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Executive Summary

Personal travel and how it changes is of continuing concern to transportation planners and policy
makers. Transportatigerofessionals and other users of theemi#d data surmise that people

likely omit very short trips, like stopping at the post office or video store, using self-reported
methods. Also, someath of interest such asute choice and travel by highway functional class

are not accessible using traditional traveley methods.

This research idea originated within the Office of Highwagrmation Management and the

field test was further supported by the Office of Technology &pfidin, both offices of the

Federal Highway Administration. The plan focused on an aattxidata collection device that
incorpoiated sdtreported information and Global Positioning System (GPS) information for the
collection of personal travel data. This devadkers a more robustada ®urce for defining

personal travel than current methods, which rely on telephone interviews and daily travel diaries.

The Lexington Area Metropolitan Planning Organization, the principal planning agency for a
two-county area in central Kentucky, volaared to participate by hosting the field test. Fayette
and Jessamine counties encompass an area of apatelyit6l squareniles with a total

population of approximtely350,000. A presolitation letterfrom the Lexington MPO, with an
enclosed copy of an article from the local newspaper describing the study, was sent to
approxinately 1,300 households with listed telephone numbers. Once the telephone interviewers
determined that there was an eligible driver intthasehold, 67% of those eligible consented to
participate in the field test.

The sample comprised 100 households. The average household size was 2.94 persons, with an
average of 2.17 vehicles. There were 216 licensed drivers (100 male, 116 female) in the
households with ages ranging from 16 to 77 years. The averagatestinanualmiles driven

was 13,118 per respondent. This average is believed to be higher than a typical average for the
area because the sample selegpimtess excluded individuals that drove less than 3 days per
week.

This research pregt onfigured the automaticada collection device and deployed the devices

in the Lexington MPO planning area to record information about the personal travel behavior of
the 100 respondents. In addition, these respondents patetim a post-usage interview that
mimicked the ecall interview of the National Personal Transportatiorv®y (NPTS) and

explored their attitudesaut learning and using the automatatalcollection device.

The field test equipment successfully captured both the GPS data fareghegked information

from approxinately85% of the respondents. The respondents were eager to use the new
technology, found it easy to install in their vehicle and use, and expressed a preference for the
automatic data collection device over more traditionahows. Respondents had only a few
concerns over the using the device, mostly related to the security of the vehicle while the device
was installed, and expressed iingness to use the device ag&m smilar purposes.



The recall survey in Lexington captured mostly até/vehicle driver trip691.5%), and some

walk, bike, and trips by other modes. The preponderance of driver trips compared to passenger
trips is largely due to the sample selectiwacess and the recall interview procedure. Only

drivers who drove at least three days a week were eligible to paricipthe srvey. Also, in

order to compare thecall day with machine-recordedtd, the recall day wdisiited to those

days where the selected drivdenve the vehicle which had the equipment installed.

The results indicate that the Lexingtonpesdents take more trips of shorter distances than past
national estimates would suggest. The GPS data reveal comptexchoice decisions and,

when combined with Geographic Information System (Gl8estmaps, permit summaries of

usage by highway functional class. As a measure of respondent burden, api@igXiad%o of

the respondents reported that entering trip information took 1.0 minute or less per trip, and over
95% reported 2 minutes or less.

The data retrieveffom the devices provide several insights on personal traval drip start
times, in minutes past the hour, and trip distances both show radically different distributions
when measured by the data collection device versus recall interviews. Theseresides
insight to the real distributions of personal travel start times and trip distances, which vary
substantially from the distributions based enall interviews.

Matching recall trips to machine-re@ed trips for trip-to-trip comparison is a difficult task due
to a number of factors. Variations in travel start times, durations, distances, and destination
addresses between machine-recordsd dnd recall data all serve wnéound the process. The
methodology employed hereamched pproximately61% of the ecall trips with machine-
recorded trips. Overall, theath suggest that the number of machinemed trips egeeds the
number of recall trips; that is, the recall data liketgerestimte the total number of trips. Trip-
to-trip comparison of recall and machine-recordathghows that the recall estimates generally
overstate both travel time and travel distance as compared to the travel measureoreiets rec
by the data collection device.

This was a successful “proof of concept” pid} Alrealy, other pragcts in the field, and in the
planning stages, have built on this pijs experience. In particular, use of GPS withdaheld
computers is gaining much wider acceptance in the field.

Using GPS technology with small hand-held computers tedgllersonal travel data is a

functional reality and has significant potential for future apion in travel srveys. Advances

in both the hardware and software are expectedpoowe these capdiies and make them

available to more users as implementation costs decline. Smaller and even more lightweight units
with extended battery operating cajtities would also make it possible to use tt@shnology to

capture non-vehicle trips.
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Global Positioning Systems for Personal Travel Surveys
Lexington Area Travel Data Collection Test

1. Introduction

This report describes the development and field test of an atgdrdata collection device that
includes Global Positioning System (GPS) technology for theat@h of personal travel data.

The development and field test are the result of the efforts of two Federal Highway
Administration offices. The idea origited within the Office of Highwalnformation

Management and the field test was further supported by the Office of Technologyafippli

The resulting travel survey methodology offers a more rolatst glurce for defining personal
travel than current methods, which rely on telephone interviews and daily travel diaries. While
this technology is not exgeted to gpplant current ata collection métods, this proof-of-concept
development, field test, and subsequent analysis of collected data demonstrate thatahcha
has merit with respect to more clearly defining personal travel bmhavi

1.1 Background

Personal travel and how it changes is of continuing concern to transportation planners and policy
makers. Information about daily traveltperns and tripurposes, time of day decisions, mode
choice decisions, and trip chaining decisions are generally captured using self-reported
information using a telephoneaall method, or some kind of diary.

Transportatiorprofessionals and other users of theemitd data surmise that people likely omit
very short trips using self-reported methods. The current trend éctod this type of data is to

use an activity, rather than a travelrgiigo attempt to both capture thede# trips as well as to
identify at-homeactivities that are substitutirigr traditional at-worlactivities. Nonetheless,
self-reporting is used for this as well. Other problems with self-reporting include the tendency to
round travel times to 10, 15 and 30 minute intervaisil&d tendencies toound may be

occurring in reporting trip distances as well. It may be that overall, VMT reporting is fairly
complete using skfeporting methods, but that people reeqglto rgport the short stops made

during a journey, like stopping at the post office, ATM, or video store.

This progct onfigured an automaticada collection device that collectedfselported

information along with automatically recording GPS position information. These devices were
deployed for a field test in Lexington, Kentucky, to record information about the personal travel
behavior of a group of 100 volteer repondents . In addition, the respondents pa#teig in a
post-usage interview that mimicked treeall interview of the National Personal Transportation
Survey (NPTS) and explored thaititudes &out learning and using the automatic data

collection device. This port describes the equipment aaxdivities associated with the

Lexington Area Travel Data Collection Test and the data that were retdevied the field test.

1-1



1.2 Objectives

The objectives of the researpfogram weretated as follows.

1.

Develop a method and hardware to inagiGPS tdmology with self-reported
travel behavior to improve travel behaviatal.

Document the differences between self-reported travel and GPS recorded travel
and document the pros and congath mditod.

Determine the potentifdr using GPSechnology with regional and national
travel behavior surveys, with particular regard to ecibje reponses to privacy.

1.3 Project Organization

The research pre¢t was ondwcted in three phases.

Phase Onanvestigated available off-the-shelf” GPS hardware amelchnology,
Personal Digital Assistants (PDAS) or other “palm top” computers, and other equipment
that could be used for personal travel behavior surveys.

Phase Twotested and evaluated several GPS unitityato capture travelriformation
in rural, suburban, and urbaetsings, as well as easé-use, lattery life, sathite
collection characteristics and other features of the devices.

Phase Threeacquired several “hand-held” units and configured them into self-contained
data collection devicdsr recording personal travel information. A field test including
100 households was coredad in Lexingbn, Kentucky, with the cooperation of the
Lexington Area Metropolitan Planning Organization.

1.4 Organization of this Report

Section 2orovides an overview description of the field testadcollection deviceanfigured for
the Lexington Area Travel Data Collection Test. This discussion includes both the hardware
specifics and the software interface.

Section 3 describes the activities associated with the field test, including preparations, recruiting
household respondents, irdetions with théhouseholds, ata collection device placement and
retrieval, data retrieval, post-usage\eys, and dtabase compilatn. The chaacteristics and
demographics of the 100 households that velered to participate in the field test are also
included.

Section 4 regunts $atistics on equipment germance and hardware and/or software problems
experienced during the field test.



Section 5 presents the personal travel data that were coltkaiad the field test. The
presentation includes daihousehold travelkatistics, overall travel time and distance
information, and general comparisons of teeall interview data with NPTS results. Specific
trip-to-trip comparisons between the Lexington recall and the machine-recatdealrd
discussed.

Section 6 focuses on the GPS data that were colléct@ay the field test, the base map files
that were used in the analyses, and the map-matptocgss that integrates the GPS data with
the GIS environment.

Section 7 summarizes the pesdentattitude data that were collected at the end of each
household’s participation in the field test. Theatadaldress the installation of the data
collection equipment, use of the data collection equipment, and general concerns and issues
about the dta collectiorprocess.

Section &rovides a brief summary of the findings of the field test and overall conclusions from
this research preft.

Appendix A recounts thactivities in Phase One and Phase Two of the respap@tt by
presenting a technical paper that was prepared for the National TraticAdquisition
Conference held May 5 - 9, 1996.

Appendix B contains copies of the questionnaires that were used during the general recruitment
of households and interviews of respondent households after completion of their participation.

Appendix C is a copy of the installation/operating instructions that were prepared for the data
collection device angrovided toeach regondent household in addition to an instructional video
tape.

Appendix D contains several items from the correspondence with the respondents, including the
presolicitation letter, newspaper articleformed consent papers, and thank yaitelsfor the
respondents.



2. Field Test Data Collection Equipment

This sectiomprovides an overview description of the field testadcollection deviceanfigured
for the Lexington Area Traveld&a Collection Test.

2.1 General Degription

Figure 2.1 is atilustration of the onfigured field test dta collection device. The data collection
device was envisioned and configured as a “plug-and-play” concept that required minimal effort
to install in the household vehicle. The coetptl unit consisted of the following individual

items.

