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Abstract

:

This paper investigates the satisfaction factors of logistics dispatchers who used electric tricycles for the last mile of delivery under policy intervention, and a questionnaire survey is conducted on the last-mile dispatchers in Nanjing. Based on four principal components extracted by exploratory factor analysis, the structural equation model (SEM) for the relationship between exogenous variables (sound policy, legality, and standardizing system) and endogenous variables (perceived convenience and satisfaction) is established to obtain the factors influencing the satisfaction of dispatchers. The results indicate that the correlation coefficients between the perceived convenience, sound policy, legality, standardizing system and the dispatchers’ satisfaction are 0.606, 0.448, 0.242 and −0.366, respectively. The correlations between perceived convenience, sound policy, legality and dispatchers’ satisfaction are significantly positive. The correlations between standardizing system and dispatchers’ satisfaction are negative. Finally, corresponding improvement policies are proposed based on the analysis of the model. The research results help improve the dispatcher’s satisfaction during the last-mile distribution process and provide support for standards by using electric tricycles and the formulation of new policies.
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1. Introduction


In recent years, the express business volume in China has shown continuous growth. In 2021, the express business volume in China has reached 108.30 billion pieces [1], with an average daily delivery volume of about 290 million pieces [2]. Due to the rapid development of the e-economy, the transportation of goods between cities is more frequent, and the road infrastructure cannot meet the huge logistics demand in time. The consequences of these factors likely lead to more traffic congestion, noise, and pollution [3,4]. The last part of the supply chain is often referred to as the “last mile” and refers to the process of transporting a product to the end customer or point of sale. The last mile is often considered the most important element of the logistics process [5,6]. At present, vans, container trucks, electric tricycles, bicycles, special delivery vehicles, etc., are used as the main means of transportation for last-mile distribution. Diversified last-mile deliver vehicles and increasing distribution volume not only cause traffic chaos, but also increase traffic congestion and urban traffic pollution [7]. Under the requirements of energy-saving and emission-reduction standards in China’s transportation industry, electric tricycles have become an effective means of transportation for last-mile express distribution services by virtue of their mobility, flexibility, low carbon, environmental protection, and high-cost performance [8]. However, more and more electric tricycles are flooding into the courier industry due to the growing logistics demand, and there are fewer regulations for the distribution behavior of electric tricycles, especially the lack of a complete management system for last-mile distribution, which brings serious hidden dangers to road-traffic safety. At the same time, there are phenomena such as overloading, speeding, and arbitrary parking of electric tricycles.



In order to promote the standardization and efficient use of electric tricycles in the courier industry, on 13 November 2015, the State Post Bureau of China organized the Postal Science Research and Planning Institute to complete the national mandatory standard “Technical Requirements for Electric Tricycles for Express Delivery”. It not only regulates the height and length of electric tricycles for express delivery, but also restricts the speed, start-up, and load. In China, Nanjing, Guangzhou, Hangzhou, Tianjin, and Suzhou have formulated corresponding standard policies and quota policies, respectively, according to the norms. The standard policy unifies the appearance of electric tricycles, requires courier enterprises to purchase insurance uniformly, and the dispatchers (drivers) are uniformly ruled on duty. The total number of courier electric tricycles will be limited by the quota policy. However, with the intervention of standard policy and quota policy, the cost of logistics enterprises and distributors increases, the difficulty of distribution increases, the satisfaction of dispatchers is affected, and dispatchers’ income drop, resulting in a large number of dispatchers and potential dispatchers leaving the logistics market, an exodus that imperils the efficiency of express distribution. These have become bottlenecks that restrict the development of electric tricycles for last-mile delivery. Meanwhile, the lack of rational policies and regulations leads to inefficient logistics services, which then create new problems in policies related to urban freight and employment. In addition, dispatchers are managed by courier enterprises, which have become more stringent under the policy intervention.



The dispatchers are the direct users of electric tricycles; their satisfaction reflects the image and service level of the courier company and has the most direct impact on the dispatchers’ willingness to choose to engage in delivery services. In addition, the dispatchers’ satisfaction under policy interventions provide the reference for electric tricycles in logistics and distribution services. In view of these, it is necessary to study the factors influencing dispatchers’ satisfaction under policy intervention. For dispatchers, it is conducive to alleviating the imbalance between supply and demand of electric tricycles, balancing the income of dispatchers and increasing service loyalty. For courier enterprises, the results are beneficial to improving the overall delivery service level and distribution efficiency, and promoting the sustainable development of last-mile distribution service. For the government, the results also help to develop more reasonable policies and promote the promotion and application of electric tricycles in the logistics industry.



This study makes the following contributions. (1) Previous studies on satisfaction have mainly explored from the passenger perspective. The dispatchers are the direct users of electric tricycles. Therefore, dispatchers are used as the research object of this study. Based on the questionnaire data in Nanjing, China, the factors influencing the satisfaction of last-mile delivery dispatchers were analyzed. (2) Based on the current policies being implemented in electric tricycles and dispatchers and in order to explore the dispatchers’ satisfaction after the policy intervention, structural equation modeling is established to explore the influence of each factor on the dispatchers’ satisfaction.



