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Abstract: In the changing scenario of the world, promoting the public transport has become important. But the lack availability of reliable arrival time information combined with late arrival of Transit busses causes dissatisfaction of transit users and deters its use. The real time information system is one of those facilities which can alleviate the problems of frustrating passengers in humid conditions waiting at bus stops. The sole objective of this study was to examine the burden of waiting time in the absence of real time information and willingness to pay for ITS enabled public transit system. The result of analysis shows that contribution to disutility by the waiting time is more in the absence of reliable information system and people are ready to pay up to a significant proportion of travel cost for getting reliable information although being quite sensitive to out-of-pocket expenses.
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Introduction
One of the difficult problems which the transport sector is facing today is overcrowding and congestion. The roads have become incapable to cater the demand. This problem is not only faced by developing countries but also by developed countries. But this problem is more pronounced in case of developing countries like India. Expansion of exiting roads is always difficult due to the difficulties in acquiring land. Attracting people to use public transport has come out as the only possible solution. But in the absence of reliable arrival information of next bus, transit users usually experience some kind of anxiety waiting for a bus at a stop because they have no clue whether they have missed the bus and when the next bus will arrive. The situation of user becomes worse when the weather is cold, rainy or snowy which make the added wait outside unbearably long. The real time information system is one of those facilities which can alleviate the problems of frustrating passengers in humid conditions waiting at bus stops. Pre-trip information to user helps them to plan their journey, wayside information reduces the burden of wait and onboard information alerts them about the expected arrival times of next stops. 
The journey of transit information started with printed schedule and now has entered into real time information system based on real time GPS data after passing through various transition phases. For a developing country like India, where there are near about 80% captive riders of transit system, demands an honest and earnest endeavor aimed at harnessing the emerging technologies for improving the deteriorating state of  public transport system. Implementation of these emerging technologies in Indian conditions which hosts enormous diversity in land use and terrain types appears to be challenging. The presence of high rise buildings and heavy tree canopy renders the GPS based vehicle location system ineffective at some locations. The economic constraint which is an inherent property of the developing countries, further exaggerates the challenges. The implementation and maintenance of real time transit information system requires huge investment for transit agency and some cost to users too. Compared with the cost to the agency the cost to users is more important factor, which decides acceptability of the system. Hence user’s perception evaluation can be a guiding factor for deciding the required accuracy, cost to users and type of information dissemination system required. This paper presents the results of the project which was taken to find out the people’s willingness to adopt to the new technology of real time information system. The whole objective of this project was to prepare a foolproof methodology and sustainable architecture for providing ITS enabled public transit system and to appraise its impact on the users. The study further aimed at examining the burden of waiting time in the absence of real time information system and its contribution to disutility which deters a user from selecting transit as travel mode. 
Study Area

