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In the present study, we used the stated preference approach to design different situations, including appearance, different
services, and different times to further explore passengers’ acceptance of and expected price to be paid for taxi service levels. In
addition to using general ordered models, the results of this study were also compared with the multinomial logit model and the
partial proportional odds (PPO) model. The results of comparison between the models ultimately revealed that the PPO model
statistically had a better explanatory power. In the model estimation results, the key explanatory variables included the ability to
recognize the appearance, seating space, honorable service, the development of user payment concepts, and demographic
grouping, all of which could increase acceptance. The results obtained in this study could provide a key reference for the

classification of taxis in the Taiwan region and serve as a basis for the development of strategies by operators in the future.

1. Introduction

Taxis are positioned as secondary mass transportation (para-
transit) within urban transport. They are characterized by
being quick, convenient, comfortable, and private motorized
modes, door-to-door service, and are not subject to time
limitations (e.g., departing late at night). In addition, pas-
sengers do not need to afford the cost of purchasing a ve-
hicle, maintenance and repair costs, insurance, taxes,
parking fees, and other expenditures. Research also indicates
that taxis act as a part of public transportation, providing the
public with convenient, point-to-point (the last mile)
services.

However, taxis are not perfect modes of transportation.
For example, single-trip fare is higher than that of mass
transportation. At peak times, demand is greater than supply
and it is difficult to hail a taxi. Additionally, a single rate for
taxi cannot reflect the costs of different services, such as
older or lack-of-maintenance taxi usually with uncomfort-
able air condition, unclean seat, and nosier ride quality. This
makes customers feel that service quality is poor, which
reduces riding rates. This also leads to a high percentage of
empty taxis on the road and subsequently causes some

negative effects, such as air pollution and CO, emissions
[1-4]. In addition, developments in new information
technology have had a substantial impact on the taxi in-
dustry in recent years. For decades, the spread of personal
mobile devices and applying this advantage to call a taxi
through a mobile device has led to a rise in innovative
services: for example, Uber [5] services more than 230 cities
in 15 countries, Lyft’s services [6] include 30 states in the
United States, Hailo [7] serves 12 major cities in Europe, the
United States, and several Asian regions, China’s Didi Dache
(Didi Dache) and Kuaidi Dache (Kuaidi Dache) have more
than 1.5 million users (as discussed by Russell [8]), while Ola
Cabs and TaxiForSure serve major cities in India [9]. The
above services have quickly attracted consumers’ interest
through high service quality. However, their safety, legality,
and other issues have also triggered a variety of disputes in
different regions.

Taiwan’s Ministry of Transportation and Communica-
tions has communicated the concepts of diversified taxis to
the taxi industry since 2015: liberalizing the vehicle body
colors of taxis, no longer limiting them to yellow; flexibly
adding or removing roof lights depending on customer
needs; adopting reservation systems for operations without
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cruising to find passengers or scheduling; the introduction of
smart systems; and transparent operating information.
When using an app to call a taxi, the app must provide the
license plate number, the brand and model of the vehicle, the
full name and a photograph of the driver, passenger ratings,
estimated fare, vehicle’s traveling trajectory, and other in-
formation. The above concepts can provide passengers with
smarter, safer, and more convenient diverse transportation
services.

Although the existing legislation regulated minimum
requirements for taxi service quality (such as taxi drivers’
qualification, vehicle exterior, etc.) by the National Police
Agency and the Ministry of Transportation and Commu-
nications and, moreover, governments conducted annual
taxi service evaluation in order to assist operators in
establishing brands and undergoing evaluations to help
operators actively increase their service quality, however, in-
depth investigations of the characteristics of users have not
been conducted; the directions and feasible goals for im-
proving service quality are not understood precisely.
Therefore, the different feelings of users toward the relevant
elements, such as taxi brand, vehicle age, displacement, and
power types, all of which should increase passengers’ ac-
ceptance of taxis, must be understood. In addition, expe-
riences with urban taxi operations in other countries also
indicate that a graded system can satisfy passengers with
different needs, thereby increasing taxi service quality: for
example, taxis in Seoul are divided into four different levels.
Their external appearances also adopt lines of different
colors. Taxis in Kuala Lumpur are divided into two types,
general and luxury taxis. They are distinguished in their
appearance by the colors red and blue, respectively. In Hong
Kong, Shenzhen, and Tokyo, taxis are painted with different
colors depending on their service areas. In all of the above
regions, different appearances (colors, vehicle types), dif-
ferent service content (reservations, food and beverages
within the vehicle, video entertainment, etc.), and different
service hours (peak or off-peak) are adopted to serve as a
basis for classification. The initial charges for these taxis
range from US$0.71 to US$1.50 per kilometer. These charges
jump by approximately US$0.09 to US$0.27 per kilometer.
In particular, the charges for high-level service taxis in Kuala
Lumpur and South Korea are nearly twice the charge for
general taxis.

