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Abstract

:

Arrival on time when reaching a trip destination is perceived differently by different communities, but the need to arrive at the desired time is essential. This study conducted a cross-cultural comparison of the waiting time reliability of public bus transport systems in three cities in three different countries: Haifa, Israel; Quito, Ecuador; and Valencia, Spain. The objective of the study was to understand and compare the importance of reliable public transport for university students attending classes in these diverse locations. A stated preference survey was conducted that considered the local fares and current travel times for each community. A logit model was designed to detect the importance of the waiting time reliability of bus timing. The values of time and value of reliability were estimated for each location, and the results were compared. The study established that reliability is, in fact, one of the important characteristics when choosing a travel mode (along with cost and travel time) across all of these diverse communities. The results showed that in all of the samples, the Value of Reliability (VOR) late was much higher than the Value of Reliability (VOR) early. Due to the differences between the transportation systems of the distinct countries, this study did not cover all possible transportation variables. An in-depth study, covering other variables, should be undertaken in the future.
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1. Introduction


In the past decades, private vehicle use has vastly increased in cities, causing traffic jams and the misuse of time and resources. There is no current indication of any imminent reversal to this trend. Public transport is one of the main solutions to this problem (Beirão and Cabral 2007), but there is no one-size-fits-all solution for all societies. Therefore, how can public transport in different locations address this situation and provide efficient options?



The approach toward a transport system is specific to a certain community (Levine et al. 1980)—herein lies the need for comparative research. By understanding the specific needs and perceptions toward transport in a location, policies and infrastructure projects can be justified through the quantification of the generalized benefits to society (Antoniou et al. 2007). Analyses have been carried out without restricting the results to the specific population for which the solution was proposed, and in some cases, models suitable to one population have misled planners dealing with another (Shiftan et al. 2008). The particular concept of time and punctuality from each specific community can only be understood by knowing the environment of each community (Levine et al. 1980).



Studies tell us that user preferences for public transport depend on several variables such as the time of day, trip purpose, and the age of the user (Stradling et al. 2007). User perception of transport performance, and improvements in transport policy, are essential to transportation studies (Tyrinopoulos and Antoniou 2008). Making commuters change their travel mode is not an easy task. It is necessary to determine which variables influence the individual’s initial decision, and how these variables might act in facilitating their decision to shift from private vehicles to public transportation. Once those factors have been identified, they can be improved to make public transportation more desirable and attractive to more passengers.



The most important variables taken into account by commuters are the cost and travel time of the trip. When the estimation of the desirable arrival time is not accurate, then travel time is a random variable, and when this variability exists, travel time is considered to not be reliable (Carrion and Levinson 2012).



When choosing public transport, reliability is one of the most important factors (Chen et al. 2009), since, in modern day societies, travel time is essential. If one cannot be sure of arriving on time when using a particular form of public transportation, that mode cannot be considered as a desirable option (König and Axhausen 2002). By having a reliable bus transport system, commuters know that their time can be used more efficiently, which is why transit agencies have tried to improve reliability and attract new passengers (Diab et al. 2015).



Bus transportation is a commonly available mode of transportation, given that it is cost effective, and its implementation is easier than other transportation systems like train or metro (Hensher 2007). This study used disaggregate models to measure the impact of different variables that affect mode choice. The cost of trip and travel time are known to be the main components to be studied when analyzing mode choice using the utilitarian approach. The variability of travel time, which translates into reliability, is another major factor in the travelers’ mode choice, but its importance may vary by location, culture, and other circumstances. This study estimated the importance of the reliability of bus services in the decisions of travelers’ mode choice in three locations: Haifa in Israel, Quito in Ecuador, and Valencia in Spain. As these locations differ in bus context situation and culture, to isolate the effects of each one of them was not an easy task, so we focused specifically on waiting time reliability in this study.



Reliability


Reliability has been studied for the last 30 years. These studies tell us that reliability is an important factor whenever and wherever individuals need to make decisions regarding their mode of travel (Nocera 2010), however, the actual services are often not perceived as reliable (van Oort 2014). In order to quantify the importance given by the user toward reliability, we need to understand how commuters perceive reliability. Travel time is defined as “the period of time needed to traverse a route between origin and destination.” A service is considered to be reliable by a customer if it can deliver a satisfactory arrival to the expectations of the customer. Some public transportation modes such as trains, light rail, and Bus Rapid Transit systems (BRT), are generally highly reliable. Conventional bus systems are cheaper and often more convenient in cities, but due to the fact that they share the same infrastructure with private vehicles, buses are considered less reliable than other public transport modes.



