[image: image1]Public Preferences Towards Car Sharing Service: The Case of Djibouti

		ORIGINAL RESEARCH
published: 28 April 2022
doi: 10.3389/fenvs.2022.889453


[image: image2]
Public Preferences Towards Car Sharing Service: The Case of Djibouti
Waiss Ali Aden1, Jianfeng Zheng1*, Irfan Ullah2,3 and Muhammad Safdar4
1Transportation Engineering College, Dalian Maritime University, Dalian, China
2School of Transportation and Logistics, Dalian University of Technology, Dalian, China
3Department of Business and Administration, ILMA University, Karachi, Pakistan
4Intelligent Transportation Systems Research Center, Wuhan University of Technology, Wuhan, China
Edited by:
Cem Işık, Anadolu University, Turkey
Reviewed by:
Muhammad Zahid, Polytechnique Montréal, Canada
Naila Nureen, North China Electric Power University, China
* Correspondence: Jianfeng Zheng, jfzheng@dlmu.edu.cn
Specialty section: This article was submitted to Environmental Systems Engineering, a section of the journal Frontiers in Environmental Science
Received: 07 March 2022
Accepted: 31 March 2022
Published: 28 April 2022
Citation: Ali Aden W, Zheng J, Ullah I and Safdar M (2022) Public Preferences Towards Car Sharing Service: The Case of Djibouti. Front. Environ. Sci. 10:889453. doi: 10.3389/fenvs.2022.889453

Transportation demand management is a successful complement to urban infrastructure. The emergence of shared mobility strategies such as car sharing offers sustainable mobility in urban areas. Car sharing has launched in different cities worldwide to mitigate severe transportation problems such as traffic congestion, air pollution, and traffic safety. Therefore, this study aims to investigate the intentions and preferences of travelers toward car sharing services in Djibouti, Africa. The data was collected through an online stated preference (SP) survey. The SP survey included the awareness of car sharing services, attributes related to transport modes, and demographic characteristics. A total of 600 respondents were received. In this study, we employed the multinomial logit (MNL) model to travel mode choice modeling and compared the results with the AdaBoost algorithm. The MNL model results showed that generic attributes such as travel time, travel cost, maintenance charges, and membership fees were found significant. In addition, several demographic characteristics like gender, education, and income were also found significant. The modeling and prediction performances of the MNL model and AdaBoost algorithm were compared using multi-class predictive errors. According to the goodness-of-fit results, the AdaBoost algorithm achieved overall higher prediction accuracy than the MNL model. This study could be helpful to transport planners and policymakers for the implementation of car-sharing services in urban areas.
Keywords: car sharing, SP survey, machine learning models, discrete choice model, environmental sustainability
1 INTRODUCTION
Urbanization and motorization have a significant impact on the viability of metropolitan areas in both developed and developing countries (Zhang et al., 2021; Safdar et al., 2022). The urban areas are becoming denser and more crowded than ever before. The rate of expanding existing road infrastructure is insufficient to meet the ever-increasing transportation demand (Jamal et al., 2020; Irfan and Ahmad 2021; Fang et al., 2022). Due to insufficient and inefficient public transport services, many individuals own private cars. Consequently, auto ownership increases, and posing a severe threat to transportation policymakers and other concerned authorities (Sun et al., 2021). Rapid motorization has several negative consequences, including increased travel time and cost, extreme congestion, increased safety issues, and polluted environment (Irfan et al., 2021a; Hao et al., 2021), rising fuel consumption (Irfan et al., 2022), and diminished transport system efficiency (Zhang et al., 2021). Consequently, the country’s economy has suffered a loss of millions of dollars (Ahmad et al., 2021; ELavarasan et al., 2021; Abbasi et al., 2022; Ahmad et al., 2022). Although an active and efficient transportation system is thought to boost the country’s economy, its effects on key urban areas must be explored first (Ali et al., 2021; Chandio et al., 2021; Tanveer et al., 2021; Irfan and Ahmad 2022).
