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Abstract

:

Transportation accounts for more than a quarter of the greenhouse gas emissions that are causing climate change. Carpooling is a subset of the sharing economy, in which individuals share their vehicle with commuters to save travel expenses. In recent decades, carpooling has been promoted as a feasible alternative to car ownership with the potential to alleviate traffic congestion, parking demand, and environmental problems. Unstable economic conditions, cultural norms, and lack of infrastructure make cultural exchange activities and mobility habits different in developing nations to those in developed countries. The rapid evolution of sharing mobility has reshaped travelers’ behavior and created a dire need to determine the travel patterns of commuters living in megacities in developing countries. To obtain data, a web-based stated choice (SC) experiment was used in this study. It used mode-related variables, socioeconomic demographic variables, and a coronavirus disease 2019 (COVID-19) precautionary measure variable. Logit models, namely the mixed logit regression model (ML) and the multinomial logit regression model (MNL), were applied to analyze the available data. According to modeling and survey data, economic variables associated with modes of transport, such as trip time and trip cost, were determined to be significant. Additionally, the results revealed that commuters were more conscious of COVID-19 preventive measures, which was determined to be highly significant. The findings showed that the majority of residents in the COVID-19 pandemic continue to rely on automobiles and motorcycles. It is noteworthy that individuals with more than two members in their family and a travel distance of less than seven miles were more likely to prefer a carpooling service. This study’s findings will provide a basis for researchers to aid existing operators in the field of transportation, as well as offer guidelines for governments in developing countries to enhance the utility of transportation networks.
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1. Introduction


Transportation accounts for more than a quarter of the greenhouse gas emissions that are causing climate change [1]. In recent decades, Asia has been considered the region with the fastest economic growth. Additionally, the region is defined by a concurrent trend of growing urbanization, with the urban population concentrated in large cities. Indeed, rising urbanization reflects people’s desire for economic prosperity and a higher standard of living enabled by modern urban amenities. In contrast, urban megacities serve as economic growth engines, generating opportunities for investors, entrepreneurs, and both low- and high-skilled workers. In this regard, urbanization is beneficial. The trends observed in Asia may be part of a positive cycle. Despite the potential benefits of urbanization, the nature and size of urbanization in Asian countries have created complex and difficult challenges for policymakers. In developing countries, urbanization and motorization have been considered as critical challenges, with adverse consequences such as traffic congestion, parking issues, air pollution, and traffic safety [2]. Karachi’s population growth rate has been phenomenal, estimated to be approximately 5.5% yearly, with natural growth accounting for 3% and migration accounting for 2.5%. Economic losses have been observed in various cities around the world as a result of traffic congestion. Likewise, every day in Karachi, $6330 is lost due to traffic congestion, which can be generalized to the entire city. The sum is made up of opportunity and fuel consumption costs incurred as a result of severe traffic congestion [3]. Another study shows that traffic congestion costs in Karachi exceeded $1 billion per year in 2018, accounting for 2% of the city’s entire gross domestic product (GDP) [4]. Karachi is Pakistan’s first largest megacity and economic center, with a population of more than 24 million people, and is ranked seventh among the world’s megacities. Karachi has a land area of 3530 square kilometers. Notably, in Karachi, four-fifths of the total population has been added in the past decade, making it the world’s fastest-growing megacity. Despite its economic potential and strategic location, the Karachi megacity suffers from a lack of densification and inadequate transportation infrastructure. In Karachi, private automobile ownership is 36.5% and accounts for 21% of all passenger transport, motorbike ownership is 47.4% and accounts for 17% of all passenger transport, public transportation is 4.5% and accounts for 42% of all passenger transport, paratransit is 9.9% and accounts for 8% of all passenger transport, and contract carriage ownership is approximately 1.7% and accounts for 10% of all passenger transport [2,4]. As of December 2017, the market share of Android phones in Pakistan was 83.53% [5]. Karachi’s economic potential refers to its vital trade and investment, employment opportunities, growth, and innovation. The city, on the other hand, pays the price for this function in terms of increased density and deteriorated transit infrastructure. In developing regions, transportation infrastructure density is expanded to satisfy anticipated demand, but this adds an extra financial burden on society in the end [2,4,6].



Globally, travel demand management strategies have been implemented to address transportation challenges [7,8]. Carpooling fleets are rapidly expanding, including in China, France, the United States, Europe, the Netherlands, Greece, India, and Canada [9]. Carpooling is a type of sharing economy, in which individuals pool their vehicles to utilize a service. This new mode of transportation encourages single-occupancy vehicle (SOV) owners to switch to a more sustainable mode of transportation [10,11,12]. Carpooling has several societal benefits, including reduced energy use and emissions, parking demand, and less congestion. This unoccupied parking space can be used for additional commercial purposes or active transportation. Along with environmental benefits, carpoolers can benefit from shared travel costs, time savings from driving in high occupancy vehicle (HOV) lanes, decreased commuting stress, and, in certain situations, preferential parking and other incentives [9,13,14]. Additionally, carpooling services enable two or more unrelated individuals to share a trip or a portion of a trip, with passengers contributing to the driver’s expenses [15,16]. Some non-profit carpooling programs are community-based initiatives (cooperatives) that broaden the scope of shared mobility beyond commercial models. There are numerous incentives for this mode of transportation, particularly in the United States. For example, towns such as Houston, Texas, have dedicated lanes for carpool vehicles [17].



