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Abstract


E-scooter sharing services been grown exponentially within the last five years. They are based on the flexibility of accessing dense urban areas without specialized infrastructure. In modern cities, there are diverse road environments that impact the comfort, and therefore the attractiveness, of micro-mobility services. This study aims to investigate the willingness to use e-scooter sharing services, while considering the road environment. To formulate area-specific pricing policies, a stated preferences experiment with 243 respondents, who can be considered as potential users, is conducted in Athens, Greece and a binary logistic regression model with random beta parameters is developed. The analysis of the model marginal effects indicates that the integration of bonus points into micro-mobility services, combined with the option of transferring these points to parking services, can compensate a non-friendly road environment, thus increasing the service demand. The existence of roads with good pavement conditions and wide sidewalks significantly increased the willingness of respondents to use e-scooter sharing services. Unexpectedly, pedestrianized zones in a buffer area of 2 km radius from the trip origin reinforce the attractiveness of shared e-scooters, while the contribution of bike lanes and traffic calming streets (or shared space) were proven to be insignificant.
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1. Introduction


In recent years, micro-mobility has been considered as a potential solution for addressing transportation needs in urban areas that are more predisposed to traffic congestion [1]. As defined by the International Transport Forum (ITF), micro-mobility is “the use of micro-vehicles: vehicles with a mass of no more than 350 kg (771 lb) and a design speed no higher than 45 km/h” [2]. Taking into consideration that most common trips in urban areas have a maximum length of no more than 5 km, micro-mobility vehicles, such as e-scooters, can become a suitable alternative [3]. Therefore, micro-mobility modes aspire to meet sustainability criteria by promoting multimodality and active mobility, which in turn leads to the minimization of environmental harm and the efficient use of resources [3]. The last view is questioned by the study of De Bortoli and Christoforou [4], which proved that shared e-scooters can generate an additional thirteen thousand tons of CO2 emission if its demand reaches 1 million users in Paris, France. Furthermore, it seems that the manufacturing and charging processes of dockless micro-mobility modes have a more significant environmental harm compared to its operational stage [5,6]. An e-scooter is defined as “a wheeled vehicle that: (a) has a center column with a handlebar, (b) It is controlled by the operator using accelerator/throttle and brakes, (c) It has a foot platform for the operator to stand on, (d) It is powered partially or fully by a motor, (e) it is manufactured primarily for transportation of one person […], and (f) is composed of two or three wheels”. The main advantage of micro-mobility vehicles, and particularly e-scooters, is their flexibility, as they compete over space with pedestrians, cyclists, and motorized transport [7]. However, their capability to switch between vehicle roadways and pedestrian sidewalks can also become a major handicap, as this dual behavior creates complex and unsafe traffic interactions with other road users [8]. A previous research study conducted by Liazos et al. [9] developed a decision-making tool that considers traffic safety in the geofence planning of an e-scooter sharing service.



The rising demand for micro-mobility vehicles has provoked an interest in understanding the factors that impact e-scooter travelling. In 2019, a study consisting of findings from secondary data analysis, a series of observations, and a quantitative questionnaire survey completed by 534 users in the city of Rethymno, Greece showed that micromobility services seem to be popular for short-distance travel (up to 1.5 km) and very short rentals (up to 15 min) within the central urban core [10]. The variables of travel distance and travel time were also mentioned in a study that took place in Washington D.C., USA. The main conclusions, which emerged from the use of descriptive statistical methods, showed that the travel distance did not exceed 0.73 miles (1.17 km) and that the travel time was quite long, with an average of 13.82 min [11]. Similar preferences were demonstrated by participants in a questionnaire in Singapore. According to the study findings, e-scooters are currently more likely to replace short-distance trips that are performed by walking [12]. A similar questionnaire survey which was conducted in Paris, France resulted in an average distance of 15 min or 2.5 km [13].



Another variable that was identified in different studies was the impact of public transportation on the number of e-scooter trips. The relationship between bus lines and e-scooters was investigated by the Difference-in-Differences method on the spatio-temporal patterns of micro-mobility means of movement in Indianapolis, USA [14]. The results of the study showed that approximately 27% of micro-mobility trips could potentially replace and compete with the existing bus system. Furthermore, most of the e-scooter trips began in the city center (68%), while the supplementary trips (29%) are mainly outside the city center, where the bus coverage is low. Surprisingly, the study of Liu and Lin [15] observed that shared e-scooters are considered more as a substitute of a private transport mode to access the city center and less as a transfer mode. In practice, e-bikes seem to be preferred by micro-mobility users to cover the first/last mile from/to public transport stations. In the same vein, the study by Ziedan et al. [16] conducted an empirical analysis to quantify the impact of shared e-scooters on bus use in Louisville, USA. Based on the analysis results concerning express bus lines, the calculated statistical models show that every ten shared e-scooters trips that take place within the zone of influence of an express bus stop can compete with up to five trips. This correlation was also delineated in the results of a questionnaire conducted in Zurich, Switzerland, that presented a high statistical significance between public transportation subscription and shared modes of micro-mobility [17,18].