Djibouti is a small country with an estimated 993,000 inhabitants, occupying the land of 23,200 km2. Djibouti is Sub-Saharan Africa’s most urbanized country, with approximately four-fifths of the population classified as urban. Although it is strategically located in sea transport linking Europe to the Middle East and Asia via the Red Sea, it is also geopolitically important as a gateway to inland East Africa, linking Africa and the Middle East coastal countries. Only by improving, investing, and designing the public transportation network will this be minimized. Djibouti’s road network consists of around 3,000 km of road. The capital’s primary routes include a paved road connecting Tadjoura and the north to the city, as well as the Grand Bara Road connecting the capital to the south. Mobility is primarily provided by an “informal” public transit system comprised of minibuses that circulate across the city, augmented with Bajaj and rickshaw vehicles that operate within Balbala. Only 4% of Djiboutians own cars; the remainder relies on public transportation. Green taxis are plentiful in Djibouti city and are a frequently used mode of travel across the city. Approximately 40% of Djiboutian residents appear to use public transportation regularly. This means that the remainder of the workforce must rely on walking, employer-provided transportation, or taxis.
Shared mobility and electrification are two significant developments in the evolution of transportation systems because they have the potential to deliver positive impacts in a variety of areas, including reducing traffic congestion by reducing single-occupancy private automobile journeys, lowering greenhouse gas emissions, and increasing accessibility and flexibility of mobility (Shaheen and Cohen, 2019; Irfan et al., 2021b). Shared mobility services integrate the two trends and may achieve synergy in terms of the anticipated positive benefits. It mostly consists of car sharing, e-bike sharing, and e-scooter sharing (Liao and Correia, 2020). Several companies and governments have launched full-scale shared e-mobility networks, and services are rapidly developing. To facilitate the market penetration of shared mobility, public authorities and shared mobility providers might benefit from additional information about their (future) customers and other travelers’ reactions to these services (such as existing usage patterns, consumer demand, and possible impacts) (Islam et al., 2022; Khan et al., 2021; Nuvvula et al., 2022).
The most popular mode of shared mobility is car sharing. Introduce a car sharing service in Djibouti to minimize automobile ownership and traffic congestion. In principle, the word “car sharing” is described as an option to car ownership; car sharing is a type of vehicle rental model in which users typically rent a vehicle for a while. To get and drive a sharing car, individuals must join a car sharing group and book the car using a smartphone app or the internet. Car sharing started in Europe in the 1940s before expanding to Australia, the Americas, and Asia (Shaheen et al., 2006). Following that, car sharing was established in Canada in the mid-1990s (Wang et al., 2012). Now car sharing has spread to more than 20 major urban areas in the United States and Canada. Car sharing had more than 378,000 members in July 2009, supported by 9,818 cars across North America (Shaheen and Cohen 2013). In North America, vehicle sharing systems frequently charge a monthly fee or deposit of $300 to $500, which is refundable. The consumption fee was computed based on time and kilometers, with $1.00 to $2.00 per hour and an extra $0.25 to $0.40 for each mile. These prices include fuel, insurance, and operating costs (Litman, 2000). Car sharing services attract people who generally use public transportation but need a car occasionally. Car sharing significantly reduces car ownership, resulting in less personal and street parking (Glotz-Richter, 2012; Alfian et al., 2015). In 2010, 26 nations implemented car sharing as a new form of transportation to lower auto transportation costs while decreasing adverse environmental effects such as congestion, energy consumption, and vehicle emissions (Martin et al., 2010; Rabbitt and Ghosh, 2013). Previous research indicates that vehicle sharing can decrease annual household GHG emissions to 0.58 metric tons from 0.84 metric tons (Rauf et al., 2021).
Car sharing “round trip” relinquishes between 9 and 13 automobiles off the road in North America (Martin et al., 2010). One of the most significant advantages of being a member of car sharing services is saving money on capital costs, maintenance costs, and parking fees. The burning of fossil fuels is deteriorating the environment (Razzaq et al., 2020,2021; Wu et al., 2021; Yang et al., 2021; Shi et al., 2022; Tang et al., 2022; Wen et al., 2022; Xiang et al., 2022), car sharing is expected to lower the pollution level. This enables consumers to use a “car sharing” service at a lower cost than owning a car (Ohta et al., 2013). In terms of societal impact, car sharing adds to more efficient and rational transportation by allowing people who do not own a personal vehicle to be flexible in using a car when needed (Baptista et al., 2015). Car sharing and driverless vehicles inspire substitute travel modes such as bike riding, walking and public transportation which not only reduce traffic congestion fewer parking requests but also enhance general public wellness in urban areas (Ullah et al., 2019a). Following the introduction of a car-sharing service in the country, 15 to 29 percent of Canadians sold their cars to take part in the service, whereas 11 to 26 percent of car sharing community members in the United States sold their private cars after joining this new service (Shaheen and Cohen 2013). Car sharing is now widely used in many large cities throughout the world, and it has provided numerous benefits in terms of social and environmental issues. Global car sharing is proliferating, with average yearly growth rates of members and vehicles of roughly 35% and 30%, respectively (Ullah et al., 2019b). In terms of passengers’ acceptance of car-sharing services, extant research has found that individuals and their connected circumstances significantly impact their willingness to join the system more than most car sharing qualities (Ciari and Axhausen 2012).