In 2016, a carpooling service, i.e., Careem, was launched in Pakistan’s major cities and has since expanded to additional cities. Careem began operating its service for the benefit of society by creating possibilities for everyone to earn and obtain benefits through grabbing Pakistani society’s attention. In addition, the company announced an initiative to empower women in 2017. Careem introduced female drivers to eliminate gender differences and meet the needs of all travelers. Due to cultural and safety concerns, women in Pakistan prefer to drive with other women. Careem has surpassed rival Uber in the Middle East and Pakistan, establishing itself as the preferred alternative. Careem had around 30 million registered users in 2018, from 120 cities, 15 countries, and around 1 million drivers. In 2019, Careem funding is expected to total USD 770 million dollars [8]. In Pakistan, carpooling services can be booked via phone, website, or app. Only “Now, later, repeat” is available as a booking option. Payments can be made with a credit or debit card and cash. Careem is a carpooling service that operates in eight major cities as well as smaller cities. The driver requirements state that people who have a valid driver’s license and own an automobile are eligible to become a driver. Careem has gained ground in developing nations such as Pakistan, where a campaign to redefine shared economic business models is under way.



The timeline of the COVID-19 pandemic, from its origin to the procedure adopted by the World Health Organization (WHO) and the situation in Pakistan, is depicted in Figure 1. The COVID-19 pandemic first appeared in December 2019 in Wuhan, Hebei province, China. The identification of this virus was made in January 2020. This disease has been spreading around the world. The first case was recorded outside of China (in Thailand) on 13 January 2020. On 11 March 2020, the WHO declared COVID-19 a global pandemic [18,19]. On 26 February 2020, the first case of COVID-19 was confirmed in Pakistan. The first death was reported on 18 March 2020. The government implemented the first lockdown on 4 May 2020 [19,20]. As shown in Figure 2, the rate of cases and deaths increased by around 2.5 times during May–June 2020. Because of the unprecedented increase, the government converted the lockdown into a ‘smart’ lockdown to restrict people and only allow movement for basic needs during a specific time. Since the outbreak of the COVID-19 disease, travel behavior has been influenced all around the world. The WHO released a report towards the end of March 2020. There were around 750,900 confirmed cases and 36,400 deaths worldwide. One year later, the total numbers of confirmed cases and deaths had risen to approximately 126,372,400 and 2,769,700, respectively [21]. In Pakistan, there were approximately 2 confirmed cases and no deaths on 25 February 2020, and there were 577,472 confirmed cases and 12,804 deaths by 25 February 2021 [20]. It is more than a health issue because the epidemic has wreaked havoc on various businesses, notably transportation. The imposition of mobility restrictions was the first major influence of the COVID-19 pandemic on travel patterns, resulting in the disruption of people’s livelihoods and social lives [19].



According to the World Bank, by 2050, two-thirds of the predicted world population (5.4 billion people) will live in cities, and the number of automobiles on the road will double to 2 billion [22]. Extensive urban sprawl, insufficient urban transportation systems, disorganized traffic patterns with a high reliance on automobiles, excessive pollution, and inadequate pedestrian and bicycle infrastructure are only a few of the trends observed in several cities worldwide. As a result, an increasing number of people are deciding to acquire and operate automobiles, exacerbating the problem [7]. Carpooling, a relatively new mode of transport, has gained great interest in both developed and developing countries. However, research on the impact of carpooling in low-income developing countries such as Pakistan is limited, and commuter behavior needs to be forecasted, especially in light of the COVID-19 epidemic, which remains a research gap in developing countries.



The rapid evolution of sharing mobility has reshaped commuter behavior and there is a dire need to evaluate current carpooling services and satisfaction of people with them. To answer these research questions, a stated choice experiment was conducted using service attributes, demographic variables, and an additional COVID-19 precautionary measures level variable. This study will aid existing operators and governments in developing countries in improving the utility of transportation systems during the COVID-19 pandemic, and it will attract the attention of future researchers looking to develop policies for sustainable megacities. The remainder of this paper is arranged as follows. Following this introduction, Section 2 discusses related works. Section 3 describes the questionnaire design and the data. Section 4 explains the analysis and findings, including model specification analysis, people’s perceptions of carpooling, and patterns of carpooling. Finally, the study’s conclusions are drawn.




2. Related Works


Carpooling has been the focus of various studies in the transportation literature, and it has the potential to boost social welfare. According to Correia and Viegas [10], carpooling is a low-income form of transportation, and saving money is a major incentive for participation. Delhomme and Gheorghiu [13] suggest that carpoolers are more likely to be women and individuals with children, people who have positive opinions about public transportation, and those who are environmentally conscious. Ridesharing allows for the development of policies for parking discounts, toll pricing, and access to high occupancy vehicle (HOV) lanes by pooling rides. Brownstone and Golob [23] revealed that carpooling has a certain level of control over parking fees and ridesharing pricing. Ma and Zhang [24] used statistical assessments to show that ridesharing could help reduce traffic congestion while also providing environmental and economic benefits. A study conducted in the greater Dublin area [25] found that significant reductions in the modal proportion of SOVs of up to 8% could be obtained through the implementation of policies to improve the time and cost parameters of carpooling and car-sharing for commuting to work. Dewan and Ahmad conducted a study in India [11] and found that carpooling can be a low-cost mode of transportation for those who have not purchased a vehicle.