In summary, passengers were the subjects of the present
study. The survey location was the taxi scheduling area at
THSR (Taiwan High Speed Rail) Taichung Station. Pas-
sengers taking scheduled taxis were surveyed in the hope of
exploring in depth the key factors influencing the acceptance
of taxi service grades. The partial proportional odds (PPO)
model, which has relatively strong explanatory power, was
adopted in this study. The comprehensive estimation results
from the model were used to provide recommendations for
reference in the future development of taxi businesses in the
Taiwan region. This study is based on passengers of taxis
operating with charges based on taximeters. Operations with
negotiated charges were not within the scope of this study.
Additionally, with regard to taxi rates, rate structures and
standards were not investigated.
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The paper is organized as follows: Section 2 reviews the
findings of the related literatures. Section 3 presents the
model used in the study. Section 4 illustrates the experi-
mental design and the data. Section 5 shows the results of the
analysis carried out with each model and the comparison
between them. And the final section summarizes our study’s
findings.

2. Literature Reviews

The majority of past studies on taxis explored the use of
GPS positioning technology or new technological
methods to improve the cruising of empty taxis, increase
traveler convenience, enhance traveler satisfaction, and
improve overall operating efficiency from the perspective
of operators [10-12]. In addition, studies have also in-
vestigated behavior when driving to seek passengers [12]
and the speeding violations of female professional drivers
from the perspective of taxi drivers [13].

Shaaban and Kim [14] assessed taxi services in Doha,
adopting structural equations for measurement in their
research. The results of their study indicated that key items
influencing taxi services include (1) socioeconomic back-
ground factors; (2) taxi call station status; (3) taxi business
vehicle status; and (4) driver status.

A study by Hess and Bitterman [15] indicated that
brand, marketing, and advertising can definitely influence
people’s travel behavior as well as their views toward
public transportation, and the results illustrated that
combining environmental awareness with leisure, enter-
tainment, and brand building is a feasible direction. With
regard to extended studies on the topic of environmental
protection, Gao and Kitirattragarn [16] investigated the
preferences of taxi operators in New York (including
individual taxis and taxi fleets) for the purchase of hybrid
electric vehicles (hybrid-electric vehicles, HEVs) as op-
erating vehicles. They illustrated that if the future pro-
motion of HEVs in New York is supported by government
policy, this could accelerate the realization of energy
saving and carbon reduction. This study showed that
vehicle models with different power methods for future
taxis may in practice be a factor influencing passengers. In
addition, new and innovative services have had an impact
on the taxi industry. Although there may be concerns
about statutory norms [17], app services to call taxis are
widely accepted by users.

Although some studies have indicated that grading taxi
services is a way to increase passenger satisfaction [18], a
relatively small number of studies have analyzed this in
depth from the passenger perspective. The present study
explores this area.

The majority of studies that investigated ordinal scale in
the past applied the following models: (1) the ordered logit
model (OLM) [19-22]; (2) the generalized ordered response
models [23]; (3) multinomial logit model (MNL) [24]; (4)
mixed logit models [25-29]; and heteroskedastic models and
latent class/finite mixture models have also been applied to
different field studies to address the issue of unobserved
heterogeneity [29-32].
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In the application of these former models, several
methodological issues were adopted for unobserved het-
erogeneity, omitted variable bias, with-in group correlation,
and so on [22, 33-36].

The main focus of this study is the application of partial
proportional odds (PPO) models for analyzing taxi service
acceptance. The study also includes a comparison with two
other fixed parameter models—ordered logit and multi-
nomial logit (MNL) models.

Based on studies by Train [37] and Washington et al. [38],
OLM can be derived based on latent variables that cannot be
observed. The derivation process assumes that the data are
consistent with the proportional odds assumption (partial
proportional odds assumption). The so-called “proportional
odds assumption” assumes that the coefficients of independent
variables in two satisfaction levels are the same. The coefficients
represent the slope; that is, the slope does not change on
different levels [33]. In other words, individual heterogeneity
cannot appear in OLM. In contrast, although the MNL model
can maintain the heterogeneity of individual independent
variables, its failing is that it overlooks the ordered charac-
teristics of the acceptance levels. It makes statistical estimations
using only categorical variables. Thus, both models are limited
in their application. Relaxing the assumptions of the above two
models, Williams [39] proposed the partial proportional odds
model (PPO) to overcome the above issues. Sasidharan and
Menéndez [36] used the three models, OLM, MNL, and PPO,
to analyze the severity of injury of pedestrians in pedestrian-
vehicle accidents. Although the majority of the variables did not
differ substantially between the three models, the likelihood
ratio, AIC (Akaike’s Information Criterion), and BIC (Bayesian
Information Criterion) of the PPO model were the best of the
three models. Additionally, the marginal benefit value of the
PPO model was also the best of the three models. Therefore, in
the present study, we adopted these three models, MNL, OLM,
and PPO, to compare the differences in the acceptance of taxi
grades among different user groups.

