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1.0 INTRODUCTION

The purpose of this evaluation is to independently and comprehensively assess the effectiveness
of the Connection Protection (CP) system implemented by the Utah Transit Authority (UTA).
The objective of the CP system is to improve the reliability of transfers from the higher
frequency light rail trains, TRAX, to the lower frequency bus services. The CP system examines
the on-time status of TRAX trains and issues a “Hold” message to buses waiting at the
connecting rail stations via the buses’ onboard Mobile Data Terminal (MDT), if the lateness of
train is within a pre-determined threshold relative to the scheduled departure time of the bus.
The system was completed and tested in January 2002 prior to the Winter Olympic Games in
Salt Lake City.

The purpose of this Test Plan document is to expand on the Evaluation Plan' and provide
detailed evaluation test procedures, including data collection and analysis plans needed to carry
out the evaluation approaches presented in the Evaluation Plan. The Evaluation Plan serves as a
general resource for the evaluation objectives, hypotheses, and a high-level study approach for
the evaluation.

This Test Plan document contains two component evaluation tests, namely, a System
Performance Test and a User Satisfaction Test. The thrust of the System Performance Test is the
collection and analysis of various system operations data, including train arrival times, bus
departure times, and Connection Protection messages. The User Satisfaction Test investigates
the impacts associated with Connection Protection through the perception of the users of the
system, including transit passengers, bus operators, radio controllers, and bus route supervisors.
Evaluation techniques include onboard passenger intercept surveys; Internet surveys with bus
operators; interviews and focus group discussions with bus operators, radio controllers, and route
supervisors; and analysis of customer comments/complaints.

Both test plans follow the same format, as follows:

e Approach Overview — provides a general overview description of the test approach.

e Schedule — describes major milestones of the test.

e Pre-Test Activities — describes the evaluation activities in support of the development of
the data collection procedures and assessment of data quality.

o Test Activities - provides detailed data collection logistics and quality control procedures.

e Post-Test Activities — describes the processing and analysis of the data and reporting of
the results.

Special attention has been given to the selection and development of the test scenarios and data
collection procedures for both the System Performance and User Satisfaction tests to insure that
the data are, to the extent possible, reliable and of high quality. While these two tests will

largely be conducted independently of one another, the results will be examined to see where
findings from one test can help inform findings from the other. For example, rider perceptions of

Y Utah Transit Authority Connection Protection System Final Evaluation Plan, Battelle Memorial Institute, for the
USDOT, August 27, 2003.
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the benefits of CP will be interpreted in light of our understanding of the actual performance of
the system, and data on how the system was functioning will help with the interpretation of the

reactions of bus operators to CP messages. Suggestions provided by system users will be

evaluated in conjunction with our understanding of how the system performed vis-a-vis the
system specifications. Opportunities to derive insights from such comparative analyses across
the two tests will be explored where possible.

Figure 1 presents a UTA TRAX system map and proposed locations for evaluation tests.

Reasons for selecting these locations will be discussed further in the respective test plan sections.
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SYSTEM PERFORMANCE TEST
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Figure 1. UTA TRAX System Map
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2.0 SYSTEM PERFORMANCE TEST

The primary objective of the evaluation of system performance data is to evaluate the
effectiveness of the CP system. More specifically, the objective is to evaluate the ability of the
CP system to prevent missed connections and its ability to improve the number of successful
train-to-bus transfers for selected scenarios. A second objective of the evaluation of system
performance is to evaluate operational aspects of the system performance. However, this will
not include an evaluation of the specific hardware and software that comprise the CP system.
Rather, particular emphasis will be on evaluating the extent to which the CP system consistently
operates the way that it was designed from an overall perspective. Finally, a third objective of
the evaluation of system performance is to assess unforeseen or unintentional impacts resulting
from implementing the CP system. In short, this portion of the evaluation of system
performance data will be conducted to determine if the benefits of the CP system in terms of
protecting riders have unforeseen costs associated with them.

21 APPROACH OVERVIEW

Evaluating the effectiveness of the CP system to improve successful connections of passengers
from train to waiting buses necessarily requires the accurate measurement of bus departure times,
and the linking of those departures to the train arrival times. That is, it is this comparison of the
bus departure time to the train arrival time that will provide an assessment of whether a
“successful” connection has been made for train passengers. However, accurately measuring bus
departure times under reasonable cost and logistical constraints, without impacting operations is
a challenging task because each possible approach has cost or operational limitations. Three
complementary data collection methods will be used to capture bus departure times: 1) driver
signaling bus departure times through Mobile Data Terminals (MDTs), 2) collection of
automated bus departure times by UTA buses that are GPS/APC? equipped (i.e., “Smart-buses”),
and 3) manual data collection from independent observers of the bus departure times.

Data collection through the MDTs consists of having bus operators indicate their departures from
a TRAX station by sending a predetermined message through their MDT, which is part of the
standard UTA radio system. Because every bus, and hence every operator, has the capability to
indicate departures using the MDT, this data collection approach could have coverage at all
TRAX stations. However, this data collection method is dependent upon the participation of bus
operations. Additionally, departure times are available only to the minute resolution.

Smart-bus data collection will consist of assigning GPS/APC-equipped buses to specific bus
routes and capturing the equipment-recorded arrival and departure times. Use of Smart-bus data
will permit comparison of actual performance to historical performance when CP was not in
effect. Information on both arrival and departure times, and hence wait times, is available from
these buses, though this information may not be as precise as needed for the analysis of
performance of CP. Additionally, only a limited number of buses are available for the
evaluation, which reduces the ability to detect statistically significant differences in performance.

? Global Positioning System and Automatic Passenger Counter

Final Detailed Test Plans
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Manual data collection through observation will be conducted at three TRAX stations to
supplement the MDT data collection and to provide a means for assessing the quality of the other
two methods of data collection. With this method, independent observers will manually record
the arrival and departure times for every bus that departs from the TRAX station.

