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Abstract


The heavy reliance on private cars is linked not only to harmful environmental impacts, such as gas emissions and global warming, but also to other issues like traffic congestion, road infrastructure maintenance, and the limited availability of parking spaces—significant concerns in many cities. To address these challenges, carpooling has been shown to be an effective solution, as it directly reduces emissions, alleviates congestion, and mitigates the environmental effects of transportation.The aim of this research is to enhance the understanding of carpooling in our society. To achieve this, a carpooling initiative among teachers for their commuting journeys was developed and implemented, followed by an evaluation of the system by a panel of experts. The results showed a 31.9% reduction in the number of cars on the road among participants, with a total of 109,080 km saved based on the reduced number of vehicles.The primary motivation for participants to adopt carpooling was fuel savings, while the reduction of physical fatigue from driving was identified as the second most important factor. Although some barriers to participation were identified, their impact was generally lower than that of the perceived benefits. These findings suggest that carpooling programs should focus on optimizing matching conditions and addressing individual concerns to promote wider adoption.
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1. Introduction


Human transportation is a key aspect of our society. The sustainable development of transportation systems has been recognized as a crucial requirement for meeting the objectives of the United Nations 2030 Agenda for Sustainable Development, particularly in achieving the reduction of greenhouse gas emissions outlined in Goal 13 on climate action [1]. In most of developed countries, private vehicles are the preferred choice for daily travel [2], and consequently, private transportation has become a major contributor to global warming [3]. This intensive use of private cars is associated not only with negative environmental effects—gas emissions and global warming—other problems such as traffic congestion, road infrastructure maintenance, or the availability of parking facilities are causes of concern in many cities.



In order to address this variety of effects, pooling has been shown to be an effective strategy, as it directly reduces emissions, congestion, and environmental impacts of human mobility [4,5]. Just to give a relevant example, only in San Francisco 1.7–3.5 million liters of fuel are estimated to be saved each year through the use of carpooling [6]. Carpoolers can also benefit from the use of high-occupancy vehicles (HOV) lanes to avoid bottlenecks [7].



Carpooling and van pooling are not new practices [8]. They have a long history in countries such as the United States, where commuter employers often agree to travel grouped into a car to complete their common trip to or from the workplace. In other countries, such as France, Italy and Spain, it has also been demonstrated that employer initiatives and promotion possibilities can increase the adoption rate of carpooling [9,10,11].



The Sustainability of carpooling models and practices has been highlighted by several authors [12,13,14]. Some studies detected that value beliefs, and pro environmental behavior were found relevant to select carpooling before to other transportation alternatives [15]. Other research suggested that new platforms and apps can make carpooling more attractive than other ride sharing options [16]. Additionally, other previous research stated that sharing options can be considered complementary because all of them contributes to reduce environmental impact [17].



Several variables influence the performance of carpooling systems; they can be classified into four main groups: psychosocial, situational, sociodemographic, and third-part interventions factors [18]. Addressing this complexity provides fertile ground for research. In recent years, communications technologies have enabled and promoted shared mobility services, offering new alternatives to solo- drivers and increasing the car occupancy while maintaining the advantages of private vehicles. Consequently, more dynamic and flexible carpooling models and systems are now possible, e.g., with the integration of smart devices and social networks [19,20]. Furthermore, current technologies make possible the increase of matching rates. This is an important aspect, since in previous research high matching rates have been identified as a key factor to maintain the adoption of carpooling practice [21,22,23,24].



However, in spite of their potential benefits, new pooling alternatives are often underutilized due to different reasons, such as user adoption barriers, low matching rates or inefficient (suboptimal) systems [25]. Therefore, it is of great interest to provide insights of the recent research addressing the cited carpooling issues in order to promote better carpooling alternatives for sustainable mobility.



In this sense, sustainability in transportation, aligns closely with the principles of the sharing economy [21]. Also, the implementation of smart mobility solutions such as carpooling in the context of smart cities requires significant collaboration with the public sector, which often plays a key role in the development of infrastructure, regulatory frameworks, and incentives for technology adoption [26].



The current article is aimed at providing a better understanding of carpooling applied in our society. First at all, a carpooling experience among teachers in their commuting journeys, was designed and performed, and secondly the experience was evaluated through an expert panel. The structure of the document is as follows. In the first section the topic and the pursued goals were introduced. In the second section the methodology of the research was described in detail. In the third section the results were discussed. The paper concludes by highlighting the most relevant findings and suggesting directions for future research.




2. Methodologies


Two different methodologies were used in current research. Both are detailed in the following subsections.



2.1. Development of the Carpooling Experience


The first methodology was necessary to design and carry out the carpooling experience. Carpooling experience was based on a previous research related. The proposed system has been carried out considering the peculiarities of the education sector and following majority of the guidelines proposed in a previous research [27]. Due to the confidential issues related with the use of a professionals database to manage teachers personal information, the system was carried out based in the information provided by potential carpoolers. Teachers were informed about the experience in the initial general meeting of the academic year 2022–2023. Everyone who expressed their desire to participate was included in a list. Once they were included, they were asked to fill a brief form with their personal information such as: Age, Gender, Trip mileages, Zip Codes, Length as a driver, etc.



A carpooler coordinator was assigned in order to process the information needed. Figure 1 details the procedure to collect and process the information necessary to carry out carpooling practices systematically.