3. Research Methods

In the present study, we primarily investigated the acceptance
of taxi service levels. Statistical models were used to estimate the
coefficients and analyze the related significant factors and their
effects, thereby providing specific references for the imple-
mentation of future transportation policies as well as a key basis
for decision analysis. Among these models, the OLM and MNL
models are already in wide use. Therefore, this study provides a
more detailed introduction of only the PPO model.

According to the proportional odds assumption, the
effect of an independent variable will be uniform for all levels
of the dependent variable. However, in acceptance analysis,
it is not logical to assume that the distances between different
acceptance levels are the same.

Williams [39] expressed the probability (P) of individual
(7) of the PPO model in each acceptance level (j) as follows:

% +x B+ %0y + X5 B3

1+ e“j+x1iﬁ1 +xytx3iBs;”

P(Y;>j)=P;= (1)

In this equation, Y; is defined as respondent (i) accep-
tance scales of measurement; f3 is the regression coefficient of
X, whereas «; is the intercept term of the acceptance level.
Here, x, and x, satisfy the assumptions of the PPO model.
Therefore, their corresponding coefficient values (8, and j3,)
are the same with values estimated on different acceptance
levels. The corresponding coefficient value f3; of x; main-
tains a changing state; that is, the coefficient values vary with
different acceptance levels. This indicates that with different
acceptance levels (j) the 5 coeflicient value of the inde-
pendent variable may be in a changing state. This means that
individual independent variables influence different levels of
acceptance response variables, expressing the impact of
individual heterogeneity on the levels. However, some care is
necessary with regard to interpreting the relevant variables
in the model. The impact of positive or negative signs and
different acceptance levels may retain different directionality
[38].

In contrast, although the MNL model can maintain the
heterogeneity of individual independent variables, its failing
is that it overlooks the ordered characteristics of the satis-
faction levels. It makes statistical estimations using only
categorical variables. Therefore, the ordered logit and
multinomial logit models are limited in their model
applications.

With regard to the fit advantages and disadvantages of
the different models, the AIC (Akaike’s information crite-
rion) and BIC (Bayesian Information Criterion) indicators
can be used for judgment. This is because when the AIC and
BIC indicators are used to measure statistical models, adding
more predictors will increase likelihood values, often
resulting in overfitting. Therefore, when estimating AIC and
BIC, appropriate penalties are given to the predictors to
prevent overfitting [40]. Equations (2) and (3) show the AIC
and BIC calculations:

AIC = 2m - 2InL(My,), (2)

BIC = mIn(N) - 2InL(Mgy). (3)

In these equations, m is the estimated quantity of model
parameters, L(My,) is the natural logarithmic likelihood
including parameters, and N is the number of observations.
Lower AIC and BIC values indicate better model fit.

4. Survey Design and Data Analyses

4.1. Survey Design. Passengers were the subjects of the
present study. The survey location was the taxi scheduling
area at THSR (Taiwan High Speed Rail) Taichung Station
with random sampling to gather our data. Passengers taking
scheduled taxis were surveyed in the hope of exploring in
depth the key factors influencing the acceptance of taxi
service grades. This study is based on passengers of taxis
operating with charges based on taximeters. Operations with
negotiated charges were not within the scope of this study.
Additionally, with regard to taxi rates, rate structures and
standards were not investigated.



The questionnaire (see Appendix 1) for this study was
divided into two parts. The first part is a survey of the
characteristics of taxi passenger travel behavior. The second
part is a survey of personal socioeconomic backgrounds.
These are detailed as follows.

4.1.1. Part I: Survey of the Characteristics of Taxi Passenger
Travel. Main inquiries in the survey of the characteristics
of taxi passenger travel are as follows: destination of this
trip, total fare paid, whether the fare was subsidized, the
main purpose of this trip, the time limit of this trip, the
types of transportation used and the cost and time with
the same starting and ending points in the past, main
considerations when choosing to take a taxi, the monthly
frequency of taxi use, acceptance of graded service
strategies, preferences with regard to the features of high-
level service taxis to be provided in the future, charging
systems and charge limits if extra payments are adopted in
the future, differential characteristics in appearance for
high-level service taxis, other innovative taxi-related
services, acceptance of flexible charges in the future, and
limits to flexible charging systems and acceptability in the
future.

The item “preferences with regard to the features of
high-level service taxis to be provided in the future” is
further explained. This item references the investigative
reports on taxi operations of the governments of Taipei City
and Taichung City in the past and was amended. It contains
a total of four dimensions (which includes hardware
equipment dimension, Internet entertainment dimension,
safety dimension, and brands dimension) with 16 char-
acteristics; each characteristic was measured as a five-point
Likert scale.

4.1.2. Part II: Survey of Personal Socioeconomic Backgrounds.
Survey content included the following: (1) gender: male or
female; (2) age: filled in by the respondents themselves; (3)
education level: divided into four levels: high school (higher
vocational education) and below, university or college,
Master’s, and doctorate; (4) marital status: married or un-
married; (5) place of residence: divided into Taichung City
and other counties and cities.