Figure 2.1. Lexington Field Test Equipment

u Hand-held computer - The hand-held computer is a Sony® MagicLink PIC-2000 personal
digital assistant, with a backlit touch screen user interface.

u GPS receiver - The GPS receiver is a Garmin® Trec®eahat is equipped with a
magnetic roof mount or a suction cup device for mounting inside the windshield.

u PTS software - User interface software that identifessehold drivers, passengers, and
trip purposes foeachhousehold, and controls the recording of GR&d(not visible in
Figure 2.1)

u SRAM PCMCIA card - A memory card containing the PTS ajapibn software and up
to 2 megabytes of memory foath collecton. (not visible in Figure 2.1)

u Conrecting cable - Power cable that plugs into the vehicle’s amgegsrt (cigaette
lighter) to provide power for the GP&aeiver and had-held computer, and fuse
protectionfor these components, and serial cable that enabled cooations between
the GPS receiver and PTS software via thedHaeld computer.
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These assembled components were contained in individual canvas carrying bags during their use
in the field test. Table 2.1 provides a coetplequipment lidor the data collection devices in
the field test.

2.2 PTS Hardware Desription

Tables 2.2 and 2.3 provide moretdiled specificationfor the Sony® hand-held device and the
Garmin® GPS receiver.

2.3 PTS Software Dawiption

The Personal Travel Survey (PTS) software developed for this field test has two principal
functions: (1) allow the respondents to easily enter information about vehicle occupancy and trip
purpose, and (2) capture positionatafrom the GPSeceiver associated with eachpesdent-
initiated trip. Since the resndents wouldeceive little training in how to use the device, the
operating approach to the software inaed was intended taimic Automatic Teller Machine

(ATM) operation. That is, once started, the software would lead the respondent to the next
logical section in the questinaire. All the respondent had to do was touch a “Continue”
command and the subsequent questionnaire screen would appear. When all questions were
answered, the software signaled the respondent that the trip was being recorded and the data
input was comgte.

The three operating portions of the software were (1) the administrativeoeg®) the GPS
interface, and3) the respondent intexte.

2.3.1 The Administrative Interface

The administrative interface consists of two screens that allow the field test administrator to set
the operational parameters of the data collection device and personalizeptmelees interface

for each regondent. This intedce is not accessible by theusehold users. The administrative
interface contains two screens, thegweord screen and the operational patans screen,

shown in Figures 2.2 and 2.3.

Enler yvour password &6/14 -a: I'F Personal Traveler

The password screen (Figure 2.2) simply provides woc Y { oot
. Welcome to FHWA’s
protected access to the operational parametersg || Personal Travel Survey.
screen. The pa_ssword is iqput through the num ;qeasetypeyourpasswo,d on
keypad on the right-hand side of the screen. (Ngjige humeric keypad io access
e setup funclions.
FR3 Ly W
| l 7 8 9
CODEWARRIOR MAGIC DR3 @ @
BATTELLE PTS YERSI0N: D.23 F-3
BUILT:FEB 12 1997 AT 13:42:17
Figure 2.2 The Pssword Screen.

C
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Table 2.1 GPS Personal Travel Survey Equipment List

Travel Data Collection Equipment
e Garmin GPS 30 TracPak PC GPS Receiver
Magnetic Mount

¢ Sony MagicLink PIC-2000 PDA
General Magic MagicCap version 1.5 operating system
Stylus
Lithium ion rechargeable main battery
Lithium backup battery
Protective Case
 2.0MB PCMCIA Type Il SRAM memory card
e Battelle PTS version 0.25 software
« Wrapped Connecting Cable
Power Cable - services PDA and GPS receiver via vehicle cigarette lighter/accessory port
Serial Communications Cable - enables PDA and GPS to communicate
e GPS/PTS burlap field pouch

Operating Instructions
e Lexington Area Travel Data Collection Test 12 minute video
« Installation and Operating Instructions

Shipping Goods
e Cardboard shipping box fitted with styrofoam padding

e Envelope marked with Return Date
e Return Instructions

* Return Shipping Label

< Explanatory cover letter

PTS Software Developer
FASTLINE, Inc.




Table 2.2 Sony MagicLink PIC-2000 Specdtions

Features

» Relatively low-cost ($699)

e Off-the-shelf

» Touch (pressure-sensitive) screen interface

¢ Backlighting on interface

« Employs sophisticated power-management scheme
e Supports serial communications

« Based on an intuitive operating system

Performance

Processor - MC68349, 16 MHZ clock (3.3V operation)
ROM Memory - 4MB (runs system and application software)
RAM Memory - 2MB, battery backed-up

Operating System - MagicCap v1.5 (General Magic)

Physical Features
Weight - 1.3 Ibs.

Size - 1.0"h x5.2" x 7.5"w
Op. Temp. - 0to +50 deg C

LCD and Touch Screen
Screen Size - 3.2’"h x 4.7"'w
Resolution - 480 x 320

Dot Pitch - 100 dpi
Backlighting - ON/OFF switch
Contrast - manual

Power Requirements
Power Consumption - 4.8 Watts DC (max)
Power Requirement - 7.2 Vdc via lithium ion rechargeable main batteagg¢essory port)
Rechargeable Main Battery Life - 6 hrs with back-lighting on and in normal operations
(1350mAh capacity) - 10 hrs with back-lighting off and in normal operations
- 15 hrs when idle
Backup Battery - On-board 3 volt lithium battery -- 7 months without main battery

Interfaces

Communications - 14-pin slide-type Magic Port multi-purpose serial bus connector
Baud Rate - 14,400 baud

Memory Card Slot - 2 PCMCIA Type Il slots




Table 2.3 Garmin GPS30 TracPak PC Speatiibns

Features
« Relatively low-cost (<$250), high-output
e Plug ‘n play

» Tracks and uses up to 8 satellitesdocurate, reliable GPS data collection

¢ Relatively low power requirement

« Combines a GPS engine and antenna in an all-weather, low profile housing that can be mounted
variety of ways for in-vehicle applications

e Terminated for in-vehicle field use

» Does not require input to initialize or navigate

- Differentially correctable

Performance
Satellite Tracking - 8 channel (MultiTrac 8 engine)
Horizontal Position Accuracy - 15m (49ft) no SA, <10m (3dfps,100m (328ft) SA
Time-to-First-Fix -
<2 sec reacquiigon
20 sec warm
2 min cold
7 min automated locating
15 min sky search

Physical Features

Type - Integrated Engine/Antenna

Description - Waterproof Enclosure

Weight - 7.2 oz. (TracPak), 1.1 oz. (OEM)

Size - 1.04"h x 3.80"1 x 2.23"w (TracPak), .45"h x 2.75"1 x 1.83"w (OEM)
Op. Temp. - -30 to +85 deg C

Power Requirements
Power - 10-30 Vdc via terminated cigarette lighter/accessory port adapter (1.2 Watts OEM)
Backup - On-board 3 volt lithium battery -- 10 year life

Interfaces

Communications - 9-pin Serial Port (part of terminated cable)
Baud Rate - 1200 to 9600 baud, user-adjustable

Update Rate - 1 PPS (Hz) +/- 1 microsecond continuous
Output - NMEA 0183 v2.0, ASCII

Input - Not required, but accepts piam, date, time, and datum
Memory - Non-volatile

DGPS - RTCM SC-104

na



the icons across the bottom of the screen are components of the MagicLink operating system and
are not relevant to the PTS software.) The operational parameters screen2(Bigallews the
following activities, each with its own icon area on the screen.

Set Device Owner The “Set Device Owner” icon allows the user to record ownership
information on an internal, @ttronic “note card”.

Set Date & Time- The “Set Date &'ime” icon allows the user to set the propatedand time
in the device memory. An option is also available to automatically adjust the time for the change
from standard time to daylight savings time.

seconds/sample The “seconds/sample” icon allows the user to setdteethat GPS data points

are recorded to memory. Thistsng is displayed in the wilow above the label

“seconds/sample”, and the value is changed by touching the plus (+) or minusédargon

each side of the wdow, and the value can be set between one and ten seconds per sample. This
setting does not influence the operation of the GPS receiver, which generates a position record
once per second. Thistsing only controls the frequency that these positionngscare wtten

to the device memory.

max stopped time- The “max stopped time” icon allows the user to set the time duration before
the device automatically shuts off, should the respondent forget to record the end of a trip. This
feature is intended to conserve the device’s internal batteries when no change in velocity is
observed over the max stopped time interval, as measured by thec&R@mroutput. This

setting is displayed in the mdow above the label “max stopped time”, and the value is changed
by touching the plus (+) or minus (-) ieditors on each side of thendow, and the value can be

set between one and 30 minutes.

Operalional Paramelers == 'S Enler your password

Drivers - The “Drivers” window allows the userto [ %]  [sonnpee John Do

e . . el Device Qwier Janz Doe Jane hoe
specifically identify the respondents so that the| ™™= pson
“Choose the Driver” screen (describedelr) will p&

be personalized fagach use. Touching within th

Sel bate & Iime

D

window activates a kgboard on the screen, =
. seconds ssample
allowing the respondent names to be entered " DRIVERS L igusenoL MeMBERs
directly. The namesilvbe provided to the =[12]+] | TR
: : uex stepped lime [X]auto-activate? -2
respondent inteafce in the samerder as they are|  minusi upload resuits _cloar resuts

entered here. The “Drivers” window is intended /= é e 17 %
to list all licensed drivers within the test household.,:igure 2.3 The Operational Pararers
Only one driver may be selectéat a trip. Screen.

Household Members- The “Household Members” window allows the user to specifically
identify the respondents so that the “Choose a Passenger” screen (deatziedll be
personalized foeach use. Its operation is the same as the “Driversiaw above, with the
exception that several passengers may be selggtadrip. The “Household Members”
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window is intended to list all household members that might be passengers in the vehicle,
including the potential drivers, regular car pool members, or other who regularly ride in the
vehicle.

Auto-activate? - The “Auto-activate?” option allows the user to control when the PTS software
is activated. If the option is “on”, as indicated by the “X” in b, the PTS softwareilWoad

and run automatically anytime the MagicLink is turned on. If the option is “off”, the user must
activate the PTS software using the Magmn’s normal operating system.

upload results- The “upload results” icon allows the user to transfer recordeitd another

device, normally a personal computer. When the proper cablingcooms are made and the
personal computer is prepared to receive the data stream, a touch on the icon initiates a complete
transfer of the stored data. Thisiction does not erase the d&tam memory.

clear results- The “clear results” icon allows the user to erase, or clear, the datarynerthe
device before field use. Thisdture does not erase the software from the memory card.

The elements of this screen constitute the complete cdmtictions of the device allowable
through the PTS software.