Today’s populations are more demanding than previous ones due to the relatively low costs of car usage and their frequent use. Transit services in Zurich, as an example of a city addressing these contemporary demands, are generally considered to be reliable, punctual, comfortable, and in general, of high quality and are user oriented. Visitors to the city admire its efficiency, cleanliness, and safety (Carrasco 2011). The usefulness of the service to the passenger is a function of travel cost and travel time, which is highly related to reliability. Other factors contributing to satisfaction are the availability of information regarding timetables, cleanliness of the vehicles and related facilities, and passenger security. Nevertheless, of all these variables, the most important is the travel time spent from the origin to destination.



“Travel time” can be divided into two components: average travel time and the variability (or irregularity) of travel time (Carrion and Levinson 2012). Variability and reliability are inversely proportional. As the variability of travel time increases, so reliability decreases. Therefore, reliable travel time should not vary significantly from the average travel time, otherwise it is no longer reliable.



Attitudes can be explained by cultural factors (Xu et al. 2007), in this paper, we decided to explore their attitude regarding the reliability of the busses between three countries from different continents in order to understand behaviors under diverse cultural and transport context conditions.



Based on the research addressed so far, the following assumption is described.



The importance of missing a scheduled bus will be different from country to country given their network characteristics and cultural background. Therefore, it is not expected that people from the three different countries compared in this study would have the same attitude.





2. Methodology


Reliability studies have been based on the mean variance and scheduling approach. Mean variance uses the measure of dispersion to evaluate reliability. The scheduling approach refers to different types of reliability when late or early; this method is preferred to modeling travel time reliability (Carrion and Levinson 2012).



In our study, we used the scheduling approach for the values for earliness or lateness for travelers using bus transportation systems. The statistical methods are introduced, and then we describe and analyze the available survey



2.1. Statistical Methods on Value of Time and Reliability


The main methodologies to determine a user’s valuations of different travel characteristics on their choice of travel are revealed preference (RP) analysis and stated preference (SP) analysis. RP data represent the actual behavior of travelers and can be collected through travel surveys, diaries, and field experiments. SP data represent the behavior of the travelers in hypothetical situations (or scenarios); such data can be obtained through SP surveys and simulators. The SP method can overcome most of the weaknesses of the RP method. Therefore, in our study, we chose to use SP, where the respondents are presented with two alternatives with different attributes. These attributes are the values of travel time, cost, and reliability. By varying the travel time, cost, and reliability, the alternative that the respondent chooses is used to determine evaluations of the relative importance of these variables by estimating discrete choice models using the Logit model.




2.2. Survey


In this study, we wanted to focus on university students as the margin of error is smaller when the sample population is more segmented.



The reasons for choosing students and not the general population were:



Distribution of the survey. Social networks and the direct communication between professors and students.



Transportation system users. Students are more likely to use public transportation than average workers because of their socio-economic situation.



Given the sample group (university students) and their easy access to computers, we decided to use the SP design and web based application.



2.2.1. Distribution of the Survey


The distribution of the survey was through social networks and was distributed directly from the Professors to their students. The questionnaire was distributed online using Qualtrics (Qualtrics LLC, 2016), and this tool also allowed us to use the answers to previous questions as input in following questions in the same questionnaire. For example, if one question is “What is the duration of your trip from A to B?” then, the answers to this question can be used to develop scenarios regarding the duration of the same trip and present the desired variability of it. The same method was used to configure the hypothetical situations. Therefore, by using Qualtrics, the situations were familiar to each person and the questions were personalized.




2.2.2. Survey Design


The questionnaire contained 25 questions detailed on Table 1, it was designed in five sections:

	(1)

	
Demographic and travel mode questions. In these questions, we confirmed that the sample was from students who were actually taking a bus to the university. Through these questions, we assured the homogeneity of the sample group and disregarded users who did not match the required profile.




	(2)

	
Socio-economic characteristics of the individual and household.




