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Abstract

:

App-based demand-responsive transit (DRT) services are emerging where conventional public transport is unable to meet the demand. SWVL (choice A) and Airlift (choice B) are two such DRT bus services operating in Lahore, Pakistan. It is important for the policy makers and operators to evaluate the satisfaction levels of the passengers using these services. This study evaluated passengers’ satisfaction regarding choice A and choice B through a questionnaire survey. A total of 440 responses were collected from the users of the DRT services through personal interviews and a web-based approach. Factor analysis on the collected data produced two underlying factors, namely service-attributes and bus ambiance. Ordinal regression showed that the service-attributes and ambiance were significant predictors of overall satisfaction levels about choice A. Service-attributes indicated a larger positive impact on overall satisfaction with choice A as compared to ambiance. Although the ordinal model for choice B fitted the data well, the predictors were found to be insignificant. The results offer an insight into which predictors affect the overall satisfaction and how it can be improved.
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1. Introduction


Traditional public transport is facing growing challenges to meet the mobility needs, especially in the developing countries. Deteriorating quality of public transport creates space for alternative transport services. One such alternative transport service is demand-responsive transport (DRT). It is a flexible transport service where operation is determined by the demand generated by the users. Typically, users register their demand through a calling service, which helps in planning the routes for pick and drop. Its usage is higher at places where public transport is either not available [1] or in developing countries where public transport is not able to meet the demand ([2]. The DRT service is useful for areas with a low demand for transport (such as suburbs), but recently, due to the COVID-19 pandemic in some countries, this service has become of paramount importance as severe restrictions have been placed on the number of passengers on board public and private transport to avoid possible contagion in addition to the declined use of public transport [3,4,5,6]. Several studies have supported the potential of DRT services to provide sustainable local public transport. Some of the DRT schemes in use worldwide meet social needs, such as access to commercial facilities or hospitals, but face cost problems. Furthermore, institutional barriers for new DRT schemes have to be overcome in order to develop a sustainable local public transport system [7]. Recent advances in technology have made it possible for the passengers to register their demand through Smartphone apps using an internet connection. Such app-based DRT services are operating in several countries and are more accessible, comfortable, and affordable for the passengers [8]. It is important for the operators to know if the DRT services can attract existing and future users. User satisfaction levels can provide valuable information to the operators about what aspect of the service needs to be improved. Reliability, frequency, comfort, on-time performance, travel speed, and service frequency are important factors of user satisfaction [9,10]. A common technique to measure user satisfaction levels is through user satisfaction surveys.



App-based DRT services are gradually emerging in Lahore because of deteriorating quality of public transport. SWVL (choice A) and Airlift (choice B) bus services are two popular examples of such service in Lahore. Both choice A and choice B are operating along several routes across Lahore. Users have the option to suggest new routes through the apps. The services then prioritize the launch of new routes after proper planning and analysis. There is a need to determine the satisfaction levels of the users of these app-based DRT services as well as the elements of these services that are most valued by the users. Earlier studies did not put much emphasis on perceptions about spatial coverage and easiness in booking ride through an App, driver’s behavior, and ambiance of the vehicles. In addition, it is essential to assess the overall satisfaction with these App-based DRT services since they are likely to affect already deteriorating public transport ridership. The current study addresses this gap and is among the first of its kind in the context of app-based DRT services in Lahore.



The primary objective of this study was to explore passengers’ satisfaction with app-based DRT services in Lahore, namely SWVL and Airlift. A questionnaire was developed to collect the required data. Exploratory factor analysis was then conducted to explore the factors affecting passengers’ satisfaction levels. Factor scores were calculated, and further statistical analysis was carried out. Finally, ordinal regression models were developed to model the relationship between overall satisfaction level and the explanatory variables.



The rest of this paper is organized as follows: the next section will discuss the relevant literature on determining passenger satisfaction levels regarding public transport through user satisfaction surveys. Section 3 discusses the method employed to collect the necessary data. Section 4 presents the results obtained through exploratory factor analysis and ordinal regression models. This is followed by discussion. Finally, conclusions are drawn, and recommendations are made for further studies. The flow chart in Figure 1 shows the research approach adopted for this study.




2. Literature Review


In general, how well a service meets the expectations of the customers can be referred to as service quality. [11] defined the service quality as: “the degree and direction of discrepancy between customers’ service perceptions and expectations.” However, there is no consensus on the definition of service quality. A summary of the concept of service quality can be found in [12]. Although the concept of service quality may seem difficult to define, its importance for organizations, institutions, and companies is beyond doubt. Similarly, the concept of customer satisfaction is not straightforward. In general, customer satisfaction can be referred to the assessment of the perceptions of customers about their expectations of the quality of a particular service and the actual quality that the service offers. In general, the basis of the customer satisfaction is perceived by its value, which specific products or services are able to offer. A summary of the literature of the concept of customer satisfaction can be found in [13]. A user satisfaction survey is a common way of determining passengers’ satisfaction regarding the quality of a transport service. The key factors affecting passengers’ satisfaction of the service quality can be determined and subsequent improvements can be made to increase the passengers’ satisfaction levels [14]. There are numerous studies that have attempted to study customer satisfaction in Public Transportation.