2.3.2 The GPS Interface

The GPS receiver output data stream in the PTS software is invisible togbedest, and
almost invisible to the test administrator. The loagtangular widow lccatedimmedately
below the “Drivers” window in the Operational Pakters screen (Figu3) is the only
visible evidence of GPS receiver opewati During @ta collectn, this window displays raw
GPS output as it is being written to mamn Following dta collecion, this window displays the
last output recordeceivedirom the GPSeceiver. This widow does not allow any additional
user control or interface with the GPS receiver, but simply displays the lasd.rec

2.3.3 The Respondent Interface

This interface was used by the recruitedisehold
drivers. The respondent intade consists of five | |Who's In The Car?|
separate screens designed to allow egsytiof | | T
personal travel information faach trip. The five | ||Start Tri
screens are (1) Start Trip, (2) Choose the Drivet,
(3) Choose a Passenger, (4) Add Passenger, and
(5) End Trip and their functions are described
below.

PASSFNGERS

Start Trip - The “Start Trip” screen (Figure 2.4) |s
the first screen seen by the respondent when the P
device is turned on or at the beginningeath trip.

Figure 2.4 The Start Trip Screen.

2-7



The only active feature of the screen is the larg R e

Choose the driver: Driver's major activity

“start trip” button in the upper left-hand side of th&otner Pick Up of Drop Off Passenc.;ers
screen. When the respondent is ready to begi h

Personal or Housshold Business

i i initi Eat Out
trip, they touch the start trip button to initiate th o ¢ Recreational
data entry sequence. Medical or Dental ®
I wl')‘river's specific aclivily
Work Place

Choose the Driver- The “Choose the Driver” Work-Helaled Business _
screen (Figure 2.5) is the firsaih entry screen. Sehecl, ollege. tniversity
On the left-hand side, the candidate drivers names
appear as they had been entered in the operatipnal
parameters screen. On the right-hand side, the
preprogrammed driver trip purposes appear. In
some cases, the driver’s trip purpose may offer a secondary choice in the bottom right-hand side
of the screen, as shown in the figure. Each selection is made by touching&wnt entry which

will then be highlighted to verify its sdtion. Once the settions are made, the pesmdent can

record the selctions and continue to the next data entry screen by touchinGomeiriue”

button, or cancel the ssdtions and reirn to the “Start Trip” screen by touching the “Cancel”
button.

Cancel Cantinug

Figure 2.5 The Choose the Driver Screen.

Choose a PassengerThe “Choose a Passenger” screen (Figure 2.6) is the seatandrdry

screen. On the left-hand side, the candidate passengers names appear as they had been entered
in the operational parameters screen, with the exception of the driver selected in the previous
screen. On the right-hand side, the preprogrammed passenger trip purposes appear. In some
cases, the passenger’s trip purpose may offer a secondary choice in the bottom right-hand side of
the screen. Only one passenger can be selected at a time on this screen. If there is more than
one passenger, the respondeifitreturn to this
screen to select the additional passengers. Ea¢

loves e v 4 o

Choose a passenger:

i i i Other
selgctlor_l Is made by to_uchlng th@nce_ct entry e e o Ao
which will then be highlighted to verify its Jason Waork or Sehool _

. Alice Personal or Household Business
selecton. IECTEN | Eat Out

Soclal or Recreationzal ®
| e H L ese Mhrapndal
Passenper's specific aclivily

Once the selections are made, th@oaslent can
record these settions and continue to the next
data entry screen by touching thédntinue”
button, or cancel the ssdtions and reirn to the
“Start Trip” screen by touching the “Cancel’
button. The “No Passengers” button on the loweFigure 2.6 The Choose a Passenger Screen.
left-hand side of the screen provides a more direct

option when the respondent is driving alone. Touching the “No Passengers” button bypasses the
remaining “Add Passenger” screen and goes directly to the “End Trip” screen where data
recording takes pke.

E No Passengers g E Cancel gf Continue§

Add Passenger The “Add Passenger” screen (Figure 2.7) allows the respondent to confirm the
passenger information already provided and to include additional passengers. If more passengers
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are in the vehicle than are shown in the window, LI

the respondent touches the “Add Passenger” The passengers and purpases listed below aze assigned t>
. “ ,tlus trip. To add ancther passenger. tap “Add Passenger”,

button and is returned to the “Choose a Passenger e vegin your teip, iap “centinue-.

screen to provide additional information. If Donna {To Day Care or Preschool}

there are no more passengers to be entered, th
respondent can continue to the “End Trip” screg
by touching the “Continue” button, or cancel the
selections and ratn to the “Start Trip” screen by Add Passenger |
touching the “Cancel” button.

A1

D=/
>

Cancel Cantinug

End Trip - The “End Trip” screen (Figure 2.8)
confirms the information that has been entered by
the respondent by displaying the driver and passenger information on the screen. This screen is
displayed throughout theath reording phase of the trip. No additional input is needed unless
there is an error or a change of plans that cause the information to bedhcdmrthose cases,

the respondent can touch the “Change” button j
the lower right-hand corner of the screen and re
input driver and passenger information without
canceling or erasing the basic trip information. A
the end of the trip, the respondent touches the
large “End Trip” button. Thisction closes the
data file associated with the trip andurets the
respondent to the “Start Trip” screen in
preparation for a subsequent trip.

Figure 2.7 The Add Passenger Screen.

Yourtrip s Who's In The Car?l
Lieing recorded. | TRIvER]

Tap “Erd Trip”to (| Tohn Doe {Work-Relaled Business )
coraplste this trip.

PAGSENGIRE
Donna (To Day Care or Preschool)

End Trip

12:29 P.M.

These five interface screens constitute the _ _
complete rgsondent intedice in the PTS software. ~ Figure 2.8 The End Trip Screen.

2.4 Data Cdlected by the Field Test Equipment

Table 2.4 shows a partiahta filefrom the field test equipment. Thatd are downloadedom
the field equipment in an ASCII text file as shown in the table.

The data download begins with an indication of the beginning of the topdr@ad then lists the

trip start and end times as input by the respondent. These times are recorded from the internal
clock of the PDA and the date is automatically apperfiaed the PDA internal calendar. Next,

the driver and driver’s trip purpose are listed, then the passengers and their trip purposes. If no
passengers are on the trip, the field after the “passengers:” designator is blank.



Before listing the position samples, the download includeéatarsent of the number of samples
collectedfor the trip, and then lists the position sample figach sample contains the following
information.

Time Date Latitude Longitude Speed
18:05:38 09/23/1996 3802.2889  8433.1846 4.8 Knots

The time and date recded in the position sample are obtained from #tellge clock and are

given in UTC time. UTC time is four hours ahead of Eastern Daylighe. The atellite clock

and the PDA clock were not synchronized, however the PDA clock was set prior to being sent to
each regondent to mimize possible differences. The latitude and longitude in the position
sample are interpreted as follows. The first two digits are degrees, tmel e digits are

minutes, and the information after the decimal point is decimal minutes. The last entry in the
position sample is the vehicle speed in khots . Speed for this€8Bi8ar is calculated as the

change in the vehicle position over time as measured by the receiver.

The sample data shown in TaBl& illustrate some of the characteristics of the data obtained
during the field test. The position sample file begins with a series of “zero”reamrdspanied
by a date 0fi904. This record indates that the GPS receiver is receiving power and is
functioning normally but has not yet achieved a valid position fix. Once the position fix is
achieved, the position samples contain the expenfedmation. This initial “searching for
position” by the receiver is a common acence throughout theath.

Another characteristic relates to the time associated with the position samples. An objective was
to achieve a one-second samjlter however the sample oeding praceeds with an irregular

time interval. This was the result of a communicationsren the PTS software and not a

function of the GPS receiver. The GPS recepreduced a position fix every second and the
recording occurred at irregular intervals. This irregularity caused some catiquis in the

subsequent analysis of the GPS data that is described in later sections pbthisTiee

software communications feature has been repaired in subsequent versions of the software.

1 knot = 1.15miles perhour (MPH)
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Table 2.4 Sample of thedba Collected by the Field Data
Collection Device

--Battelle PTS Trip Database

----begin trip record

start: 14:03:53 09/23/1996
end: 14:16:33 09/23/1996

driver: John Doe (Other Errands)
passenger(s): Donna (Go Along For The Ride), Jason (Go Along For The
Ride), Alice (Go Along For The Ride)

Collected 222 samples

------ begin position samples

00:00:00 01/01/1904
00:00:00 01/01/1904
00:00:00 01/01/1904
18:05:33 09/23/1996
18:05:38 09/23/1996
18:05:40 09/23/1996
18:05:43 09/23/1996
18:05:45 09/23/1996
18:05:51 09/23/1996

0000.0000
0000.0000
0000.0000
3802.2951
3802.2889
3802.2906
3802.3029
3802.3012
3802.2995

data uploaded: 10-01-96

0000.0000
0000.0000
0000.0000
8433.1813
8433.1846
8433.1841
8433.1810
8433.1804
8433.1807

---- position samples deleted ----

18:16:29 09/23/1996
18:16:35 09/23/1996
18:16:36 09/23/1996
18:16:45 09/23/1996
18:16:52 09/23/1996
18:16:57 09/23/1996
18:16:58 09/23/1996
18:17:02 09/23/1996
18:17:03 09/23/1996
18:17:04 09/23/1996
18:17:09 09/23/1996
18:17:13 09/23/1996
18:17:14 09/23/1996
18:17:16 09/23/1996
18:17:20 09/23/1996
18:17:24 09/23/1996
18:17:25 09/23/1996
18:17:31 09/23/1996
18:17:39 09/23/1996
18:17:40 09/23/1996
18:17:42 09/23/1996
18:17:43 09/23/1996
18:17:44 09/23/1996

______ end position samples

----end trip record

3800.9852
3800.9841
3800.9816
3800.9308
3800.9168
3800.9095
3800.9060
3800.8884
3800.8839
3800.8792
3800.8522
3800.8386
3800.8340
3800.8258
3800.8402
3800.8553
3800.8594
3800.8633
3800.8691
3800.8702
3800.8717
3800.8715
3800.8765

8433.0222
8433.0256
8433.0297
8433.1041
8433.1311
8433.1504
8433.1567
8433.1905
8433.1997
8433.2094
8433.2571
8433.2885
8433.2960
8433.3053
8433.3148
8433.3191
8433.3158
8433.3126
8433.3193
8433.3203
8433.3119
8433.3154
8433.3151

0.0 Knots
0.0 Knots
0.0 Knots
2.3 Knots
4.8 Knots
1.0 Knots
0.0 Knots
0.0 Knots
0.0 Knots

0.0 Knots
10.0 Knots
14.2 Knots
27.1 Knots
13.5 Knots
21.3 Knots
22.7 Knots
30.6 Knots
30.6 Knots
31.3 Knots
31.5 Knots
27.0 Knots
27.0 Knots
14.6 Knots
10.5 Knots
10.9 Knots
10.7 Knots
2.5 Knots
4.4 Knots
3.9 Knots
1.6 Knots
2.2 Knots
0.9 Knots




3. Recruiting and Field Test Operations

The field test was the focus of the proof-of-concept effort and involved the following tasks.

u Selecting a host MP@r the field test
n Recruiting participant households
u Executing field operations

3.1 &lecting a Host MPO for the Field Test

The research plan required the participation of a Metropolitan Planning Organization (MPO) as
the focal point of the field operations. The basic requirements for the MPO participation
included:

u Availability of anup-to-cate, positionally accurate digital map fiter the test area, with
minimum map accuracy satisfying Federal National Map Accuracy Standards. Additional
desirable map features included travel restrictions (such as one way stoEfegsa
matching capaility, and the ability to distinguish overpassesm stieet intersections.

u Staff support for the field operations. This staff requirement wasadsthat
approxinately 2.5 to 3 hours per household during the field test. With 100 households,
the total expected camitment was pproximately 250 to 300 hours.

