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EXECUTIVE SUMMARY

The Seattle Wide-area Information for Travelers (SWIFT) Operational Test was intended to
evaluate the performance of a large-scale, urban Advanced Traveler Information System (ATIS)
deployment in the Sesttle area. With the majority of the SWIFT system completed by June 30,
1996, the SWIFT Field Operational Test (FOT) evaluation was conducted from July 1, 1996
through September 20, 1997. The unique features of the SWIFT ATIS included the provision of
information for multiple transportation modes, the ddlivery of thisinformation using three
different devices and the use of FM sideband as the primary communications medium. A total of
690 system users were recruited during the course of the study, including 520 Setko
MessageWatch users, 90 users of the Delco in-vehicle-navigation device and 80 users of the
SWIFT portable computers.

Purpose of Test. The SMFT Consumer Acceptance Study was one of five component studiesto
the overall system evaluation. Thisreport details the findings for the SMFT Consumer
Acceptance Study based on the evaluation objectives that were identified in the SWIFT
Evaluation Plan (1995). The primary objectives of the SMFT Consumer Acceptance Sudy were
to assess the following:

Importance of traveler information in travel planning
Usefulness of SWIFT traveler information in travel planning

Minimum set of user services and device features required to provide viable product
and services

User perceptions of SWIFT device usefulness
Willingness-to-pay for different services.
User perceptions of changesin travel convenience and efficiency

User perceptions of changesin traffic congestion, air quality, energy consumption, and
safety.

Additional SMFT Consumer Acceptance Sudy objectives, conducted in support of the SMFT
Architecture Study, were to assess the following:

SWIFT system reliability from a user perspective
SWIFT system availability from a user perspective.

Methods. A variety of data-collection efforts were completed, including questionnaires, focus
groups and telephoneinterviews. The questionnaires contained items that addressed objectives
set out in the evaluation plan. The focus groups were conducted with small groups of usersto
obtain qualitative impressions from a smaller subset of users who were encouraged to speak
openly and share their perceptions with other users.

The SMFT Consumer Acceptance Sudy focused on measurement and analysis of user
perceptions toward SWIFT system usefulness and performance. No attempt was made to
guantify the system level impacts of SWIFT services on congestion, air quality, energy
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consumption or safety in the Seettle region. Rather, the assessment of system-level transportation
impacts was limited to examining subjective data (e.g., traveler’s perceptions) collected from
users and determining whether these perceptions were consistent with a benefit.

Perceptions of I mportance of Traveler Information

Results indicated that SWIFT users tended to place a high degree of importance on incident and
congestion-related information in travel planning. Incident location and duration information was
rated quite high in importance along with general traffic congestion information. For the group as
awhole, information concerning bus schedule and route information and bus-location information
was rated very low in importance, although these ratings were much higher in those users that
actually used the bus. Thiswas consistent with the automobile dependence reported by the
group, and suggests that information concerning non-automobile options would not be used by
the automobile-dependent group. Since users of the SWIFT portable computer were recruited
from among transit users, this group generally rated transit information higher than other device
users groups. However, the importance of this information was not as high as congestion and
incident-related information.

Receipt of various general-information messages was not rated very high in importance by
guestionnaire respondents, with the exception of weather, sports and news items. Most SWIFT
respondents indicated that the receipt of financial and other environmental information was not
important. Of course, from a transportation-impact point of view, the receipt of these general-
information messages was inconsequential. However, if device users were attracted by these
messages it may make such services commercially viable to augment any potential benefit
perceived by users through the receipt of travel-related information.

Perceptionsof SWIFT Traveler Information Usefulness

Users tended to view the messages they received from the SWIFT systems as accurate, reliable,
timely, easy to understand and useful. Among device types, respondents representing users of the
Seiko MessageWatch expressed concern with the timeliness of incident-related messages. In
addition, these respondents tended to rate ease of understanding lower than other user groups.
Users of the Delco in-vehicle-navigation devices and SWIFT portable computers experienced
problems in receiving personal-paging messages and these problems were reflected in respondent
ratings.

The map-based display provided by the SWIFT portable computer resulted in generally higher
ratings for this device over other devicesin understanding incident location and the nature of
congestion. Seiko MessageWatch users reported difficulty in understanding the extent of
expected delay as well asthe nature of congestion, while Delco in-vehicle-navigation device
respondents reported difficulty in understanding the period of time for which a message applied.

Generally speaking, SWIFT participants endorsed a wide-range of improvements to messages
provided by the SWIFT system. Most seemed to consider the operational test as a suggestion of
what might be possible, rather than a demonstration of a final product. Among Selko
MessageWatch users, respondents expressed a desire for improved timeliness of messages as atop
priority. Delco in-vehicle-navigation device respondents endorsed the need to develop route-
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specific messages and SWIFT portable computer respondents expressed a desire to cover more
roads as a high-priority improvement.