The bus transit system in IIT Bombay campus (in the city of Mumbai, India) was taken as the case study for this project and the study area consisted of complete IIT Bombay campus. The IIT internal transit system popularly known as “TUMTUM” mainly carries students from various hostels to academic buildings and has terminal points at main gate and market gate which connects the campus with rest of the city. These students are mainly in the age group of twenty to thirty and belong to different part of country (India). There exists an economic variation in the complete population of the students but mostly they belong to middle class. The alternatives modes of travel inside the campus are walk, bicycle and auto rickshaw. In addition few students also use private vehicles. There is a fixed schedule of TUMTUM but it is difficult to say when it will arrive at a particular stop due large number of stops at close intervals and uncertain delays at terminal points.   
Users Perception Evaluation  
Research in the consumer behavior has shown that consumers are unable to accurately perceive the relative importance of product attributes. For example, when asked which attributes are the more important ones, the response may be that they all are important. Furthermore, individual attributes in isolation are perceived differently than in the combinations. It is difficult for a survey respondent to rank the attributes and mentally construct the preferred combinations of them. The task is easier if the respondent is presented with combinations of attributes in the form of scenarios that can be visualized as different product offerings. Hence even though our aim may be to determine user’s perception on a particular attribute of travel, like in this case, “burden of waiting time and value of real time information system to reduce this burden”, still it is advisable to present the user a complete scenario consisting of all important attributes of travel. In addition to this there are various methods for finding the users preferences like conjoint analysis or stated preference exercise, qualitative comparative analysis and statistical analysis. Various researchers have provided number of opinions related to these aspects. Some of them are referred to herein. Andersen et al. (1992),  Ortuzar and Garrido (1994), Bates (1998), and Wildert (1998) have suggested the use of paired choice sets over ranking games. Reed (1995) have presented a conjoint analysis based on scenarios which was devised to test the hypothesis that the burden of waiting for transit will decrease as traveler certainty with respect to wait duration increases. Peng and Jan (1999) have described in their paper a categorized means of information dissemination system and their role in advanced traveler information system. Maclean and Dailey (2002) have presented utility evaluation of the real time information system (Busview) using the statistical analysis. Bradly and Daly (1994) have described the issue of fatigue effect. The researchers have given different suggestions for the technique of data collection. Brog et al. (1983) and Richardson et al. (1995) have proposed the distribution of questionnaire by post supplemented by remainder as the cost effective method of data collection. Sarasua and Meyer (1995), and Mortiz (1997) have presented interviewing techniques using advance tools like computer. Rastogi and Rao (2002) have examined the various formats of data collection and their usefulness under different data collection techniques in conditions prevailing in developing countries like India. For this study stated preference exercise was considered to be more realistic and was planned to evaluate the transit user’s perception in the study area. 

Stated preference (SP) Exercise
The complete S P exercise can be broadly divided into three sub exercises i.e. format design, experiment design and data collection. All of these were planned properly keeping in mind the resources available and constraints of the study area.  
Format Design
The format design consisted of format layout and selection of language. As internet based data collection was planned it was more realistic that respondents should be presented with scenarios in the form of paragraphs and not just the summary of various cases in the form of table. In addition the rating format was planned. The length of questionnaire was planned to be to be minimum possible covering all the important attributes. The language of questionnaire was decided to be monolingual and English, as it is well understood in the study area. 
Experiment Design

When the survey is designed by taking all the possible combinations of various levels of attributes it is termed as Full Factorial Design. However, such a survey becomes impractical. This is because when the respondent is presented with large number of scenarios it will result in unduly burdening of respondents and will unlikely to produce data of sufficient quantity or quality due to fatigue effect. There can be three ways to solve this problem: 

· Reduce the number of levels for each attributes 

· Reduce the number of attributes

· Use fractional factorial design 

The best way is to use fractional factorial design, in which a subset of the possible combinations of attribute levels is to be used to determine the relative importance of each feature in the decision making. Combinations of options can also be done to tackle the above problem and has been used in this study.  

Taking VMS, mobile phones and printed schedule as means of information dissemination system and the various attributes of travel a questionnaire was designed. The various attributes and their levels used in this study are presented in Table 1. The first attribute shown in the table is “Arrival of Passenger (AOP)”. This implies the arrival time of the transit user relative to the scheduled time of the transit. As it was considered to be an important attribute which will decide the number of display lines for the VMS, three levels for this attribute was taken as given in the Table 1.   The third attribute “travel time” was given only one level as it was not of prime concern in our case (as the main objective of this survey was to examine the burden of waiting time in the absence of real time information system and willingness to pay for it) still it was taken as one of the attribute to make the scenario complete.  The full factorial design for the given number of attributes and levels will result into 54 scenarios. The questionnaire was designed based on the method of fractional factorial design and number of scenarios was restricted to 18 to reduce the fatigue of the respondent.  The summary of various scenarios presented to the respondents have been shown in Table 2, a typical scenario as it appeared on the screen in front of a respondent is shown as Table 3 and the complete set of 18 scenarios have been kept in appendix. 
Data Collection