Then, the system is executed according to the following steps:




	1.  

	
Carpooler availability: In the first step, teachers interested in the carpooling system communicate their interest to the carpooler coordinator. They should also indicate the number of available seats for possible carpool users.




	2.  

	
Carpooling coordinator: A member of the Carpooling group was responsible as a coordinator to collect the following key information.



	-

	
Zone of departure and arrival (Zip codes)




	-

	
Available seats.




	-

	
Working timetables (Entrance and exit)







According to the match criteria, coordinator will search for matches in timetables and zip codes, and based on the matches provided a list of potential carpoolers. They were ranked by matching level.




	3.  

	
Selection and agreement: Based on the list provided each user agreed or not on the option to carpool.




	4.  

	
Carpooling results: If they agree to carpool, then the list was updated. The driver will reduce one seat available, and the passenger will eliminate their car from the available cars for that trip.









According to the steps described, the carpooling experience was carried out, and their results were detailed and discussed in Section 3.




2.2. Evaluation of the Experience Through an Expert Panel


The second methodology was used to evaluate the experience. Once the carpooling experience was performed, a qualitative method was applied to analyze the experience’ results. In order to achieve this objective, a single-round Delphi Method, known as the staticized group technique was carried out. The Delphi Method is well-documented in literature as an effective means of group-based judgment and decision-making [28]. Previous studies using the Delphi approach describe it as a systematic and interactive research technique that gathers the judgments of a panel of independent experts on a specific topic [29]. Experts are selected according to predefined criteria and participate in two or more rounds of structured surveys. After each round, participants receive an anonymized summary of the results, allowing them to review the anonymous opinions of their peers and revise their inputs in subsequent rounds. This iterative process aims to reduce result variability and achieve a consensus on the most accurate value. The process concludes either when consensus is reached or after a predetermined number of rounds.



The staticized group technique resembles the Delphi Method but lacks feedback and additional rounds. The staticized groups methodology has been applied in various fields such as healthcare [30] and sustainability [31]. There are differing opinions regarding the accuracy of consensus achieved through the Delphi Method. Some researchers found no significant difference in accuracy between the Delphi and staticized group approaches, while others advocate for the staticized group technique, arguing that it avoids guiding participants towards a consensus on a potentially suboptimal value. This rationale underpins the use of staticized groups in the current study.



Although generalizing results from a small expert panel to a larger population lacks statistical significance, one of the main strengths of the staticized group methodology is leveraging the expertise of specialists in a specific field. The selected experts possess knowledge that exceeds that of a representative sample, thus their insights provide valuable benefits for both research and practical applications.



2.2.1. Expert Selection


In staticized groups methodology, expert selection is a key factor. Previous studies were developed with a number of experts among 8 and 16 panelists and a minimum of 8 was suggested. In current research the authors incorporate 14 panelists from the carpooling experience. Half of the selected experts were women (Experts 1 to 6) and the other half were men (Experts 7 to 12). The requirement of the experts was defined in the literature [29] as the most important facet of the method. A flexible point system adapted to the specific aim of our research is summarized in Table 1. According to that, the results obtained by each panelist in the flexible point system are detailed in Table 2.



Regarding the personal conditions of the participants, the panel of experts was finally made up of 7 women and 7 men. Once a year, a high percentage of them are relocated to a different workplace; the distance that they must commute varies. Although their mobility patterns are important to design sustainable transportation alternatives, official data about it are not published.




2.2.2. Questionnaire Design


The items selected for the questionnaire were adapted from a previous research [31] based on scientific literature. Carpooling factors were classified as incentives (Table 3) or barriers (Table 4). They were evaluated by panelist according to the carpooling experience developed.



A Likert scale was presented to the experts for evaluating the items. It is a psychometric instrument consisting of a series of statements related to the study’s hypothesis [51].



An online survey was employed to gather participants’ feedback. To minimize bias and enhance the research quality, the following strategies were implemented: The questions were randomized for each participant to mitigate the contrast and primacy effects, and the anonymity of all panel members was guaranteed.



The staticized group methodology did not require reaching a consensus; instead, variance and standard deviations were calculated to compare the outcomes with those obtained through the Delphi method, which involved additional rounds of feedback. The reliability of the questionnaire was assessed using Cronbach’s alpha coefficients [52].






3. Results and Discussion


3.1. Carpooling Experience


A sample of 56 participants complete the carpooling experience during an academic year (9 months). The most relevant characteristic of the participants are summarized in Table 5.



Only fossil fuel cars with a human driver were possible to study, because any participant own electric or autonomous car. They were classified according to 9 different groups based on their personal circumstances such as workplace location and timetables. The groups are described in the following Table 6. The first group is composed by teachers who do not want to share their car, then numbers of cars on the road can not be reduced in this group. In the second group, their members are willing to carpool and match in their zip codes (home and workplace) and timetables (In and Out). In groups three and four they share same timetables but their zips are no equals both. In groups 5 and 6 they share zip codes but their timetables are not the same. In group 7, zips and and time table are not the same but they are close. In group 8 there are not matches, and finally in group 9 they are able to reach workplace without a car.