Perceptions of Desired Services and Features

An examination of user perceptions regarding the physical and operational performance of their
SWIFT devices revedls the following:

Delco in-vehicle navigation device— respondents reported a high level of satisfaction with the
physical characteristics of the device. The most frequently encountered problemsincluded
difficulty in operating the message-filtering feature and difficulty in reading the monitor in
sunlight. Respondents expressed a high leve of dissatisfaction with the personal-paging feature
and were somewhat neutral toward the voice sound “reading” messages. Respondents, however,
did not perceive the “voice’” announcement of messages a safety concern. Respondents endorsed
anumber of improvements to the unit features and operation, including the addition of a map-
based display, provision of route-specific information and alternative-route information.

Portable Computer— resultsindicated that users were extremely dissatisfied with the Dauphin
device both in terms of physical and operational characteristics. The IBM and Toshiba Portable
Computers were rated more positively, but in general respondents were dissatisfied with the size
and weight of the devices and the design of the communications connection (i.e., separate SWIFT
portable computers and RRMs connected by a serial cable). Respondents using the IBM and
Taoshibarated the information display feature of these devices quite high (in particular, the map
information provided), and generally endorsed the need for a smaller, lighter and more portable
device with an easier communications connection.

Seiko M essageW atch— Respondents rated the physical and operational characteristics of the
device very high. However, improvements to the message display, including background lighting
and message encoding, were recommended. Respondents endorsed a need for a full alphanumeric
display, more storage capability, and different types of bands. Finaly, respondents found travel
profiles easy to use but quite limiting in some cases. Respondents suggested that on-line update
capability would provide the flexibility to maximize the usefulness of profile data.

Perceptions of SWIFT Usefulness

Participants were clearly making use of the SWIFT information for travel planning. Theresults
indicated that most users were consulting their devices to make travel-related decisions at least
weekly. Theresultsindicated that many device usersrelied upon commercial broadcasts asafirst
choicein trip planning with the SWIFT device used as a primary source for a significant number
of participants. Users of the Setko MessageWatch and Del co in-vehicle-navigation device found
their devices to be convenient, comfortable, safe and easy to use. Users of the SWIFT portable
computer generally rated their devices lower in these areas.

Perceptions of Willingness-to-Pay

SWIFT participants were eager to maximize opportunities to avoid congestion and improve travel
convenience, safety and efficiency. Therefore, given some improvementsin the service, they
expressed awillingness to pay for the service. In focus groups, estimates of the value of SWIFT
service tended to range between $5 and $10 per month. In questionnaires, willingness-to-pay was
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derived by asking participants to compare the value of other services with that of SWIFT. In this
comparison, SWIFT was viewed as more valuable than on-line services (e.g., MSN, America On-
line), satellite television, and 4-hours of parking in downtown Sesattle. Traffic information on the
radio was rated higher in value than SWIFT and smilar to telephone voice mail and cdlular phone
service. Based on this comparison of value with other products and services, it was concluded
that users might be willing to pay up to $20 per month for a SWIFT service

Perceptions of Changesin Travel Convenience and Efficiency

Users tended to perceive that SWIFT services alowed them to reduce stress and commute times,
and allowed them to “keep moving.” Reducing travel distance or changing means of travel were
not viewed as magjor benefits. User of transit-related information stated that the SWIFT services
provided them an opportunity to improve transfers, reduce stress and stay inside while waiting for
the bus.

Usersreported that radio traffic reports, actually encountering the incident, and SWIFT travel
messages were key factorsin influencing route choice decisions on aweekly basis. 1n the majority
of cases, commuters implemented route-changing behavior to avoid congestion and did not report
frequent mode changes in response to congestion.

Portable computer users were surveyed twice near the end of the SWIFT FOT regarding their use
of real-time transit information. In these two surveys, one a telephone interview and the second a
written questionnaire that was completed upon device return, 54% of the surveyed SWIFT
portable computer users, on average, indicated that they used the real-time bus information. Of
this group, 94% indicated that the display of thisinformation was useful, while 81% indicated that
the bus timepoint information was useful.

Regarding the specifics of their use of real-time SWIFT bus-location information, 33% of the
respondents indicated that they used this information to monitor more than one busroute at a
time. 2.2 was the average number of buses that were reported to be monitored at the same time
by this group. Note, however, that for SWIFT, only one bus could be displayed if timepoint
information was simultaneoudly displayed— thus, use of SWIFT timepoints necessarily restricted
the use of real-time SWIFT bus-location information to monitor more than one bus at atime.
Nonetheless, 18% of those SWIFT users who displayed real-time bus positions reported that this
information was helpful in making transfers more convenient. These findings suggest that real-
time bus position information was useful for making transfer decisions (e.g., when to get off their
current bus in order to transfer to a busthat will take them more directly to their destination)
among those who monitor more that one bus at atime.