It was decided that the target respondents to be students of the campus as they were the most frequent users of the transit facility in the study area (IIT campus). It was also decided to use the advance technique as a mode of data collection. It would have been very difficult for students to respond to survey on working days as they are overburdened with class schedule and assignments. The responses given in such situations, with the lack of peace of mind would have resulted in poor quality data. Hence it was decided that data should be collected on Saturday and Sunday, in addition it was also seen from the academic calendar that there was no exams scheduled in next two- three days after that Sunday. First the pilot survey was planned and the web page of the survey was opened to respond to for twenty five users. The web page contained the introductory passage which could be read within a minute and was meant to arouse interest to participate in the survey. At the end to this passage there was link to main survey. First few questions were aimed at gathering socio-economic data. Then the next page started with scenarios. The respondent was not explained anything and was observed silently. At the end of submission of data, their reaction was noted. It was found that peoples were quite hesitant in providing socio economic data especially that related to their family income. In addition many people were found to be reluctant in providing their age. Hence the questions related to socio economic data were removed after the pilot survey. It was justified on the basis that the total population of students in the campus belong to different part of the country and truly represent the diversity which exists in the country. Based on the observations of pilot survey the wordings of the scenarios were modified to aid to clarity to content and  the link of web page of survey was mailed to randomly selected users using their institute email Id. They were presented with the introductory page and a bundle of hypothetical situations (scenarios) and were asked to rate them on the scale of five. The link of the survey was sent to 1000 students. In the first week 356 responses were obtained. In the next two week ends a reminder mail was sent containing a request to participate in survey with the link of survey and a note saying to ignore the mail if they have already responded earlier. Proper provision was made so that peoples opening the link of survey from the inbox of same e mail Id should not be able duplicate their response. Finally a total of 719 samples were obtained of which 606 samples were found valid. Hence the effective response rate was approximately 60 percent.      
LOGIT Model 

Once the data explaining the rating of various scenarios were collected, then the next step consisted of modeling the behavior of population of potential users based on obtained data. The model that explains the decision of an individual when confronted with several alternatives is called behavioral model. The logit model is one of the trusted behavioral models which can be used to predict the relative chance of acceptability of various alternatives by the user and has been used in this study. Economists distinguish between cardinal utility and ordinal utility. When cardinal utility is used, the magnitude of utility differences is a meaningful quantity. On the other hand, ordinal utility captures only ranking and not strength of preferences.The logit model applies only when we have utility values assigned to various alternatives. Hence it necessitated the cardinal utility approach.
The logit model works by assigning some attractiveness or utility to each available alternative. The higher the utility estimated for the alternative higher will be the chance of its selection by the user. The logit model defines the chance of selection of an alternative by the logit formula, which can be stated mathematically as 

Pi = exp ( Vi )/ ( exp ( Vi )                                                 (1)



Where,

   Pi = Probability of choosing alternative i

   Vi = Utility of alternative i


   “exp” stands for exponentiation i.e. exp (v) means ev

   “e” stands for base to natural logarithms

Hence it is evident from the above model that the probability assigned to an alternative is proportional to the exponential of its utility. Utility is a measure of the happiness or satisfaction gained consuming good and services. The term utility used above represents the attractiveness of an alternative consisting of shares from various attributes. Each attribute of the alternative has its share in the measure of utility based on the levels of the attributes. The term Utility here does not represent an absolute quantity but it is in fact a relative quantity.  For the present study ALOGIT version3.2 has been used for the calculation of relative utility of various alternatives.

ALOGIT uses the linear form of utility function as follows

Vi = (1 . D1i + (2 . D2i + (3 . D3i + ……..+ (n . Dni + (

(2)

Where, 

  Vi = Utility of alternative i

  (j = Coefficient for the attribute j

  ( = Constant, specific for the alternative

  Dji = Data item corresponding to value of the attribute j for alternative i

The equation 2 signifies that the various attributes weigh differently to the utility in travelers mind in choosing his or her best alternative. These weights of the individual’s perception are approximated by the coefficients ( in the above equation. 