Previous studies used trajectory data to describe the impact of the built environment on shared e-scooter usage. An analysis of trip origins and destinations of e-scooter trips conducted in Washington D.C., USA, showed that street segments near tourist sites, hotels and transit stops concentrate a high proportion of e-scooter trips [19]. The study of Jiao and Bai [20] revealed that shared e-scooter trips are mostly observed in urban areas with high population density areas, which concentrate various land uses and are close to a transit station. By comparing the built environment of Austin with Minneapolis, USA, in another study [21], the same authors revealed that the diversity, rather than the mix, of land uses influences shared e-scooter usage patterns. These findings were confirmed by the study of Yang et al. [22]. Indeed, the built environment accounts for 91.66% of the total relative importance of the factor’s influence on the ridership of e-scooter sharing services. However, variables related to the transport network are included in this result; intersection, road, and public transit station density report the highest scores in terms of relative importance. Unexpectedly, bike lane density comes last. A recent study conducted by Tokey et al. [23] revealed an insignificant spatial correlation between e-scooter usage and bike lanes. However, areas with bike-share stations and the presence of sidewalks in most of the streets reported higher usage of e-scooters. In Calgary, Canada, additional factors associated with higher shared e-scooter trip volumes were uncovered, including: density of trees, streetlights, existence of low-speed limits and motorized traffic flows [24]. Similarly, the analysis of Younes and Baiocchi [25] across four U.S. cities demonstrated that pedestrian-oriented facilities comprise a very strong predictor of shared e-scooter and e-bike trips. Pedestrian-oriented facilities can be defined as roads with a speed limit no greater than 30 mph or (pedestrians–bicyclists) trails, where motorized vehicle traffic is forbidden.



The e-scooter trips also appeared to be affected by speed. Almanna et al. [26] estimated that the average speed of e-scooters ranges between 2.19 and 2.78 m/s. E-scooter riders demonstrate comparatively lower speed when the purpose of the trip was for fun. Another survey [27], that took into account approximately 80,000 routes, which is almost 1.4% of the total routes made in Austin, USA, showed that the average speed of e-scooters was observed to be between 8% and 9% higher in bike lanes, while in motor lanes and on urban roads, the speed increases by between 5% and 7% most days of the week. Road infrastructure seems to be a catalytic factor in route choice when using an e-scooter. E-scooter riders are willing to change their route in order to follow bike paths, multipurpose paths, tertiary roads and one-way streets [28]. E-scooter users also tend to use shorter and simpler routes, preferring to use sidewalks and bike paths, while avoiding common car and pedestrian routes [29]. Based on the above findings, the capability of a road network to provide safe, fast, short and simple paths to e-scooter riders seems to influence the overall mode demand.



Finally, the socioeconomic characteristics of e-scooter users are strongly related to their decision concerning when, where, and why they choose this transportation mode. In their research, Hosseinzadeh et al. concluded that younger people, between the ages of 18 and 29, are more likely to use shared e-scooters [30]. Older people are reluctant to use shared e-scooters, as well as people with lower incomes [31]. Moreover, women are more willing to adopt the daily use of micro-mobility media in the long run, compared to men [32]. The study of Merlin et al. [20] showed that young and well-educated people tend to use e-scooter sharing services daily in Washington D.C., USA. The positive correlation between education and shared e-scooter usage was also observed in the study of Jiao and Bai [20]. Hence, a potential e-scooter sharing service user is defined as an active well-educated young person (preferably below 40 years old) who is familiar with technological advancements and does not own a private e-scooter [33]. As the e-scooter is a relatively new transport mode, the amount of experience in using one cannot be an additional attribute of a potential e-scooter sharing service user. Furthermore, these services aspire to change current travel behavior by inviting more and more people to ride it for their first/last mile trips.



While some of the previously mentioned studies analyze the impact of the road environment on route choice and driving behavior, interestingly, there is hardly any research on the aspect of understanding users’ willingness to use e-scooter sharing services in the first place. Therefore, the objective of this study is to explore the willingness to use e-scooter sharing services, while considering the road environment. In other words, the main contribution of this paper is to develop a model which can assist decision makers in understanding whether a specific road network status will attract or deter e-scooter riders and present some “smart” pricing policies to change their preferences. For that purpose, a binary logistic regression model is developed based on the survey data collected from a stated preference experiment conducted with potential service users in Athens, Greece. The paper is structured as follows: the study’s methodology and results are presented and analyzed, and, finally, the major findings are discussed, along with study limitations and recommendations.




2. Methodology


Stated preference (SP) experiments are widely accepted as an appropriate method for extending the behavioral response space of traveler behavior and travel demand [34]. These experiments are based on hypothetical scenarios, which are formulated based on a particular methodology consisting of the following steps: selection of variables, identification of measurement unit, determination of variable levels, survey design, translation of designed scenarios into a set of questions, selection of an appropriate estimation method, and model estimation [35,36]. In this experiment, the willingness to use an e-scooter is examined for a 2 km trip within an urban area, a fact clearly stated to all survey participants. This distance threshold was selected based on the findings from previous studies. Accordingly, the average travel distance using a shared e-scooter seem to be, approximately, between 1.2 km (Washington D.C.) and 2.5 km (Paris) [11,13]. To integrate environmental factors into the experiment, a fixed buffer area of a 2 km radius around the trip origin location is defined and considered as the investigation area. Travel time is not used as an explanatory variable. As the travel speed of e-scooters is related to the road infrastructure, the travel time to cover a 2 km distance may differ per urban area. Consequently, road infrastructure factors can indicate the travel speed and time to respondents. In this area, the values of the explanatory variables presented in the next paragraph are assumed to be constant.