The majority of developing countries face traffic congestion and an absence of public transportation. Congestion is becoming more of a concern, impeding mobility and having negative economic and health consequences. Djibouti’s population is booming, and the city’s urban transportation network is becoming increasingly unsustainable and inadequate to the public demands. Car ownership will continue to rise in tandem with economic expansion, resulting in significant traffic and congestion in a compact, dense city, even as people who cannot afford car ownership will become further marginalized. Although, private car ownership is still low in Djibouti, public transit is outdated, inconvenient, and unaffordable for low- and middle-income residents. Public transportation is disproportionately expensive compared to city incomes, severely restricting residents’ access to travel and work, services, and other needs. The introduction of a car sharing service in Djibouti to provide equitable, efficient, and environmentally friendly modes of transportation, thereby addressing issues of inequalities in public transportation and traffic congestion.
This study has three objectives: first, to determine travelers’ preferences and attitudes toward car sharing service in Djibouti. Second, there is a scarcity of studies on transportation modes in Djibouti. Thus, this study fills this gap by thoroughly understanding transportation modes and introducing novel options such as car sharing. Third, car sharing is not yet accessible in Djibouti; therefore, this study used a stated preference survey and MNL models to evaluate travelers’ preferences towards a car sharing system. Further, we investigate the feasibility and capability of the AdaBoost algorithm to model discrete mode choice behaviors and compare their prediction performance with MNL.
2 MATERIALS AND METHODS
2.1 Survey Design
In Djibouti, car sharing is not yet introduced; for collecting data on the unavailable alternative, the stated preference (SP) survey is used in this research. Many previous studies employed the SP survey to get data on travelers’ behavior and acceptability of vehicle sharing systems (Ullah et al., 2019b). In Pakistan, also electronic questionnaire was used through the Google Forms tool and distributed online. This study examines people’s attitudes and perceptions towards car sharing services, which were unavailable in Pakistan (Safdar et al., 2022). It was necessary to structure the questionnaire as an SP survey. Several factors are considered related to the traveler’s acceptance of car sharing service ‟ such as age, gender, car ownership, monthly income, as well as the various factors related to the service attributes, travel cost, travel time, membership fee, maintenance charges and so on. In this study, the SP survey comprised different parts; the first part provides a brief introduction to the concept of car sharing service to the travelers (Figure 1) and 2nd part is about awareness and perception about car sharing services. The following section comprises different service attributes (travel time, travel cost, membership fee, and maintenance charges). The last section comprised of social and demographic characteristics of the respondents: including gender, age, education level, job and monthly income. The alternative (transportation modes) and the level attributes are shown in Table 1. Figure 2 presents one of the choice experiments from the questionnaire.
[image: Figure 1]FIGURE 1 | Car sharing brochure (Ullah et al., 2019b).
TABLE 1 | Attributes design for all four alternatives.
[image: Table 1][image: Figure 2]FIGURE 2 | Example of SP choice experiment.
2.2 Data Collection
Djibouti is the capital city of Djibouti, and it is a tiny strategically positioned country on the Horn of Africa’s northeast coast. It is located on the Bab el Mandeb Strait, connecting the Red Sea to the Gulf of Aden to the east (Figure 3). Djibouti is a small country with an estimated 993,000 inhabitants that has experienced sustained growth which has pushed back the geographical boundaries of the city without the transport coverage adapting to these new contours. The bus routes established in 2006 for the center of Djibouti are no longer up to date and some new neighborhoods are not served. This is particularly the case for the new collective housing units in Balbala. In addition, routes considered unprofitable are not serviced by public transport. Existing services are unreliable due to the lack of fixed timetables, unmaintained vehicles, and routes that can change daily at the driver’s discretion. Moreover, even if the company’s profitability seems very low, the tariffs are considered high by users.