Candidate MPO#or the field test were identified from two sources. First, in the early phases of
this research, several MPOs had expressed interest in the ongoing program and possible
participation in the field test. Second, a general sationfor potential MPO participants was
made through FHWA Regional Offices once participation requirements were known. After
receiving pproximately a dozenxpressions of interest, the Lexington Area Metropolitan
Planning Organization was selected as the host kPMe field test.

The Lexington Area Metropolitan Planning Organization is the principal planning agency for a
two-county area in central Kentucky. [Ede and Jessamineunties encompass an area of
approxinately461 squareniles with a totapopulation of approxiately 350,000. Figure 3.1
shows the Lexington Area MPO planning area.

The Lexington Area MPO demonstrated great interest and enthusiatm field test. At the

time of the kick off visit by Rttelle stéf, the MPO arranged for a newspaper article in the local
newspaper to describe the researcheatapnd what was expected of Lexington residents as a
part of the field test. This newspaper article was later enclosed in the pre-solicitation letter that
was sent to potential respondents in the Lexington area, adding local authenticity to the pre-
solicitation letter (Appendix D). At the time of the trainiog MPO staff just prior to
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Figure 3.1 The Lexington Area MPO Planning Area in Central Kentucky.

deployment of the data collection device, the MPO arrafgyecbverage by a local television
staton. The television pce, which featured am-screen demonstration of the device, aired in
the same week that recruiting calls to potential participants began. In response, the recruiters
found the Lexington area residents were very responsive inteelimg to participate in the
program.

3.2 Recruiting Participant Households

This task included all activities necessary to recruit individoakeholds to particite in the

field data collecon. A sample of approxiately 2,000 listed telephone numbers from
households in Fatte and Jessamineunties (weighted by population) was purchased from a
commercial source. Participating households were recruited using a sample plan based on
demographic factors. In addition to gender, the sample objectives were stratified by the
following categories.

Age 18 - 24 with no children

Age 18 - 24 with children

Age 25 - 49 with no children

Age 25 - 49 with children

Age 50 - 64 with or without children
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u Age 65+ with or without children

In addition to these stratifiers, there were several other factors that affected the recruiting
process and the resulting sample of volunteer participants.

u Licensed drivers under the age of 18 were not gedhto participate as the principal
eligible driver within a household, and were not specifically recruited. This decision was
based strictly on liability issues. A mar cannot sign the informed conseatassary for
the household to partiape. While this requiremenlirainated these drivers as a
principal eligible driver, the 16 and/or 17 year old drivers could still paatieips
secondary eligible drivers when there was a principal eligible driver in their household.

u Principal eligible drivers recruited into the field test were required to drive at least three
days a week. The motivation for this requirement wadrthieed availability of
equipment and the relatively short duration of the field test. Agctifsg of the field test
was to collect as much data as posditaen each participant, and requiring the
participant to drive at least three of the six-to-seven day data collection period was a
measure adopted to support thaechjye.

u Individuals, who were otherwise eligible drivers, that drove company-owned or company-
leased vehicles were not recruited into the field test. This condition was paténdcale
to perceived liability issues, but was a negligilaletér in the recruiting process.

Also, once recruiting started and some degree of success was achieved, efforts were made to
assure some degree of geographic distribution among the participants within the Fayette and
Jessamine County planning area. This adjustment was achieved by altering the recruiting
telephone déng patterns based on the postal zip code ohihseholds.

3.2.1 Recruiting Process

Figure 3.2llustrates the generarocess used to recruit the participant households. A
presolicitation letter was mailed to thedsess prior to any ceact with thehousehold. Once the
letters had been mailed, the recruiters begaphel@ng the households to begin the recruitment
process. If the household was responsive to the initial call, they were asked togtariica

brief screening interview to determine elitiiip for the field test. Telephone numbers that
turned out to be businesses rather than households, dstednor resulted in hang ups or no
answer after six attempts were discarded.



Presolicitation
Letter
l Business
Telephone No » Disconnected
Call Hang up
No answer (Up to 6 attempts)
Yesl
Screening No » Not interested
Interview No eligible driver
Yesl
Pre-Usage No » Not interested
Interview Disqualified
Yesl
Participant
transferred to
MPO

Figure 3.2 Flowchart lllustrating the Household Recruiting Process.

The screening interview was the principal tool to determine theilithgdf the household. The
recruiter had up-toateknowledge of the progress toward sampleotiyes and thus the
screening process considered up-&tedsample needs in addition to the standard interview
script. If the household wagtkrmined to contain an eligible driver, the recruiter requested that
the eligible driver participate in the pre-usage interview to determine participatiouseholds

that had no eligible drivers or were not interested in participation after the screening interview
were thanked for their time and removed from the recruitment process.

The pre-usage interview with the eligible drivers determined final participation in the field test.
This interview stilloffered an opportunity for disquatfation. For example, if the eligible

driver’s primary transportation was a motorcycle instead of an automobile, they would be
disqualified because theusly plan required the use of an automobile by the principal driver. If
the eligible driver met all the qualifications at the end of the pre-usage interview, the relevant
information about the household was transferred to the MPO asasstul recruit.

One hundred households weresessfully recruited for participation in the field test. The above
requirements were used to identify and recruit individuals that were designated the principal
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driver within the household. Theth collection device was installed in the vehicle that the
principal driver used most of the time. Any licensed driver in the household wasteéramd
encouraged to use the device when they drove that vehicle.

3.2.2 Recruiting Success Rate

Recruitment of eligible drivers was more successful than anticipated. Media coverage likely
contributed to the successful recruitment rate. The Lexington MPO had arfangeth
newspaper and television coverage of the field test shortly before recruiting began. A
presolicitation letter was sent tp@oximately 1,300 households with listed telephone numbers.
Once the telephone interviewerstermined that there was an eligible driver inhibasehold,

67% of those eligible consented to parttgin the field test. Their agreement to participate
was followed by a mailing including theformed consent papers for them to read, sign, and
return before the equipment would be released for their use. Only two of the households
declined to participate after reviewing timéormed consent papers.

3.2.3 Desription of the Sample

The total sample for the field test was ttegl atL00 households, which allows some inferences
about the automaticatia collection equipment versus f@ene interviewechniques for

personal travel data colleati. Time and cost constraints alsatdited a relatively small sample.
Although the total sample was small, the sample was stratified by threewhatics: age,
gender and presence/absence of children.

In general, different age groups were esfed to rgsond differently to a “highechnology”
project requiring the use of a computer. Algoyng adult males tend to have low respoasesr
to traditionally condated sirveys. $8nilarly, women were exgcted to have more concerns
about instding equipment on their car and more concetosud their privacy. Finally, people
with children were expected to be more easily distracted, ohimrg, and thus more likely to
forget to use the equipment when they got into the car. The sampditeggtis shown in
Table 3.1, showing both the tatgd values and the actual sample that was achievéuk field
test.

For the 100 households, the average household size was 2.94 persons, with an average of 2.17
vehicles. There were 216 licensed drivers (100 male, 116 female) in the households with ages
ranging from 16 to 77 years.

The sample of drivers was quite highly educated, with 20 percent completing college, and 20
percent with post-graduate eduoati The Fagtte and Jessamii@ounty area is the home of the
University of Kentucky, Asbury College, Transylvania University, and other nearby higher
education institutions.



The average estimate afraualmiles driven wa4.3,118. This average is believed to be higher
than a typical average for the arescuse the sample selectimocess excluded individuals
that drove less than 3 days per week.

Table 3.1 Sampling Sttegyfor the Lexington Field Test

Bin Age Gender Children Tardet Actdal
1 18-24 M Yes 8 4
2 18-24 F Yes 8 7
3 18-24 M No 8 8
4 18-24 F No 8 8
5 25-29 M Yes 9 9
6 25-29 F Yes 9 10
7 25-49 M No 9 10
8 25-49 F No 9 9
9 50-64 M Y orN 8 9
10 50-64 F Y or N 8 9
11 65+ M YorN 8 8
12 65+ F YorN 8 9

3.3 ExecutingField Operations

The field operations involved coordinating thetivities of five entities to successfully identify
participants, prepare and place the data collection devices, retrieve the devices and the collected
data, repond to inquires and problems, and conduct post-usage interviews. Figure 3.3 is a
flowchart describing the general activitiésdaughout the field operations.

The general roles and resporiiibs for each of these entities are described below.

FHWA/Office of Highway Information Management - Formulating general research strategy,
sampling plans, and technical requirements.

!Number of households desired with thated characteristics.
Number of households achieved with thetasd characteristics.
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FHWA
y

Technical
Sample St_rategy Battelle - Direction &
& Technical Support
Guidance Columbus
Battelle Respondent Information Lexington

SRA & Scheduling | MPO

Recruiting

& Post-Usage Lexington =quipment &
interviews residents Assistance

Figure 3.3 Flowchart Depicting General Field Operations.

Battelle, Columbus, OH - Assembling and testing oath collection devices, training of MPO
staff on device usage, consulting with Lexington MPO and Battelle SRphatrtems and in-field
difficulties, downloading and collating the collected field data intgotiogect database.

Battelle Survey Researct\ssociates (SRA} Recruiting household respondents including
screening and pre-usage questionnaires, identifying respondent information to the MPO,
coordinating scheduling of devices between recruiting efforts and the MPO, post-usage
interviews, and other direct contacts with thepoeslents.

Lexington MPO - Preparing devices for use bgchhousehold, obtaining informed consent
from eachhousehold, coordinating delivery and pick up of the devicedohhousehold,
responding to in-field trouble calls and questions, comoatimg data on device usage and
availability to otheteam members, and transmitting the collected data to Battelle.

