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Abstract: The difficulty of travel for the elderly is a challenge for urban management. Quantifying
the satisfaction of public transport services from the perspective of the elderly is a people-oriented
scientific research method. Based on the survey data of 2019 and 2020 and by selecting the interview
data of people over retirement age before analyzing the non-linear relationship between bus service
elements and elderly satisfaction by the impact-asymmetry analysis and gradient boosting decision
trees, the optimization strategy of ground public transportation for the elderly in Harbin was obtained.
The results show that the following five factors have the greatest impact on overall satisfaction, namely,
site broadcasting, complaint handling, awning facilities, driver driving habits, and the punctuality of
bus operation. Among them, “awning,” the “punctuality of bus operation,” and “drivers’ driving
habits” should be given priority to improve. The conclusion of this study provides a theoretical basis
for the accurate optimization of public transport services.

Keywords: public transport; road transport; passenger satisfaction; impact-asymmetry analysis;
elderly; service quality; conventional bus

1. Introduction

At the end of 2020, the proportion of the 60-year-old population in Harbin reached
24.1% [1], and the trend of aging is increasing. Under the premise of considering safety, the
declining physical function of the elderly has prompted them to move from private cars
to public transport instead of taking private cars as the primary mode of travel [2]. At the
same time, with the increase in the elderly population, the elderly also bring about a sharp
increase in traffic problems such as unnecessary travel and traveling alone [3], which leads
to their being gradually excluded by the society (Figure 1).

The life of this generation of elderly people is richer and healthier than that of the
previous generation, so it will also generate more travel demand. Compared with the young
group, the elderly have differences in travel characteristics such as travel purpose, travel
mode, and travel distance [4]. Public transport institutions should understand the travel
needs of the elderly and their satisfaction with the current public transport services, so as to
provide better services for the elderly, but the current construction of the public transport
system is mainly based on surviving travel groups such as young and middle-aged people.
The safety and comfort of the elderly when traveling by bus are often not guaranteed [5,6]:
the elderly may fall and get injured due to improper driving; the discomfort of the elderly
will increase in crowded carriages; it is difficult for the elderly to get on and off the bus
because of the inconvenience of their legs and feet. These problems will make the elderly
question the service provided by the bus when they travel, thus reducing the travel and
then affecting the mental health of the elderly. Therefore, in-depth research on the bus
travel service quality of the elderly will help to provide better public transport services,
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improve the travel well-being of the elderly, and contribute to the improvement in the
social security system [7].
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obtained results that showed that an off-peak discount and a ladder allowance will effec-
tively regulate the travel behavior of the elderly [10]. Liu Jianrong and Hao Xiaoni used 
the random coefficient Logit model to analyze the survey data of declarative sexual pref-
erence and found that the subjective perception and psychological factors of the elderly 
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committed to improving infrastructure or improving the quality of transport services to 
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“Purge” system in the city, allowing drivers to leave their vehicles in the park, and taking 
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This study used the impact-asymmetry analysis (IAA), took the elderly passengers
as the research object, analyzed the degree of satisfaction of various service elements on
the overall satisfaction to explore the satisfaction of the elderly to the public transport
service, and verified whether there is a non-linear and asymmetric relationship between the
satisfaction of the service elements and the overall satisfaction; the research results provide
optimization suggestions for the existing public transport services.

The structure of this article is as follows: the first section introduces the background of
the research; the second section reviews the research on the travel of the elderly and bus
satisfaction; the third section introduces the data-acquisition and analysis methods; and
the fourth section discusses the analysis results. The fifth section highlights the research
findings and puts forward policy recommendations.