Public transport is often characterized by different users, so it is necessary to analyze a number of variables in order to optimize the service. These include socio-demographic variables, which show gender inequality in some countries [15], social exclusion [16] considering for example age distribution, but also variables related to travel habits [17,18] and travel distance [19]. The exploration of public opinion is also of great importance for the implementation of planning strategies by local authorities and can, therefore, also help service companies in the optimal definition of transport, reducing the use of private transport and thus promoting decarbonization [20,21,22].



The efficiency of DRT services and the optimization of the transport offer can be defined by analytical models developed and applied to real cases by identifying critical demand thresholds for alternative modes. They can highlight the trade-offs between cost and service level that a transport operator or mobility provider has to consider in order to implement a successful service [23].



A study conducted in Agartala, India, concluded that comfort and flexibility are the key factors affecting passengers’ mode choice behavior [24,25] found that public transport users valued waiting time, cleanliness, and comfort the most. A study conducted in Scotland found three underlying factors affecting passenger’s perception of quality of service in public transport. The underlying factors were identified as convenience, cabin environment, and ease of use. Females were found to show relatively negative opinions about cabin environment [26,27] employed factor analysis to explore the underlying factors affecting the transit ridership and the levels of satisfaction when using transport services. They found that comfort, safety, and information are the factors that residents value the most, whereas the tourists were found to place more focus on service production, reflecting route frequencies and reliability of service. [28] found that cleanliness and ventilation in the vehicle are likely to increase user satisfaction of the quality of service of public transport system. A study conducted in three different cities of Indonesia on passengers’ perceptions about para-transit found that security was the first and foremost concern for passengers in all the three cities [29,30] found three factors, namely comfort, performance, and assurance, affecting perceived service quality of public transport among young passengers. A study conducted in Phnom Penh, Cambodia, found that the commuters perceive comfort and availability of public transport to be more important [31]. The implications of a study conducted in Calgary, Canada, were that increasing transit service reliability and convenience can significantly improve transit ridership [32,33] investigated the valuation of time in public transport compared with car travel time, walk time, wait time, and headway time and recommended that frequent, more accessible, and faster bus service is imperative to reduce and compensate for the high value of time attached to British bus system. Another study by [34] suggested that necessity, time saving, and low-cost transport services can be used as a behavioral change strategy in modal shift from personalized vehicles to public transport in neighborhoods where most travelers are students. [35] argued that on-time performance and security are important latent variables for female travelers of public transport in Indonesia. In a study conducted in Dhaka city, [36] claimed that punctuality, reliability, and service features are an important dimension for the success of public transport in the developing countries. [37] reported that safety, comfort, capacity, responsiveness, reliability, and tangible are six important dimensions of concern for public transport users in Bali, Indonesia. [38] found waiting time at a stop, trip purpose, profession, income, and vehicle ownership to be significant predictors of users’ attitudes and preferences with app-based DRT services in Lahore, Pakistan. A study conducted on 100 bus lines in Beijing referred that the lowest satisfactory scores are pertinent to timeliness, which might be influenced by travel purpose and travel time. A study conducted by [39] in Lahore, Pakistan, highlighted that symbolic information, time, and cost are important variables for Daewoo public bus service riders. In another study, conducted on acceptance of metro-bus service in Lahore, [40] proposed that reliability, friendliness, and instrumental dimensions of service quality played an important role for passenger’s positive preference towards this particular public transport service.



As it is evident from the literature mentioned above, user satisfaction surveys are an important and commonly used tool for evaluating passenger satisfaction levels regarding transport services. Reliability, frequency, comfort, on-time performance, travel speed, cleanliness, and service frequency are the key elements affecting passenger satisfaction levels. Most of the studies conducted so far discussed the performance of traditional bus and DRT services. As per authors’ best knowledge, there are no past studies on user satisfaction about app-based DRT in Pakistan. The current study addresses this gap in the body of literature.




3. Methods


3.1. Questionnaire Survey


In order to explore the underlying factors affecting user’s satisfaction levels regarding app-based DRT services, a questionnaire consisting of four different sections was designed. The first section included questions on demographic features such as gender, age group, education, car ownership, etc. The second section contained basic questions such as travelling frequency, purpose of travelling, preferred mode of travel, etc. The third section consisted of questions about convenience and scheduling, while the fourth section contained the items designed to measure the satisfaction level with the services provided by choice A and choice B. All these sections contained closed-type questions unless specified otherwise. The respondents were instructed to answer the items using a 5-point Likert scale in the third and fourth sections. Five-point Likert scales were chosen seeking the reliability of the anticipated data and easiness of the target respondents. The service quality attributes in part 4 were selected considering the offered service level and social aspects of choice A and choice B.



Two common methods of administering a questionnaire are personal approach and self-administered approach. In the former approach, questions are asked directly to the correspondents, whereas in the latter approach, participants are given access to the questionnaire. Both approaches were adopted in this study considering the easiness and convenience of the respondents. Students from University of Engineering and Technology, Lahore, conducted the survey. They were properly briefed about the study before the commencement of the survey.



Face-to-face surveys carried out with anonymous distribution allow interviews to be carried out with unknown people (e.g., customers of a service) or simply residents or passers-by in a certain area. Usually, at the beginning of the interview (or at the end), some socio-demographic data of the respondent are requested. This procedure allows us to build up a list of respondents for future surveys or marketing actions.



The face-to-face interview method is very useful for planning interventions related to the development of a product/service, concerning:




	(a)

	
Customer Satisfaction and Experience;




	(b)

	
Label and Concept Test;




	(c)

	
Brand awareness;




	(d)

	
Pre-Post Advertising Test;




	(e)

	
Promotion Test.