Lexington residents- Install and use the data collection device in their personal vehicles, return
the devices in a timely manner, participate in post-usage interview and usage aititegie s



Field operations began in early September 1996 and continued until the ezckofilied 996.
The field test used a total of twenty survey devices and included 100 households in the
Lexington MPO planning area.

The Lexington MPO recognized early in the field test that organization would be the key to the
success of effort. An Administrative Coordinator was assigned to thecpenjd the tasks were
divided into two categories: Clerical and Technical. The clericakwncluded such things as
keeping participant and shipping records, progreng the machines with participant names, and
assuring the return of the forms and machines. tatienical side dealt with trouble shooting,
installation, field assistance and equipment checking. These efforts wereteashdu

concurrently, rather than sequentially, in order toimire the tirn-around time and keep as

many machines in the field as possible. The greatest number of machiezsdround in one

day was seven.

The first notifications of eligible participants were received by the MPO staff on September 10,
1996. The participants were required to catghnd sign amformed Consent form, which
discussed respondity and liabilities, bdore they couldeceive a device. Ratn of the

Informed Consent form by the participants averaged 8.6 days. The minimum turnover time was
two days, while the maximum was over three weeks.

Within the first week of the field operations, all fifteen available machines were shipped to
participants (throughout the first two and a half months of the study, aelgritlevices were
available). Delivery of the survey devices averaged twelve days edept of thdnformed
Consent form. The obgtive was to ship theussey instruments on the day the Informed
Consent form waseceived, however, after the sad or third week a month’s backlog of
participants were waiting for survey instruments.

When a survey device was returned, the PCMCIA card withateewlas retrieved and sent to
Battellefor incorporation into the pregt database. Battelle SRA was notified that the
participant had completed the field data collection and was schedukg post-usage

interview. The physical condition of the machine, its component parts andatmgwires

were checked. Each piece was examioedlamage to assure that it would agterin the field
again. Some of the software settings were also checked to ensure that they had not changed
during field use.

After checking the physical condition of the equipment, a new PCMCIA card was inserted and
programmed for the next participariEach participant received arsey instrument that was
programmed specifically for their household. Tha#isgs of the software were checked and the
device was packaged for shipment. Included in the package was an incentive money order,
return shipping instructions (including how and when to return the machine), instructions in both

*Only 15 devices were available for the first two and one-half months of the field test.
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video and writterfformats and the address of the MPO. A local courier service wasictatto
deliver and pick up the devices.

While the survey devices were in the field, the MPO staff had several resig@ssidf

requested, the staff would install a machine in the participant’s car. This happened in only three
percent of the cases. The MPO staff also maintained a “hot line” to answer any question or
respond to any difficulties that the participants experienced, and would also travel to the
participants’ homes if they had problems.



4. Equipment Performance

Equipment performance and duiliyp were a point of interest in the field test. The individual
units consisted of approxately $1,400 of equipment, most which was designed for personal use
by a single user. The equipment was not “ruggedized” for the field testoedph the field in
essentially “off-the-shelf” condition. The followingstions describe the field germance of

the hardware and software.

4.1 Hardware Performance

The hardware performed muchtter in the field than had been anticipated. Each of the 15
initial units completedrom 5 to 7 cycles of shipping, field use, and return shipping.

Only one equipment failure was experienced that required returning the unit to thechaneuf

for repair. Repairs took the unit out of service for about a week, then it was returned to the field
test and experienced no further problems. Several malfunctions resulted from apparent problems
with the internal battery of the devices, that apparently resinttedtwo sources. The egpted
problem, loss of charge, occurred on sevetahsions. Two instances were likely due to

defective power adaptor plugs, which were replaced. Other instances were more likely related to
the individual vehicle characteristics or use cycle. In fact, op®nelent discovered that the
accessry port (cigaette lighter) in his vehicle was nfainctioning after the data collection

device failed to maintain a battery charge.

The battery compartment cover in the Magic Link® fasd unhtched more than once, which
interrupts power to the device and gives the appearance that the device is totally non-functional.
The device functions normally after thattery compartment jgroperly htched and the battery

has sufficient charge. While not a serious problem with the device, these occurrences
interrupted the field ata collectiorfor the individual respondent.

One serial extension cable was pulled apart and had to be replaced and one GPS receiver cable
showed minor wear and was repaired with tape. Otherwise, the equipment survived the field test
with normal wear antear.

4.2 SoftwarePerformance

The software user interface andpesdent dta collection generally ovked well. However
one-second GPSath capture was not achieved as planned. GPS data points veede deat

irregular intervals, averaging between 20 and 30 records per minute. This irregular recording was
a software communicatigoroblem that has since been eatied in later versions of the

software.

Other software anomalies appeared infrequently. These anomalies generally centered on the
intermittent appearance or total disappearance of tpemdents’ names in the user interface
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menus. These problems apparently resulted from an aoegonflict between the PTS
software and the Magic Link operating system and each has been invedtgatatection.

Data collection pgormance was generally good. The equipment was returned with absolutely
no data recrds on the memory card in only two instances. The cause of these failures was
undetermined. The battery poweipply in the PDA was sufficient to capture the respondent-
input portions of the ata without an external power source, however no sath dere

recorded. Both of these ostition failures were replaced by other field samples.

There were 14 instances were there were no GPS dataeedor the individual respondent,
however the data recads for the user-input trip information wergant. In these cases, a faulty
external power supply is the most likely cause since the &&8/er requires an active power
source to produce positiomih. The fault in the poweungply could have been a poor
connection with the vehicle’s accesg port (cigaette lighter) omon-functioningaccessory

port. None of the GP®&ceivers weréound to be failed.

Another issue with the GPS data collection is the validity of the collected GPS data. Three types
of errors were observed in the eated GPS data.

L First, in some cases, the GPS receiver did not achieve a positiothalifig the trip. The
collected data clearly indicate that the GPS receiverfuvagioning, however the data
records are unusable for establishing any information about the trip.

u The second error is that in other instances, the @&3ver experienced a loss of fix
during the trip, thus there is a time period where tita dreunusable and must be
discarded from the trip record. This was most often observed at the beginning of trips,
prior to the GPS receiver achieving its initial positional fix. However, other instances
were observed were the loss of fix occurs in the middle of a trip and the data record
clearly shows valid data points bothfdye and after the loss of fix.

u The third error observed in the GP&a were occasional, large shifts in positional data.
These shifts in position were generally several hundviégsfrom the Lexington area,
and in some cases, appear in the middle of a davadredth valid GPS dta at both the
beginning and end of the trip.

Overall, the 100 respondents returnatddentifying3,254 individual trips during the field test.
Tables 4.1 and 4.2 provide some summgatistics on the results of the data collectiwocess.
Table 4.1 provides summariasisticsfor the comptte data set, and Talle2 containstatistics
on the data collectefdr each individual rggondent. The terms used to describe these data
summaries are explained below.



u PDA data - Trip datanput into the PDA by the respondent.

> Total PDA trips - The total number of trips recorded by an individual respondent.

> “Bad” PDA trips - The number of PDA trips with a total duration of less than one
minute. These records generally catie a “practice” session or that a mistake
was made and the respondent restarted the trip record. These records are not
considered valid trips and are not included in the subsequent data analyses.

> “Good” PDA trips - The total number of valid trip records. These good PDA trips
are also shown as the percentage of the total PDA trips.

u GPS data - The GPS positional data colletoedhe “Good” PDA trips.

> “Zero” valid GPS points (pts.) - The number of trips where no valid GPS
positional points were collected.
> “Bad” GPS points (pts.) - The number of trips where fewer than 15 valid GPS

positional points were collected. Reds with fewer than 15 GPS positional
points were judged inadequdte the required map-aiching analysis. These
records are not considered valid trips and are not included in the subsequent data
analyses.

> “Good GPS points (pts.) - The number of trips thateoddd more than 15 valid
GPS positional points. “Good” GPS points are shown as a percentage of the total
number of good PDA trips.

The summary for the congie data set (Tablke1l) is presented for all samples taken and also
without the 14 samples where no GR$adwere rearded. This subset of thaid set represents

a set of samples where all the equipment was known to be in good working order and had an
adequate powewnpply for some portion of the sample time period. The biggest difference in
these data setsilkistrated in the fraction of PDA trips that have valid GPS data.

When the 14 no-GPS samples are removed, just over 70% of the valid PDA trips have valid GPS
positional data. Another result is thapaoximately 23% of the good PDA trips have no valid

GPS positional points. This loss rate is higher than expected since, in these samples, the data
collection equipment iknown to be working for at least a portion of the sample period. A

review of the individual sample summary (Table 4.2) shows that all 86 of these samples have
valid GPS trips. Most also have some trips with no GPS data or “bad” GPS data (fewer than 15
valid GPS points). These losses are likely attributabladdes trips or conditions where

achieving a GPS position fix was difficult. There is no obvious trend to these losses, and a more
detailed, trip-by-trip analysis would be required &teimine if there aramilarities in these

losses across the samples.



Table 4.1 Summary &a Collection Statistider the Field Test.

PDA Data GPS Data
Total PDA| <1 min.| >1 min % Good Trips w/  Trips \j;// Trips t// % Good
¢ Trips PDA PDA PDA of Zerq <15 Valid >15 Vali GPS
Noo.bs(.) Recorded |  Trips Trips | TotalPDA  Valid| GPSpls. GPS ptsef Good
Trips GPS pts PDA Trips
“Bad” | “Good” “Zero” | “Bad” | “Good”
Summary statistics for all samples taken during the field test.
100 3254 508 2746 84.4% gp1 156 1729 63.0%
Summary statistics after removal of the 14 samples that recorded no GPS positional data.
86| 2919 456 2483 84.46 578 156 1729 70.2%




Table 4.2 @ta Collection Statistider Each Observation in the Field Test (continued)

Table 4.2 [ta Collection Statistider Each Observation in the Field Test

PDA Data GPS Data
Total PDA| <1 min.[| >1 min % Good Trips W/ Trips \i}// Trips tl// % Good
Trips PDA PDA PDA of Zero | <15 Valig >15 Vali GPS
Recorded Trips Trips Total PDA Valid| GPS pts. GPS ptsof Good
Obs Trips GPS pts PDA Trips
“Bad” | “Good” “Zero” | “Bad” | “Good”

