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Abstract

:

Exploring the mechanism that influences the choice of urban public travel mode is an important policy research topic that can promote urban residents’ pro-environment travel (PET) behaviour and relieve the pressure on urban traffic and environmental problems. By expanding the theory of planned behaviour by considering the effects of the quality of public transport service and individual behaviour, this paper establishes a mixed PET behaviour model. Grounded theory is used to analyse data obtained from in-depth interviews, with the aim of determining the relationships among different attributes of the quality of public transport service and PET. An empirical examination in the form of a questionnaire was conducted in Changsha, China, to obtain the intensity and mechanism of various factors influencing pro-environment behaviour decision-making. The results reveal three new pieces of information. First, the influence of many psychological variables (except subjective norms) is consistent with the prediction results of the theory of planned behaviour (TPB), and the predictions of the model are accurate. More specifically, intention (0.535) and habit (0.354) are key factors in PET behaviour, while attitude (0.527) has the most significant effect on intention towards PET behaviour. Second, the perceived service quality of public transport has a direct and significant impact on intention towards PET behaviour. Satisfaction with public transport service quality exerts a mediating effect on perceived service quality and PET behaviour. More specifically, operation and management (0.808) and vehicle environment (0.809) have the most important influence on intention towards PET behaviour. Last but not least, the extent of the influence of PET behaviour varies based on travellers’ demographic characteristics. The driving age, income and ownership of private cars show the greatest impact. The perceived service quality of public transport and travellers’ social and economic characteristics all play roles in the psychology of travel decisions, and are associated with PET behaviour on several distinct levels. From the perspectives of passenger psychology, public transport service quality and personal attributes of passengers, this paper provides a scientific basis for decision-making in transportation systems and the formulation of traffic intervention strategies to promote voluntary public reductions in carbon-intensive travel behaviour.
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1. Introduction


Pro-environment behaviour means reducing the negative impacts of individual behaviour on nature and human society to a minimum [1]. This concept is used to define pro-environment travel behaviour, which means voluntarily choosing low-carbon travel, including public transport (PT), non-motorised traffic and walking, based on an attitude of caring about the environment and a willingness to sacrifice some degree of convenience, comfort and time. According to a report from the International Energy Agency, a quarter of the total emissions of CO2 comes from traffic, and by 2050, global road traffic emissions are likely to quadruple. As a consequence, reducing carbon-intensive travel patterns, especially the use of private cars, and at the same time increasing the ratio of PT have become paramount and challenging tasks in mitigating climate change and tackling urban traffic problems [2]. In China, urban roads are becoming increasingly crowded, and the service quality of PT has seen a rapid downturn with the explosive growth of private cars. As a result, people have gradually abandoned PT, causing a vicious circle of urban traffic development [3]. Many governments have attempted to mitigate the trend of travelling by private cars through methods such as limiting travel and the purchase of cars, but to no avail. When it comes to the traveller’s final decision on traffic behaviour, such as choosing to give up carbon-intensive modes of travel and use more environmentally friendly PT, there are many factors that make a difference, and the quality of the PT service and personal psychological factors are especially important [4].



Research has shown that when formulating intervention policies, improving the service quality of PT and understanding the psychological factors that affect individuals’ choice of travel mode surpass the effects of other technologies (including improving automotive technology and engineering) in terms of reducing carbon dioxide emissions [5,6,7,8]. Since decisions are made as a result of the combined effects of PT service quality and psychological variables, there is an inevitable bias in only conducting a study of the relationship between unilateral factors and travel decisions. Considering a combination of the influences of the two aspects allows us to get closer to the decision-making mechanisms of travellers in order to guide the formulation of effective traffic intervention policies.



1.1. Expansion and Application of the Theory of Planned Behaviour


Theories such as value norm theory, the theory of planned behaviour (TPB), normative activation models and interpersonal behaviour all enable effective research to be carried out on travelling behaviour from a psychological perspective [7,9,10,11]. The results also indicate that the relationship between pro-environment behaviours and related technology application and intervention policies can be better understood from the perspective of psychology. This understanding can be translated into effective intervention plans, which can make a major contribution to climate change mitigation [12]. One of these theories, TPB, shows strong behavioural prediction ability and is the most widely used theoretical framework [13] to predict and explain different pro-environment travel (PET) behaviour. Since it is still imperfect, several scholars have attempted to integrate TPB with individual habits, personality traits, anticipated feelings of regret, self-identity, descriptive norms, social norms [10,14,15,16,17,18,19,20,21] and other variables that can dramatically improve its predictive ability. It is, therefore, unwise to apply TPB to specific behavioural studies without careful consideration. In terms of travel behaviour research, higher service quality and satisfaction can lead to positive PET behaviour intention. Obviously, a decision on a mode of travel will be affected by the quality of the PT service; this does not take place directly, but indirectly via psychological variables [22]. A psychological understanding of the impact of the quality of a PT service on the travel behaviour mechanism is required. In a comprehensive model, only the influence of service quality, perceived value, satisfaction and other variables influencing the intentions of bus passengers are taken into consideration; the interactions between psychological variables are ignored [2], reducing the prediction effect. Some studies have made valuable attempts to combine customer satisfaction theory with TPB [4]; these focus on the psychological process of mode transformation and do not pay particular attention to behaviour accompanied by a pro-environment attitude. Therefore, one of the gaps in the existing research that is filled by this paper is the expansion of TPB based on customer satisfaction theory, and the determination of the structure of the relationship between PET behaviour and its influencing factors in a specific research context.