In general, critical issues related to face-to-face interviews include



	(a)

	
Interviewer bias;




	(b)

	
High cost per participant;




	(c)

	
Geographical limitations;




	(d)

	
Time pressure on respondents.







These were overcome by a reasonable length of the questionnaire, which took no more than 15 min.



A further disadvantage is the monitoring of the interviewer, who may not have developed a perfect method of asking the questions, and who may, therefore, risk undermining the goodness and neutrality of the interview. This was overcome by the participation of the well-trained university students who interviewed the users.




3.2. Sample Size and Survey Locations


This research study was conducted in Lahore, Pakistan. It is the second-largest city of Pakistan with a population of about 11.13 million people and an area of approximately 1772 sq. km. It is a business and education hub besides its unique cultural and socio-economic importance in the region. The growing demand for public transport was an important consideration for conducting this research study in Lahore. Both SWVL and Airlift decide the launch of their new routes after proper planning and analysis upon receiving route suggestions from their prospective users. The travelers book their ride by providing origin-destination information using the respective mobile apps and access the buses at the closest bus stop locations designated by both services. The fare structure of choice B is based on distance travelled and routes, and ranges from Rs. 20 to 200, whereas, choice B operates on flat fare basis. Both services use air-conditioned vehicles with choice B offering a live tracking feature as well. Figure 2 shows some routes of both choice A and B.



The respondents of this research study are the residents of Lahore who have used these app-based DRT services. The survey locations were chosen based on the locations of bus stops for choice A and choice B. The main routes along which these services operate were effective locations where appropriate responses could be measured. The real-time positions of the respondents were recorded using GPS devices. A total of 440 samples were collected from respondents, out of which 392 (89.09%) were collected at the bus stop locations and 48 (10.9%) using the web-based questionnaire. The number of people using a bus stop was a factor in determining the frequency of the surveys to be collected at that location. The routes and stop locations are shown in Figure 2. As can be seen in Figure 2, the routes of these services overlapped at some bus stop locations. Therefore, the responses were collected at the overlapping locations depending on the demand for each service at that location. Students from University of Engineering and Technology, Lahore, conducted the survey. They were properly briefed about the study before the commencement of the survey. Two types of respondents were targeted in this study: people who were traveling in these services and people who were waiting at the bus stops for these services. The data were collected between November and December of 2019. The responses were totally anonymous in order to maintain the confidentiality of any personal details.




3.3. Data Analysis Methods


Exploratory factor analysis (EFA) [41] was conducted on the items in section D of the questionnaire in order to explore the underlying factors affecting users’ satisfaction regarding the choice A and choice B. This formal measurement model is useful when both observed and latent variables are assumed to be measured at the interval level. A characteristic of EFA is that the observed variables are first standardized (mean of zero and standard deviation of 1). EFA is executed on the correlation matrix between the items. In EFA, a latent variable is called a factor and the correlations between latent and observed variables are called factor loadings. Factor loadings are standardized regression weights.



Principal axis factoring was used as the factor extraction method because maximum likelihood and principal axis factoring are found to provide better results depending on the normality of the data [42]. Orthogonal Varimax rotation was used to obtain interpretable underlying factors.



For further statistical analyses, a numerical value, known as factor score, is required for each participant to represent its relative standing on the extracted underlying factors. There are two common methods of computing factors scores: non-refined and refined methods. In this study, a non-refined factor computation method, average sum scores, was used to compute the factor scores because they are simpler and easier to interpret [43]. The factor scores were not normally distributed. Therefore, the effect of the demographic variables on the factor scores was evaluated using non-parametric tests such as Mann–Whitney U test and Kruskal Wallis test, Spearman’s correlation. Ordinal regression was conducted to model the relationship between overall satisfaction and the explanatory variables. The statistical software package SPSS v. 20 was used for all the statistical analyses.





4. Results


4.1. Descriptive Analysis


Demographics of the respondents are shown in Table 1. Two hundred ninety-three (293) participants completed the questionnaire for choice A. Out of these 293 participants, 232 were men (79%) and 61 were women (21%). Most of the participants belonged to the youngest age group, aged < 30 (79.2%), followed by middle-aged group, aged 30–50 (19.5%). Only 1.4% belonged to the oldest age group, aged > 50. The major purpose of travelling was reported to be education and work, with 58% and 34%, respectively.



On the other hand, two hundred (200) participants completed the questionnaire for choice B. Out of the 200 participants, 146 were men (73%) and 54 were women (27%). Most of the participants belonged to the youngest age group, aged < 30 (79%), followed by middle-aged group, aged 30–50 (20%). Only 1% belonged to the oldest age group, aged > 50. Again, the major purpose of travelling was reported to be education and work, with 54% and 40%, respectively. The distribution of responses to satisfaction levels (section D of the questionnaire) is shown in Table 2.



It can be seen that most of the respondents were young males, which could be explained by the fact that younger people are more likely to be familiar with new technologies since these DRT services employ smart-phone apps for booking rides, and a relatively smaller proportion of females work in Pakistan as compared to their counterparts.




4.2. Factor Analysis


SWVL (Choice A)



A two-factor solution was obtained based on eigenvalues >1 criterion, which explained about 53.84% of the total variance. However, this criterion has the tendency to produce incorrect results [44]. Hence, a better approach is needed to determine the number of factors to retain from a scree plot [42]. The kink in the scree plot, shown in Figure 3, showed that it is adequate to choose a two-factor solution. Heavily cross loaded items were removed. A very high value of Cronbach’s alpha for factor 1 indicated that several items loaded on this factor were essentially measuring the same thing. Hence, highly similar items were removed.