According to [26], several factors, such as travel time, toll, gender, and income, were found to be more predictive of managed lane use than psychological variables. Only conscientiousness and a risky driving style were found to be significant psychological variables. More precisely, those who scored higher on the risky driving scale indicated a lower preference for carpooling than general-purpose lanes. A recent study conducted during the COVID-19 pandemic [19] indicated that there was a considerable shift in the primary purpose of travel from work and school to shopping during the pandemic. The number of trips made for non-commuting purposes was also considerably different between the pre-and post-pandemic periods. For distances smaller than 5 km, there was a considerable modal shift away from motorcycles and toward non-motorized modes of travel. In addition, individuals switched from public transportation to private automobiles for longer distances. Zhang et al. [27] found that the influence of outbreaks on public transportation was reported as trips to affected and non-affected areas in South Korea were reduced by 14% and 9%, respectively, during the MERS outbreak. Furthermore, during the same outbreak, a 10% decline in public transportation trips was reported. Haghani et al. [28] revealed that physical distance, avoiding congestion and crowding, disinfection of public vehicles and transit hubs, and the availability of sanitizers in all public vehicles and hubs are among the precautionary measures that are being prioritized concerning public transportation use.



A plethora of research has been undertaken in the United States, South Korea, and China, with very few studies conducted in Pakistan, Bangladesh, and India, all of which have similar socioeconomic and cultural values. To address this gap and to examine the impact of carpooling on travel behavior, we investigated carpooling during the COVID-19 pandemic and for various trip distances in metropolitan cities of developing nations that have received less attention in previous studies.




3. Questionnaire Design and Data


3.1. Questionnaire Design


A stated choice experiment usually entails a lengthy process that includes data gathering, administration, and analysis. To better understand public behavior and preferences, a stated choice experiment with hypothetical choices was considered [13,29]. The stated choice experiment was broken down into four parts in this research: firstly, the participants were briefly introduced to the carpooling system and asked questions about how often they carpooled, if they owned a car or a motorcycle, whether they had a driver’s license, how satisfied they were with their current carpooling service, and how they made reservations.



In the second part, participants were asked about their thoughts and experiences concerning carpooling in Pakistan. The stated choice experiment questions were asked in the third part to choose a mode from a provided choice set. The stated choice set was pivoted around the modes and values of the independent variables. In the last part, demographic information such as gender, age, household income, occupation, education, and the number of people in the household was obtained. The framework is shown in Figure 3, and the interface of the existing carpooling service is shown in Figure 4.



The stated choice experiment is based on choice experiments that incorporate modes of transport, variables, and levels. This study took into account automobiles, carpooling, and traditional buses. Trip time, trip cost, access time, parking time, and COVID-19 precautionary measures levels were all considered. Three levels were assumed for each variable. The cost of a car ride was PKR 230, and the values were pivoted for participants for different selections. The trip time had different values for various scenarios involving an automobile. A parking time of 0, 4 or 8 min was assumed for an automobile. According to the current Careem service plan, the cost of a carpooling trip was around PKR 260, and trip times had different values for various scenarios. Similarly, bus trip costs and trip times were taken from the transport companies. Access times for traditional bus travel and carpooling were 4, 8, or 12 and 2, 6, or 10 min, respectively. A systematic technique was used to create the stated choice experiment [30,31]. The latter was used to limit the number of options that each respondent was presented. To decrease the number of options, fractional factorial design was used as a subset of the complete factorial design. The setting of the stated choice experiment was made for the given three modes of transport and 12 factors. This is critical because combining the defined attributes would result in an enormous number of possible scenarios to evaluate. To assure the equal frequency of the variables and their levels (i.e., orthogonality), a fractional factorial design was used. All levels of each characteristic are accounted for in the design matrix (i.e., balance), while substantially lowering the number of possible choices shown to the participants. The possible choice sets for the 3 modes of transport and 12 factors were made into 27 choice sets using fractional factorial design. The 27 choices sets were divided into three groups. Each participant confronted 9 choice sets of choice experiments. Maintaining orthogonality and ensuring that participants were presented with the whole range of each attribute’s values was ensured by carefully grouping the scenarios into small subsets (i.e., blocks) [10].



To keep the participants and the preceding ideas in mind, each participant was presented with nine scenarios. This means that each participant was given nine distinct tasks from which to choose. Figure 5 and Figure 6 illustrate selection scenarios. The data were gathered from a variety of web sources (Facebook, WhatsApp, Instagram). The study focused on Karachi, Pakistan. The information was gathered with the assistance of friends and colleagues. After removing the invalid responses, the final analysis included just 318 usable responses. There were a total of 2862 selections made.