1.2. Adopting Qualitative Research for PT Service Quality Measurement


Reliable and sufficient data are needed as the foundation of a PT service quality measurement sub-model. Although it is well known that the quality of a PT service is a decisive factor affecting travel demand, and that improving service quality promotes changes in given modes of travel [23], the issue of how to determine a group of attributes that can be used to comprehensively evaluate the quality of PT services and measure their relative importance in traveller satisfaction remains a challenging and important research field [24,25]. Decision-making on modes of travel is a rather complex psychological process. To understand public motivation and decisions involving complex issues such as carbon emissions and the impact of PT service quality, there is a need for research on adequate methods of investigating how to measure [26] service quality. In [4], six measures of observation were applied as observed variables for measurement, but the source of the calculation method was not given. If we want to understand the influence of passengers’ attributes on the quality of a PT service and the effect of the overall evaluation of service quality on the choice of travel mode, the best way is to investigate passengers. Only in this way can a realistic decision model can be abstracted from a description of their personal experiences and ideas. It is also possible to draw up measurement indicators based on research by other scholars; however, each study has different research purposes, and the measurement indicators are likely to be different. Qualitative research obtains the elements of non-structural problems and their relationships by answering questions, understanding phenomena and analysing human behaviours and opinions, and is therefore widely used in behaviour analysis and intervention policies in the fields of health, tourism and education; there have been few applications in the domain of transportation, especially in the area of travel mode choice [27]. As an analytical technique used in qualitative research, grounded theory (i.e., constructing and revising propositional statements about relationships by questioning and observing informants in specific use contexts) can improve the quality of problem design [28]. By analysing the facts, opinions and motivations described by interviewees, we can identify the attributes of PT service quality that travellers care about most, as observed variables. This design is also conducive to the derivation of subsequent intervention policies and plans, and the attempt to apply qualitative research techniques is one of the contributions of this paper to the existing literature. In this way, the identification and design of observed variables in the sub-model for the measurement of quality in PT service can be made more accurate, and views and valuable opinions about people’s attitudes towards PET behaviour can be more easily collected. Based on this information, the variables influencing decisions on pro-environment travel modes can be determined and a path structure hypothesis of how these variables exert influence on decisions can be established. The next step is to conduct empirical research using a large-scale questionnaire survey in order to test these factors and the structure and degree of their correlation with decision-making behaviour, and finally to formulate a decision-making mechanism model of passenger travel modes that is helpful in developing effective intervention policies.




1.3. Choice of Data Analysis Method


In relation to the mechanism of influence of observed variables on behaviour and intensity measurement, the utility theory of economics was first introduced to the transportation field in the 1970s. This caused a wave of research that employed methods [29,30,31,32], such as the non-aggregate model based on stochastic utility theory and discrete choice models, and the use of the social-economic characteristics of travellers and the attributes of travel plans (e.g., travel time, travel cost, etc.). Although predictions can be made at the statistical level, they usually fail to identify potential psychosocial factors (such as satisfaction and attitude) that play a key role in the decision-making process of travellers, as well as the attributes and habits of PT service quality that have a greater impact on psychological factors; the explanatory ability of these models is also questioned due to the assumption of complete rationality. Some studies have proposed discrete selection models involving latent variables such as service level attributes, values, attitudes, etc., and the results indicate a striking superiority over the traditional model in terms of prediction ability [33,34,35,36]. However, this kind of method focuses more on mathematical models and ignores the theoretical basis and measurement of psychological variables, and no suitable commercial software has been developed to solve its calculation problem. The simultaneous estimation of hybrid multinomial logit (ML) models would require highly complex forms of the simulated likelihood function. A structural equation model (SEM) solves the problem well, as this approach can analyse the relationships between independent variables and dependent variables, and these variables can be either continuous or discrete. In addition, the SEM can be used to evaluate different theoretical models, and hence is an important tool in multivariate statistics. In contrast, TPB was proposed and verified in the context of North American culture. Research on psychosocial factors related to travel behaviour has mainly been conducted in large cities in developed countries. There are few studies of PET behaviour based on TPB in a Chinese context. Due to cultural and regional differences, behaviours may differ, meaning that this exploration is beneficial for the cross-cultural applicability of TPB. As a point of difference from existing studies [4], this paper analyses the influence of various personal attributes such as gender, occupation and income on PET behaviour. To bridge the gaps in the literature, this study aims to establish a relationship model of the major determinants of PET behaviour by expanding TPB with satisfaction theory and habit variables.