Other findings regarding the use of real-time SWIFT bus-location information indicated:
50% used the information to monitor the arrival of buses

50% said it caused them to take alternative transportation modes (which direction, bus
to vehicle or vehicle to bus, was not specified)

38% used the information to help them decide what bus to take

36% said the information made them fed |ess anxious about waiting for a bus
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31% said it helped reduce bus-wait times

18% (corroborating earlier-reported results) reported that it helped them make bus-
transfer decisions

12% reported that it increased their bus ridership

Regarding the use of the other information that was presented on the SWIFT portable computers,
in addition to the real-time, bus-position data, SWIFT participants indicated that 78% used the
congestion, or speed-flow, information; 54% used the traffic incident information; 49% used the
street-address-search feature; 46% reported that the SWIFT map display hel ped them find
alternative routes of travel; 40% used the “Y elow Pages’ feature which provided telephone and
address information for local businesses and organizations; and only 3% reported using the
genera information message and paging features of the system.

The high-level of dependence on SWIFT congestion, or speed-flow, information by SWIFT
portable-computer users suggests that this information is very useful for making transit-related
decisions, such as deciding whether to take the bus, which bus to take or when to take the bus.
Thelow-leve of reported usage of the SWIFT general-information messages and paging service
was due to the fact that these services were generally not available for the majority of the SWIFT
portable-computer users throughout the field operational test due to technical difficulties.

Perceptions of Changesin Traffic Congestion, Air Quality, Energy Consumption, and Safety

Participants perceived a number of benefits as aresult of widespread use of the SWIFT services,
including avoiding congestion, making better use of time, planning better routes, reducing stress,
and saving travel time. Focus group participants were hopeful that widespread use of SWIFT
services would reduce congestion and commute times.

Perceptions of System Reliability

Users generally found the devices to bereliable. Seitko MessageWatch users reported the highest
reliability rates followed by Delco in-vehicle navigation device users, and SWIFT portable
computer users. In focus-group discussions, SWIFT portable computer users expressed a
concern with the signal connection and the receipt of general-information messages. These
perceptions were due to technical problems associated with the receipt of general-information
messages by these devices.

Perceptions of System Availability

Participants generally perceived that the SWIFT system was available. High terrain and being
inside buildings appeared to have the greatest impact on receipt of messages for portable
computer users. Users of the Delco in-vehicle-navigation device reported problemsin receiving
messages whilein parking garages. Users of the Seiko MessageWatch reported few problems
with the receipt of messages.

Conclusions. The SWIFT FOT was a successful demonstration of HSDS technol ogy for
presenting ATIS datato travelersin alarge, congested metropolitan area. Three types of traveler
information were sent to three groups of SWIFT FOT participants with a reasonable degree of
reiability.

SWIFT Consumer Acceptance Study \Y



SWIFT FOT participants generally viewed SWIFT as a beta—or proof of concept—test rather
than atest of afinished product. Nonetheless, most indicated that they found the traveler
information to be useful, incorporated it to make travel decisions and cametorely onit. Overall,
the conclusions that can be drawn from the SWIFT FOT include the following:

SWIFT was important for travel planning—the majority of users, regardless of device
type, indicated that they found traffic incident and congestion information to be very
important for making travel decisons.

SWIFT was useful for travel planning—most participants, including those receiving
the real-time bus-position information, indicated that they found the magjority of the
information presented by SWIFT to be useful for making travel decisions, such as
what road/bus to take, what time to leave, etc.

SWIFT had many desired features, but many suggestions for improvement were
offered. Among those provided were to improve message timeliness, provide route-
specific messages, improve accuracy, tell when an incident occurred and provide
messages when the system goes down.

SWIFT devices were perceived as useful, although improvementsin portability were
suggested for the portable computers, in particular.

SWIFT participants indicated a willingness to pay of between $5.00 and $20.00 per
month for a service that incorporated several improvements to timeliness, accuracy,
reliability and convenience

SWIFT usersindicated that information provided by the system primarily helped them
to “keep moving,” “reduce my stress level” and “reduce my commute time.” Others
indicated that the information hel ped them change commute routes, change commute
times and saved them time by assisting with the monitoring of bus arrivals.

SWIFT was viewed as assisting, or improving the following: congestion, time
utilization, route planning, stress levels and travel time.

SWIFT was viewed as a reliable system—93% of Setko MessageWatch users viewed
the system as being available 75-100% of the time, while 79% of Delco-in-vehicle-
navigation device and 44% of SWIFT portable-computer users made this attribution.

SWIFT was viewed as being an available system, but one that was affected by
buildings and terrain, particularly the SWIFT portable computers.
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1. INTRODUCTION

The United States (U. S.) Congress passed the Inter-modal Surface Transportation Efficiency Act
(ISTEA) in 1991. The purpose of thislegidation was to re-invigorate the country’s
transportation infrastructure by providing needed repairs to the highway system, encouraging the
development of inter-modal transportation facilities and applying information technology (IT)
solutions to transportation problems.