2. Literature Review

In the research of bus travel of the elderly, most scholars explore the influencing factors
of bus travel of the elderly from different angles. Bueher compared the current situation of
aging in Germany and the United States and found that transportation policy will have
a positive impact on the bus travel behavior of the elderly [8]. Anu and other studies
found that family conditions, physical condition, income, and many other factors will
affect the bus travel habits of the elderly [9]. Yao Enjian and others based on the data
of the fifth comprehensive traffic survey in Beijing, through the construction of an MNL
model, obtained results that showed that an off-peak discount and a ladder allowance
will effectively regulate the travel behavior of the elderly [10]. Liu Jianrong and Hao
Xiaoni used the random coefficient Logit model to analyze the survey data of declarative
sexual preference and found that the subjective perception and psychological factors of the
elderly will affect the walking time of the elderly to the bus stop [11]. Yalong Yuan and
others developed a customer-satisfaction index for the elderly and calculated 10 important
indicators that affect the elderly’s perception of service quality through the structural
equation model; they found that service and safety, the convenience of taking the bus, and
the driving habits of drivers are very important for the elderly [12].

Regarding public transport as a sustainable mode of transport, many scholars are
committed to improving infrastructure or improving the quality of transport services to
increase the passenger flow and the sustainability of public transport, such as building
a “Purge” system in the city, allowing drivers to leave their vehicles in the park, and
taking the parking lot on the outskirts of the city and then taking public transport to the
city center [13–15]. In the research of traffic service quality and optimization, passenger
satisfaction is the focus of many scholars at home and abroad [16,17]. In 2008, Jinning
and Junzhi established a bus-passenger service-satisfaction index model, which reflected
that the overall public-transport service level in Changchun was relatively high through
quantitative analysis [18]. In 2015, Muwen used the Dutch bus passenger-satisfaction data
and linear regression to study the impact of service attributes on overall satisfaction [19].
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In 2018, based on the improved AHP method and fuzzy comprehensive evaluation, Wen
Huiying et al. found that comfort and accessibility had the greatest impact on Guangfo
intercity bus travel satisfaction [20]. In 2020, using the passenger-satisfaction data of Harbin,
Fang Dewei and others determined that the ground public transport service should be
optimized firstly through IPA-Kano [21].

To sum up, existing studies pay less attention to the actual feelings of the elderly
on public transport travel, and the satisfaction of the elderly with the service quality
provided by the existing public transport system will directly affect their travel experience.
Meanwhile, scholars study passenger satisfaction through different methods and put
forward corresponding suggestions and strategies for optimizing public transport services.
These studies tend to cover all age groups and do not carefully distinguish between
populations. However, due to the differences in physical condition and behavior habits,
the existing research results are not applicable to elderly passengers [22,23].

3. Data and Methods
3.1. Data and Variables

The construction of the evaluation system of bus passenger satisfaction in Harbin is
mainly based on national standards “Evaluation method of urban public transportation
satisfaction” (GB/T36953.2-2018) [24], with safety, reliability, convenience, comfort, and
economy as the criteria of the index system.

In the design of elements indicators, the evaluation system of bus travel for the elderly
in Harbin is established by means of interviews and pre-investigation, as shown in Table 1.

Table 1. Evaluation index of bus-service elements.

Criterion Index First Level Indicator Secondary Indicators

Safety Operation safety
Travel speed

Driving smoothness
In-car safety

Station order Waiting safety

Reliability Facilities and equipment

Station sign design
Station camera

Station street lamp
Station seats

Awnings
Station trash can
Station billboards

Convenience

Service information

Station sign
Electronic stop signs

Station broadcast
Complaint handling

Operation organization
Bus coverage in urban areas

Departure time of the first and last bus
Punctuality of buses

Line station setting Bus stop searchability

Travel process Convenience of walking to the bus stop

Comfort
Station environment

Waiting comfort
Interior sanitation

Degree of congestion in the bus
In-car seating

Other passenger behavior

Driving service Driver’s driving habit
Driver service attitude

Economy Fare level Bus fare
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The survey was conducted in Harbin, which is located in the northeast of China and is
the capital of Heilongjiang Province. By the end of 2020, there were 322 coded bus lines in
Harbin, with a total length of 7505 km.