The remaining parts of this study are structured as follows. The following section establishes a comprehensive conceptual model framework and hypothesis. The methodology section gives a detailed description of the qualitative and quantitative research to recognise the concerned factors. We solve problems with an SEM to reveal the relative importance and the path of action of the psychological factors affecting PET behaviour and service quality attributes. Finally, the impacts of differences in demographic characteristics are discussed, followed by a conclusion and future works.





2. Conceptual Model and Hypotheses


2.1. TPB


TPB was proposed by Ajzen, based on the theory of reasoned action (which mainly predicts acts that are completely controlled by will), and introduced perceived behavioural control, which improved the explanatory ability of individual behaviour prediction [37]. The main components of TPB include a person’s attitudes (AT), subjective norms (SN), perceived behaviour control (PBC), intentions (IN) and behaviour. TPB assumes that the generation of behaviour is directly dependent on the individual’s intention to perform the behaviour, and that this has three determinants: AT, SN and PBC. AT is an individual’s mental experience, which reflects one’s likes and dislikes and positive or negative evaluations of a particular behaviour. SN refers to the social pressure that an individual perceives when deciding whether or not to perform a certain behaviour. It reflects influences from important figures or groups on the individual’s behaviour decision. PBC describes the degree to which an individual perceives performing a particular behaviour to be easy or difficult. TPB has been proven in many studies to be a good tool for studying the selection of travel mode, and is considered very effective in predicting intention and actual behaviour in the field of PT [10,38,39,40,41]. Ajzen [42] applied TPB to the study of pro-environment behaviour and verified that its constructs were applicable. However, some studies have recognised the drawbacks of the structure of TPB, and its practical application is limited due to the relatively abstract belief factors involved. In addition, the impact of SN on intention has not been fully confirmed, unlike that of AT and PBC. According to the basic hypothesis of TPB, the more positive an attitude, the greater the support received from significant others, and the more effective the PBC, the stronger the intention, and vice versa. By using TPB to reveal the impacts of AT, SN, PBC and IN on pro-environment travel (PET) behaviour, the following hypotheses are posed:



H1. 

AT has a direct, positive influence on IN.





H2. 

SN has a direct, positive influence on IN.





H3. 

PBC has a direct, positive influence on IN (H31) and PET behaviour (H32).





H4. 

IN has a direct, positive influence on PET behaviour.






2.2. Satisfaction Theory


DeVos [43] pointed out that numerous research studies since 2010 have recognised the correlation between travel mode choice and corresponding satisfaction. Providing passengers with high-quality PT services encourages them to give up their use of private cars. Satisfaction is often described in terms of the evaluation of consumers’ emotions, reflecting how positive these emotions are towards a certain service [44]. Service quality is a measure of how well the delivered service level matches customer expectations. In one study, Huey-Kuo [45] defined satisfaction as the overall degree of pleasure or satisfaction of passengers using PT. The terms “satisfaction” and “service quality” can be used interchangeably; the difference is that service quality is related to cognition, while satisfaction is related to emotion [2]. In other words, satisfaction is the result of an overall evaluation of the experience of service quality attributes. A structure based on perceived service quality–customer satisfaction–intention has been widely applied [46] in the field of transportation. Empirical tests have been conducted on the direct impact of service quality on passenger satisfaction. Wen and Chen et al. [2] investigated PT and urban express systems in Taiwan and found that perceived service quality had a direct positive impact on satisfaction and intention, and that service quality only influenced intention through satisfaction; hence, the relationship between service quality and intention is indirect [47]. Fu et al. [4] integrated TPB with satisfaction theory to create a PT travel decision model; they discovered that satisfaction had a noticeable impact on PT travel intention and a significant mediating effect on perceived service quality and intention. Increased customer satisfaction translates into new customers and a more positive public image for transportation and other service companies. PT requires reliable and effective methods to confirm the determinants of service quality from the customer perspective in order to achieve these goals. A key problem facing researchers involves the questions of which service quality attributes are important drivers of overall satisfaction and how to determine these attributes. There are still five gaps in the existing research literature [48]: (i) consumer expectation–management perception; (ii) management perception–service quality specifications; (iii) service quality specifications–service delivery; (iv) service delivery–external communications; and (v) expected service–perceived service. This highlights the need to use qualitative research methods and listen closely to the views of passengers.