Results were described in Table 7. A reduction of 31.9% of the initial number of cars was achieved among the participants. This result is little higher compared with previous results from experiences as CIVITAS project 30% [9]. This project was focused on a carpooling system for students and staff at the Krakow University of Technology.



It is remarkable that is not possible to reduce the number of cars in a 100%. The highest percentage of reduction possible should be 80%, grouping all solo cars, in pooled cars with 5 passengers. This is only possible were matching rates are optimal. Initial rate of 1 passenger per vehicle was increased to 1.4 passenger per vehicle. This rate is higher than habitual commuting rates cited by previous studies which are around 1.1 and 1.2 [35,53]. A total amount of 109,080 km were saved based on the cars reduced, and their trips in one academic year composed by 180 working days. As a consequence, and considering an average of emission of 150 g of    CO 2    per car, a total 16,362 kg of    CO 2    were not emitted.




3.2. Evaluation of the Experience Through an Expert Panel


In the current section, results provided by panelists based on their perception about carpooling experience detailed in previous section, are described (Table 8) and analyzed. The consistency and reliability of the results was tested calculating Cronbach’s Alpha in both group of items. Group of items about incentives obtained Cronbach’s Alpha of 0.710, while the group of barriers reached a value 0.678. According to conventional thresholds, results with Cronbach’s Alpha values above 0.7 are considered acceptable in terms of internal consistency, while values between 0.6 and 0.7 suggest moderate reliability [52]. Thus, while the results can generally be considered reliable and consistent, there is room for improvement in the items related to barriers, suggesting some heterogeneity in respondents’ perceptions of the challenges related to carpooling.



Then results can be considered reliable and consistent [52].



On one hand, main benefits perceived by experts were evaluated in Table 8. Fuel-saving was pointed by experts with highest value (Item I1; AVG = 9.57). The importance of the fuel-saving as an incentive to carpooling has been highlighted by several authors [6,25,34,54,55].



An incentive related with fuel-saving is the reduction of    CO 2    emission. Although drivers pointed with high values the emission reduction (Item I8; AVG = 7.93), the importance of cited incentive is lower than fuel-saving. This is motivated because drivers tend to associate fuel-saving with money-saving in a stronger way than emission reduction, although both are associated similarly [49,56]. Then, the reduction of 31.9% of the vehicles achieved in the experience is considered by participants in a fuel-saving incentive.



Fuel savings represent a tangible and immediate economic benefit, which resonates strongly with drivers who tend to prioritize personal financial gains. This reinforces the notion that economic incentives, particularly those tied to fuel costs, serve as key motivators for carpooling adoption. Despite the environmental advantages of carpooling being well-established, the direct economic impact appears to weigh more heavily in individuals’ decision-making processes.



Regarding personal variables the reduction of driving physical fatigue scored the second highest value in the group of incentives. This, incentive was pointed by previous researchers as an important reason to adopt carpooling [42,57]. In contrast social variables such as support from coworkers, socialization or improves relation obtained the lowest values. However, all the item were obtained values higher than 7.



On the other hand, as it can be observed in Table 9, barriers detected by carpoolers obtained in general lower values compared with incentives. Also, the values obtained are higher than scores in a previous experience based on similar questions [31]. This could be motivated because the advantages perceived in the incentives, mitigated the disadvantage perception by the participants. The lost of independence while carpooling was pointed with the highest value (Item B4; AVG = 5.86). In a similar way, previous studies pointed loss of personal independence as an important barrier to adopt carpooling [35,48,58]. Some of the most frequently mentioned barriers in the literature include issues related to scheduling flexibility, trust among users, and concerns about the inconvenience of sharing rides. Such factors tend to introduce variability in responses, as the impact of these barriers may differ based on individual circumstances, such as geographical location, commuting distance, and personal preferences.





4. Conclusions


The results obtained demonstrated significant potential for reducing vehicle usage and environmental impact. Key conclusions based on the results are as follows:



First at all, a notable reduction of 31.9% in the number of vehicles on the road was achieved. While a 100% reduction was not feasible due to individual constraints, an optimal scenario could allow for up to 80% reduction if carpooling conditions (such as schedule and location matching) were maximized.The reduction in vehicle usage led to a saving of 109,080 km of travel over the course of 180 working days, with an average of 2537 km per carpooler. This decrease in driving distance directly resulted in a significant environmental benefit, with an estimated 16,362 kg of    CO 2    emissions avoided, assuming an average emission of 150 grams of    CO 2    per km and vehicle. These results underscore the environmental advantages of carpooling, aligning with previous findings on the reduction of traffic-related emissions through shared transportation initiatives.



Regarding the incentives to carpooling, the primary motivation for participants was fuel savings. This finding is consistent with previous literature highlighting the importance of economic incentives, particularly those tied to fuel costs, as critical motivators for carpooling adoption.



In addition, the reduction of physical fatigue from driving was identified as the second most important incentive, which suggests that participants also valued the personal health and well-being benefits of shared commuting. This incentive has been corroborated by previous studies that emphasize the reduction in driving stress and fatigue as key reasons to adopt carpooling.



Also, social incentives, such as increased coworker support, socialization, and improved relationships, received lower ratings. However, all incentive items scored above 7, indicating overall positive perceptions of the carpooling experience.



