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[bookmark: _Toc251767154][bookmark: _Toc292834916]Abstract
Transfer is a behavior that generates waiting time and lessens passengers’ comfort in transit trips. It usually delays trips and affect level of service to the whole transit network. In this study, a 26 factorial experiment is designed to analyze 6 factors’ effects on passengers’ transfer behavior in transit commuting trips. The six factors are independent and selected as follows: 1st: O-D Length; 2nd: Curvature of routes; 3rd: Overlap ratio of routes to main roads; 4th: Friday or not; 5th: Morning or Afternoon; 6th: UW-Students or not. 
By both Lenth and Dong Method in a 26 factorial experimental design, one main effect together with one interaction effects significantly influences commuters’ transfer behavior in transit commuting trips in 90% confidence interval (CI). The main effect is “Overlap ratio of main roads” and the interaction effect is “Curvature of routes & Overlap ratio of main roads”. One interaction effect of “Curvature of routes & UW-Students or not” is significant only by Dong method in 90% CI. When CI is adjusted to 80% or narrower, one other interaction effect of “O-D Length & Overlap ratio of main roads & UW-Students or not” becomes significant by Dong method. 
Based on significant effects, models are created to predict the probability of transfer in transit commuting trips in Madison Wisconsin. Local transit operational management team can apply the model to forecast probability of transfer and then dispatch transits or plan routes schedules in a more scientific way.
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0. [bookmark: _Toc292834922]Background
In transit transportation, transfer is a behavior that passengers change from one bus route to another in order to reach destination. Because inner city transits usually run in fixed route, fixed stop, fixed terminal according to the fixed schedule and cannot provide individual services to each passenger, transfer would ineluctably happen in transit commuting trips.
Transfer can both influence individual passengers and public transit system in the following ways:
For individual passengers, transfer usually causes waiting time, delays the trips and generates unreliability. Commuters who transfer from one bus to another have to walk from a landing bus stop to the transfer point and wait for the next available buses. Commuters also take risks of missing the next bus. It is inconvenient to travel multi-legged trips.
For public transit system, transfers will directly affect the Level of Service (LOS). A transit network should avoid transfers to the major demands. However, more direct routes means higher cost. Therefore, bus stops and transfer points should be well designed to minimize the transfer walking distance. Schedules of related routes should be coordinated to shorten the transfer time. Enough facilities should be guaranteed to make the transfers safe and convenient. 
It is extraordinary important to forecast transfer behavior in transit transportation. Public transit operational team could be able to anticipate the probability of transfer and then dispatch transits in a more logical and optimal way. Many studies have been done to analyze transfer in transit trips from multiple perspectives, which will be discussed in section 2.1 in detail. 
In empirical experience, there are hundreds of factors that influence passengers’ transfer behavior in transit trips. These factors are human factors including class of income, individual preference, loyalty, time schedule; Origin and Destination (O-D) factors including distance, availability of routes; route factors including curvature of routes, width of road path, overlap ratio of route to main roads, work zone areas along the route; time factors including week day or week end, morning or afternoon; weather factors including level of precipitation, visibility of roads etc. Among these factors, the most possible significant factors like weather condition, passenger type, O-D type, route characteristics, and date/time are introduced as follows.
Weather condition is a state of atmosphere, to the degree that it is hot or cold, wet or dry, clear or cloudy over a period of time. In transit trips, the most influential factors of weather to transit transfer are temperature (hot or cold) and precipitation (wet or dry). Influence of temperature is obvious. Since only few bus stops are under shelter, passengers incline to stay on buses with comfortable air condition during intense heat of summer or in severe cold winter. Extreme temperature condition can impel passengers to avoid or reduce unnecessary transfer in trips. Thus, temperature is an important factor that influences passengers’ transfer behavior in transit trips. Effect of precipitation is also obvious. Passengers would avoid getting wet in rain or snow and incline to stay in shelter and transit is one ideal shelter during trips. Thus, precipitation is an important factor that influences passengers’ transfer behavior in transit trips.
Passenger type means the occupation of passengers and their fares in transit trips. It is another critical factor that effects transfer behavior. Consider groups of university students and office workers as an example. Office employees usually work in a fixed schedule from 9AM to 5PM in workdays. Students, especially graduate students, on the other hand, are much flexible due to various class schedules. Thus, different type of passengers with various occupations might behave diversely on transit transfer by their own characteristics. In fare part, since many Metro transit companies provide students tickets for free (covered by tuition and none-refundable), students or passengers holding students tickets might not concern about fare issues in transit trips. 
Origin and destination type means characteristics of O-D pairs which include distance between O and D, district type of O and D like residential area, school campus or central business district (CBD). O-D type influences passengers’ transfer behavior in transit trips as follows. Because inner city transits usually run in fixed route, fixed stop, fixed terminal according to the fixed schedule, the further the passenger travel, the more probability they must transfer due to limited distance of individual route of transit services. Additionally, bus stops are usually set more densely in CBD, campus area than in other area along routes. Passengers have more choice in downtown area, and might perform more transfer consequently.
Route characteristics means properties of routes like curvature of routes, the width of roads on which transit runs, overlap ratio of transit routes with main road over the total distance of routes. Characteristic of routes influence transfer behavior as follows. Passengers always incline to commute from O to D through shortest distance with minimum time. Any passenger who travels along the curve roads is either has no choice (the only transit runs from O to D is in curve route) or there is no nonstop transit at all. In the latter condition, they have to travel to a transfer point (might not necessary located at the direction from O to D) and then transfer to the final destination. The larger curvature of routes, the more probability passengers transfer. Additionally, since arterial roads have more lanes and can convey more vehicles in the city, more transits travel along arterial roads than along small paths. It means that passengers who travel in routes along arterial roads would have more choices of transits to destination. 
Date is a critical variable in transit trips. In general, there are more transits running on routes during weekday than in weekend. In some cities like Madison Wisconsin, only few routes operate in weekend or in holidays. Availability of routes determines passengers transfer behavior in commuting. In the five week days, Friday is a weekend-like weekday in that a lot of workers and students might commute early in the afternoon for holiday/weekend issues. Passengers’ behavior on transfer in transit trips is then slightly changed.
Time is another variable in transit trips. Passengers would like to have tight schedule in the morning and a more flexible one in the afternoon. It means that transit users are more probable to make transfer decision in afternoon than in the morning. Morning or afternoon can be one factor that influence transfer behavior in commuting trips.
While the above variables play fundamental roles in forecasting the transfer behavior in transit trips, the selection and investigation on these variables as a main part of this study. 
Metro Transit Madison (MTM) provides one month empirical field data in this study. Data is valid in this study for the following two reasons. First, MTM operates adequate transit service to the residents comparing to the local population. MTM service covers 72 square miles and 245 thousand populations in the city of Madison. The Metro Transit Annual Report show ridership increased to 13.59 million in 2009 (28). Madison ranks 20th out of the top 100 transit systems as measured by the National Transit Database Report through the Federal Transit Administration based on ridership per capita. Although the Madison area is ranked 95th in population (329,533), Metro has a much better ridership per capita than much larger cities, including Miami, Houston, San Diego, and the Twin Cities which have populations of between 2 and 5 million. 
Second, MTM provides adequate transit service to the residents in geographic balance. Metro Madison have 5 transfer points, North, South, East, West, Middleton and they are spread evenly in the city. There are 62 fixed routes, 2062 bus stops which cover over 85% of Madison area. The public transit network has a well coverage of the road system. 
In order to forecast transfer behavior in transit commuting trips, a statistical method is utilized in analyzing the probability of transfer that passengers would act during transit trips. 
A 2x factorial experimental design is introduced in the study. X equals to the number of selected factors that might influence transfer behavior in transit trips. 2 means it is a two levels factorial design. Yield (response of variable) equals to the percentage of transfer in all possible factorial combination. The 2x factorial experimental design is superior to other statistic models, because it is complete balance, analyzing all possible combinations of selected factors and only focusing on significant effects of factors.
[bookmark: _Toc292834923]Problem Statement
[bookmark: _Toc292834924]Research Scope
There are numerous numbers of comprehensive studies on transit planning, through which to reduce total transfer delay by optimizing transit dispatching process with serial of innovative strategies. These studies discussed applications of controlling transit vehicles for improving service reliability, which include improving bus passenger transfers through operational tactics (1); Dispatching at timed transfer transit by using bus tracking technology (2); Transfer optimization by utilizing interactive graphic system (3); And study of dispatching the minimum waiting time of public transit transfer under ITS conditions (4) etc. Nevertheless, few study states methods that probe into root cause of transfer behavior and strategies to forecast transfer behavior in transit trips. With applied methodologies or models to predict transfer behavior, we are able to forecast probability of transfer and plan countermeasures timely. Therefore, the question which factors would significantly influence transfer behavior and how to forecast the probability of transfer in transit trips is worth study. 
Origin (O) and destination (D) are the two very basic and fundamental elements in any modes of trips. In order to analyze detailed characteristics among the whole period of trips, we must have a defined O and D for each trip. In transit record, however, destination information of individual transit users is usually missing because travelers are not required to swipe bus pass or leave any personal response when getting off. Then, a boundary must be set in order to estimate the information of D. 
In microscopic perspective, each trip has unique O and D, when O-D information is missing it cannot be estimated since each trip is random and independent to the whole record of data. Whereas, in macroscopic view, some kinds of trips do replicate during a certain period of time and reveal similar characteristics. Trips from home to work in the morning and from work back home at night as an example, because each individual has a relative fixed work schedule during work days, they might commute from a same origin (Ex: home) to an identical destination in the morning (Ex: work place) and back from a defined origin (Ex: work days) to the destination (Ex: home) in the afternoon during a period of time (Ex: work days), which is called commuting trips. In commuting trips, because the morning origin usually equals to the afternoon destination and vice versa, for each passenger, we can estimate the destination of trip in the morning trips as the origin of trip in the afternoon. Therefore, O-D pair can be defined for a particular individual in commuting trips. 
This study is only focus on passengers’ transfer behavior in transit commuting trips.
The objective of my research is as follows:
1), Define independent factors that empirical influence transfer behavior based on hand on data.
2), Apply appropriate algorithm to find significant main effects or interaction effects that influence transfer behavior in transit commuting trips.
3), Build Transfer Forecast Model based on significant effects to predict probability of transfer to individual commuters.
4), Compare the significant effects of models in different confidence interval.
5), Evaluate the assumptions of models under independent, identical and normally distributed distribution of residuals.
6), Evaluate the accuracy of models.
[bookmark: _Toc292834925]Research Assumptions
Scope of my study is restrained by assumptions and criteria as follows.
1), Transits commute in finite small grids from Origin (O) to Destination (D).
2), Focus on commuting trips with bus pass records from automatic fare collection (AFC) and automatic vehicle location (AVL) system. Free ride records are excluded.
3), All statistic models are in ideal conditions.
[bookmark: _Toc292834926]Research Contributions
My research contributions are as follows:
1), Find one main effect of “C” and one interaction effect of “BC” that significantly influence transfer behavior by both Lenth and Dong methods in 90% confidence interval (CI). Find one significant interaction effect of “BF” by Dong method in 90% CI. Find interaction effect of “BF” becomes significant by Lenth method when CI reduce to 80% or narrower. Find one interaction effect of “ACF” becomes significant by Dong method in 80% CI or narrower.
2), Construct two transfer forecast models under 90% CI and 80% CI or narrower respectively.
3), Validated the assumptions of Yate’s algorithm which are under independent, identical, normally distributed (IIDN) discipline.
4), Validated the accuracy of two models.
“C”: Overlap Ratio of Routes to Main Roads;
“BC”: Curvature of Routes & Overlap Ratio of Routes to Main Roads;
“BF”: Curvature of Routes & UW student or not;
“ACF”: OD Length & Overlap Ratio of Routes to Main Roads & UW student or not;
[bookmark: _Toc292834927]Thesis Organization
This paper is organized into seven chapters. The first chapter is the introduction. It explains why transfer behavior in transit trips is chosen for this study; why keystone is focus on seeking transfer root cause and transfer prediction and which possible variables might influence transfer behavior in transit trips. 
The second chapter is the literature review, an overview of existing study of transfer in transit network and statistic methods or strategies to generate relationship between one response variable and multiple independent variables. Regression analysis and Yate’s algorithm are the two methods.
The third chapter is methodology. It introduces general models to forecast probability of transfer in transit commuting trips and analysis frame work of this study. It also gives procedures of modeling evaluation in details.
The fourth chapter is data source and sample formulation. It gives parameters of empirical data, data size and procedures of selecting commuting trips. Steps to formulate response variable in models are introduced in details.
The fifth chapter is preliminary analysis and variable specification. Six factors are selected for models. Continuous factors are defined to each commuting trip. Thresholds of continuous factors are given values. 
The sixth chapter is result analysis. Yate’s algorithm calculates all effects of factors and factorial combinations. Lenth and Dong method are introduced to find out significant effects to the response variable. Transfer forecast models are generated in two different confidence intervals (CI). Assumptions of Yate’s algorithm are tested consistent. Statistical error is analyzed for the accuracy of models. Significant effects of critical factors are analyzed under empirical experience.
The seventh chapter is conclusion and future works.
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0. [bookmark: _Toc292834929]Existing Study of Transfer in Transit Network
In literatures, transfer was always discussed in the field of (1) transit network design problem, (2) transit assignment problem, and (3) transit scheduling 
(1) Transit Network Design 
In transit network design problem, minimize transfers is commonly used as a key objective. Van Nes et al. proposed a mathematical programming approach simultaneously determined the routes and frequencies (5). The objective function maximizes the number of direct trips (trips without transfers) served in the network.  Zhao and Zeng used a heuristic method for optimizing transit network planning (24). The goal of the model is to minimize passenger cost. In their research, the transfer cost is separated into walking time between stops, waiting time at transfer stations and transfer penalty time. Other studies in transit route network design problem which seek to minimize the transfers includes works of Baaj and Mahmassani , Shih et al , Zhao and Gan , Zhao and Zeng , Zhao et al (6)(7)(8)(9)(10).
(2) Transit Assignment 
Transfer time is a major component of transit journey time especially in urban area. Passengers are trying to avoid transfers because the time consuming and unreliability (the risk of missing the next bus). Thus passenger route choice is influenced by transfers. Transfer time and the number of transfers are major components of the resistance (general cost) of transit route with perhaps different weights. Consider the congestion in transit network, when passenger volumes are close to or over the capacity of transit vehicle, some passengers may not be able to board the arriving vehicle successfully.  Hence, transfer times may be directly affected by the volume of passengers on the route. Lo et al. presented a network model accommodates nonlinear fare structures and transfers through the use of a state-augmented multimodal (SAM) network (11). In this network representation, the node itself is augmented based on the opportunities to transfer at the node, the number of transfers made by the passenger in the network, and explicit representation of direct links in the network to represent nonlinear costs. In the work of Nuzzulo et al., the transit passenger is assumed to make a discrete choice of route and trip (12). The discrete choice model uses for the utility function typical variables related to travel times, transfers, and related variables. Moreover, some research works simulate the bus dwell time caused by passenger activities such as transfers, including works of Milkovits, Rajbhandari and Aashtiani, trying to apply which to the transit assignment model (13)(14)(15). 
(3) Transit Timetabling
A major complication in timetabling occurs when schedules are intended to be coordinated at a transfer stop or terminal in order to reduce passenger transfer time (16). Specifically, one would like to time the arrival of a vehicle on one route with that on another route so that passenger transferring between routes can make the connection with the minimum waiting time. The work of Wirasinghe and Liu consider the problem of determining optimal schedule slack times by minimizing the sum of the passenger waiting time at intermediate time points on a route (17). Consider the unreliable arrival time of feeder route, Hall as well as Knoppers and Muller characterize the optimal slack time on the transfer route (18)(19). A number of analytic studies, including works of Lee and Schonfeld, Chien and Schonfeld, trying to optimize both the slack time and the headways of connecting routes at a single transfer point (20)(21). Ceder et al. presented a MIP model to maximize the number of simultaneous arrivals of buses from different lines to transfer stations (25). Yan and Chen as well as Yan et al. (2006) presented models for intercity bus routing and scheduling (26)(27). More recently, these analytic models have been extended to cover multiple transfer points and multiple modes, including Chowdhury and Chien, Ting and Schonfeld (22)(23).
[bookmark: _Toc292834930]Statistic Methods for Variables 
In statistics, a couple of techniques are eligible for analyzing relationship between yield (a response variable) and one or more variables (independent variable). Regression analysis is one most common measure in modeling and measuring several variables. Other applied methodologies like factorial experimental design are also the popular in experiment. In the section, the regression analysis and factorial design are both introduced. 
[bookmark: _Toc292834931]Regression Analysis
Regression analysis studies relationship between several variables. More specifically, regression analysis explains how a typical value of dependent variable (Yi) changes when any one of the independent variable (Xi) vary while other independent variables (Xj) are fixed. The method helps us to explore which variables (Xi) are related to the dependent variable (Yi) and form the relationship in formula. Thus, regression analysis is suitable for prediction and forecasting. Many kinds of regression of techniques have been developed, such as linear regression, ordinary least squares regression and nonparametric regression, etc. but they are all used in place of dependent and independent variables as follows:
 	                                                        (2.1)
where:


.
Because the scope of this study is focus on the main effect and interaction effect (linear combination) between variables, linear regression is discussed in details. 
Linear regression is approach to modeling the relationship between a variable Y and one or more variables X by linear functions. The method is focus on the Conditional Probability Distribution (CPD) of y given X. For example: Regarding function of y for given x, for discrete random variables,  for all x and y; and for continuous random variables,   for all x and y. The equations display that Y must be independent of X and X is also independent of Y.
In prediction analysis of the probability of transfer in transit trips, linear regression can be used to fit a predictive model from the observed data set of y and xi (). y is the percentage of transfer in transit trips; xi are particular selected variables that influence the value of y; n is the number of selected independent variables. 
Linear regression model is usually fit by least squares approach. The Least Square Line (LSL) with one variable:    minimizes the sum of the squared residuals. 
Introduce two or more independent variables, given a data set of  , a linear regression model assumes that the relationship between yield (response variable) yi and the p vectors of independent variables xi. Thus, the model takes form:
                          (2.2)
Linear regression model can be used to fit a predictive model with observed data set of y and X. After developing the model and getting estimated values of , when additional value of X is given as inputs, the fitted model can be used to predict the value of y. 
If we write above formula in a more common way: 
,                                                          (2.3)
where:
.  




We must aware that  does not mean there is any mistake within the model. By the least square approach,   always returns to be the minimum value. 
[bookmark: _Toc292834932]Factorial Experimental Design
Factorial experimental design (FED) is a classic designed experiment in engineering application. FED consist two or more factors (independent variables) and each of the factors composes of discrete possible values (level). One great advantage of factorial experimental design is that the experiment contains all possible combination of levels of all selected factors. These combinations test and reflect all interaction effects among selected factors. 
In real application, an experimental analysis- Yates analysis is widely used in FED. Yates analysis constructs special structures to estimate for all factor effects and all factorial interaction effects by least square algorithm. Least square algorithm solves every single equation by minimizing sum of squares of errors. Moreover, data must be ordered in a Yates order before performing Yates analysis. For example, in a two levels design, given m factors, the mth column consists of 2(m-1) negative signs “-” followed by 2(m-1) positive signs. A design matrix for a three factors (A, B, C) experiment in standard Yates order is as follows:
[bookmark: _Toc292812476]Table 2‑1 A Design Matrix In Standard Yates Order
	y
	A
	B
	C

	μ
	-
	-
	-

	a
	+
	-
	-

	b
	-
	+
	-

	ab
	+
	+
	-

	c
	-
	-
	+

	ac
	+
	-
	+

	bc
	-
	+
	+

	abc
	+
	+
	+










Each factor’s combination reflects related factor effect or interaction effects. The complete design displays effects of all possible factorial combination. 
Yate’s algorithm for 2m runs of experiment is as follows:
1) List data in standard order;
2) Create m new columns in the following steps:
        a) For the first 2k-1 entries, any subsequent column is obtained by addition. The entry in the ith row of a column is the sum of the (2i-1)th and the 2ith entries in the previous column.
        b) For the second 2k-1 entries, the (2k-1+i)th entries is obtained from the previous column by subtracting the  (2i-1)th entry from the 2ith entry.
3) Create a (k+1)th column consisting of entries, all of which are equal to 2k-1, except for the 1st entry which is equal to 2k.
4) The estimate are calculated by dividing the kth column entries by the corresponding entries in the (k+1)th column.
Obtaining main effects and interaction effects of factors, there are two common methods (LENTH’s method and DONG’s method) to determine if selected effects or interaction effects are significant with a certain degree of confidence interval.  be the estimate effects, I= 2k-1 (one mean value exclusive).
LENTH’s method assumes that we have m independent effect estimates and that they all have the same variance , define the initial estimate of standard error: , then, define the pseudo standard error  An effect is declared significant at the level of  when 
Dong’s method define an initial estimate of SE , define  m= the number of i: , , then, repeat step 2 with  Define  An effect is declared significant at the level of αif   
All in all, when constructing the model with overall mean of response variable, the model can be written as follows:
          (2.4)
In (2.4),           
In Yates algorithm, model should include all important factors that influence response yield, unimportant factors and combination need be omitted.  


[bookmark: _Toc292834933]Methodology
0. [bookmark: _Toc292834934]General Models
In order to forecast transfer behavior in transit commuting trips, both method of linear regression and technique of factorial experimental design can be utilized in analyzing relationship between transfer and possible selected factors. In linear regression model, response variable equals to the number of transfer in transit commuting trips and the response variable can replicate under each certain factorial combinations. Thereby, each factor has degree of freedom and P-value showing the significance of factors. In factorial experimental design, Yate’s algorithm assumes each combination of factors has single value and does not replicate, therefore, the model must be saturate with all possible combinations of factors and response variable equals to the probability of transfer in transit commuting trips.
[bookmark: _Toc292834935]Linear Regression
In model of linear regression, number of transfer in a certain combination of factors can be calculated in formula 3.1.
		        (3.1)




In linear regression model, yi replicates when each combination of factors replicates. The model can also be unbalance when samples in 2p combination are different. The model directly returns the number of transfer with given level of independent variables.
[bookmark: _Toc292834936]Factorial Experimental Design
In model of experimental design, probability of transfer in a certain combination of factors can be calculated in formula 3.2
		     (3.2)




In formula 3.1, all possible combinations of factors are included in model. We assume that 2i combination returns a single value of yj. Therefore, the model is always balanced and saturated.  
0. [bookmark: _Toc292834937]Analysis Framework 
In this study, research scope is to analyze transfer behavior in transit commuting trips. The first step is data process. Procedure of filtering qualified commuting trips and discrete variables and continuous variables is introduced. Second, we select the most possible variables as factors which influence transfer behavior in transit commuting trips in models. Third, related statistic method is selected in formulating models. Critical factors which significantly influence transfer behavior are generated. Transfer forecast models in 90% and 80% confidence intervals are established. Fourth, model evaluation is performed to check statistic assumptions of models and determine the accuracy of models. Fifth, empirical analysis explains why statistically significant effects influence transfer behavior in empirical experience.
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0. [bookmark: _Toc292834938]Modeling Evaluation 
In order to measure the fitness of models and grade the accuracy of models’ output, two parts should be included in modeling evaluation process. 
First, check the assumption and measure the fitness of models. Yate’s algorithm assumes that in model,  is identical, independent, normally distributed with mean value “0” and has constant variance along the whole runs of experiment. Residuals versus run orders should be plot to check if variance is constant along whole run of data. Additionally, residuals versus fitted values should be plot to check if residuals are evenly distributed besides fitted values and have mean value of zero. Last, Quantile - Quantile (QQ) plot should be drawn to evaluate whether residuals follow normal distribution or not. If all three figures confirm models are under IIDN assumption, models of significant effects from Yate’s algorithm can then be utilized in prediction of response variables.
	Second, grade the accuracy of models’ output. There are two types of errors in prediction model. Type I error is reject null hypothesis while null hypothesis is true. Type II error is fails to reject null hypothesis while alternative hypothesis is right. When null hypothesis is no transfer in this study, results of prediction are: predict transfer and actually transfer; predict transfer and actually do not transfer; does not predict transfer and actually transfer; does not predict transfer and actually do not transfer. The first and fourth prediction makes right decisions. The third prediction is type I error. The second prediction is type II error. Defining actual value to be true or false and prediction outcome to be positive or negative, four outcomes can be formulated in a 2×2 contingency table.
[bookmark: _Toc292812477]Table 3‑1 Prediction Outcome and Actual Value
	
	Actual Value

	Prediction Outcome
	TP (True Positive)
	FP (False Positive)

	
	FN (False Negative)
	TN (True Negative)