	(3)

	
Preferences and attitudinal response when taking the bus for this trip. This gave us an understanding of their travel behavior, which was compared with the behavior revealed from the mode choice model estimation results.




	(4)

	
Perceptions and attitudes towards reliability and travel time.




	(5)

	
The last part was the SP design questions, composed of binary questions where the respondents were asked to indicate their choice from two alternatives. The attributes of the alternatives were changed according to efficient design.









The distribution of questions was made to avoid fatigue in specific sections, and the final questionnaire design was as follows:




2.2.3. Representing Reliability on SP Questionnaires


The presented hypothetical situations aimed to show what the decisions would be of the travelers. The presentation of the scenarios can influence the travelers’ responses to the reliability of the transport system.



In order to show the scenarios for the SP design, we included the following example before the SP questionnaire section:



“Pretend that your current bus service for your usual home–university trip will be replaced with services A or B.



Both services run with the same characteristics, except for 3: Certainty of pick up times, Travel time, and Cost.



When we say that 1/10 (1 out of 10) will be 5 min early, we mean that over a period of time, this will be your average experience. You will not be able to predict when the early arrival will occur, but you will find that if you always arrive at the bus station on time, you will miss the service on 10% of occasions and have to wait for the next bus.



When we say that (5/10) will be late 5 min, we mean that over a period of time, this will be your average experience. You will not be able to predict when the early arrival will occur, but you will find that if you always arrive at the bus station on time, you will have to wait for the service on 50% of occasions. This may cause you to arrive late to your destination, and inconvenience you.



Note: We considered that a service “on time” was when the bus was ±2 min from the usual departure time, at the bus stop.”



Scenarios for reliability in the SP design are usually presented under one of these forms:

	
A set of representative trips.



	
A maximum level of delays.



	
Probability of delay.



	
Predetermined levels or earliness/lateness.








We used the schedule approach to focus on the earliness/lateness of bus arrivals at the bus stop.






3. Data Analysis


3.1. Data Compilation


The purpose of the data was to serve as input to the model. The data analysis detected whether there were differences between the populations.



Demographic and Travel Mode Questions


Using these questions, we confirmed that the sample was taken from students who actually used a bus on their way to university. We also confirmed the homogeneity of the sample group, while disregarding users who did not match the required profile.



Table 2 shows the general population and those areas in the cities from where the study was undertaken and these characteristics can be used to gain a general idea of the sample going to be tested.





3.2. Geographical Location


From Figure 1, Figure 2 and Figure 3, we can see that in the three communities, most of the respondents (more than 50%) lived in the city where the survey was conducted. This result was beneficial for our research as we changed the demographic variable “location” corresponding to the three locations.




3.3. Study and Work


The occupation of the respondents were basically the same across all locations. From the whole sample, there was a total of 86.5% of students, and 10.73% of students who also worked, and the characteristics from each location are described in Figure 4.



3.3.1. Perception toward Reliability and Travel Time


This section provides a clear understanding of how important Reliability is when compared with Travel Time and Cost. This question was divided into three parts and comprised in Figure 5, we asked the level of importance for each of these attributes.



The main finding in this section showed how for all locations, a high and similar importance was given to Reliability when compared to Travel time and Cost. Other results showed that:



Ecuadorian and Israeli students cared less about the cost than Spanish students.



On the other hand, Spanish students’ valued cost as a more important aspect to consider when traveling.




3.3.2. Reliability According to SP Scenarios


The relative importance of reliability versus travel time and travel cost was studied by estimating binary logit models between two bus options using different levels of these three variables. Various combinations using efficient design on the alternative “Reliability” were tested in order to determine the discrete model that best fit the data.



The results of the model estimation are presented in Table 3.



Standard t-tests provide a significance level of rejecting the null hypothesis, the null hypotheses being that the coefficients estimated are statistically different from zero. The p-values are placed in parenthesis next to each estimated coefficient in this thesis. In one of the models (Ecuador), we received the variable Reliability Early with a p-value of 0.44, making it impossible to reject the null hypothesis. The results of the models are summarized in Table 4, with the t-test for the significance of each parameter presented in parentheses.





3.4. Relative Importance of Reliability


In order to evaluate the variable Reliability in different locations, we calculated the Value of Time (VOT) and Value of Reliability (VOR).