As stated above and defined in Table A1 in the Appendix A, we introduce satisfaction (SAT) and perceived service quality (PSQ) of PT to reveal a more comprehensive and effective explanation of PET behaviour. As a result, three hypotheses are formulated as follows:



H5. 

PSQ has a direct, positive influence on SAT (H51) and IN (H52).





H6. 

SAT has a direct, positive influence on IN.






2.3. Habit


After TPB was put forward, many researchers questioned its adequacy, because the structure proposed in the theory may not be sufficient to fully explain people’s intentions and actions. They suggested that variables could be added that were related to prediction and interpretation in order to improve TPB’s prediction ability [10,14,15,16,17,18,19,20,21]. Fishbein and Ajzen pointed out that many other research studies added new variables, such as social norms, moral norms, personal norms and others; these improved the model’s prediction ability, but this has only been verified in the study of specific behaviour [49]. For example, moral norms are related to behaviour that has obvious moral dimensions, including shoplifting, deception and lying. Self-identity and expected influence are also widely used, but their measurements are often reflected in terms of attitudes, PBC and habit (HAB). These three variables overlap greatly with the existing predictors in the theory. It was only when the aspect of past behaviour was added to the model that the explanatory power of future behaviours and intentions appeared, and this was closely related to the variables in the model. In view of this, Ajzen also proposed that past behaviour may have a direct and non-mediated causal effect on intention, in a way that we do not yet understand. One of the remaining challenges for researchers interested in using TPB methods is to explain the causal mechanism of the effect of past behaviour on intention. In terms of research on travel behaviour, people are increasingly aware of the importance of habit as it relates to the use of transportation modes. Psychologist Bas Verplanken [50] proposed that TPB should consider how habits regulate the relationship between intention and actual behaviour in studies focused on car use. Using TPB, Bamberg and Ajzen [51] studied the impact of intervention measures involving prepaid bus tickets on the use of buses among college students, and found that the variable of habit improved predictions of travel mode before behaviour intervention. A study of the travel behaviours of car and bicycle commuters conducted by Benjamin [52] made it clear that when a behaviour is stable, habit can regulate the influence of intention on behaviour. Fu [14], a researcher in Taiwan, found that a heavy habit of car use hindered individuals’ willingness to switch from cars or motorcycles to PT. Verplanken et al. also showed that the willingness of villagers to not drive to nearby cities predicted the choice of travel modes with a weak car use habit, but that willingness had no effect on behaviour with a heavier driving habit [53]. Chowdhury [54] discovered that the relationship between intention and behaviour is strong when habit is weak, but with increased habit intensity, the ability to predict behaviour in terms of willingness decreases, until it no longer predominates. It is not hard to show that habit is an important factor that directly affects use behaviour and intention towards PET behaviour, and may help in determining the internal characteristics of PT use.



The introduction of HAB to TPB can therefore provide a more comprehensive and effective explanation for selection behaviour. Our last hypothesis is as follows:



H7. 

HAB has a positive effect on PET behaviour (H71) and IN (H72).





A graphical representation of all of the above hypotheses is shown in Figure 1.





3. Methodology


Whether the idea of encouraging the public to choose environmentally friendly travel can be realised or not depends on the quality of transport services. Therefore, accurately identifying PT service quality attributes that passengers are concerned about is very important to improve service quality and promote pro-environment travel. Qualitative research is widely used within sociology, psychology and related fields. Although this approach has rarely been applied to transport planning to date, this does not mean it is useless in this area. Qualitative approaches are increasingly being used in road safety and public transportation service quality studies [27]. Qualitative techniques can be a supplementary way of obtaining information related to activity-travel decisions that otherwise would be extremely difficult to find. Mars et al. [27] obtained 42 papers from 2001 to 2016 with keywords such as “qualitative”, “transportation” and “travel” from Google Scholar and Web of Science, and analysed the research methods, software, data coding and collection processes used in these studies. The results indicated that qualitative techniques can be a good complement to research activities related to travel decision-making.



3.1. Qualitative Research


After the hypothesis of the theoretical model is put forward, the measurement of latent variables becomes the most important work. There are two kinds of latent variables in the expanded TPB model: one is from the classical TPB, and the other is from the perceived service quality of PT latent variables. The former is designed with the observation variable proposed by Ajzen, and the latter is mainly determined by qualitative research. Therefore, the objective of our qualitative research is the use of personal in-depth interviews and focus group interviews to explore the observational variables of perceived service quality of PT.