If the outcome from a prediction is positive and the actual value is positive as well, then it is called a true positive (TP); if the outcome from a prediction is positive and the actual value is negative, it is called a false positive (FP). Conversely, a true negative (TN) occurred when both the prediction outcome and the actual value are negative, and false negative (FN) occurred when the prediction outcome is negative while the actual value is positive.
                                                        (3.3)
                                                         (3.4)
TPR reveals the probability of true positive in all positive.
FPR reveals the probability of false positive in all negative.
In order to enhance the accuracy of transfer forecast model, we need to find the maximum value of TPR and the minimum value of FPR in ROC curve. However, since ROC curve usually displays the positive relationship between TPR and FPR, we have to compromise to a balance point with reasonable high value of TPR and low value of FPR. The selected point shows accuracy of model. 
                                    (3.5)

[bookmark: _Toc291494888][bookmark: _Toc292834939]Data Source and Sample Formulation
In this Chapter, characteristics of empirical field data from metro transit Madison are introduced. Procedure of selecting commuting trips from hand on empirical data is described in flow chart. Method of calculating effective transfer and response variable is interpreted in details.
0. [bookmark: _Toc292834940]Data Source
In this study, empirical data of transits is provided by Metro Transit of Madison, Wisconsin. Metro Transit of Madison is the local transit provider in the city of Madison, which operates has 62 fixed-routes, 204 fixed-route buses in 2010.
The passenger fare data used in this paper was collected by the Automatic Fare Collection (AFC) system. AFC was equipped in every fixed-route buses in Madison. Integrated with the Automatic Vehicle Location (AVL) using a satellite-based Global Positioning System (GPS), AFC system provides valuable individual information includes fare card id, fare card type, card swiping time, transit route number, vehicle number and direction, related bus stop ID and bus stop GPS location (longitude and latitude). All transit records of Metro card in workdays between 04/05/2010 and 05/05/2010 are included for analysis, except free rides (Route 80, 81, 82, 84, 85) which mainly services University of Wisconsin-Madison. There are total 31 days including 23 work days with no events or holidays during the period and over 70,000 transit record is included in analysis.  Section 3.3 shows the method of indentifying the commuting trip from these records. Transit record is consistent and large enough for this study.
0. [bookmark: _Toc292834941]Data Processing
Within research scope, a set of criteria are set to select commuting trips from hand on empirical data. In SQL database, Steps of commuting trips can be creating tables with criteria as the following:
First, set time limits for potential commuting trips on each workday. Cut off weekend transit record and select the trips through Monday to Friday from database. Select trips before 9:30AM and after 3:00PM based on the same bus pass ID (pass_sequence in SQL database) and at the same day. The reason to set time limit for both morning and afternoon is that according to empirical experience, trips to work usually happen before 9:30AM every workday, and trips back home seldom occur prior to 3:00PM in the afternoon (based on 8 hours work regulation).
Second, find out O and D for each commuter. From the first step, select the earliest card swiping record before 9:30AM in the morning and the earliest card swiping record after 3:00PM in the afternoon together with related latitude and longitude information of bus stops. Assume the first card swiping location in the morning as home, the origin and the first car swiping location in the afternoon as work place, the destination.
Third, define a boundary for O and D. Commuting trips replicate in one month period. Because each bus route has its own bus stops and they might not be in the exact same geographic location, a boundary must be defined to set for the same O and same D. By using the same O and same D, the number of commuting trips can be counted for each commuter. Set a square of  mile as a boundary for both O and D. For each passenger, if location of its O or D fell in the 0.5mile*0.5mile square respectively in different workdays, judge the passenger start from the same O and return from the same D. The most frequent bus stop id from morning departure and evening return is used as O and D for the passenger.
Fourth, find out commuters. For individual transit users, commuting trips must be replicable during one month period. Choose threshold frequency of commuting trips to define commuters. 10 times of frequency is select for threshold, there are 78 passengers qualified for commuters. Based on hand on data, the sample size is too small to represent population of real commuters. Therefore, adjust the threshold with more tolerance, 5 times is finally selected as threshold for commuters. In this condition, there are 204 commuters and 3314 time of card swiping record is qualified for analysis.
Fifth, determine commuting trips. For each commuter, there must be 2 sets of commuting trips from step 4 data at the same day. Criteria must be set to determine which transit record is for commuting and which is not. 
In the morning, if record shows the first boarding location is different from the next one, the first trip is selected as start of commuting trip, the latter record is transfer; if commuters starts at the same bus stop at a different time consecutively, the last record on this bus stop is judged as start of commuting trip, next records are transfer. Because most transit trips can be reached in 2 hours in Madison, only transit records within 2 hours of the start of commuting trips are selected as transfer. 
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In the afternoon, if record shows the first boarding location is different from the second one, the first trip is selected as start of commuting trip, the latter record is the transfer; if a commuter starts at the same bus stop at a different time consecutively, the last record at this bus stop is judged as start of commuting trip, the next records are transfer. Additionally, the latest transfer record should not exceed two hours of the start of the trips. 
In the data, some records appear that the first card swiping location in the afternoon to be the same as the origin in the morning, which means commuters transit from and to the same location. O-D equals to zero and should be excluded in analysis. 
The start location (bus stop id) of commuting trips in the morning should be considered as “O_morning” and the start location (bus stop id) of commuting trips in the afternoon should be considered as “O_afternoon”. Set “O_morning = D_afternoon”; “D_morning = O_afternoon”. There are 2605 qualified commuting trips from 204 commuters.
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0. [bookmark: _Toc292834942]Sample Formulation
One statistic method must be chosen for analyzing transfer behavior of transit commuting trips. In order to design a strong model with balance structure and easily apply to the research object, the Method of Factorial Experimental Design (FED) is finally selected for the study precipitation for the following advantages.
First, the method is balance and it provides a complete estimation of all main effects and every possible interaction effect of design. 
Second, the method is simple and modularized. If more (n) factors are introduced into the formula, we only need to apply additional 2n response variables into the model and run Yates algorithm to gain the significant effects of factors.
Third, the method generates a model that is only focus on significant effects or interaction effects of factors. This is the biggest advantage of FED while many factors are selected into analysis. Since n factors contain 2n number of effect combinations (including mean value) in the whole formula. FED helps to simplify the model and takes advantage in emphasizing influential variables. 
In Yate’s algorithm, model is saturated with all possible combinations of factors and each effect returns single value without replication. Therefore, in this study of 2n experimental design, response variable must be percentage of transfer under each possible combination of factors from empirical data (n is the number of selected factors). 2605 commuting trips need be assigned to 2n related corners. Define percentage of transfer to be number of transfer over number of commuting trips. The number of transfer equals to the number of distinct routes minus one.  Those trips that do not transfer count “0”.
                                                   (4.1)
where:
 

Thresholds of each factor must satisfy the following criteria.
1), Yate’s algorithm generates numbers of reasonable significant effects that influence Y value (Probability of transfer in trips commuting trips).
2), Y value has relative high accuracy, high in true positive value and low in false positive value (Type I error and Type II error are low).
In SQL Database, percentage of transfer in each of the 64 factors combination can be easily calculated by average function: “avg” and by “group by” functions. 
Percentage of transfer and number of related trips in all 64 possible combinations of factors are in Table.
[bookmark: _Toc292812478]Table 4‑1 Percentages of Transfers in All Combinations of Factors
	Std Order
	Transfer%
	#of Trips
	ODL
	COR
	OLR
	FON
	AMPM
	UWS