Statistical test (t- Ratio test)

The t-ratio is simply the value of the estimated coefficient divided by the standard error of the coefficient. This statistics explains whether or not a term in the utility function adds significantly to the explanation of the behavior given by the model. At a given level of confidence, statistical table can be consulted to determine which coefficient differs significantly from zero. The table shows that at 95% confidence the t-ratio should be less than -1.9 or more than 1.9, when the sign of the coefficient are not known a priori (two sided test). But for a one sided test when the sign of the coefficient is known a priori the modulus of t-ratio at 95% confidence should be greater than 1.645.
Data Analysis Using ALOGIT
The data obtained were analyzed to find the utility of proposed system by maximum likelihood method using ALOGIT software. The coefficients for different attributes were found for three modes of information dissemination as compared to no information about the arrival time which is the existing condition in the study area. The values of estimated coefficients of each of the selected attribute for analysis along with their standard error and t-ratio have been presented in Table 8 (A, B, C). As evident from Table 8 (A, B, C), the modulus of t- ratios for most of the estimated coefficients are higher than 1.6, which clearly depicts that coefficients are non zero at confidence level of 95 percent, as for a one sided test when the sign of the coefficient is known a priori, the modulus of t-ratio at 95% confidence should be greater than 1.645. It also indicates that standard errors of estimate are quite lower than the estimated coefficient. Which shows that data obtained from the survey was of good quality. The t-ratio for the coefficient of cost is lesser and standard error is higher clearly indicates that there is variation in the minds of the respondents regarding the weight of cost.  It may be due to the reasons that the data have been not disaggregated based on the socio-economic group. The t-ratio of the relative arrival of passenger is also low for VMS and Mobile. This may be due to the fact that the perception of the respondents for coming before the schedule arrival is not consistent among the samples taken. 

 The utilities corresponding to the variation in different attributes were analyzed after the estimates of the coefficients were obtained. The results of the analysis have been presented graphically. Fig 1 shows that variation of utility with the variation in waiting time. Waiting time not only depends on the status of the bus but the relative arrival time of the passenger at the bus stop with respect to schedule of the bus. As evident from Fig 1, the slope of the utility curve of mobile is steeper than VMS. This may be due to fact that VMS display will provide the continuous updates as compared to mobile, in addition to this mobile will require cost to users for sending each enquiry through SMS. The utility of printed schedule is far lesser than the mobile and VMS, which means that the burden of waiting time is more in the absence of real time information system. Fig. 2 presents the variation of utility with the variation in status of bus. Status of bus here means the delay in arrival of bus as compared to its fixed schedule. This plot has almost same nature as the previous one. Fig 3 shows the increase in disutility due to increase in cost. Here utility have been plotted against the cost for information expressed as percentage of travel cost. The plot shows that the transit users are ready to pay up to more than 10 percent of travel cost for getting real time information of their bus at stops. The slope of utility curve for VMS is steeper and lies far below the utility curve of mobile. This might be due the assumption in the scenario presented to respondents that the cost of information by VMS will be added to fare and will be paid by all, but information by mobile will cost to only those who sends information request by SMS.

In addition to presenting 18 scenarios, the respondents were presented with two direct questions. First question aimed at knowing their best choice of information dissemination system. Second question was aimed at knowing their maximum tolerance to burden of wait at bus stop when they are provided with reliable arrival time information system of their bus. Results of these two direct questions have been presented in Fig 4 and Fig 5 respectively in the form of pie chart. It is evident from the Fig 4 that the most preferred choice is the variable message sign, which clearly indicate that transit user of the study area are most interested in way side information. The second preferred choice is mobile which can be used for getting all the three types of information viz. pre-trip, way side and on-board. But the only demerit of it may be that it will not provide continuous updates and each query by SMS will cause some cost to user.   Further Fig 5 depicts that significant proportion of  total population responding in the survey are ready to wait up to 15 minutes at bus stops if they are provided with real time arrival information system. But from Fig 1 it is clear that corresponding tolerance of the burden of wait in the absence of RTIS (for printed schedule) is 7 minutes, clearly indicates that perceived waiting  time is twice the actual waiting time in the absence of reliable information about the arrival time of  the bus. 

Limitation of the Results

As human behavior is difficult to model due to diversity in individual perception about various attributes of a product or service, these models only predict the trend of decision likely to be made by whole population and not decision made by each and every individual. 

