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Abstract

:

This study develops the Generalized Satisfaction with Travel Scale covering travelers’ all-round emotional experience and cognitive evaluation. After checking the validity by factor analysis, the key influencing factors are extracted by optimal scale regression, and then the influence degree of key influencing factors is determined based on the Analytic Hierarchy Process. The reliability and validity of the developed Generalized Satisfaction with Travel Scale meet the requirements. The dynamic travel parameters (travel pattern, travel duration, etc.) (βs1 = 0.448) have the most important impact on generalized travel satisfaction, followed by the demographic information (age, occupation, etc.) (βs2 = 0.220) and static travel parameters (travel period, travel purpose, etc.) (βs3 = 0.178), whereas the main travel areas (residential area, work/study area) (βs4 = 0.154) have the weakest influence. This study aims at developing a Generalized Satisfaction with Travel Scale for Chinese travelers and exploring the influencing factors so as to provide an efficient travel experience survey mechanism for relevant departments.
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1. Introduction


The analysis of the travel decision process is crucial for travelers’ travel-behavior choice and the improvement of transportation-service level. In previous studies, researchers have generally used the utility theory to analyze the decision process of travel behavior. However, many researchers have deduced that the people’s travel-behavior decisions do not exactly follow the algorithms or models deduced from mathematical logic. In other words, the travel behavior does not exactly follow the utility theory [1]. This is due to the fact that the decision process of travel behavior is often subjective, and the random-utility theory has limitations in the analysis of subjectivity. To make up for the shortcomings of the utility theory in the study of travel behavior, many researchers have proposed using subjective well-being in order to analyze travel behavior [2] and explore the relationship between decision utility and experience utility from the perspective of well-being, which helps to deeply analyze the mechanism of transportation-mode selection and its inner law [3,4]. Subjective well-being refers to the overall satisfaction with life, including both emotional feelings and cognitive evaluation [5], which can be measured by a reliable scale [6]. Following the proliferation of studies on subjective well-being, studies on satisfaction in different areas of life have rapidly developed, and the study of travel satisfaction has attracted extensive attention in the transportation field. Travel satisfaction refers to the comprehensive evaluation of travelers on the transportation-service system and travel experience [7], whereas broad travel satisfaction includes narrow travel satisfaction (cognitive-evaluation level) and travel well-being (emotional-experience level). The travel process has a certain degree of influence on the physiological and psychological state of travelers, but the influence mechanism still needs to be further explored and studied. Therefore, the multidimensional feelings generated by travel, and how the travel process affects the traveler’s biopsychological state, is an important part of this study’s investigation. This paper mainly focuses on the systematic and detailed measurement of broad travel satisfaction, as well as the exploration of internal and external influencing factors of travel satisfaction.



This paper is organized as follows. Section 2 presents the employed materials and measures, including the improved Satisfaction with Travel Scale (STS), the broad travel-satisfaction questionnaire, and the data analysis. Section 3 presents the results of the improved broad travel-satisfaction scale survey. Section 4 provides a discussion of the results.




2. Literature Review


Well-being studies have shown that long commutes are one of the least satisfying daily activities [8] and that low levels of travel satisfaction spill over to low levels of life satisfaction [9,10]. Moreover, when there is a lack of comprehensive understanding for the broad travel satisfaction of the traveler’s travel process and its influencing factors, it will also constrain the level of transportation services. Therefore, it is necessary to study the traveler’s travel experience in the travel process, and we conducted a literature review from travel satisfaction-measurement methods and influencing factors.



In order to measure travel satisfaction more comprehensively, we reviewed the studies conducted by domestic and international scholars on the measurement of broad travel satisfaction. A series of scales have been developed and continuously validated in practice. For instance, Clark et al. [11] used the Subjective Well-Being Scale (SWB) and the General Health Questionnaire (GHQ-12) (including 12 questions to detect the phenomenon of psychological stress) to measure the emotional experience of broad travel satisfaction. In addition, the more authoritative American Time Use Survey (ATUS) [12] includes two positive-emotion items (happy, meaningful) and four negative-emotion items (sad, tired, stressed, painful), and the emotional intensity is used to measure emotional feelings related to travel. Moreover, the five-item Life Satisfaction with Life Scale (SWLS) [13] and a single-item question [14] are used to measure the cognitive-evaluation component of broad travel satisfaction. Furthermore, the Satisfaction with Travel Scale (STS) [15], which is developed based on the Swedish Core Affect Scales (SCAS) [16] and the SWLS, contains three separate constructs: cognitive evaluation, positive deactivation–negative activation, and positive deactivation–cognitive evaluation. De Vos [17] and Friman [18] evaluated the applicability of the STS. They deduced that the STS can reliably assess transportation policies. Other researchers measured the cognitive aspects of broad travel satisfaction through comprehensive evaluation questionnaires of transportation services. They borrowed foreign scales for their studies, and no common paradigm was formed. Wang [19] investigated four types of broad travel satisfaction using a homemade questionnaire: convenience, comfort, reliability, and safety. Wang [20] investigated metro satisfaction by designing an online questionnaire. Guo [21] explored satisfaction with bicycle travel through simple questions. Yin [22] investigated the broad travel satisfaction of travelers through a rough translation of the STS. In general, the understanding of broad travel satisfaction in China is not deep enough to provide basic support for decision-makers of relevant departments to improve the level of residents’ travel satisfaction.