Data collection with the Smart-buses will occur September 2003 through November 2003, data
collection via manual observation and the MDTs will occur in October 2003 and November
2003. Additional system information will be collected during the three-month data collection
period. Most of the data required for the collection of system performance are already routinely
collected as part of UTA’s normal course of operations. Therefore, some system performance
data should be available for months preceding the field period (e.g., information from Smart-
buses and late trains during the summer of 2003). This earlier information will be collected and
used if possible. The additional data that will be used for the evaluation of system performance
include:

e TRAX Schedules — scheduled train times at each of the TRAX stations.

e Bus Schedules — scheduled bus times for each bus route that intersects a TRAX station.

e (P Assignments — bus trips (route/time combinations) at each TRAX station that have
been designated for CP protection. These data are prepared as part of UTA’s normal
operations.

e (P Message Logs — CP messages generated by the CP system. These data are currently
captured by UTA as part of normal operations. However, the data need to be archived
before they are overwritten.

e Train Data — Arrival and departure times for trains at each of the TRAX stations. All
light rail trains operated by UTA are equipped with GPS receivers that are used to record
the real-time location of each train. UTA maintains a train tracking system that
electronically collects these GPS data and monitors the performance of each train.
Pertinent data (train identifier, scheduled and actual arrival/departure times, etc.) will be
queried from the train tracking system.

As discussed above, all these data sources are developed as part of the normal operation of the
CP system. However, it will be important to capture the information for the evaluation before it
is inadvertently erased or recycled as part of daily operations.

Using the above data collection methods, the evaluation of system performance will center on
assessing the ability of the CP system to prevent missed connections and its ability to improve
the number of successful train-to-bus transfers. This will be accomplished by comparing the
percentage of successful connections before and after CP has been implemented for a particular
route (i.e., “before and after” comparisons), comparing the percentage of successful connections
between those routes where CP has already been established to “similar” routes without CP (i.e.,
“with and without” comparisons), and examining historical data without CP, if available, on
currently protected routes.

Final Detailed Test Plans
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As previously discussed, all data collection efforts will occur during a three-month period
defined by September 2003 through November 2003. Approximately two months into the data
collection period, UTA will be asked to begin to protect additional routes that are currently
unprotected. Thus, two months of data will be available for the “with and without” analysis
(September and October) and two-months of “before” CP (September and October) followed by
one-month of “after” CP (November) will be available for the “before and after” analysis.

2.2 SCHEDULE

The actual field data collection period will occur during UTA’s August-November 2003 fall
schedule and will last approximately three months (twelve weeks). This will be followed by two
months of data analysis and one month of report writing. Additional details on the schedule are
presented below.

Data from the trains and Smart-buses will be collected for the entire period (all non-holiday
weekdays between September 1, 2003, and November 21, 2003). Due to the time needed to
inform all bus operators of the procedures to follow, data collection via MDT will be delayed
until mid-October. It then will continue through the end of the data collection period.
Observational data will be collected on all non-holiday weekdays between October 1, 2003, and
November 21, 2003. The additional CP assignments will be implemented on November 3, 2003.

2.3 PRE-TEST ACTIVITIES

There have been a number of activities that have been conducted to facilitate the preparation of
the Evaluation Plan and this Detailed Test Plan. These activities are described below.

2.3.1 Pilot Data Collection Efforts

Two separate data collection activities were conducted to assess the feasibility of different
methods for collecting accurate departure information from bus routes. Additionally, these pilot
efforts served to increase Battelle’s understanding of UTA’s CP system and the availability of
system performance data.

The first pilot data collection effort was conducted to examine the feasibility of using Smart-bus
data for the analysis of system performance, to gain an understanding of the CP system, and to
test the procedures for obtaining data necessary for the system performance evaluation. This
effort occurred in early 2003 using data collected by UTA during November — December 2002.
The results of this pilot effort are summarized in the Evaluation Plan. Briefly, the results of this
pilot effort indicated that:

o The vast majority of bus trips that were CP protected were PM-rush trips

o Millcreek, Historic Sandy, and Sandy Civic Center TRAX stations had the most protected
bus trips and received the most CP messages.

e There were unprotected bus trips identified that occurred in close proximity in time to bus
trips that were already CP protected.

Final Detailed Test Plans
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One of the more significant discoveries uncovered by the first pilot test was the accuracy/
reliability of the arrival and departure times logged by the Smart-bus equipment. In particular,
the data collected during this pilot indicated that the arrival and departure times of the buses at
the TRAX stations, as recorded by the Smart-bus equipment, were identical for roughly 60
percent of all cases. A “departure zone” workaround was implemented, but it is not clear if this
approach will provide more accurate departure times. Thus, use of Smart-bus data as the
primary data collection method was abandoned as a result of this first pilot test.

A second pilot test was conducted August 21-22, 2003, to investigate the feasibility of using
MDTs to record bus departure times. Additionally, the possibility of manual data collection at
TRAX stations was investigated and compared to the departure times recorded by drivers
sending messages through the MDT. For this pilot, bus operators at three TRAX stations
(Ballpark, Millcreek, and Sandy Civic Center) were asked to log (i.e., send coded message to
dispatchers via the MDT) all departures over a two-day period. Concurrently, two-person teams
conducted manual data collection at these same TRAX stations between the hours of 4:00 pm
and 8:00 pm.

2.3.1.1 Mobile Data Terminal

The MDT data collection method required participation by both the bus operators and the radio
dispatchers. Each time that a bus operator transmitted a Code 34 message (an unused data text
message in the radio log system that was used as a surrogate for “bus departure”) the dispatchers
in the radio control center (RCC) needed to acknowledge the message and mark it (via the
computer) with the time that the message came in (which may have been earlier than the time
that it was acknowledged).

Bus operators were informed of the pilot test through their Operations Managers. A memo from
UTA’s ITS Manager (and technical contact for the CP Evaluation) described the implementation
of the pilot test to the Operations Managers and asked their support in conveying the need for
participation by the bus operators. It also emphasized that the data collection was solely for the
purpose of determining the feasibility of using the radio system to collect departure time data
during the full study and that the data would not be used for any other purposes. The exact
instructions to be given to the operators were:

Immediately before departure from the TRAX station, after the doors are closed, but before
the bus is moving, the operator should send text message #34 “Loss of Traction” to RCC
(some radios may have a different message programmed, but message 34 should be sent

anyway).

During the two-day pilot test, there were 754 bus trips (377 each day) that should have departed
from one of the three targeted TRAX stations (based on the April-August 2003 bus schedule
database provided by UTA in June 2003). A total of 158 bus operators each day were
responsible for driving buses for these trips (note that without additional data from UTA, it is not
known whether the same bus operators drove each day or if there was a change in operator for
some of the routes). Overall, Code 34 messages for only 11% of the expected bus trips
(including none from the Millcreek buses) were recorded in the MDT log. The percent of bus
operators who participated by sending at least one message also was roughly 11%. Note that

Final Detailed Test Plans
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“percent completion” (i.e., percent of trips with transmitted message) for each operator was not
calculated at this time. Table 1 presents a breakdown of the results.