The factor loadings are presented in Table 3. A cut-off value of 0.5 was used for item loadings, i.e., the items with loadings below this value were removed. The sampling adequacy was satisfactory (Kaiser–Meyer–Olkin measure = 0.944), Bartlett’s test of sphericity was significant (0.000), and the determinant of the matrix was 0.002.



The first axis explained 27.457% of the total variance. The six items loaded on this factor were travel time savings, accessibility, equity, speed, incentive system, and information system. Therefore, this factor can be referred to as “service-attributes.” The second axis explained 26.383% of the total variance. The six items loaded on this axis were safety, security, cleanliness, affordability, environmental impacts, and comfort. Therefore, this factor may be referred to as the “ambience” of the bus. Cronbach’s alpha was adequate for both factors, i.e., 0.870 and 0.872, respectively, suggesting that the items have high internal consistency.



Factor scores were not normally distributed; thus, nonparametric tests such as Spearman’s correlation, Mann–Whitney U test, and Kruskal Wallis test were used for further statistical analyses. The effects of demographical attributes on the underlying factors are presented below.



Satisfaction with service-attributes (factor 1) was not statistically significantly between men and women (ZU = −0.216, p = 0.829), younger and older age groups (ZU = −0.042, p = 0.966), single and married (ZU = −0.495, p = 0.620), those with a driving license and those without (ZU = −0.100, p = 0.921), car owners and non-car owners (ZU= −0.133, p = 0.894), and motorcycle owners and non-motorcycle owners (ZU = −1.766, p = 0.077). Similarly, satisfaction with ambience (factor 2) was not statistically different between genders (ZU = −0.429, p = 0.668), younger and older age groups (ZU = −1.328, p = 0.184), single and married (ZU = −1.657, p = 0.098), those with a driving license and those without (ZU = −0.055, p = 0.956), car owners and non-car owners (ZU = −0.301, p = 0.763), and motorcycle and non-motorcycle owners (ZU = −0.525, p = 0.600).



No statistically significant correlation was found between income and satisfaction with service-attributes (rho = 0.032, p = 0.591), family members and satisfaction with service-attributes (rho = −0.035, p = 0.548), and education level and satisfaction with service-attributes (rho = −0.032. p = 0.580). Similarly, no statistically significant correlation was found between income and satisfaction with ambience (rho = 0.063, p = 0.282), family members and satisfaction ambience (rho = 0.072, p = 0.216), and education level and satisfaction with ambience (rho = −0.109, p = 0.061).



Airlift (Choice B)



A two-factor solution was obtained based on eigenvalues >1 criterion, which explained about 59.86% of the total variance. In addition, the kink in the scree plot (Figure 4) shows that it is adequate to choose a two-factor solution. Heavily cross loaded items were removed. The factor loadings are presented in Table 4. The items with loadings below 0.5 were removed. The sampling adequacy was satisfactory (Kaiser–Meyer–Olkin measure = 0.924), Bartlett’s test of sphericity was significant (0.000), and the determinant of the matrix was 0.001.



The first axis explained 31.281%of the total variance. The six items loaded on this factor were travel time savings, complaint handling, fare collection system, route alignment or coverage, speed, and incentive system. Therefore, this factor can be referred to as “service-attributes.” The Cronbach’s alpha for these six items was 0.892, suggesting that the items have high internal consistency. The second axis explained 28.583% of the total variance. The five items loaded on this axis were safety, security, cleanliness, affordability, and environmental impacts. Therefore, this factor may be referred to as the “ambience” of the bus. Cronbach’s alpha was adequate for these items, i.e., >0.7.



Again, factor scores were not normally distributed; therefore, nonparametric tests such as Spearman’s correlation, Mann–Whitney U test, and Kruskal Wallis test were used for further statistical analyses. The effects of demographical attributes on the underlying factors are presented below.



Satisfaction with service-attributes (factor 1) was not statistically significantly between men and women (ZU = −1.806, p = 0.071), younger and older age groups (ZU = −0.732, p = 0.464), single and married (ZU = −1.095, p = 0.273), those with a driving license and those without (ZU = −0.260, p = 0.795), car owners and non-car owners (ZU= −0.133, p = 0.894), and motorcycle owners and non-motorcycle owners (ZU = −3.330, p = 0.001). Similarly, satisfaction with ambience (factor 2) was not statistically different between genders (ZU = −1.499, p = 0.134), younger and older age groups (ZU = −1.170, p = 0.242), single and married (ZU = −1.514, p = 0.130), those with a driving license and those without (ZU = −0.374, p = 0.709), and car owners and non-car owners (ZU = −1.306, p = 0.191). Satisfaction with ambience was statistically significant different between motorcycle owners and non-motorcycle owners (ZU = −2.052, p = 0.040).



No statistically significant correlation was found between income and satisfaction with service-attributes attributes (rho = 0.013, p = 0.856), and family members and satisfaction with service-attributes (rho = −0.001, p = 0.986). There was a very weak significant correlation between education level and satisfaction with service-attributes (rho = −0.174. p = 0.013). No statistically significant correlation was found between income and satisfaction with ambience (rho = 0.082, p = 0.248), and family members and satisfaction ambience (rho = −0.018, p = 0.798). However, there was a very weak significant correlation between education level and satisfaction with ambience (rho = −0.169. p = 0.017).