2.1. Selection of Variables and Variable Levels


The dependent variable refers to the willingness of individuals to use or not use an e-scooter sharing service to cover the previously mentioned distance, taking the pre-defined conditions into consideration. Respondents decide whether a shared e-scooter is the best option to perform this first/last mile trip. Therefore, this experiment particularly focuses on the demand of this transport mode, while the alternative option is to use any alternative means of transport available in the area. The dependent variable is a binary with only two options, i.e., 1 signifies that the participant would choose to use an e-scooter sharing service and 0 signifies that they would not choose it.



In Table 1, the explanatory variables of the experiment and their variable levels are presented; they are classified into three main groups: (a) service cost and benefits; (b) transport system; and (c) road infrastructure. The experiment takes into consideration various sociodemographic variables, namely: gender, age, education, employment, income, residence location, car and e-scooter ownership. However, these are not included in the scenario design. The explanatory variables and variable levels were selected by taking into account the findings of relevant studies, presented in the Introduction, and by identifying potential urban road environments and conditions. More specifically, service cost is a critical factor that impacts individual choices. Furthermore, understanding changes in demand in correlation with the unit of cost constitutes part of the research objective. That is why, in this study, additional variables, such as bonus points and the option to transfer them to parking services to obtain a 50% discount, were integrated. The main aim is to examine a variety of pricing schemes that may increase or decrease the willingness to use e-scooter sharing services. The variable levels of the service cost were chosen based on the prices of past or present e-scooter services operating in Athens, Greece. Next, two variables related to the transport system of the buffer area are introduced; the first one refers to the existence of a metro station, which acts as a multimodal hub and attracts or generates last-mile trips. Feeder bus line services may compete with shared e-scooter services in dense urban areas; thus, this binary variable is taken into consideration. A mix of binary, categorical and continuous independent variables are utilized to describe road infrastructure. The basic concept was to integrate all the different cases’ urban roads, in which an e-scooter can operate, or that e-scooters riders tend to use. Bicycle lanes and pedestrianized zones are exclusive road environments, in which e-scooter riders can co-exist with other vulnerable road users, e.g., cyclists and pedestrians. However, the possibility to ride an e-scooter in a mixed traffic road environment should be considered. The condition of the pavement along with the speed limit may influence the perceived safety of e-scooters by potential riders, and therefore their willingness to use it in a particular road network. Pavement with some cracks or potholes and cobblestone pavements can seriously increase the frequency of vibrations, downgrading e-scooter riding comfort; these cases refer to the bad condition level. Nevertheless, wide sidewalks may provide enough space, so that e-scooter users can avoid unsafe interactions with motorized traffic. Simultaneously, wide sidewalks can be utilized to overcome congestion occurring in traffic lanes; this may boost the attractiveness of an e-scooter sharing service.




2.2. Model Formulation


The initial design of the experiment ensures zero correlations among the explanatory variables included in the model formulation. Due to the fact that the dependent variable has a binary format, the binary logistic regression was selected for the estimation of the coefficients (or beta parameters) of the independent variables [37]. The binary logistic regression method is suitable for experiments in which no choice option is given to respondents [38]. Variables related to the socio-demographic characteristics do not appear in the model formula as they cannot be controlled in the survey design process. In other words, it is impossible to ensure zero-correlation between socio-demographic variables at this stage. It requires a strategic survey distribution based on the research objective, so that people from different social groups will complete the survey form. Equation (1) presents the model formula (or utility function).


  log  (   p  1 − p    )  =  β  c o s t     ∗ c o s t +  β  p o i n t s     ∗ p o i n t s +  β  m u l m     ∗ m u l m +  β  m e t r o       ∗ m e t r o +  β  b u s     ∗ b u s +  β  s p e e  d 1    ∗ s p e e  d 1  +  β  s p e e  d 2    ∗ s p e e  d 2    +  β  p a v   ∗ p a v +  β  c y c l   ∗ c y c l +  β  p e d   ∗ p e d +  β  s i d w     ∗ s i d w  



(1)




where:



 p : the probability to use an e-scooter sharing service for a 2 km trip in the investigation area