Table 1. Results of MDT Data Collection

Number of
Number of Number of Bus
Expected Code 34 Percent Bus Operators Percent
TRAX Pilot Test Bus Trip Messages | Departures | Operators Sending Operator

Station Day Departures Received Recorded Scheduled | Messages | Participatiol

Ballpark Thursday 62 25 40% 17 8 47%
Friday 62 12 19% 17 5 29%

. Thursday 143 0 0% 65 0 0%
Millcreek I Figay 143 0 0% 65 0 0%
Sandy Civic | Thursday 172 14 8% 76 7 9%
Center Friday 172 28* 16% 76 10 13%
Total 754 84** 11% 316 35** 11%

* one is likely a duplicate message
** includes five messages for which bus routes could not be determined

The very low participation rate by bus operators is a cause for concern, because it reduces the
potential for observing a bus departure during a late-train event and it increases the possibility of
introducing a participation or self-selection bias in the collected data. However, it should be
noted that during the two-day pilot test, various unplanned events occurred which may have
impacted the performance of the MDT data collection method. These included:

e A vehicle/train accident on Thursday morning which necessitated the formation of a “bus
bridge” to transport the affected train passengers. Buses pulled for this activity may have
had other distractions that prevented them from transmitting a Code 34 message. In
addition, the radio dispatchers likely were preoccupied with managing the bus bridge and
may have missed acknowledging some of the messages.

o UTA’s systems were affected by the computer virus that spread via the Internet the week
of the pilot test. All servers running the train tracking software were shut down overnight
on Wednesday and significant effort was expended by UTA staff on Thursday morning in
an attempt to restore the system. It is possible that attention was diverted from ensuring
that radio dispatchers and operation managers were providing reminders to the bus
operators to transmit Code 34 messages.

o Lightening from a thunderstorm on Friday afternoon caused a power outage. Messages
may have been lost because of this event.

2.3.1.2 Manual Observations

The manual data collection method was conducted by hiring six individuals identified by the Salt
Lake County Aging Services (SLCAS) office. These individuals were paired up into three teams
of two, and each team was assigned one of the targeted TRAX stations. The teams were asked to
record the arrival and departure times for all buses traveling through their stations between 4:00
pm and 8:00 pm each day.

Final Detailed Test Plans
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Prior to the data collection on the first day, a brief training was held at the SLCAS office to
explain the purpose of the study and the specific instructions for collecting the data. Each
individual was provided with a radio-controlled atomic clock (which in theory would provide the
exact same time as UTA’s system clocks) and a set of pre-printed data collection forms that
listed the times that each bus was expected to arrive at the respective TRAX stations.

Individuals were instructed to independently record the arrival and departure times (i.e., both
members of each team should record the times separately, and they should not compare notes) so
that a measure of inter-recorder reliability could be estimated. In addition, the definitions of
departure time and arrival time listed below were explained.

e Arrival Time — time at which bus pulls up to the designated drop-off spot and opens
doors to allow passengers to disembark.

o Departure Time — time at which bus pulls out of its designated pick-up location (typically
different from the drop-off spot) after all passengers have boarded.

Throughout both evenings, a Battelle supervisor traveled between TRAX stations to resolve any
problems that might occur and to answer any questions.

During the two-day pilot test, there were 186 bus trips (93 each day) that should have departed
from one of the three targeted TRAX stations between 4:00 pm and 8:00 pm. Overall, 89
percent of the expected bus departures were recorded by the observers. Table 2 presents a
breakdown of the results.

Table 2. Results of Manual Data Collection

Data Collector #1 Data Collector #2
Expected | Number of Percent Number of Percent
TRAX Pilot Test Bus Trip | Departures | Departures | Departures | Departures
Station Day Departures | Recorded Recorded Recorded Recorded
Thursday 14 13 93% 13 93%
Ballpark Friday 14 13 93% 14 100%
. Thursday 32 31 97% 28 88%
Millcreek I riday 32 31 97% 29 91%
Sandy Civic | Thursday 47 36 77% 42 89%
Center Friday 47 41 87% 37 78%
Total 186 165 89% 163 88%

In addition to the quantitative results shown above, the following observations were noted by the
Battelle supervisor.

o At first, it was somewhat difficult for the data collectors to understand some of the bus
behaviors (e.g., a bus would enter the station as a Route 37 Eastbound and depart as a
Route 41 Southbound). Because this occurrence was not noted on the data collection
forms, it caused some confusion until the data collectors figured out the pattern in these
cases.

Final Detailed Test Plans
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e Complete independence between the individual data collectors was not obtained. Even
though they had been instructed otherwise, the Battelle supervisor noticed occasions in
which one data collector confirmed his/her time with the other one. The Battelle
supervisor reminded the data collectors of the need for independence when this was
observed. Additionally, the thunderstorm that struck on Friday afternoon forced two of
the teams to sit together in cars (each team had only one car because some of the data
collectors do not have cars), thus it was difficult for them to spot bus departures/arrivals

and record the times independently.

e Because of its size, no good place existed at Sandy Civic Center to observe all bus stops
without the possibility of temporarily having buses obscured from view. It is possible
that there could have been a delay between some departures/arrivals and when they were

noticed.

e One of the atomic clocks malfunctioned, causing one data collector at Sandy Civic Center
to record times using her watch. It appeared that her watch was within a minute of the

time on the other atomic clock.

e The second atomic clock used at Sandy Civic Center had its “seconds” mode accidentally
turned off. The Battelle supervisor discovered this part way through the first evening and
reset it at that point. Until then, the data collector recorded times only to the minute.

o The data collectors at Sandy Civic Center noted that on at least two occasions, buses
waited past their scheduled departure to enable train passengers to successfully transfer to
the bus. Also, in one other instance, a train passenger ran after the bus in a failed attempt

to catch it as it departed the station.