[image: Figure 3]FIGURE 3 | Djibouti city map.
A growing population suffers from limited access to public transport services and employment. Poor transport conditions limit the mobility of women and children. In areas of the city where buses do not pass, households are forced to use the private car, although they find it difficult to bear the cost of these means of transport. With economic growth, the motorization rate of 4% of households will increase, leading to congestion in the already dense city. The share of the population that cannot afford a private car will be increasingly marginalized and their access to jobs and opportunities will be hampered by unreliable and expensive taxis. To collect the information about travelers’ acceptance of car-sharing services in Djibouti city, a questionnaire-based survey was conducted on a professional online Google Form platform. The questionnaires were designed for SP surveys and distributed online to the respondents. Questionnaires were divided into 3 groups. Each group has 4 different scenarios. Respondents were asked to complete the online questionnaire within 2 weeks after receiving it. The web-based survey had significant advantages; it is easy for people to complete the questionnaire in their free time without any hurdles.
Moreover, a well-designed framework of a survey website may help respondents fully understand the purpose of the survey and answer questions properly (Wang et al., 2017). The survey was completed in January 2022. Each group received 200 responses. Therefore, in three groups received a total of 600 respondents, which accumulated to 2,400 observations for the whole 12 scenarios.
The total respondents comprised 57% males and 43% females of the survey. The survey incorporated those people having age more than 18 years. Around 31% of the respondents comprised of age group between 19 and 25 years, and 46% were between the age of 26 and 45 years, and 15% of the respondents were between the age of 46 and 65 years, while 08% of the respondents were above 66 years of age. Furthermore, 49% of participants worked for public or private companies, while 12% were unemployed. However, 15% of the people who took the survey were entrepreneurs. The students constituted 24% of the total sample of participants. 28% of all respondents had a master’s degree or more, 30% had a bachelor’s degree, 26% had Matric level qualifications, and 16% had not completed high school. It was also found out that more than one-half of respondents had a household income that was in the middle-income range (71,000–90,000 DJF). Table 2 displays the socio-demographic characteristics of the respondents.
TABLE 2 | Socio-demographic characteristic of the sample.
[image: Table 2]2.3 Car Sharing Awareness and Perception
After collecting data on socio-demographic characteristics of the respondents, questions were asked regarding car sharing awareness and familiarity of respondents. 86% of respondents are aware of car sharing services and 14% of respondents have no idea about car sharing services (Figure 4). In addition, Figures 5–7 present the findings of the respondents’ selection with different modes of transportation and trip purposes. According to Figure 5, respondents preferred car sharing services to personal cars for working trips. Similarly, respondents preferred taxis and buses for working trips as well. For shopping trips, respondents preferred private cars to car sharing services (Figure 6). Figure 7 shows the respondent’s preference for recreational trips.
[image: Figure 4]FIGURE 4 | Familiarity of respondents with car sharing.
[image: Figure 5]FIGURE 5 | Respondents’ selection of modes for working trips.
[image: Figure 6]FIGURE 6 | Respondents’ selection of modes for shopping trips.
[image: Figure 7]FIGURE 7 | Respondents’ selection of modes for recreational trips.
Personal perceptions about the car sharing service are presented in Figure 8. It was observed that most of the respondents were aware of the car sharing service. As expected, more authors also assumed that people would be more likely to join car sharing if they were more familiar with the concept of car-sharing services (Fukuda et al., 2005).
[image: Figure 8]FIGURE 8 | Car sharing awareness and perception.
3 METHODOLOGY
3.1 Discrete Choice Modeling
In transportation modeling, discrete choice models are widely utilized. It is easily interpretable since it can be derived from random utility theory. They do, however, rely on the modeler to describe the functional form of the observable component of the utility and to require the unobserved part to have a specified distribution. Its means that specification and estimation are typically done manually and entail multiple iterations.
3.1.1 Multinomial Logit Model
This study uses MNL to predict the public acceptance of car sharing services. In past studies for car sharing acceptance and behavioral response, various discrete choice models have been used. Such as the multinomial logit model, nested logit model, mixed logit model, and bivariate ordered probit model (Wang et al., 2012; Wang et al., 2021). The MNL model uses random utility maximization theory which states that individuals choose maximum utility alternatives. The total utility of MNL models consists of two parts: observable utility and random error components, which is presented by Eq. 1.