	1
	0.21 
	39
	-1
	-1
	-1
	-1
	-1
	-1

	2
	0.40 
	86
	+1
	-1
	-1
	-1
	-1
	-1

	3
	0.43 
	84
	-1
	+1
	-1
	-1
	-1
	-1

	4
	0.18 
	166
	+1
	+1
	-1
	-1
	-1
	-1

	5
	0.01 
	71
	-1
	-1
	+1
	-1
	-1
	-1

	6
	0.22 
	58
	+1
	-1
	+1
	-1
	-1
	-1

	7
	0.06 
	98
	-1
	+1
	+1
	-1
	-1
	-1

	8
	0.17 
	65
	+1
	+1
	+1
	-1
	-1
	-1

	9
	0.13 
	8
	-1
	-1
	-1
	+1
	-1
	-1

	10
	0.33 
	15
	+1
	-1
	-1
	+1
	-1
	-1

	11
	0.71 
	17
	-1
	+1
	-1
	+1
	-1
	-1

	12
	0.29 
	28
	+1
	+1
	-1
	+1
	-1
	-1

	13
	0.00 
	7
	-1
	-1
	+1
	+1
	-1
	-1

	14
	0.55 
	11
	+1
	-1
	+1
	+1
	-1
	-1

	15
	0.04 
	27
	-1
	+1
	+1
	+1
	-1
	-1

	16
	0.13 
	8
	+1
	+1
	+1
	+1
	-1
	-1

	17
	0.57 
	30
	-1
	-1
	-1
	-1
	+1
	-1

	18
	0.43 
	101
	+1
	-1
	-1
	-1
	+1
	-1

	19
	0.40 
	136
	-1
	+1
	-1
	-1
	+1
	-1

	20
	0.24 
	165
	+1
	+1
	-1
	-1
	+1
	-1

	21
	0.06 
	72
	-1
	-1
	+1
	-1
	+1
	-1

	22
	0.13 
	82
	+1
	-1
	+1
	-1
	+1
	-1

	23
	0.30 
	53
	-1
	+1
	+1
	-1
	+1
	-1

	24
	0.37 
	27
	+1
	+1
	+1
	-1
	+1
	-1

	25
	0.33 
	3
	-1
	-1
	-1
	+1
	+1
	-1

	26
	0.37 
	19
	+1
	-1
	-1
	+1
	+1
	-1

	27
	0.33 
	33
	-1
	+1
	-1
	+1
	+1
	-1

	28
	0.33 
	27
	+1
	+1
	-1
	+1
	+1
	-1

	29
	0.00 
	12
	-1
	-1
	+1
	+1
	+1
	-1

	30
	0.18 
	11
	+1
	-1
	+1
	+1
	+1
	-1

	31
	0.45 
	11
	-1
	+1
	+1
	+1
	+1
	-1

	32
	1.00 
	5
	+1
	+1
	+1
	+1
	+1
	-1

	33
	0.31 
	16
	-1
	-1
	-1
	-1
	-1
	+1

	34
	1.00 
	12
	+1
	-1
	-1
	-1
	-1
	+1

	35
	0.00 
	62
	-1
	+1
	-1
	-1
	-1
	+1

	36
	0.02 
	59
	+1
	+1
	-1
	-1
	-1
	+1

	37
	0.05 
	102
	-1
	-1
	+1
	-1
	-1
	+1

	38
	0.01 
	159
	+1
	-1
	+1
	-1
	-1
	+1

	39
	0.11 
	45
	-1
	+1
	+1
	-1
	-1
	+1

	40
	0.00 
	3
	+1
	+1
	+1
	-1
	-1
	+1

	41
	0.50 
	4
	-1
	-1
	-1
	+1
	-1
	+1

	42
	1.00 
	1
	+1
	-1
	-1
	+1
	-1
	+1

	43
	0.00 
	12
	-1
	+1
	-1
	+1
	-1
	+1

	44
	0.00 
	7
	+1
	+1
	-1
	+1
	-1
	+1

	45
	0.15 
	13
	-1
	-1
	+1
	+1
	-1
	+1

	46
	0.00 
	15
	+1
	-1
	+1
	+1
	-1
	+1

	47
	0.00 
	4
	-1
	+1
	+1
	+1
	-1
	+1

	48
	0.00 
	1
	+1
	+1
	+1
	+1
	-1
	+1

	49
	0.19 
	21
	-1
	-1
	-1
	-1
	+1
	+1

	50
	0.85 
	13
	+1
	-1
	-1
	-1
	+1
	+1

	51
	0.03 
	86
	-1
	+1
	-1
	-1
	+1
	+1

	52
	0.17 
	30
	+1
	+1
	-1
	-1
	+1
	+1

	53
	0.01 
	78
	-1
	-1
	+1
	-1
	+1
	+1

	54
	0.08 
	145
	+1
	-1
	+1
	-1
	+1
	+1

	55
	0.10 
	40
	-1
	+1
	+1
	-1
	+1
	+1

	56
	0.27 
	45
	+1
	+1
	+1
	-1
	+1
	+1

	57
	0.00 
	2
	-1
	-1
	-1
	+1
	+1
	+1

	58
	1.00 
	4
	+1
	-1
	-1
	+1
	+1
	+1

	59
	0.07 
	14
	-1
	+1
	-1
	+1
	+1
	+1

	60
	0.00 
	1
	+1
	+1
	-1
	+1
	+1
	+1

	61
	0.00 
	12
	-1
	-1
	+1
	+1
	+1
	+1

	62
	0.00 
	15
	+1
	-1
	+1
	+1
	+1
	+1

	63
	0.00 
	5
	-1
	+1
	+1
	+1
	+1
	+1

	64
	0.25 
	4
	+1
	+1
	+1
	+1
	+1
	+1



[bookmark: _MON_1365032936][bookmark: _MON_1365033181][bookmark: _MON_1365033125]From Table 6, we notice that 2605 commuting trips are not equally distributed to 64 corners of experimental design and some of the corners have only few or even one sample, which reveals that sample size of commuting trips in a 26 experimental design is not superfluous. Therefore, unless more empirical data is included, we are not going to split a set of sample for model evaluation. In this study, the accuracy of models is evaluated by the same data for model construction.
[bookmark: _Toc291494901][bookmark: _Toc292834943]Preliminary Analysis and Variable Specification
0. [bookmark: _Toc291494902][bookmark: _Toc292834944]Variable Definition
As mentioned in section 1.1, hundreds of elements that can potentially influence commuters’ transfer behavior in reality. Factors selected in experimental design must be the key variables with the most possible significant influence to the response variable. At the same time, these factors’ real impact to the response variable must base on empirical field data. For instance, in empirical thinking, precipitation is one important variable for transfer behavior in transit commuting trips, since passengers prefer staying on buses to waiting in bus stop while raining. They always want to avoid unexpected delay of buses in the condition. However, by studying historical weather record in Madison from 04/05/2010 to 05/05/2010, there was only 4 days’ precipitation with above 0.04 inches of record, which means variable of precipitation has very little influence to transfer behavior in transit commuting trips during the period in Madison. Additionally, the percentage of raining days to the whole period of time is too small which leads to unbalanced result to the experiment. Therefore, factor of precipitation cannot be introduced as the important factor to the experiment. 
After analyzing candidate variables to transfer behavior in transit record, this study is focus on 6 main variables of discrete variables: passenger type, Friday or not and morning or afternoon and continuous variables: O-D length, curvature of routes, and overlap ratio of routes to main roads.
In a 2 levels experimental design, values of each factor need threshold to be either negative low or positive high. For discrete factors, it is a simple yes or no question. The object, commuters, either equip with property of factors or not. In general, we describe the absent of factor to be low and placement of factor to be high. For continuous factors, threshold can be deliberately set in order to gain significant effects of returns and threshold are usually chosen as the median value of factors for balanced purpose.
[bookmark: _Toc292834945]Passenger Type
Since Madison WI is a typical university-based city in the United States, with more than 40,000 students live in and around the campus, students constitute an extremely high weight of commuters that travel during the school year and the period of school year from 04/05/2010 to 05/05/2010 has no special event, holiday or break that might bias students’ behavior in transit commuting trips. Then, testing the behavior of student and non-students in transit transfer is reasonable and is meaningful than any other groups of commuters. Original data of bus pass swiping record contains the information of defined types of transit card. “Student” which is type #16 can be easily selected as a factor in factorial experiment. There is over 30% of commuting trip passengers are students. Character of none student type of bus pass means commuters are not students from University of Wisconsin Madison. The passengers are not behaved as students. Otherwise, character of student type of bus pass means commuters are students and contain some student like behavior that might influence transfer behavior in transit commuting trips. Thus, none-UW-student is set to be negative low “-1” and UW-student is set to be positive high “1” for the 2 levels of factor. 
[bookmark: _Toc292834946]O-D Length
In empirical experience, one obvious impact from O-D to commuters is distance. The further the distance is, the higher probability of transfer would be in transit. Because transits always run along fixed routes and cannot provide customized transportation service like taxi. Thus, the length of O-D is reasonable selected as one important factor to influence the behavior of transfer behavior in transit commuting trips. In original data, card swiping record provides the related serial number of bus stop (geo_node_id) and latitude and longitude value of O-D. Assume that location of D in the morning equals to the location of O in the afternoon in commuting trips, O-D Length can be defined and chosen as one factor in the experiment. If a passenger travels from distinct O and D during a period of time, we select those happen with most sequence to be the O and D as a patent for this particular commuter. With the assumption that transits travel in grid, latitude and longitude distance from O to D can be easily calculated by GPS data, and the distance in miles between O and D can be measured from GPS location as follows. 
                                                                                   (5.1)
                                                  (5.2)
Assume all transits travel in grid. We can use the sum of absolute value of latitudinal distance and longitudinal distance between O and D to measure the distance between O and D.
In this study, the distance between two locations in miles is measured in the following formula:
                           (5.3)
L: Distance between two points in miles




Choose commuter with bus pass number of 148952013 as an example, the commuter start from the O at bus stop 2168 (43.0986, -89.3223) in the morning, and return from O at bus stop 886 (43.0721, -89.4060) in the afternoon. Because Origin in the morning is the same as Destination in the afternoon (O.morning = D.afternoon) and Origin in the afternoon is the same as Destination is the morning (O.afternoon = D.morning), we can say that the length of O-D for passenger #148952013 from is the distance between bus stop 2168 and 886. 
Input the value of latitude and longitude of bus stop 2168, 886 into the Equation 3.3: 

(5.4)
The O-D length of 5.43 is a parameter for the passenger #148952013. Same process is performed for all the O-D length for other 203 commuters.
Assign O-D length to all 2605 commuting trips, we can set threshold from “Low” to “High” the factor of O-D length. Detail methodology is discussed in section 5.2.
[bookmark: _Toc292834947]Curvature of Routes
In commuting trips, commuters are commonly willing to select the shortest route from origin to destination. Shorter routes usually mean faster trips. Other commuters detour in transits probably because there is no direct route between O-D. In this situation, transit passengers have no choice but have to travel on different buses with couples of transfer to reach destinations inn further and more curvature routes. From above experience, we know that: the higher degree of curvature of routes is, more probability transfer would happen. Thus, curvature of roads could be one factor that will significantly influence the number of transfer in commuting trips. Here is my way to define curvature of routes. Analyzing all 78 transit routes in Madison area, free ride excluded, I find out that there is little circle like route, and based on the assumption that all transit trips travel in grid roads. The curvature of routes is defined to be “number of turns in the round trips of transit” over the total distance of the route. Any turn with angles greater than 45 degree is count one turn. In Metro Madison handbook, the number of turns can be easily counted and distances of routes are given. 
Choose route #2 as an example: there are 36 turns in the whole route. The total distance of route #2 is 22.1 miles. Thus, the curvature of route #2 is “1.6”. Distances of routes are all measured in Google map scaling system. Curvature of 50 routes of transits in weekdays is shown in the table.
[bookmark: _Toc292812479]Table 5‑1 Curvatures of Transit Routes
	Route
	# of turns
	ODL
(in miles)
	COR
	Route
	# of turns
	ODL
(in miles)
	COR

	1
	17
	5.9
	2.9
	30
	18
	8.0
	2.3

	2
	36
	22.1
	1.6
	32
	15
	8.1
	1.9

	3
	35
	20.2
	1.7
	33
	5
	1.7
	2.9

	4
	42
	20.8
	2.0
	34
	12
	6.0
	2.0

	5
	34
	15.8
	2.2
	36
	14
	4.9
	2.9

	6
	47
	27.7
	1.7
	37
	23
	19.8
	1.2

	9
	12
	15.4
	0.8
	38
	60
	27.6
	2.2

	10
	18
	7.3
	2.5
	39
	35
	14.4
	2.4

	11
	60
	31.0
	1.9
	40
	20
	5.7
	3.5

	12
	32
	27.4
	1.2
	44
	52
	22.4
	2.3

	13
	20
	10.6
	1.9
	47
	19
	13.0
	1.5

	14
	53
	35.6
	1.5
	48
	22
	17.8
	1.2

	15
	44
	42.0
	1.0
	50
	13
	7.0
	1.9

	16
	38
	26.2
	1.5
	51
	17
	7.8
	2.2

	17
	14
	6.8
	2.1
	52
	15
	7.4
	2.0

	18
	28
	18.0
	1.6
	55
	14
	18.4
	0.8

	19
	27
	16.6
	1.6
	56
	65
	37.0
	1.8

	20
	30
	13.6
	2.2
	57
	54
	32.6
	1.7

	21
	14
	7.8
	1.8
	58
	23
	17.1
	1.3

	22
	12
	7.8
	1.5
	67
	12
	6.4
	1.9

	25
	25
	18.9
	1.3
	70
	37
	25.3
	1.5

	26
	12
	6.5
	1.8
	71
	21
	19.2
	1.1

	27
	25
	11.7
	2.1
	72
	20
	25.0
	0.8

	28
	26
	20.0
	1.3
	73
	32
	17.0
	1.9

	29
	31
	20.2
	1.5
	74
	23
	21.2
	1.1


[bookmark: _MON_1364922252][bookmark: _MON_1364922285][bookmark: _MON_1364922306]
When commuters select only one transit for traveling, Curvature for O-D route equals to the curvature of selected route of transit. If commuters choose two or more routes of transit to reach destination, Curvature for related O-D route would be weighted sum of selected routes of transits in the whole trip. Detail of calculation and threshold of low Curvature of routes to high Curvature of routes are introduced in Chapter 5.2.
[bookmark: _Toc292834948]Overlap Ratio of routes to Main Roads
In empirical experience, arterial streets can carry more vehicles than small ones. Checking the route system of metro transit at Madison, there are more transits running on arterial streets than small roads. For commuters on a particular route of transit, if the route overlaps with large arterial streets, then, commuters would have more opportunities to transfer on other routes of transits. In this case, a concept of overlap ratio of routes to main roads is introduced as one factor which might significantly influence transfer behavior in commuting trips. In this study, main road is defined as streets on which 3 or more routes of transits run. For each route, overlap ratio of route to main roads is defined as distance transit runs on the main road over the total distance of route. All related parameters are measured in Google map scaling system. 
Choose route #2 as an example: the distance that route #2 run on the main roads is 17.5 miles and the total distance of route #2 is 22.1 miles. Thus, the curvature of route #2 equals to “0.8”. Overlap ratio of route to main roads of 50 routes of transits in weekdays is shown in the table. 
[bookmark: _Toc292812480]Table 5‑2 Overlap Ratios of Transit Routes
	Route
	Overlap distance (miles)
	Length of Route (miles)
	OLR
	Route
	Overlap distance (miles)
	Length of Route (miles)
	OLR