The organization of this paper is divided into seven sections. The structure is as follows. In Section 2, we review the literature to study the last-mile delivery services, electric cargo bikes, and dispatcher satisfaction. Section 3 describes the data collection. In Section 4, we processed the acquired data and obtained four principal components extracted by exploratory factor analysis. Section 5 describes the research methodology of the SEM model and model building. Section 6 discusses the main findings and presents policy recommendations of this study. Some significant outcomes, limitations, and the future scope of this research preoccupy the final section.




2. Literature Review


This study focuses on the factors influencing the satisfaction of dispatchers using electric tricycles under policy interventions. However, the extant literature on this study is still scarce. The relevant literature primarily focuses on the effect of electric tricycles in saving energy and reducing emissions during last-mile distribution services, the application of electric cargo bicycles in last-mile distribution services, and passenger satisfaction studies in other transportation industries. These past studies provide the basis for this study.



2.1. Tricycles in Last-Mile Delivery


Researchers have been focusing on the application of electric tricycles in urban logistics, especially last-mile delivery services, many of which pay attention to analyzing the effect of energy saving and emission reduction in last-mile delivery. For example, Saenz et al. analyzed and compared the carbon footprint between the last-mile electric tricycle logistics system and the traditional diesel-powered van system, and took a tricycle logistics company (B-Line) located in downtown Portland, Oregon as an empirical study. The results showed that the electric tricycle logistics system had significantly reduced greenhouse-gas emissions and was twice as efficient as the conventional logistics system [9]. Navarro et al. built a smart logistics solution in Barcelona and Valencia, combining electric tricycles and trans-shipment terminals (or Urban Consolidation Centres) for last-mile distribution. In-depth analysis of these two cities was performed from a variety of perspectives, such as the economy, transport operations, transport energy, environment, and society; The experiment revealed that using this solution can save 2 ton of CO2 per year [10]. Figliozzi et al. proposed a lifecycle emissions minimization model to compare the carbon dioxide emissions of electric tricycles and traditional diesel-powered van in urban transportation, the use of small tricycles in dense service areas yielded the lowest lifecycle emissions. An analysis carried out in Portland, Oregon, the study suggested that lifecycle emissions per customer were reduced by at least six times when using tricycles [11]. Saenz et al. compared the carbon emissions of electric tricycle logistics services with traditional van logistics services. The results indicated that tricycles are more competitive and efficient than diesel vans in densely congested areas, and electric tricycles can reduce CO2 emissions by between 50% and 70% [12]. Leonardi et al. analyzed the environmental impact of clean vehicles, especially tricycles and cycles in urban freight. A trial was conducted in which a major stationery and office supplies company providing a delivery service to customers in central London, replacing their diesel vans with electric tricycles and electric vans. The research declared that a 14% reduction in total distance shipped and a 55% reduction in CO2 emissions per package respectively when using electric tricycles [13]. Bi K proposed a new collaborative distribution model based on an intelligent end-service station (IESS) and conducted an empirical study on five courier companies in Beijing. The model result demonstrated that the collaborative distribution using energy vehicles can greatly reduce carbon emissions and improve the overall loading rate of vehicles [14]. Mello et al. proposed an assessment procedure, which aimed to reconcile economic, environmental, and social aspects in the selection of alternatives for last mile delivery. The procedure signified that the electric tricycle alternative is feasible in the economic, environmental, and social aspects and the maintenance of the level of service [15]. Chawalit et al. established a model considering time cost and driver cost to analyze the competitiveness of electric tricycles and traditional diesel-powered vans. The model testified that electric tricycles are more competitive than diesel-powered vans in dense urban centers, and that the cost of drivers greatly affected the competitiveness of tricycles, but were hardly affected by the cost of electricity or diesel [16]. Marujo et al. evaluated last-mile distribution operations at a mobile warehouse in Rio de Janeiro, indicating that using cargo tricycles and mobile depots in the last mile delivery can significantly reduce greenhouse gas emissions and be cost-effective compared to traditional modes of transportation [17].