3.2. The Data


The survey took place from January 2021 to 15 March 2021. The profiles of the participants are summarized in Table 1. Male participants composed 69.5% of the total, while female participants composed 30.50%. Around 41% of participants were between the ages of 18 and 35, while around 46% were between the ages of 36 and 50. The remaining 15% of the sample were older than 50 years. The majority of participants, 39.62%, had a bachelor’s degree, while 26.42% had a master’s degree or higher. Intermediate and high school students constituted 21.70% and 12.26% of the total, respectively. The participants’ household income levels were: 19.8% earned less than PKR 20,000, 45.60% earned between PKR 21,000 and PKR 50,000, 23.58% earned between PKR 51,000 and PKR 80,000, and the remaining 11.64% earned more than PKR 80,000. In terms of occupation, private and government employees accounted for half of the sample, while students contributed 35.22%, and the rest were jobless and businesspeople. It was observed that the majority of the participants were students, accounting for 35.22% of the sample. The proportion of those with a driver’s license was 56.62% and those without a driver’s license made up 43.08%. Those who had an automobile or motorcycle accounted for 62.61%, while those who did not have them accounted for 37.39%.




3.3. Analysis Methods


Kenneth Train’s book Discrete Choice Methods with Simulation is the primary source for this description of the multinomial logit regression model and mixed logit regression model [31,32]. It is kept brief since more detailed explanations can be obtained from a variety of different sources. Discrete choice methods are based on microeconomic theory and involve a decision-maker n selecting an alternative i to a choice t that provides greater satisfaction. The decision-makers understand the utility of each mode where authors can only observe the choice made by and some of the characteristics of the decision-makers.    U  i n     is the total utility of the decision-maker, which is shown in Equation (1). The researcher can estimate the observed part of the utility.


   U  i n   =  V  i n t   +  ε  i n t   = β e  t  i n t    x  i n t   +  ε  i n t   i = 1 , 2 , 3 , … , J  



(1)







Here    V  i n t     is the observed utility.   β e  t  i n t     is the coefficient of observed parameters, and    x  i n t     indicates choice variables and respondent characteristics. The    ε  i n t     element is the stochastic error, which is an assumed generalized extreme value distribution. In a simple logit regression model, the probability of    P  i n     a respondent choosing a choice set j is shown in Equations (2) and (3).


   P  i n   = Pr    V  i j   +  ϵ  i j   ≥  V  i j   +  ϵ  i j     = Pr    V  i j   −  V  i j   ≥  ϵ  i j   −  ϵ  i j     , J ≠ 1  



(2)




where    P  i n     is the probability that decision-maker n chooses alternative i, and J is the total set of alternatives. Pr shows the probability.    V  i j     is the observable part of the utility and    ϵ  i j     is the random error term.




    P  i n   =    e V  i n t     ∑   j = 1  J   e V  i n t     



(3)





The mixed logit regression model captures the heterogeneity among the respondents over modes of transport. In the simple logit regression model specification, all respondents are supposed to react identically to marginal changes in the choice attributes. The mixed logit regression model captures the heterogeneity among the respondents over modes of transport. In the simple logit regression model specification, all respondents are supposed to react identically to marginal changes in the choice attributes. To account for preference heterogeneity, we used a mixed logit regression model with random, which defines the choice probability across a sequence of T choices, as shown in Equation (4). The random parameter   β e t   in the equation depicts that it varies over respondents, with the density described by   f ( β e t )   and is not fixed [33]. The estimation of this model involved the simulation of log-likelihood. The probability of a random parameter for mode i is shown in Equation (4). Python, an open-source statistical software, was used for data analysis [30].


    P  i n   =   ∫   Π   i = 1  T       e  β e t x i n t       ∑   j = 1  J   e  β e t x j n t       f   β e t   d β e t   



(4)








3.4. Model Specification


A multinomial logit regression model was estimated in the first step of the analysis using trip time, parking time, access time, and trip cost characteristics. The independent variables that were found to be significant were included. The final specification of the model includes the following independent variables.



  β e  t 0    = Constant of modes



  β e  t 1    = Gender (0 = Female, 1 = Male)



  β e  t 2    = Occupation (0 = Jobless and student, 1 = Private, government employees and businessman)



  β e  t 3    = Education (0 = intermediate and high school, 1 = Bachelor and master degree and above)



  β e  t 4    = Driver license (0 = Don’t have, 1 = Have)



  β e  t 5    = Age (0 = 18–35, 1 = 36–50 plus)



  β e  t 6    = Number of persons in Households (0 = 1–2, 1 = 3–4 plus)



  β e  t 7    = Marital status (0 = Single, 1 = Married)



  β e  t 8    = Travel distance (0 = less than 7 miles, 1 = greater than 7 miles)



  β e  t 9    = COVID-19 Precautionary measures levels (1 = Low, 2 = Moderate, 3 = High)



  β e  t  10     = Trip time (minutes)



  β e  t  11     = Trip cost (Pakistan rupees)



  β e  t  12     = Parking time (minutes)



  β e  t  13     = Access time (minutes)