The Inteligent Transportation Systems (ITS) initiative grew out of ISTEA’s intereststo apply IT
solutions to transportation problems. Specifically, the U. S. Department of Transportation
(USDOT) developed the National Program Plan for ITS(1994) in order to guide the deployment
of ITS around the country. The goals of the USDOT ITS program are to:

Improve the safety of surface transportation
Increase the capacity and operational efficiency of the surface transportation system

Enhance personal mobility and the convenience and comfort of the surface
transportation system

Reduce the environmental and energy impacts of surface transportation

Enhance the present and future productivity of individuals, organizations and the
economy as awhole

Create an environment in which ITS can flourish

Operational tests present opportunities to develop, deploy and eval uate specific implementations
of ITS. According to the Federal Highway Administration (FHWA) document, Generic ITS
Operational Test Guidelines (1993), prepared by The MITRE Corporation, an ITSField
Operational Test (FOT) isa“joint public/private venture, conducted in the real world under live
transportation conditions...” that “...servels] as[a] transition between Research and Devel opment
(R&D) and the full-scale deployment of [ITS] technologies.” Thus, FOTs represent a significant
step in accelerating the deployment of ITSin North America

Conducting FOTs resultsin feedback from the public regarding the viability and perceived
usefulness of a specific ITS implementation. Thisinformation can be used by the public and
private organizations involved to determine the best approach toward full-scale implementation
after the FOT iscompleted. Also, lessons are learned during the conduct of an FOT that will
enable the Federal, State and Local governmentsin partnership with industry and non-profit,
academic ingtitutions to bear, conceive, design, develop and deploy an I TS that provides the best
possible services to the traveling public.

1.1. SWIFT Project

On September 8, 1993, the Federal Highway Administration (FHWA) published arequest for ITS
FOTs. The concept for the SWIFT project was submitted in response to this request on January
6, 1994 by the SWIFT Project Team. The SWIFT Project Team proposed to partner with the
FHWA to perform an operational test of awide-area I TS communications system in the Sesttle
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area. The proposed system incorporated a flexible FM sub-carrier High Speed Data System
(HSDS) that had been devel oped and commercially deployed in the Seattle area by one of the
SWIFT Project Team members. The HSDS would be used to transmit traveler information to
three receiving devices provided by other SWIFT Project Team members. It was anticipated that
the SWIFT Operational Test would provide valuable information regarding the viability of these
devicesfor traveer information syssems. SWIFT Project Team members included:

Delco Electronics Corp., a subsidiary of General Motors Corporation (Delco)
Etak, Inc. (Etak)

Federal Highway Administration (FHWA)

International Business Machines, Inc. (IBM)

King County Department of Metropolitan Services (Metro Transit)

Metro Traffic Control, Inc. (Metro Traffic Control)

Seiko Communications Systems, Inc. (Seiko)

Washington State Department of Transportation (WSDOT).

On April 6, 1994, the SWIFT proposal was accepted by the FHWA contingent upon the filing of
a signed Memorandum of Understanding (MOU) by all SWIFT Project Team membersand a
Teaming Agreement between the Washington State Department of Transportation (WSDOT) and
the FHWA. The SWIFT MOU was signed on October 18, 1998 and the SWIFT Teaming
Agreement was completed on January 10, 1995. Following the fulfillment of these requirements
by the SWIFT project team, construction of the SWIFT system was initiated.

In addition to guiding the signing of the SWIFT MOU and Teaming Agreements, WSDOT also
negotiated separate contracts with the University of Washington (UW) and Science Applications
International Corporation (SAIC) to participate in the SWIFT project. The University of
Washington was retained to provide data gathering and fusion services for the project, while
SAIC was retained as the independent evaluator. In thisregard, SAIC signed their contract with
WSDOT on September 13, 1994 and UW on November 17, 1994.

As part of the their contract with WSDOT, the University of Washington also devel oped and
demonstrated a dynamic ride-share matching system called Seattle Smart Traveler (SST). SST
used the UW Intranet to match ride requests with drivers. Participants registered and
requested/offered rides using a web-like page, and riders would be notified of pending rides by
email. Theproject also used 65 SWIFT Seiko MessageWatchs, or pagers, to let riders know
whereto call to set up aride. These SST users also participated in SWIFT and received traffic
incidents and general-information messages. A separate evaluation of SST was conducted by the
Texas Trangportation Ingtitute and, thus, the SWIFT evaluation did not address the SST project.

1.2. SWIFT System Description

An overview of the SWIFT system is shown in Figure 1-1, while Table 1-1 lists the primary types
of information that were delivered by SWIFT. Each SWIFT receiving device regularly scanned
the FM airwaves to identify, retrieve and display the information/messages intended for it.

SWIFT Consumer Acceptance Study 2



The SWIFT system was divided into five (5) data components:

Generation— gathering of the information to be transmitted

Processing— formatting of the information to be transmitted

Transmisson— broadcast of the information to travelers

Reception— receipt of the transmitted information by SWIFT devices

Interpretation— use of the transmitted information by operational test participants.

Each of these are described in the following sections.

Table 1-1. Information Delivered by SWIFT.