To explore the factors influencing travel satisfaction, we sorted out two aspects based on the idea of a travel chain, including both travel-characteristic information and demographic information. Travel-characteristic information can reflect the objective dimension that affects travel satisfaction. Friman et al. [23] showed that the emotional experience after a work commute is related to transportation mode, travel time, etc. Leonhard et al. [24] explained the differences in narrow travel satisfaction under different transportation modes by studying the effects of the travel starting time, travel duration, travel distance, interaction during travel, etc. Li [25] used the ordered logistic model to analyze the factors affecting the travel experience. The study showed that the travel characteristics affecting travel experience mainly consist of travel duration, travel purpose, and whether there are interactions with others during the trip.



Demographic information, on the other hand, can reflect the subjective aspects that influence travel satisfaction. Susan et al. [26] showed that the commuting quality varies depending on the place of residence, commuting mode, occupation, and gender. Based on structural-equation modeling, Cao [27] showed that personal attributes (income, education, transportation costs, etc.) and travel characteristics (purpose of travel, length of time using motor vehicles, and period of time using motor vehicles) significantly affect travel expediency, travel comfort, and travel safety. Zhu [28] used the Analytic Hierarchy Process to show that personal rest, health status, interaction with others during travel, travel purpose, and education have more important impacts on the emotional experience of travel.



In summary, foreign researchers have conducted more systematic and detailed research on travelers’ broad traffic satisfaction, whereas domestic researchers have focused more on the cognitive evaluation of broad travel satisfaction, lacking measurement tools that include both fine-grained emotional experience and cognitive evaluation. Consequently, this paper aims at developing a more systematic and comprehensive Generalized Satisfaction with Travel Scale after standardizing foreign scales in Chinese and adapting them to the level of understanding of Chinese travelers. It then explores the key variables and importance of demographic information and travel-characteristic information that affect broad travel satisfaction. By deeply understanding the full range of travel satisfaction and its influencing factors in travelers’ travel process, this study provides basic support for government departments to measure and analyze broad travel satisfaction.




3. Materials and Methods


3.1. Questionnaire Design


The questionnaire contains three parts:



The first part is the demographic information, which includes gender, age, education, marital status, and other information.



The second part is the travel-characteristic information, which integrates the above-mentioned large number of references, as well as the travel-chain idea, and divides 3 travel patterns (Figure 1) with the current traffic situation in Beijing, including the information on connection time, travel duration, travel period, travel distance, and number of transfers.



The third part is the design of the Generalized Satisfaction with Travel Scale. Besides considering the cognition and emotion, fine-grained divisions of emotion were considered: mood states, mental states, temporal feelings, and states of exuberance. The scale was based on STS [15], combined with SWLS [13] and SCAS [16] in order to select English mood-word pairs or English question items, and combined with the English and Chinese interpretations of the Oxford Dictionary to form the interview information of the Generalized Satisfaction with Travel Scale. Afterwards, in order to obtain the general understanding of English emotional word pairs and English question items, interviews were performed based on the Constructivist’s Approach to Grounded Theory [29]. Based on the interview results, the first draft of the Generalized Satisfaction with Travel Scale was formed after several discussions and arguments. Finally, several experts in the field of transportation were invited to correct and revise the scale. Furthermore, the scale grading was considered. The scale was generally graded 5-point scale [30], 7-point scale [31] or 9-point scale [15], considering that a too-fine grading would make the items less distinguishable and a too-coarse grading would make the measured subjective feelings not detailed enough. Therefore, this paper uses a moderate grading of 7 scales to test the respondents’ agreement level, where 1 indicates the least agreement and 7 indicates the highest one. The Generalized Satisfaction with Travel Scale is shown in Table 1.