Summary and Conclusion

The result of analysis shows that contribution to disutility by the waiting time is more in the absence of reliable information system. The analysis further depicts that transit user are quite sensitive to out of pocket expenses but they are ready to pay up to a significant proportion of travel cost for reducing their burden of uncertainty in waiting time. The result of survey shows that transit users are more interested in getting way side information than pre-trip or on-board information, and they convincingly prefer variable message sign as the means of information dissemination than internet or mobile phones. This appears to be quite realistic for short and commuting travels. But these results are indicative of overall trend of population and not the decision of each individual.
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Appendix 
Questionnaire of Stated Preference Survey



Situation A1

You arrive at the bus stop (outside hostel) 3 min before a bus is schedule to come. From the variable message sign display (electronic display) at the bus stop you know that bus will come on time. So, you are now certain about the arrival time of bus. For this information transit agency charges you extra 1 Rupee on your ticket. So, you must wait 3 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=3 min before, Info by-VMS, Bus status= on time, Price= Rupee1, Waiting time=3 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A 2

You arrive at the bus stop. From the printed schedule at the bus stop you come to know that bus is schedule to come 6 min later. But still there is the uncertainty about the arrival time of bus until the bus comes. For this information by the printed schedule transit agency charges you nothing. The bus comes 4 min late than schedule. So, you have to wait 10 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate.(Situation summary below)

Ur arrival=6 min before, Info by-Printed, Bus status=4 min late, Price=0, Waiting time=10 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A3

You arrive at the bus stop 6 min before a bus is schedule to come. Using your mobile phone (by SMS) at the bus stop you know that bus will come on time. So, the uncertainty of the arrival time of bus is removed. For getting this information it costs you extra Rupee1. So, you must wait 6 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=6 min before, Info by-Mobile, Bus status= on time, Price=Rupee 1, Waiting time=6 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A4

You arrive at the bus stop. From the printed schedule at the bus stop you know that you are 2 min late and buses come every 12 min. But still there is the uncertainty of the arrival time of bus until the bus comes. For this information by the printed schedule transit agency charges you nothing. The next bus comes on time. So, you have to wait 10 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate.(Situation summary below)

Ur arrival=2 min late, Info by-printed, Bus status= on time, Price=0, Waiting time=10 min  

How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A5

You arrive at the bus stop 6 min before a bus is schedule to come. Using your mobile phone at the bus stop you know that bus is 4 min late. So, the uncertainty of the arrival time of bus is removed. For getting this information it costs you extra Rupee1. So, you must wait 10 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=6 min before, Info by-Mobile, Bus status= 4 min late, Price=Rupee 1, Waiting time=10 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A6

You arrive at the bus stop 2 min later a bus was schedule to come. From the variable message sign display at the bus stop you know that bus is 4 min late. So, the uncertainty of the arrival time of bus is removed. For this information transit agency charges you extra 50 paisa on your ticket. So, you must wait 2 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=2 min late, Info by-VMS, Bus status= 4 min late, Price=50 Paise, Waiting time=2 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A7

You arrive at the bus stop. From the printed schedule at the bus stop you know that bus will come 3 min later. But still there is the uncertainty of the arrival time of bus until the bus comes. For this information by the printed schedule transit agency charges you nothing. The bus comes 4 min late. So, you have to wait 7 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=3 min before, Info by-Printed, Bus status=4 min late, Price=0, Waiting time=7 min  

How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A8

You arrive at the bus stop 3 min before a bus is schedule to come. From the variable message sign display at the bus stop you know that bus is 4 min late. So, the uncertainty of the arrival time of bus is removed. For this information transit agency charges you extra 50 paisa on your ticket. So, you must wait 7 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=3 min before, Info by-VMS, Bus status=4 min late, Price=50 Paise, Waiting time=7 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A9

You arrive at the bus stop. From the printed schedule at the bus stop you know that bus will come 6 min later. But still there is the uncertainty of the arrival time of bus until the bus comes. For this information by the printed schedule transit agency charges you nothing. The bus comes on time. So, you have to wait 6 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate.(Situation summary below)

Ur arrival=6 min before, Info by-Printed, Bus status=on time, Price=0, Waiting time=6 min

How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A10

You arrive at the bus stop 2 min later a bus was schedule to come. Using your mobile phone at the bus stop you know that bus is 4 min late. So, the uncertainty about the arrival time of bus is removed. For getting this information it costs you extra Rupee1. So, you must wait 2 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=2 min later, Info by=Mobile, Bus status=4 min late, Price=Rupee 1, Waiting time=2 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A11