Traffic Time and
Incidents, Date,
Device/l nformation | Advisories, Route Traveler- Freeway Bus L ocations | _Personal
Received Scheduled | Guidance | Service | LOOP-Sensor | g senedules | Paging and
Events and Information | Information General
Road I nfor mation
Closures M essages
Seiko
M essageWatch Yes -- -- -- - Yes
Delco I n-vehicle
Navigation Device Yes Yes Yes - - Yes
SWIFT Portable
Computer Yes -- Yes Yes Yes Yes
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Figure 1-1. SWIFT System Description.
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1.2.1. Generation

Table 1-2 provides alisting of the information that was provided to SWIFT FOT participants.
Thisinformation was generated by Metro Traffic Control, Etak, Delco, WSDOT, Metro Transit
and Selko.

Table 1-2. SWIFT Data Gener ation.

Data Generator Data Generated
Metro Traffic Control, Inc. Traffic Incidents, Advisories, Scheduled Events and
Closures
Delco and Etak Route Guidance
Etak Traveler-Service Information
WSDOT Freeway Loop-Sensor Information
Metro Transit Bus Locations and Schedules
Seiko Communications Systems, | Time and Date, Personal Paging and General
Inc. Information Messages

Traffic Incidents, Advisories, Scheduled Events and Closures

Thisinformation was generated by Metro Traffic Control personne who routinely compiled
incident information for use in traffic reports delivered to several Seattle-area radio stations.
Information, consistent with the International Traveler Information Interchange Standard (1TIS),
was entered into a Traffic Work Station (TWS) developed by Etak, Inc. The TWS located the
incident and the operator added descriptive information about the incident, such as “truck
overturned” or “right lane closed.” The TWS then formatted the message for transmission and
forwarded it to Selko.

Route Guidance

As part of the in-vehicle device they devel oped for the SWIFT project, Delco supplied aroute-
guidance system that assisted local drivers by providing a directional pointer to pre-selected
destinations. This system incorporated a Global Positioning System (GPS) antenna that was
placed on the roof of the SWIFT FOT participant’s vehicles that participated in this portion of the
test, and was tied into a Geographic Information System (GIS) that Etak supplied. Users would
select destinations from an “Etak Guide” which contained the | atter’ s geographic coordinates.
Users could also enter |atitude/longitude coordinates as destinations, save the current positions of
their vehicles as destinations and select to receive estimated time of arrival (ETA) information
based upon the current speed of their vehicles. The route guidance provided by the directional
pointer was static— no turn-by-turn directions were provided, only an arrow pointing in the
direction the driver needed to go to reach the destination.
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Traveler-Service Information

Asindicated, the in-vehicle device for SWIFT provided travel er-service information (i.e., Etak
Guide) toitsusers. This same information was aso presented asa“Y ellow Pages’ directory on
the SWIFT portable computers. Users could select the name of |ocal -area businesses or
organization by category (e.g., service stations, restaurants, colleges and universities, tourist
destinations, etc.) and receive a display of the appropriate address and telephone number in order
to guide their travel. Portable computer users could also select to have the locations of their
selections presented on the map of Sesttle that accompanied the SWIFT application.

Freeway Loop-Sensor Information

Traffic congestion information was derived from the existing WSDOT freeway management
system in Seattle. Vehicles were detected with a network of 2,200 standard traffic loops, and
UW used the loop information to estimate speeds, which were then expressed as a percentage of
the posted speed limit. The speed information was compared to freeway bus speeds to detect any
errors. Congestion information was then packaged into a format that could be directly
transmitted and sent to Seiko via the Internet.

Bus Locations and Schedules

Bus location and schedule information was provided by King County Metro Transit. Their
Automatic Vehicle Location (AVL) system uses small roadside transmitters, whed (distance)
sensors and pattern matching to locate buses in the system. Each location was updated about
once every minute and a half. Raw data from Metro Transit's system were sent to UW, where
each coach location was converted into latitude and longitude. The UW then generated all of the
information including the route and trip number into a format ready for transmission, which was
sent to Seiko viathe Internet. The SWIFT project included all the fixed routes that Metro Transit
operates, or up to 900 buses during peak periods.

Time and Date, Personal Paging and General Information Messages

All SWIFT devices also received and displayed information services currently available to Seiko
MessageWatch customers. These included time and date, weather reports, financial-market
summaries, sports scores, ski reports and lotto numbers. All SWIFT devices could also function
as apersonal pager.

1.2.2. Processing

Data generated by WSDOT, Metro Transit, and UW were collated at UW, whereit was
validated, converted, corrected and fused. Once these activities had taken place, the data were
processed into standardized data packetsin order to facilitate ultimate transmission over the
HSDS. Information provided by Metro Traffic Control was preprocessed on the TWS. All data
from UW and Metro Traffic Control were transmitted to Seiko via the Internet.
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1.2.3. Transmission

SWIFT data transmission involved sending the processed data to Setko which formatted the data
packets for transmission over the HSDS transmission network. Once formatted by Seiko, the
data were transmitted over an FM subcarrier at a rate of 19,000 bytes per second (19 Kbps). In
order to increase the certainty of reception by Seiko MessageWatches, double-leve error
correction and multiple transmissions were used. Otherwise, asynchronous (or broadcast)
message sent to the Delco in-vehicle navigation device and the portable computers were sent
only once.