Although barriers were also identified, their impact was generally lower than that of the perceived incentives. This suggests that the advantages of carpooling, such as fuel savings and reduced fatigue, may mitigate participants’ concerns about potential downsides.



The loss of personal independence while carpooling was perceived as the most significant barrier. This finding aligns with previous studies, which also cited the loss of independence as a key obstacle to carpooling adoption. Factors such as scheduling flexibility, trust, and convenience were also noted as potential challenges, reflecting the diverse personal preferences and logistical considerations that can affect carpooling participation.



The variability in the perceived barriers indicates that carpooling programs could benefit from targeted efforts to address concerns such as scheduling flexibility and loss of independence. Tailored strategies, such as flexible ride-sharing arrangements or providing incentives for maintaining personal freedom, could help mitigate these concerns and increase participation rates. Promoting environmental benefits, in addition to economic incentives, could also broaden the appeal of carpooling. Although emissions reductions were rated highly, the direct economic impact of fuel savings was seen as more important by participants, highlighting the need for enhanced communication of the societal and long-term benefits of carpooling.



The study demonstrates that carpooling can significantly reduce the number of vehicles on the road, resulting in substantial environmental and economic benefits. While fuel savings and physical fatigue reduction were key motivators, barriers such as loss of independence and logistical challenges need to be addressed to maximize participation. These findings suggest that carpooling programs should focus on optimizing matching conditions and addressing individual concerns to promote wider adoption. The effectiveness of the system can promote similar experiences in other schools and other sectors.



In summary, while fuel-saving incentives stand out as the primary motivators for carpooling, further efforts should be made to communicate the broader benefits, such as emission reductions, to encourage wider adoption.



4.1. Limitations


Participants in the experience were selected from the same region in Spain. Specific characteristics of the region such as: climatic conditions, public transportation availability or traffic conditions could have influence in the results obtained.



The results were tested as reliable and consistent, however a bigger sample could provide results with different reliability.



Although results might be transferred to other types of trip, it is important to note that personal variables and matching rates will change depending on the journey conditions.




4.2. Future Research


Design of strategies and tools to increase the match rates among the potential participants, will increase the participants in future experiences, and it will encourage carpooling adoption. According to the current research, future experiences in different regions with wider samples of participants will extend the previous results. Additionally, new car technologies such as: electric, hybrid and autonomous vehicles might be included in the sample studied.



Similar experiences can be performed in other sectors with different conditions for a better knowledge of the carpooling variables in other working environments. It is important to bear on mind that replicability in other contexts will be conditioned by quality of key information such as departure and arrival zones, timetables, and available seats. This information will be the base of matching rates.



Finally, the development for the improvement of communication strategies to promote carpooling among potential carpoolers from the same sector, could increase carpooling adoption.








Author Contributions


Conceptualization, V.D.-F. and M.d.C.R.-M.; methodology, M.d.C.R.-M.; software, M.d.C.R.-M.; validation, M.d.C.R.-M.; formal analysis, M.P.R.; investigation, M.d.C.R.-M.; resources, M.d.C.R.-M.; data curation, V.D.-F.; writing—original draft preparation, All authors; writing—review and editing, All authors; visualization, All authors; supervision M.P.R.; project administration M.P.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received funding from the project referenced as “UMA20-FEDERJA-078” and titled “Diseño de un sistema smart carpooling para la mejora de la movilidad, y la reducción de la siniestralidad laboral” and from “Plan Propio-Universidad de Málaga”—This paper is financed by National Funds provided by FCT—Foundation for Science and Technology through project UIDB/04020/2020 with DOI 10.54499/UIDB/04020/2020 (https://doi.org/10.54499/UIDB/04020/2020).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data is contained within the article.




Acknowledgments


The authors would like to acknowledge “Universidad de Málaga”.




Conflicts of Interest


The authors declare no conflict of interest.




Abbreviations


The following abbreviations are used in this manuscript:



	AVG
	Average



	B
	Barrier



	DESV
	Standard deviation



	E
	Expert



	I
	Incentive



	VAR
	Variance









References


	



Sukhov, A.; Olsson, L.E.; Friman, M. Necessary and sufficient conditions for attractive public Transport: Combined use of PLS-SEM and NCA. Transp. Res. Part A Policy Pract. 2022, 158, 239–250. [Google Scholar] [CrossRef]

	



Buehler, R.; Pucher, J.; Gerike, R.; Götschi, T. Reducing car dependence in the heart of Europe: Lessons from Germany, Austria, and Switzerland. Transp. Rev. 2017, 37, 4–28. [Google Scholar] [CrossRef]

	



Saleem, M.A.; Eagle, L.; Low, D. Climate change behaviors related to purchase and use of personal cars: Development and validation of eco-socially conscious consumer behavior scale. Transp. Res. Part D Transp. Environ. 2018, 59, 68–85. [Google Scholar] [CrossRef]

	



Shaheen, S.; Cohen, A. Shared ride services in North America: Definitions, impacts, and the future of pooling. Transp. Rev. 2019, 39, 427–442. [Google Scholar] [CrossRef]

	



Gandia, R.; Antonialli, F.; Nicolaï, I.; Sugano, J.; Oliveira, J.; Oliveira, I. Casual carpooling: A strategy to support implementation of Mobility-as-a-Service in a developing country. Sustainability 2021, 13, 2774. [Google Scholar] [CrossRef]