4. Analysis and Discussion


4.1. Traveler Perceptions and Usage of Carpooling in Karachi


The first and second parts of the questionnaire, as mentioned in Section 3.1, inquired about people’s perceptions, usage, and satisfaction with existing carpooling services in Karachi, Pakistan. Carpooling services such as Careem or Uber were used frequently by 57% of participants, 33% only occasionally or rarely, and the remaining 10% did not use this system, as shown in Figure 7. To better understand the performance of the carpooling system, participants were asked how likely they were to be satisfied with the current service. Figure 8 demonstrates that 55% of the participants were extremely satisfied with the current services, whereas 25% were not. According to a previous study, Danish drivers and commuters seem to be divided on the issue. Lack of availability and difficulties locating rides, as well as perceptions of ridesharing as unsafe or insecure, and expectations of social discomfort, were among the negative perceptions reported by respondents [34]. This might be one of the reasons for the limited number of carpooling vehicles in Pakistan during the COVID-19 pandemic recurrent lockdowns. Furthermore, some travelers may have experienced inconvenience as a result of a driver’s harsh behavior and failure to meet the passengers on time.



Figure 9 shows the percentage of participants who had installed carpooling applications, with 67% having done so and 33% not having done so. To empower sharing, mobility apps have been adopted in Europe and the USA, such as MyTaxi, Flywheel, etc [7]. Participants were asked how they made reservations for carpooling services. In Figure 10, the majority of the participants (55%) had used a carpooling app, 37% had used a phone call, and 8% had used websites and other methods. Table 2 shows how travelers used different modes of transportation before and during the COVID-19. During the COVID-19 pandemic, people’s preferences for modes of transportation did not change. Another multi-country study suggests that carpooling appears to be slightly decreasing in the COVID-19 pandemic [9]. During the COVID-19 pandemic, only the rate of private transportation and motorcycles increased. This implies that people are more responsive to alternative ways of transportation. The COVID-19 preventive measures include social distancing, sensitization, and masking. To avoid contracting the sickness, the individuals opted for motorbikes and private transportation. The previous study showed that the COVID-19-related lockdown has had a detrimental influence on the transportation and accommodation sectors [35]. A study suggests that during the COVID-19 pandemic, respondents did not show significant differences in preferences for car sanitation by ride-sharing service operators or self-service [36]. Finally, the participants’ opinions about carpooling were asked. The answers about participants’ environmental friendliness, car ownership, and traffic congestion are presented in Table 3. The majority of the studies reported that carpooling lowers traffic congestion, reduces auto ownership, and is an effective traffic congestion solution [7,12,13,17].




4.2. Estimated Model Coefficients


The results of the multinomial logit regression model and a mixed logit regression model are summarized in Table 4 and Table 5, respectively. The mixed logit regression model is regarded as a reliable model for quantifying travel mode or route choice [33]. It has been widely employed in transportation, tourism, and economic studies. The mixed logit regression model captures travelers’ taste variability. The modes of transportation, which include automobiles, carpooling, and traditional buses, are the dependent variables in this analysis. Due to certain random effects, people with the same socioeconomic and demographic characteristics may respond to the survey differently. Because the ratio of mixed logit probabilities depends on all the data, including characteristics of alternatives, the mixed logit regression model weakens the simple logit regression model’s independent and identically distributed (IID) assumption [32]. The null hypothesis is rejected based on the results of these analyses’ level of significance (p-value or significance level < 0.10), as some of the variables influence the mode of transportation adopted. Trip time, trip cost, access time, and COVID-19 precautionary measures were revealed to be negatively significant to the study’s expectations. Overall, the results show that trip cost, access time, and trip time factors strongly influence mode selection, with both having an expected negative effect. Furthermore, the results of trip cost, trip time, and safety were consistent with the previous study [37].



The COVID-19 precautionary measures levels were highly significant, which implies that the travelers had a high concern about safety before using any transport modes. This result is interesting and consistent with a previous study carried out in Spain, which stated that around 64.3% of the respondents said they would pay extra for public transportation if operators implemented sanitizing measures [38]. The parking time was found to be insignificant. The significance of access time shows that travelers are concerned about getting to their destination on time. This finding is obvious and anticipated because travelers tend to utilize carpooling services to get to work or school on time. Second, Karachi is Pakistan’s industrial center, and because of poor public transportation, residents are more inclined to use carpooling services, which have emerged as an alternative flexible and on-demand mode of public transportation [6]. The utility of various modes, including automobiles, carpooling, and traditional buses, is given in Equations (5)–(7) below based on significant results of mode-related variables and independent variables.