1 14 14 100.09% 14 100.0%
2 26 26 100.0% 26 100.0%
3 13 13 100.09% 2 11 84.6%

4 10 14 100.96 1 1 g 80.0%

5 10 14 100.96 1 1 g 80.0%
6 2] 2] 100.0% 2 3 16 76.2%
7 37 37 100.0% 2 8 27 73.0%
8 24 24 100.09% 12 11 45.8%
9 15 15 100.0% 15 0.0p6
10 37 1 36 97.3% 1 3 32 88.9%
11 34 1 33 97.1% 2 3 28 84.8%
12 65 y. 63 96.9% 2 1 60 95.2%
13 3] 1 3 96.8% 3 5 22 73.3%
14 217 1 26 96.3% 6 1 19 73.1%
15 22 1 2] 95.5% 2 19 90.5%
16 2] 1 2( 95.2% 3 17 85.0%
17 19 1 13 94.7% 4 1 13 72.2%
18 18 1 17 94.4% 1 3 13 76.5%
19 3Q y. 28 93.3% 11 17 60.7%
20 15 1 14 93.3% 7 1 6 42.9%
21 29 y. 27 93.1% 7 0.0%
22 29 . 26 92.9% 2 24 92.3%
23 54 4 5( 92.6% 1 48 96.0%
24 217 y. 25 92.6% 14 1 10 40.0%
25 26 y. 24 92.3% 3 21 87.5%
26 38 3 35 92.1% 10 1 24 68.6%
27 12 1 11 91.7% 1 10 90.9%
28 60 5 5% 91.7% 19 4 32 58.2%
29 24 y. 22 91.7% 12 3 7 31.8%
30 24 . 22 91.7% 22 0.0%
31 22 y. 2( 90.9% 1 2 17 85.0%
32 43 4 39 90.7% 2 37 94.9%
33 2] y. 19 90.5% 3 16 84.4%
34 3] 3 28 90.3% 3 45 89.3%
35 3] 3 Zé 90.3% 23 4 14.3%
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Table 4.2 @ta Collection Statistider Each Observation in the Field Test (continued)

PDA Data GPS Data
Total PDA| <1 min.| >1min % Good Trips W/ Trips W/ Trips ﬁ/ % Goof
Trips PDA PDA PDA of Zero | <15 Valig >15 Vali GPS
Recorded Trips Trips Total PDA Valid| GPS pis. GPS ptsof Good
Obs Trips GPS pts PDA Trips
“Bad” | “Good” “Zero” | “Bad” | “Good”

36 4] 4 37 90.2% 20 2 15 40.5%
37 38 4 34 89.5% 34 0.0%
38 47 5 42 89.4% 28 3 11 26.2%
39 9 1 g 88.9% B 0.0%%
40 9 1 § 88.9% B 0.0%
41 217 3 24 88.9% 24 0.0%
42 36 4 32 88.9% 32 0.09%
43 52 6 46 88.5% 5 6 35 76.1%
44 69 § 61 88.4% 20 4 37 60.7%
45 43 5 38 88.4% 3 1 34 89.5%
46 5] g 4% 88.2% 7 1 37 82.2%
47 65 8 57 87.7% 9 3 40 70.2%
48 24 3 21 87.5% 21 100.0%
49 48 G 42 87.5% 16 2 24 57.1%
50 22 3 19 86.4% 6 13 68.4%
51 29 4 25 86.2% 5 2 18 72.0%
52 2§ 4 24 85.7% 7 1 16 66.1%
53 217 4 23 85.2% 4 19 82.6%
54 217 4 23 85.2% 23 0.0%
55 39 G 33 84.6% 4 2 7 81.8%
56 13 2 11 84.6% 1 1 9 81.8%
57 26 4 22 84.6% 7 4 11 50.0%
58 13 2 11 84.6% 6 5 45.5%
59 5§ 9 49 84.5% 5 1 43 87.8%
60 19 3 16 84.2% 2 1 13 81.3%
61 43 1 36 83.7% 4 3 29 80.6%
62 55 9 44 83.6% 11 4 31 67.4%
63 23 4 19 82.6% 3 16 84.2%
64 74 13 61 82.4% 3 5 53 86.9%
65 55 10 4% 81.8% 13 32 71.1%
66 49 9 4( 81.6% 10 4 26 65.0%
67 39 1 31 81.6% 20 1 10 32.3%
68 217 5 22 81.5% 22 0.0%
69 14 3 13 81.3% 2 11 84.6%
70 85 16 69 81.2% 32 35 50.7%
71 36 1 29 80.6%0 6 31 72.4%
72 36 1 29 80.6%0 4 20 69.0%
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Table 4.2 @ta Collection Statistider Each Observation in the Field Test (continued)

PDA Data GPS Data
Total PDA| <1 min.| >1min % Good Trips W/ Trips W/ Trips ﬁ/ % Goof
Trips PDA PDA PDA of Zero | <15 Valig >15 Vali GPS
Recorded Trips Trips Total PDA Valid| GPS pis. GPS ptsof Good
Obs Trips GPS pts PDA Trips
“Bad” | “Good” “Zero” | “Bad” | “Good”
73 45 9 36 80.0% 27 2 19.4%
74 34 1 27 79.4% 14 13 48.1%
75 29 ¢ 23 79.3% 1 1 21 91.3%
76 67 14 53 79.1% 4 2 47 88.7%
77 29 6 22 78.6%0 11 5 6 27.3%
78 55 12 43 78.2% 9 2 32 74.4%
79 39 9 3 76.9% 30 0.09%
80 43 1( 33 76.7% 14 19 57.6%
81 64 15 49 76.6%0 8 41 83.7%
82 14 4 12 75.0% 3 9 75.0%
83 217 1 2( 74.1% 3 13 65.0%
84 26 1 19 73.1% 3 15 78.9%
85 18 5 13 72.2% 7 5 38.5%
86 46 13 33 71.7% 33 0.0%
87 43 13 30 69.8% 29 96.1%
88 36 11 2% 69.4% 1 22 88.0%
89 13 4 q 69.2% o 100.0%
90 5] 16 35 68.6% 7 1 27 77.1%
91 82 21 55 67.1% 38 17 30.9%
92 21 1 14 66.7% 1 11 78.6%
93 3Q 1( 20 66.7% 12 7 35.0%
94 8 3 5 62.5% il A 80.0p6
95 24 1( 14 58.3% 3 2 9 64.3%
96 7 3 4 57.1% a 0.0%
97 24 12 14 53.8% 4 2 8 57.1%
98 8 4 4 50.0% il B 75.0p6
99 1(Q 5 9 50.0% o 20.0%
100 2 ] ] 50.0% il 0.0po
Totals 3254 508 2746 84.4% 861 156 1729 63.0%




5. Trip Data

This section presents and compares summaries of the trip data calectecthe field test.

There are five data sets that are referenced in thigstrand discussed in the comparisons that
follow. Four of the dta sets are specific to the Lexington field test, the fifth is the Nationwide
Personal Transportatioutyey (NPTS) dta set. These five data sets are briefly defined below.

u PDA data - information andtatistics derived directlfrom the cta reorded from the
MagicLink Personal Digital Assistant (PDA). Thesgalinclude trip start and end times,
trip occupancy and trip purpose, and were input by the individual respondents.

u GPS data- information andtsitistics derived directlfrom the dita reorded from the
GPS receiver. These data include positional data (latitude and longitude), speed, trip start
and end times, and calculated trip distances.

u Match data - information andtatistics derived directlfrom post-processing the GPS
data in conjunction with the GIS-based travel regiv These dta include trip start and
end times, network link identdation, highway functional class, and trip distances.
(Additional information about the mapatching analysis iprovided in ction6.)

u Recall Data- information andtatistics derived directlfrom the post-usage interviews
of the Lexington field test respondents. Thes&dnclude trip start and end times, trip
distance, destination and trip purpose.

u NPTS data- information andtsitistics derived directlfrom national telephone
interviews to collect personal travel data. These data include trip start and end times, trip
distance, travel time, and trip purpose. The NPata depresent the entire U.S., and not
just the Lexington, KY region.

The following sections present the data summdirtas these dta sets, compared with the NPTS
data summaries wher@@roprate.

5.1 Comparisons of Accumulated Travel

This sectioroffers several perggtives on the accumulated travel of the Lexingiopulation

sample. For these comparisons, trips were defined as those files having a recorded time of at
least one minute and 15 valid GPS positional data points. Data files that contained less than one
minute of information were considered 4gtice” or erors that were coected by the usér .

Data files with less than 15 valid GPS data points were subject to taoge ia the map-

matching analysis due to the paucity of positional data. Wherever possible, these travel

'Data indicate that one to two minutes are needed to entefodataalid trip.
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measures are compared with NPTS results to add perspective to the Lepomitation data
set.

The recall survey in Lexington captured mostly até/vehicle driver trips (Tab1). The
preponderance of driver trips compared to passenger trips is largely due to the saciia sel
process and the recall interview procedure. Only drivers who drove at least three days a week
were eligible to participate in theirsey. Also, in order to compare thecall day with PDA/GPS
data, the recall day wéimited to those days where theesgted drivedrove the vehicle which

had the equipment installed.

Table 5.1 Comparison of Person Trips by Mode

Lexington 1995 NPTS

Percent of Person Trips Recall Day Pre-test Recall

(n=495 trips) (n=5647 trips
Private Vehicle-Driver 91.5% 73%
Private Vehicle-Passenger  3.4% 18%
Walk 3.6% 5.8%
Bike 0.2% 0.3%
Other 1.2% 2.8%

5.1.1 Daily Summary Statistics

Table 5.2 provides some averaggtistics associated with the Lexington field test. These
statistics are compared 1895 NP TS mtisticsfor persons 18 and over with driver’s licenses,
since the sample population in the Lexington field test focused on eligible drivers age 18 and
over.

The measures of average trips per day and vehicle trips per day (Table 5.2) show a higher count
for the Lexington test than for NPTS. The Lexington respondents were required to drive at least
three days a week in order to partat in the field test. This statistigpports the belief that, as

a group, the Lexington respondents drive more than the average citizen captured in this NPTS
sample.

The Lexington average vehicle miles of travel per day is somewhat smaller than the NPTS value
as measured by the data collection equipment, however the recall estinbatgt iha same as

the NPTS value. The fact that Lexington is a smaltean area may support thtatstic, since

drivers may not drive as far to reach employment or the services that they need. Also, travel
length distributions for the Lexingtorath, presented later in this seati support this result. The
average time the vehicle is driven per day is also less than NP TS value for all measures.



Table 5.2 Total Number of Trips and Total Number of Vehicle Trips per Day.