3.2. Scale Design Interview


In the process of the questionnaire design, an interview based on rooting theory was performed. Rooting theory refers to building a theory on the basis of empirical information, starting from actual observations, inducting empirical generalizations from primary sources, and then rising to a theory. As mentioned by Wang et al. [32], the rooting theory is a systematic inductive method that explores the motives behind phenomena through the observation of actual phenomena, and it explains complex social phenomena. After continuous studies, three main methodologies of rooting theory exist, which are the three major schools of rooting theory: the classical rooting theory (original version), the procedural grounding theory, and the constructive rooting theory [33].



The major difference between the constructive rooting theory and the other two theories is that the other two emphasize that the researcher should maintain an appropriate distance during the research process so as not to infiltrate personal biases and pre-assumptions, whereas the constructive rooting theory follows constructivism and emphasizes that it is the researcher and the research participants who co-construct the meaning during the collection and analysis of data. Constructive rooting-theory research is a more flexible approach emphasizing the interaction between the researcher and the research participants. It is more suitable for the research of this topic, i.e., the real world is complex and diverse. In addition, any findings should come from the process of interaction, the interactive communication between the researcher and the participants should also be emphasized in the research process, and the theory should be co-constructed in the process [26]. Since the subject of this interview is the standardization of the Chinese Travel Perception Scale, the interview was conducted based on the constructive rooting theory. The interview topic was first determined. The interview process was then designed and the interview outline was written. Afterwards, the interviewers were recruited and the interview work was performed. Finally, the first draft of the Travel Satisfaction Scale was formed based on the interview results.




3.3. Questionnaire Survey


The questionnaire was divided into a pre-survey and a formal survey. The pre-survey was performed within a Driving Behavior Laboratory. A total of 24 travelers who had traveled on the same day were selected. They were told to propose questions that were not understood and ambiguous. The questionnaire was revised after the researcher collected feedback from the subjects. The formal test was distributed on the Questionnaire Star platform, limiting the IP address of the respondents to Beijing. In addition, there were trips in Beijing on the same day. The length of filling out the questionnaire was at least 100 s, and the valid questionnaire fillers were rewarded with a bonus of 6–8 RMB after the audit.




3.4. Data Analysis


The scale structure was tested using Cronbach’s coefficient and Confirmatory Factor Analysis (CFA). CFA mainly deals with the relationship between observed and latent variables. It is a valid tool for testing the structural validity of the scale [34].



Influence-factor screening was performed using optimal scale-regression analysis. Optimal scale regression can convert categorical variables into numerical types for statistical analysis, which greatly improves the processing ability of categorical variable data, breaks through the limitations of categorical variables on traditional regression analysis models, and expands the application ability of regression analysis [35]. Since the variable contained categorical variables of gender and transportation mode, the optimal scale-regression model was considered to ensure that the meaning of the categorical variables themselves was not missing.



The importance of the influencing factors was identified using the Fuzzy Analytic Hierarchy Process (FAHP). In the process of dealing with human perceptual decision-making problems, human preferences and judgments are often vague and uncertain. FAHP effectively combines the Analytic Hierarchy Process (AHP) and fuzzy comprehensive evaluation, which uses the fuzzy-evaluation method to quantify fuzzy problem thinking and can better help evaluate more subjective decision-making problems [36].





4. Results


4.1. Statistics Analysis


4.1.1. Demographic Analysis


We collected travel data from a total of 425 subjects and obtained travel data from 409 subjects after eliminating invalid responses based on problems such as short response time and inconsistent answers. The proportion of males and females among those who completed the questionnaire was 51.00% and 49.00%, respectively. This distribution is similar to the gender ratio of the 7th census in Beijing (male: 51.10%, female: 48.90%). Their average age was 38.80, with an SD of 12.304. A total of 25.62% had less than a college education, 74.38% had a bachelor degree or above, 61.19% were married, 44.28% had no children, and 55.72% had one or more children. The percentage of employees in the career, enterprise, and service industry was 61.19%, and that of students and others was 38.81%. The percentage of those having a monthly income below CNY 4500, in the range of CNY 4500–20,000, and greater than CNY 20,000 was 31.09%, 61.69%, and 7.22%, respectively.




4.1.2. Transportation-Mode Statistics


The frequency of use of each mode of transport in the three kinds of travel patterns is shown in Table 2. Among the respondents, the frequencies of the three modes of transportation in travel pattern 1 were comparable, with more people walking and fewer people traveling by electric car. In addition, in travel pattern 2, more people traveled by private car, and was significantly higher than the number of cab trips. In travel pattern 3, the number of people traveling by subway was the highest, and the number of people traveling by shuttle bus was the lowest.