        V  a u t o m o b i l e   =       β e  t  0 a u t o m o b i l e         +   β e  t  1 a u t o m o b i l e   ×  Gender    +   β e  t  2 a u t o m o b i l e   ×    Occupation              +   β e  t  3 a u t o m o b i l e   ×  Education    +   β e  t  4 a u t o m o b i l e   ×  Driving license            +   β e  t  5 a u t o m o b i l e   × Age + β e  t  6 a u t o m o b i l e   ×    Number of persons in Household            + β e  t  7 a u t o m o b i l e   ×  Marital   status      +   β e  t  8 a u t o m o b i l e   ×  Travel   distance            + β e  t 9  × COVID − 19   P r e c a u t i o n a r y   m e a s u r e s   l e v e l e  s  a u t o m o b i l e             +   β e  t  10   ×   T r i p   t i m  e  a u t o m o b i l e     +   β e  t  11   ×   T r i p   c o s  t  a u t o m o b i l e             +   β e  t  12 a u t o m o b i l e   ×   P a r k i n g      time      a u t o m o b i l e         



(5)









        V  c a r p o o l i n g   =       β e  t  0 c a r p o o l i n g      +   β e  t  1 c a r p o o l i n g   ×  Gender    +   β e  t  2 c a r p o o l i n g   ×   Occupation          +   β e  t  3 c a r p o o l i n g   ×  Education    +   β e  t  4 a u t o m o b i l e   ×  Driving license            +   β e  t  5 c a r p o o l i n g   × Age   + β e  t  6 c a r p o o l i n g   ×    Number of persons in Household            + β e  t  7 c a r p o o l i n g   ×  Marital   status      +   β e  t  8 c a r p o o l i n g   ×  Travel   distance            + β e  t 9  × COVID − 19   P r e c a u t i o n a r y   m e a s u r e s   l e v e l e  s  a u t o m o b i l e             +   β e  t  10   ×   T r i p   t i m  e  c a r p o o l i n g     +   β e  t  11   ×   T r i p   c o s  t  c a r p o o l i n g             +   β e  t 13    ×   A c c e s s   t i m e   c a r p o o l i n g         



(6)









       V  T r a d i t i o n a l   B u s     =    β e  t 9  × COVID − 19   P r e c a u t i o n a r y   m e a s u r e s   l e v l e s     t r a d i t i o n a l   b u s     +   β e  t  10   ×   T r i p   t i m e     t r a d i t i o n a l   b u s      +      β e  t  11   ×   T r i p   c o s t     t r a d i t i o n a l   b u s     +   β e  t  13   ×   A c e s s   t i m e      



(7)







In Table 4 and Table 5, the mixed logit regression model values of initial log-likelihood (−3144.228), and final log-likelihood (−2978.28) are greater than the values of the multinomial logit regression model, initial log-likelihood (−3144.228), and final log-likelihood (−2982.164). These results show that the model fitness of the mixed logit regression model is better than that of the multinomial logit regression model. The likelihood ratio index, as shown in Equation (8), is frequently used in statistics with discrete choice models to assess how well the models fit the data.





   ρ 2  = 1 −   LL   β ^     LL  0     



(8)




where    ρ 2    is goodness of fit,   LL   β ^     is final log-likelihood, and   LL  0    is the initial log-likelihood.



In terms of the effect of socioeconomic/demographic variables, we included in the final model only those variables that were determined to have a statistically significant effect. Gender had a positive and significant effect on automobile carpooling, implying that men were more likely than women to use carpooling in Karachi, as shown in Table 4 and Table 5. This finding is opposite with prior research, which found that men are less likely than women to use carpooling services [39]. A study conducted in Turkey shows that women and regular campus travelers are more likely to use carpooling [40]. The occupation variable is a positive significant factor for carpooling in Karachi, which indicates that employed people were more likely to use carpooling for their travel purposes. This could be explained by the fact that private and government employees in Pakistan earn low wages and cannot afford to buy new cars. As a result, they are willing to use carpooling. Second, in Pakistan, employed people frequently use a pooled commuting system to save money on travel expenses. In Pakistan, the majority of people are used to traveling and shopping with family and friends and have a combined family system. This outcome is consistent with previous research [41].



For carpooling and automobiles, the age variable was found to be positively significant. The findings reveal that travelers over the age of 35 are more likely to prefer carpooling in Karachi, as shown in Table 4 and Table 5. Furthermore, the number of people in the household was determined to be significant, suggesting that more than two members of the family were willing to employ carpooling and automobiles. This is an intriguing finding because, due to culture and social cohesion, people in Pakistan prefer to travel in groups rather than alone. The majority of people travel in groups of family and friends. However, it was observed that the travel distance variable was negatively significant for carpooling. This shows that travelers within a 7-mile radius of Karachi were more likely to utilize carpooling. This is both intuitive and the driving force behind carpooling services. Typically, carpooling services are employed for short periods and within a city context. The marital status variable was shown to be negatively significant, implying that unmarried travelers are more likely to use carpooling and private transportation in Karachi. In Portugal, a similar study showed that married status was regarded as significant for carpooling [10].



Having a driver’s license was found to be positively significant for automobile use. It is self-evident that a driver’s license is needed to drive an automobile. Independent variables such as education were found to be negatively significant for automobile use in Karachi. The variables such as household incomes and ownership of an automobile or a motorcycle did not affect transportation mode choice and were thus removed from the final analysis.