	



Minett, P.; Pearce, J. Estimating the energy consumption impact of casual carpooling. Energies 2011, 4, 126–139. [Google Scholar] [CrossRef]

	



Menendez, M.; Daganzo, C.F. Effects of HOV lanes on freeway bottlenecks. Transp. Res. Part B Methodol. 2007, 41, 809–822. [Google Scholar] [CrossRef]

	



Chan, N.D.; Shaheen, S.A. Ridesharing in North America: Past, present, and future. Transp. Rev. 2012, 32, 93–112. [Google Scholar] [CrossRef]

	



Ballet, J.C.; Clavel, R. Le Covoiturage en France et en Europe: État des Lieux et Perspectives; Technical Report; Centre d’Études sur les Réseaux, les Transports, l’Urbanisme et les Constructions Publiques (CERTU), Ministère de l’Écologie, de l’Énergie, du Développement durable et de la Mer: Lyon, France, 2007. [Google Scholar]

	



Galizzi, M.M. The economics of Car-Pooling: A survey for Europe. In Paper for the Workshop: Highways-Cost and Regulation in Europe; Universita degli Studi di Bergamo: Bergamo, Italy, 2004. [Google Scholar]

	



Molina, J.A.; Giménez-Nadal, J.I.; Velilla, J. Sustainable commuting: Results from a social approach and international evidence on carpooling. Sustainability 2020, 12, 9587. [Google Scholar] [CrossRef]

	



Aguiléra, A.; Pigalle, E. The Future and Sustainability of Carpooling Practices. An Identification of Research Challenges. Sustainability 2021, 13, 11824. [Google Scholar] [CrossRef]

	



Abutaleb, S.; El-Bassiouny, N.; Hamed, S. Sharing rides and strides toward sustainability: An investigation of carpooling in an emerging market. Manag. Environ. Qual. Int. J. 2020, 32, 4–19. [Google Scholar] [CrossRef]

	



Bachmann, F.; Hanimann, A.; Artho, J.; Jonas, K. What drives people to carpool? Explaining carpooling intention from the perspectives of carpooling passengers and drivers. Transp. Res. Part F Traffic Psychol. Behav. 2018, 59, 260–268. [Google Scholar] [CrossRef]

	



Dinesh, S.; Rejikumar, G.; Sisodia, G.S. An empirical investigation into carpooling behaviour for sustainability. Transp. Res. Part F Traffic Psychol. Behav. 2021, 77, 181–196. [Google Scholar] [CrossRef]

	



Tafreshian, A.; Masoud, N.; Yin, Y. Frontiers in service science: Ride matching for peer-to-peer ride sharing: A review and future directions. Serv. Sci. 2020, 12, 44–60. [Google Scholar] [CrossRef]

	



Arbeláez Vélez, A.M. Environmental impacts of shared mobility: A systematic literature review of life-cycle assessments focusing on car sharing, carpooling, bikesharing, scooters and moped sharing. Transp. Rev. 2024, 44, 634–658. [Google Scholar] [CrossRef] [PubMed]

	



Neoh, J.G.; Chipulu, M.; Marshall, A. What encourages people to carpool? An evaluation of factors with meta-analysis. Transportation 2017, 44, 423–447. [Google Scholar] [CrossRef]

	



Dorinson, D.; Gay, D.; Minett, P.; Shaheen, S. Flexible Carpooling: Exploratory Study; University of California: Davis, CA, USA, 2009. [Google Scholar]

	



Anas, M.; Gunavathi, C.; Kirubasri, G. Machine Learning Based Personality Classification for Carpooling Application. In Proceedings of the 2023 International Conference on Intelligent Systems for Communication, IoT and Security (ICISCoIS), Coimbatore, India, 9–11 February 2023; pp. 77–82. [Google Scholar]

	



Shaheen, S.; Cohen, A.; Zohdy, I. Shared Mobility: Current Practices and Guiding Principles; Technical Report; Federal Highway Administration: Washington, DC, USA, 2016. [Google Scholar]

	



Liu, X.; Titheridge, H.; Yan, X.; Wang, R.; Tan, W.; Chen, D.; Zhang, J. A passenger-to-driver matching model for commuter carpooling: Case study and sensitivity analysis. Transp. Res. Part C Emerg. Technol. 2020, 117, 102702. [Google Scholar] [CrossRef]

	



Hussain, I.; Knapen, L.; Bellemans, T.; Janssens, D.; Wets, G. A matching framework for employees to support carpooling in the context of large companies. IEEE Trans. Intell. Transp. Syst. 2020, 23, 1159–1170. [Google Scholar] [CrossRef]

	



Zheng, T.; Jiang, Y. Driver-rider matching and route optimization in carpooling service for delivering intercity commuters to the high-speed railway station. Expert Syst. Appl. 2023, 227, 120231. [Google Scholar] [CrossRef]

	



Shaheen, S.A.; Chan, N.D.; Gaynor, T. Casual carpooling in the San Francisco Bay Area: Understanding user characteristics, behaviors, and motivations. Transp. Policy 2016, 51, 165–173. [Google Scholar] [CrossRef]

	



Anthopoulos, L.G.; Tzimos, D.N. Carpooling platforms as smart city projects: A bibliometric analysis and systematic literature review. Sustainability 2021, 13, 10680. [Google Scholar] [CrossRef]