[image: image]
where, Uin represents the total utility of individual n; choosing alternative i, Xin represents the observable variables; βin represents the parameter vector, and εin represents the random error terms.
The general expression for the probability of choosing an alternative i (i = 1, 2, ... J) from a set of J alternatives is shown in Eq. 2.
[image: image]
Where [image: image] is an observable part of utility.
The structure of the MNL model describes each choice alternative through a utility function as follows.
Car sharing:
[image: image]
Private car:
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Regular taxi:
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Regular bus:
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3.2 Machine Learning Models
We employed various ML models. Recent research into using ML models to travel mode choice modeling has demonstrated its virtues, and most known studies that compare ML models to statistical models imply ML models could reach equivalent or even higher prediction accuracy (Wang and Ross, 2018). Most ML models do not require strict statistical assumptions, allowing them to be applied to a wide range of data structures. ML models have grown in popularity due to their capacity to capture non-linear correlations between variables and fewer model assumptions, allowing them to predict superiority in various fields (Ullah et al., 2021a). Some ML techniques, such as ensemble methods (Adaboost), have been found to help weak learners, such as low-depth decision tree models, increase prediction accuracy. In this study, all ML models are developed using the orange data mining toolbox in python. In addition, the Orange toolbox in python provides a complete variety of methods for data pre-processing and modeling used for data preparation.
3.2.1 AdaBoost
AdaBoost is an ensemble technique that aims to create a robust classifier from a collection of weak ones. This is accomplished by first creating a model from the training data then attempting to correct the errors in the first model with a second model. Models are added until the training set is perfectly predicted or until the maximum number of models has been reached. The multi-class exponential function algorithm (SAMME.R) and a linear loss function were employed in stagewise additive modeling. The learning rate and the number of estimators are 1 and 100, respectively.
3.2.2 Neural Network
Neural networks are made up of repeated layers of interconnected activation nodes, also known as neurons. The transformation of input features through hidden layers allows for effectively modeling complex interaction effects and structure. The weights in each layer are trained using gradient descent and the backpropagation algorithm. Adam solver was used, the maximum number of iterations are 200, and the neurons in hidden layers are 100.
3.2.3 Decision Tree
Decision tree is used to make a classification or regression model in the form of a tree structure. This tool breaks down the data set into smaller parts simultaneously as it makes the whole thing smaller. The corresponding decision tree is built up gradually. A decision tree is a tree data structure with a random number of branches, nodes, and leaves at each node. The internal nodes are being used to classify examples for classification or regression purposes. The input variable’s value serves a specific function (Ullah et al., 2021b). In decision tree, the number of nodes and leaves are 9,563 and 4,782, and the tree depth is 15.
4 RESULTS AND DISCUSSION
4.1 MNL Result
The current study used the MNL model to estimate collected stated preference data. MNL model parameter coefficient was estimated using the maximum likelihood function method through Biogeme software. This study employed the MNL model for available four modes of transport as car sharing, private car, regular taxi and regular bus. The MNL has the advantage because the variable parameters are easily interpretable and can overcome bias if all the relevant variables are input in the model. The relevant variables were put in a stepwise manner for achieving a better fit of the model. Also, the insignificant variables were removed from the final model. The regular bus was taken as the reference alternative in the estimation process. The model estimation results are given in Table 3. The MNL model achieved acceptable performance.
TABLE 3 | Estimation results.
[image: Table 3]The alternative specific constant is higher for car sharing among the other alternatives, which reveals that this mode has higher utility relative to others. All the generic variables (travel time, travel cost, membership fees, and maintenance charges) have the expected signs and are highly significant. These results indicated that the Djibouti people are more willing to use those transport modes having minimum fares, less travel time, and fewer membership fees of the fleet. This result is aligned with a study conducted in Pakistan to evaluate car sharing system in Pakistan (Ullah et al., 2019b). This result is plausible in Djibouti, where mostly people use shared taxis or rental cars. It is expected that Djiboutians would be switched to car sharing when it is practically viable in the city.