2.2. Electric Cargo Bikes


There has been research on electric cargo bikes (2, 3, or 4 wheelers, either electric or conventional). Melo and Baptista studied electric cargo bikes to replaced conventional cargo cars in urban logistics and estimated total transportation costs, emission costs, and labor cost. The results demonstrated that in areas with a maximum linear distance of about 2 km, cargo bikes can replace up to 10% of conventional trucks without changing the overall network efficiency. In addition, the CO2 emission impact of urban logistics can be reduced by up to 73% [18]. Sheth et al. presented a cost function to compare the route cost of a cargo truck and an Electric Assist (EA) cargo bicycle with three or four wheels in last-mile distribution. The results demonstrated that (EA) cargo bikes are more cost-effective than cargo trucks for package delivery routes of less than two kilometers and in areas with high residential and vehicle densities. [19]. Schliwa et al. proposes a cycle logistics solution for last-mile freight transport with electrically-assisted standard bicycles, cargo bikes, and cargo tricycles, declaring that application of cycle logistics in last mile delivery not only contributes to the decarbonization of urban freight transport but also represents an important opportunity to improve the overall quality of life as well as the intelligence and competitiveness of cities. [20]. Gruber et al. used a binary logit model to study dispatchers’ willingness to use electric cargo bikes. The study found that electric range, purchase price, and publicly available information on electric cargo bikes significantly impacted dispatchers’ willingness to use electric cargo bikes [21]. Basing their work on the theory of planned behavior (TPB), Xiangqian and Jianping constructed a structural equation (SEM), conducted a questionnaire survey on potential consumers in Beijing, and analyzed the factors that affect consumers’ willingness to buy electric vehicles, demonstrating that attitude, perceived behavior control, cognitive status, product perception, and monetary incentive policy measures significantly positively affect consumers’ intentions to purchase electric vehicles [22]. At the level of policy intervention, the relevant transportation departments in various countries have formulated corresponding normative documents to promote the distribution of electric vehicles. FedEx launched a cargo bike pilot program in 2009 through Earth Smart initiative. In anticipation of the expansion of the bikeway network, a small fleet of electric-assisted bicycles were deployed in Paris. The electric-assisted cargo bikes had a capacity of 53 cubic feet (1.5 cubic meters), a speed of 12 mph (20 km/h), and a range of 25 miles (40 km) or 6 h. These bikes perform well both economically and environmentally [23].




2.3. Satisfaction Studies


Exploring the satisfaction of dispatchers can not only improve the last-mile distribution service quality and customer satisfaction, but also enable the development of reasonable policies based on the demands of dispatchers. Some scholars focus on studying customer satisfaction in different industries. For example, Shen et al. measured passenger satisfaction with the services provided by rail operating companies and established an evaluation index system including three levels to obtain satisfaction indices and quantify passenger satisfaction. The results indicated that perceived value and perceived quality have the greatest direct impact on passenger satisfaction [24]. Zhang et al. proposed a public-transportation passenger-satisfaction evaluation method based on Partial Least Squares (PLS) and Structural Equation Model (SEM). The results demonstrated that there is a significant positive correlation between passenger expectations, passenger perceived value, passenger loyalty, and passenger satisfaction [25]. Farooq et al. collected data from 460 respondents by using self-administered questionnaires. Moreover, the variance-based structural equation model (PLS-SEM) was constructed to evaluate the quality of services offered by Malaysia Airlines and customer satisfaction. Findings of this research revealed that service quality provided airlines, especially personnel service and image positively influence customer satisfaction [26]. Zhou and Zhang conducted a satisfaction survey of customers using OFO bike-sharing services in Ningbo, China, and established a Service-satisfaction-loyalty model based on structural equation model (SEM). Results showed that perceived service quality of bicycles has a significant impact on customer satisfaction [27]. Zhen and Tang proposed multiple regression and importance-performance analysis to determine the impact factors for the Shanghai-Nanjing high-speed rail. The results showed that the most important factors related to passenger satisfaction were employee attitudes, ease of ticket purchase and convenience of access travel [28]. Duy Quy et al. proposed partial least squares structural equation modeling (PLS-SEM) approach to understand the complexity of factors affecting passenger satisfaction and loyalty of ride hailing services. The results revealed that perceived benefits, perceived promotions, and perceived service quality of booking app directly affect passenger satisfaction and loyalty [29].




2.4. Summary


As is evident from the above review of previous studies on use of tricycles and cargo bikes for last-mile services, scholars targeting last-mile distribution services mainly focus on the solution of the overall delivery system, the competitiveness between electric tricycles and cargo vans, and the energy saving effect of tricycles. With regard to the research on satisfaction, previous research mostly explored from the customer perspective and lacked research on dispatchers’ satisfaction with the use of electric tricycles in the last-mile distribution process. Furthermore, the use of urban transportation carriers is greatly influenced by transportation policies, and the passenger satisfaction evaluation system of other industries cannot effectively reflect dispatchers’ satisfaction with the use of electric tricycles in urban last-mile distribution. To complete the gap, the factors influencing the dispatchers’ satisfaction under the policy intervention are investigated. The structural equation model is constructed to quantitatively analyze the influence of various factors on the dispatchers’ satisfaction. Exploring this current research topic can not only make up for the deficiencies of existing research, but also has significant implications for the improvement of policies related to electric tricycles, which in turn will promote the promotion and application of electric tricycles in the logistics industry.