	



Rey-Merchán, M.d.C.; López-Arquillos, A.; Pires Rosa, M.; Gómez-de Gabriel, J.M. Proposal for an institutional carpooling system among workers from the public-education sector. Sustainability 2022, 14, 14601. [Google Scholar] [CrossRef]

	



Skinner, R.; Nelson, R.R.; Chin, W.W.; Land, L. The Delphi method research strategy in studies of information systems. Commun. Assoc. Inf. Syst. 2015, 37, 2. [Google Scholar] [CrossRef]

	



Hallowell, M.R.; Gambatese, J.A. Qualitative research: Application of the Delphi method to CEM research. J. Constr. Eng. Manag. 2010, 136, 99–107. [Google Scholar] [CrossRef]

	



Alassafi, H.; Al-Gahtani, K.S.; Almohsen, A.S. Medical Gas Systems Maintainability Risks in Healthcare Facilities: A Design Optimization Approach. Sustainability 2023, 15, 9204. [Google Scholar] [CrossRef]

	



Rey-Merchán, M.d.C.; López-Arquillos, A.; Pires Rosa, M. Carpooling systems for commuting among teachers: An expert panel analysis of their barriers and incentives. Int. J. Environ. Res. Public Health 2022, 19, 8533. [Google Scholar] [CrossRef]

	



Čulík, K.; Kalašová, A.; Synák, F. Cost calculation and economic efficiency of carpooling. Transp. Res. Procedia 2021, 55, 228–235. [Google Scholar] [CrossRef]

	



Gheorghiu, A.; Delhomme, P. For which types of trips do French drivers carpool? Motivations underlying carpooling for different types of trips. Transp. Res. Part A Policy Pract. 2018, 113, 460–475. [Google Scholar] [CrossRef]

	



Shaheen, S.; Cohen, A.; Bayen, A. The Benefits of Carpooling; Transportation Sustainability Research Center: Berkeley, CA, USA, 2018. [Google Scholar]

	



Delhomme, P.; Gheorghiu, A. Comparing French carpoolers and non-carpoolers: Which factors contribute the most to carpooling? Transp. Res. Part D Transp. Environ. 2016, 42, 1–15. [Google Scholar] [CrossRef]

	



Echeverría, L.; Giménez, J.I.; Molina, J.A. Carpooling: User Profiles and Well-Being; IZA—Institute of Labor Economics: Bonn, Germany, 2021. [Google Scholar]

	



Wang, T.; Chen, C. Attitudes, mode switching behavior, and the built environment: A longitudinal study in the Puget Sound Region. Transp. Res. Part A Policy Pract. 2012, 46, 1594–1607. [Google Scholar] [CrossRef]

	



Malodia, S.; Singla, H. A study of carpooling behaviour using a stated preference web survey in selected cities of India. Transp. Plan. Technol. 2016, 39, 538–550. [Google Scholar] [CrossRef]

	



Shaheen, S.; Stocker, A.; Mundler, M. Online and app-based carpooling in France: Analyzing users and practices—A study of BlaBlaCar. In Disrupting Mobility; Springer: Berlin/Heidelberg, Germany, 2017; pp. 181–196. [Google Scholar]

	



Ma, N.; Zeng, Z.; Wang, Y.; Xu, J. Balanced strategy based on environment and user benefit-oriented carpooling service mode for commuting trips. Transportation 2021, 48, 1241–1266. [Google Scholar] [CrossRef]

	



Maier, R.; Friman, M. Why Do They Ride with Others? Meta-Analysis of Factors Influencing Travelers to Carpool. Sustainability 2019, 11, 2414. [Google Scholar] [CrossRef]

	



Monchambert, G. Why do (or don’t) people carpool for long distance trips? A discrete choice experiment in France. Transp. Res. Part A Policy Pract. 2020, 132, 911–931. [Google Scholar] [CrossRef]

	



Ciari, F.; Axhausen, K.W. Choosing carpooling or car sharing as a mode: Swiss stated choice experiments. In Proceedings of the 91st Annual Meeting of the Transportation Research Board (TRB 2012), Washington, DC, USA, 22–26 January 2012; p. 12, No. 4205. [Google Scholar]

	



van der Waerden, P.; Lem, A.; Schaefer, W. Investigation of factors that stimulate car drivers to change from car to carpooling in city center oriented work trips. Transp. Res. Procedia 2015, 10, 335–344. [Google Scholar] [CrossRef]

	



Matsuo, M. Carpooling and drivers without household vehicles: Gender disparity in automobility among Hispanics and non-Hispanics in the US. Transportation 2020, 47, 1631–1663. [Google Scholar] [CrossRef]

	



Kaplowitz, S.A.; Slabosky, A. Trying to increase carpooling at a major US university: A survey and an intervention. Sustain. J. Rec. 2018, 11, 74–80. [Google Scholar]

	



Tsai, Y.T.; Yu, C.H.; Boonprakob, R. Assessing carpooling drivers and barriers: Evidence from Bangkok, Thailand. Transp. Res. Part F Traffic Psychol. Behav. 2021, 82, 84–95. [Google Scholar] [CrossRef]

	