Seiko High Speed Data System

The SWIFT project was based upon the HSDS that is currently used to deliver paging and
information services to Seiko MessageWatch customers. The HSDS signal is added to standard
FM broadcast transmissions in the form of digital data modulated at a frequency 66.5 khz higher
than the standard, or “nominal,” FM audio signal. No portion of an FM signal, audio or
otherwise, is broadcast below the nominal frequency. FM radio signals are usually broadcast in
three frequency groups between the nominal frequency and 55 khz above this frequency. Thus,
the SWIFT HSDS signal was presented at a frequency that did not interfere with nominal, or
standard FM audio, transmissions.

SWIFT HSDS receivers were "frequency agile," which means they could receive messages from
any HSDS-equipped FM station. Seven Sesttle-area radio stations transmitted the HSDS
protocol to SWIFT devices. Consequently, information was sent from all stationsin the area
which nearly guaranteed reception of important paging messages.

SWIFT information was transmitted three times (once every 1.87 minutes) from each station for
the Seiko MessageWatch. Otherwise, for the portable computers and Delco in-vehicle navigation
device, congestion information was transmitted every 20 seconds, incident information every 30
seconds and bus information every 90 seconds. This feature of the Seitko HSDS provided
information redundancy which further ensured that SWIFT FOT participants were receiving the
most current information provided by their receiving device.

SWIFT Message Formats

All SWIFT information was encoded into a version of the International Traveler Information
System (ITIS) message-formatting convention. The North American version of ITIS, which was
devel oped by the Enterprise group, is based on message formats used by the European Radio
Broadcast Data System (RBDS). TheITIS codes conserve bandwidth by sending incident and
congestion information in a compact form. Some customization of the ITIS formats was
necessary for SWIFT in order to adjust for HSDS packet size, which islonger than the RBDS
packet. Message formats were also developed to send the SWIFT bus location and
speed/congestion data, which are not available in the RBDS.

SWIFT traffic-incident information received by the Delco in-vehicle navigation device was
integrated with Global Position System (GPS) location and time/date information received by the
same device. Thelatter capability provided the incident-direction/distance information and the
current time of day information presented by the Delco in-vehicle navigation device.
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Information transmitted to the three receiving devices used in the SWIFT project is presented
bel ow:

Seiko MessageWatch— incident type/direction, roadway affected and closest
intersection. Example: A leve 3 incident (i.e., accident) on Southbound I-5 is|ocated
near the Mercer intersection.

De co In-vehicle Navigation Device— incident type/direction, description,
roadway/intersection affected, duration and vehicle-reference (in miles) description.
Example: An accident blocking the two outside lanes of Northbound 1-5, expected to
last for the next 15 minutes, islocated 16 milesto the Northwest.

SWIFT Portable Computer— icon display/text description (including incident type,
roadway affected, direction, closest intersection, backup and duration) of incidents,
icon display of real-time bus position, timepoint schedule information, icon display of
speed information (i.e., closed, 0-19, 20-34, 35-49, 50+ and no data) and speed icon
location description. Example: Vehicles are traveling at 50% of normal speed at the
Mercer speed sensor.

1.2.4. Reception

Three types of HSDS-capable receiver devices, each developed and manufactured by private
entities through consultation with their SWIFT team members, provided SWIFT FOT participants
with incident information, traffic speed/congestion information, bus information, informational
messages (e.g., forecast weather, sports scores, stock-market information) and personal pages,
depending upon the device. The devices were:

Seiko MessageWatch
Delco In-Vehicle Navigation Device
SWIFT Portable Computer

Figures 1-2, 1-3 and 1-4 show examples of the three receiving devices used for SWIFT.
Operational features of each of these devices are described in the following sections.

Seiko MessageWatch

These devices are commercially available and widely used in the Seattle area to ddiver personal-
paging services and “information service’ messages. Current information-service messages
include wesather forecasts, financial market summaries, local sports scores and winning lotto
numbers. SWIFT traffic messages were featured as an added information service.

SWIFT test participants who used the Setko MessageWatch supplied information to the Eval uator
about the usual routes, directions, days and times of the day they traveled. Traffic messages
indicating the location and severity of traffic problems that the user might encounter were sent
based on the resulting travel profile. Because the Setko MessageWatch stored elght messages,
only traffic problems that resulted in substantial delays were sent.
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Figure 1-2. Selko MessageWatch.

Delco In-Vehicle Navigation Device

This device incorporated a route-guidance component, GIS, GPS recelver and the speakers of a
radio/compact disc player to present real-time traffic information to users. The whole package
was placed into one of four vehicle types. 1995 or newer Buick Regals, Oldsmobile Cutlass
Supremes and Saturns, and GMC Rally Vans.

The Delco device included the capability to select destinations from a“Y ellow Pages® directory of
local landmarks, hotels, restaurants, businesses and street corners selected by the user. The GPS
provided the current location of the vehicle and adirectional display associated with the route
guidance system indicated the direction (relative to the vehicle) and distance to the sel ected
destination. The stereo speakers were used to announce received messages.