2.3.1.3 Comparison of MDT Log vs. Manual Observations

Bus departures that were recorded by both of the data collection methods were compared to
determine how the times agreed with each other. In general, very good agreement was found.
Out of the 23 bus departures that could be compared, 96% of them were within one minute of
each other. Because the MDT times are recorded only to the minute, it was not possible to
compare them at any finer degree of precision. Table 3 presents the comparisons for each day

and TRAX station.

Table 3. Comparison of MDT and Manual Data Collection Results

Bus Trips for Number of Recorded Percent of Recorded
which Departures | Departures Within 1 Minute Departures Within 1 Minute
TRAX Pilot were Recorded by Data Data Data Data

Station Test Day Both Methods Collector #1 | Collector #2 | Collector #1 | Collector #2

Ballpark Thursday 6 5 6 83% 100%
Friday 4 3 4 75% 100%

. Thursday 0 0 0 -- --
Millcreek Friday 0 0 0 — —
Sandy Civic | Thursday 5 5 5 100% 100%
Center Friday 8 8 8 100% 100%
Total 23 21 23 91% 100%
Final Detailed Test Plans
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2.3.2 Finalization of Data Transfer Protocols

Various types of data will need to be transferred to Battelle throughout the data collection period.
Regular transfers of data will ensure that any data collection problems are identified soon enough
to be corrected without jeopardizing the entire data collection effort. Scheduled dates for
transfer of various data types are provided in the respective subsections below. These dates will
be incorporated into a tracking control checklist that will be used to monitor UTA’s adherence to
the schedule. Protocols for transferring each type of data are described below.

2.3.2.1 Train Schedules

Data on the scheduled train stops at each station are necessary to plan which TRAX stations will
be monitored during the evaluation and to determine the adherence to the schedule by the trains.
UTA has already provided spreadsheets containing the August-November 2003 train schedules.
These data have been imported into the study database and have been used in planning which
stations to monitor during the evaluation. No other data are needed unless UTA changes any of
the schedules or the data collection period extends past November 22, 2003 (the projected end of
the current schedules). If either of these situations arises, UTA will need to send updated
schedule data in the same format used previously. Table 4 lists the variables included in this
spreadsheet.

Table 4. Train Schedule Data Needed for System Performance Evaluation

Variable Format Description

SignID Integer Code for the change period (37=Aug-Nov 2003)

StopName String Street intersection of TRAX station

DirectionName | String Direction that the train is traveling (e.g., Northbound, Eastbound, etc.)

TrainRoute Integer Route number of train

Sequence Integer Stop number of train

ScheduledTime | Integer Scheduled departure time of train from station (number of seconds since
midnight)

NodeAbbr String Abbreviation of TRAX station name

RouteName String Name of train route

TrainBlock Integer Code for set of train trips performed by specific train operator during the
day (i.e., one train block is composed of many train trips)

TriplD Integer Unique identifier for train trip

ServicelD Integer Code for type of service (e.g., weekday, holiday, Sunday, etc.)

2.3.2.2 Bus Schedules

Data on the scheduled bus stops at each station are necessary to plan which TRAX stations will
be monitored during the evaluation and to determine the adherence to the schedule by the buses.
UTA has already provided spreadsheets containing the August-November 2003 bus schedules.
These data have been imported into the study database and have been used in the planning of
which routes to monitor during the evaluation. No other data are needed unless UTA changes
any of the schedules or the data collection period extends past November 22, 2003 (the projected
end of the current schedules). If either of these situations arises, UTA will need to send updated
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schedule data in the same format used previously. Table 5 lists the variables included in this
spreadsheet.

Table 5. Bus Schedule Data Needed for System Performance Evaluation

Variable Format Description

SignID Integer Code for the change period (37=Aug-Nov 2003)

StopName String Street intersection of TRAX station

DirectionName | String Direction that the bus is traveling (e.g., Northbound, Eastbound, etc.)

BusRoute Integer Route number of bus

Sequence Integer Stop number of bus

ScheduledTime | Integer Scheduled departure time of bus from station (number of seconds since
midnight)

NodeAbbr String Abbreviation of TRAX station name

RouteName String Name of bus route

BusBlock Integer Code for set of bus trips performed by specific bus operator during the
day (i.e., one bus block is composed of many bus trips)

TripID Integer Unique identifier for bus trip

ServicelD Integer Code for type of bus service (e.g., weekday, holiday, Sunday, etc.)

2.3.2.3 CP Assignments

Data on the particular bus routes that have been assigned protection by the CP system are
necessary to plan which bus routes will be monitored during the evaluation and to determine the
performance of the CP system when a late train occurs. UTA has already provided spreadsheets
containing the current CP assignments for the August-November 2003 change period. These
data have been imported into the study database and have been used in the planning of which
routes to consider in the evaluation. Assuming that additional routes are assigned protection part
way through the study (see Section 2.2), UTA will need to provide an updated spreadsheet (in
the same format) that contains the new assignments. Also, if UTA changes any of the
protections for any other reason, an updated assignment spreadsheet will need to be provided.
Table 6 lists the variables included in this spreadsheet.

Table 6. CP Assignment Data Needed for System Performance Evaluation

Variable Format Description

SignID Integer | Code for the change period (37=Aug-Nov 2003)

TrainBlock Integer | Code for set of train trips performed by specific train operator during the
day (i.e., one train block is composed of many train trips)

TrainTrip Integer Unique identifier for train trip

TrainRoute Integer Route number of train

TrainDepartNode | String TRAX station where train trip began

TrainDirection String Direction that the train is traveling (e.g., Northbound, Eastbound, etc.)

TrainTripTime Time Scheduled time when train trip began

TrainNodeTime Time Scheduled arrival time of train from station

BusBlock Integer | Code for set of bus trips performed by specific bus operator during the
day (i.e., one bus block is composed of many bus trips)

BusTrip Integer Unique identifier for bus trip

BusRoute Integer Route number of bus

BusDepartNode String Bus stop where bus trip began
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BusDirection String Direction that the bus is traveling (e.g., Northbound, Eastbound, etc.)

BusTripTime Time Scheduled time when bus trip began

BusNodeTime Time Scheduled departure time of bus from station

NodelD Integer Unique identifier for TRAX station

CategoryNum Integer | Code for type of CP Protection (e.g., minimum and maximum wait time,
etc.)

ServicelD Integer | Code for type of bus service (e.g., weekday, holiday, Sunday, etc.)