Neoh, J.G.; Chipulu, M.; Marshall, A.; Tewkesbury, A. How commuters’ motivations to drive relate to propensity to carpool: Evidence from the United Kingdom and the United States. Transp. Res. Part A Policy Pract. 2018, 110, 128–148. [Google Scholar] [CrossRef]

	



Julagasigorn, P.; Banomyong, R.; Grant, D.B.; Varadejsatitwong, P. What encourages people to carpool? A conceptual framework of carpooling psychological factors and research propositions. Transp. Res. Interdiscip. Perspect. 2021, 12, 100493. [Google Scholar] [CrossRef]

	



Mitropoulos, L.; Kortsari, A.; Ayfantopoulou, G. Factors Affecting Drivers to Participate in a Carpooling to Public Transport Service. Sustainability 2021, 13, 9129. [Google Scholar] [CrossRef]

	



Jebb, A.T.; Ng, V.; Tay, L. A review of key Likert scale development advances: 1995–2019. Front. Psychol. 2021, 12, 637547. [Google Scholar] [CrossRef] [PubMed]

	



Park, H. Reliability using Cronbach alpha in sample survey. Korean J. Appl. Stat. 2021, 34, 1–8. [Google Scholar]

	



Dörrzapf, L.; Tanzer, L.; Kammerhofer, A.; Preißler, R.; Berger, M. Increase Occupancy Rate in Passenger Cars–Potentials of Awareness Raising for Carpooling. In LET IT GROW, LET US PLAN, LET IT GROW. Nature-Based Solutions for Sustainable Resilient Smart Green and Blue Cities, Proceedings of the REAL CORP 2023, 28th International Conference on Urban Development, Regional Planning and Information Society, Vienna, Austria, 18–20 September 2023; CORP–Competence Center of Urban and Regional Planning: Vienna, Austria, 2023; pp. 391–401. [Google Scholar]

	



Noussan, M.; Jarre, M. Assessing Commuting Energy and Emissions Savings through Remote Working and Carpooling: Lessons from an Italian Region. Energies 2021, 14, 7177. [Google Scholar] [CrossRef]

	



Haroon, W.; Khan, M.A.; Ilyas, Z.; Almujibah, H.R.; Zubair, M.U.; Ashfaq, M.; Hamza, M. Analyzing Young Adult Travelers’ Perception and Impacts of Carpooling on Traffic Sustainability. Sustainability 2024, 16, 6098. [Google Scholar] [CrossRef]

	



Ciasullo, M.V.; Troisi, O.; Loia, F.; Maione, G. Carpooling: Travelers’ perceptions from a big data analysis. TQM J. 2018, 30, 554–571. [Google Scholar] [CrossRef]

	



Le Goff, A.; Monchambert, G.; Raux, C. Are solo driving commuters ready to switch to carpool? Heterogeneity of preferences in Lyon’s urban area. Transport Policy 2022, 115, 27–39. [Google Scholar] [CrossRef]

	



Huang, K.; Liu, Z.; Kim, I.; Zhang, Y.; Zhu, T. Analysis of the influencing factors of carpooling schemes. IEEE Intell. Transp. Syst. Mag. 2019, 11, 200–208. [Google Scholar] [CrossRef]








[image: Sustainability 16 10330 g001] 





Figure 1. Carpooling proposal flowchart. Adapted from Rey et al. [27]. 
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Table 1. Achievements included in the Flexible point system for panelist selection. Adapted from Rey et al. 2022 [31].
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	Achievements or Experience
	Code
	Points





	Carpoolers before the current research
	A1
	3



	Year of experience as a carpooler
	A2
	2



	Commuting between different cities
	A3
	3










 





Table 2. Achievements included in the Flexible Point System for panelist selection. Adapted from Rey et al. 2022 [31].
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	Panelist
	A1
	A2
	A3
	Total





	1
	3
	24
	3
	30



	2
	3
	22
	3
	28



	3
	0
	40
	3
	43



	4
	3
	30
	3
	36



	5
	3
	28
	3
	34



	6
	0
	32
	3
	35



	7
	3
	20
	0
	23



	8
	3
	12
	0
	15



	9
	0
	18
	3
	21



	10
	0
	20
	3
	23



	11
	3
	40
	3
	46



	12
	3
	24
	0
	27



	13
	0
	36
	3
	39



	14
	3
	20
	3
	26



	AVG
	2
	26
	2
	30



	MED
	3
	24
	3
	29



	DESV
	1.49
	8.50
	1.28
	8.83










 





Table 3. Incentives perceived in the carpooling experience adapted from Rey et al. 2022 [31].
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Category

	
Incentives

	
Authors

	
Code






	
Vehicle

	
Fuel-saving

	
[6,32,33,34]

	
I1




	
Personal

	
Reduce driving physical fatigue

	
[33,35,36]

	
I2




	
Reduce driving mental fatigue

	
[33,35,36]

	
I3




	
Rest during the displacement

	
[33,35,36]

	
I4




	
Social

	
Support from coworkers in the same situation

	
[35,37]

	
I5




	
Improves relations between coworkers

	
[38]

	
I6




	
Socialize out of the worksite

	
[39]

	
I7




	
Environmental

	
Reduce emissions

	
[25,40,41]

	
I8











 





Table 4. Barriers detected in the carpooling experience adapted from Rey et al. 2022 [31].
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Category