   β 0  :   constant (or intercept) of the utility function



   β i   : coefficient of variable i (beta parameters)



  c o s t  : service cost per hour in euros



  p o i n t s  : bonus points in points



  m u l m  : 1, if points can be transferred to parking services



  m e t r o  : 1, there is a metro station in the investigation area



  b u s  : 1, if bus lines are operating in the investigation area



  s p e e  d 1  :   1, if speed limit is 30 km/h or less in the 70% of residential roads in the investigation area (dummy coding)



  s p e e  d 2  :   1, if speed limit is 30 km/h or less in the 100% of residential roads in the investigation area (dummy coding)



  p a v  : 1, if the overall pavement condition is good in the investigation area



  c y c l  : 1, if there are cycle lanes in the investigation area



  p e d  : 1, if there are pedestrianized zones in the investigation area



  s i d w  : mean sidewalk width in meters in the investigation area



To estimate the beta parameters, the Maximum Likelihood Method is implemented. However, each respondent will evaluate multiple scenarios; therefore, these choices are not independent to each other, as classical multinomial or binary logit models assume. In essence, each choice cannot be considered as a single observation. To reinforce the validity of the model, panel effects are considered. More specifically, in the estimation process, random beta parameters are introduced, so that the heterogeneity in the preferences (or tastes) of individuals can be described appropriately by a normal distribution, for which the mean and the standard deviation are estimated (i.e., one additional unknown per random parameter). The integration of random beta parameters in the modeling process is meaningful, particularly in studies that deal with safety perceptions that differ per individual and environmental factors (e.g., pavement condition, existence of cycle lane etc.) and their impact is unknown [36,39]. The model estimation requires a Monte-Carlo Simulation using Halton draws (e.g., random numbers) to maximize the joint probability function (i.e., loglikelihood). The result from this maximization process is compared with the null loglikelihood to test the model prediction ability. To estimate the null loglikelihood, all coefficients in the model are hypothesized to be zero. This means that the selected independent variables do not impact the individuals’ choices. Other outputs of the binary regression analysis are the marginal effects that are used to understand the contribution of each regressor to the willingness of individuals to use e-scooter sharing services. They are the partial derivation of the probability with respect to the examined variable [36].




2.3. Survey Design


Considering the variables included in Equation (1) and their levels, the total number of all possible combinations is estimated to be 10,368. Formulating and sharing this number of scenarios is not feasible. To minimize the number of scenarios considered in the stated preference experiment, a fractional factorial design is chosen. Fractional factorial designs are based on orthogonal tables that ensure zero correlation between the selected independent variables; these appear in the model formula presented above. By applying this methodology, the number of scenarios (or choice situations) is now reduced to 36. To avoid questionnaires lasting longer than 10 min, and to minimize the possibility of collecting incomplete responses, the 36 scenarios are equally divided into three blocks. At this point, it is important to collect the same number of responses per block, while each block sample should have similar sociodemographic characteristics in order to ensure zero-correlations among the independent variables. This can be achieved by randomly distributing the blocks to respondents and monitoring the sample characteristics per block at the same time.



The questionnaire form was created using Google Forms tools and was made available online. Each of the developed scenarios was presented in a separate page (see Figure 1), using images to familiarize respondents with all the different environmental conditions. At the end of each scenario, the participants were asked to answer whether they would be willing to use a shared e-scooter service or not. Furthermore, after the completion of 12 scenarios, information regarding the socio-demographic characteristics of the participants were collected. Before distributing the core survey, a pilot experiment, with six experts from the field of transportation research, was conducted in order to test the surveys and identify potential problems in the survey process, such as identifying unclear points or expressions that may confuse the respondents in the scenario evaluations. Finally, National Technical University of Athens (NTUA) students (i.e., undergraduate, postgraduate, PhD students) and employees were asked to participate as their age group perfectly matches that of the potential users of a new micro-mobility service [17,31]. This study aimed to explore opinions amongst the university students regarding this relatively new mode of transport. Furthermore, e-scooters, as a transport mode, is foreseen by many experts and policy makers as an alternative to connect the university campus with the nearest Metro Station. It should be mentioned that the NTUA students and employees travel from various districts of the metropolitan area of Athens. As the urban road environment of Athens presents a noticeable spatial variability in its characteristics [40], the experiences of the respondents differ significantly. The distribution of the survey was performed via online links that were sent through social media. In addition, the survey was promoted by flyers and posters in the university buildings, providing a QR code linked to the survey form.





3. Results


The total number of individuals that participated in the survey was 243. As the response rate was considerably high, the responses were collected in a short-time period, i.e., one month. Each participant responded to 12 scenarios; therefore, in total, the number of observations in the study was 2916. Among the responders, 45% were female and 55% were male. This represents the current ratio of the student populations of this university. The participants were not equally distributed among age groups; however, this kind of division was expected (see Figure 2). As a result, participation as high as approximately 75% for the group age 18–30 was observed, followed by 12% of the age group 31–40. The group ages of 51–65 and >65 years of age were represented by a percentage equal to 3% and 1%, respectively. These proportions may prove the interest of each group to use this new mode and the general familiarization with the new technological advancements. A relatively high variance was observed in terms of employment amongst the participants, including retired people or people that stay at home (5%), unemployed people (2%), students (22%), and finally employed people (71%). The sample includes university students who work part-time or have an internship. Usually, these students tend to prefer to be recorded as employed rather than university students. Income and education levels are correlated with the age groups.