	1
	5.9
	5.9
	1.0
	30
	2.0
	8.0
	0.3

	2
	17.5
	22.1
	0.8
	32
	2.6
	8.1
	0.3

	3
	10.2
	20.2
	0.5
	33
	1.1
	1.7
	0.6

	4
	13.0
	20.8
	0.6
	34
	2.2
	6.0
	0.4

	5
	13.8
	15.8
	0.9
	36
	0.4
	4.9
	0.1

	6
	3.7
	27.7
	0.1
	37
	16.8
	19.8
	0.8

	9
	15.4
	15.4
	1.0
	38
	20.7
	27.6
	0.8

	10
	7.0
	7.3
	1.0
	39
	1.3
	14.4
	0.1

	11
	9.2
	31.0
	0.3
	40
	2.1
	5.7
	0.4

	12
	12.6
	27.4
	0.5
	44
	15.2
	22.4
	0.7

	13
	4.4
	10.6
	0.4
	47
	7.7
	13.0
	0.6

	14
	19.8
	35.6
	0.6
	48
	10.4
	17.8
	0.6

	15
	23.0
	42.0
	0.5
	50
	3.2
	7.0
	0.5

	16
	1.4
	26.2
	0.1
	51
	2.6
	7.8
	0.3

	17
	2.0
	6.8
	0.3
	52
	2.0
	7.4
	0.3

	18
	5.4
	18.0
	0.3
	55
	2.8
	18.4
	0.2

	19
	7.6
	16.6
	0.5
	56
	24.6
	37.0
	0.7

	20
	4.8
	13.6
	0.4
	57
	21.8
	32.6
	0.7

	21
	2.4
	7.8
	0.3
	58
	5.8
	17.1
	0.3

	22
	0.9
	7.8
	0.1
	67
	1.2
	6.4
	0.2

	25
	10.2
	18.9
	0.5
	70
	13.8
	25.3
	0.5

	26
	1.1
	6.5
	0.2
	71
	13.5
	19.2
	0.7

	27
	10.5
	11.7
	0.9
	72
	13.8
	25.0
	0.6

	28
	15.2
	20.0
	0.8
	73
	0.5
	17.0
	0.0

	29
	9.2
	20.2
	0.5
	74
	14.8
	21.2
	0.7



[bookmark: _MON_1364926837][bookmark: _MON_1364926879]When commuters select only one transit for traveling, Overlap ratio of route to main roads equals to the overlap ratio of selected route of transit. If commuters choose two or more routes of transit to reach destination, Overlap ratio of route for related O-D route would be weighted sum of selected routes of transits in the whole trip. Detail of calculation and threshold of low Overlap ratio of route to main roads to high Overlap ratio of route to main roads are introduced in Chapter 5.2
[bookmark: _Toc292834949]Friday or Not
Friday is a special day among the 5 week days for transit activities in that commuters might have social events, casual arrangements or other activities related to weekend on Friday. Travelers’ working schedules might slightly change because of Friday. More specifically, commuters would leave office or school earlier than in other workdays and some may enjoy trips back home in more flexible timing or stop by places such as shopping centers for quick visit. Tag of Non-Friday means that commuters travel on Monday, Tuesday, Wednesday, or Thursday when travelers perform pure workday behavior. Since such weekend factors might influence passengers’ behavior on the number of transfer in transit commuting trips on Friday, Friday is worth to be included as a factor. In original data, parameter “ts” in SQL database gives the whole record of card swiping including detailed date and time. Select dates of none-Friday (from Monday to Thursday) to be “-1” and dates of Friday to be “1” for the 2 levels of factor.
[bookmark: _Toc292834950]Morning or Afternoon
In empirical experience, commuters have tighter timing in the morning than in the afternoon. Because in the morning, many companies, organizations or colleges require employees or students arrive at work places on a set time according to work schedules. In the afternoon, few disciplines require employees leave offices or schools and people have much flexible time to back home upon personal arrangements. In this condition, transit users sometimes have to choose straight routes to destination in the morning and have opportunities to select couple routes of transits back home in the afternoon. Therefore, transfer activities might be higher after work in PM peak than in the morning. It is make sense to enroll morning or afternoon as a factor to potentially influence the number of transfer in transit commuting. In SQL database, parameter “ts” gives all record of card swipe including detailed hourly timing. Therefore, Morning can be selected to be”-1” and afternoon can be selected to be “+1” for the 2 levels of factor.
Finally, assign 6 letters to the 6 factors in the factorial experiment as follows
A: Length of O-D (ODL)
B: Curvature of routes (COR)
C: Overlap ratio of main roads (OLR)
D: Friday or not (FON)
E: Morning or Afternoon (AMPM)
F: UW students or not (UWS)
[bookmark: _Toc292834951]Variable Specification
In section 5.1, for commuting trips without transfer, the 6 factors are fit to describe the characteristics of the whole period of commuting trips since commuting trips can be defined and measured by levels’ combination of the 6 factors. However, for commuting trips with transfer, different routes of transit are included in O-D trips values of “Curvature of routes” and “Overlap ratio of route to main roads” need to be calculated by different routes respectively. In this study, method of weighted sum of each bus route in total O-D length is used in measuring the two factors in transfer commuting trips.
Weighted value in distance for each route in the whole Length of O-D is:



                                (5.5)
Where:



Curvature of commuting trip in transfer commuting trips is:
                                    (5.6)
where:




Choose passenger #148754987 as an example, in the morning of 04/05/2010, he/she commuted from O (bus stop 2168) and transfer on bus stop 760 to D (bus stop 1594). Input Latitude and Longitude values of bus stops #2168: (43.0986, -89.3223), #760: (43.0734, -89.4015), #1594: (43.0390, -89.3947) into formula.


(5.7)
Curvature of routes #3 is 1.7, and Curvature of routes #28 is 1.3. Curvature of routes for the whole commuting trip is as follows.
                          (5.8)
Therefore, curvature of routes that passenger #148754987 selected in the morning of 04/05/2010 is 1.61. 
Overlap ratio of route to main roads in transfer commuting trips is
                           (5.9)
where:




Choose passenger #148754987 as an example, in the morning of 04/05/2010, he/she commuted from O (bus stop 2168) and transfer on bus stop 760 to D (bus stop 1594). Weighted values of routes #3 and #28 have been calculated above  Overlap ratio of route #3 to the main roads is 50%, and Overlap ratio of route #28 to the main roads is 76%. Overlap ratio of route for the whole commuting trip is as follows.

(5.10)
Therefore, overlap ratio of routes to main roads that passenger #148754987 selected in the morning of 04/05/2010 is 0.58. 
Calculate values of “Curvature of routes” and “Overlap ratio of routes to main roads” for all the 2605 commuting trips from 204 qualified commuters. All six factors can then describe total 2605 commuting trips. 
Due to limit timing, threshold of COR and OLR are set as median of 2605 samples. Models in this study are evaluated under fixed threshold of factors. Thereby, threshold of COR from low to high is 1.70. Assign “-1” to all COR that smaller than 1.70 and assign “+1” to all COR that larger than 1.70. From the above example, COR of passenger #148754987 in the morning of 04/05/2010 is “-1”. Threshold of OLR from low to high is 0.54. Assign “-1” to all OLR that is smaller than 0.54 and assign “+1” to all OLR that is larger than 0.54. From the above example, OLR of passenger #148754987 selected in the morning of 04/05/2010 should be “+1”.
For balance purpose, threshold of O-D Length is set median of 204 commuters. Threshold from short O-D length to far O-D length is 4.32mile. Assign “-1” to all ODL that is smaller than 0.54 and assign “+1” to all ODL that is larger than 0.54.
Therefore, thresholds for three continuous factors are “O-D Length”: 4.32 miles; “Curvature of Routes”: 1.70; “Overlap ratio of routes to main roads”: 0.54. From example in section 3.5.2, ODL of passenger #148952013 which is 5.43mile should be “+1”.
2 levels of the six selected factors show as follows.
[bookmark: _Toc292812481]Table 5‑3 Thresholds of Selected Factors
	              Level
Factor
	Low
(-)
	High
(+)

	A
	Length of OD is shorter than 4.32 miles
	Length of OD is further than 4.32 miles

	B
	Curvature of routes is smaller than 1.70
	Curvature of routes is larger than 1.70

	C
	Overlap ratio of main roads is smaller than 0.54
	Overlap ratio of main roads is larger than 0.54

	D
	Not Friday
	Friday

	E
	Morning
	Afternoon

	F
	Not UW Students
	UW Students




[bookmark: _Toc292834952]Results Analysis
0.9 [bookmark: _Toc292834953]Model Output
A 26 factorial experimental design in a complete model with all main effects and possible interaction effects of factors linear combination can be written as follows. There is 1 mean value, 6 main effects, 15 two factorial interaction effects, 20 three factorial interaction effects, 15 four factorial interaction effects, 6 five factorial interaction effects and 1 six factorial interaction effect for in the formula. According to assumptions of Yate’s algorithm,  is identical, independent, normally distributed with mean value “0” and has constant variance along the whole runs of experiment. Serials of procedures are introduced to evaluate the assumption of models.

(6.1)

Apply response variables of percentage of transfer in factorial experimental design which is discussed in Chapter 4.3 All main effects of factors and interaction effects of factorial combination can be calculated in Yate’s algorithm as follows.
[bookmark: _Toc292812482]Table 6‑1 Main Effects of Factors and Interaction Effects In Yate’s Algorithm
	Std Order
	Y (Transfer%)
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	Div
	Effect
	Est.