Real-time traffic-incident information was transmitted over the Seitko HSDS. The HSDS receiver
was built into the Delco in-vehicle navigation device filtered out any messages that were outside
a pre-defined distance (e.g., 20 miles) from the current location of the vehicle. The navigation
device also decoded upon demand the SWIFT traffic messages from text into a “voice’ that
provided incident details to the driver. Although messages were retransmitted every minute, only
new or modified messages were announced to the driver.
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Figure 1-3. Delco In-vehicle Navigation Device.

SWIFT Portable Computer

The SWIFT project primarily used IBM Thinkpad and Taoshiba Satellite portable computers.
Some Dauphin sub-notebook computers were distributed before they were discontinued due to
negative user feedback. The Thinkpads were 486 machines, used Windows 3.1, had a built-in,
“butterfly” keyboard and presented information on an active matrix, SVGA color display. The
Satellites were Pentium 100 machines, used Windows 95 and al so presented information on
SVGA color displays.

A separate HSDS receiver unit was attached to the SWIFT portable computer’s seria port. This
unit had approximately the same footprint as the portable computer and was often attached to the
portable computer viaVelcro tape. Primary SWIFT information presented on the portable
computer included real-time traffic incident, speed/congestion and bus-location information.

All of the traveler information for SWIFT portable computers was displayed using Etak
Geographical Information System (GIS) software to show the location of each piece of data. The
software allowed the user to select the type(s) of information (i.e., traffic incident,
speed/congestion or transit-vehicle location) to be displayed on a map of Seattle. A "Yelow
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Pages' directory was also installed and linked to the GI S software to show the location of a
selected business or point of interest. SWIFT portable computers also offered transit schedule
information from static database tables inside the computer.

Figure 1-4. SWIFT Portable Computer and RRM.

1.2.5. Data Interpretation

The data interpretation portion of the SWIFT system involved hypothesized processes that
affected how users were able to interact with the system. Among those user perceptions that
were addressed were the following :

Data Reception— whether SWIFT information was received
Data Timdiness— whether SWIFT information was received in atimely fashion
Data Reliability— whether SWIFT information was regularly received
Data Display— whether SWIFT information was displayed appropriately
Data Fidelity— whether SWIFT information was accurate
Data Validity— whether SWIFT information affected travel behavior.
1.3.  SWIFT Field Operational Test Evaluation

Once the SWIFT system was completed, an FOT was conducted with approximately 690 users
who were recruited from the community in order to assess the system. With the mgjority of the
SWIFT system completed by June 30, 1996, the SWIFT FOT evaluation was conducted from July
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1, 1996 through September 20, 1997. The goals of the SWIFT FOT evaluation, listed in order of
priority, wereto evaluate:

1.

Consumer Acceptance, Willingness to Pay and Potential Impact on the
Transportation System — determine user perceptions of the usefulness of the SWIFT
receiving devices, how much consumers would be willing to pay for such devices and
services and assess how SWIFT-induced changesin users driving behavior might
impact the Seattle trangportation network if the SWIFT system was fully deployed.

Effectiveness of the HSDS Transmission Network — determine how well the SWIFT
HSDS communications system functions.

Performance of the System Architecture — determine how wel the various SWIFT
components work singularly and together.

Institutional Issues That Affected the Operational Test — identify how institutional
factors associated with the SWIFT public-private partnership affected the FOT, with
emphasis on implications for deployment.

Deployment Costs — estimate how much money it would take to deploy and maintain a
SWIFT-like system.

Five evaluation studies were conducted as part of the SWIFT FOT evaluation. These studies
paralleled the five SWIFT FOT evaluation goals and were implemented at various times during
the 15-month test. Table 1-3 provides a summary of SWIFT evaluation information.

As part of the conduct of the SWIFT FOT evaluation, the Evaluator was responsible for user
recruitment. Thisinvolved the recruitment of approximately 1,200 individuals before selection of
the 690 FOT participants was made. Thefinal breakout of SWIFT participantsis shown in Table

1-4.
Table 1-3. SWIFT Evaluation | nfor mation.
Study/ Activity Study Test Plan Primary Data Primary Data Final Report
L eader Completion Collection Collection Completion
Date Periods M ethods
Consumer Jeff Trombly | August 19, 1997 | Spring, Question-naires, March 31, 1998
Acceptance Summer and Telephone
Fall, 1997 Surveys, Focus
Groups
Communications | Jm Murphy | August 19, 1997 | Fall, 1997 Field Tests June 29, 1998
Architecture Hesham August 19, 1997 | Spring, 1997 Dataloggingand | March 31, 1998
Rakha Field Tests
Deployment Cost | Mark Jensen | August 19, 1997 | Summer, 1997 | Data Collection March 31, 1998
I nstitutional Bruce August 19, 1997 | Spring and Questionnaires March 31, 1998
| ssues Wetherby, Fall, 1997 and Semi-
Principal structured
Investigator Interviews
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Table 1-4. SWIFT Participant Breakout.