4.3. Ordinal Regression


Finally, the relationship between an outcome variable and the explanatory variables was modeled. The outcome variable was the last ordinal item in section D of the questionnaire, i.e., different levels of respondents’ satisfaction with overall performance of choice A and choice B. The explanatory variables included demographic features (section A), the items in section C of the questionnaire, and the factor scores computed in Section 3.2. Since the outcome variable was an ordinal variable, it does not make sense to assume normality and equality of variances. Hence, ordinal regression was used to model the relationship between the ordinal outcome variable and the explanatory variables. Logit function was used as the link function.



SWVL (Choice A)



Before going into the model details, it is necessary to check if the model is capable of providing suitable predictions. The significant chi-square statistic in Table 5 shows that the model is a significant improvement over the intercept-only model. The goodness-of-fit can be determined using the Pearson statistic and Deviance statistic. The non-significant test results for Pearson statistic (χ2 = 629.324, df = 711, p = 0.987) and Deviance statistic (χ2 = 356.739, df = 711, p = 1.000) indicate that the model is a good fit to the data and the model predictions are similar [45].



Cox and Snell, Nagelkerke, and McFadden pseudo R square measures indicate how well the model explains the variations in the data and were 0.415, 0.481, and 0.270, respectively. A pseudo R square value of 0.27 for McFadden showed an excellent fit [46]. The non-significant chi-square statistic (χ2 = 18.057, df= 18, p = 0.452) indicated that the test of parallel lines was satisfied.



Parameter estimates for ordinal regression are shown in Table 6. The sign of the coefficients for covariates indicates direct or inverse relationships between continuous predictors and the ordinal outcome variable. The relative values of the coefficients for factor levels can help explain the effects of the categorical predictors in the model. The sign of a coefficient for a factor level indicates the effect of a particular-factor level relative to the reference category.



For a one unit increase in satisfaction with service-attributes (factor 1), ordered log odds of being in a higher level of overall satisfaction are expected to increase by 1.714 such that all other variables in the model are kept constant. Similarly, one unit increase in satisfaction with ambience (factor 2) is expected to increase the ordered log odds of being in a higher level of overall satisfaction by 0.871. The regression coefficients for income show that passengers in the lower income groups are expected to be more satisfied with overall service of choice A. Passengers in the younger age groups and those traveling more often are likely to be less satisfied with overall service of choice A.



Airlift (Choice B)



The significant chi-square statistic in Table 7 shows that the model is a significant improvement over the intercept-only model. The pseudo R square values for Cox and Snell, Nagelkerke, and McFadden were 0.078, 0.092, and 0.042, respectively, indicating that the model does not do a good job at explaining the variations in the data. Nevertheless, the model is significant and does explain the variance in the data to some extent. The non-significant test results for Pearson statistic (χ2 = 291.328, df = 294, p = 0.533) and Deviance statistic (χ2 = 270.682, df = 294, p = 0.832) indicate that the model predictions are similar. In addition, the non-significant chi-square statistic (χ2 = 8.460, df= 6, p = 0.206) indicated that the test of parallel lines was satisfied.



However, as shown in Table 8, none of the predictors are found to be significant except level of income, which shows that the passengers in the middle-income category are expected to be more satisfied with the overall service provided by choice B as compared to those in the higher income category.





5. Discussion


The primary purpose of this study was to explore passengers’ satisfaction with Demand-Responsive transport (DRT) in Lahore, Pakistan. Two DRT services are currently operating in Lahore, namely SWVL (choice A) and Airlift (choice B). A questionnaire was prepared for both services and data were collected using personal interview and a web-based approach. A total of 440 samples were collected. It is to be noted that there is no universal consensus among the research community on the threshold for minimum sample size. Correct factor structure can be obtained for sample sizes even less than 50 given that communalities are high, number of variables per factor are high, and the number of extracted factors is small [47]. The descriptive analysis indicated that most of the DRT users are young, single, and students.



Factor analysis was performed on the collected data, which yielded two underlying factors, namely service-attributes and ambience for both choice A and choice B. [48] also found similar underlying constructs. Overall, demographic factors except motorcycle ownership and education level were found to have no effect on the underlying constructs obtained through factor analysis. Those who owned a motorcycle reported to be more satisfied with service-attributes and ambiance of choice B bus service. A possible explanation for this is the amount of safety risk involved with riding a motorcycle in a big city of Pakistan [49]. Also, a weak negative correlation was found between education level and service-attributes as well as between education and ambience of choice B service. [50] also found education to be negatively correlated with the perceived quality of public transport. Other studies have also found education level to affect passengers’ travel choices [26,51]. In addition, the fact that this study did not find a difference between male and female passengers’ satisfaction levels is in line with the results reported by [52].