4.2. Data Analyses

4.2.1. Travel Characteristics. Questionnaires were used to
survey passengers taking scheduled taxis from THSR
Taichung Station. A total of 200 questionnaires were col-
lected. Table 1 shows the relevant analysis results for travel
characteristics. The average taxi fare of the passengers was
approximately USD$10.30. Approximately 90% of the
passengers paid the entire fare themselves. The majority of
passengers traveled one to two people (approximately 60%
of the total). In addition, these results also show that the
majority of travelers taking taxis from the high speed rail
station were on business trips (approximately 52% of the
total). The next most common purpose was returning home
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(approximately 28% of the total). The average number of
taxi trips per month was concentrated at four times or
fewer (approximately 67% of the total) which is consistent
with prior knowledge. With regard to the time limitations
of the current trip, as many as 81% of the passengers were
not limited in their arrival times. This may be related to the
high number of business trips, which are characterized by
planned arrangements. In summary, the main consider-
ations of passengers choosing to take taxis were primarily
their convenient use, being pressed for time, their greater
level of comfort in comparison to mass transportation, and
the weather (accounting for 33%, 18%, 15%, and 10%,
respectively).

Table 2 shows the analysis results on high-level service
taxi acceptance. The results indicate that, among the pas-
senger sample, high-level taxi acceptance was higher than
non-acceptance (not including neutral), exceeding 50%. This
shows people’s expectations and demands for high-level
services. The related results from the present study can serve
as an important reference for adjustments in administrative
directions for related operating units or competent
authorities.

Further analysis (Table 3) of each of the main di-
mensions reveals that if high-level service taxis are pro-
moted in the future, (1) the passenger indicates that the
provision of superior hardware services could increase
high-level service taxi acceptance, but as many as 45% are
neutral toward the service of high-displacement or hybrid
vehicles. This shows that vehicle power is not a major
concern for passengers. This may be because they are not
driving and thus cannot perceive the differences. (2) In the
dimension of Internet entertainment services, the provi-
sion of Internet connections and USB charging may have
increased the passenger’s willingness to accept high-level
service taxis by a relatively substantial amount. This may
have been because these services are already provided by
existing highway coaches and some urban buses. (3) In the
dimension of safety, all items were believed to be major
contributors to increasing high-level service taxi accep-
tance. In addition, the passenger also rated driving record
downloads as the number-two item increasing acceptance.
(4) In the dimension of brands, the passenger held a neutral
attitude toward operation by listed companies or well-
known cooperatives and service feedback.

4.2.2. Analysis of Personal Characteristics. Table 4 shows the
analysis of the personal characteristics of the survey sample.
The samples tended to be concentrated at the Bachelor’s or
Master’s degree level, accounting for approximately 77% of
the total. With regard to marital status, 56% of the samples
were unmarried. With regard to monthly income analysis,
the samples were concentrated at under USD$1233.81, ac-
counting for approximately 65% of the sample trend. The
majority of the passengers were not residents of Taichung,
accounting for approximately 56%. The number of auto-
mobiles and scooters ownership by the passengers in Tai-
chung was a larger 52% of surveyed travelers traveling with
more 2 or more travelers.



Journal of Advanced Transportation 5
TaBLE 1: Analysis of passengers’ travel behavior characteristics.
Number of
Item Category samples (%)
Fare subsidies (average of USD$10.30 (exchange rate: Fully self-paid 179 (89.5)
32.42 NTD per USD (the exchange rate is based on the Others (fully subsidized or 21 (10.6)
quotation of Bank of Taiwan on 31, Dec, 2016))) partially subsidized) )
1 96 (26.2)
Number of travelers (including the respondents themselves) ; 623(?;1 9?
4 or more 18 (20.1)
Returning home 58 (28.6)
Purpose of trip Business 104 (52.3)
Other 38 (19.0)
. e No 163 (81.4)
Time limitations Yes (average of 32 minutes) 37 (18.6)
Convenient use 133 (33.2)
More comfortable than mass transportation 60 (15.0)
Reasonable prices 17 (4.2)
No mass transportation available 20 (5.0)
No private transportation available 38 (9.5)
Main considerations Pressed for time 74 (18.5)
Entertainment equipment available for use 4 (1.0)
Weather considerations (such as rain) 43 (10.7)
Personal privacy 6 (1.5)
Other reasons (picking up or seeing off coworkers or
friends, special engagements, cheaper when sharing 6 (1.5)
costs, etc.)
4 or fewer trips 134 (67.5)
Average trips per month 5-12 trips 45 (22.8)
13 or more trips 19 (9.6)

TaBLE 2: Analysis of the characteristics of high-level taxi acceptance.