NodeAbbr String Abbreviation of TRAX station name

2.3.2.4 CP Messages

Data on the CP messages that were generated are necessary to determine the performance of the
CP System when a late train occurs. A spreadsheet containing all CP messages generated during
the data collection period will need to be provided on a regular basis so that performance can be
monitored throughout the study. Each sheet should be formatted in the identical format used
when samples of these data were provided in May 2003. Table 7 lists the variables to be
included in this spreadsheet. Spreadsheets containing the previous month’s data should be
provided at the beginning of each month.

Table 7. CP Message Log Data Needed for System Performance Evaluation

Variable Format Description

LogNumber Integer Unique identifier for generated CP message

LogDate Date Date that CP message was generated

LogTime Time Time that CP message was generated

Route Integer Route number of bus for which CP message was generated

Triplnfo Integer Trip ID of bus for which CP message was generated

Unit Integer ID of bus for which CP message was generated

Name Integer Operator ID of bus for which CP message was generated

Location String Abbreviation of TRAX station name where late train caused CP message
to be generated

MinuteLate Integer Amount of time that train is expected to be late (expressed in seconds
even though variable name indicates otherwise)

MissedFlag String Code for outcome of generated CP message (0=Sent, 1=Missed (too late
to send), 2=Discarded (repeat message due to increasingly late train))

Comments String Text of CP Message generated

OIdETA Time Previous estimated arrival time of train at station

NewETA Time New estimated arrival time of train at station

BusBlock String Code for set of bus trips performed by specific bus operator during the
day (i.e., one bus block is composed of many bus trips)

BusNodeTime String Scheduled departure time of bus from station

2.3.2.5 Smart-bus Data

A spreadsheet containing information collected by the Smart-buses will need to be provided by
UTA. A spreadsheet containing all Smart-bus data generated during the data collection period
will need to be provided on a regular basis so that performance can be monitored throughout the
study. Each sheet should be formatted in the identical format used when samples of these data
were provided in May 2003. Table 8 lists the variables to be included in this spreadsheet.
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Spreadsheets containing the previous month’s data should be provided at the beginning of each
month.

Table 8. Smart-bus Data Needed for System Performance Evaluation

Variable Format Description
DailyTriplD Integer Unique identifier for each trip
RouteDirectionID | Integer Code for route direction (e.g., Northbound)
CalendarID Date Date that bus trip occurred
RouteAbbr Integer Route number of bus which made the trip
TimePointAbbr String Abbreviation of TRAX station name where bus arrived/departed
TimePointName String Name of TRAX station where bus arrived/departed
ScheduledTime Time Time that bus is scheduled to depart TRAX station
ArrivalTime Time Time that bus actually arrived at TRAX station
DepartureTime Time Time that bus actually departed from TRAX station
RouteName String Name of bus route that bus is traveling
ServicelD Integer Code for type of bus service (e.g., weekday, holiday, Sunday, etc.)
VehiclelD Integer Unique identifier for physical bus that is traveling the route

2.3.2.6 MDT Data

A spreadsheet containing the bus departures recorded in the MDT log system will need to be
provided on a regular basis. A spreadsheet containing all MDT data generated during the data
collection period will need to be provided on a regular basis so that performance can be
monitored throughout the study. Each sheet should be formatted in the identical format used
when the MDT data were provided at the conclusion of the second pilot test. Table 9 lists the
variables to be included in this spreadsheet. Spreadsheets containing the previous week’s data
should be provided at the beginning of each week.

Table 9. MDT Data Needed for System Performance Evaluation

Variable Format Description
LogDate Date Date of the radio log message
LogTime Time Time of the radio log message
Problem String Description of the radio log message
Block Integer Code for set of bus trips performed by specific bus operator during the
day (i.e., one bus block is composed of many bus trips)
Route Integer Route number of bus which made the trip
Unit Integer Unique identifier for bus operator
Direction String Direction that the bus is traveling (e.g., Northbound, Eastbound, etc.)
Comments String Entered time that radio log message was received by RCC

2.3.2.7 Manual Data Collection Forms

Completed data collection forms are to be sent to Battelle on a weekly basis. The supervisor of
the manual data collectors will need to collect the completed forms from the previous week,
make copies of each completed form for backup purposes, and ship the originals to Battelle by
the end of the day each Monday. At Battelle, the completed forms will be subjected to a series
of quality control checks and then the data will be entered into the study database. Any
systematic problems discovered in the data will be relayed to the site supervisor so that the
issue(s) can be addressed with the data collectors.
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2.3.2.8 Late Train Data

Data on the arrival times of late trains during the field evaluation are necessary to determine the
performance of the CP System when a late train occurs as depicted in Table 10.

Table 10. Late Train Data Needed for System Performance Evaluation

Variable Format Description
TrainNumber String Unique train identifier
Station String Full name of TRAX station
Arrival Time Arrival time at TRAX station
Departure Date Departure time at TRAX station
MinutesLate Numeric Number of minutes train is late
Dwell(sec) Numeric Number of seconds train is at the TRAX station
Comments String Any comments about train
RunStartTime Time Time that the train began the trip

2.4 TEST ACTIVITIES

As discussed in Section 2.1, the data collection activities for this test will occur over a three-
month period defined as September 2003 through November 2003. Historical data, primarily
collected as part of routine system administration by UTA during the summer of 2003 also will
be used to the extent possible. Section 2.4.1 provides details for the data collection effort related
to use of the MDT systems while Sections 2.4.2 and 2.4.3 provide similar details for the Smart-
bus and manual data collection effort, respectively. Logging departure times through use of the
MDT system is the primary data collection method for this evaluation. The Smart-bus and
manual data collection will serve to supplement the data collected though this effort and will also
serve to provide the ability to assess the quality of the collected data.

Information will be collected from the system as currently operated by UTA for the first two
months of the data collection period (September and October). At the end of October, UTA will
be asked to initiate CP for additional bus routes to provide an opportunity to assess the impact of
CP in a “before and after” setting.