	1
	0.21
	0.60
	1.21
	1.68
	3.84
	9.34
	15.51
	64
	μ
	0.242

	2
	0.40
	0.61
	0.47
	2.16
	5.51
	6.16
	4.38
	32
	A
	0.137

	3
	0.43
	0.24
	1.45
	2.50
	3.15
	1.29
	-2.60
	32
	B
	-0.081

	4
	0.18
	0.23
	0.71
	3.00
	3.01
	3.09
	-3.66
	32
	AB
	-0.114

	5
	0.01
	0.46
	1.64
	1.50
	0.68
	1.53
	-6.11
	32
	C
	-0.191

	6
	0.22
	0.99
	0.86
	1.65
	0.61
	-4.13
	-0.39
	32
	AC
	-0.012

	7
	0.06
	0.55
	1.37
	1.69
	0.90
	-1.33
	6.19
	32
	BC
	0.193

	8
	0.17
	0.16
	1.64
	1.32
	2.20
	-2.33
	4.12
	32
	ABC
	0.129

	9
	0.13
	0.99
	1.33
	0.26
	0.15
	-1.99
	0.77
	32
	D
	0.024

	10
	0.33
	0.65
	0.17
	0.42
	1.37
	-4.11
	1.04
	32
	AD
	0.032

	11
	0.71
	0.19
	1.50
	-0.16
	-2.89
	2.36
	0.71
	32
	BD
	0.022

	12
	0.29
	0.67
	0.15
	0.76
	-1.24
	-2.75
	-0.19
	32
	ABD
	-0.006

	13
	0.00
	0.70
	1.24
	0.55
	-1.63
	1.20
	0.82
	32
	CD
	0.026

	14
	0.55
	0.67
	0.46
	0.35
	0.30
	4.99
	0.80
	32
	ACD
	0.025

	15
	0.04
	0.18
	1.07
	1.02
	-1.09
	0.92
	-0.36
	32
	BCD
	-0.011

	16
	0.13
	1.45
	0.25
	1.18
	-1.24
	3.20
	0.97
	32
	ABCD
	0.030

	17
	0.57
	1.31
	-0.06
	0.00
	-1.48
	0.98
	1.54
	32
	E
	0.048

	18
	0.43
	0.02
	0.32
	0.15
	-0.51
	-0.21
	1.22
	32
	AE
	0.038

	19
	0.40
	0.06
	-0.21
	0.14
	-2.51
	1.08
	2.88
	32
	BE
	0.090

	20
	0.24
	0.11
	0.63
	1.24
	-1.60
	-0.04
	1.77
	32
	ABE
	0.055

	21
	0.06
	1.50
	-0.30
	-1.24
	1.22
	1.25
	1.88
	32
	CE
	0.059

	22
	0.13
	0.00
	0.15
	-1.65
	1.14
	-0.54
	0.20
	32
	ACE
	0.006

	23
	0.30
	0.15
	0.04
	-0.56
	-1.51
	-0.19
	2.66
	32
	BCE
	0.083

	24
	0.37
	0.00
	0.73
	-0.68
	-1.24
	-0.01
	0.60
	32
	ABCE
	0.019

	25
	0.33
	1.04
	0.70
	-0.54
	-0.93
	1.04
	-0.51
	32
	DE
	-0.016

	26
	0.37
	0.20
	-0.15
	-1.09
	2.14
	-0.22
	1.12
	32
	ADE
	0.035

	27
	0.33
	0.09
	0.50
	-0.03
	2.70
	0.71
	1.24
	32
	BDE
	0.039

	28
	0.33
	0.37
	-0.15
	0.33
	2.29
	0.08
	0.11
	32
	ABDE
	0.003

	29
	0.00
	1.00
	0.79
	-0.74
	0.51
	-0.42
	1.19
	32
	CED
	0.037

	30
	0.18
	0.07
	0.23
	-0.35
	0.41
	0.06
	-0.55
	32
	ACDE
	-0.017

	31
	0.45
	0.00
	0.93
	-0.42
	1.26
	0.22
	1.45
	32
	BCDE
	0.045

	32
	1.00
	0.25
	0.25
	-0.82
	1.95
	0.75
	1.20
	32
	ABCDE
	0.037

	33
	0.31
	0.19
	0.01
	-0.74
	0.48
	1.67
	-3.18
	32
	F
	-0.099

	34
	1.00
	-0.25
	-0.01
	-0.74
	0.50
	-0.13
	1.80
	32
	AF
	0.056

	35
	0.00
	0.21
	0.53
	-0.78
	0.16
	-0.08
	-5.65
	32
	BF
	-0.177

	36
	0.02
	0.11
	-0.38
	0.27
	-0.37
	1.30
	-1.00
	32
	ABF
	-0.031

	37
	0.05
	0.21
	-0.35
	-1.16
	0.16
	1.22
	-2.12
	32
	CF
	-0.066

	38
	0.01
	-0.42
	0.48
	-1.35
	0.92
	1.66
	-5.11
	32
	ACF
	-0.160

	39
	0.11
	0.55
	-0.04
	-0.78
	-0.20
	1.92
	3.79
	32
	BCF
	0.118

	40
	0.00
	0.09
	1.27
	-0.82
	0.16
	-0.16
	2.29
	32
	ABCF
	0.072

	41
	0.50
	-0.14
	-1.30
	0.38
	0.15
	0.97
	-1.20
	32
	DF
	-0.037

	42
	1.00
	-0.16
	0.06
	0.85
	1.10
	0.90
	-1.12
	32
	ADF
	-0.035

	43
	0.00
	0.08
	-1.50
	0.45
	-0.41
	-0.08
	-1.79
	32
	BDF
	-0.056

	44
	0.00
	0.07
	-0.15
	0.69
	-0.12
	0.28
	0.18
	32
	ABDF
	0.006

	45
	0.15
	0.04
	-0.84
	-0.86
	-0.55
	3.07
	-1.27
	32
	CDF
	-0.040

	46
	0.00
	0.00
	0.28
	-0.65
	0.36
	-0.41
	-0.63
	32
	ACDF
	-0.020

	47
	0.00
	0.18
	-0.93
	-0.56
	0.39
	-0.10
	0.48
	32
	BCDF
	0.015

	48
	0.00
	0.55
	0.25
	-0.68
	-0.40
	0.69
	0.52
	32
	ABCDF
	0.016

	49
	0.19
	0.69
	-0.44
	-0.02
	0.00
	0.02
	-1.80
	32
	EF
	-0.056

	50
	0.85
	0.02
	-0.10
	-0.92
	1.05
	-0.53
	1.37
	32
	AEF
	0.043

	51
	0.03
	-0.04
	-0.63
	0.83
	-0.18
	0.76
	0.43
	32
	BEF
	0.014

	52
	0.17
	-0.11
	-0.46
	1.31
	-0.04
	0.37
	-2.08
	32
	ABEF
	-0.065

	53
	0.01
	0.50
	-0.02
	1.35
	0.47
	0.95
	-0.07
	32
	CEF
	-0.002

	54
	0.08
	0.00
	-0.01
	1.35
	0.24
	0.29
	0.35
	32
	ACEF
	0.011

	55
	0.10
	-0.15
	-0.04
	1.11
	0.20
	0.91
	-3.48
	32
	BCEF
	-0.109

	56
	0.27
	0.00
	0.36
	1.18
	-0.12
	-0.79
	0.79
	32
	ABCEF
	0.025

	57
	0.00
	0.66
	-0.67
	0.34
	-0.90
	1.05
	-0.55
	32
	DEF
	-0.017

	58
	1.00
	0.13
	-0.07
	0.17
	0.48
	0.14
	-0.39
	32
	ADEF
	-0.012

	59
	0.07
	0.06
	-0.50
	0.01
	-0.01
	-0.23
	-0.66
	32
	BDEF
	-0.021

	60
	0.00
	0.17
	0.15
	0.40
	0.07
	-0.33
	-1.70
	32
	ABDEF
	-0.053

	61
	0.00
	1.00
	-0.52
	0.60
	-0.17
	1.38
	-0.90
	32
	CEDF
	-0.028

	62
	0.00
	-0.07
	0.10
	0.65
	0.39
	0.07
	-0.10
	32
	ACDEF
	-0.003

	63
	0.00
	0.00
	-1.07
	0.63
	0.05
	0.55
	-1.31
	32
	BCDEF
	-0.041

	64
	0.25
	0.25
	0.25
	1.32
	0.69
	0.64
	0.09
	32
	ABCDEF
	0.003


[bookmark: _MON_1365038623][bookmark: _MON_1365038711][bookmark: _MON_1365038768][bookmark: _MON_1365038804][bookmark: _MON_1365038818]Std Order: Standard Order.
Est.: Estimate value of Effect.
Find out significant main effects or interaction effects by Lenth’s method in 90% CI:
(1) Define the initial estimates of standard error So. Median of absolute values of all 63 effects (Constant value exclusive) equals to 0.0372. 
(2) Define pseudo standard error 
(3) Declare significant effects at 90% confidence interval () when  


According to result of Length Method, main effect of C and interaction effects of BC significantly influences transfer behavior in commuting trips with 90% confidence interval.
Find out significant main effects or interaction effects by Dong’s method in 90% CI:
(1) Define the initial estimates of standard error So. Median of absolute values of all 63 effects (Constant value exclusive) equals to 0.0372. 
(2) Define  

(3) Define 

(4) Declare 



According to result of Dong Method, main effect of C and interaction effects of BC, BF, significantly influences transfer behavior in commuting trips in 90% confidence interval.
It shows that main effect of factor C: Overlap ratio of routes to main roads and interaction effect of factor BC: Curvature of routes & Overlap ratio of routes to main roads are always significantly influencing transfer behavior by Lenth and Dong method in 90% confidence interval. Interaction effect of BF: Curvature of routes & UW student is significant only by Dong method in 90% confidence interval. 
Slight differences between the two methods are only due to distinct algorithms. We cannot neither consider that Dong method is better than Lenth’s method in that it gives more significant effects in models, nor conclude that Lenth’s method outweigh Dong method in that it provides a stricter boundary for effects to become significant.
	Based on Dong method, transfer forecast model can be written in 90% CI as follows:

(6.2)

C: Main effect of Overlap ratio of routes to main roads
BC: Interaction effect of Curvature of routes & Overlap ratio of routes to main roads
BF: Interaction effect of Curvature of routes & UW- Student or not
Other main effects or interaction of effects related to factors A, D, E have limited but significant influence to transfer behavior in transit commuting trips, and are then written in .
The same procedure can be applied to find out significant effects by Lenth and Dong method in 80%, 70% CI. Interaction effect of BF becomes significant by Lenth method and interaction effect of ACF becomes significant by Dong method. Model for transfer forecast can be written as follows.

(6.3)

C: Main effect of Overlap ratio of routes to main roads
BC: Interaction effect of Curvature of routes & Overlap ratio of routes to main roads
BF: Interaction effect of Curvature of routes & UW- Student or not
ACF: Interaction effect of O-D Length & Overlap ratio of routes to main roads & UW- Student or not
Therefore, significant main effects of factors and interaction effects of factorial combinations by Lenth and Dong method in 90%, 80% 70% confidence intervals are shown in the following table.



[bookmark: _Toc292812483]Table 6‑2 Yate's Algorithm in Different Confidence Interval (VI)
	Effect
	Est. Effects
	Data (std ord)
	90% CI
	80% CI
	70% CI

	
	
	
	Fitted
	Residual
	Lenth
	Dong
	Fitted
	Residual
	Lenth
	Dong
	Fitted
	Residual
	Lenth
	Dong

	μ
	0.242
	0.205
	0.346
	-0.141
	
	
	0.426
	-0.221
	
	
	0.426
	-0.221
	
	

	A
	0.137
	0.395
	0.346
	0.049
	
	
	0.266
	0.129
	
	
	0.266
	0.129
	
	

	B
	-0.081
	0.429
	0.329
	0.099
	
	
	0.409
	0.019
	
	
	0.409
	0.019
	
	

	AB
	-0.114
	0.181
	0.329
	-0.149
	
	
	0.249
	-0.069
	
	
	0.249
	-0.069
	
	

	C
	-0.191
	0.014
	-0.038
	0.052
	*
	*
	-0.118
	0.132
	*
	*
	-0.118
	0.132
	*
	*

	AC
	-0.012
	0.224
	-0.038
	0.262
	
	
	0.042
	0.183
	
	
	0.042
	0.183
	
	

	BC
	0.194
	0.061
	0.332
	-0.271
	*
	*
	0.252
	-0.191
	*
	*
	0.252
	-0.191
	*
	*

	ABC
	0.129
	0.169
	0.332
	-0.163
	
	
	0.412
	-0.243
	
	
	0.412
	-0.243
	
	

	……

	AF
	0.056
	1.000
	0.523
	0.477
	
	
	0.603
	0.397
	
	
	0.603
	0.397
	
	

	BF
	-0.177
	0.000
	0.153
	-0.153
	
	*
	0.073
	-0.073
	*
	*
	0.073
	-0.073
	*
	*

	ABF
	-0.031
	0.017
	0.153
	-0.136
	
	
	0.233
	-0.216
	
	
	0.233
	-0.216
	
	

	CF
	-0.066
	0.049
	0.139
	-0.089
	
	
	0.218
	-0.169
	
	
	0.218
	-0.169
	
	

	ACF
	-0.160
	0.006
	0.139
	-0.132
	
	
	0.059
	-0.052
	
	*
	0.059
	-0.052
	
	*

	BCF
	0.118
	0.111
	0.155
	-0.044
	
	
	0.235
	-0.124
	
	
	0.235
	-0.124
	
	

	ABCF
	0.072
	0.000
	0.155
	-0.155
	
	
	0.075
	-0.075
	
	
	0.075
	-0.075
	
	

	……



0.10 [bookmark: _Toc292834954]Evaluation Results
[bookmark: _Toc292834955]Measure the Fitness of Models
Yate’s algorithm assumes that in model,  is identical, independent, normally distributed with mean value “0” and has constant variance along the whole runs of experiment. Residuals versus run orders check if variance is constant along whole run of data. For the transfer forecast model in 90% CI in (6.2).

[bookmark: _Toc292834965]Figure 6‑1 Residual vs. Run Order (Model 1)
Figure Residual VS. Run order reveals that variance is constant and randomly distributed around run order. Result confirms the assumption that independent effects have the constant variance in the model.

[bookmark: _Toc292834966]Figure 6‑2 Residual vs. Fitted Value (Model 1)
Figure Residual VS. Fitted Value shows that Residuals are evenly distributed besides fitted value. Results confirm that  is independent,  has mean value of “0”, and the model runs in the LSL algorithm.

[bookmark: _Toc292834967]Figure 6‑3 Quantile-Quantile Plot for Residuals (Model 1)
QQ plot shows that residuals from the model are very linear to the normal plot, which exhibits that residuals are normally distributed. 
From Figure 4 to Figure 6,  is confirmed to be identical, independent distribution with mean value “0” and constant variance. Therefore, the model by Dong method is suitable to be employed in transit forecast in 90% CI. 

For the transfer forecast model in 80% or narrower CI in (6.3),  is checked whether under IIDN assumption or not.

[bookmark: _Toc292834968]Figure 6‑4 Residual vs. Run Order (Model 2)
Figure Residual VS. Run order reveals that variance is constant and randomly distributed around run order. Result confirms the assumption that independent effects have the constant variance in the model.

[bookmark: _Toc292834969]Figure 6‑5 Residual vs. Fitted Value (Model 2)
Figure Residual VS. Fitted Value shows that Residuals are evenly distributed around fitted value. Results confirm that  is independent,  has mean value of “0”, and the model runs in the LSL algorithm. 

[bookmark: _Toc292834970]Figure 6‑6 Quantile-Quantile Plot for Residuals (Model 2)
QQ plot shows that residuals from the model are very linear to the normal plot, which exhibits that residuals are normally distributed. 
 is confirmed to be identical, independent distribution with mean value “0” and constant variance. Therefore, the model by Dong method is suitable to be employed in transit forecast in 80% or narrower confidence interval.
[bookmark: _Toc292834956]Analyze Statistical Error of Models
According to transfer forecast models in (6.2) and (6.3), probability of transfer can be calculated by given information of the six factors in certain confidence intervals. However, for a particular commuter, occurrence of transfer is a simple “yes” or “no” question. Accuracy of model must be validated by each commuting trips. Since only one month empirical data is provided by Metro Madison, A complete validation of accuracy of models is performed by all 2605 records of commuting trips. 
	For Model in 90% CI (6.2), test the threshold of probability of transfer (Y) from 10% to 60% in order to gain optimal True Positive Rate (TPR) versus False Positive Rate (FPR). 
[bookmark: _Toc292812484]Table 6‑3 TPR and FPR under Different Threshold (model 1)
	Threshold
	Combination
	Ture Positive Rate
	False Positive Rate

	Prediction / True
	TN
	FN
	FP
	TP
	TPR
	FPR

	10%
	289
	35
	1914
	367
	91.29%
	86.88%

	20%
	1198
	83
	1005
	319
	79.35%
	45.62%

	30%
	1198
	83
	1005
	319
	79.35%
	45.62%

	32%
	1198
	83
	1005
	319
	79.35%
	45.62%

	33%
	1714
	223
	489
	179
	44.53%
	22.20%

	34%
	1968
	263
	235
	39
	34.58%
	10.67%

	36%
	2169
	363
	34
	39
	9.70%
	1.54%

	38%
	2169
	363
	34
	39
	9.70%
	1.54%

	40%
	2169
	363
	34
	39
	9.70%
	1.54%

	50%
	2169
	363
	34
	39
	9.70%
	1.54%

	60%
	2203
	402
	0
	0
	0.00%
	0.00%


[bookmark: _MON_1365967803][bookmark: _MON_1365967883][bookmark: _MON_1365967908]
Because TPR and FPR have positive relationship in ROC curve, we need to compromise to a balance point with reasonable high value of TPR and low value of FPR in ROC curve in order to enhance the accuracy of transfer forecast model. 