We used personal in-depth interviews and focus groups to study the relationship between perceived service quality of PT and pro-environment travel attitude, motivation and behaviour. Personal in-depth interviews are one-to-one deep communication with the interviewees by open-ended questions, focus group interviews have group interaction, which can stimulate some potential memory and opinion collision. In a given research topic, individual in-depth interviews and focus group interviews can be used either alone, or together [55,56]. Considering that focus group interviews have a certain group motivation function, we adopted a combination of one 4-person focus group interview and 23 individual in-depth interviews, which was verified by an information saturability test. To find representative interviewees who could understand the content of the research, we used the purposeful sampling method to select people 20–40 years old who had relatively high travel rates. The information about the 27 interviewees is presented in Table 1. The 4-person focus group was formed by convenience sampling from the 27 interviewees.




3.2. Coding Analysis


Grounded theory is characterised by continuous comparison. To improve the compilation of qualitative data, we conducted open coding of original sources using a well-known qualitative analysis software package, QSR NVivo 11. This process consisted of step-by-step coding and data mining. Over 300 initial concepts were clustered into 16 categories, called third-class categories; this was followed by a process that transformed them into 4 categories, called second-class categories, based on the underlying logical connections of the sub-classes that were discovered in further discussions. To enhance the interpretive effects of these categories and reduce the deviations from coding analysis due to the emotional effects of researchers, we carried out qualitative analysis of 34 documents related to transport services provided by the Ministry of Transport and 22 domestic and foreign research studies on the measurement of transport service quality indicators from the period 2010 to 2017. Based on the results of grounded theory analysis, 4 new variables were constructed reflecting different factors of PT service quality: vehicle environment (VE), transportation network (TN), operation and management (OM) and information and technology (IT). The results of coding are shown in Table A1 in the Appendix A.




3.3. Consistency Checking of Coding Results


The goal of qualitative analysis is to achieve the highest possible consistency between independent researchers. In general, the consistency of coding the same data by different researchers should be higher than 70%. For each individual researcher, the coding consistency should be higher than 80% at the beginning and better than 90% in later periods [57]. Using the coding comparison function in NVivo 11, the same researcher re-coded the original data twice after 1 and 2 months, and removed one secondary node each time. The final result of the consistency analysis for all indicators was higher than 90% (i.e., the accuracy satisfied the requirements).




3.4. Questionnaire


We developed a questionnaire to measure all the latent variables in the text. The design of the questionnaire is mainly based on the standard questionnaire constructed by Ajzen [58] to measure the variables in TPB, as well as the literature of related studies and the information we obtained in-depth interviews [2,4,10,37,40,45,47,49,58,59,60,61]. All of the observed variables were assessed using a 5-point Likert-scales with item responses ranging from 1 (strongly disagree) to 5 (strongly agree). The 11 latent variables in the questionnaire were eventually measured by 38 observed variables, as shown in Table A2 in the Appendix A.




3.5. Tests of the Quantitative Table


3.5.1. Sample Description


We took Changsha citizens over 14 years old as the research object, for citizens of this age group can use PT cards independently. The non-probabilistic convenient sampling method of “street encounter” was used to recruit participants from public places, streets and communities in urban areas to participate in the survey. In street interviews, we also considered the equilibrium in spatial distribution of samples, but did not do a strict spatial probability sampling. In addition, we also posted questionnaires online by personal social accounts and forwarded them to friends for diffusion, inviting Changsha citizens to take the survey. A preliminary analysis of 1065 questionnaires was conducted, and 870 valid questionnaires were obtained after eliminating the invalid ones. The number of valid samples exceeded by 15 times the number of observed questions [62], indicating that there were sufficient samples. Information on the valid samples is given in Table A3 in the Appendix A.




3.5.2. Tests of Reliability and Validity


(1) Test of Reliability



As a criterion for reliability, an item should be excluded if the value of Cronbach’s Alpha (α) is less than 0.6, or if the deletion improves the overall value of Cronbach’s Alpha. The results of SPSS output show that after TN4 is deleted, the Cronbach’s Alpha value of TN as a whole will increase, and thus TN4 should be excluded. The values of Cronbach’s Alpha for these items are shown in Table 2; all are greater than 0.7, indicating that the reliability of the Likert scale fulfils this criterion.