Lexington Lexington
ltem 6 Days PDA| Recall Day 1995 NPTS
Average # of trips/day 5.14 4.63 trips
Average # of vehicle 4.68 (PDA 4.73 3.57 trips
trips/day 4.24 (GPS)
Average vehicle miles of 27.3 (GPS) 33.0 32.diles
travel per day 25.0 (MAP)
Average time vehicle driven 61.3 (GPS) 63.0 73.7 minutes
per day 60.2 (MAP)

Figure 5.1 shows the distribution of most frequent trip purposes from the field test. This trip
purpose is provided for both the driver and passenger. The most frequent trip purpose for both
groups is “return home” from sonaetivity. The seond most frequent driver’s trip purpose was
“shopping”, and the second most frequent passenger’s trip purpose was “go along for the ride”.
The “return home” and “shopping” trip purposescount for about one-third of the driver trips,

and the “return home” and “go along for the ride” trip purp@sEount for approxiately 41%

of the passenger trips.

5.1.2 Travel Time

Figures 5.2 through 5.4 show the distributions of person trips and peilesrof travel as a
function of trip travel time. Trip travel time was measurable in three ways for the Lexington
field test data.

u PDA - The PDA time is the time interval from when the respondent first touched the
“start trip” button, initiating a trip, to the touch of the “end trip” button at the terminus of
the trip. The PDA time interval is expected to be slightly longer than the actual trip time
because the time interval includes the time required to enter data into the PDA.

u GPS - The GPS time is the time interval fraeiving the first valid GPS data oed on
the trip to the receipt of the last valid GPSaiec The GPS time intervalilhalways

“Values are on a per vehicle basis.
#1995 NPTS--persons 18 and over with a driver’s license.

*Includes all trips made by a respondent, including walking, transit, and other modes.
Other values in this column are on a per vehicle basis.
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Figure 5.1. Distribution of Most Frequent Trip Purposes from the Field Test (includes trips
with more than 15 valid GPS points).
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Figure 5.2. Distribution of Person Trips and Person Miles of Travel (PMT) as a Function of
PDA Travel Time (PDA trips with more than one minute P@Aation). 1990
NPTS travel time distribution provided for comparison.
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Figure 5.3. Distribution of Person Trips and Person Miles of Travel (PMT) as a Function of
GPS Travel Time (GPS trips with more than 15 valid GPS poia@90 NPTS
travel time distribution provided for comparison.
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Figure 5.4. Distribution of Person Trips and Person Miles of Travel (PMT) as a Function of
Map Travel Time (trips with more than 15 valid GPS points and one minute
matched tripduration). 1990 NPTS travel time distribution provided for

comparison.
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be less than the PDA time interval, becausending of GPS dta did not occur until the
respondent touched the “start trip” button.

= Map - The Map time interval is a trip-based value that represents the time elapsed
between the first and last GPS data points used in the map-matched trip. The actual time
values used are those taken from the G&8iver with the GPS data point, thus the Map
time intervals should bensilar to the GPS time intervals.

One travel time distribution is provided feach time interval measurement. On each page, the
published 1990 NPTS travel time distribution is provided to permit comparison of the
distributions. All of the travel time distributions are similar in shape and magnitedeoother
as well as the 1990 NPTS travel time distribution.

Overall, the travel time distributions from the Lexington field test consistently have a larger
fraction of person trips in th@-9 minutes travel timeategry than the NP TS travel time
distribution. The larger &ction seems to restiom less person trips in the middle four
categories as the longest travel time catg @50+ minutes) generally remains consistent with the
1990 NPTS distribution.

The person miles of travel (PMT) also is shifted toward kioetsr time intervals compared to
the 1990 NPTS distribution. Also, the persoifes of travel in the 50+ minutesite@ry appears
to have dropped substantially compared to the 1990 NP TS distribution.

The changes in the person trips and person miles of travel discbssedirrdcate that the
Lexington data are comprised tfoster travel times than the 1990 NPTS distribution.

5.1.3 Trip Length

Figures 5.5 and 5.6 show the distributions of person trips and pailesrof travel as &unction
of trip length. Trip length was measurable in two ways for the Lexington fieldatst d

u GPS - The GPS trip length is calculatsean the individual GPSata points, using a
point-to-point sum of the distance over a costgltrip file.

u Map - The Map trip length is calculaté@dm the network links that form the GIS base
map. The trip length is a link-to-link sum over a camgltrip file.

One trip length distribution is provided feach trip length measurement. On each page, the
published 1990 NPTS trip length distribution is provided to permit comparison of the
distributions. All of the trip length distributions are similar in shape and magnituweekoother
as well as the 1990 NPTS trip length distribution.



Figure 5.5. Distribution of Person Trips and Person Miles of Travel (PMT) as a Function of
GPS Trip Length (trips with more than 15 valid GPS points). 1990 NPTS trip
length distribution provided for comparison.
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Figure 5.6. Distribution of Person Trips and Person Miles of Travel (PMT) as a Function of
Map Trip Length (trips with more than 15 valid GPS points and one minute
matched tripduration). 1990 NPTS trip length distribution provided for

comparison.
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Overall, the trip length distributions from the Lexington field test appear to have a lagerir
of person trips in the shorter trip length categories than the NPTS trip length dtribTiis
observation is also valid for the persuoites of travel as &unction of trip length.

The changes in the person trips and person miles of travel discbssedirrdcate that the
Lexington data are comprised dfoster trips than the 1990 NPTS distribution.

5.2 Matching Recall Trips and Machinerecorded Trips

An objective of theroject was to directly compare recall trips with machinereéed dita for
the same travel. This comparison requires post-processing adtdnendrder to natch the
machine-recorded trips to thecall interview results. This process is not straightforward and
proved to be more difficult than first antiaf@dfor a number of reasons.

5.2.1 Recall Day

Generally the first choice for the travekall day was the day immeadely prior to the last day

of device usage. Although the survey design dassgghDay 5 as the travel recall day, there

were occasions when the pesdent drove the vehicle for shorter or longer periods than six

days. In cases where the driver had not driven the vehicle on the travel recall day, another day
was selectetbr the travel ecall day. Table 5.3 identifies the frequency at weigbh day of

usage was selected as the travel recall day.

Table 5.3 Frequency of Usage
Day as Recall Day

Day of Usage
as Recall Day Frequency

1
2
1
12
27
25
13
8
>8 11
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5.2.2 Issues Associated with Matching Recall Trips

Recall trip start times, travel times, and travel distances are known to betgobpunding and
therefore are not precise. Machine-recordais dwhile more precise, also contains variations
that can confuse theatchingprocess.

Trip start times and travel durations will vary between the PDA and the GPS units. As designed,
the PDA time markers are initiated by thep@sdent at the beginning and end of the trip. The
GPS time markers are initiated based on when the GPS unit acquires a position fix after a trip is
started and the time of the last valid position fix before the end of the trip. While the GPS time
values are expected to always be less than the PDA time values, this variation cétomange
several seconds to several minutes.

Travel distance measurements can also vary. The GPS distance measurement is based on point-
to-point calculation of distance. In addition to the losses described above (e.g., no position fix at
the beginning of a trip for several minutes), loss of position fix during the trip may also influence
the distance calculation if the loss of fix persists for some time. Msdphing of the GPS data

to the GIS network counters some of the issuedadlto this mid-trip lossf-fix, if the duration

is not too long, by taking the distance measurement dirgotly the natched netwrk links of

the base map. However, the map-matching distance measurement is ullimaéehby the

guality or shortcomings of the GPS data file which is being used to identify the matching links.

Address matching using the interview results and the matched GIS data files is another option for
matching trips. Adresses derived from interviews have well-known shortcomings; the
respondent may not know theaet aldress of their destination or the interviewer, being
unfamiliar with the travel area, may misimpget, misspell, or fail to distinguish local nuances that
affect the orrectness of thedalress. The atched GISddresses i also have some

shortcomings no matter how accurate apeo-dcate the ddresses contained in the base file.

The matched GISdairess is based on the lasitohed link of a trip, which depends on the GPS
position fix at the end of the trip. If the GPS unit experiences a loss-of-fix at the end of a trip
(e.g., lack of satellite communicati, or even driving into a parking garage), the lastcmed

link will likely not correspond to the address given in the interview. Even when the GPS unit is
working perectly and the map-matching is successful, if thpardent parks the vehicle around
the corner from the ultiate aldress given in the interview, theatohed GIS ddress may not
resemble the interview results.

Finally, due to the design of the device, the respondent may have simplyen(go refused) to
turn on the equipment or to enter the trgialinto the PDA. Equipment rahction is also a
possible contributor to poor machine-recorded trip records. In these cases,iltlsarghy be
no machine-recorded trithfor matching or comparing with a recall trip.



5.2.3 Methodology for Matching Recall Trips

Thus a technique for atching recall trips with theocresponding machine-recorded trips is

subject to many uncertainties that makes a distinct nfiatcil recall trips improbable. This

study used a three-step approach to taechingprocess. First, the interview trip start times and
durations were compared to the PDA trip start times and durations. Since the PDA time markers
are essentially set by the respondent, analysts reasoned that the PDA times were more likely to
resemble the “remembered” trip characteristics. The criteria used was as follows. If the
machine-recorded trip start time was within 30 minutes (before or aftergoal trip start time,
andthe machine-recorded trip duration was within 40% (higher or lower) oétadl trip

duration, then that pair of trips was considered a possdiehm Secondly, analysts reviewed all
available trip characteristics and made a judgememtitavhich of the possibleatches would

be considered valid. Thirdly, the analysts reviewed all available trip charactdastics

remaining unmatched trips and made judgements on additional matches as mii@rtnigtion
indicated.

The results of this approach t@tohing recall trips with theocresponding machine-recorded
trips are as follows.

L The 100 households reported 4é8all trips on the recall days, approaitaly4.7 recall
trips per vehicle .

u 84 total households have valid machine-recorded trataldocumenting08 trips on
the recall days, approxaely 4.9
machine-recorded trips per vehicle.

L] The same 84 households recorded 391
recall trips on the recall days,
approxinately4.7 recall trips per Less than More than
primary driver. Recalled Recalled

L] The remaining 16 households recorded
82 recall trips that cannot beatched
because there are norcesponding
machine-recorded trips.

u 240 of the ecall trips (61.4%) have
been reasonably matched to machine-
recorded trips on theecall days. Same as

Recalled

Figure 5.7llustrates the brdaown of the _ _ _
comparison of machine-recorded aedall Figure 5.7 Comparison of dched Machine-
recorded Trips to &call Trips in Lexington

Households

*The Lexington data do not represent a traasehold survey. Theath resulfrom a
single vehicle in the household, most often controlled by a primary driver, thuatthendre
closely represent a per vehicle or per (primary) dritegtissic.
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trips for these 84 households . 29 of the households (34.5%) had more machine-recorded trips
than recall trips, with a total of 67 more machine-recorded trips gl trips. In these cases,

the household member has fatgm to rgport at least one or more trips during teeall

interview. 29 of the households (34.5%) show the same number of machine-recorded trips and
recall trips. 26 of the households (31.0%) show fewer machine-recorded trips¢hbirips,

with a total of 50 fewer machine-recorded trips theaatl trips. These 50 recall trips cannot be
matched because there are naesponding machine-recorded trips for these households. This

set of households represents those that did not use the equipment on a regular basis or, perhaps,
some equipment problems were experienced.