Overall, 87% of the respondents live in the metropolitan area of Athens, Greece, while 13% are from smaller Greek cities. The last group had a limited knowledge regarding e-scooter sharing services operations, as they do not operate in these areas. In addition, it is noticeable that only 16 out of 243 respondents (7%) own an e-scooter, while car owners of the sample correspond to a share of 89%. This represents the vehicle ownership patterns appearing in a car-dependent city, such as Athens. In general, the sample had a low experience on using micro-mobility for daily trips, although most of the respondents are young. This is not actually a problem, as e-scooter sharing services aim to invite inexperienced travelers who do not own one to ride these micro-vehicles. Moreover, it should be mentioned that in Athens, the share of e-scooter trips does not exceed 1% of all trips. By conducting an analysis of variance ANOVA, gender seems to be the only sociodemographic variable with a statistically significant effect on choices considering this sample distribution. Simultaneously, it presents an insignificant correlation with the independent variables included in the scenarios; therefore, it can be imported in the model estimation process without creating multicollinearities.



To reveal some of the major trends appearing in the respondents’ choices, the bar charts of Figure 3 were plotted. As it has been mentioned, males chose to use a shared e-scooter in 49.81% of the choice situations, while females were not so positive., Cost is a variable that influenced choices; this was not unexpected. By giving the option to transfer bonus points to parking services, the willingness of participants to use shared e-scooters slightly increased. Unexpectedly, the existence of a metro station in the area resulted in less positive answers by a percentage of 57.61%, while bus line services do not seem to have a significant impact on choices. Considering the variables related to the road environment, the influence of the pavement condition on the willingness of respondents to use e-scooter sharing services is evident from this graph only. Indeed, in 62.21% of the choice situations presenting scenarios with poor pavement conditions, the survey participants chose to not use a shared e-scooter, while in good condition scenarios, this proportion is reduced to 45.75%. Moreover, from these bar charts, the influence of pedestrianized zones and mean sidewalk width on choices can be observed; however, the existence of cycle lanes is not a critical parameter, as was hypothesized.



A binary logistic regression was performed in order to quantify and test the significance of the statistical relationships discussed above. The model outputs are given in Table 2. The road environment variables were selected to be random in order to describe the heterogeneity of how the participants perceived each infrastructure type. The developed model does not have a constant parameter, as it was found to be statistically insignificant in all of the tests, which is probably due to the high number of binary and categorical variables introduced in the model. As was expected, gender and service cost are two statistically significant variables, with a 95% confidence interval. Nevertheless, the chance to gain points or to transfer them to parking services significantly increased the utility of shared e-scooters. The existence of bus-lines in the investigation area did not affect the choices, while a metro station can decrease the usage of shared e-scooters (negative beta parameter). Pavement condition, mean sidewalk width and the existence of pedestrian zones are three statistically significant factors, with the same confidence interval as above; cycle lanes and traffic calming roads were excluded from the analysis as insignificant factors. Focusing on the standard deviations, the three significant variables related to the road environment were correctly considered to be random. Indeed, the standard deviation values are significant for a confidence interval of 95%. However, the mean sidewalk width and the existence of pedestrianized zones as random variables have a similar variance, revealing a higher level of agreement among participants concerning their impact on choices compared to the pavement condition, which reports higher heterogeneity.



In the next step, the marginal effects are calculated, aiming to predict how the willingness to use shared e-scooted described with probabilities is increased (positive sign) or decreased (negative sign) in regard to different pricing policies in different urban areas (see Table 3). The user’s gender was also added in the analysis. Therefore, in an area with pavements in a poor condition, without pedestrianized zones and sidewalks that are less 1.2 m wide, an operator can increase e-scooter usage up to 18% by reducing the price by −0.5 euros/h and providing bonus points that can be transferred to parking services. If the user rides in an area with good environmental conditions, these benefits will not significantly influence their willingness to use a shared e-scooter.




4. Discussion


This study developed a binary logistic regression model to examine the willingness to use e-scooter sharing services based on the cost and the characteristics of each urban area. Compared to other studies on micro-mobility, the approach of this study considers road infrastructure as a major factor affecting the use of e-scooter services. Hence, based on this consideration, pricing policies are investigated, which have the potential to increase the demand for such a service. The pricing policies cannot only be individual-specific, but are also area-specific in terms of the diversity of the urban road environment in cities [41]. In this study, a set of hypothetical scenarios is designed in order to formulate and propose these policies. That is why, in the following paragraphs, the main findings of this study are compared with previous studies, which mainly utilized trajectories and real-time traffic measurements.



Starting with the main findings drawn from the stated preferences experiment, it was quite clear that females expressed higher unwillingness to use a shared e-scooter service. This is not in line with the findings of the study conducted by Eccarius et al. [32], which showed that females are more interested in using micro-mobility modes on a daily basis. Therefore, this comprises a point for further research. The integration of bonus points combined with the option of transferring these points can be considered as a major contribution of this study. The logic behind this approach is that economic or other incentives can compensate a non-friendly road environment for shared e-scooters. Indeed, the model outputs proved some statistically significant relationships between the dependent variable and these user benefits, thus raising the probability of service usage. Of course, the concept of point transferring can be connected with concepts such as multimodality or Mobility as a Service [42,43]. However, based on the survey responses, e-scooters are not considered to be a mode for access/egress trips from/to metro stations, but more as a main mode to move around densely populated areas of the city. This is confirmed by some previous studies [19,21,44]. In addition, previous analysis of e-scooter trajectories by Luo et al. [14] clearly proved that the major proportion of micro-mobility trips do not complement, but rather compete with, the existing public transport system. This is also confirmed by other relevant studies [16,17,18], highlighting e-scooter as a less promising solution for solving the first/last mile problem [15].