The distribution of the questionnaire was carried out on weekdays and weekends
on buses. The researchers involved in the questionnaire included undergraduates and
graduate students from Northeast Forestry University, and they received two hours of
training. They randomly handed out questionnaires at bus stops in cities, suburbs, and
outer suburbs. The researchers followed the subjects to complete a complete questionnaire.
The distribution of the questionnaire is divided into two periods: the first period is from
May to June 2019, and a supplementary survey on the elderly was conducted from October
to November 2020; a total of 908 valid questionnaires were obtained. The location distribu-
tion of the survey is shown in Figure 2. The survey covers three seasons: summer, autumn,
and winter. According to the rough statistics of the investigators, more than 70% of the bus
passengers interviewed answered the questionnaire. After excluding the questionnaires
with missing data, we obtained a total of 264 samples of people over the age of 60.
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Elderly passengers need to evaluate the satisfaction of 28 services in the question-
naire, as well as their overall satisfaction with public transport services, according to the
Likert seven scale [25]. Among them, 7 points means “very satisfied”; 6 points means
“satisfied”; 5 points means “relatively satisfied”; 4 points means “general”; 3 points means
“dissatisfied”; 2 points means “dissatisfied”; and 1 point means “very dissatisfied.”

Among the respondents, elderly men accounted for 50.8%, and elderly women ac-
counted for 49.2%; the proportion of men and women was basically the same. In terms of
educational level, most of the elderly interviewed were in junior middle school, technical
secondary school, or junior college, accounting for 40.5% and 29.2% of the total sample,
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respectively, consistent with the study on the education level of the elderly in China. In
terms of family income, elderly passengers with a monthly total income of less than CNY
9000 accounted for 72.2%, indicating that most of the elderly passengers are low-and
middle-income people, and bus travel is their daily travel habit, as shown in Table 2.

Table 2. Basic information collection.

Demographics Category Percentage

Gender Men 50.8%
Women 49.2%

Education level Elementary level or lower; 6.5%
Junior middle-school level 40.5%

High school 11.3%
Vocational high school 29.2%

Bachelor’s degree 10.1%
Postgraduate degree 2.4%

Monthly household income <3000 14.1%
(CNY) 3001–5000 23.1%

5001–7000 17.1%
7001–9000 17.9%

9001–15,000 12.0%
15,001–20,000 9.0%
20,001–30,000 4.7%

>30,000 2.1%

Travel purpose Shopping 23.8%
Private affairs 24.5%

Work 1.9%
Play 27.9%

See the doctor 14.7%
Get home 4.5%

Other 2.7%

Travel frequency Up to 4 days per month 23.4%
2–3 times a week 41.1%
4–5 times a week 21.5%
6–7 times a week 14.0%

With the popularity of free bus cards in Harbin, most elderly passengers use free bus
cards to pay fees. Most elderly passengers travel two to three times a week, of which 51.7%
are elderly passengers who shop and hang out, and 24.5% are elderly passengers who have
something to do. It can be seen that compared with the young and middle-aged people
who need to work and go to school, most of the elderly residents in Harbin have plenty of
time, where shopping, leisure, and entertainment are the main purposes of bus travel. In
addition, the survey also found that about 37.9% of the elderly need to change to another
bus when they travel, and they are relatively satisfied with the convenience of it.

As shown in Table 3, the overall satisfaction of the elderly with bus services is rela-
tively high. In terms of satisfaction with the waiting station, the elderly are dissatisfied
with infrastructure such as billboard facilities, station seats, awning facilities, and station
trash bins. In the research stage, researchers also found that part of the sunshade construc-
tion length is not enough, and some station awnings have been damaged but cannot be
maintained for a long time; the applicability of the waiting seat is low in winter due to
material reasons; at the same time, the billboard at the station is too large, resulting in the
elderly being unable to distinguish the difference between the stop sign and the billboard,
which will affect the comfort of the elderly waiting for the bus and reduce the bus travel
satisfaction of the elderly. When taking a bus, the elderly are dissatisfied with the speed
of the car, the smoothness of the vehicle, the punctuality of the bus, and the safety in the
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car. The incompleteness of these service elements will make the comfort and safety of the
elderly not guaranteed and reduce the travel experience of the elderly.

Table 3. Descriptive statistics of elderly satisfaction.