The frequency of each connection mode of the three kinds of travel patterns is shown in Table 3. The connection modes of travel pattern 2 included walking, bicycle, and electric vehicle, where walking was the main departure connection mode. The connection modes of travel pattern 3 included walking, bicycle, electric vehicle, cab, and private car. In addition, the main connection mode was also walking, followed by bicycle. The departure connection mode included private car but did not include cab, whereas the arrival connection mode included cab but not private car.





4.2. Validation of Scale Structure


Validated factor analysis was performed using AMOS 24.0, which requires a sample size of 5–10 times the observed variables [37]. The sample size selected for this study was 175, with 16 observed variables, which met the requirements. In addition, χ2/df = 2.411, GFI = 0.901, RMSEA = 0.076, NFI = 0.927, CFI = 0.967, and IFI = 0.967, which met the evaluation criteria [38]. The overall Clone Bach coefficient was 0.960, which is greater than 0.7. The total item correlation coefficient should be greater than 0.4. The factor-loading value should be higher than 0.60, the combined reliability should be greater than 0.7, and the mean extracted-variance value should be greater than 0.5 [38], as shown in Table 4. Moreover, all the items met the evaluation criteria. An exploratory factor analysis was also used to analyze the scale structure, and the results show that all the factor variables met their dimensional settings.




4.3. Influencing-Factor Screening


The dependent variable was the mean score of overall travel satisfaction. The demographic variables and travel-characteristic variables were used as independent variables for optimal scale-regression analysis. The complex correlation-coefficient R of the model was 0.524, which indicates that the linear-regression relationship between the independent and dependent variables was relatively close, and it is generally considered that an R greater than 0.4 is good enough in social-science studies [39]. In addition, the adjusted R2 was 13.9%, and the fitted model (p < 0.001) was statistically significant. The independent variables screened according to significance (<0.05) are shown in Table 5.




4.4. Identification of the Importance of the Influencing Factors


4.4.1. Exploratory Factor Analysis


Exploratory Factor Analysis (EFA) is able to synthesize intricate variable relationships into a few core factors [40]. The core factors are used to analyze as the intermediate layer. The KMO and Bartlett’s spherical test were used to determine whether it was suitable for factor analysis. The KMO value was 0.780 (>0.7) and the Bartlett’s spherical test p-value was less than 0.05, which was suitable for factor analysis. The maximum variance method was then used to extract the principal components and identify the core factors. The cumulative variance contribution of the core factors was 86.16%, which met the requirements of 50% [27]. As shown in Table 6, the absolute values of the factor loadings were greater than 0.5 [16], and four core factors were extracted among the 15 key influencing factors: dynamic travel parameters, demographic information, static travel parameters, and major travel areas. The overall Cronbach’s α coefficient was 0.619, and the Cronbach’s α coefficient for each scale was greater than 0.45 (cf. Table 7), which indicates that the internal consistency of the scales was acceptable [41].




4.4.2. Fuzzy Analytic Hierarchy Process


	
Building a hierarchical model






The hierarchical model was constructed by decomposing the results of factor analysis layer by layer. The system evaluation objectives, core factors, and evaluation indicators were divided into the highest, middle, and lowest levels according to their interrelationships [42] (cf. Figure 2).



	
Constructing the judgment matrix






When determining the weights between levels and factors, qualitative analysis is often not accurate enough, and a two-by-two comparison can reduce the difficulty of comparing different factors with each other. Based on the factor-analysis eigenvalues and optimal scale-importance coefficient, the relative importance of secondary and tertiary indicators (two by two) was determined with the 0.1~0.9 nine-scale method (Table 8). The fuzzy judgment matrix was constructed are shown in Figure 3.



The constructed fuzzy judgment matrix is shown in Figure 3:



	
Fuzzy consistency matrix construction






When comparing two factors, there is the influence of judgment subjectivity and problem complexity, which often leads to the construction of a non-consistent matrix, so the fuzzy judgment matrix needs to be adjusted to a fuzzy consistency matrix. The row sum-transformation method was used for the consistency of the fuzzy judgment matrix. The fuzzy consistency matrix was constructed using Equations (1) and (2) (Figure 4).


   r i  =   ∑   j = 1  n   a  i j   , i = 1 , 2 , ⋯ , n , j = 1 , 2 , ⋯ , n  



(1)






   r  i j   =    r i  −  r j    2 n   + 0.5  



(2)







	
The accuracy of the weight-error checking






It is important to test the accuracy of the weights for each index. The weight-error accuracy indicates whether the calculated index weights are consistent with the subjective human perception. When the calibration error is 0, it indicates complete consistency, but generally speaking, an error < 0.1 can be considered to satisfy the requirements. The correction method of complementary matrix weights is not perfect, but the mutual inverse type is well established. Therefore, the matrix A = (aij)n × n was transformed into the mutual inverse judgment matrix B = (bij)n × n and then tested using Equations (2) and (3). The test results show (Table 9) that the constructed judgment matrix had good consistency.


   b  i j   =    a  i j      a  j i      



(3)






  C I =    λ  m a x   − n   n − 1    



(4)






  CR =   C I   R I    



(5)




where



   λ  m a x     is the eigenvalue of the fuzzy mutual inverse-type consistency judgment matrix



n is the dimension of the fuzzy mutual inverse-type consistency judgment matrix



RI is the consistency coefficient, considered according to Table 10.
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Table 9. Consistency test results.