3.4.1. Value of Time


Value of time (VOT) measures are valuable in a wide range of public transport policy and planning applications. Besides the importance of VOT on transportation planning and infrastructure, it is necessary to point out that valuing time is not an easy task. Different variables should be taken into account to determine VOT, and might change from individual to individual, or at the time of the day, or with the activity to perform.



In our case, we can only determine the Value of Time for students that are going to study (activity). Time of the day is dependent on each traveler and their classes, without considering the individual perceptions and characteristics.



Once we obtained the results from the model on BIOGEME, we determined the VOT with the formula:


VOT=βtimeβcost∗60 (utilsminutils$=$min)











The units for VOT are $/min, so we calculated *60, in order to have the value in units of $/hour. From the results in Table 4, we obtained the following results:



Ecuador: 102.73 USD/hour



Spain: 34.79 EURO/hour



Israel: 62.56 NIS/hour



Here, the values of reliability varied widely between each country and the value in Ecuador did not fit or make sense with the other monetary indicators.



Table 4 shows the GDP per capita in the locations of this study. These values are not to be compared with the Value of Time, but they can give us a general idea of an economic indicator.




3.4.2. Value of Reliability


The VOR connects the monetary values that travelers place on improving the predictability (i.e., reducing the variability) of their travel time.



Reliability is defined in modeling as the mean expected unscheduled delay. The probability of a late arrival is multiplied by the average delay on those journeys that are delayed. If more than one delay occurs and the probability of that happening occurs in the SP experiments, then the average of those is taken.



Ehreke et al. (2015) explains that the VOR is the arithmetic population weighted mean of all calculated mean unexpected delay values. For example, a 5 min delay in 15% of trips and a 10 min delay in 5% of all trips leads to a delay of 1.25 min and this method can be used for scheduled transport modes (public transport and flights).



We considered reliability in different measures as reliability late (when the bus arrives late to the bus station where the trip starts) and reliability early (where the bus is early, meaning the user will miss the bus and have to wait for the next one).



The formula and the units resemble the VOT:


VORearly=βRearlyβcost×60VORlate=βRlateβcost×60











The results are presented in Table 5



The reason for not having a VOR early in Ecuador is that the coefficient βxRearly had a p-value that did not allow us to reject the null hypothesis.



We can see that the results show a variability on the VOR early and VOR late in all locations.





3.5. Cross Cultural Comparison


The basic difference found in this research is the concept that each community has of “public transport”. In Ecuador, the bus schedule was not taken into account as the basic hope of the traveler is that the bus will arrive; usually they do not know when the bus is coming. Respondents can react on the reliability in different ways: they can adjust their departure time, their route, or change their mode of transport (Ehreke et al. 2015). In Israel and Spain, travelers usually know the time of departure, so their perception of waiting time is different. We found that the socio-economic characteristics of the sample were different in the three countries. This point led us to consider that a different approach on the perception of reliability only belonged to certain segments of the population. The comparison between the terms of reliability and time were based on a theoretical approach in Section 1 of the survey and in a practical way in Section 3 through the use of SP design questions.



On Table 6 all respondents considered Reliability as one of the most important characteristics when they made decisions regarding taking a bus. This data can be used to analyze the cases outlined in the real world scenarios presented.



An ANOVA test among the three groups indicated that significant differences existed. The level of significance was 5%.





4. Conclusions and Future Research


The objective of this study was to gain an understanding of the travel behavior of university students, particularly on the trips Home—University, using the Value of Time and Value of Reliability as indicators. The study focused on students from Spain, Israel, and Ecuador.



A multinomial logit model was used to model the responses from the questionnaires. The results showed that in all of the samples, the Value of Reliability (VOR) late was much higher than the Value of Reliability (VOR) early.



The different components in the transportation system networks made the service hard to estimate, like in Ecuador, where the frequency was higher and no scheduling was available for the urban traveler. Partial cultural differences were detected in this study, given the characteristics of each bus transportation system. Each transportation system was peculiar to its location and the approach from the students toward bus arrivals, which requires an in-depth study.



