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Abstract

TEA-21 and its predecessor, ISTEA, call for mainstreaming transit, pedestrian, and bicycle projects into the planning, design, and operation of the U.S. transportation system. But the current chapters of the Highway Capacity Manual 2000 that deal with urban streets essentially address level of service (LOS) only for automobile users. Nationally recognized analysis techniques exist for the highway and transit modes, but analysis techniques for the pedestrian and bicycle modes are not as well established. At present, no nationally accepted method exists for combining the automobile, transit, bicycle, and pedestrian modes in an integrated analysis. Multimodal analysis is difficult also because most evaluation techniques have been developed from a modal perspective; LOS thresholds may not match well when one mode is compared with another. This paper discusses some research based on data from of a recent project (NCHRP 3-70) to develop and test a framework and enhanced models for predicting levels of service for automobile, transit, bicycle, and pedestrian modes on urban streets that take into account the interaction among the modes and result in consistent LOS definitions across the modes. LOS measures for auto, bike, and pedestrian facilities were based on responses of several panels of focus group subjects to films of auto, bike, and pedestrian facilities under varying conditions. Transit LOS was measured by on-board passenger surveys. At the time of this writing, data  sets were available only for auto and transit. Several different auto and transit LOS models were estimated using disaggregate ordered choice models. The results of the analyses show how different aspects of urban arterial facilities and traffic affect users’ perceptions of LOS.

Introduction

The current edition of the Highway Capacity Manual (HCM 2000) deals primarily with level of service issues for automobile users on urban streets.1 Automobile LOS is defined in terms of operating characteristics, and does not include user perceptions of service quality. HCM 2000 does address walking and bicycling, but again these are evaluated by their operating characteristics rather than user perceptions. A separate publication, the Transit Capacity and Quality of Service Manual, likewise addresses transit from the perspective of its operating characteristics.2
National Cooperative Highway Research Program Project 3-70, Multimodal Level of Service Analysis for Urban Streets, is intended to provide user-based measures of level of service for four modes: automobile, bicycle, pedestrian, and transit. The intent is not to develop a single LOS measure that incorporates all modes; rather, it is to 

At the time of this writing, only data for auto and transit modes were available; hence, this paper reports on efforts on modeling user perceptions of automobile and transit service on urban arterials. Data for Phase 2 of the project were collected based on results of analyses of the Phase 1 data.

Background

There have been a number of previous research efforts on incorporating traveler perceptions into LOS measures. Kim et al. investigated how traveler perceptions of level of service on rural freeways were affected by noise, number and duration of cruise control applications, and percent of time spent following.3 Hall et al. examined users’ perceptions of service quality on freeways using small focus groups.4 Pecheux et al. used a video laboratory to show participants a series of video tapes of signalized intersections to determine which factors contributed to users’ perceptions of quality of service.5 Sutaria and Haynes showed films of signalized intersections to a group of over 300 participants to get their ranking of factors related to service quality.6 Colman sent 50 students to drive various arterial streets and compare the HCM LOS against their own perceptions of quality of service.7 Analysis of video laboratory results from Phase 1 of this study were previously reported by Flannery et al.8
The Transit Capacity and Quality of Service Manual incorporates the points of view of passengers, transit agencies, communities, and vehicle drivers in developing LOS measures for transit.2 Morepace International developed a handbook for measuring customer satisfaction and transit service quality.9 