5. Conclusions


In this paper, we provide the results of a stated choice experiment that investigated travelers’ behaviors, usage, and degree of satisfaction with carpooling in a metropolitan city of a developing country during the COVID-19 pandemic. This study contributes some useful findings from a metropolitan city in a developing country. The economic variables associated with modes of transport economic, such as trip time and trip cost, were found to be significant for carpooling and automobile use. This study demonstrates that families with more than two members and a travel distance of less than seven miles are more likely to use carpooling in a developing country. This finding is noteworthy because individuals in developing countries prefer to travel in groups rather than alone due to strong cultural norms. The sociodemographic variables such as gender, age, education, marital status, and driving license were determined to be statistically significant. The COVID-19 precautionary measures levels variable was also found to be significant. This suggests that travelers were more likely to use public transportation that adhered to COVID-19 standards and guidelines, such as sanitization, masking, and social distances. It is noteworthy that the current coronavirus disease pandemic (COVID-19) has influenced public transportation and people are shifting to walking and other motorized modes of transport. Furthermore, travelers indicated that they believed carpooling was safer than other modes of transportation in developing countries.



The sociodemographic variables such as the number of persons in a household and occupation were found to be statistically significant. This study’s outcomes suggest the need to review the current company culture for working individuals who frequently commute from and to their residences in megacities of developing countries. Carpooling services could be expanded to include a vanpooling concept to help developing countries to reduce transportation expenses and improve their urban environments. To increase the viability and popularity of carpooling services in developing countries, the payment method must be updated. Payments should be made via scanning apps and should be integrated with existing carpooling apps instead of using cash. Carpooling companies have been using independent operators and integrating them into a centralized software and technology platform, allowing for improved planning and coordination.



Future research should attempt to incorporate other measures, such as focus group opinions, to enable more in-depth analysis. Because this study used a quantitative method that is inflexible to individuals’ subjective perceptions of the effect of the COVID-19 pandemic, it is recommended that future research incorporate qualitative assessments via in-depth interviews. However, the COVID-19 pandemic continues, and post-COVID-19 research should be conducted in order to establish a complete strategy. Existing carpooling operators and transportation network firms should investigate latent traveler characteristics and change policies in order to maintain viability and a widespread market. Since urban areas in developing countries are facing environmental and safety challenges, it is necessary to examine the influence of carpooling on road safety and air pollution. Additionally, a more comprehensive examination of traffic performance criteria should be explored. The study’s findings are also applicable to other megacities of developing countries with comparable demographic and socioeconomic characteristics.
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Figure 1. Timeline of the COVID-19 pandemic. 
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Figure 2. Timeline of COVID-19 pandemic, number of cases and deaths in Pakistan. 
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Figure 3. Stated choice experiment layout. 
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Figure 4. Screenshots of booking carpooling service (Careem) in Pakistan. 
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Figure 5. SP choice example (values pivoted around modes and their variables). 
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Figure 6. SP choice example (values pivoted around modes and their variables). 
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Figure 7. Usage of existing carpooling system. 
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Figure 8. Degree of satisfaction with existing carpooling system. 
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Figure 9. Installation of carpooling apps. 
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Figure 10. How respondents booked carpooling services. 
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Table 1. Socioeconomic demographic profiles of the sample.
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	Demographics
	Percentages





	Gender
	



	Male
	69.50%



	Female
	30.50%



	Household income
	



	<PKR 20,000
	19.18%



	PKR 21,000–50,000
	45.60%



	PKR 51,000–80,000
	23.58%



	>PKR 80,000
	11.64%



	Occupation
	



	Students
	35.22%



	Private employee
	29.56%



	Govt. employee
	19.50%



	Jobless
	8.81%



	Businessperson
	6.92%



	Driver’s license
	



	Have
	56.92%



	Do not have
	43.08%



	Marital status
	



	Single
	32.39%



	Married
	67.61%



	Age
	



	18~25 years
	21.07%



	26~35 years
	25.16%



	36~50 years
	39.62%



	>50 years
	14.15%



	Education
	



	Bachelor degree
	39.62%



	Master and above
	26.42%



	High school
	12.26%



	Intermediate
	21.70%



	Number of household persons
	



	1
	18.24%



	2
	33.33%



	3
	19.81%



	4+
	28.62%



	Possession of automobiles or motorcycles
	



	Have
	62.61%



	Do not have
	37.39%
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Table 2. Usage of transportation modes before and during COVID-19 pandemic.
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	S.no
	Transportation Modes
	Before COVID-19 Pandemic,

n (%)
	During COVID-19 Pandemic,

n (%)





	1
	Walking
	20

(6.29)
	21

(6.60)



	2
	Motorcycles or rickshaw
	137

(43.08)
	98

(30.82)



	3
	Carpooling
	63

(19.81)
	62

(19.50)



	4
	Bus
	26

(8.18)
	33

(10.38)



	5
	Private car
	50

(15.72)
	78

(24.53)



	6
	Taxi
	22

(6.92)
	26

(8.18)
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Table 3. Perceptions and thoughts of people about carpooling in Karachi, Pakistan.
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	S.no
	Questions
	Strongly Disagree,

n (%)
	Disagree,

n (%)
	Unknown,

n (%)
	Agree,

n (%)
	Strongly Agree,

n (%)





	1
	Carpooling is eco-friendly
	46

(14.47)
	49

(15.41)
	62

(19.5)
	96

(30.19)
	65

(20.44)



	2
	Carpooling reduces automobile ownership
	31

(9.75)
	128

(40.25)
	75

(23.58)
	68

(21.38)
	16

(5.03)