3. Data Collection


A questionnaire survey was conducted in Nanjing from 1 April 2021 to 30 April 2021, using electric tricycle logistics dispatchers as the research object. The questionnaire includes four parts: individual attributes of logistics dispatchers, problems of electric tricycles under the current policy, advantages of electric tricycle distribution, and satisfaction. The results are shown in Table 1 below. The study sorted dispatchers according to certain attributes, such as gender, age, education level, monthly income, and time engaged in delivery, and there is a precedent of using these attributes in [29,30,31]. The problems associated with electric tricycles under the current policy include 12 topics from A1–A12, which are confirmed in [8,18,32,33,34,35]. The advantages of electric tricycle distribution contain 6 topics from C1–C6, which are tested in [8,18,36,37,38,39]. The questionnaire on the factors influencing satisfaction was measured by using the classic Likert five-point scale. The Likert five-point scale also captures the relationships in SEM [40,41,42]. 1 = very important, 2 = important, 3 = average, 4 = unimportant, and 5 = very unimportant. A total of 204 valid data were obtained by eliminating missing and abnormal samples. Table 2 shows summary statistics for each question from 204 dispatchers, including maximum, minimum, mean, and standard deviation.



The composition of individual attributes of the samples is shown in Table 3, in which the proportions of male and female logistics dispatchers are 84.31% and 15.69%, respectively, indicating that logistics dispatchers are mainly male; ages are mostly distributed between 23~35 years old; the education of the logistics dispatchers is mostly concentrated in middle school and high school; the average income is mostly distributed between 4500~6000; most of the logistics dispatchers are engaged in express delivery for 3 to 12 months. The data shows that most of the logistics dispatchers are mainly young men with medium education, and they tend to work as dispatchers for a relatively short time, because the last-mile logistics dispatch work has the characteristics of solitary, labor-intensive, etc.




4. Data Analysis


Since no substantive theoretical model of dispatchers’ satisfaction exists in the current literature, exploratory factor analysis (EFA) is used to obtain an empirical factor model, thereby obtaining the main part of the structural equation [43]. KMO and Bartlett sphericity test are used to judge whether the data are suitable for factor analysis. Generally, the value of KMO reaches 0.6 to meet the conditions for continuing to do exploratory factor analysis [44]. The closer the value of KMO is to 1, the higher the correlation of variables, and the more suitable for exploratory factor analysis [45].



This study mainly used principal component factor analysis and orthogonal rotation method to conduct exploratory factor analysis on 18 measurement variables. The KMO = 0.821 (>0.6) and Bartlett’s spherical test showed p < 0.05, and the results were statistically significant, indicating that the obtained data were suitable for factor analysis. In order to ensure that the MSA values of the anti-image matrix are greater than 0.5, the common degree of each measurement variable is greater than 0.4, and the loading coefficient is greater than 0.5 [46]. Four measured variables (A7, A9, C3, and C5) were removed by multiple manipulations and comparisons in SPSS.



Principal component factor analysis and orthogonal rotation were performed again on the remaining 14 measured variables, and the results showed that KMO = 0.837 (>0.6), Bartlett’s sphericity test significance p < 0.05. Factor analysis gravel plot is shown in Figure 1, indicating that four principal components could be extracted and the cumulative variance contribution was 58.93% (cumulative variance contribution greater than 50% meets the requirement [45,47]).



The names of the four latent variables and the loading coefficients of each item are shown in Table 4. Latent variable 1 contains classification/sub-regional management, traffic safety management, and subsidy policy, respectively. Currently, electric tricycles are not managed by sub-regions, which leads to the disorderly development of electric tricycles. The related traffic safety management policy is not perfect, and the subsidy is insufficient. These measured variables all point to the urgent need for better policies for dispatchers. Therefore, latent variable 1 is named sound policy, Cronbach’s α coefficient is 0.801, the eigenvalue is 2.768, and the explanation contribution rate is 17.30%. Latent variable 2 contains improving traffic regulations, solving for legal transport on the road, improving the design of delivery vehicles, and establishing quality standards, respectively, as current policies specify the specifications of electric tricycles, such as speed, vehicle height, width, and load capacity. Electric tricycles that do not meet the policy requirements cannot perform last-mile distribution services. Therefore, improving the design of delivery vehicles, establishing quality standards, solving for legal transport on the road, and improving traffic regulations are all aimed at giving electric tricycles a legal status. Therefore, latent variable 2 is named legality, the Cronbach’s α coefficient is 0.759, the eigenvalue is 2.738, and the explanation contribution rate is 17.11%. Latent variable 3 contains higher flexible access roads, low carbon and environmental protection, no driving qualification requirement, and low cost of purchasing the electric tricycle, respectively. These variables all respond to the convenience of electric tricycles. Therefore, latent variable 3 is named as a perceived convenience, Cronbach’s alpha coefficient is 0.726, the eigenvalue is 2563, and the explanation contribution rate is 16.02%. Latent variable 4 contains the regulating of the license plate system, the regulating the driver’s license system, and the strengthening safety education, respectively. All four variables reflect the current policy requirements for the standardizing system. Therefore, latent variable 4 is named standardizing system, Cronbach’s alpha coefficient is 0.774, the eigenvalue is 1.359, and the explanation contribution rate is 8.496%.




5. Model Building


In order to accurately portray the factors influencing the dispatchers’ satisfaction, a structural equation model was chosen to carry out the study of the relationship between the variables.