Service Attributes 1 2 3 4 5 6 7 Mean Satisfaction

Waiting safety 1 9 14 131 59 39 10 4.5
Waiting comfort 2 8 30 87 86 40 10 4.5

Station sign design 0 7 19 93 92 49 4 4.6
Station sign 0 4 23 81 94 55 7 4.7

Electronic stop signs 3 8 24 101 59 49 19 4.6
Station billboards 3 17 28 136 55 18 2 4.1

Station camera 4 4 35 97 84 38 1 4.4
Station street lamp 1 10 16 105 92 34 4 4.5

Station seats 7 32 45 77 61 36 4 4.0
Awnings 4 21 33 104 61 34 5 4.2

Station trash can 1 24 50 96 68 21 3 4.0
Overall waiting environment 0 3 21 100 99 34 6 4.6
Bus coverage in urban areas 0 2 19 100 102 31 8 4.6

Bus stop searchability 0 8 20 83 83 63 7 4.7
Convenience of walking to the bus stop 0 8 18 77 85 61 15 4.8
Departure time of the first and last bus 0 8 15 93 88 47 13 4.7

Punctuality of buses 1 12 35 110 64 34 8 4.3
Travel speed 1 20 41 105 62 25 10 4.2

Driving smoothness 3 18 60 95 48 36 4 4.1
Bus fare 3 5 16 58 64 90 28 5.1

Station broadcast 1 4 24 57 97 63 16 4.9
Degree of congestion in the bus 3 19 43 97 69 25 8 4.2

Interior sanitation 0 8 20 101 91 35 9 4.6
In-car safety 0 5 13 100 84 58 4 4.7

In-car seating 4 34 44 75 58 40 8 4.1
Other passenger behavior 0 16 24 92 96 32 3 4.4

Driver service attitude 2 10 16 74 103 47 10 4.7
Driver’s driving habit 1 10 32 71 83 54 11 4.6
Complaint handling 3 14 31 95 77 38 5 4.4
Overall satisfaction 0 1 18 86 98 53 8 4.8

3.2. Impact-Asymmetry Analysis

The IAA classifies the different element types of the three-factor theory more finely
and can give priority to the evaluation elements more accurately [26]. In 2020, Wu [27]
used IAA to verify the non-linear and asymmetric relationship between Shuangcheng bus
rapid transit service factor satisfaction and overall satisfaction.

According to the three-factor theory, a bus service attribute can be divided into three
categories (Figure 3): basic factors, exciting factors, and performance factors [28]. The
influence of basic factors and exciting factors on overall satisfaction is non-linear, while
performance factors often have a linear influence. However, a performance factor may
also have an asymmetric effect on overall satisfaction, but this asymmetry was ignored. In
2017, Cao et al. took service convenience as a performance factor of buses based on the
three-factor theory. However, the impact of this factor on overall satisfaction is obviously
asymmetric, because its ability to improve overall satisfaction was only 62% lower than
that of overall satisfaction [29].

In the three-factor theory, the basic factor of poor performance is the first to be im-
proved, followed by the one performance factor, and finally the exciting factors, because
when its performance is poor, it has little impact on the overall satisfaction. However, this
order of improvement ignores the actual impact of service attributes on overall satisfaction.
If the impact of a basic factor of poor performance on overall satisfaction is not as large as
that of a performance factor of poor performance, then this performance factor should give
priority to improvement before this basic factor. Therefore, the priority of improvement
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should take into account the effect of service attributes: factors that have a greater impact
on overall satisfaction should have a higher priority.
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Therefore, Mikulic and Prebezac [30] put forward the IAA in 2008, which is dif-
ferent from the three-factor theory, to classify service attributes by significance (p < 0.05).
They classified service attributes according to the impact of service attributes on
overall satisfaction.

Satisfiers: if this element performs well, it will increase customer satisfaction. How-
ever, if this element performs poorly, it will not reduce satisfaction. These elements are
usually seen as the icing on the cake; with advanced additional attributes, they are not
necessary, but if you add these elements, it will significantly improve customer satisfaction.

Delighters: these elements are extreme situations that satisfy the elements, and if
these elements are provided, it will greatly improve customer satisfaction.

Hybrids: these elements have a relatively linear and symmetrical relationship with
overall satisfaction. If the performance is good, it will improve the customer satisfaction; if
the performance is poor, it will reduce the customer satisfaction accordingly.