	3
	Carpooling reduces traffic congestion
	58

(18.24)
	66

(20.75)
	89

(27.99)
	73

(22.96)
	32

(10.06)
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Table 4. Results of multinomial logit regression model.
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Parameters

	
Coefficients

	
Automobile

	
Carpooling

	
Traditional Bus




	
Estimated Value

	
t-Value

	
Estimated Value

	
t-Value

	
Estimated Value

	
t-Value






	
Constant

	
   β e  t 0    

	
−0.384

	
(−1.07)

	
0.523

	
(1.30)

	
_

	
_




	
Gender

	
   β e  t 1    

	
1.85

	
(3.45 ***)

	
1.95

	
(3.83 ***)

	
_

	
_




	
Occupation

	
   β e  t 2    

	
−0.0888

	
(−0.85)

	
0.304

	
(2.99 ***)

	
_

	
_




	
Education

	
   β e  t 3    

	
−0.205

	
(−1.83 *)

	
−0.155

	
(−1.43)

	
_

	
_




	
Driving license

	
   β e  t 4    

	
0.646

	
(3.72 ***)

	
0.218

	
(1.36)

	
_

	
_




	
Age

	
   β e  t 5    

	
0.366

	
(3.57 ***)

	
0.233

	
(2.36 **)

	
_

	
_




	
Number of person in household

	
   β e  t 6    

	
0.213

	
(2.09 **)

	
0.313

	
(3.18 ***)

	
_

	
_




	
Marital status

	
   β e  t 7    

	
−1.37

	
(−2.61 ***)

	
−1.57

	
(−3.08 ***)

	
_

	
_




	
Travel distance

	
   β e  t 8    

	
−0.0645

	
(−0.62)

	
−0.347

	
(−3.41 ***)

	
_

	
_




	
COVID-19 precautionary measures levels

	
   β e  t 9    

	
0.113

(3.52 ***)




	
Trip time

	
   β e  t  10     

	
−0.0237

(−5.38 ***)




	
Trip cost

	
   β e  t  11     

	
−0.00664

(−4.31 ***)




	
Parking time

	
   β e  t  12     

	
−0.00755

	
(−0.55)

	
_

	
_




	
Access time

	
   β e  t  13     

	
_

	
−0.0665

(−5.97 ***)




	
Sample size

	
2862




	
Number of parameters

	
27




	
‘Initial log-likelihood

	
−3144.228




	
final log-likelihood

	
−2982.164




	
McFadden value    ρ 2   

	
0.052








Significant codes *** p < 0.001, ** p < 0.05, * p < 0.10.
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Table 5. Results of mixed logit regression model.
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Parameters

	
Coefficients

	
Automobile

	
Carpooling

	
Traditional Bus




	
Estimated Value

	
t-Value

	
Estimated Value

	
t-Value

	
Estimated Value

	
t-Value






	
Constant

	
   β e  t 0    

	
−0.576

	
(−1.43)

	
0.553

	
(1.28)

	
_

	
_




	
Gender

	
   β e  t 1    

	
2.12

	
(3.36 ***)

	
2.21

	
(3.73 ***)

	
_

	
_




	
Occupation

	
   β e  t 2    

	
−0.0791

	
(−0.64)

	
0.322

	
(2.77 ***)

	
_

	
_




	
Education

	
   β e  t 3    

	
−0.229

	
(−1.72 *)

	
−0.175

	
(−1.41)

	
_

	
_




	
Driving license

	
   β e  t 4    

	
0.780

	
(3.66 ***)

	
0.309

	
(1.65 *)

	
_

	
_




	
Age

	
   β e  t 5    

	
0.449

	
(3.51 ***)

	
0.302

	
(2.58 **)

	
_

	
_




	
Number of persons in household

	
   β e  t 6    

	
0.281

	
(2.25 **)

	
0.373

	
(3.21 ***)

	
_

	
_




	
Marital status

	
   β e  t 7    

	
−1.57

	
(−2.53**)

	
−1.75

	
(−2.99 ***)

	
_

	
_




	
Travel distance

	
   β e  t 8    

	
−0.113

	
(−0.93 ***)

	
−0.366

	
(−3.20 ***)

	
_

	
_




	
COVID-19 precautionary measures levels

	
   β e  t 9    

	
0.106

(2.93 ***)




	
Trip time

	
   β e  t  10     

	
−0.0385

(−4.81 ***)




	
Trip cost

	
   β e  t  11     

	
−0.00775

(−4.66 ***)




	
Parking time

	
   β e  t  12     

	
−0.0077

(−0.54)

	
_

	
_




	
Access time

	
   β e  t  13     

	
_

	
−0.676

(−5.73 ***)




	
Standard deviation of travel time

	
    σ  T r i p t i m e     

	
−0.0404

(−3.84 ***)




	
Sample size

	
2862




	
Number of parameters

	
28




	
Initial log-likelihood

	
−3144.228




	
final log-likelihood

	
−2978.28




	
McFadden value    ρ 2   

	
0.053








Significant codes *** p < 0.001, ** p < 0.05, * p < 0.10.
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