2.4.1 Mobile Data Terminal

This data collection activity will occur over the last portion of the data collection period to
address the “before and after” analysis. Table 11 lists the additional routes identified by UTA
for which CP will be turned on beginning in November. These routes will be the focus of the
“before and after” analysis. All bus operators on each of these bus routes that will be asked to
indicate their departures from a TRAX station via their mobile data terminal (MDT) that is part
of the radio system. In particular, immediately before departure from the TRAX station, after the
doors are closed, but before the bus is moving, each bus operator will be asked to send text
message #34 “Loss of Traction” to the UTA Radio Control Center (RCC). This message, which
is otherwise unused by UTA, will be logged into the radio log, time-stamped, and tagged with
the appropriate identifying information (e.g., bus block number) to make it unique.
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Table 11. Before and After Scenarios to be Evaluated

TRI:\X e . Bus_ DepBau:ure Bus Frequency
Station | Route Direction Time
16 Inbound 5:22 25-55 min
16 Inbound 7:52 25-55 min
16 Inbound 10:22 25-55 min
16 Inbound 12:52 25-55 min
16 Inbound 15:22 25-55 min
16 Inbound 17:52 25-55 min
17 Inbound 7:09 25-55 min
17 Inbound 7:39 25-55 min
Ballpark 17 Inbound 9:39 25-55 min
17 Inbound 10:09 25-55 min
17 Inbound 12:09 25-55 min
17 Inbound 12:39 25-55 min
17 Inbound 14:39 25-55 min
17 Inbound 15:09 25-55 min
17 Inbound 17:09 25-55 min
17 Inbound 17:39 25-55 min
66 Westbound | 16:55 >55 min
Millcreek 131 Eastbound | 22:11 >55 min
137 | Westbound | 20:25 25-55 min
Murray 140 | Westbound | 21:21 >55 min
North 140 | Eastbound | 22:04 >55 min
22 Inbound 7:45 <25 min
. 22 Inbound 10:15 <25 min
Ef‘asche"’” 22 | Inbound | 12:45 | <25 min
22 Inbound 15:15 <25 min
22 Inbound 17:45 <25 min
Sandy
Civic 816 To Provo 21:44 >55 min
Center

* same frequency as protected trip

The actual mechanics of transmitting and receiving the message are as follows:
1. Bus operator pushes this sequence of keys on the MDT — “Code”, “3”, “4”, “Send”
Message (along with timestamp) appears on the RCC computer screen
3. RCC dispatcher enters the time of the incoming message, bus block number, and code
“34” into the radio log, which is maintained on a separate computer that is located next to
the computer that displays the incoming messages. The logged message is automatically
time-stamped with the time that it is entered.

Although this manual process is subject to error, the UTA radio system is not currently capable
of automatically recording messages to the radio log. This enhancement is envisioned for the
future, but will not be in place in time for the current evaluation. Radio dispatchers have been
informed of the importance of entering complete and accurate data. Entered message times will
be reviewed to ensure that they are within a few minutes (and not later than) the time stamps of
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the logged messages. Any large discrepancies will be brought to the attention of UTA
management so that problems with dispatcher performance can be corrected.

Currently, MDTs are routinely used by drivers to communicate with the RCC for normal
business activities, so bus operators will not need any additional training in the use of the MDT
to send message #34. Participation of the bus operators is a critical component to the ability to
collect departure times. Low participation by bus operators will have a direct impact on the
extent to which an assessment of the performance of CP during a late train event in improving
the probability of a successful connection can be made. Low participation by bus operators also
increases the potential for a sampling bias to be introduced into the collected data. For example,
operators who are more apt to record departure times may be more likely to follow CP
recommended “Hold” messages than are operators who are not willing to log departure times.
UTA has indicated that its management staff will have an increased role in promoting the
importance of logging departure times, which will include issuing inter-departmental memos, in-
person involvement with dispatchers and bus operator supervisors, and routine reminders to bus
operators at the initiation of their shift and during their shift via radio to log departures.

2.4.2 Smart-bus

There are approximately 30 Smart-buses that can be utilized for the evaluation. In addition to
information on the arrival/departure times for each bus at a TRAX station, information such as
the number of passengers also is available for analysis from these buses. Due to the limited
number of these buses and the logistical considerations for how these buses are assigned to
specific bus routes, these buses will be assigned to the same bus routes for the entire three-month
data collection period.

Data collected using Smart-buses largely will be used to examine “with and without” scenarios,
whether “with and without” for currently protected routes that were not protected during the
Summer of 2003 or compared to “similar” bus routes that are currently without CP protection.
For the purposes of assigning Smart-buses, the schedules for all CP protected bus routes that
intersect a TRAX station were compared to the bus schedules for all bus routes that are not
currently being protected, but intersect a TRAX station. CP protected routes that have a non-CP
protected route that is scheduled to depart at exactly the same time as the CP route (or prior to
the CP route by a minute) were selected as candidates for assignment of a Smart-bus. Additional
criteria for defining an appropriate “without” route included: bus scheduled departure time three
or more minutes past the train scheduled arrival time, roughly the same frequency of buses on
that route, the number of comparisons that could be covered by a single Smart-bus, and the UTA
maintenance bus bay that would need to provide the Smart-bus to the route.

Table 12 summarizes the bus routes and times that are being covered by the Smart-buses.
Overall, 14 different “with and without” comparison scenarios were identified and will be
covered by Smart-buses. This represents significantly fewer than that proposed in the Evaluation
Plan, because schedule changes by UTA have eliminated many comparisons and fewer Smart-
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buses are available than anticipated. UTA schedulers will be asked to assign Smart-buses to the
appropriate bus blocks® to cover the 14 different comparison scenarios.

Table 12. With and Without Scenarios to be Evaluated

Potential “Without” Case Corresponding CP-Protected

TRAX ) Train

Station | pgyg Bus TS Bus Bus = Time
Route Direction De.?iamrt:re 0 AR Route Direction De_?;;t:re

Millcreek 31 Westbound | 16:40 < 25 min* 37 Westbound| 16:40 16:37

31 Eastbound | 17:40 < 25 min* 37 Westbound| 17:40 17:37

, 25 Clockwise 17:08 25-55 min 88 Westbound| 17:08 17:05

gledn\f[zlre 25 Clockwise 17:38 25-55 min 88 Westbound| 17:38 17:35

25 Clockwise 18:08 25-55 min 88 Westbound| 18:08 18:05
Historic 90 | Westbound| 15:55 25-55 min* 94 Eastbound | 15:55 15:52
Sandy 94 | Eastbound | 16:55 | 25-55 min* 90 |Westbound| 16:55 | 16:52
33 Northbound | 7:44 25-55 min* 811 To Provo 7:44 7:39
33 |Northbound| 8:14 25-55 min* 811 To Provo 8:14 8:09
Sandy 33 |Northbound| 16:14 25-55 min* 811 To Provo 16:14 16:09
Civic 33 |Northbound| 16:42 25-55 min* 345 Outbound | 16:43 16:39
Center 33 |Northbound| 17:12 25-55 min* 46 Southbound| 17:13 17:09
33 |Northbound| 17:42 25-55 min* 46 Southbound| 17:43 17:39
33 |Northbound| 18:12 25-55 min* 46 Southbound| 18:13 18:09
* same frequency as protected trip