Metro

: - - Transit
Device/Condition Existing New Van Pool SST Total
Seiko 50 400 -- 70 520
M essageWatch
Delco In-vehicle -- 65 25 -- 90
Navigation Device
Portable Computer -- 80 -- -- 80
Total 50 545 25 70 690

Selection criteriafor each category of SWIFT user varied, primarily depending upon the assumed
operational requirements for each devicetype. Asaresult, three types of Setko MessageWatch
users (i.e, existing [i.e., those who owned their own watches|, new [i.e., those who were given a
Selko MessageWatch for the first time] and SST [i.e., those who participated in the SST
program] and two types of Delco in-vehicle navigation device users (i.e., new [i.e., SOV
commuters] and Metro Transit Van Poal [i.e., HOV commuters] wererecruited. The majority of
the eighty (80) SWIFT portable computer users were bus riders with mode-choice options.

The SWIFT FOT Evaluator was aso responsible for the following activities:
Device configuration/software installation
Device distribution/install ation scheduling
Training/instruction on device usage
Trave profile entry/maintenance
SWIFT Help Desk
User problem analysi s/feedback to team members
Device collection/de-installation

SWIFT newdetter (writing, publication and mailing; WSDOT responsible for editing
and breadboarding)

1.4. Purpose of SWIFT Consumer Acceptance Study

The purpose of the SMFT Consumer Acceptance Study was to evaluate the how well the system
was received by the users and how the system impacted their travel behavior. A third purpose
was to assess system performance from a user’ s perspective. In particular, the SMFT Consumer
Acceptance Study was designed to evaluate fulfillment of Goal 1, “Consumer Acceptance and
Willingness-to-Pay,” and Goal 4, “Potential Impact on the Transportation System,” aswell asto
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collect and analyze information to support evaluation of Goal 3, “Performance of the System
Architecture.”

1.5. Objectives
The objectives of the SMFT Consumer Acceptance Sudy were to assess the following:

Evaluation of Goal 1, “Consumer Acceptance and Willingness-to-Pay”

Importance of traveler information in travel planning
Usefulness of SWIFT traveler information in travel planning

Minimum set of user services and device features required to provide viable product
and services

User perceptions of SWIFT device usefulness
Willingness-to-pay for different services.

Evaluation of Goal 4, “Potential Impact on the Transportation System”

User perceptions of changesin travel convenience and efficiency

User perceptions of changesin traffic congestion, air quality, energy consumption, and
safety.

Evaluation of Goal 3, “Performance of the System Architecture”

SWIFT system reliability from a user perspective
SWIFT system availability from a user perspective.

The SMFT Consumer Acceptance Sudy focused on measurement and analysis of user
perceptions toward SWIFT system usefulness and performance. No attempt was made to
guantify the system-level impacts of SWIFT services on congestion, air quality, energy
consumption, or safety in the Seattle region. Rather, the assessment of system-level
trangportation impacts was limited to examining subjective data (e.g., traveler’ s perceptions)
collected from users and determination of whether these perceptions were consistent with a
benefit.
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2. METHODOLOGY
2.1. Study Duration

With the majority of the SWIFT system completed by June 30, 1996, the SWIFT FOT evaluation
was conducted from July 1, 1996 through September 20, 1997.

2.2. Recruitment of Users

The general procedure for recruiting SWIFT users was to solicit the assistance of Employee
Transportation Coordinators (ETCs) in Seattle-area companies/organizations of 100 or more
employees. These individuals were asked to distribute SWIFT recruitment information to
employeesin their companies/organizations and to encourage sign-ups. The Evaluator guided the
recruitment effort by providing information about the SWIFT project, either in hard copy or
electronic format, tothe ETCs. Individualsinterested in participating in the SWIFT FOT
evaluation were encouraged to contact the evaluator directly.

During recruitment, all potential users were required to complete a brief set of questions targeted
at classifying candidates into an appropriate user group. Additional detailed information was
collected after users had been selected and agreed to participate in the study. In addition, all
potential candidates were required to complete a consent form.

Recruitment of SWIFT participants continued until the targeted number of usersin each category
had been reached. Due to production delays for two of the devices, the order of recruitment and
“phased” distribution was Seiko MessageWatches first, Delco in-vehicle navigation devices
second and SWIFT portable computerslast. In any test that spans over a year, some participant
attrition (i.e., drop out) was anticipated. Every effort was made to (1) encourage usersto
complete their participation in the SWIFT FOT and (2) recover as much data as practical from
dropouts.

The final breakout of SWIFT participantsis shown in Table 1-4. Over 1,200 individuals were
screened before selection of the 690 test participants was made.  Specific procedures for
recruiting the users for each SWIFT end-user device are provided in the following sections.

2.2.1. Seiko MessageWatch Users

Two broad classes of Seiko MessageWatch users were recruited: Existing Seiko MessageWatch
users and New Seiko MessageWatch users. Existing Seiko MessageWatch users were recruited in
two ways.

Users who signed up for SWIFT through their employers were screened as to whether
they already owned a Setko MessageWatch.

Seiko contacted their existing customer base and solicited people willing to participate
in the test as Existing Seiko MessageWatch users. The evaluator then contacted those