(2) Exploratory Factor Analysis



Due to a lack of standardised mature scales for the measurement of transport service quality, we carried out an exploratory factor analysis to further verify the applicability of the scale. Before this analysis, we used the Kaiser-Meyer-Olkin (KMO) test and Bartlett’s test of sphericity on the items relating to transport service quality. The value of KMO was greater than 0.916, while the chi-square for Bartlett’s test of sphericity was 3018.256. This means that the requirements for the confidence coefficient are satisfied and the model makes sense in terms of factor analysis. Using SPSS 20.0 software and the principal component method, 4 factors with eigenvalues greater than 1 were extracted. These were VE, TN, OM and IT. The cumulative explanatory variance was 68.956%. The factor load matrix after orthogonal rotation is shown in Table A4 in the Appendix A, and the load of each index is greater than 0.5.



(3) Confirmatory Factor Analysis



Confirmatory factor analysis (CFA) was first conducted to analyse the validity and reliability of the constructs in our conceptual model. The model adequacy was assessed by the following fit indices, and the results are shown in Figure 2 and Figure 3. Some common fit indices were used to estimate the model fit [14]: chi-square value index (CMIN), ratio of chi-square value to degrees of freedom (CMIN/DF), goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI), normed fit index (NFI), incremental fit index (IFI), Tucker-Lewis index(TLI), comparative fit index (CFI) and root mean square error of approximation (RMSEA). To indicate good fit of the model, CMIN/DF is recommended to be less than 2.0; GFI, AGFI, NFI, IFI, TLI and CFI are suggested to be more than 0.90; and RMSEA is advised to be below 0.08. The results show that the measurement model of attitude towards service quality has a good fit with the collected data: CMIN: 94.434; CMIN/DF: 1.098; GFI: 0.972; AGFI: 0.962; NFI: 0.969; IFI: 0.997; TLI: 0.996); CFI: 0.997; and RMSEA: 0.015, all exceeding the respective acceptance levels mentioned above. Only the results of the second-order confirmatory factor analysis are listed, as shown in Table 3. All normalised factor loads exceeded 0.5, and most were greater than 0.7. They are feasible in the case of p < 0.001, and the average variance extracted (AVE) is also greater than 0.5. Hence, the model converged well. Last but not least, the values of composite reliability (CR) were all greater than 0.8, and the constructive reliability of each latent variable therefore satisfies the requirements for accuracy.






4. Empirical Analysis


4.1. Fitting Test of Structural Equation Model


Our proposed transport service quality model was shown to have good inherent quality in the factor analysis in the preceding section. The SEM, referred to here as the transport service quality pro-environment travel model, was set up as shown in Figure 4. A fitting test was conducted using the AMOS application. The maximum likelihood estimations of CMIN and DF were 723.323 and 612, respectively. Hence, the ratio between CMIN and DF is 1.182, which is less than the required value of 2. The values of GFI, AGFI, NFI, IFI, TLI, CFI and RMSEA were 0.958, 0.952, 0.949, 0.992, 0.991, 0.992 and 0.014, respectively. All of these indicators meet the requirements, implying that the fitting of the structural equations is good. However, according to the parameter values provided by the Modification Indices (M.I) option in the Amos Graphics window, we found that the M.I. value between e11 and e13, e21 and e22, e32 and e34 was larger than the threshold of 4 set in SEM, and the reason for this is that the items of the measurement AT1 and AT3, OM2 and OM1, IN1 and IN3 are similar to each other to a certain extent. Therefore, a covariant relationship is established for the above three groups of error variables, in order to reduce the chi-square value of the model. The parameters of the SEM are presented in Table 4, where every hypothesis is satisfied except H2, and strong relationships between the observed and latent variables are shown to exist.




4.2. Analysis of the Factors of Pro-Environment Travel Behaviour


4.2.1. Path Analysis


The hypothesis testing above revealed four relationships among the variables. First, IN, PBC and HAB have a direct influence on PET behaviour. Second, AT, PSQ and SAT have an indirect influence on PET behaviour. Third, IN acts as a mediating factor of the effects of PBC and HAB. Finally, SAT plays a mediating role between PSQ and IN. These relationships were quantified, and the results are summarised in Table 5.




4.2.2. Analysis of the Effects of TPB Variables


As can be seen in Table 5, passengers’ intentions are the most important factor in pro-environment travel behaviour; this factor has the highest influence coefficient, 0.535, which is consistent with the findings of other related behavioural research [2,9,11,14,19] (i.e., the stronger the intention to use PT, the higher the use percentage). Since attitude has a decisive influence on the formation of pro-environment intentions, providing more useful information about the use of PT or holding a more positive attitude towards it can increase the occurrence of PET behaviour. It is also found that only the SN component of the TPB is inadequate and rarely predicts intention, which is partly attributable to poor measurement, because the TPB variables included in the questionnaire were operationalised as recommended by Ajzen, causing some misunderstandings in the translation process. In fact, extensive research has proved that the SN part of the TPB model is, to some extent, inadequate (for example, Armitage and Conner et al. [63] discovered that SN variables were generally regarded as weak predictors of intention by carrying out a meta-analysis of 185 independent TPB studies; Yin [64] also found that SN variables were only weak predictors of intention by exploring the travel mode choices of citizens in Beijing). PBC has a positive influence on actual behaviour regardless of whether its influence is direct or indirect (i.e., PBC is directly proportional to the occurrence rate of PET behaviour).