5.1. Structural Equation Modeling


Structural Equation Modeling (SEM) is a statistical method to analyze the relationship between variables based on the covariance matrix of variables, including measurement models and structural models [48,49,50]. Structural equation modeling, although simple, is effective in dealing with other influence factor studies and satisfaction studies [29,51,52]. As a statistical method for analyzing the relationship between variables, the structural equation modeling (SEM) can deal with the complex relationship between various variables and has been widely used in satisfaction analysis in several industries, such as passenger satisfaction in transportation modes of rail transit [24], public transit [25], high-speed rail [53], and airlines [26]. Endogenous variables refer to the variables to be determined by the structural equation model. Endogenous variables can be accounted for within the model system, and exogenous variables themselves cannot be accounted for in the model system. Some literature suggest that the current situation also appears in endogenous variables, and the future situation appears in the exogenous variables [24,25,26].



The structural model mainly describes the relationship between the latent variables, and the mathematical expression is as follows:


  η = B η + Γ ξ + ζ  



(1)




where




	
  η = m × 1   vector of the endogenous latent variables



	
  ξ = n × 1   vector of the exogenous latent variables



	
  B = m × m   matrix of the path coefficients associated with  η 



	
  Γ = m × n   matrix of the path coefficients associated with  ξ  and  η 



	
  ζ = m × 1   vector of error terms associated with the endogenous variables.








The measurement model represents the relationship between manifest variables on latent variables, and the mathematical expression are as follows:


  x =  Λ x  ξ + δ  



(2)






  y =  Λ y  η + ε  



(3)




where




	
  x =   column   q −   vector related to the exogenous manifest variables



	
   Λ x  = q × n   structural loading coefficient matrix for the effects of the exogenous manifest variables on exogenous latent variables



	
  y =   column   q −   vector related to the endogenous manifest variables



	
   Λ y  = p × m   structural loading coefficient matrix for the effects of the endogenous manifest variables on endogenous latent variables



	
  δ =   column   q −   vector related to the exogenous manifest errors



	
  ε =   column   q −   vector related to the endogenous manifest errors









5.2. Model Hypothesis


According to the results from the SPSS factor analysis, this study makes the following hypotheses about the relationship between sound policy, legality, perceived convenience, standardizing system, and satisfaction:



In previous studies, the relationship between policy and perceived value has long been explored in different fields. Policy is one of the factors that influence customers’ behavior in choosing a brand [54]. Preferential pricing policies lead to higher perceived value of customers in terms of marketing efficiency [55]. In addition, fiscal policy enhances the impact of perceived value on customers’ purchase intentions [56]. Based on the above discussion, the following hypothesis of sound policy and perceived convenience is proposed:



Hypothesis 1 (H1).

Sound policy has a positive and significant direct effect on the perceived convenience of electric tricycles.





The relationship between legitimacy and perceived value is also tested, and Yang argues that the legality of mobile transactions contributes to the perceived value of consumers [57]. Therefore, the following hypothesis about legality and perceived convenience is proposed:



Hypothesis 2 (H2).

Legality has a positive and significant direct effect on the perceived convenience of electric tricycles.





Hypothesis 3 (H3).

Standardizing system has a positive and significant direct effect on the perceived convenience of electric tricycles.





The relationship between perceived value and satisfaction has been widely studied. Chen concluded that perceived value has a significant positive effect on airline passenger satisfaction [58]. Jen concluded that perceived value is the most important influencing factor on passengers’ behavioral intentions and passenger satisfaction [59]. Andreas used structural equation modeling to confirm that perceived value has a greater impact on customer satisfaction than perceived quality [60]. Based on the above literature, the following hypothesis of this study is established.



Hypothesis 4 (H4).

Perceived convenience of electric tricycles has a positive and significant direct effect on the satisfaction.





The modeling of the satisfaction structure equation of the electric tricycle dispatchers is shown in Figure 2.





6. Analysis


The study used AMOS software to establish a structural equation model of dispatcher’ satisfaction, input data on the influencing variables into the model, and perform fit calculations and tests.



6.1. Model Fit Test


The model is established by AMOS and the path fitting calculation and test are performed on all sample data, and Chi-squared degrees of freedom ratio (χ2/df), Comparative Fit Index (CFI), Increased Fit Index (IFI), Comparative Fit Index (CFI), Parsimony Comparative Fit Index (PCFI), Parsimony Baseline Fit Index (PNFI), and Root Mean Square of Approximation Error (RMSEA) are selected for model fit test [61,62,63]. The final model fit index is shown in Table 5, which shows that the model fit meets the requirements.