Previous work on bicycle LOS includes work by Landis et al. on measuring user perceptions of bicycle quality based on a group of volunteer riders traversing a 27 km course.10 Harkey et al. developed a bicycle compatibility index measure based on showing a group of 202 participants a set of stationary camera video clips taken from 67 urban and suburban sites around the U.S.11 Jones and Carlson followed a similar approach to develop a rural bicycle compatibility index.12 Noel et al. recruited bicyclists at 24 rural sites to rate their cycling experience on test segments at each site.13 
Sisiopiku et al. reviewed existing research on pedestrian LOS and developed recommendations on pedestrian LOS measures.14 Miller et al. used 3-D computer visualization to simulate pedestrian scenarios for a group of test subjects, leading to a revision of scale ranges that correspond to specific service levels.15 Landis et al. developed a measure of pedestrian LOS based on ratings by 75 volunteers walking a 8 km looped course consisting of 48 directional segments; the researchers developed a linear regression model that related pedestrian LOS to factors such as sidewalk width, traffic volumes, and separation of the pedestrian facility from traffic.16 
Multimodal LOS research includes work by Winters et al., who looked at various methods for achieving comparability of LOS measures across modes; the authors suggested a sliding scale so that, while LOS D would be the threshold of acceptability for auto, LOS C would be the threshold of acceptability for bicycles.17 Crider et al. developed a conceptual framework for multimodal LOS measurement for auto, bus, bicycle, and pedestrian modes.18 Florida DOT has implemented a multimodal LOS model, as described in the Florida Quality/Level of Service Handbook.19
The research discussed in this paper is built in part on earlier research. One of the main distinguishing features of this research is the size of the data sets that were collected: over 2,400 user ratings on each of auto, bus, pedestrian, and bicycle modes. Data were collected from users living in different areas of the country in urban areas of different population size. The scale and variety of data collection were intended to produce LOS measures based on a more representative cross-section of the U.S. population than earlier studies.
Method
Automobile
Phase 1 data collection consisted of showing video clips of urban streets to 77 licensed drivers at George Mason University. Videos were projected on a large screen and drivers were asked to rate each clip on a scale from 1 to 6 (very unsatisfactory to very satisfactory) immediately after viewing it.  The clips depicted travel in peak and off-peak conditions on different facility types. The streets shown on the clips were selected to sample a variety of urban street conditions, including arterial class, landscaping, speeds, and signal progression.

Video clips for Phase 2 of the data collection were selected to provide a greater coverage of what the Phase 1 analysis found to be the relevant characteristics: speed, signal progression, landscaping, and presence of a median. The complete sample design for Phases 1 and 2 is shown in Figure 1.
Automobile, bicycle, and pedestrian video clips were shown to recruited panels of subjects in four urban areas: New Haven, CT; Chicago, IL; Oakland, CA; and College Station, TX. Each panel consisted of from 30 to 38 participants, and each group was shown a set of 10 clips from each mode. In addition, information was collected on participants’ demographics and mode use. Four of the video clips were chosen to be common clips that were shown in all four locations.
A total of 2,449 responses were collected for Phases 1 and 2 on a sample of 35 video clips.
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Figure 1. Auto Video Clip Sample
Transit
User ratings of transit service were determined through a set of on-board surveys of bus passengers in the following urban areas: Broward County, FL; surburban Washington, DC (Virginia); Portland, OR; San Francisco, CA; and Oakland/Berkeley, CA. The first three were surveyed in Phase 1. The Phase 2 surveys were intended to provide coverage of bus service in dense urban areas where buses were crowded. Tables 1 – 3 summarize the characteristics of the routes that were surveyed.
The Phase 1 survey questionnaire contained detailed questions on importance of various service aspects to riders. Riders were then asked to rate on a 1 to 6 scale (very unsatisfactory to very satisfactory) their experience for that particular trip on: getting to the bus stop, waiting for the bus, riding the bus, and overall rating of the trip. The Phase 2 questionnaire was made as short as possible to allow surveyors to survey standing passengers on crowded buses in San Francisco and Oakland/Berkeley. The following questions were asked, in common with the Phase 1 survey:

· Boarding and alighting points
· Frequency of bus use

· Whether a car was available for the trip

· Rating of bus service: getting to the stop, waiting for the bus, riding the bus, and overall rating of the trip.

The Phase 2 routes provided an opportunity to test for effects of limited bus service (Muni 38L), rapid bus service (AC72R), and exclusive lanes (Muni routes 1, 14, 38, and 38L).