Table 9. Consistency test results.





	Variables
	RI
	CI
	CR
	Consistency





	Middle hierarchy indicators
	0.90
	0.047
	0.042
	Fine



	Demographic information
	0.90
	0.011
	0.009
	Fine



	Static travel parameters
	0.58
	0.009
	0.005
	Fine



	Major travel areas
	0
	0
	0
	Fine



	Dynamic travel parameters
	1.24
	0.023
	0.028
	Fine








	
Hierarchical ranking






The weights of the fuzzy consistency matrix R = (rij)n × n were obtained according to the weight formula, and then the weights of the lowest-level index and the middle-level index were multiplied and summed up layer by layer to obtain the comprehensive weights (Table 11).


   w i  =  1 n  −  1  2 θ   +  1  n × θ     ∑   k = 1  n   r  i k   , i = 1 , 2 , ⋯ , n ,   θ =   n − 1  2   



(6)







The weights of the middle hierarchies responded to the influence degree of the middle hierarchies on generalized travel satisfaction. Dynamic travel parameters had the greatest influence on generalized travel satisfaction (WM1 = 0.383), followed by demographic information and static travel parameters (WM2 = 0.239, WM3 = 0.206), and the least was major travel areas (WM4 = 0.172).



The weights of lowest hierarchies responded to the influence degree of indicators within each dimension on different dimensions. Among the dynamic travel parameters, the most influential were travel pattern and mode of transportation (WL11 = 0.215, WL12 = 0.215), followed by travel duration, arrival pickup time, and transfer time (WL13 = 0.175, WL14 = 0.151, WL15 = 0.143), and the least influential was departure pickup time (WL16 = 0.103). Among the demographic information, the most influential were age and number of children (WL21 = 0.339, WL22 = 0.306), followed by occupation (WL23 = 0.0228), and the least influential was education (WL23 = 0.128). Among the static travel parameters, the most influential was travel period (WL31 = 0.458), followed by total number of trips (WL32 = 0.383), and the least influential was (WL33 = 0.158). Among the main work areas, the most influential was the residential area (WL41 = 0.567) and the least influential was the work/study area (WL42 = 0.433).



In the synthetic weights, the impact of each indicator on broad travel satisfaction was reflected. The area of residence (SW1 = 0.098), travel period (SW2 = 0.094), travel pattern (SW3 = 0.082), mode of transportation (SW4 = 0.082), and age (SW5 = 0.081) had more critical effects on the generalized travel satisfaction. In addition, the more significant effects were the number of trips (SW6 = 0.079), work/study area (SW7 = 0.075), number of children (SW8 = 0.073), and travel duration (SW9 = 0.067). The arrival pickup time (SW10 = 0.058), transfer time (SW11 = 0.055), occupation (SW12 = 0.054), departure pickup time (SW13 = 0.039), trip purpose (SW14 = 0.033), and education (SW15 = 0.031) had less influence on broad travel satisfaction.






5. Discussion


As travel efficiency continues to improve, the subjective experience of the travel process begins to become a more important concern. This paper aimed to propose a more comprehensive travel-satisfaction scale and explore the relative importance and hierarchical structure that affects broad travel satisfaction. First, we proposed a Generalized Satisfaction with Travel Scale from the perspective of well-being, which includes travelers’ emotional feelings and cognitive evaluation of the travel process. In addition, the influencing factors of generalized travel satisfaction were explored based on the idea of the travel chain, which mainly includes two parts: the influence of primary indicators on generalized travel satisfaction and the comprehensive influence of secondary indicators on generalized travel satisfaction.



The proposed Generalized Satisfaction with Travel Scale can measure travelers’ travel satisfaction in more detail and overcome the problems of measuring travel satisfaction in China, which is often specific to specific transportation modes and directly translated from foreign scales. The Generalized Satisfaction with Travel Scale was based on the STS, SWLS, and SCAS, and it expands the emotional and cognitive dimensions of the STS to evaluate the emotional feelings of travelers in four dimensions in more detail. The evaluation of domestic travel satisfaction often suffers from the problem of targeting specific transportation modes and direct translation [43]. The proposed scale can measure the travel chain and takes into account the level of understanding of Chinese travelers in the case of cultural differences.