2.4.3 Observational Data

Manual data collection by independent observers will be conducted in a limited fashion to
supplement the MDT data collection activity. Manual data collection also will provide
information that can be used to assess the accuracy of the MDT-recorded departure times over a
prolonged period of time and in an “unusual” situation (such as a system-wide problem that is
generating late train events). Finally, the data collected through observational methods will
provide some ability, albeit more limited, to assess the impact of CP on the successful
connections.

The manual data collection will occur for a two-month period at the three TRAX stations that
had the majority of CP routes and late train events in the initial pilot test: Sandy Civic Center,
Historic Sandy, and Millcreek. In particular, this data collection effort will be conducted from
October 2003 through November 2003, thus providing one month of data for bus arrivals and
departures at these three TRAX stations before CP is initiated for additional routes, and another
month of data following the initiation of CP for additional routes.

Six observers will be asked to record bus arrivals/departures at Sandy Civic Center, Historic
Sandy, and Millcreek on weekdays during the hours of 3:00 pm and 7:00 pm. Two observers

3 A bus block includes all routes and stops that are covered by a particular bus in a given day. A particular bus may
cover more than one bus route and may intersect with a TRAX station multiple times during the day.
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will be assigned to record all bus arrivals/departures at each of these TRAX stations during the
designated time period. These data will be used for both the “with and without” and “before and
after” analyses. A pre-printed data collection sheet that lists bus routes in order of their
anticipated departure times will be used by the observers to record arrival and departure times of
buses (see Attachment 1). So that an assessment of the inter-observer reliability can be made,
each observer will be asked to complete the data collection sheet independently. Each observer
will be given an radio-controlled clock to use that will resynchronize to the official U.S. time
each night. Because all of UTA’s system clocks also synchronize to the official U.S. time, all of
the data collection methods will be based on the same time.

Observers will undergo a brief training session where the purpose of the study will be explained,
the importance of collecting accurate departure times will be stressed, and the use of the data
collection sheet will be illustrated. Lessons learned during the second pilot test also will be
covered (i.e., necessity of temporarily moving to unobscured position at Sandy Civic Center
when a bus blocks sight lines, instructions on how to work the radio-controlled clock, etc.).
Each data collector will be given a written set of instructions that detail the materials covered
during the training, as well as a schematic of the bus stops at his/her assigned TRAX station and
a table of the possible bus behaviors (e.g., route 37 Eastbound changes to 41 Southbound) that
Battelle developed from UTA’s schedule following the pilot. These documents are shown in
Attachment 2.

Based upon the second pilot study, observing the arrival and departure times of buses at TRAX
stations is a relatively straightforward activity. An on-site supervisor will be responsible for
managing the day-to-day activities of the manual data collectors. This individual will be briefed
by Battelle staff on the situations and types of questions that may arise during the data collection
period and will be trained on what needs to be done to answer/resolve them. Responsibilities of
the supervisor include:

e Arranging for substitute observers(s) if regular observers(s) are sick or otherwise unable
to perform the data collection on a given day;

o Ensuring that observers are recording arrival and departure times appropriately;

e Collecting all data collection forms and mailing them to Battelle on a weekly basis;
e Replacing any radio-controlled clocks that malfunction;

o Providing extra copies of data collection forms and supplies to observers, if needed;
o Briefing project managers on a weekly basis on any issues that arise; and

e Notifying project managers immediately of any situations that compromise the collection
of complete, accurate data.
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2.4.4 Quality Control Procedures

Data quality control procedures will be implemented throughout the field evaluation to ensure
that complete, accurate data are being collected. Any data problems noted during these regular
reviews will immediately be brought to the attention of program management and UTA staff for
correction. Details on the various quality control procedures to be used for each type of data are
provided below.

Train Schedules — A spreadsheet containing these data already was provided by UTA. The data
will not change unless UTA changes the train schedules before the next change period (i.e.,
triennial scheduling period) for some unexpected reason (train schedules rarely change within a
given change period — UTA will notify Battelle if any changes need to be made). Lists of train
departures from each TRAX station were generated and reviewed to ensure that all TRAX
stations were accounted for and no unexpected TRAX stations existed in the data. Spot checks
of the data contained in the spreadsheet versus the train schedules posted on UTA’s website also
were made to confirm that they agreed. No further checks will need to be made unless the train
schedules change, at which time the procedures described above will be repeated.

Bus Schedules — A spreadsheet containing these data already was provided by UTA. The data
will not change unless UTA changes the bus schedules before the next change period for some
unexpected reason (bus schedules rarely change within a given change period — UTA will notify
Battelle if any changes need to be made). Lists of bus departures for each bus route from each
TRAX station were generated and reviewed to ensure that all TRAX stations and bus routes were
accounted for and no unexpected TRAX station / bus route combinations existed in the data.
Spot checks of the data contained in the spreadsheet versus the bus schedules posted on UTA’s
website also were made to confirm that they agreed. No further checks will need to be made
unless the bus schedules change, at which time the procedures described above will be repeated.

CP Assignments — A spreadsheet containing these data already was provided by UTA. The data
will not change until UTA changes the bus routes assigned CP protection (expected on
November 3, 2003 — see section 2.2). Lists of CP assignments for each bus route at each TRAX
station were generated and reviewed to determine where CP was implemented. Comparisons
were made between the bus and train times for each protected route to ensure that they were
reasonable (i.e., not hours apart, bus not scheduled to leave before train arrives, etc.). Two
problematic records were identified during this review and were pointed out to UTA for
correction. Once the new CP assignments are made, the procedures described above will be
repeated and checks will be made to confirm that all requested CP assignments were
implemented.