At the same time, it is interesting that respondents place this micro-mobility mode in sidewalks or pedestrianized zones and not in spaces dedicated for cyclists, as was noted in the study of Zhang et al. [28]. One explanation for this is the “vague” regulatory framework established in Greece, which does not clarify whether the use of e-scooters in pedestrianized areas is entirely forbidden. This was observed in the study by Glenn et al. [29], which revealed that e-scooter users are unaware of traffic rules, while the study by Tokey et al. [23] and Yang et al. [44] show that there are other factors more significant than bike lane density. However, it was quite unexpected that the heterogeneity regarding the contribution of pedestrianized zones and mean sidewalk width to the willingness to use e-scooter sharing services was considerably lower compared to pavement condition. As the majority of e-scooter users tend to prefer coexistence with pedestrians, rather than with motorized traffic, an increased share of e-scooter trips would threaten pedestrians’ comfort and safety in urban areas. On the contrary, by implementing a regulatory framework which forbids their usage in pedestrianized areas, the attractiveness of this new mode will be seriously downgraded. Therefore, regulating this mode to ensure safe traffic operations remains a serious challenge. Other traffic regulations, such as lower speed limits (i.e., 30 km/h) or traffic calming areas, did not have a significant impact on the willingness to use a shared e-scooter. However, pavements in poor condition should be considered as a very significant barrier making e-scooter usage unattractive as an urban transport mode. This is due to the higher frequency of vibrations, which are experienced more intensely by e-scooter users compared to other road users, resulting in lower comfort levels [45]. However, on sidewalks, the vibrations are more frequent compared to the asphalted surfaces (e.g., cycle, traffic lanes) [46].



The study limitations mostly refer to the sample distribution. The stated preferences experiment was conducted with participants who predominantly live in Athens, Greece, and are not experienced micro-mobility users [39]. Access/egress trips from/to metro stations are mainly performed by walking, while a high percentage of the respondents are car owners. At the same time, Athens has a very limited cycling infrastructure and a large network of pedestrianized zones at the city center. Therefore, it would be interesting to conduct the same stated preferences experiences in cities with a different mix of road infrastructures and mobility cultures. This would lead to different compensation rates and therefore different pricing policies. In addition, respondents’ preferences are related to the travel distances covered daily; in a dense city such as Athens, these distances do not extend more than (on average) 12 km for work purposes and 2–5 km for leisure [47,48]. Thus, in some cases, e-scooters are considered as the main trip mode. The climate of each city is an additional variable which impacts on the willingness to use this new mode and, therefore, impacts the service cost. As this study collected responses from a city that can be characterized as climatically suitable for e-scooter riding, this environmental factor was examined. The flow of motorized traffic recorded in each area can be an additional variable that may impact people’s willingness to use an e-scooter. Specifically, traffic congestion decreases vehicle speeds, leading to safer traffic interactions; simultaneously, it limits the space available to e-scooter riders, while private car use increases delays. Therefore, the impact of this parameter is questionable and requires further research to evaluate the real economic benefit of avoiding heavy traffic. In general, mobility patterns vary among cities. To develop an effective pricing policy, these mobility patterns should be taken into consideration by re-calibrating the probability function. In addition, the model outputs should be compared with e-scooter trajectories to validate the model’s findings. However, this requires the existence of a heterogenous urban road environment with various road designs.




5. Conclusions


This study investigated area-specific factors that influence the willingness to use an e-scooter. A stated preferences experiment was conducted, and a binary logistic regression model with random beta parameters was developed. This approach increased the validity of the model, as the heterogeneity among individuals, regarding the contribution of each road infrastructure factor to the final model result, was analytically described. The outputs of this analysis clearly show how (inexperienced or new) users of an e-scooter sharing service can be compensated by implementing effective pricing policies in urban areas with unpleasant road environments that do not facilitate e-scooter trips. This study proved the effectiveness of transferable bonus points as an additional measure. However, most importantly, the followed approach revealed that the quality of the urban road environment has a measurable cost, which e-scooter services should cover in order to increase their demand. This comprises a finding that can be generalized, reinventing the way that pricing policies in micro-mobility services are developed.