With the factors that are most likely to influence broad travel satisfaction a three-level evaluation system was constructed. In the established evaluation system, the dynamic travel parameter was the most important primary indicator, indicating that the combination of travel time and travel mode remains a key factor influencing broad travel satisfaction [44]. In addition, it is interesting to note the greater degree of influence of demographic information, which is consistent with Liu’s study [45]. It is not surprising that individual attributes of travelers often lead to large differences in perceptions of the travel process; for example, occupation may produce differences in time flexibility. Thus, different travel perceptions may arise between different individual attributes. Second, the effect of static travel parameters on generalized travel satisfaction was small, which differs significantly from Chen’s [46] study. This may be due to the more refined emotional feelings and cognitive evaluations. Finally, the main travel areas had the least impact.



Among the secondary indicators, the area of residence and travel period had the most significant impact on broad travel satisfaction. The area of residence relates to traffic conditions, which affect subjective perceptions of the traveler, such as accessibility and delays on the road. Whether the travel period was at a flat peak played a key role in broad travel satisfaction, which is consistent with previous studies [47]. In addition, the effects of travel pattern, mode of transportation, and age were very important. There is an interaction between different modes of travel and travel perceptions. Fan [48] showed that bicyclists have a more positive impact on travelers, whereas public transportation is more likely to produce negative feelings such as fear of being late and having a sense of stress. The effect of age on broad travel satisfaction may be due to the stressful life of the traveler. The effects of total number of trips, work/study area, and number of children on broad trip satisfaction were also more important. When the number of travelers is higher, more interactions during the trip will enhance happiness during the trip [28]. The environment of the work/study area, which is the main travel area of the traveler, significantly affects broad travel satisfaction [49]. The mechanism of how the number of children affects travel satisfaction remains unclear, possibly through patience, but the mechanism underlying this effect still needs to be explored in more detail. Interestingly, the travel-time category had a smaller impact on broad travel satisfaction, which may be due to the more complex impact of travel time. On the one hand, travel time itself is not necessarily a waste of time for the traveler, but may be an enjoyment [50]. On the other hand, efficient use of time during travel may relieve the stress of the traveler [51]. This stress and enjoyment play an important role simultaneously [52] and may weaken the effect on travel satisfaction due to the large differences in travel patterns. Therefore, the effect of travel time-type indicators on broad travel satisfaction deserves more qualitative research to try to explain the existence of this complex relationship.



The main limitation of this paper is that the comprehensiveness of the sample needs to be further enhanced, and in the future, an expanded sample will be conducted in different cities and regions, and a tracking survey on the travel process of travelers is expected to be conducted using an app in order to obtain more accurate and comprehensive findings. In addition, the study can further explore the interaction between influencing factors, such as the influence of travel time of different travel modes on travel satisfaction.




6. Conclusions


This study first develops a Generalized Satisfaction with Travel Scale after standardizing and improving the SWLS, STS, and SCAS in Chinese, and uses validation factor analysis to test the structural validity of the scale. The optimal scale regression analysis is then used to extract the key influencing factors. Afterward, hierarchical analysis is used to further determine the importance of each key influencing factor. The findings of the study are summarized as follows.



(1) The developed Generalized Satisfaction with Travel Scale, covering emotional experience and cognitive evaluation, can efficiently measure broad travel satisfaction. The measured emotions are detailed and systematic, which is conducive to identifying all-round travel satisfaction.



(2) The key influencing factors of generalized travel satisfaction can be divided into four dimensions: dynamic travel parameters, demographic information, static travel parameters, and major travel areas.



(3) The dynamic travel parameters have the greatest impact on broad travel satisfaction, which is determined by the expectation of travel. This also indicates that the speed of travelers’ movement in time and space has a greater impact on their cognitive evaluation and on their fine-grained emotional experience, which cannot be ignored. In addition, the influence of demographic information on travel satisfaction is also more significant, and the impact of differences such as flexibility time determined by individual attributes on travel satisfaction should also be taken into account. Finally, although the impact of static travel parameters and major travel areas on broad travel satisfaction is relatively small, the impact of some of their indicators on broad travel satisfaction should also be carefully considered.