6.2. Discussion of Model


It can be seen from Figure 3 that the path coefficient between sound policy and perceived convenience is 0.74, indicating that there is a significant positive correlation between sound policy and perceived convenience. That is, sound policy leads to higher perceived convenience for logistics dispatchers. The more perfect the electric tricycle policy is, the easier it will be to induce a higher level of perceived convenience for logistics dispatchers. Hypothesis 1 is true. Among the three manifest variables of sound policies, the loading coefficient of classification/Sub-regional management is 0.52, the loading coefficient of traffic safety management is 0.73, and the loading coefficient of subsidy policy is 0.76. It can be shown that the subsidy policy has a greater impact on the sound policy, followed by traffic safety management. Li and Wang also concluded that the subsidy policy has a significant impact on consumers’ purchase of new energy vehicles, which in turn affects consumers’ satisfaction with new energy vehicles [64,65]. It indicates that the logistics dispatchers pay more attention to the subsidy policy and traffic safety management policy of electric tricycles in terms of the policy. On the one hand, the current subsidy policy for electric tricycles is insufficient because the subsidy policy can relieve the financial pressure on dispatchers and express companies and increase the income of dispatchers. On the other hand, it shows that there is currently a lack of policies for the traffic safety management of electric tricycles to ensure the safety of logistics dispatchers during the delivery process and the orderly delivery service of electric tricycles [66].



The path coefficient between legality and perceived convenience is 0.40, and the path coefficient is relatively high, indicating that legality has a positive and significant direct influence on the perceived convenience. That is, the legality makes the logistics dispatchers generate higher perceived convenience. Hypothesis 2 is true. Among the four manifest variables of legality, the loading coefficient of improving traffic regulations is 0.70, the loading coefficient of solving for legal transport on the road is 0.66, the loading coefficient of improving the design of electric tricycles is 0.59, and the loading coefficient of establishing quality standards is 0.76. It can be demonstrated that the loading coefficients of establishing quality standards and improving traffic regulations are more than 0.7. It reveals that the logistics dispatchers are more concerned about the current quality standards of electric tricycles and improve the traffic regulations of electric tricycles. On the one hand, determining the quality standards of electric tricycles is beneficial for logistics dispatchers to clarify the distribution specifications; on the other hand, improving the traffic regulations of electric tricycles to determine the legal status of electric tricycles for last-mile distribution.



The path coefficient between the standardizing system and the perceived convenience of electric tricycles is −0.60, indicating that there is a significant negative correlation between the standardizing system and the perceived convenience. The standardizing system reduces the perceived convenience level of logistics dispatchers when the electric tricycle system is more regulated. Hypothesis 3 is not true. Among the three manifest variables of the standardizing system, the loading coefficient of regulating the license plate system is 0.67, the loading coefficient of regulation of the driver’s license system is 0.76, and the loading coefficient of strengthening safety education is 0.74, which shows that regulation of the driver’s license system has the greatest impact on the standardizing system, followed by strengthening safety education. This is different from the results obtained by Zhang [8], who found that most drivers believe that an electric tricycle driver’s license is needed to prevent traffic accidents and thus improve driver satisfaction. However, the result demonstrates that the regulation of the driver’s license system and the strengthening of safety education limit the last-mile distribution service of dispatcher to a greater extent. On the one hand, regulating the driver’s license system brings additional time and money cost to logistics dispatchers; on the other hand, strengthening safety education also brings additional time cost to logistics dispatchers. Therefore, regulating the driver’s license system and strengthening safety education may cause logistics dispatchers to leave the last-mile delivery market, while discouraging potential logistics dispatchers from entering the last-mile distribution market.



The path coefficient between perceived convenience and logistics dispatcher satisfaction is 0.61, indicating that there is a significant positive correlation between perceived convenience and satisfaction, and perceived convenience contribute to higher satisfaction for logistics dispatchers. Hypothesis 4 is true. Among the four manifest variables of perceived convenience, the loading coefficient of higher flexible access roads is 0.62, the loading coefficient of low carbon and environmental protection is 0.55, the loading coefficient of no driving qualification requirement is 0.62, and the loading coefficient of low cost of purchasing the electric tricycle is 0.74. It can be seen that the low cost of purchasing the electric tricycle has the greatest impact on perceived convenience, followed by no driving qualification requirement and higher flexible access roads. It declares that logistics dispatchers pay more attention to the cost of electric tricycles. Huang X found that the cost of new energy vehicles and monetary incentives can increase consumers’ willingness to buy [22]. The finding is also in line with the current new policies for electric tricycles. The new policy increases the cost of electric tricycles, restricts the development of electric tricycles, and increases the operating cost to the express industry. In addition, no driving qualification requirement allows the dispatcher to quickly engage in last-mile distribution services, which can promote a potential dispatcher to engage in last-mile distribution services. In addition, electric tricycles can flexibly enter and exit the road, the distribution in high-density residential and commercial areas is more flexible, thereby improving the distribution efficiency of dispatchers [16,19].



Among the two manifest variables of satisfaction, the loading coefficient of dispatcher satisfaction is 0.35, and the loading coefficient of improving customer satisfaction is 0.57, which shows that the satisfaction of logistics customers has a great influence on the dispatchers’ satisfaction. These findings are similar to Süleyman and Joseph [67,68]. It testifies that distribution dispatchers are more concerned about the satisfaction of logistics customers because the satisfaction of logistics customers directly affects the income of logistics dispatchers.