4.2.3. Analysis of the Effects of Perceived PT Service Quality and Satisfaction


Transport service quality influences its use tendency through PSQ and the extent of satisfaction. Perceived PT service quality consists of VE, TN, OM and IT, whose weights of influence are 0.809, 0.808, 0.757 and 0.746, respectively. It can be seen that actions such as improving tidiness, reducing waiting time and density, and extending service periods should be prioritised to encourage more people to use PT and to provide passengers with more pleasant and satisfactory travel experiences. We argue that satisfaction has a mediating effect on the relationship between PSQ and intention, which is consistent with the findings of other existing research studies [45,46,47].




4.2.4. Analysis of the Effects of Habit Variables


As shown in Table 5, HAB makes the second largest contribution to the total effect of PET behaviour, smaller only than the effect of intentions. The direct effect of habit is larger than its indirect effect. For instance, the habit of driving private cars can prevent people from using public transport, and because of the direct and strong impact of habits on people, the effect of other measures to encourage people to use public transport will be weakened. Thus, reducing the attraction of cars is efficient in spurring people to use PT.





4.3. Analysis of the Effects of Social Economy Attributes on Latent Variables


Due to the statistics of the population information, factors related to economy and social-cultural background not only have psychological effects on the integrated model but also considerably increase the explanatory ability of those models. The research methods used in this study were the independent-sample t-test and analysis of variance in SPSS, where the confidence interval was 95% and the variables were gender, age, educational background, job and number of private cars, to our independent and identical samples. The results revealed that income level and number of private cars had a significant effect on people’s choice of travel mode, while their socio-economic background also had a distinct effect on PET behaviour intentions and perception of service quality. Overall, the perception of service distinctly and significantly depends on the characteristics of passengers, as shown in Table 6.





5. Discussion


TPB has been shown to be an effective tool for studying PET behaviour, but there are also theoretical drawbacks. To understand the comprehensive impact on individual behaviour of both sociodemographic and psychological variables, we need to expand the theoretical framework of TPB to the actual background we are studying. In this case, we took into account PSQ and HAB, not only because previous researchers had confirmed the relationship between these two variables and pro-environment modes of travel, but also because we learned from the overall analysis that they significantly affect and intersect with the structure in TPB. For example, providing higher service quality can improve the image of PT enterprises, making public attitudes towards PT more positive. At the same time, this quality improvement will also cause a reduction in the perception of difficulties related to this mode of travel, and promoting the use of PT will contribute to the forming of habits. Hence, taking this complex relationship into consideration, we develop a model of public pro-environment travel decision-making. The model is based on an analysis of data drawn from in-depth interviews with passengers using coding theory and an analysis of their behaviour and viewpoints, in order to obtain the specific attributes of PT service quality that affect pro-environment travel decision-making and the relationship between these attributes and other psychological variables. As the results of the model test show, most of our hypotheses are confirmed, which provides support for the integrated theoretical model.



Passenger intention (0.535) is still the most crucial and direct factor influencing PET behaviour. First, passenger attitude is the strongest predictive factor of passenger intention. Hence, raising passengers’ awareness of public transit and creating a more positive attitude are key to promoting pro-environment behaviour. For example, public service advertising and demonstrations by public figures and government officials can help to promote PT to passengers and help them maintain a more positive attitude towards it. Second, the impact of PBC on intention is also significant, and improving PBC with regard to the ability to use PT and reducing the perception of difficulty are also very important. This is because many people choose PT for economic or other reasons, such as road congestion, parking difficulty, etc. For the former, as soon as their economic situation permits, their use of cars will greatly increase, while for the latter, if traffic conditions improve, they will immediately abandon PT and use cars instead. Hence, a program of simply expanding the roads and improving the conditions for private car travel may cause private car users to feel greater inconvenience or difficulty when using PT. This promotes the use of private cars, causing people to be caught up in a cycle of more crowded roads and a worse environment. To reduce the perceived difficulty of using PT and improve the public’s perceptual ability to control PT, we need to pay attention to improvements in the PT infrastructure, meaning that passengers are closer to stations, making it more convenient to use public transit, and improving the efficiency of public transit operation. The influence of habit has been widely recognised, and may promote greater development of public transit once the habit has been formed through frequent use [14].