Item

Choice Samples (%)

Very difficult to accept 6 (0.9)

Not very acceptable 43 (13.4)

High-level taxi acceptance Neutral 61 (28.5)
Acceptable 78 (48.6)

Very acceptable 11 (8.6)
High-level service charging approach (li}gzlri%il:)lrglall)ecrh;l;g: 16346 ((36;"20))
Limited vehicle models 75 (20.8)

Limited vehicle colors 99 (27.4)

A Other identification or lights placed on the roof 79 (21.9)
ppearance Identification or lights placed on the windshield 56 (15.5)
Vehicle body pattern (text display) 51 (14.1)

Other (color of vehicle roof) 1(0.3)

5. Results of Model Estimation

To understand the acceptance of high-level taxis among taxi
passengers in depth, in addition to performing investiga-
tions using the PPO model, we also performed comparisons
with the ordered logit model and the multinomial logit
model. The model variables were the high-level taxi ac-
ceptance and characteristic items collected through the
questionnaires. The variable “acceptance” was used as an
dependent variable in modeling, and it was expressed as a
five-point Likert scale. However, to increase the explanatory

power of the models, acceptance was defined further in this
study as three main parameters: unacceptable (combining
very unacceptable and unacceptable), neutral, and accept-
able (combining very acceptable and acceptable). The rel-
evant model estimation results are further explored and
interpreted as follows. In order to understand models’
goodness of fit, we conducted McFadden pseudo R square in
the results.

Table 5 collects the results of the estimation using the
ordered logit model. On the table, cut 1 refers to “from
unacceptable to neutral” and cut 2 “from neutral to
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TaBLE 3: Analysis of the characteristics of high-level taxi acceptance.
Dimension Item Unwilling Neutral Willing
Imported top vehicle models (heated seats, air conditioning control) 32 (8.9) 84 (37.7) 83 (53.4)
Hardware equipment New vehicles (within 5 years) 8 (4.0) 62 (31.2) 87 (43.7)
quip High-displacement or hybrid vehicles 25 (7.2) 101 (45.8) 73 (47.1)
Large seating space 6 (1.4) 52 (20) 141 (78.6)
Internet entertainment Providing Internet connections and USB charging 9 (4.5) 60 (30.2) 130 (65.3)
Extra entertainment (beverages, music, etc.) 49 (24.6) 85 (42.7) 65 (32.7)
Driver grading (uniform clothing, multilingual, accident-free) 3 (1.5) 61 (30.7) 135 (67.8)
Safet Driving record downloads 4 (2.0) 61 (30.7) 134 (67.3)
Y Physical separation between front and rear seats 23 (11.6) 103 (51.8) 62 (36.7)
Independent call for emergency assistance 6 (3.0) 54 (27.1) 139 (69.8)
Independent taxi hailing service (app, dedicated line) 2 (1.0) 48 (24.1) 149 (74.8)
Diverse methods of fare payment 2 (1.0) 37 (18.6) 160 (80.7)
Brands Honorable service 11 (5.5) 85 (42.7) 103 (51.8)
Membership limited service 37 (18.6) 86 (43.2) 61 (38.2)
Operation by listed companies or well-known cooperatives 8 (4.0) 98 (49.3) 93 (46.8)
Service feedback (after trip) 7 (3.5) 92 (46.2) 100 (50.3)
TaBLE 4: Analysis of the socioeconomic backgrounds of the respondents.
Item Content Samples (%)
Male 96 (48.0)
Gender Female 104 (52.0)
Under 20 10 (5)
21-30 64 (32.2)
Age 31-40 76 (38.2)
41-50 37 (18.6)
Over 51 14 (7)
High school or lower 34 (17.1)
Education level University or college 125 (62.5)
Master’s or higher 40 (20.1)
Marriage Married 86 (43.2)
8 Others 113 (56.5)
Below USD616.90 71 (35.7)
USD616.90-below USD1233.81 59 (29.6)
Personal monthly income USD1233.81-below USD1850.71 20 (9.9)
USD1850.71-under USD2467.61 21 (11.0)
Over USD2467.61 26 (13.0)
Former Taichung city 52 (26.1)
Place of residence Former Taichung county 35 (17.6)
Other counties and cities 112 (56.3)
0 36 (18.1)
Vehicle ownership-automobile 1 103 (51.5)
More than 2 vehicles 60 (30.1)
0 26 (13.1)
Vehicle ownership-scooter 1 107 (53.5)
More than 2 vehicles 66 (33.1)

acceptable.” Among the key explanatory variables,
adopting limited vehicle colors for the main appearance of
high-level service taxis was found to increase passengers’
payment usage acceptance. This may be because limited
vehicle colors facilitate identification on the road, re-
ducing the likelihood that wrong choices will be made and
improving the passenger experience. In addition, pas-
sengers who supported peak and oft-peak differential rates
may have done so because they were more accepting of the

user payment concept. Therefore, they were similarly
better able to accept the paid use of high-level service
taxis. Residents of other counties and cities who were
taking taxis in the Taichung region preferred paying to
take high-level service taxis, perhaps to reduce the un-
certainty of their journeys because they were unfamiliar
with the geographical environment or the operating
conditions of taxis at their destinations (such as the
charging system). With regard to the characteristics of
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TaBLE 5: Ordered logit model estimation results.