You arrive at the bus stop 6 min before a bus is schedule to come. From the variable message sign display at the bus stop you know that bus will come on time. So, the uncertainty of the arrival time of bus is removed. For this information transit agency charges you extra 50 paisa on your ticket. So, you must wait 6 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=6 min before, Info by-VMS, Bus status=on time, Price=50 Paise, Waiting time=6 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A12

You arrive at the bus stop. From the printed schedule at the bus stop you know that you are 2 min late and buses come every 12 min. But still there is the uncertainty of the arrival time of bus until the bus comes. For this information by the printed schedule transit agency charges you nothing. But the bus comes 4 min late than schedule. So, you have to wait 2 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=2 min late, Info by-Printed, Bus status=4 min late, Price=0, Waiting time=2 min.
How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A13

You arrive at the bus stop 6 min before a bus is schedule to come. From the variable message sign display at the bus stop you know that bus is 4 min late. So, the uncertainty of the arrival time of bus is removed. For this information transit agency charges you extra 50 paisa on your ticket. So, you must wait 10 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=6 min before, Info by-VMS, Bus status=4 min late, Price=50 Paise, Waiting time=10 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A14

You arrive at the bus stop 2 min later a bus was schedule to come. Using your mobile phone at the bus stop you know that next bus scheduled after 12 min of previous bus is on time. So, the uncertainty of the arrival time of bus is removed. For getting this information it costs you extra 50 Paise. So, you must wait 10 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=2 min later, Info by-mobile, Bus status=on time, Price=50 Paise, Waiting time=10 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A15

You arrive at the bus stop. From the printed schedule at the bus stop you know that bus will come 3 min later. But still there is the uncertainty of the arrival time of bus until the bus comes. For this information by the printed schedule transit agency charges you nothing. The bus comes on time. So, you had to wait 3 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=3 min before, Info by-Printed, Bus status=on time, Price=0, Waiting time=3 min

How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A16

You arrive at the bus stop 2 min later a bus was schedule to come. From the variable message sign display at the bus stop you know that next bus scheduled after 12 min of previous bus is on time. So, the uncertainty of the arrival time of bus is removed. For this information transit agency charges you extra 50 paisa on your ticket. So, you must wait 10 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate.(Situation summary below)

Ur arrival=2 min later, Info by-VMS, Bus status=on time, Price=50paise, Waiting time=10 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A17

You arrive at the bus stop 3 min before a bus is schedule to come. Using your mobile phone at the bus stop you know that bus will come on time. So, the uncertainty of the arrival time of bus is removed. For getting this information it costs you extra 50 Paise. So, you must wait 3 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate.(Situation summary below)

Ur arrival=3 min before, Info by-Mobile, Bus status=on time, Price=50 Paise, Waiting time=3 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Situation A18

You arrive at the bus stop 3 min before a bus is schedule to come. Using your mobile phone at the bus stop you know that bus is 4 min late. So, the uncertainty of the arrival time of bus is removed. For getting this information it costs you extra Rupee1. So, you must wait 7 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate.(Situation summary below)

Ur arrival=3 min before, Info by-Mobile, Bus status=4 min late, Price=Rupee 1, Waiting time=7 min. How do you rate this on the scale of five, 1 means worst and 5 the best.  

Two direct questions for conditions prevailing outside campus in Mumbai-

19. If we provide you the reliable information about the arrival time of next bus by following mode of information dissemination system, which one you prefer

1) Internet: you can get information when you are in your home (room) or office (lab)


2) Variable message signs at bus stop showing the status of next bus 


3) Mobile phone: you can know arrival time of bus any where at the cost of SMS   

4) Kiosks (touch screen terminals) at bus stops  

20. Knowing that on-time performance of buses in congested traffic conditions is impossible, what is the maximum time up to which you can wait at a bus stop if you are provided with exact information about arrival-time of your bus?