Ordinal regression was performed to model the relationship between overall satisfaction and the continuous and binary predictors. The model fitted the data well for choice A. Factors underlying the service quality were found to be significant predictors for overall satisfaction. The coefficients indicated that an increase in satisfaction with service-attributes and ambience of the bus service is likely to increase overall satisfaction with the services. Furthermore, improvement in service-attributes is likely to bring more of an increase in overall satisfaction than improvement in ambience of these services. It implies that the items loading on service-attributes such as travel time saving, accessibility, equity, speed, incentive system, and information system can be improved to obtain a positive change in overall satisfaction. Passengers in the lower income groups were found to be more satisfied with choice A. It could be attributed to the fact that the low-income passengers are likely to be captive users as they might not be able to afford their own private vehicles for travelling, whereas, those in the higher income category can afford to use their own private vehicles and, therefore, appear to be less satisfied with choice A. The passengers in the younger age groups have a lower likelihood of overall satisfaction with choice A. This is in line with the results reported by [53]. Ref. [54] also reported that frequent users’ satisfaction may be lower because they are more exposed to negative incidents. The ordinal model for choice B fitted the data well; however, predictors were found to be insignificant except that the middle-income group is more likely to be satisfied with overall service as compared to the high-income group, possibly indicating that those in the middle-income category may not be able to afford private vehicles, which is supported by existing literature [55]. Nonetheless, an improvement in service-attributes was again found to have an increase in overall satisfaction with choice B, although it was non-significant.




6. Conclusions


The transport sector today mainly uses fossil fuels and contributes significantly to emissions of pollutant gases and greenhouse gases, which are harmful to health and responsible for altering the environment. Hence, there is a need to move toward more sustainable modes of transport by offering alternative modes of transport (collective, shared, etc.), and designing and marketing vehicles that are more energy efficient and less dependent on fossil fuels. The optimization of public transport services can facilitate a reduction in the use of private vehicles without penalizing the mobility of individuals. The introduction of app-based DRT services can fulfill the travel needs in low-demand areas around the world. The widespread use of apps can also help to disseminate the concept of mobility as a service (Maas). Furthermore, the direct participation of users in the formulation and improvement of public transport services including DRT services must be strongly encouraged if companies want to optimize services and encourage the spread of multimodality.



This paper evaluated the passengers’ satisfaction with services offered by demand-responsive transport (DRT) services in Lahore, namely SWVL (choice A) and Airlift (choice B). The results offer an insight into which predictors affect the overall satisfaction and how it can be improved. This study is a first of its kind in the context of Lahore. Data were collected using a personal and web-based approach.



Factor analysis was conducted on the data, which yielded two underlying factors for both DRT services and were labeled as service-attributes and ambiance. Users with motorcycle ownership were found to be more satisfied with service-attributes and ambiance of choice B. Education had a negative weak correlation with the underlying factors implying that users with higher education levels are less satisfied with choice B service. Previous studies have also found a negative correlation between users’ education levels and public transport satisfaction.



Ordinal regression showed that underlying factors were significant predictors of overall user satisfaction with choice A. Service-attributes had a larger positive impact on overall satisfaction with choice A as compared to ambiance. Hence, more investment can be geared towards the items loading on service-attributes to improve the overall satisfaction regarding choice A. Passengers in the lower income categories and older age group showed more overall satisfaction with choice A. The ordinal model for choice B fitted the data well; however, predictors were broadly found to be insignificant.



Certain policy implications can be drawn based on the results of this study. Frequent travelers, which are mainly students, can be given special discounts and memberships in order to retain them. Similarly, focusing more on service-attributes such as travel time saving, spatial coverage, and speed can increase overall satisfaction especially with choice A. A more open procedure about adding new routes should be defined. In addition, outlining a clear mechanism regarding fare collection procedures is likely to improve overall satisfaction. Since most of the users are students, the frequency, timing, and routes can be aligned with the timings of the educational institutions along the routes to attract more users.



This study had some limitations. The responses were collected from current users of DRT services only, whereas, there is a need to collect responses from non-users too in order to understand the reasons why they avoid using DRT. In addition, there are other factors such as personal traits and social and cultural constraints that might affect the overall satisfaction with these transport services. Hence, future research in this area should take into account these factors. Nonetheless, the findings of this study provide important insights into the prospects of DRT services in Lahore and would help in developing appropriate policies for demand responsive transit. The findings also have significant implications for other developing countries with similar socio-economic and -demographic attributes.
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Figure 1. Research methodology adopted for the study. 
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Figure 2. Survey locations and route network of app-based demand-responsive transit services in Lahore. 
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Figure 3. Scree plot for the Exploratory factor analysis (principal axis factoring with Varimax rotation)—SWVL. 
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Figure 4. Scree plot for the EFA (principal axis factoring with Varimax rotation)—Airlift. 
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Table 1. Descriptive statistics of respondents’ socio-economic demographics.
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Airlift

	
SWVL




	

	