Regarding the identified factors, the service cost, the chance to gain bonus points and the ability to transfer them to other mobility services significantly increased the willingness to use an e-scooter sharing service, as was predicted. Unexpectedly, the probability of willingness to use an e-scooter service is significantly decreased in urban areas of a 2 km radius that have a metro station, as micro-mobility services seem to compete with public transport services in accessing dense and populated urban areas. On the contrary, pedestrianized zones or streets with wide sidewalks seem to create the right road environment to encourage e-scooter use. Nevertheless, the pavement condition is the most important factor that affects the willingness of travelers to use such a service. Indeed, a pavement in good condition minimizes the frequency of vibrations experienced by e-scooter rider. Regarding the role of gender, it was observed that females tend to express higher unwillingness to use e-scooter sharing services in urban areas, where its use is perceived as unsafe. This contradicts the findings in the literature; thus, this requires further investigation. Other socio-demographics characteristics can be integrated in this modeling framework, aiming to develop both area- and user-specific pricing policies that will effectively increase the demand. Therefore, this methodology is replicable.
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Figure 1. Sample scenario from the online questionnaire form in English. 
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Figure 2. Sample socio-demographic characteristics: (a) gender, (b) age, (c) education level and (d) e-scooter ownership. 
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Figure 3. Main observed study trends. 
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Table 1. Presentation of independent variables considered in scenarios’ design.
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Variable

	
Abbrv.

	
Type

	
Nr. of levels

	
Level 0

	
Level 1

	
Level 2

	
Level 3






	
A. Pricing policy




	
Service cost

	
“cost”

	
Continuous

	
3

	

	
1.5 euro

	
2.5 euro

	
3.5 euro




	
Bonus points and points transferability

	
“points”

“mulm”

	
Categorical

	
3

	

	
0 points

	
2 points, with the collection of 10 points you win a 2 km free ride

	
1 point, with the collection of 10 points you win a 2 km free ride or a 50% discount in a private parking lot




	
B. Transport system




	
Metro stations

	
“metro”

	
Binary

	
2

	
Without station

	
With station

	

	




	
Bus lines

	
“bus”

	
Binary

	
2

	
Without bus station

	
With bus station

	

	




	
C. Road infrastructure




	
Speed limit of ≤30 km/h

	
“speed1”

“speed2”

	
Categorical

	
3

	

	
None of the roads

	
70% of residential roads

	
100% of residential roads




	
Pavement condition

	
“pav”

	
Binary

	
2

	
Bad condition

	
Good condition

	

	




	
Cycle lanes

	
“cycle”

	
Binary

	
2

	
Without bike lanes

	
With bike lanes

	

	




	
Pedestrianized zones

	
“ped”

	
Binary

	
2

	
Without pedestrian zone

	
With pedestrian zone

	

	




	
Mean sidewalk width

	
“sidw”

	
Continuous

	
3

	

	
<1.2 m

	
2.1 m

	
>3.0 m











 





Table 2. Binary logistic regression model—presentation of model results.
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	Estimate
	Std. Error
	z-Value
	p (>|z|)





	Socio-demographic characteristics (non-random variables)
	
	
	
	



	Gender (1, if male)
	0.7795
	0.1984
	3.9280
	<0.0001



	Pricing policy (non-random variables)
	
	
	
	



	Service cost per hour in euros
	−0.7597
	0.0602
	−12.6247
	<0.0001



	Bonus points in points
	0.2480
	0.0622
	3.9883
	<0.0001



	Points transfer to parking services (1, if yes)
	0.4537
	0.1127
	4.0277
	<0.0001



	Transport system (non-random variables)
	
	
	
	



	With metro stations (1, if yes)
	−0.5397
	0.1001
	−5.3935
	<0.0001



	With bus lines (1, if yes)
	0.0359
	0.1001
	0.3592
	0.7195



	Road infrastructure (random variables)
	
	
	
	



	Mean beta values
	
	
	
	



	Overall pavement condition (1, if in a good condition)
	1.0773
	0.1457
	7.3965
	<0.0001



	Mean sidewalk width in meters
	0.1760
	0.0866
	2.0317
	0.0422



	With cycle lanes (1, if yes)
	0.0372
	0.1023
	0.3636
	0.7161



	With pedestrianized zones (1, if yes)
	0.2940
	0.1157
	2.5414
	0.0110



	With speed limit of 30 km/h—70% of residential streets
	−0.0413
	0.1282
	−0.3222
	0.7473



	With speed limit of 30 km/h or less—100% of residential and collector streets
	0.1939
	0.1231
	1.5747
	0.1153



	Standard deviation
	
	
	
	



	Overall pavement condition (1, if in a good condition)
	1.4457
	0.1726
	8.3759
	<0.0001



	Mean sidewalk width in meters
	0.8371
	0.0690
	12.1286
	<0.0001



	With cycle lanes (1, if yes)
	0.0087
	0.1950
	0.0446
	0.9624



	With pedestrianized zones (1, if yes)
	0.8026
	0.1738
	4.6180
	<0.0001



	With speed limit of 30 km/h—70% of residential streets
	0.5192
	0.2830
	1.8347
	0.0666



	With speed limit of 30 km/h or less—100% of residential and collector streets
	0.0056
	0.2800
	0.0200
	0.9841



	Number of observations
	2916
	
	
	



	Number of individuals
	243
	
	
	



	Null loglikelihood (with zero coefficients)
	−2408
	
	
	



	Loglikelihood at convergence
	−1589
	
	
	



	Halton draws
	1000
	
	
	










 





Table 3. Estimation of marginal effects, i.e., the partial derivations of the estimated model using mean beta values (the maximum percentage change is indicated with ciel color, the minimum one with red color).
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Gender