Dissatisfiers: if this factor performs poorly, it will significantly reduce customer
satisfaction. However, when this element performs well, their ability to improve satisfaction
is limited. These elements are generally considered to be the most basic requirement, but
pouring resources into these elements is not enough to increase satisfaction.

Frustrators: these elements do not meet the extreme conditions of the elements; if
these elements perform poorly, it will greatly reduce customer satisfaction.

In short, the delighters and satisfiers are equivalent to the exciting factor of the three
factors; the dissatisfiers and frustrators are the basic factors, while the hybrids correspond
to the performance factor of the three factors.

The research methods of bus passenger satisfaction are generally linear regression,
structural equation modelling, and correlation analysis [31–33]. These methods all assume
that there is only a linear and symmetrical relationship between the satisfaction of various
service elements and the overall satisfaction. In this study, gradient boosting decision trees
(GBDT) were used to evaluate the relative importance of various service attributes. The
GBDT method is a tree-based integration approach: it builds many individual decision
trees and then combines the results of those decision trees. Its goal is to iteratively explain
the prediction error to approach the true value of the loss function and minimize the loss
function until the loss function remains stable or reaches the minimum value [34]. The
decision tree is the basic algorithm of the GBDT model. Compared with the traditional
regression model, GBDT can show the relative importance of service attributes to overall
satisfaction, which helps optimize ranking, meanwhile GBDT does not have to follow a
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specific data distribution; GBDT solves the problem of multicollinearity, making the results
more accurate [35,36].

Through the gradient enhancement of the decision tree, a strong prediction model can
be obtained. Given a sample of (y, x), the goal of GBDT is to fit a function F(x) so that the
loss function [y, F(x)] is minimized. The final output of the gradient lifting model is:

Fm(x) = Fm−1(x) + ξ
j

∑
j=1

γjm I(x ∈ Rjm), 0 < ξ ≤ 1 (1)

Among this, γjm is the best Rjm for each area, when x ∈ Rjm, I = 1, otherwise, I = 0. ξ
represents the contraction parameter, also known as the learning rate.

For a single decision tree, the following methods are proposed to approximate the
relative importance of predictors xκ.

I2
κ(T) =

J−1

∑
t=1

τ̂2
t I(v(t) = κ) (2)

For summation of non-terminal nodes in the terminal node tree J, xκ is a split variable
associated with node t, and τ̂2

t is the corresponding square error empirical improvement,
as a result of xκ’s predictor. For a group of decision trees {Tm}M

1 , it can be obtained by
using the method of gradient lifting, which can be obtained by the average of all trees in
Formula (2):

I2
κ =

1
M

M

∑
m=1

I2
κ(Tm) (3)

4. Discussion
4.1. Factor Classification

First of all, we re-encoded the satisfaction variable and re-encoded passengers’ sat-
isfaction with bus service (1–7) into three values: −1 (very dissatisfied and dissatisfied),
0 (OK and relatively satisfied), and 1 (satisfied and very satisfied). It means lower than
expectations, in line with expectations, and higher than expectations, respectively. Take
the re-coded virtual variable as the independent variable and the overall satisfaction as the
dependent variable for regression.

Then, we carried on with the comparative analysis of reward and punishment and
used the GBDT model to calculate the influence of each service element on the overall
satisfaction (POSS) when it is dissatisfied, neutral, and satisfied, which is expressed as possd,
possn and posss, respectively. The range of influence of each service element on overall
satisfaction (RIOS) is the difference between posss and possd. Its satisfaction-generating
potential (SGP), that is, the ability to improve overall satisfaction, was calculated as (poss-
possn)/RIOS; its dissatisfaction-generating potential (DGP), that is, the ability to reduce
overall satisfaction, was calculated as (poss-possd)/RIOS), and its impact asymmetry (IA)
index was calculated as SGP-DGP.

Finally, the categories were defined according to the thresholds used in Lee and
Min [37]: delighters (IA ≥ 0.70), satisfiers (0.2 ≤ IA < 0.7), hybrids (−0.2 < IA < 0.2),
dissatisfiers (−0.7 < IA ≤ −0.2), and frustrators (IA ≤ −0.7).