	
N

	
%

	
N

	
%






	
Gender

	
Male

	
146

	
73.0

	
232

	
79.2




	
Female

	
54

	
27.0

	
61

	
20.8




	
Age

	
<30

	
158

	
79.0

	
232

	
79.2




	
30–50

	
40

	
20.0

	
57

	
19.5




	
>50

	
2

	
1.0

	
4

	
1.4




	
Income

	
<30,000

	
33

	
16.5

	
41

	
14.0




	
30,000–60,000

	
105

	
52.5

	
166

	
56.7




	
>60,000

	
62

	
31.0

	
86

	
29.4




	
Marital Status

	
Single

	
165

	
82.5

	
230

	
78.5




	
Married

	
35

	
17.5

	
63

	
21.5




	
Profession

	
Student

	
121

	
60.5

	
185

	
63.1




	
Businessman

	
7

	
3.5

	
22

	
7.5




	
Private Employee

	
56

	
28.0

	
64

	
21.8




	
Govt. Employee

	
14

	
7.0

	
18

	
6.1




	
Other

	
2

	
1.0

	
4

	
1.4




	
Education

	
Primary

	
1

	
.5

	
1

	
0.3




	
Middle

	
1

	
.5

	
5

	
1.7




	
High School

	
37

	
18.5

	
43

	
14.7




	
Bachelors

	
124

	
62.0

	
199

	
67.9




	
Master’s and Higher

	
37

	
18.5

	
45

	
15.4




	
Driving License

	
Yes

	
73

	
36.5

	
124

	
42.3




	
No

	
127

	
63.5

	
169

	
57.7




	
Family Members

	
1–2

	
3

	
1.5

	
9

	
3.1




	
3–5

	
123

	
61.5

	
194

	
66.2




	
5–7

	
69

	
34.5

	
85

	
29.0




	
>7

	
5

	
2.5

	
5

	
1.7




	
Car Ownership

	
Yes

	
81

	
40.5

	
140

	
47.8




	
No

	
119

	
59.5

	
153

	
52.2




	
Motorcycle Ownership

	
Yes

	
133

	
66.5

	
228

	
77.8




	
No

	
65

	
32.5

	
65

	
22.2
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Table 2. Questionnaire items: means, standard deviations (SD), and distribution of responses.
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Item.

	
Mean

	
SD

	
Distribution of Responses (%)




	

	

	

	
1

	
2

	
3

	
4

	
5






	
Airlift




	
Service Reliability

	
4.10

	
0.99

	
3.0

	
4.5

	
12.5

	
40.0

	
40.0




	
Fare Collection System

	
3.96

	
0.90

	
3.5

	
2.0

	
15.5

	
53.5

	
25.5




	
Safety

	
4.00

	
0.93

	
3.0

	
4.5

	
11.6

	
51.0

	
29.8




	
Route Alignment or Coverage

	
3.82

	
1.01

	
4.5

	
3.0

	
25.1

	
40.2

	
27.1




	
Comfort

	
4.07

	
0.90

	
3.0

	
3.0

	
9.5

	
52.8

	
31.7




	
Security

	
3.95

	
0.91

	
3.5

	
2.0

	
16.5

	
52.0

	
26.0




	
Complaint-handling

	
3.84

	
1.07

	
5.6

	
3.5

	
22.7

	
37.9

	
30.3




	
Affordability

	
3.99

	
1.03

	
4.5

	
4.0

	
14.0

	
43.0

	
34.5




	
Accessibility

	
3.97

	
1.00

	
3.5

	
5.5

	
14.0

	
44.5

	
32.5




	
Cleanliness

	
4.07

	
0.95

	
4.0

	
2.0

	
11.1

	
49.0

	
33.8




	
Travel Time Saving

	
3.83

	
0.94

	
3.0

	
3.5

	
25.1

	
44.2

	
24.1




	
Environmental Impacts

	
3.92

	
0.99

	
4.0

	
4.5

	
15.6

	
47.2

	
28.6




	
Equity (for impaired or disabled people)

	
3.78

	
0.92

	
3.5

	
4.5

	
21.0

	
53.0

	
18.0




	
Speed

	
3.95

	
0.91

	
3.5

	
3.0

	
14.5

	
53.5

	
25.5




	
Attractiveness

	
3.94

	
0.88

	
3.5

	
2.5

	
13.5

	
57.5

	
23.0




	
Information System

	
3.88

	
0.87

	
2.5

	
4.5

	
15.6

	
56.8

	
20.6




	
Incentive System

	
3.93

	
0.94

	
1.5

	
4.5

	
25.5

	
37.0

	
31.5




	
Privacy Concerns

	
3.93

	
0.92

	
1.5

	
7.5

	
14.6

	
49.2

	
27.1




	
Service Schedule

	
3.84

	
1.03

	
3.5

	
6.0

	
23.5

	
37.0

	
30.0




	
Pick-up / Drop-off location

	
3.91

	
0.96

	
4.0

	
4.0

	
15.0

	
51.5

	
25.5




	
Behavior of Drivers

	
4.00

	
0.87

	
3.5

	
2.0

	
10.5

	
59.5

	
24.5




	
SWVL




	
Service Reliability

	
4.14

	
0.79

	
2.0

	
1.7

	
7.5

	
58.0

	
30.7




	
Fare Collection System

	
4.05

	
0.77

	
1.4

	
2.4

	
11.9

	
58.4

	
25.9




	
Safety

	
4.07

	
0.86

	
2.4

	
2.7

	
11.3

	
52.4

	
31.2




	
Route Alignment or Coverage

	
3.89

	
0.91

	
1.4

	
5.5

	
22.2

	
44.4

	
26.6




	
Comfort

	
4.16

	
0.81

	
1.7

	
1.7

	
10.3

	
51.4

	
34.9




	
Security

	
4.10

	
0.83

	
1.4

	
2.7

	
13.7

	
49.1

	
33.1




	
Complaint-handling

	
3.87

	
0.98

	
2.4

	
6.2

	
22.3

	
40.8

	
28.4




	
Affordability

	
4.20

	
0.83

	
1.4

	
3.1

	
9.2

	
47.1

	
39.2




	
Accessibility

	
4.04

	
0.86

	
1.4

	
4.1

	
14.0

	
49.8

	
30.7




	
Cleanliness

	
4.11

	
0.85

	
1.7

	
2.4

	
13.7

	
47.4

	
34.8




	
Travel Time Saving

	
3.93

	
0.91

	
2.4

	
3.4

	
20.5

	
46.2

	
27.4




	
Environmental Impacts

	
4.09

	
0.81

	
1.7

	
2.4

	
11.3

	
54.8

	
29.8




	
Equity (for impaired or disabled people)