Males are more likely to be attracted to car sharing and regular taxi modes than having a vehicle, as indicated by the gender-specific high parameter value for car sharing. This result is self-evident: car sharing offers the same benefits as owning a private car without the associated costs. In Djibouti, males had higher proportions of driver’s licenses than females. This may be explained by the fact that most Djiboutians finance or rent their private vehicles. Thus, car sharing is free of these external costs, with the user paying only per kilometer or hour traveled. On the other hand, females were more likely to opt for a private car. In Djibouti, just 4% of the population has a private car, and only the wealthy and elite use them. Additionally, females in Djibouti were more inclined to rent a taxi for their travels because private cars are costly for those with middle- or low-income people. At the given significance level, this gender has a significant relationship with the response variable. Females are slightly more likely to join car sharing programs in North America and Europe (De Luca and Di Pace 2014; Giesel and Nobis 2016).
Age and education were insignificant and were therefore excluded from the final models. Employment had a significant impact on the decision to use car sharing. Employed individuals, both business owners and employees, were more likely to use car sharing services. This outcome is expected, as most employed individuals are stressed out by daily commuting due to scarce public transit that lacks a regular schedule and is monopolized. Another report (Djibouti Technical Assistance for Urban Public Transport, 2019) indicates that the people of Djibouti were highly concerned about waiting times, comfort, driving behavior, and safety. These issues can be resolved by implementing a car sharing system in Djibouti. Employed people in Djibouti cannot afford the purchase and other costs associated with personal cars.
Additionally, employees and business people were more inclined to travel by private car. Regarding the income variable, lower-income individuals were more inclined to car sharing. This finding is intuitive, given how frequently lower- and middle-income residents of Djibouti use public transportation. This demonstrates that individuals prefer car sharing. This finding is particularly relevant in developing countries, where the fragmented and inefficient transportation system. Moreover, income was positively and strongly associated with private cars. Individuals with a high income prefer to drive their cars (Kato et al., 2013). This is since high-income people usually have a driver for driving them to work or other purposes. With car sharing, they will be able to save the surplus cost and will use their time on some necessary errands. The trip distance was significant for car sharing and taxis. The travelers chose car sharing for the trip distance of more than 10 km. This result is feasible in Djibouti since the activity is concentrated in sprawling areas. The majority of individuals rely on public transportation and taxis. The walking, rickshaw, and motorcycle were used to make the short distances less than 3 km. This finding in-line with the report (Djibouti Technical Assistance for Urban Public Transport, 2019) that Djiboutians travel 4% by automobile, 40% by public transit and the remainder by foot or rickshaw.
The trip purpose variable was found significant for car sharing. This shows that people who commute to work and school were prone to use car sharing. On the other hand, people who traveled to social activity mostly used taxis. This could be explained that the private car ratio is limited and mostly people use shared taxi and public transport. This could be improved by providing car sharing system to eliminate the inequity issue.
4.2 Models Comparison
The prediction performance of the models is summarized in Table 4 utilizing different classification evaluation metrics, including accuracy, F1, precision, and Recall. Accuracy shows the proportion of correctly classified samples to the entire sample. The AdaBoost produced outperformed accuracy (0.90). MNL obtained the lowest accuracy (0.68). Similarly, when all other evaluation metrics were considered, AdaBoost predictive performance is superior.
TABLE 4 | Summary of all models classification performance.
[image: Table 4]Figure 9 shows the model’s predictive performance regarding the relevant confusion matrices for each classification model. The confusion matrices in Figure 9 depict the disparity between predicted and actual observations for individual transportation modes in the data set. In Table, each row in the matrix reflects the actual number of observations for a specific mode, while the columns represent the predicted number of observations for a specific mode. The values of the cells across the diagonal represent accurate predictions, whereas the cells off the diagonal represent misclassifications that result in an over or underestimate of the model. The AdaBoost model outperformed other models. The Adaboost model correctly classifies instances are 437 and 235 incorrectly classifies instances for car sharing mode. Similarly, for the private car mode, the correctly classified instances are 700, and the incorrectly classified instances are 265. For regular bus mode, the correctly and incorrectly classified instances are 192 and 183, respectively. Considering the regular taxi mode, the correctly classified instances are 236 and the incorrectly classified instance are 152. Confusion matrices generated by decision trees, neural networks, and MNL can be interpreted similarly.
[image: Figure 9]FIGURE 9 | Confusion matrix generated for the different transportation mode. (A) Adaboost (B) Neural network (C) Decision tree (D) MNL.