	
Cost

	
Bonus

	
Pavement

	
Bad Condition

	
Good Condition




	
Pedestrianized Zones

	
No

	
Yes

	
No

	
Yes




	
Mean Sidewalk Width

	
1.2 m

	
2.1 m

	
3.0 m

	
1.2 m

	
2.1 m

	
3.0 m

	
1.2 m

	
2.1 m

	
3.0 m

	
1.2 m

	
2.1 m

	
3.0 m






	
female

	
+0.5 €/h

	
0 points

	
no option

	
−8.1%

	
−5.4%

	
−3.1%

	
−7.1%

	
−4.4%

	
−2.4%

	
−4.3%

	
−2.4%

	
−1.2%

	
−3.5%

	
−1.8%

	
−0.9%




	
+1 point

	
no option

	
−2.7%

	
−1.7%

	
−1.0%

	
−2.3%

	
−1.4%

	
−0.8%

	
−1.4%

	
−0.7%

	
−0.4%

	
−1.1%

	
−0.6%

	
−0.3%




	
+transfer points

	
5.8%

	
3.6%

	
2.0%

	
4.9%

	
2.9%

	
1.5%

	
2.8%

	
1.5%

	
0.7%

	
2.2%

	
1.1%

	
0.5%




	
+2 points

	
no option

	
2.2%

	
1.4%

	
0.8%

	
1.9%

	
1.1%

	
0.6%

	
1.1%

	
0.6%

	
0.3%

	
0.9%

	
0.4%

	
0.2%




	
+transfer points

	
9.6%

	
5.8%

	
3.1%

	
8.1%

	
4.6%

	
2.4%

	
4.5%

	
2.3%

	
1.2%

	
3.5%

	
1.8%

	
0.9%




	
−0.5 €/h

	
0 points

	
no option

	
6.8%

	
4.2%

	
2.2%

	
5.7%

	
3.3%

	
1.7%

	
3.2%

	
1.7%

	
0.8%

	
2.5%

	
1.3%

	
0.6%




	
+1 point

	
no option

	
10.5%

	
6.3%

	
3.4%

	
8.7%

	
5.0%

	
2.6%

	
4.8%

	
2.5%

	
1.2%

	
3.8%

	
1.9%

	
0.9%




	
+transfer points

	
15.8%

	
9.2%

	
4.8%

	
13.0%

	
7.2%

	
3.7%

	
7.0%

	
3.6%

	
1.8%

	
5.4%

	
2.7%

	
1.3%




	
+2 points

	
no option

	
13.6%

	
8.0%

	
4.2%

	
11.2%

	
6.3%

	
3.2%

	
6.1%

	
3.2%

	
1.6%

	
4.8%

	
2.4%

	
1.2%




	
+transfer points

	
18.0%

	
10.3%

	
5.4%

	
14.7%

	
8.1%

	
4.1%

	
7.9%

	
4.0%

	
2.0%

	
6.1%

	
3.0%

	
1.5%




	
male

	
+0.5 €/h

	
0 points

	
no option

	
−5.3%

	
−3.0%

	
−1.6%

	
−4.3%

	
−2.4%

	
−1.2%

	
−2.3%

	
−1.2%

	
−0.6%

	
−1.8%

	
−0.9%

	
−0.4%




	
+1 point

	
no option

	
−1.7%

	
−0.9%

	
−0.5%

	
−1.4%

	
−0.7%

	
−0.4%

	
−0.7%

	
−0.4%

	
−0.2%

	
−0.5%

	
−0.3%

	
−0.1%




	
+transfer points

	
3.5%

	
1.9%

	
1.0%

	
2.8%

	
1.5%

	
0.7%

	
1.4%

	
0.7%

	
0.3%

	
1.1%

	
0.5%

	
0.3%




	
+2 points

	
no option

	
1.4%

	
0.8%

	
0.4%

	
1.1%

	
0.6%

	
0.3%

	
0.6%

	
0.3%

	
0.1%

	
0.4%

	
0.2%

	
0.1%




	
+transfer points

	
5.7%

	
3.0%

	
1.5%

	
4.5%

	
2.3%

	
1.2%

	
2.3%

	
1.1%

	
0.5%

	
1.7%

	
0.8%

	
0.4%




	
−0.5 €/h

	
0 point

	
no option

	
4.1%

	
2.2%

	
1.1%

	
3.2%

	
1.7%

	
0.8%

	
1.6%

	
0.8%

	
0.4%

	
1.3%

	
0.6%

	
0.3%




	
+1 point

	
no option

	
6.2%

	
3.3%

	
1.6%

	
4.9%

	
2.5%

	
1.2%

	
2.4%

	
1.2%

	
0.6%

	
1.9%

	
0.9%

	
0.4%




	
+transfer points

	
9.0%

	
4.7%

	
2.3%

	
7.1%

	
3.6%

	
1.8%

	
3.5%

	
1.7%

	
0.8%

	
2.7%

	
1.3%

	
0.6%




	
+2 points

	
no option

	
7.8%

	
4.1%
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