	
Barriers

	
Authors

	
Code






	
Vehicle

	
Low fuel-saving

	
[39,42]

	
B1




	
Time

	
Spending time waiting for coworkers

	
[38,42,43]

	
B2




	
Earlier start of the journey

	
[44]

	
B3




	
Personal

	
Less Independence

	
[33,35]

	
B4




	
Different genders of coworkers

	
[11,15,45]

	
B5




	
Social

	
Social awkwardness

	
[46,47]

	
B6




	
Extending work problems to the car

	
[48,49]

	
B7




	
Low-match of coworkers’ timetables

	
[50]

	
B8











 





Table 5. Drivers’ personal profile.
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	Drivers’ Personal Profile
	Average





	Length of driving license (years)
	10.9



	Annual mileage (km)
	13,839



	Mileage of most frequent journey (km)
	71.5



	Age
	40.3



	Children
	1.7










 





Table 6. Characterization of Group of carpoolers.
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	Group
	Carpooler
	Home Zip
	Work Zip
	Time Match





	1
	NO
	-
	-
	-



	2
	YES
	EQUAL
	EQUAL
	IN&OUT



	3
	YES
	NEAR
	EQUAL
	IN&OUT



	4
	YES
	EQUAL
	NEAR
	IN&OUT



	5
	YES
	EQUAL
	EQUAL
	CLOSE IN



	6
	YES
	EQUAL
	EQUAL
	CLOSE OUT



	7
	YES
	NEAR
	NEAR
	CLOSE IN&OUT



	8
	YES
	NO MATCH
	NO MATCH
	-



	9
	NO
	-
	-
	-










 





Table 7. Cars reduction and    CO 2    saved during one academic year.
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	Group
	% of Cars Reduced
	km Saved/Year
	    CO 2     kg Saved/Year





	Group 1
	0.0
	0
	0



	Group 2
	60.0
	22,680
	3402



	Group 3
	50.0
	17,280
	2592



	Group 4
	66.7
	14,760
	2214



	Group 5
	60.0
	37,800
	5670



	Group 6
	0.0
	0
	0



	Group 7
	50.0
	16,560
	2484



	Group 8
	0.0
	0
	0



	Total
	31.9
	109,080
	16,362










 





Table 8. Benefits perceived by experts during their experience. (Cronbach’s Alfa = 0.710).
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	Item
	I1
	I2
	I3
	I4
	I5
	I6
	I7
	I8





	E1
	10
	9
	9
	8
	7
	8
	8
	8



	E2
	9
	8
	8
	8
	8
	7
	7
	8



	E3
	10
	8
	8
	8
	7
	7
	8
	8



	E4
	10
	9
	8
	8
	7
	7
	7
	7



	E5
	10
	8
	9
	8
	6
	6
	7
	7



	E6
	9
	9
	8
	7
	7
	7
	8
	8



	E7
	10
	7
	8
	7
	6
	6
	7
	7



	E8
	9
	8
	7
	7
	8
	8
	8
	8



	E9
	9
	8
	7
	7
	7
	7
	6
	8



	E10
	10
	8
	7
	7
	8
	8
	7
	9



	E11
	10
	8
	8
	8
	8
	8
	6
	9



	E12
	9
	9
	7
	7
	7
	7
	8
	9



	E13
	9
	8
	7
	7
	7
	7
	7
	8



	E14
	10
	7
	6
	7
	5
	6
	6
	7



	AVG
	9.57
	8.14
	7.64
	7.43
	7.00
	7.07
	7.14
	7.93



	DESV
	0.51
	0.66
	0.84
	0.51
	0.88
	0.73
	0.77
	0.73



	VAR
	0.24
	0.41
	0.66
	0.24
	0.71
	0.49
	0.55
	0.49










 





Table 9. Barriers detected by experts during their experience (Cronbach’s Alfa = 0.678).






Table 9. Barriers detected by experts during their experience (Cronbach’s Alfa = 0.678).





	Item
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8





	E1
	1
	5
	2
	7
	1
	2
	2
	5



	E2
	2
	5
	3
	7
	1
	2
	3
	5



	E3
	1
	6
	4
	8
	1
	2
	2
	5



	E4
	1
	4
	1
	6
	1
	1
	2
	4



	E5
	1
	3
	1
	5
	1
	1
	2
	4



	E6
	2
	4
	3
	7
	2
	2
	4
	3



	E7
	1
	5
	4
	5
	1
	1
	2
	4



	E8
	2
	5
	3
	6
	1
	1
	3
	3



	E9
	1
	3
	2
	4
	1
	1
	2
	4



	E10
	1
	4
	2
	6
	1
	2
	1
	4



	E11
	1
	2
	1
	6
	1
	2
	1
	5



	E12
	2
	4
	2
	6
	2
	3
	2
	3



	E13
	2
	4
	2
	6
	1
	2
	3
	5



	E14
	1
	3
	2
	3
	1
	2
	1
	5



	AVG
	1.36
	4.07
	2.29
	5.86
	1.14
	1.71
	2.14
	4.21



	DESV
	0.50
	1.07
	0.99
	1.29
	0.36
	0.61
	0.86
	0.80



	VAR
	0.23
	1.07
	0.92
	1.55
	0.12
	0.35
	0.69
	0.60
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