Variable Coef. t-Value

Vehicle body appearance-limited vehicle color 0.63** 2.10

Approves of peak and off-peak differential rates 0.55** 3.24

Place of residence-other counties and cities 1.09** 3.63

Characteristic-large seating space 2.75** 2.29

Characteristic-honorable service 1.49** 2.33

Cut 1 5.60"" 3.76

Cut 2 7.13** 4.69

LL (0) -211.23

LL (B) ~191.87

Pseudo R? 0.09

Samples 200

**Significant at 95% confidence level; *significant at 90% confidence level.

high-level service taxis, preferences for large seating space
and honorable service (such as the driver opening and
closing the door, helping with luggage, and letting pas-
sengers control the air conditioning) could increase
passengers’ acceptance of payment for high-level service
taxis. This illustrates that, in current taxi operations,
passengers’ willingness to pay more is low, perhaps be-
cause seating space varies, air conditioning cannot be
controlled based on passengers’ needs, or loading luggage
is inconvenient. The key influencing variables of this study
can serve as a reference on directions for improvement in
the future.

Table 6 shows the multinomial logit model estimation
results. Among the key explanatory variables, the key ex-
planatory variables relative to the basic program (not
accepting) for the passengers remained the same as those of
the ordered logit model. Ability to identify appearance,
seating space, and honorable service were all able to increase
acceptance. In addition, passengers who approved of peak
and off-peak differential rates were also found to be a sig-
nificant variable. This illustrates that the development of user
payment concepts is an indispensable factor that is critical to
improving acceptance.

Table 7 shows the partial odd ratios model estimation
results. In the model estimation, Panel II expresses inter-
group comparisons: unacceptable against neutral + accept-
able. Panel III  expresses group comparisons:
unacceptable + neutral against acceptable.

In the group investigation, the characteristic items (large
seating space and honorable service) were set as explanatory
variables of fixed effects. The results also show that pas-
sengers emphasized the feeling of space and courteous
service during their trips. These two items are also areas
where Taiwan’s existing taxi services may be relatively un-
able to maintain steady service quality. We recommend that
these areas be given priority for improvement when pro-
moting the paid riding of high-level service taxis in the
future.

In addition, the estimation results in group Panel II
show that the explanatory directionality and explanatory
variables in the overall model were consistent with those
of the ordered logit model and the multinomial logit
model. This indicates that, to make passengers willing to

pay to use high-level service taxis, the ability to identify
their exteriors, usage by passengers from other areas, and
the development of users’ payment concepts could all
increase acceptance. Therefore, with regard to promo-
tional strategies, unacceptable approaches should be given
priority for improvement. With regard to areas that may
require relatively active promotion in the near term, we
recommend starting with improving recognition, strati-
fication of the customer base, and developing additional
payment concepts among users (such as additional fees for
certain special services).

Additionally, the estimation results in group Panel III
indicate that limiting the external colors of the vehicles does
not improve acceptance. Therefore, with regard to promo-
tional strategies, from the perspective of improving accep-
tance, that is, areas that will continue to increase
attractiveness in the long term, we recommend that taxis
maintain high-quality services while providing different
customer bases with corresponding marketing strategies. At
the same time, the user payment system should be adopted
to increase market segmentation effects.

Finally, Table 8 shows the marginal benefit analysis of the
partial odds ratio model. Based on the significant marginal
effect coeflicients, the acceptance rate of high-quality service
taxis is higher among passengers who approve of the concept
of peak and off-peak differential rates and reside outside of
Taichung City and when taxi services with honorable service
characteristics are provided. The appearance of the vehicle
body (limited colors) can increase only the probability of
neutral acceptance. With regard to the overall symbol trends,
the marginal effect probability tended to increase numeri-
cally as acceptance increased. This indicates that the overall
explanatory power and directionality of the model are
correct.