[bookmark: _Toc292834971]Figure 6‑7 ROC Curve (model 1)
When choosing the point (TPR, FPR) equals (79.35%, 45.62%), threshold of probability of transfer is 32%, which means if the model returns the probability of transfer for individual commuter greater than 32%, he/she will actually transfer.
When choosing the point (TPR, FPR) equals (44.53%, 22.20%), threshold of probability of transfer is 33%, which means if the model returns the probability of transfer for individual commuter greater than 33%, he/she will actually transfer.
Accuracy (ACC) of models is as follows:
                         (6.4)
                         (6.5)
From (6.4) and (6.5), we must make balance between high TPR and ACC. If ACC is high, TPR is relative low and vice versa.
For Model in 80% CI (6.3), test the threshold of probability of transfer (Y) from 10% to 70% in order to gain optimal True Positive Rate (TPR) versus False Positive Rate (FPR). 
[bookmark: _Toc292812485]Table 6‑4 TPR and FPR under Different Threshold (Model 2)
	Threshold
	Combination
	Ture Positive Rate
	False Positive Rate

	Prediction / True
	TN
	FN
	FP
	TP
	TPR
	FPR

	10%
	823
	62
	1380
	340
	84.58%
	62.64%

	20%
	823
	62
	1380
	340
	84.58%
	62.64%

	22%
	1020
	70
	1183
	332
	82.59%
	53.70%

	23%
	1020
	70
	1183
	332
	82.59%
	53.70%

	24%
	1198
	83
	1005
	319
	79.35%
	45.62%

	25%
	1520
	147
	683
	255
	63.43%
	31.00%

	26%
	1683
	173
	520
	229
	56.97%
	23.60%

	28%
	1823
	254
	380
	148
	36.82%
	17.25%

	30%
	1823
	254
	380
	148
	36.82%
	17.25%

	40%
	1823
	254
	380
	148
	36.82%
	17.25%

	50%
	2201
	374
	2
	28
	6.87%
	0.09%

	60%
	2201
	374
	2
	28
	6.97%
	0.09%

	70%
	2203
	402
	0
	0
	0.00%
	0.00%



Since TPR and FPR have positive relationship in ROC curve, we need to compromise to a balance point with reasonable high value of TPR and low value of FPR in ROC curve in order to enhance the accuracy of transfer forecast model. 

[bookmark: _Toc292834972]Figure 6‑8 ROC Curve (model 2)
When choosing the point (TPR, FPR) equals (63.43%, 31.00%), threshold of probability of transfer is 25%, which means if the model returns the probability of transfer for individual commuter greater than 25%, he/she will actually transfer.
Accuracy (ACC) of models is as follows:
                         (6.6)
From (6.10), we must make balance between high TPR and ACC. If ACC is high, TPR is relative low and vice versa.



Regression analysis for models (6.2), (6.3) and test statistics are shown in Table 12. 
[bookmark: _Toc292812486]Table 6‑5 Regression Analysis and Test Statistics
	Models
	90% CI (6.2)
	80% CI (6.3)

	σ
	0.0274
	0.0256

	η
	0.2423
	0.2423

	
	-0.0954
	-0.0954

	
	0.0967
	0.0967

	
	-0.0884
	-0.0884

	
	NA
	-0.0799

	
	8.8279
	9.4771

	
	-3.4763
	-3.7320

	
	3.5250
	3.7842

	
	-3.2193
	-3.4560

	
	NA
	-3.1240



[bookmark: _MON_1366056726][bookmark: _MON_1366056701]From Table 12, calibrated parameters in models are the same as in model (6.2), (6.3), absolute values of test statistics are larger than critical value 
Therefore, model (5.12), (5.13) are valid for transfer forecast. Significant effects by Lenth and Dong method are proved significant by regression analysis.

0.11 [bookmark: _Toc292834957]Empirical Analysis
In 90% CI, main effect of C: Overlap ratio of routes to main roads, interaction effect of BC: Curvature of routes & Overlap ratio of routes to main roads, interaction effect of BF: Curvature of routes & UW- Student or not significantly influence commuters’ transfer behavior in transit commuting trips by Dong Method. The result clearly demonstrates root causes of commuters’ transfer behavior in transit commuting trips in Madison Wisconsin and is reasonably explain the characteristics of transit network of the city from empirical field data.
Main effect of C: Overlap ratio of routes to main roads significantly influence transfer behavior in transit commuting trips. According to the formula, when OLR is in high level, probability of transfer would become smaller, which means that in commuting trips, when transits run along main roads from O to D, passengers on transits are much less willing to transfer in order to reach individual destinations. The reason for significant influence of main effect of C is that main roads are well designed to connect between residential areas and campus or work zones in Madison WI and commuters who live in major residential areas can always find direct transits to destinations through main roads. In general, passengers would have more chance to transfer along arterial roads than in relative small paths. The availability of transfer is higher on main roads than on small paths. The Model shows that passengers prefer to stay on the first transit but transfer since they do not need to transfer on main roads. Main roads are well design to connect major residential areas and campus or CBD.
Interaction effect of BC: Curvature of routes & Overlap ratio of routes to main roads significantly influence transfer behavior in transit commuting trips. According to the formula, when COR&OLR is in high level, probability of transfer would become larger, which means that in commuting trips, when transits run along curve routes & main roads, passengers on transits incline to transfer in order to reach individual destinations. The reason for significant influence of interaction effect of BC is as follows. When commuters live in minor residential areas, they have no choice but ride the only route of transit even though the transit travel in curve routes in further distance from O to D. Mostly, transit does not directly connect between O and D, then, passengers must commute to a transfer point where numbers of transit pass by. Main roads are great suitable to become transfer points for transit transfer. Therefore, when COR&OLR is in high level, probability of transfer would become larger in transit commuting trips.
Interaction effect of BF: Curvature of routes & UW- Student or not significantly influence transfer behavior in transit commuting trips. According to the formula, when COR&UWS is in high level, probability of transfer would become smaller, which means that in commuting trips, when transits run along curve routes, UW students or passengers holding UW student bus pass are less likely to transfer. Because students have more flexible schedules than other types of passengers in commuting trips, it is possible for them to spend more time in curve-route trips than other groups of passengers. Study accommodation locations of UW students in Madison area, the majority of students who routinely use transit are graduate students whose class schedules are later than 9:30AM. Therefore, UW student commuters might choose curve routes of transit to campus without transfer. Additionally, real data also reveals that “free” ride of transits would not attract passengers to over commute with unnecessary transfer. UW students have loose schedule in transit transportation and well manage their trips without needless transfer. When COR&OLR is in high level, probability of transfer would become small in transit commuting trips.
In 80% or narrower CI, interaction effect of ACF: O-D Length & Overlap ratio of routes to main roads & UW- Student or not significantly influence commuters’ transfer behavior in transit commuting trips by Dong Method.  According to the formula, when ODL&OLR&UWS is in high level, probability of transfer would become smaller, which means that in commuting trips students would less like to transfer when transits run in arterial routes of main roads to far distance in commuting trips. The reason for significant influence of interaction effect of ACF is as follows. On one hand, if students live in major residential areas along main roads. Even though trips are in far distance, student can generally find routes of buses to commute to school. One the other hand, if students live in minor residential areas with limit transit service, they will keep staying on the first bus but transfer to destination. Moreover, significance of the factor also indicates that transit network well connects remote residential area to downtown of Madison. The public transit network has a well coverage of the road system. 
Other main effects of A, B, D, E and F do not significantly influence transfer behavior in transit commuting trips in Madison WI for following reasons. For main effect of A: O-D Length, the factor alone has little impact on transfer behavior in that passengers can always find one route of transit to reach destinations in Madison area, no matter how far the O-D is. It shows that currently transit routes planning is optimized and can effectively carry transit demand to destination with little transfer. For main effect of B: Curvature of routes, the factor alone has little impact on transfer behavior in that many transit routes solely operate their own routes in districts of Madison. For example, in residential areas away from downtown, passengers usually have little choice but choose the only transit to depart origins even though such transit might run in curve routes. For main effect of D: Friday or not, the factor has little impact on transfer behavior in that commuters in Madison perform regular workday schedule on each Friday and that weekend events have little influence on passengers travel behavior in transit commuting trips. One possible reason might be the limited sample size. With hand on one month data, only four days (17%) of records reflect commuters’ transit behavior on Friday. Limit sample size affect the analysis of variable of Friday on transfer behavior. Therefore, more transit data should be included in future study if possible. For main effect of E: Morning or afternoon, the factor has little impact on passengers transfer behavior in transit commuting trips in that commuters have similar travel behaviors in the morning and in the afternoon. Passengers generally choose the same routes to work in the morning and back home in the afternoon. For main effect of F: UW students or not, the factor has little impact on passengers transfer behavior in transit commuting trips in that students who can ride buses for free would not over use transits, they always choose the right transit to destination and avoid unnecessary transfer. 