The standardized Generalized Satisfaction with Travel Scale developed in this paper is suitable for Chinese travelers. It not only provides a fine-grained portrayal of travelers’ emotional feelings in the process of travel from multidimensional emotional states, but also overcomes the problem of cognitive evaluation of a single mode in most previous studies. The study aims to provide an effective tool for government departments to measure the broad travel satisfaction of Chinese travelers in a comprehensive manner, and to inject fresh blood of “traveler’s emotional experience” into transportation planning and design from a human-centered perspective. It is also expected to help traffic planners and traffic managers to take targeted traffic-management measures to improve the traffic-service level by effectively identifying the influence of multiple individual attributes and travel characteristics on broad travel satisfaction.
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Figure 1. Analysis chart of the three travel patterns. 






Figure 1. Analysis chart of the three travel patterns.



[image: Sustainability 14 11509 g001]







[image: Sustainability 14 11509 g002 550] 





Figure 2. Hierarchical analysis model. 
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Figure 3. Constructed judgment matrix. 
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Figure 4. Constructed fuzzy consistency matrix. 
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Table 1. Satisfaction with Travel Scale.






Table 1. Satisfaction with Travel Scale.





	
Valence (V, adapted from SCAS [16])

	
Displeased (1)—Pleased (7) (V1)




	
Sad (1)—Glad (7) (V2)




	
Depressed (1)—Happy (7) (V3)




	
Activation (A, adapted from SCAS [16])

	
Dull (1)—Peppy (7) (A1)




	
Sleepy (1)—Awake (7) (A2)




	
Passive (1)—Active (7) (A3)




	
Positive deactivation—negative activation(PD, adapted from STS [15])

	
Time pressed (1)—Relaxed (7) (PD1)




	
Worried I would not be on time (1)—Confident I would be on time (7) (PD2)




	
Stressed (1)—Calm (7) (PD3)




	
Positive activation—Negative deactivation (PA, adapted from STS [15])

	
Tired (1)—Alert (7) (PA1)




	
Bored (1)—Enthusiastic (7) (PA2)




	
Fed up (1)—Engaged (7) (PA3)




	
Cognitive evaluation (C, adapted from STS [15] and SWLS [13])

	
Travel was the worst (1)—Best I can think of (7) (C1)




	
Travel was low (1)—High standard (7) (C2)




	
Travel worked well (1)—Poorly (7) (C3)




	
Travel was satisfying (1)—Unsatisfying (7) (C4)








Note: For the imported Satisfaction with Travel Scale, the NPS 7-level scale is used for scoring. The first column in parentheses presents the abbreviations and sources. The second column in parentheses shows the abbreviations and the highest/lowest scores.
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Table 2. Frequency of vehicles by travel pattern.
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	Transportation Mode
	Pattern 1
	Pattern 2
	Pattern 3





	Walk
	54
	-
	-



	Bicycle
	48
	-
	-



	E-bicycle
	36
	-
	-



	Taxi
	-
	17
	-



	Private
	-
	71
	-



	Bus
	-
	-
	56



	Shuttle
	-
	-
	6



	Subway
	-
	-
	115
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Table 3. Frequency of connection modes by travel pattern.






Table 3. Frequency of connection modes by travel pattern.





	
Connection Type

	
Transportation Mode

	
Pattern 2

	
Pattern 3






	
The departure connection mode

	
Walk

	
77

	
126




	
Bicycle

	
5

	
37




	
E-bicycle

	
6

	
7




	
Taxi

	
-

	
-




	
Private

	
-

	
3




	
The arrival connection mode

	
Walk

	
77

	
128




	
Bicycle

	
4

	
39




	
E-bicycle

	
7

	
2




	
Taxi

	
-

	
2




	
Private

	
-

	
-
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Table 4. Internal-reliability and polymeric-validity test.
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Item

	
Item—Total Correlation

	
Factor Loading

	
Cronbach’α

	
AVE

	
CR






	
Valence (V)

	
V3

	
0.731

	
0.791

	
0.904

	
0.7742

	
0.911




	
V2

	
0.868

	
0.935




	
V1

	
0.838

	
0.907




	
Activation (A)

	
A3

	
0.860

	
0.904

	
0.935

	
0.8251

	
0.934




	
A2

	
0.871

	
0.906




	
A1

	
0.867

	
0.915




	
Positive deactivation—negative activation (PD)

	
PD3

	
0.683

	
0.714

	
0.936

	
0.6958

	
0.8713




	
PD2

	
0.808

	
0.948




	
PD1

	
0.757

	
0.824




	
Positive activation—negative deactivation (PA)

	
PA3

	
0.845

	
0.897

	
0.868

	
0.8294

	
0.9358




	
PA2

	
0.878

	
0.917




	
PA1

	
0.878

	
0.918




	
Cognitive evaluation (C)