We further estimated the AIC and BIC of the above three
models: (1) the AIC of the ordered logit model, the mul-
tinomial logit model, and the partial odds ratio model were
22.5,22.4, and 22.5, respectively. (2) The BIC of the ordered
logit model, the multinomial logit model, and the partial
odds ratio model were 1,189.4, 1,189.5, and 1,189.5, re-
spectively. The comparison results for the models indicate
that the differences between AIC and BIC were not sig-
nificant. However, the partial odds ratio model can provide
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TaBLE 6: Multinomial logit model estimation results.
. Acceptance-neutral Acceptance-satisfied
Variable
Coef. t-Value Coef. t-Value
Constant term -16.43 -0.02 —-7.39%* —4.02
Vehicle body appearance-limited vehicle color 0.76* 1.77 0.97** 2.26
Approves of peak and off-peak differential rates 0.08 0.33 0.73** 2.92
Place of residence-other counties and cities 0.44 1.02 1.48** 3.44
Characteristic-large seating space 15.22 0.02 2.41% 1.94
Characteristic-honorable service 0.76 0.94 2.07** 2.23
LL (0) —211.23
LL (B) -188.63
Pseudo R? 0.11
Samples 200
**Significant at 95% confidence level; *significant at 90% confidence level.
TaBLE 7: Partial odds ratio model estimation results.
Panel II Panel IIT
Variable
Coef. t-Value Coef. t-Value
Constant term —-5.14"* -3.29 =7.27"* —4.78
Vehicle body appearance-limited vehicle color 0.88** 2.32 0.49 1.48
Approves of peak and off-peak differential rates 0.42* 1.91 0.63** 3.15
Place of residence-other counties and cities 0.98** 2.58 1.13** 3.23
Characteristic-large seating space 2.73** 2.28 2.73** 2.28
Characteristic-honorable service 1.41** 2.20 1.41% 2.20
LL (0) ~211.23
LL (B) ~190.62
Pseudo R? 0.10
Samples 200
**Significant at 95% confidence level; *significant at 90% confidence level.
TaBLE 8: Marginal effects of partial odds ratio model.
. Unacceptable Neutral Acceptable
Variable
Coef. t-Value Coef. t-Value Coef. t-Value
Vehicle body appearance-limited vehicle color -0.14*" -2.8 0.04 0.67 0.10 1.43
Approves of peak and off-peak differential rates -0.07** -2.33 -0.06" -1.50 0.13** 3.25
Place of residence-other counties and cities -0.16™" -3.20 -0.08" -1.14 0.24** 3.43
Characteristic-large seating space -0.55** -2.89 0.16** 2.29 0.39 1.50
Characteristic-honorable service -0.28** -2.80 0.02 0.50 0.26** 1.86

**Significant at 95% confidence level; *significant at 90% confidence level.

more explanatory variables for reference during subsequent
application.

Finally, public transportation development in Taichung
was under proceeding; in order to access the final desti-
nation, passengers relied on the parent-transit (such as taxi
or kiss-and-ride) to satisfy the demand. But it also conducted
air pollution (CO, and other polluted elements increasing)
and decreased the level of living environment.

6. Conclusions and Recommendations

Important conclusions and recommendations of this study
are provided as follows:

(1) Analysis of each of the main dimensions indicates
that, with regard to the future promotion of high-level
service taxis, the majority of passengers are relatively

willing to accept high-level service taxis. In the di-
mension of safety, driver grading is the main item that
increased passengers’ acceptance of high-level service
taxis. In the dimension of brands, the passenger
sample felt most neutral toward operation by listed
companies or well-known cooperatives and service
feedback. This may have been because the taxi op-
erations in this project survey were already partially
consistent with the expectations of the passenger
sample. As a result, these two items were not major
items increasing the acceptance of high-level taxis.

(2) In the model estimation results, the key explanatory

variables included the ability to recognize the ap-
pearance, seating space, honorable service, the de-
velopment of wuser payment concepts, and
demographic grouping (passengers who reside in
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other counties and cities), all of which could increase
acceptance. With regard to business strategies, in the

Cost (NTD) Travel time

near term, recommended areas that may require (including fare (min)
lativel : ; include i ; Mode ’ (including
relatively energetic promotion include increasing fuel charge, .
recognition, stratification of the customer base, and parking fee) Walklt{lg) iccess
developing additional payment concepts among 1me
users (such as additional fees for certain special Bus ?“’“te No____
. . Origin stop N

services). In the long term, with regard to areas to Destination stop )
continue to increase attractiveness, we recommend Scooter pP—
that taxis maintain high-quality services while pro- Automobile
viding different customer bases with corresponding Others
marketing strategies and simultaneously adopting
the user payment system to increase market seg- and get offat the district/city; road
mentation effects. SN T

and intersection; The total fare is NTD

(3) Although the innovation, in terms of methodology,
is not that substantial, the study focuses on more
realistic and practical aspects of investigating the
acceptance behavior of high-level taxis from the
passengers’ point of views. Moreover, this study uses
the partial proportional odds (PPO) model, a gen-
eralized more logit model compared to ordered logit
(OL) model and multinomial logit (MNL) model,
which relaxes the assumption that the coefficients of
independent variables in different acceptance levels
are the same.

(4) With regard to the model application results, the
comparison results for the different models indicate
that the fit, AIC, and BIC of each model were similar.
However, the partial odds ratio (PPO) model was
better able to provide more diverse explanatory
content, capturing the impact factors and degrees of
different grouping results.

(5) The scope of data collection in this study was taxi
passengers at THSR (Taiwan High Speed Rail) Tai-
chung Station, who were the main subjects. How-
ever, considering the differences in the regulated
rates of the various local governments and compe-
tent authorities, we recommend extending the col-
lection of samples to other regions in the future to
gather and compare the relevant data, providing
more objective findings on the special requirements
of high-level taxi services.

(6) Both positive and negative impacts of taxis were
addressed in the Introduction. The most serious issue
caused by taxis is air pollution and CO, emissions.
Therefore, some incentives actions, e.g., incentives
for BEV (battery electrical vehicle), can be promoted
by the government to mitigate this problem.