CP Messages — As described earlier, these data will be provided by UTA on a roughly monthly
basis. When each new spreadsheet is received, lists of CP messages for each bus route at each
TRAX station will be generated and reviewed to determine whether the messages match the
protected routes. Also, numbers of messages per route will be compared against the counts of
late trains at each station to determine if messages are being sent each time a late train occurs
that is associated with a protected bus route.
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Smart-buses — As described earlier, these data will be provided by UTA on a roughly monthly
basis. When each new spreadsheet is received, lists of bus arrivals and bus departures for each
bus route at each TRAX station will be generated and compared against the bus schedule data to
determine whether there are any missing bus arrivals and/or departures. Also, the pairs of arrival
and departure times will be compared to ensure that the arrival times are before the departure
times.

MDT — As described earlier, these data will be provided by UTA on a roughly monthly basis.
When each new spreadsheet is received, lists of bus departures for each bus route at each TRAX
station will be generated and compared against the bus schedule data to determine whether there
are any missing bus departures. Also, the bus departure times from any buses that are equipped
as Smart-buses will be compared against the corresponding Smart-bus data to ensure that they
are in basic agreement. Similarly, the bus departure times will be compared against the
observational data that are collected.

Observational Data — As described earlier, these data will be provided by the supervisor of the
observational data collection on a weekly basis. When the data collection forms are received, the
data will be keyed into the database. Lists of bus departures for each bus route at each TRAX
station then will be generated and compared against the bus schedule data to determine whether
there are any missing bus departures. Also, the bus departure times from any buses that are
equipped as Smart-buses will be compared against the corresponding Smart-bus data to ensure
that they are in basic agreement. Similarly, the bus departure times will be compared against the
MDT data that are collected.

Late Trains — As described earlier, these data will be provided by UTA on a roughly monthly
basis. When each new spreadsheet is received, lists of train arrivals at each TRAX station will
be generated and compared against the train schedule data to determine whether there are any
missing train arrivals.

2.5 POST-TEST ACTIVITIES

There are three primary activities that will be conducted following the data collection. First, as
described in Section 2.5.1, the collected data will be manipulated in the master database into
formats that are suitable for data summaries and statistical analysis. Second, statistical analysis
of the data will be conducted. Finally, the results and interpretation of the statistical analysis will
be documented. Sections 2.5.2 and Section 2.5.3 describe the approach for the statistical
analysis and reporting, respectively.

2.5.1 Database Development

A Microsoft Access database was developed to process and store the data collected during the
exploratory analysis and the pilot tests. Import modules were designed to import the data
provided by UTA in spreadsheet format into the appropriate database tables. Separate tables are
included in the database for bus schedules, train schedules, CP assignments, CP messages, train
arrivals, Smart-bus data, MDT data, and observational data. SAS® programs were written to
analyze the data directly from the Access database, rather than creating SAS® dataset copies of
the data. This method safeguards against the SAS® datasets becoming out of date when new data
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are added to the database. All data collected during the full field evaluation will be imported into
this same database, and SAS®™ programs needed for the analysis will be run against the database.

2.5.2 Statistical Analysis

The following sections describe the statistical analyses that will be conducted for each evaluation
objective.

2.5.2.1 Effectiveness of Connection Protection

For this evaluation, a connection between the train and the bus is defined to be “successful” if the
bus departs the TRAX station at least one minute after the train arrives. Effectiveness of CP,
therefore, will be measured as an increase in the percentage of connections that are successful.
Several different statistical approaches will be utilized to assess the effectiveness of CP,
including comparing bus trips with CP to those without CP and comparing bus trips before and
after the initiation of CP.

2.5.2.2 Analysis of “With and Without” CP

There are two scenarios under which a comparison of bus trips with CP can be made to bus trips
without CP for a “with and without” approach. First, a system failure or shut down could cause
routes that are currently being protected to not be protected for some period of time, yielding
information on what happens with those bus trips in the absence of CP. Second, comparisons
between currently protected CP routes to “similar” routes that are not being protected could be
made. Different statistical techniques will be utilized in each scenario.

A significant system failure or shut down during the data collection period that would result in
the loss of CP for enough period of time to collect sufficient data for a statistically powerful test
is not expected. Additionally, intentionally removing CP from bus trips is not in the best interest
of UTA. However, because of a change in staff responsibilities at UTA, many routes that are
designated for CP were inadvertently not protected during the summer of 2003. Additionally,
Smart-bus information on arrivals and departures may be available for those routes. If so, then
this scenario represents an opportunity to investigate the impact of CP on the routes where CP
has already been implemented using each of these routes as its own control. More specifically,
an analysis of variance (ANOVA) model with repeated measures component (to account for
multiple observations for the same bus trip over time) would be fit to the data. This analysis
would rely upon data collected through chance and does not represent a robust statistical design,
but may nevertheless provide some insight into the effectiveness of CP.

Comparisons between current protected routes with similar routes that are without CP can be
made for 14 different comparison scenarios (see Table 12). That is, at the beginning of the data
collection period, specific efforts would be made to capture information on train-to-bus
connections for these comparison scenarios. This design is equivalent to a prospective, matched
case-control design where cases have been matched one-for-one with a control. Thus, each case
(CP protected bus trip) would use a matched non-CP bus trip for a control. Again, an ANOVA
model with a repeated measures variance/covariance structure will be utilized for the statistical
analysis.
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Data for this statistical analysis would be collected through two data collection methods (Smart-
bus and observational data) with the limiting factors being the number of matched cases and
controls (14), the length of the data collection period, and the number of late train events that
were observed. Table 13 presents a summary of the anticipated precision for this statistical
analysis across some of these factors as calculated using DuPont’s method for power calculations
for matched case-control studies (Biometrics 44:1157-1168). Based upon the results of the first
pilot test, there were 102 late train events where a CP “Hold” message was issued during
November 2002 through December 2002 for these CP bus trips. Assuming a similar rate of
“Hold” messages during the two-month data collection period defined by September 2003
through October 2003, there should be enough observed events (~100) to be able to detect a
change in the success rate of 10 percent to 20 percent depending upon the approximate
probability of a successful connections in the two types of bus trips. However, there would not
be enough power to detect a smaller improvement.

Table 13. Sample Size Requirements for the “With and Without” Designed Experiment

Approximate Probabilities of Historical Number of Late Required Number of Late Train Events
Successful Connection . ,, ’ Where CP “Hold” Messages Are Issued
Train Events Where CP “Hold Statistical P | Statistical P f