In this paper, receiver operating characteristic (ROC) is plotted as a better metric to represent model performance. The ROC curve and area under the curve (AUC) metrics used to evaluate the predictive performance of the proposed models against transportation modes are shown in Figure 10. In ROC curves, the true positive rate is commonly plotted on the Y-axis, while the false positive rate is plotted on the X-axis. This implies that the “ideal” point is in the upper left corner of the Figure, with a false positive rate of 0 and a true positive rate of 1. The “steepness” of ROC curves is also essential since it is ideal for maximizing true positive rate while reducing false positive rate. The AUC is the area enclosed by the ROC curve, with a maximum value of 1, signifying a perfect classification result. As shown in Figure 10, the Adaboost AUC value is 1 for all the classes. The decision tree, neural network, and MNL AUC value are more than 0.80 for all the classes. Further, the model’s comparison by ROC and AUC metrics is shown in Figure 11. The Adaboost model achieves the best performance than others, as seen in Figure 11. According to the results, all the models were robust in predicting charging class within a given data set. Nevertheless, Adaboost had superior prediction performance.
[image: Figure 10]FIGURE 10 | ROC curve for different models and different classes. Class 0 (Car sharing): Class 1 (Private car): Class 2 (Regular bus): Class 3 (regulat taxi). (A) Adaboost (B) Decision tree (C) Neural network (D) MNL.
[image: Figure 11]FIGURE 11 | ROC and AUC metrics for models comparison.
5 CONCLUSION
The objective of this study was to investigate the traveler preferences and attitude towards car sharing system in Djibouti, Africa. Car sharing service was not available yet in the city of Djibouti, therefore the study adopted stated preference survey to collect data about perceptions, attitudes and mode choice scenarios. The study has employed MNL and ML models including Adaboost, Decision tree, Neural network for analysis and prediction. According to the goodness-of-fit results, the AdaBoost algorithm achieved overall higher prediction accuracy than the MNL model and others. The obtained results showed that the entire proposed model’s predictive accuracy is acceptable for all the transportation modes. Nevertheless, AdaBoost had superior prediction performance. The causes and incentives for developing a car sharing service have been highlighted, as well as the significance of individual behavior in selecting concepts. Many factors significantly affect the decision-making process concerning different types of services. The research also tried to determine whether car sharing could control the growth of private cars, which has become a significant concern in Djibouti in recent years.
This research contributes some valuable insights from a Djibouti city in an underdeveloped nation. In discrete choice, modeling the MNL has been revealed the significant factors which affect travelers ‟acceptance of car sharing services. Several demographic variables were identified as the main factors affecting the acceptance of car sharing services. The findings show gender, employment, and income had a significant impact on travelers’ acceptance of the car sharing service. While some situational factors such as trip distance, and trip purpose were also perceived as significant attributes. This study revealed that people who travel distance of more 10 km or more than 10 km were highly prone to use car sharing in a developing country. This result is somewhat difference from developed countries where people used it for short distances. Similarly, generic variables such as travel cost, travel time, and membership fee were also highly significant with car sharing. This study revealed that car sharing would decrease car ownership.
According to the study’s findings, additional research on specific groups such as gender, employment, and income is necessary to acquire meaningful results. Additionally, various business models must be considered prior to the effective deployment of a car sharing program in Djibouti. To analyze public acceptance and preferences of car sharing, structural equation modeling and hybrid discrete choice are recommended. Similarly, the sample size of the survey might be increased to get greater confidence in the collected results. Car sharing is a relatively new concept in Djibouti, and public awareness is minimal. Considering respondents who did not respond to the online survey to be biased.
The COVID-19 has a serious influence on travelers’ attitudes on modes of transportation, particularly shared modes of transport, on a global level. However, the COVID-19 pandemic is not yet over, and car sharing studies should be undertaken both during and after the COVID-19 pandemic to develop a comprehensive strategy. The study’s conclusions are also applicable to other developing countries’ urban areas with similar demographic and socioeconomic characteristics. It would be fascinating to explore alternative car sharing models such as one-way, peer-to-peer, and free-floating to determine which can be implemented more successfully. Additionally, electric car sharing is gaining popularity as a new area of study for tackling environmental challenges. To achieve greater accuracy, accomplishment will use these standards into future investigations. Planners can help the car sharing service grow and spread across the country, which will improve people’s lives and speed up the transition to more environmentally friendly transportation in the future. Future research should concentrate on various approaches that can effectively encourage car sharing in Djibouti.
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