In this paper, we find that habit (0.354) is a key factor affecting PET behaviour. The implementation of certain policies (such as offering concessionary or free tickets) to help people develop the habit of using PT provides a more lasting basis for the choice of pro-environment modes of travel. People who are not dependent on cars may be guided by general interventions, such as lowering the cost or even offering free travel within a certain period of time. People will then develop the habit through the frequent use of PT tools, in a step-by-step way. The habit of car use can greatly hinder PET behaviour, mainly because once the habit of not using PT is formed, the direct negative impact on PET behaviour will be more obvious. Trying to change attitudes or the effects of PBC and other measures will then also be very difficult. In addition to the above general interventions, we can also increase non-PT travel costs and encourage working at home and other ways of avoiding travelling at rush hour in order to lessen the demand for carbon-intensive travel. However, it is more important to cultivate an environmentally friendly attitude and a sense of responsibility for the environment and to stimulate an inherent psychological motivation towards pro-environment travel through integrated measures such as public service advertisements or other civic education plans and providing information on carbon emissions.



There is no dispute regarding the impact of PT service quality on pro-environment travel; however, passengers may have different needs for certain quality attributes, which may have different effects on the results. Instead of simply using abstract concepts such as safety, comfort and stability to describe PT service quality, we communicated face-to-face with interviewees on the basis of referring to but not fully relying on existing research results. We analysed their psychological processes based on the facts, opinions and motivations they described, and as a result, specific and measurable attributes of PT service quality and personal socio-economic statistical characteristics were obtained as the observed variables of latent variables. These observed variables can be more easily used by policy-makers or planners, and can produce social effects more quickly. From the results of hypothesis testing, it is not difficult to determine that the perception of PT service quality has a direct and significant impact on the willingness to use pro-environment modes of travel, and that satisfaction also plays an intermediary role, which has again been proven. OM (0.808) and VE (0.826) have the highest perceived impact on service quality. Hence, providing more routes and vehicles and offering more seats can ease congestion, while improving the sanitary conditions of the vehicles and passengers’ perceptions of the environmental services offered. It is also important to ensure that vehicles arrive on time as much as possible, reduce waiting time for passengers, provide adequate operating periods and closely monitor the driving technology and behaviour of drivers; establishing concessionary fares can also improve the perception of the level of OM. These findings can help PT enterprises to prioritise important service items, although it should be noted that the cost of providing better service quality is often too high, and this can in turn be passed on to passengers by increasing fares [2]. Hence, it is crucial for PT enterprises to consider synergies between measures.



Subjective normative structure is usually regarded as a weak predictor of intention, and to a certain extent, this is due to poor measurement. The measurement of SN is mainly related to perceived social pressure; however, most people’s behaviour is not necessarily affected by social pressure [62]. The results of this paper support this view in the context of medium-sized cities in China. Easterners are more likely to be influenced by the important people in their lives rather than pressure from the wider society, in contrast to the results of some studies of Western cultural backgrounds. Hence, we show that in the context of China, demographic and socio-economic characteristics will affect pro-environment travel behaviour to varying degrees, and this has a very important impact on explaining the significance of other psychological structures in this model [10]. Our results show that the effects on PET behaviour vary greatly based on driving experience, income and private car ownership. The perception of PT service quality, such as VE, TN, OM, IT and so on, also varies greatly between people of different genders, occupations and ages. Hence, when formulating traffic intervention plans, attention should be paid to the construction of an integrated and multi-level intelligent public transport system to provide more accurate, effective and personalised services for travellers with different personal attributes.




6. Conclusions and Future Work


Promoting pro-environment travel to the public has become important in order to alleviate the environmental pressures caused by urban traffic problems. In this paper, we identified a group of variables that can fully describe the psychological and social aspects that affect pro-environment travel choices, and can explain how these variables interact. This paper extends the theoretical framework of TPB using the theory of customer satisfaction and habit variables, and carries out a random sampling survey of travellers in Changsha, China to obtain data to test the hypothetical causal path. Similar to previous studies, TPB was also found to be useful in explaining PET behaviour. The attributes, habits and individual economic and social statistical characteristics of the quality of PT service were shown to influence the psychological process of travel decision-making and are associated with PET behaviour to various degrees.



These conclusions can provide support for planners of interventions related to pro-environment transport behaviour. In future research work, we will build on our knowledge that improving the quality of public transit service in terms of its OM, VE and the degree of information provision is conducive to encouraging PET behaviour. If we can also identify the key trigger attributes and the threshold for triggering behaviour, this will be conducive to the development of an effective intervent