	
3.94

	
0.89

	
1.7

	
4.4

	
19.1

	
47.8

	
27.0




	
Speed

	
4.04

	
0.85

	
1.7

	
1.7

	
18.2

	
47.4

	
30.9




	
Attractiveness

	
4.00

	
0.79

	
1.4

	
2.4

	
15.7

	
55.6

	
24.9




	
Information System

	
3.84

	
0.85

	
1.7

	
3.4

	
24.9

	
48.8

	
21.2




	
Incentive System

	
3.90

	
0.88

	
1.7

	
2.7

	
25.3

	
44.5

	
25.7




	
Privacy Concerns

	
3.89

	
0.90

	
2.4

	
6.2

	
13.1

	
56.7

	
21.6




	
Service Schedule

	
3.90

	
0.88

	
2.1

	
3.4

	
21.2

	
48.6

	
24.7




	
Pick-up / Drop-off location

	
3.93

	
0.82

	
1.4

	
2.1

	
22.3

	
50.3

	
24.0




	
Behavior of Drivers

	
3.96

	
0.77

	
1.4

	
2.1

	
16.8

	
58.6

	
21.2








Note: 1: strongly dissatisfied, 2: dissatisfied, 3: neutral, 4: satisfied, 5: strongly satisfied.
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Table 3. SWVL—Principal axis factor analysis of the questionnaire items (Varimax rotation).
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	Items
	Service Attributes
	Ambiance of the Bus





	Travel Time Saving
	0.715
	



	Accessibility
	0.659
	



	Equity
	0.649
	



	Speed
	0.638
	



	Incentive System
	0.619
	



	Information System
	0.578
	



	Affordability
	
	0.765



	Comfort
	
	0.651



	Security
	
	0.609



	Cleanliness
	
	0.605



	Environmental Impacts
	
	0.602



	Safety
	
	0.590



	% of variance explained
	27.457
	26.383



	Cronbach’s alpha
	0.870
	0.872
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Table 4. Airlift—Principal axis factor analysis of the questionnaire items (Varimax rotation).
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	Items
	Service Attributes
	Ambiance of the Bus





	Complaint-handling
	0.698
	



	Fare Collection System
	0.688
	



	Route Alignment or Coverage
	0.682
	



	Speed
	0.672
	



	Travel Time Saving
	0.668
	



	Incentive System
	0.651
	



	Affordability
	
	0.712



	Safety
	
	0.709



	Security
	
	0.704



	Environmental Impacts
	
	0.684



	Cleanliness
	
	0.616



	% of variance explained
	31.281
	28.583



	Cronbach’s alpha
	0.892
	0.882
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Table 5. SWVL—Model Fitting Information.
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Model

	
−2 Log Likelihood

	
Chi-Square

	
Df

	
Sig.






	
Intercept Only

	
488.726

	

	

	




	
Final

	
356.739

	
131.988

	
9

	
0.000




	
Link function: Logit.
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Table 6. SWVL—Parameter estimates for ordinal regression.
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	Item Name
	Regression Coefficient
	Sig.





	[Overall satisfaction = 2.00]
	2.112
	0.340



	[Overall satisfaction = 3.00]
	7.052
	0.001 **



	[Overall satisfaction = 4.00]
	11.104
	0.000 ***



	Service Attributes
	1.714
	0.000 ***



	Ambiance of the Bus
	0.871
	0.033 *



	How often do you travel in a week?
	−0.731
	0.000 ***



	Do you have a plan to travel with Airlift bus service?
	1.215
	0.000 ***



	Do you have a plan to travel with SWVL bus service?
	0.524
	0.047 *



	[age < 30 years]
	−2.859
	0.027 *



	[age = 30–50 years]
	−2.568
	0.050 *



	[age > 50 years]
	0a
	



	[monthly income < 30,000 PKR]
	2.201
	0.000 ***



	[monthly income = 30,000–60,000 PKR]
	1.449
	0.000 ***



	[income > 60,000 PKR]
	0a
	







* significant at p < 0.05; ** significant at p < 0.01; *** significant at p < 0.001.
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Table 7. Airlift—Model Fitting Information.
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Model

	
−2 Log Likelihood

	
Chi-Square

	
Df

	
Sig.






	
Intercept Only

	
298.340

	

	

	




	
Final

	
285.016

	
13.324

	
6

	
0.038




	
Link function: Logit.
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Table 8. Airlift—Parameter Estimates for Ordinal Regression.
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	Item Name
	Regression Coefficient
	Sig.





	[Overall satisfaction = 3.00]
	0.888
	0.599



	[Overall satisfaction = 4.00]
	3.766
	0.028 *



	Service Attributes
	0.129
	0.684



	Ambiance of the Bus
	0.068
	0.838



	[age < 30 years]
	1.465
	0.303



	[age = 30–50 years]
	1.98
	0.177



	[age > 50 years]
	0a
	



	[monthly income < 30,000 PKR]
	0.336
	0.52



	[monthly income = 30,000–60,000 PKR]
	0.803
	0.035 *



	[income > 60,000 PKR]
	0a
	







* significant at p < 0.05.
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