The effect of each latent variable on the dispatchers’ satisfaction is shown in Table 6. Among them, sound policy (0.448) and legality (0.242) have an indirect positive effect on satisfaction, while the standardizing system (−0.366) has an indirect negative impact on satisfaction. It demonstrates that sound policy and legality can increase the satisfaction of electric-tricycle dispatchers, while the standardizing system decreases the satisfaction of dispatchers, showing that the current logistics dispatchers urgently need to introduce a reasonable electric tricycle policy as well as to make electric tricycles have the legal authority to carry out distribution services under the new policy. In addition, the strict system for electric tricycles affects the distribution service of the distribution dispatcher.




6.3. Policy Recommendations


With the rapid development of the logistics industry, the trend of using electric tricycles instead of traditional distribution vans for last-mile distribution services is becoming more and more obvious. However, traffic problems caused by the uncontrolled growth of electric tricycles and policy interventions can hinder the use of electric tricycles by dispatchers. Therefore, understanding satisfaction factors of dispatchers under policy interventions allows them to make full use of the electric tricycles’ advantages.



As shown in the structural equation for satisfaction, improving perceived convenience is a key factor influencing dispatchers’ satisfaction, and it was also found that the low cost of purchasing the electric tricycle and no driving qualification requirement had the greatest impact on perceived convenience. In addition, sound policy likewise increases the dispatchers’ satisfaction, with subsidy policy having the greatest impact on sound policy. Therefore, a subsidy policy for the purchase and use of electric tricycles needs to be established. On the one hand, compared with traditional diesel-powered vans, low-cost electric tricycles are more popular among dispatchers, and electric tricycles have the characteristics of low-carbon emissions and environmental protection, and their application in urban distribution systems can effectively alleviate energy pressure and reduce environmental pollution. On the other hand, adequate subsidies are conducive to pushing electric tricycle manufacturers to invest more in research and development costs. These subsidies have a positive impact on the promotion of clean energy vehicles, and they lay the foundation for the implementation of other related policies.



In addition, this study finds that a standardizing system reduces the satisfaction of dispatchers, with the regulation of the driver’s license system being the greatest impact of the standardizing system. With the intervention of the policy, the government implementing the policy sets the standards for dispatchers to use electric tricycles for last-mile distribution services. The standards require dispatchers to obtain an electric tricycle driver’s license and purchase electric tricycle insurance before they can engage in distribution services, and the number of electric tricycle licenses is limited. Most dispatchers are forced to leave the last-mile delivery market. Therefore, it is necessary to lower the standard using electric tricycles. On the one hand, compared with traditional diesel-powered vans, electric tricycles are easy to maneuver and take up little road area. Therefore, the standard of using electric tricycles should be lowered, and it is important to improve the number of electric tricycle licenses for express delivery. On the other hand, the reduced standard of using electric tricycles help attract potential dispatchers to enter the distribution market and can improve the efficiency of last-mile distribution services.



Improving traffic regulations for electric tricycles gives them legal status in last-mile delivery services and protects the legal rights of dispatchers. Currently, policies specifically designed for electric tricycles and drivers are experiencing difficulties in implementation, which affects overall distribution efficiency and leads to customer dissatisfaction with distribution services. Therefore, the policies introduced should be clearly articulated and explained, and the requirements and scenarios for using electric tricycles should be clearly defined to avoid misunderstandings between dispatchers and customers.





7. Conclusions


This study explores the factors influencing satisfaction from the perspective of the dispatchers, which has not been well explained in the traffic behavior literature. A structural equation model with sound policy, legality, standardizing system, perceived convenience, and satisfaction as latent variables was constructed based on questionnaire data of 204 electric tricycle dispatchers under policy intervention in Nanjing. The results are as follows: The correlation coefficients between the perceived convenience, sound policy, legality and the dispatchers’ satisfaction is 0.606, 0.448 and 0.242, respectively. However, the correlation coefficients between the standardizing system and the dispatchers’ satisfaction is −0.366. In addition, the results of this study can help policy makers and enterprises better understand the precise needs of dispatchers for electric tricycles, provide support for formulating and improving policies, and promote the widespread application of electric tricycles in last-mile logistics services. For dispatchers, appropriate subsidy policies, lower standards for the use of electric tricycles, and improved traffic regulations can go a long way in improving their own satisfaction.



Some limitations that provide research directions for future research exist in this study. First, the current study was conducted only in Nanjing, where electric tricycle policy was introduced. Therefore, the generalizability of the findings to other cities is limited. It is recommended to explore the similarities and differences among cities, especially those that have implemented electric tricycle policies. Second, in addition to policy interventions that affect the dispatchers’ satisfaction of electric tricycle, they are also affected by the vehicle’s own characteristics (cruising range, speed limit, load capacity), weather conditions, and road conditions. In the next study, these factors should be taken into account alongside the dispatchers’ satisfaction levels, which will further reveal the demand for electric tricycle standards by dispatchers under the policy intervention. Third, while the satisfaction of dispatchers was studied, the opinions of other participants also needed to be considered. Therefore, future research should consider exploring the dispatchers’ satisfaction from the perspective of customers, stakeholders, and so on, and then more comprehensively elaborate the dispatchers’ satisfaction under policy interventions. Finally, the SEM did not test the moderating effects of the attribute characteristics of the respondents in this study (gender, age, income, and education) on the relationship between the variables and satisfaction. These effects could be explored in future studies with the help of multicohort analysis in PLS.
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Figure 1. Gravel diagram. 
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Figure 2. Structural equation model of dispatcher satisfaction. 
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Figure 3. Model standardization path coefficient. 
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Table 1. Questionnaire information.