A total of 2,479 responses were collected from the Phase 1 and 2 on-board transit surveys.

	Characteristic
	Route

	
	Virginia 2B
	Virginia 38B
	Portland 14
	Portland 44
	Florida 18

	Peak frequency (bus/h)
	2
	4
	8
	4
	4

	Off-peak frequency (bus/h)
	1
	2
	5
	4
	4

	Maximum eff. frequency (bus/h)
	4
	7
	38
	38
	5

	Service span (h/day)
	16.5
	22
	20.5
	16
	19.5

	Stops with shelter (%)
	13%
	29%
	34%
	30%
	23%

	Stops with bench (%)
	15%
	26%
	47%
	41%
	75%

	Street width range (lanes)
	2–9
	1–7
	2–6
	1–6
	5–9

	Stops at traffic signals (%)
	40%
	68%
	48%
	40%
	48%

	Stops with sidewalks (%)
	89%
	99%
	99%
	81%
	88%

	Stops without legal crosswalks (%)
	53%
	19%
	6%
	9%
	51%

	Average load (p/bus)
	11
	14
	10
	16
	**

	Average maximum load (p/bus)
	18
	28
	27
	25
	**

	Maximum load (p/bus)
	34
	44
	37
	42
	**


**Due to a data collection problem, loads cannot be calculated for all trips. A few surveyed trips had standing loads.

Table 1. Route Characteristics, Phase 1 Routes

	Characteristic
	Route

	
	1 California
	14 Mission
	30 Stockton
	38

Geary
	38

Geary Limited

	Peak frequency (bus/h)
	20
	10
	7
	8
	9

	Off-peak frequency (bus/h)
	10
	7
	7
	8
	9

	Maximum eff. frequency (bus/h)
	20
	10
	27
	10
	12

	Service span (h/day)
	20
	24
	20
	24
	14

	Stops with shelter (%)
	44
	54%
	44%
	68%
	84%

	Stops with bench (%)
	44
	56%
	44%
	69%
	86%

	Street width range (lanes)
	2 – 5
	2 – 4
	2 – 7
	2 – 8
	2 – 8

	Stops at traffic signals (%)
	58%
	91%
	54%
	63%
	75%

	Stops without legal crosswalks (%)
	2%
	1%
	1%
	3%
	0%


Table 2. Route Characteristics - Phase 2 Routes (San Francisco)
	Characteristic
	Route

	
	51 Broadway
	72

San Pablo
	72R

San Pablo Rapid
	218 Thornton

	Peak frequency (bus/h)
	8
	4
	5
	1

	Off-peak frequency (bus/h)
	8
	4
	5
	1

	Maximum eff. frequency (bus/h)
	8
	4
	5
	1

	Service span (h/day)
	19
	18
	14
	15

	Stops with shelter (%)
	28%
	39%
	74%
	11%

	Stops with bench (%)
	51%
	46%
	75%
	15%

	Street width range (lanes)
	2 – 7
	2 – 5
	2 – 5
	2 – 6

	Stops at traffic signals (%)
	67%
	60%
	85%
	60

	Stops with sidewalks (%)
	NA
	NA
	NA
	NA

	Stops without legal crosswalks (%)
	0%
	8%
	4%
	18%

	Average load (p/bus)
	NA
	NA
	NA
	NA

	Average maximum load (p/bus)
	NA
	NA
	NA
	NA

	Maximum load (p/bus)
	NA
	NA
	NA
	NA


Table 3. Route Characteristics - Phase 2 Routes (Oakland/Berkeley/Fremont)
Level of Service Model
Auto and transit user responses were modeled using an ordered choice model. An ordered choice model bears some similarity to other choice models, but the choices are ranked in order of preference. In the case of auto and transit, users were asked to rate service on a scale of 1 (worst) to 6 (best). The model is derived as follows.
Suppose the user associates a level of utility with a given entity (auto video clip or transit trip in this case), where a higher level of utility means that the user is more likely to rate the entity as ‘satisfactory’ or ‘very satisfactory’. Denote the utility as 
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 is a random component that is identically distributed across all users. Further assume that the observable component is linear in parameters; i.e., 
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 is a vector of parameters. The probability that the user rates the entity at a particular level j is given by the following:


[image: image5.wmf]{

}

{

}

{

}

{

}

1

1

1

Pruser response is Pr

Pr

Pr

jj

T

jj

TT

jj

jkUk

kxk

kxkx

be

beb

-

-

-

=<<

=<+<

=-<<-


where the kj are intercepts to be estimated along with the parameter vector 
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. The density function of 
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 determines the type of model. If 
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 is normally distributed we have an ordered probit model; if 
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 is logistically distributed we have an ordered logit model; other possible distributions for 
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 include extreme value (Weibull) and log log (Gompertz). If the observable utility contains an additive constant, the first intercept is not identifiable; it is typically set to zero without loss of generality. Further details on ordered choice models can be found in Train.4
Modeling Results

Automobile

A number of different models were tried with varying results. Variables that were tried included stops per mile, number of signals per mile, and whether or not the signals were progressed. The model that performed the best, in terms of having the smallest Bayesian Information Criterion,21 is shown below in Table 4. The log of the space mean speed appears to be a better indicator of level of service rating than the speed itself. Presence of left turn lanes, lane width greater than or equal to 12 ft, and presence of a raised median enter as dummies. All parameters are significant at the 95% level or better.
	Parameter estimates
	Value
	Std err
	Value / std err
	pr

	Constant
	-0.48963
	0.17956
	-2.727
	0.01

	Log of space mean speed
	0.68509
	0.07633
	8.975
	0.00

	Has left turn lanes?
	0.17114
	0.08210
	2.085
	0.04

	Lane width >= 12 ft?
	0.24847
	0.07583
	3.277
	0.00

	Has raised median?
	0.16051
	0.07404
	2.168
	0.03

	Intercepts
	
	
	
	

	Mu(1)
	0.54540
	0.05925
	9.205
	0.00

	Mu(2)
	1.08310
	0.06846
	15.821
	0.00

	Mu(3)
	1.75707
	0.06160
	28.523
	0.00

	Mu(4)
	2.83483
	0.05734
	49.435
	0.00


Table 4. Ordered Choice Model for Automobile LOS Rating

One problem with the auto model was that it did not appear to predict LOS ratings of 2 or 3 (i.e., LOS E or D). Part of that may be due to showing a restricted number of video clips. The model is based on the physical characteristics of the roadway. Hence, there can only be as many LOS ratings from the model as there are video clips.

We tested for effects of various demographic variables on ratings of the four control video clips. Table 5 shows the differences in mean ratings of the control clips, with significant (at 95%) differences shown in bold. The size of the urban area has a significant effect on the ratings. Mode use also has significant effects, but this is also highly correlated with the age of the respondent: older respondents tend to walk and bike less, and use a car more than younger respondents. Although all differences are less than 1.0, or one level of service rating, they could have an effect on ordered choice model parameter estimates.
	Factor
	Clip no.
	Difference in mean ratings

	Regional population > 1 million
	2
	0.35

	
	15
	0.03

	
	52
	-0.06

	
	56
	0.29

	Is respondent male?
	2
	0.06

	
	15
	-0.05

	
	52
	-0.06

	
	56
	0.11

	Walk once a week or more
	2
	-0.06

	
	15
	-0.57

	
	52
	-0.37

	
	56
	-0.18

	Bike at all (not "never")
	2
	0.26

	
	15
	-0.13

	
	52
	0.13

	
	56
	0.34

	Use car once a day or more
	2
	0.11

	
	15
	-0.08

	
	52
	-0.03

	
	56
	0.09

	Car is main mode to work
	2
	0.13

	
	15
	0.24

	
	52
	0.45

	
	56
	0.02


Table 5. Significance Tests of Demographic and Mode Use Factors on Auto Ratings
Transit

Several different types of models were tried for the following ratings: getting to the stop, waiting for the bus, riding the bus, and overall rating. This section reports on attempts to model the overall rating of the transit trip.