Using the gradient-boosting decision-tree method, a prediction model with 28 public
transport service attribute was established, which took gender, income, education level,
car ownership, travel purpose, travel frequency, and family size as control variables. As
shown in Table 3, the learning rate was set to 0.01; the optimal number of iterations of the
model was 3910; and the cross-test error was 0.5. To improve the accuracy of the results, we
used a five-fold cross validation. The model provides the relative impact of 28 independent
variables on overall satisfaction. Considering that the remaining 14 services had little
impact on passenger satisfaction, we selected 14 services with a relative impact of at least
2% for further analysis.
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The relative impact of 14 services on overall satisfaction was almost the same as the
order of importance of their scope of influence (Table 4), which indicates the accuracy of the
IAA method. The results show that the following five factors had the greatest impact on
overall satisfaction, namely, site broadcasting, complaint handling, awning facilities, driver
driving habits, and the punctuality of bus operation. Among them, the service element that
had the greatest impact on the overall satisfaction was the station broadcast, whose RIS was
0.45, which also highlights the importance of voice broadcast arrival information to the bus
satisfaction of the elderly. The main reason is that due to the current rapid development
of Harbin, urban construction continues to accelerate. In 2019 alone, there were 45 new
lines that opened, adjusted, and extended in Harbin, with an additional operating mileage
of 704 km. Many elderly people are not familiar with the road conditions in the newly
built areas, resulting in frequent misplaced or missed stops; secondly, as the elderly grow
older, their hearing gradually weakens, and the noisy bus environment prevents them from
getting station information in time. It can be seen that it is not difficult to understand that
site broadcasting has become the service that can most affect the satisfaction of the elderly.

Table 4. Service attribute classification.

Service Attributes Relative
Importance (%) RIOS SGP DGP IA Classification Satisfaction

Average

Station broadcast 9.76 0.45 0.62 0.38 0.24 Satisfiers 4.90
Driver’s driving habit 7.59 0.34 0.50 0.50 0.00 Hybrids 4.65

Awnings 7.47 0.35 0.37 0.63 −0.26 Dissatisfiers 4.22
Punctuality of buses 5.73 0.33 0.27 0.73 −0.45 Dissatisfiers 4.36
Complaint handling 5.25 0.36 0.61 0.39 0.22 Satisfiers 4.38

Waiting comfort 4.65 0.19 0.11 0.89 −0.79 Frustrators 4.55
In-car seating 3.61 0.16 0.88 0.12 0.75 Delighters 4.14
In-car safety 3.52 0.21 1.00 0.00 1.00 Delighters 4.72

Electronic stop signs 2.86 0.18 0.28 0.72 −0.44 Dissatisfiers 4.63
Other passenger behavior 2.62 0.21 0.67 0.33 0.33 Satisfiers 4.43
Convenience of walking to

the bus stop
2.39 0.14 0.86 0.14 0.71 Delighters 4.83

Station sign 2.19 0.13 0.92 0.08 0.85 Delighters 4.64
Station billboards 2.12 0.10 0.20 0.80 −0.60 Dissatisfiers 4.10

Station seats 2.08 0.09 0.00 1.00 −1.00 Dissatisfiers 4.06

We used IAA to classify bus services. Among them, four bus services belong to plea-
sure factors, namely, in-car safety, in-car seating facilities, the convenience of walking to the
bus stop, and the station sign, and three bus services are satisfaction factors for the elderly.
They are station broadcasting, complaint handling, and other passenger behavior. There are
six bus service elements that make elderly passengers unsatisfied, among which waiting
comfort and station seats are frustrating services for the elderly. Awning facilities, the
punctuality of bus operation, electronic stop signs, and station billboards are unsatisfactory
services; in addition, drivers’ driving habits belong to performance attributes, which can
increase with the increase in satisfaction and decrease with the decrease in satisfaction.

4.2. Improvement Priorities

In order to determine the priority of the improvement, we used RIOS and the IA index
to draw the asymmetric matrix diagram of the impact of 14 attributes. As for the order
of improvement, we should give priority to the service elements with high RIOS and low
average satisfaction.