While Ecuador was the country with the higher VOT according to the responses to the survey and the model, the variability of answers on the SP approach may indicate the existence of a different concept of public transportation at each location. The overall finding in this study was that students from all countries considered that being on time was very important. In addition to the calibration of the logit model for the three countries, a direct t-test between pairs was carried out. In this comparison, we could not only check whether the countries were different from each other, but we could also detect which country was different.



This test was conducted to check the relative importance of reliability among the three countries. The statistical analysis used the method of the “t-test”. This analysis considered that if the expected values of grades in one country differed from the values in another country, then the probability of both expected values being the same was low. To detect such a difference between countries, we needed this probability (same expected values) to be lower than 5%. This probability is called the “p-value”.



Ecuador versus Spain:

	
Average grade of reliability (0 = less important and 5 = more important): 4.14



	
Standard deviation (SD): 0.87



	
p-value: 0.192








Ecuador versus Israel:

	
Average grade of reliability (0 = less important and 5 = more important): 4.16



	
Standard deviation (SD): 0.79



	
p-value: 0.186








Israel versus Spain:

	
Average grade of reliability (0 = less important and 5 = more important): 4.09



	
Standard deviation (SD): 0.84



	
p-value: 0.449








According to the p-value, these countries were similar in the importance they gave to reliability.



This study leaves an open window for future research. The Value of Time and the Value of Reliability remain the main components in decision making. Due to the fact that the transportation systems in the three countries are not similar to each other, there is a need for a broader study. Our study strongly suggests detailed research on the importance that each location gives to travel time, and the values of reliability can be taken into account to produce accurate models by transportation specialists, and consequently by policy makers. New models including several influencing factors impacting the perceived reliability, for example, car ownership, socio-economic issues, or current travel time and frequency of use, could have a significant impact on perception. Future exploration on the differences and similarities of the transportation systems at various locations may give us a better understanding of cultural differences.
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Figure 1. Geographical location of the sample in Israel. 






Figure 1. Geographical location of the sample in Israel.



[image: Socsci 08 00040 g001]







[image: Socsci 08 00040 g002 550]





Figure 2. Geographical location of the sample in Spain. 
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Figure 3. Geographical location of the sample in Ecuador. 
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Figure 4. Occupation of the total sample. 
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Figure 5. Comparison of Reliability vs. Travel time vs. Cost across the total sample on a scale 1–5 (1 = less important and 5 = more important). 
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Table 1. Questionnaire and corresponding sections.
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	#
	Question
	Section





	1
	Where do you live?
	1



	2
	What is your main occupation?
	1



	3
	How many cars does your household have?
	2



	4
	Do you have a car for your own use?
	2



	5
	How often do you use your car?
	1



	6
	How often do you typically make the trip from Home–University?
	1



	7
	For this trip you are usually going by:
	1



	8
	What times do you most usually make this trip from Home to University?
	1



	9
	Approximately how much time does it take for you to walk from your home to the departure bus stop?
	3



	10
	Approximately how early do you arrive to the station/bus stop before the bus is supposed to come to the station?
	3



	11
	What is the time you are INSIDE the bus until you arrive to the University bus stop? (minutes)
	3–5



	12
	Approximately what is the cost of the fare you pay for this trip?
	3–5



	13
	How important is for you to arrive to your University on time?
	4



	14
	If the bus is full, you usually: (a) take it no matter what, or (b) wait for the next one?
	4



	15
	Approximately how many times the bus is late more than 5 min in one week (5 days)?
	3



	16
	Explanation for SP Questions
	5



	17
	Scenario 1
	5



	18
	Scenario 2
	5



	19
	Scenario 3
	5



	20
	Scenario 4
	5



	21
	Scenario 5
	5



	22
	Scenario 6
	5



	23
	How important is reliability in comparison to travel time and travel cost?
	4



	24
	What do you usually do when you are on the bus going to the University:
	3



	25
	How will you describe your socio-economic situation:
	2
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Table 2. Population and areas.
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	Location
	Population
	Area (km2)





	Haifa, Israel *
	278,903 (City)

1,050,000 (Metropolitan area)
	63.66



	Valencia, Spain **
	809,267 (City)

1,705,742 (Metropolitan area)
	134.65



	Quito, Ecuador ***
	2,239,191 (City)

4,700,000 (Metropolitan area)
	372.36







Source: * Israel Central Bureau of Statistics (