1) 10 min   2) 15 min   3) 20 min   4) 30 min      

Table 1:  Attributes and their levels used for stated preference survey

	Attributes
	Levels

	 
	1
	2
	3

	Arrival of Passenger(AOP)
	6 min before
	3 min before
	2min later

	Information System (IS)(cost)
	Printed(Rs 0)
	VMS (Rs0.5)
	Mobile(SMS)(Rs1)

	Status of Bus (SOB)
	on time
	4 min late
	 

	Travel Time (TT)
	8 min
	 
	 

	Cost for information (Rs.)
	0
	0.5
	1

	No of Alternatives=3*3*2*1*3=54


Table 2: Summary of scenarios used for stated preference survey

	Scenarios

	SN
	AOP
	IS
	SOB
	Cost for Info
	WT (min)

	1
	3 min before
	VMS
	on time
	1
	3

	2
	6 min before
	Printed
	4 min late
	0
	10

	3
	6 min before
	Mobile(SMS)
	on time
	1
	6

	4
	2min later
	Printed
	on time
	0
	10

	5
	6 min before
	Mobile(SMS)
	4 min late
	1
	10

	6
	2min later
	VMS
	4 min late
	0.5
	2

	7
	3 min before
	Printed
	4 min late
	0
	7

	8
	3 min before
	VMS
	4 min late
	0.5
	7

	9
	6 min before
	Printed
	on time
	0
	6

	10
	2min later
	Mobile(SMS)
	4 min late
	1
	2

	11
	6 min before
	VMS
	on time
	0.5
	6

	12
	2min later
	Printed
	4 min late
	0
	2

	13
	6 min before
	VMS
	4 min late
	0.5
	10

	14
	2min later
	Mobile(SMS)
	on time
	0.5
	10

	15
	3 min before
	Printed
	on time
	0
	3

	16
	2min later
	VMS
	on time
	0.5
	10

	17
	3 min before
	Mobile(SMS)
	on time
	0.5
	3

	18
	3 min before
	Mobile(SMS)
	4 min late
	1
	7


Table 3: A typical scenario of stated preference survey

	Situation A3

	You arrive at the bus stop 6 min before a bus is schedule to come. Using your mobile phone (by SMS) at the bus stop you know that bus will come on time. So, the uncertainty of the arrival time of bus is removed. For getting this information it costs you extra Rupee1. So, you must wait 6 min, at the bus stop for the bus to come. Once on the bus it is as usual 8 min ride to main gate. (Situation summary below)

Ur arrival=6 min before, Info by-Mobile, Bus status= on time, Price=Rupee 1, Waiting time=6 min  

 How do you rate this on the scale of five, 1 means worst and 5 the best.  

1     O                  2    O                3    O                4    O                5   O


Table 4 A:  Out put of model A1 for stated preference survey

	Printed Schedule (Model A1)

	 
	AOP
	SOB
	COST
	WT
	CONST

	Estimate
	-0.09829
	-0.08632
	0
	-0.469
	3.969

	Std. Error
	0.0218
	0.0339
	0
	0.0261
	0.207

	T Ratio
	-4.5
	-2.5
	0
	-18
	19.1


Table 4 B: Out put of model A2 for stated preference survey

	VMS (Model A2)

	 
	AOP
	SOB
	COST
	WT
	CONST

	Estimate
	-0.04324
	-0.07472
	-1.138
	-0.2634
	9.894

	Std. Error
	0.0681
	0.0716
	1.23
	0.0681
	4.72

	T Ratio
	-0.6
	-1
	-0.9
	-3.9
	2.1


Table 4 C: Out put of model A3 for stated preference survey

	Mobile (Model A3)

	 
	AOP
	SOB
	COST
	WT
	CONST

	Estimate
	-0.02148
	-0.1935
	-0.8781
	-0.3576
	9.531

	Std. Error
	0.068
	0.106
	1.54
	0.0641
	5.96

	T Ratio
	-0.3
	-1.8
	-0.6
	-5.6
	1.6
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Fig 1: Variation of utility with waiting time
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Fig 2: Variation of utility with status of bus
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Fig 3: Variation of utility with cost
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Fig 4: Choice of Information dissemination system
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Fig. 5: Tolerance to wait in the presence of RTIS
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