[bookmark: _Toc292834958]Conclusion and Future works
[bookmark: _Toc292834959]Conclusion
This study performed factorial experimental design for transfer behavior in transit commuting trips in Madison Wisconsin. 2605 commuting trips from 204 qualified commuters are utilized in experimental design. In 90% CI, main effect of Overlap ratio of routes to main roads, interaction effect of Curvature of routes & Overlap ratio of routes to main roads significantly influence commuters’ transfer behavior in transit commuting trips by Lenth’s method and Dong method. Interaction effect of Curvature of routes & UW- Student or not significantly influences commuters’ transfer behavior in transit commuting trips by Dong method and interaction effect of O-D Length & Overlap ratio of routes to main roads & UW- Student or not become significant by Dong Method when CI become 80% or narrower. Transfer forecast models are proved to be consistent in significant effects by both Lenth’s method and Dong method under different CIs. Models are valid since all assumptions on Yate’s algorithm are met. Accuracy of model in 90% CI is 72.67% when threshold of probability of transfer is set to be 33%. Accuracy of model in 80% CI is 68.14% when threshold of probability of transfer is set to be 25%. In this condition, true positive rate and false positive rate are balance on receiver operating characteristic curve.
The transfer forecast model can be directly utilized in predicting probability of transfer on Madison transit network if accuracy of models is acceptable. Consequently, transit operational management team would be able to assign or dispatch transits against potential transfer demand effectively and efficiently. Since metro transits are equipped with standard AVL and AFC system in the United States, study procedures can be applied to individual transfer forecast models among different cities across the county.
0.12 [bookmark: _Toc292834960]Future Works
In this study, transfer forecast model analyzes commuters’ transfer behavior from 04/05/2010 to 05/05/2010 in the spring season with nice weather conditions. Based on hand on empirical data, however, we are not able to estimate environmental impacts such as severe winter weather on transfer behavior in transit trips from the six factors. In order to build a complete model for Madison, one year field data from AVL and AFC system should be included in analysis. Moreover, in order to improve the accuracy of models, more commuting trips record should be introduced to those of 64 corners with 30 or less samples. After that, thresholds of continuous factors can be tested deviated values from median for better accuracy and TPR.
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-0.52280000000000004	-0.33230000000000626	-0.29490000000000038	-0.27080000000000032	-0.22109999999999999	-0.21030000000000001	-0.20700000000000021	-0.1628	-0.15530000000000024	-0.15530000000000024	-0.15530000000000024	-0.15530000000000024	-0.15260000000000001	-0.15260000000000001	-0.15260000000000001	-0.15260000000000001	-0.14860000000000001	-0.14100000000000001	-0.13850000000000001	-0.13850000000000001	-0.13850000000000001	-0.1356	-0.13220000000000001	-0.12570000000000001	-0.11770000000000012	-8.9470000000000022E-2	-8.6890000000000023E-2	-8.1170000000000006E-2	-6.2630000000000019E-2	-5.527E-2	-4.4159999999999998E-2	-4.36E-2	-3.0090000000000002E-2	-2.2800000000000212E-2	-1.2760000000000007E-2	-1.2760000000000007E-2	4.0220000000000004E-3	4.0220000000000004E-3	1.4069999999999996E-2	1.5360000000000021E-2	2.2329999999999999E-2	3.8219999999999997E-2	3.8219999999999997E-2	3.8390000000000001E-2	4.9259999999999998E-2	5.2299999999999999E-2	7.51E-2	7.9649999999999999E-2	9.3780000000000044E-2	9.4730000000000245E-2	9.9260000000000043E-2	0.1114	0.12260000000000019	0.17240000000000041	0.22	0.22059999999999999	0.26240000000000002	0.32330000000000547	0.37660000000000032	0.47720000000000001	0.47720000000000001	0.47720000000000001	0.5837	0.66800000000000936	-2.417559016236515	-1.9874278859298977	-1.7616704103630678	-1.6010086648860913	-1.4734675779471018	-1.3662038163720989	-1.2726986411905368	-1.1891643501993188	-1.1131942771609036	-1.0431582633184542	-0.97789754394054262	-0.91655666753311293	-0.85848447414183271	-0.80317256559790817	-0.75021537546794059	-0.69928330238322012	-0.65010407064800824	-0.60244945316443843	-0.55612559361870273	-0.51096580673824754	-0.46682512285258981	-0.42357608420119985	-0.38110545476355678	-0.33931160653882292	-0.29810241293049083	-0.25739352610093824	-0.21710694721012991	-0.17716982099174	-0.13751340214433927	-9.8072152488661246E-2	-5.8782936068944393E-2	-1.9584285230127462E-2	1.9584285230127042E-2	5.8782936068944122E-2	9.8072152488661066E-2	0.13751340214433899	0.17716982099173972	0.21710694721012971	0.25739352610093813	0.29810241293049061	0.33931160653882253	0.38110545476355628	0.42357608420119941	0.46682512285258937	0.51096580673824721	0.55612559361870229	0.60244945316443799	0.65010407064800702	0.6992833023832199	0.75021537546793959	0.80317256559790773	0.85848447414183204	0.9165566675331126	0.97789754394054162	1.0431582633184537	1.1131942771609031	1.1891643501993181	1.2726986411905354	1.366203816372098	1.4734675779470998	1.6010086648860895	1.7616704103630658	1.9874278859298919	2.4175590162365017	Residuals VS. Run Order (Model 2)
1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	-0.2208	0.12909999999999999	1.9390000000000063E-2	-6.8720000000000003E-2	0.13220000000000001	0.18250000000000041	-0.19089999999999999	-0.24260000000000001	-0.30100000000000032	6.7110000000000031E-2	0.29670000000000002	3.6270000000000052E-2	0.11810000000000002	0.50380000000000003	-0.21510000000000001	-0.28690000000000032	0.14069999999999999	0.15950000000000195	-4.7670000000000004E-3	-7.0200000000000123E-3	0.17369999999999999	9.2510000000000023E-2	4.9780000000000837E-2	-4.1480000000000003E-2	-9.2630000000000004E-2	0.10220000000000012	-7.5850000000000029E-2	8.3890000000000228E-2	0.11810000000000002	0.14019999999999999	0.20240000000000041	0.58809999999999996	-0.13039999999999999	0.39730000000000654	-7.2730000000000114E-2	-0.21550000000000041	-0.16930000000000001	-5.2330000000000133E-2	-0.12400000000000012	-7.5400000000000023E-2	5.7070000000000003E-2	0.39730000000000654	-7.2730000000000114E-2	-0.23250000000000001	-6.4509999999999998E-2	-5.8619999999999998E-2	-0.2351	-7.5400000000000023E-2	-0.2525	0.24350000000000024	-3.7850000000000016E-2	-6.5800000000000011E-2	-0.20550000000000004	1.7239999999999998E-2	-0.1351	0.1913	-0.44290000000000002	0.39730000000000654	-1.2979999999999999E-3	-0.23250000000000001	-0.21840000000000245	-5.8619999999999998E-2	-0.2351	0.17460000000000001	Run Order
Residuals
Residuals VS. Fitted Values (Model 2)
0.42600000000000032	0.26620000000000005	0.40920000000000001	0.24940000000000243	-0.11810000000000002	4.1639999999999976E-2	0.25210000000000005	0.41190000000000032	0.42600000000000032	0.26620000000000005	0.40920000000000001	0.24940000000000243	-0.11810000000000002	4.1639999999999976E-2	0.25210000000000005	0.41190000000000032	0.42600000000000032	0.26620000000000005	0.40920000000000001	0.24940000000000243	-0.11810000000000002	4.1639999999999976E-2	0.25210000000000005	0.41190000000000032	0.42600000000000032	0.26620000000000005	0.40920000000000001	0.24940000000000243	-0.11810000000000002	4.1639999999999976E-2	0.25210000000000005	0.41190000000000032	0.44290000000000002	0.60270000000000823	7.2730000000000114E-2	0.23250000000000001	0.21840000000000245	5.8619999999999998E-2	0.2351	7.5400000000000023E-2	0.44290000000000002	0.60270000000000823	7.2730000000000114E-2	0.23250000000000001	0.21840000000000245	5.8619999999999998E-2	0.2351	7.5400000000000023E-2	0.44290000000000002	0.60270000000000823	7.2730000000000114E-2	0.23250000000000001	0.21840000000000245	5.8619999999999998E-2	0.2351	7.5400000000000023E-2	0.44290000000000002	0.60270000000000823	7.2730000000000114E-2	0.23250000000000001	0.21840000000000245	5.8619999999999998E-2	0.2351	7.5400000000000023E-2	-0.2208	0.12909999999999999	1.9390000000000063E-2	-6.8720000000000003E-2	0.13220000000000001	0.18250000000000041	-0.19089999999999999	-0.24260000000000001	-0.30100000000000032	6.7110000000000031E-2	0.29670000000000002	3.6270000000000052E-2	0.11810000000000002	0.50380000000000003	-0.21510000000000001	-0.28690000000000032	0.14069999999999999	0.15950000000000195	-4.7670000000000004E-3	-7.0200000000000123E-3	0.17369999999999999	9.2510000000000023E-2	4.9780000000000837E-2	-4.1480000000000003E-2	-9.2630000000000004E-2	0.10220000000000012	-7.5850000000000029E-2	8.3890000000000228E-2	0.11810000000000002	0.14019999999999999	0.20240000000000041	0.58809999999999996	-0.13039999999999999	0.39730000000000654	-7.2730000000000114E-2	-0.21550000000000041	-0.16930000000000001	-5.2330000000000133E-2	-0.12400000000000012	-7.5400000000000023E-2	5.7070000000000003E-2	0.39730000000000654	-7.2730000000000114E-2	-0.23250000000000001	-6.4509999999999998E-2	-5.8619999999999998E-2	-0.2351	-7.5400000000000023E-2	-0.2525	0.24350000000000024	-3.7850000000000016E-2	-6.5800000000000011E-2	-0.20550000000000004	1.7239999999999998E-2	-0.1351	0.1913	-0.44290000000000002	0.39730000000000654	-1.2979999999999999E-3	-0.23250000000000001	-0.21840000000000245	-5.8619999999999998E-2	-0.2351	0.17460000000000001	Fitted Values
Residuals
-2.417559016236515	-1.9874278859298977	-1.7616704103630678	-1.6010086648860913	-1.4734675779471018	-1.3662038163720989	-1.2726986411905368	-1.1891643501993188	-1.1131942771609036	-1.0431582633184542	-0.97789754394054262	-0.91655666753311293	-0.85848447414183271	-0.80317256559790817	-0.75021537546794059	-0.69928330238322012	-0.65010407064800824	-0.60244945316443843	-0.55612559361870273	-0.51096580673824754	-0.46682512285258981	-0.42357608420119985	-0.38110545476355678	-0.33931160653882292	-0.29810241293049083	-0.25739352610093824	-0.21710694721012991	-0.17716982099174	-0.13751340214433927	-9.8072152488661246E-2	-5.8782936068944393E-2	-1.9584285230127462E-2	1.9584285230127042E-2	5.8782936068944122E-2	9.8072152488661066E-2	0.13751340214433899	0.17716982099173972	0.21710694721012971	0.25739352610093813	0.29810241293049061	0.33931160653882253	0.38110545476355628	0.42357608420119941	0.46682512285258937	0.51096580673824721	0.55612559361870229	0.60244945316443799	0.65010407064800702	0.6992833023832199	0.75021537546793959	0.80317256559790773	0.85848447414183204	0.9165566675331126	0.97789754394054162	1.0431582633184537	1.1131942771609031	1.1891643501993181	1.2726986411905354	1.366203816372098	1.4734675779470998	1.6010086648860895	1.7616704103630658	1.9874278859298919	2.4175590162365017	-0.2208	-0.44290000000000002	-0.30100000000000032	-0.28690000000000032	-0.2525	-0.24260000000000001	-0.2351	-0.2351	-0.23250000000000001	-0.23250000000000001	-0.21840000000000245	-0.21550000000000041	-0.21510000000000001	-0.20550000000000004	-0.19089999999999999	-0.16930000000000001	-0.1351	-0.13039999999999999	-0.12400000000000012	-9.2630000000000004E-2	-7.5850000000000029E-2	-7.5400000000000023E-2	-7.5400000000000023E-2	-7.2730000000000114E-2	-7.2730000000000114E-2	-6.8720000000000003E-2	-6.5800000000000011E-2	-6.4509999999999998E-2	-5.8619999999999998E-2	-5.8619999999999998E-2	-5.2330000000000133E-2	-4.1480000000000003E-2	-3.7850000000000016E-2	-7.0200000000000123E-3	-4.7670000000000004E-3	-1.2979999999999999E-3	1.7239999999999998E-2	1.9390000000000063E-2	3.6270000000000052E-2	4.9780000000000837E-2	5.7070000000000003E-2	6.7110000000000031E-2	8.3890000000000228E-2	9.2510000000000023E-2	0.10220000000000012	0.11810000000000002	0.11810000000000002	0.12909999999999999	0.13220000000000001	0.14019999999999999	0.14069999999999999	0.15950000000000195	0.17369999999999999	0.17460000000000001	0.18250000000000041	0.1913	0.20240000000000041	0.24350000000000024	0.29670000000000002	0.39730000000000654	0.39730000000000654	0.39730000000000654	0.50380000000000003	0.58809999999999996	ROC Curve
TPR	0	0	1.5433499773036773E-2	1.5433499773036773E-2	1.5433499773036773E-2	1.5433499773036773E-2	1.5433499773036773E-2	1.5433499773036773E-2	1.5433499773036773E-2	1.5433499773036773E-2	0.10667271901951893	0.10667271901951893	0.22197004085338176	0.22197004085338176	0.45619609623241036	0.45619609623241036	0.45619609623241036	0.45619609623241036	0.45619609623241036	0.45619609623241036	0.86881525192918863	0	9.7014925373134497E-2	9.7014925373134497E-2	9.7014925373134497E-2	9.7014925373134497E-2	9.7014925373134497E-2	9.7014925373134497E-2	9.7014925373134497E-2	9.7014925373134497E-2	0.34577114427860695	0.34577114427860695	0.44527363184079605	0.44527363184079605	0.79353233830845749	0.79353233830845749	0.79353233830845749	0.79353233830845749	0.79353233830845749	0.79353233830845749	0.91293532338308536	0.91293532338308536	FPR
TPR
ROC Curve
TPR	0	0	9.078529278256941E-4	9.078529278256941E-4	9.078529278256941E-4	9.078529278256941E-4	0.17249205628688169	0.17249205628688169	0.17249205628688169	0.17249205628688169	0.17249205628688169	0.17249205628688169	0.23604176123467988	0.23604176123467988	0.31003177485247435	0.31003177485247435	0.45619609623241036	0.45619609623241036	0.53699500680889833	0.53699500680889833	0.53699500680889833	0.53699500680889833	0.62641852019972766	0.62641852019972766	0.62641852019972766	0	6.9651741293532354E-2	6.9651741293532354E-2	6.9651741293532354E-2	6.9651741293532354E-2	0.36815920398009983	0.36815920398009983	0.36815920398009983	0.36815920398009983	0.36815920398009983	0.36815920398009983	0.56965174129353313	0.56965174129353313	0.63432835820895561	0.63432835820895561	0.79353233830845749	0.79353233830845749	0.82587064676616961	0.82587064676616961	0.82587064676616961	0.82587064676616961	0.84577114427860778	0.84577114427860778	0.84577114427860778	0.84577114427860778	FPR
TPR

