method, but there may not be any
relevant situation in reality that completely conforms
to the design of this questionnaire. ,erefore, the
change range of time and money in travel choice can
be investigated when travelers encounter traffic
management and other situations and then make the
choice scheme according to the actual situation.
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decision making: is time like money?” Journal of Consumer
Research, vol. 22, no. 1, pp. 110–119, 1995.

[31] S. Hess, S. Orr, and R. Sheldon, “Consistency and fungibility
of monetary valuations in transport: an empirical analysis of
framing and mental accounting effects,” Transportation Re-
search Part A: Policy and Practice, vol. 46, no. 10, pp. 1507–
1516, 2012.

[32] X. F. Bai, “An empirical study on the impact of travel time
mental accounting and mental budget,” Master Dissertation
In Chinese, Nanjing University, Nanjing, China, 2019.

[33] Y. Bao, Z. Gao, M. Xu, H. Sun, and H. Yang, “Travel mental
budgeting under road toll: an investigation based on user
equilibrium,” Transportation Research Part A: Policy and
Practice, vol. 73, pp. 1–17, 2015.

[34] F. Yang, Y. H. Huang, P. J. Jin, and J. Xie, “An empirical study
of the travel choice behavior model based on the mental
account theory,” in Proceedings of the 98th Annual Meeting of

Transportation Research Board, Article ID 1905346, Wash-
ington, DC, USA, January 2019.

[35] R. ,aler, “Mental accounting and consumer choice,” Mar-
keting Science, vol. 4, no. 3, pp. 199–214, 1985.

[36] C. Xie, X. Wu, and S. Boyles, “Traffic equilibrium with a
continuously distributed bound on travel weights: the rise of
range anxiety and mental account,” Annals of Operations
Research, vol. 273, no. 1-2, pp. 279–310, 2019.

[37] A. Tversky and D. Kahneman, “,e framing of decisions and
the psychology of choice,” Science, vol. 211, no. 4481,
pp. 453–458, 1981.

[38] M. Levy and H. Levy, “Prospect theory: much ado about
nothing?”Management Science, vol. 48, no. 10, pp. 1334–1349,
2002.

[39] National Bureau of Statistics of the People’s Republic of
China, “National time use survey Bulletin,” 2018, http://www.
gov.cn/xinwen/2019-01/25/content_5361065.htm.

[40] N. K. Jayasooriya, H. L. K. Perera, H. R. Pasindu, and
J. M. S. J. Bandara, “Developing a reliable estimate for value of
time for transportation projects,” Advances in Transportation
Studies, vol. 18, pp. 5–18, 2019.

[41] F. Wang, “Research on the time value of behavior based on sp
survey,” Master Dissertation In Chinese, Beijing University of
Technology, Beijing, China, 2005.

[42] M. Hou, /e Research of Road Congestion Pricing Based on
/evalue of Time, Master Dissertation In Chinese, Beijing
University of Civil Engineering and Architecture, Beijing,
China, 2012.

[43] G. Wu and R. Gonzalez, “Curvature of the probability
weighting function,” Management Science, vol. 42, no. 12,
pp. 1676–1690, 1996.

[44] H. Xu, J. Zhou, and W. Xu, “A decision-making rule for
modeling travelers’ route choice behavior based on cumu-
lative prospect theory,” Transportation Research Part C:
Emerging Technologies, vol. 19, no. 2, pp. 218–228, 2011.

[45] C. Gong and Z. L. Wang, Proficient in MATLAB Optimal
Computing, PublishingHouse of Electronics Industry, Beijing,
China, 2012, In Chinese, 2nd edition.

[46] E. Avineri and E. Ben-Elia, “Prospect theory and its appli-
cations to the modelling of travel choice,” Bounded Rational
Choice Behaviour: Applications in Transport, Emerald Group
Publishing, Bingley, England, 2015.

[47] X. Di and H. X. Liu, “Boundedly rational route choice be-
havior: a review of models and methodologies,” Trans-
portation Research Part B: Methodological, vol. 85,
pp. 142–179, 2016.

Journal of Advanced Transportation 21

http://www.gov.cn/xinwen/2019-01/25/content_5361065.htm
http://www.gov.cn/xinwen/2019-01/25/content_5361065.htm