The ordered model that performed the best, having the largest likelihood, is shown in Table 6 below.

	Parameter estimates
	Value
	Std err
	Value / std err
	pr

	Constant
	1.873793
	0.083754
	22.372
	0.00

	Some crowding – some persons standing (dummy)
	-0.146808
	0.072979
	-2.012
	0.04

	Extreme crowding – difficulty moving on bus (dummy)
	-0.357415
	0.060951
	-5.864
	0.00

	Bus stops per mile at boarding point
	0.027145
	0.010261
	2.645
	0.01

	Intercepts
	
	
	
	

	Mu(1)
	0.308259
	0.035166
	8.766
	0.00

	Mu(2)
	0.799788
	0.035315
	22.647
	0.00

	Mu(3)
	1.377892
	0.031654
	43.53
	0.00

	Mu(4)
	2.217646
	0.035665
	62.18
	0.00


Table 6. Ordered Choice Model, Rating of Overall Transit Trip
Several other variables that were tried in other models, such as effective service frequency and span of service (hours per day) were either not significant or had counterintuitive signs. Dummies for limited stop service and rapid bus service were tried, but these were not significant; this is likely due to their negative correlation with the bus stops per mile variable. Type of waiting facilities and roadway characteristics at the boarding stop were not significant in the models that were tested.

The case of service frequency is somewhat surprising in that service frequency does not appear to significantly affect ratings of service, either overall rating or rating for waiting for the bus. Part of this may be due to different behavior of passengers using service with longer frequencies, as they are more likely to base their arrival time at the bus stop on the bus schedule. Future research will look at this more closely, for example by quantizing service frequencies into several headway ranges (e.g., <= 5 minutes, 5 – 10 minutes, 10 – 15 minutes, and > 15 minutes), using dummy variables to represent the different ranges.
This model did not do well in replicating the observations. Part of the problem is that in general, the ratings of bus service by those surveyed tended to be quite high, regardless of service frequency or service type. There were very few ratings of transit service as “highly unsatisfactory”; transit ratings did not appear to be significantly affected by frequency of transit use. It appears that those who ride transit are riding it because they either like it or are conditioned to it. Those who don’t like transit will travel by auto, unless they cannot afford one.
Conclusions and Further Research

This paper has reported on attempts to model user perceptions of auto and transit modes using ordered choice models. Although the models tested so far represent a small subset of all possible models, the work to date appears to indicate the following.
Automobile

· Speed and stops per mile are highly significant; users appear to respond to logarithms of these characteristics.

· The number of signals per mile and presence of signal progression appear to be significant, but because they are so highly correlated with speed or number of stops per mile they cannot be used in a model where either of the latter two variables is present.

· Presence of a left turn lane and a raised median appear to contribute to a more satisfactory rating of a road segment.

Transit

· The number of bus stops per mile appears to be a significant indicator of service convenience.

· Crowding, especially extreme crowding, is significant.
· Service frequency does not appear to be significant, but this may be because passengers schedule their arrival times at the bus stop for low-frequency service.

· Very few transit users give ‘very unsatisfactory’ ratings for transit service. They either like the service they use, or have gotten used to it.
The apparent inability of either the auto or transit models to reproduce observations of some service levels needs to be revisited. Up to now, model predictions have been taken as either the modal or the average LOS value. But an ordered choice model predicts a distribution of responses. Hence, other types of statistics may be more appropriate, such as the LOS value at which the probability is, say, 50% or 85% that users will rate the LOS at least at that value.
Finally, we acknowledge that the auto LOS ratings were based on laboratory conditions, where users experienced the roadway in a controlled environment. Hence, they were not subject to the full range of stimuli as they would be had they actually driven the road segments.
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