Appendix

A. Taxi Passengers’ Acceptance
Tendency towards High-Level Service Survey

Al Section 1: Taxi Passenger’s Travel Behavior and
Characteristics

(1) About your riding experience this time, you take a
taxi (the boarding location is Taichung Wuri Station)

(OFully-Self-Paid ~ OFully  subsidized
OPartially subsidized (NTD))

(2) Number of people traveling together (including
yourself)?

(3) What is the purpose of the trip before taking the
taxi?] Return home OLeisure travel CBusiness
OVisit relatives or friends OCommute (work/study)
OSeeking a doctor Oshopping OOthers

(4) Is there a time constraint for your arrival by taxi this
time to your destination? ONo OYes, need to arrive
within minutes

(5) Following Question #1. On the same trip, which of
the following vehicles have you ever used? (including
transfer and waiting)

(6) What are the main reasons for choosing a taxi?
(Check at most 3 items and fill in 1, 2, 3) OEasy to use
(such as carrying a lot of luggage) OComfortable
(spacious seats, comfortable air-conditioning)
OReasonable price ONo public transportation
available ONo other vehicle available OUrgency
OWeather considerations (as raining) OPersonal
privacy OOthers

(7) How often do you use it, on average, take a taxi about
times a month.

(8) If taxi services are designed for grading, and high-
grade taxis “provide more comprehensive and addi-
tional services and charge higher fees and are subject
to government control.” What is your acceptance of
this strategy? OVery unacceptable OUnacceptable
ONeutral OAcceptable OVery acceptable

(9) Please evaluate the following questions and check the
corresponding results:

(10) If in the future high-grade taxis are used at an
additional fee, in what way do you think the
charging system should be more reasonable?
OCharges per trip, additional yuan per trip
is the upper limit of acceptable charges OAccording
to the fare plus fee, additional % is the upper
limit of acceptable charge

(11) In the future, when you pay for a service fee to use a
high-grade taxi, what do you think should be
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Degree of agreement
Dimension Item
Stro.n gly Unwilling Neutral Willing Str.or.lgly
unwilling willing

Imported top vehicle models (heated seats, air
Hardware cond.ltlonlng. cc?ntrol)
equipment New vehicles (within 5 years)

qwp High-displacement or hybrid vehicles
Large seating space

Internet Providing Internet connections and USB charging
entertainment Extra entertainment (beverages, music, etc.)

Driver grading (uniform clothing, multilingual,

accident-free)

Safety Driving record downloads

Physical separation between front and rear seats

Independent call for emergency assistance
Independent taxi hailing service (app, dedicated
line)
Diverse methods of fare payment
Honorable service

Brands

Membership limited service

Operation by listed companies or well-known

cooperatives
Service feedback (after trip)

included in the service content? OBilling separately
according to the service content OThe service
content package is charged once

(12) What kind of appearance do you think high-grade
taxis should have? (check box, up to 3 items)
OLimited car models OLimited car colors OOther
signs or lights on the roof OSigns or lights on the
front glass OThe body painting is displayed with
special patterns (text) OOthers

(13) Have you ever used innovative transportation-
related services (such as Uber or Lyft)? ONever
heard of OHeard, never used COHave used (when
discounted or occasionally used) OUsed often

(14) How do you accept flexible fares for booking taxi
fares, such as higher demand during periods of
high demand (such as peaks, rainy days, and time
when activities are over), but ensure that there
must be a car available for use? OVery unac-
ceptable OUnacceptable ONeutral OAcceptable
OVery acceptable

(15) Continuing from the previous question, in what
way do you think the charging system should be
more reasonable? OCharges per trip, additional

yuan per trip is the upper limit of ac-
ceptable charges OAccording to the fare plus fee,
additional % is the upper limit of acceptable
charge

A.2. Section 2: Personal Information

(1) Gender: OMale OFemale

(2) Age: years old

(3) Education Level: Obelow senior high school

OCampus OMaster OPh. D.
(4) Marriage: OMarried OSingle

(5) Occupation: OPublic opinion representatives, busi-
ness executives and managers OSelf-employed and
commercial OAgriculture, forestry, fishery and an-
imal husbandry workers OMilitary and public ed-

ucation  personnel [OTechnical professionals
OBusiness staff ONon-skilled and manual workers
OService staft Housekeeping OStudent
OOthers

(6) Personal monthly income (NTD):

OBelow 25,000 [25,001~35,000 [—35,001~45,000
045,001~55,000 0[55,001~65,000 [065,001~75,000
075,001~85,000 [85,001~90,000 [190,001~95,000
0100,001~105,000 0105,001~110,000
0110,001~115,000 0115,001~120,000
0120,001~125,000 0125,001~130,000
0130,001~135,000 0135,001~140,000
0140,001~145,000 OAbove 155,001

(7) Residence: OTaichung City OOther counties

(8) Vehicle ownership: Scooter ; Automobile

Data Availability

The data can be found in the Supplementary Information
files.
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