As shown in Figure 4, part I is the five services that have the greatest impact on
overall satisfaction. Among them, station broadcast had the greatest impact on overall
satisfaction, and it is a satisfaction factor. A satisfaction factor that does not meet the
needs of passengers does not affect the overall satisfaction. Once they are raised above the
level of satisfaction, passenger satisfaction increases significantly. The elderly are more
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satisfied with the station broadcasting service provided by buses at present. If the bus
agencies continue to improve this service, they will get higher satisfaction. However,
for the transit agency at present, the satisfaction level of the station broadcast is high, so
there is no need to give priority to its improvement. While the driver’s driving habit is
a performance factor, the relevant institutions to improve it will also improve passenger
satisfaction. The elderly are less satisfied with the other three elements. Among them,
the punctuality of buses and awnings are frustrators, and when they do not meet the
needs of elderly passengers, they will significantly reduce overall satisfaction; so, priority
should be given to optimizing these two elements to the satisfaction of the elderly. This will
significantly improve the satisfaction of the elderly. Complaint handling is a satisfaction
factor; its average satisfaction is low at present; and improving it is not enough to improve
the satisfaction of elderly passengers.
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Improving the remaining nine attributes may increase passenger satisfaction, but
the impact is not so obvious. Among them, part II includes dissatisfaction factors and
frustration factors, which are the most-basic factors in the composition of elderly passenger
satisfaction. Among them, station seats and station billboards are significantly lower than
the average satisfaction, so these two elements should be improved, but their impact on
overall satisfaction is very low, and improving them cannot significantly improve the
satisfaction of elderly passengers. So, bus agencies should improve these two aspects after
the more-important attributes are optimized.

The third part is the satisfaction factors and pleasure factors; the satisfaction of the
elderly to these factors is relatively high. It shows that the current public transport system
in Harbin is not only complete in infrastructure construction but also in the construction of
facilities to meet the basic needs of passengers and the completion of care measures.

5. Conclusions

This study integrated IAA and a gradient-enhancement decision tree to evaluate
the bus travel satisfaction of elderly passengers. This innovative method can classify
transport services more accurately and can use the scope of influence to establish the
priority of improvement.
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From the perspective of the elderly, this study discussed the factors that affect the bus
travel satisfaction of the elderly. The specific conclusions are as follows:

First, according to the results of the data analysis, it is recommended that priority
be given to improving the following services: “awning,” the “punctuality of bus opera-
tion,” “driver‘s driving habits,” and “site broadcast.” The following two factors should
be considered for improvement after the main problem is solved: “station seats” and
“station billboard.”

Second, the public-transport management agency in Harbin should promote the
strategy of bus priority and improve the punctuality of the buses by opening up more
bus lines, increasing the construction of special trunk roads for buses, and shortening
the departure time during rush hours. Additionally, it should increase and improve the
broadcast device on the bus for the elderly passengers, so as to make the voice broadcast
clear. At the same time, it should optimize the platform infrastructure, carry out regular
inspection, and strengthen the quality training of bus drivers. This helps to improve the
travel experience and comfort of elderly passengers.

Third, this study provided implications for the future bus-system planning for the
elderly in Harbin and other cities. Future decision makers can better understand the service
elements that have the greatest impact on overall satisfaction from the perspective of aging.
The bus company can carry on the initial construction of the public transportation system
according to the importance of the service attribute.

The results show that 50% of these attributes affect overall satisfaction only when they
are well built. When the bus service is not well built, there are six attributes that will affect
the overall satisfaction. This shows the asymmetry of the service attribute, but the previous
satisfaction research generally uses the linear hypothesis, and the future research should
fully take into account the asymmetry of the attribute in order to reduce the deviation.

In addition, although the sample size of this study was small, this is not a problem.
GBDT can rely on decision trees and promotion to deal with small sample data. In the field
of transportation, Wu and others [27] have verified that 229 sample sizes can still provide
accurate predictions. Because the application of IAA has its limitations, there is no relevant
theoretical guidance for the selection of the threshold of asymmetric indicators, and most
of the related studies take 0.2 and −0.2 as the threshold to distinguish between linear and
nonlinear effects [37].
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