Table 1. Questionnaire information.





	Measurement Variable
	Symbol





	Classification/Sub-regional management
	A1



	Traffic safety management
	A2



	Subsidy policy
	A3



	Regulation of the license plate system
	A4



	Regulation of the driver’s license system
	A5



	Strengthening safety education
	A6



	Solving the positioning problem
	A7



	Improving traffic regulations
	A8



	Improving charging facilities
	A9



	Solving for legal transport on the road
	A10



	Improving the design of electric tricycles
	A11



	Establishing quality standards
	A12



	Higher flexible access roads
	C1



	Low carbon and environmental protection
	C2



	Low maintenance cost
	C3



	No driving qualification requirement
	C4



	Low dispatch cost
	C5



	Low cost of purchasing the electric tricycle
	C6



	Dispatcher satisfaction
	S1



	Improving customer satisfaction
	S2
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Table 2. Summary statistics of satisfaction.






Table 2. Summary statistics of satisfaction.





	Item
	Min
	Max
	Mean
	Std
	Item
	Min
	Max
	Mean
	Std





	A1
	1
	5
	2.27
	1.06
	A11
	1
	5
	2.09
	0.96



	A2
	1
	5
	1.94
	1.00
	A12
	1
	5
	2.03
	1.02



	A3
	1
	5
	1.90
	0.93
	C1
	1
	5
	2.00
	0.96



	A4
	1
	5
	2.07
	1.08
	C2
	1
	5
	2.03
	0.96



	A5
	1
	5
	2.21
	1.08
	C3
	1
	5
	2.06
	0.98



	A6
	1
	5
	2.04
	0.90
	C4
	1
	5
	2.32
	0.96



	A7
	1
	5
	2.11
	1.02
	C5
	1
	5
	2.11
	0.95



	A8
	1
	5
	1.77
	0.92
	C6
	1
	5
	2.00
	0.95



	A9
	1
	5
	2.24
	1.02
	S1
	1
	5
	2.45
	0.95



	A10
	1
	5
	1.79
	0.94
	S2
	1
	5
	2.20
	0.94
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Table 3. Individual attributes of dispatchers.
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	Attributes
	Distribution
	Frequency
	%





	Gender
	Male
	172
	84.31%



	
	Female
	32
	15.69%



	Age
	19~22 years
	12
	5.88%



	
	23~30 years
	90
	44.12%



	
	31~35 years
	72
	35.29%



	
	36~45 years
	26
	12.75%



	
	>46 years
	4
	1.96%



	Education level
	Below middle school
	12
	5.88%



	
	Middle school
	71
	34.80%



	
	High school
	92
	45.10%



	
	Bachelor’s degree
	27
	13.24%



	
	Master’s degree
	2
	0.98%



	Monthly income (CNY)
	<3500
	40
	19.16%



	
	3501~4500
	65
	31.86%



	
	4501~6000
	71
	34.8%



	
	6001~9000
	24
	11.76%



	
	>9001
	4
	1.96%



	Engaged in delivery time
	<3 months
	18
	8.82%



	
	3~6 months
	37
	18.14%



	
	6~12 months
	149
	73.04%



	
	1~3 years
	0
	0%



	
	>3 years
	0
	0%










[image: Table] 





Table 4. Principal Component Analysis Results.
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Variable

	
Symbol

	
Coefficient

	
Variable

	
Symbol

	
Coefficient






	
Sound policy

	
A1

	
0.769

	
Legality

	
A8

	
0.757




	
A2

	
0.629

	
A10

	
0.690




	
A3

	
0.579

	
A11

	
0.702




	
-

	
-

	
A12

	
0.731




	
Perceived convenience

	
C1

	
0.785

	
Standardizing system

	
A4

	
0.637




	
C2

	
0.650

	
A5

	
0.627




	
C4

	
0.638

	
A6

	
0.604




	
C6

	
0.758

	
-

	
-
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Table 5. Goodness of fit indexes.
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	Indexes
	χ2/df
	GFI
	IFI
	CFI
	PCFI
	PNFI
	RMSEA





	Standard
	<3
	>0.9
	>0.9
	>0.9
	>0.5
	>0.5
	<0.08



	Model
	1.914
	0.902
	0.909
	0.906
	0.733
	0.668
	0.067
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Table 6. Effects of latent variables on dispatcher satisfaction.






Table 6. Effects of latent variables on dispatcher satisfaction.





	Effect
	Sound Policy
	Legality
	Standardizing System
	Perceived Convenience





	direct effect
	-
	-
	-
	0.606



	indirect effect
	0.448
	0.242
	−0.366
	-



	total effect
	0.448
	0.242
	−0.366
	0.606
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