	
C4

	
0.864

	
0.909

	
0.926

	
0.7616

	
0.9274




	
C3

	
0.820

	
0.862




	
C2

	
0.800

	
0.832




	
C1

	
0.834

	
0.886
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Table 5. Independent variable-screening results.
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	Variable
	Sig.
	Important Factor





	Gender 
	0.222
	0.008



	Education background
	0.002
	0.128



	Marriage status
	0.177
	0.010



	Number of children
	0.016
	0.030



	Profession
	0.006
	−0.015



	Monthly income
	0.091
	0.069



	Living area
	0.000
	0.048



	Place of work and study
	0.012
	0.028



	Travel purpose
	0.010
	−0.003



	Total number of travelers
	0.038
	0.038



	Travel period
	0.000
	0.043



	Travel distance
	0.660
	−0.025



	Travel pattern
	0.000
	0.869



	Transportation mode
	0.000
	−0.810



	Departure connection mode
	0.781
	−0.011



	Arrive connection mode
	0.633
	0.030



	Travel duration
	0.002
	0.265



	Transfer time
	0.872
	−0.015



	Age
	0.000
	0.099



	Arrival connection time
	0.036
	0.121



	Waiting time
	0.985
	0.015



	Transfer time
	0.005
	0.098



	Departure connection time
	0.002
	−0.020







Note: Red font are key indicators that have a significant impact on broad travel satisfaction, while black font is for indicators that do not have a significant impact on broad travel satisfaction.
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Table 6. Rotated core factor matrix.






Table 6. Rotated core factor matrix.





	
Item

	
Factor Loading




	
1

	
2

	
3

	
4






	
Travel pattern

	
0.944

	

	

	




	
Departure connection time

	
0.915

	

	

	




	
Transportation mode

	
0.914

	

	

	




	
Arrival connection time

	
0.900

	

	

	




	
Transfer time

	
0.705

	

	

	




	
Travel duration

	
0.659

	

	

	




	
Number of children

	

	
0.777

	

	




	
Education background

	

	
−0.765

	

	




	
Age

	

	
0.763

	

	




	
Travel purpose

	

	

	
0.745

	




	
Profession

	

	
0.604

	

	




	
Total number of travelers

	

	

	
0.582

	




	
Travel period

	

	

	
0.498

	




	
Living area

	

	

	

	
0.851




	
Place of work and study

	

	

	

	
0.816
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Table 7. Cronbach coefficients.






Table 7. Cronbach coefficients.





	Core Factors
	Cronbach’α





	Demographic information
	0.669



	Static travel parameters
	0.457



	Dynamic travel parameters
	0.903



	Major travel areas
	0.613
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Table 8. The 0.1–0.9 nine-scale quantitative scale.






Table 8. The 0.1–0.9 nine-scale quantitative scale.





	Judgment Scale
	Meaning





	0.5
	The two indexes are of equal importance.



	0.6
	One factor is slightly more important than the other.



	0.7
	One factor is significantly more important than the other.



	0.8
	One factor is strongly more important than the other.



	0.9
	On factor has extreme importance over another.



	0.1~0.4
	If the value of A is compared to B, then B compared to A is 1-a.
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Table 10. 0.1–0.9 nine-scale quantity scale.
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	Number of Orders
	1
	2
	3
	4
	5
	6
	7





	RI
	0
	0
	0.58
	0.90
	1.12
	1.24
	1.32










[image: Table] 





Table 11. Results of the hierarchical ranking.






Table 11. Results of the hierarchical ranking.





	
Highest Hierarchies

	
Middle Hierarchies

	
Weights

	
Lowest Hierarchies

	
Weights

	
Synthetic Weights






	
Broad travel-satisfaction evaluation

	
Dynamic travel parameters

	
0.383

	
Travel pattern

	
0.215

	
0.082




	
Transportation mode

	
0.215

	
0.082




	
Travel duration

	
0.175

	
0.067




	
Arrival connection time

	
0.151

	
0.058




	
Transfer time

	
0.143

	
0.055




	
Departure connection time

	
0.103

	
0.039




	
Demographic information

	
0.239

	
Age

	
0.339

	
0.081




	
Number of children

	
0.306

	
0.073




	
Profession

	
0.228

	
0.054




	
Education background

	
0.128

	
0.031




	
Static travel parameters

	
0.206

	
Travel period

	
0.458

	
0.094




	
Total number of travelers

	
0.383

	
0.079




	
Travel purpose

	
0.158

	
0.033




	
Major travel areas

	
0.172

	
Living area

	
0.567

	
0.095




	
Place of work and study

	
0.433

	
0.075








Note: In the lowest layer, the first column number is the influence coefficient of the lowest layer on the middle layer, and the second column number is the influence coefficient of the lowest layer on the highest layer.
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