5.3 Recall Comparisons

This section presents resuits comparisons using thecall data. The recall dafi@m the

Lexington field test are compared with the machine-recorded Lexingtarathd national

statistics to determine differences in the distributions of travel characteristics. The recall data are
also compared directly to machine-oeded travel for the same trips tetdrmine the differences
between the recall descriptions and actual travel measurements.

5.3.1 Trip Start Times and Trip Distances

The recall data are compared with the machinerdEx éta and national statistics using
reported trip start time, in minutes after the hour, and reported trip distancesc@heéata are
the answers of the Lexington respondents in a post-usage interviawirtiieked the travel
recall interviews used in the NPTS. These data are compared to the macbidedaktafrom
the Lexington field test, and a 1995 NPTS 6-month intedta get.

The results of the trip start time data are revealing. Trip start tirpeged in interviews are

often rounded to nearest quarter-hour or half-hour—people simply do not repaduaate trip
start time. This quarter-hour, half-hour distribution is evident in the NR#e&Sahd the

Lexington recall data as shown in Fig&x8. For comparison, the Lexington field test equipment
recorded these times automatically éach trip initiated by the rpendents. Figure 5.8 shows

the frequency distribution of trip start times for the Lexingtatactollected automaticaljuring

the field test compared to the recall data and the NPTS data set. The NPTS and recall data
clearly show peaks at every quarter hour and lesser peaks at every five minute interval. The
Lexington machine-recordecth have no such peaks, and is nearly a flat distribution over the
entire sixty minute interval.

®The recall interview included trips by all modes (walking, transit, etc.) in addition to the
equipped vehicle. Trips other than those made in the equipped vehicle have been removed from
this comparison in order to dictly compare the same set of trips in both data sets.
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Figure 5.8. Distribution of Trip Stafftimes in Minutes after theddir for NPTS (1995 6-
month interim data set), Lexington Machineomted Cata, and Lexington Recall
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Similar results can be seen in thpads of trip distances. Figure 5.9 shows the cumulative
frequency distributions of reported trip distances for the 1995 NPTS 6-month intsaraet,

the Lexington data collected automaticallyring the field test, and the Lexingtacall
(interview) data. Again, the NPTS and Lexington recall data show nraitgriies in reported
trip distance, with peaks occurring on thée values (when travel distanceuisder 5miles) or

in 5 mile increments (when travel distance sager than Biles). The automatically celtted
Lexington field test data reflechsrter average trip distances and produces a much smoother
distribution of trip distances.

5.3.2 Trip to Trip Comparisons

Another comparison was made between the recall travel data and the maahided elata

from the field test. This comparison focused ordtiy comparing the recaftfiormation with
machine-recorded information for the same set of trips to observe the differencesatathe d

The sets of trips compared were determined by matching the recall trips with specific machine-
recorded trips, based generally on trip start times and durations, as well as general comparisons
of the trip characteristics. Comparisons are nfadboth travel time and travel distance.

The travel distance comparison (Figure 5.10) shows the variations in the measured distance for
specific recall distances in the data set. The chart shown compares the recall distance with the
travel distance measured from the GIS base map (MAP)miiscomparison used the

measured distance from the GRS8eiver, with gnilar results. The variations are shown as the
median of the measured distance, bounded by the 25th and 75th percentile value of all the
measured distances for the specificall value. The straight line in the figure represents the

curve where theecall and measured distances would be identical. An overall observation is that
the median measured distances are consistently lower than the recall distances. That is, the recall
distances consistently overstate the travel distance. For example, the recall distanoeled ten
has a median measured distance value oindes and 25th and 75th percentile valuetoaf

and 9 miles as measured by the GPS, and a median measured distancebvé8ilels and

25th and 75th percentile values of 3.95 and &fds as measured by the MAP.

Similar results are seen in the comparisons of travel times, shown in FigjireThe chart

shows the measured time from the PDA compared withettedltravel time. A second

comparison was done using the measured time from the GP Smaiittlr sesults. Again, the

variations shown are the medians of the measured time, bounded by the 25th and 75th percentile
value. While the median values for the PDA measurements are closerg¢odah&mes for low

values, the general trend is that the recall times generally exceed the median measured value.
For example, the recall time of 10 minutes has a median measured time value of 10.4 minutes
and 25th and 75th percentile values of 8 and 13.8 minutes as measured by the PDA. Another
factor to consider is that the PDA time measurement includes the time required for the
respondent to enteath into the computer. This activity generally consumed one to two

minutes. Thus the actual travel time is likely one to two minutes less than measured by the PDA,



Figure 5.9. Distribution of Reported Trip Distance for NPTS (1995 6-month intetianset),
Lexington Machine-recordeddda, and Lexington Recall Data.
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Figure 5.10 Comparison of Lexingtore&all and Measured Travel Distances.
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Figure 5.11 Comparison of Lexingtore&all and Measured Travel Times.
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which would result in larger differences between the recall times and actual times than are
indicated in the figure.

5.4 Benefit of Multiple Days of Travel Recorded

Recording multiple days of travel allows study of day-of-week variations and other insights into
travel behavior. With the GPS equipment, vehiilles of travel (VMT) and travel speed
become easily accessible data within the travelesy.

Table 5.4 shows that even with a very small sample of 100 household vehicles, using a 6-day
survey period, information on more than 2,700 vehicle trips are captured with a good distribution
of trips by day of week. Even this small a data skpermit limited exploration of variability of
vehicle travel over the survey period and the relationship between tiigystalvariability by

personal or household cla&teristics.

Table 5.4 Vehicle Trips and Vehicle
Miles of Travel (VMT) by Day of Week

Vehicle VMT

Day Trips GPS MAP
Monday 415 1,255 1,258
Tuesday 437 1,690 1,590
Wednesday 449 1,445 1,453
Thursday 472 2,604 1,946
Friday 377 1,653 1,653
Saturday 327 1,749 1,717
Sunday 281 1,236 1,090

The issue of whether or not there was trip reporting fatigue using this methithdésrsj

explored. Drivers reported that it typically took them one minute or less to enter the information
into the computer each time they made a t6p% said they remembered to use the equipment
every time, and 36% said they used the equipment most of the tgte(57 of this rport).

When examining the number of trips per day, defining Day 1 as the date of finstedc

information (Table 5.5, column a), there is no apparent reporting fatigue, with the number of trips
from Day 2 through Day 6 all between 330 to 380 trips per day. However, if Day 1 is defined as
the first day for which there is a valid trip record (Table 5.5, column b), the distribution changes
substantially. There may be evidence of reporting fatigue, with a decline from about 450 trips to
350 trips. However, changing the Day 1 definition may be overly skewing the distribution by
removing non-driving days that occurred at the beginning of the household test period. This issue
needs further exploration, with controls for day-of-week. A hardware solutionlithatages
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the need for the driver t@ctively urn the equipment “onéach time a trip is made would help
answer the reporting fatigue problem. This hardware solution has been implemented in a
subsequent GPS survey effort.

Table 5.5 Vehicle Trips byime in
the Survey Period

Number of Trips per Day

Day of (all households)

Day 1 269 464

Day 2 333 456

Day 3 379 425

Day 4 350 360

Day 5 379 363

Day 6 338 342

Day 7 274 191

Day 8 153 87

Day 9 92 29
(a) Day 1 of usage defined as date of 1st recorded
information (practice trip, error, or other)
(b) Day 1 of usage defined as date of 1st valid trip
record (at least one minute and 15 GPS data
points)

5.5 Summary

The average daily statistics, the travel time distrdsytand trip length distributions from the
Lexington field test all indicatehsrter average trip distances than in NPTS. The measures
associated with the Lexington data were collected by the data collection devices and the NPTS
measures are based chiefly on recall interviews. Overall, the results suggest that personal travel
length is shorter than past estimates based solely on recall interviews.

Trip start times, in minutes past the hour, and trip distances both show radically different
distributions when measured by the data collection device versus recall interviews. These results
provide insight to the real distributions of personal travel start times and trip distances, which
vary substantially from the distributions based ecatl interviews.



Matching recall trips to machine-recled trips for trip-to-trip comparison is a difficult task due
to a number of factors. Variations in travel start times, durations, distances, and destination
addresses between machine-recordetd dnd recall data all serve tnéound the process. The
methodology employed hereatched pproximately 61% of the ecall trips with machine-
recorded trips. Overall, theath suggest that the number of machinemed trips egeeds the
number of recall trips; that is, the recall data likehderestirate the total number of trips.

Trip-to-trip comparison of recall and machine-recordathdhows that the recall estimates
generally overstate both travel time and travel distance as compared to the travel measurements
recorded by theata collection device.

Recording multiple days of travel allows study of day-of-week variations and other insights into
travel behavior. With the GPS equipment, even with a very small sample of 100 household
vehicles, using a 6-day survey period, captured information on more than 2,700 vehicle trips with
a good distribution of trips by day of week. The issue of whether or not there was trip reporting
fatigue using this method is unresolved anitsting explored. Additional controls on usage by
day-of-week and equipment modditions vill help address this issue.



6. GPS Data

A principal objective of the field data collectioffat was to capture Global Positioning System
(GPS) positional dattor the individual trips made by the respondent households. Thése d
used in combination with the Lexington area base map, permit analysis of the individual trips
based on the information that is part of the magalbase. A key part of the assessment was
matching the collected GPS data points with the individual links in the bas®mhs analysis.
Both the accuracy and continuity of the collected GPS data influence the outcomes of this
process.

6.1 GPS Data Accuracy

The accuracy of the GPS data colleadeidng the field test is dependent on theaiver design,
the status of the Navstar GPS #tiés, and the location of travel. The GPS data are “absolute”
GPS points, that is, they have not been differentially corrdotetie afects of selective
availability. The absolute GP&th positional accuracy depends on the implementation of
selective avalilallity. Selective availaliity, controlled by the Department of Defense, is a
purposeful degradation of the signals tratidiby the GPS sdliges so that unauthorized users
cannot achieve the futilitary accuracy of the systém . With selective avdlitgbon, receiver
accuracy is within +100 eters(328 feet) with95% proballity and a mosprobable error of
approxinately 50 meter§l65 feet). With selective availdity off, receiver accuracy iproves

to within £15 meter$49 feet) with95% probaliity.

Differential GPS (DGPS) can reduce these errors substantially in manyagipps. The Garmin
receiver used here is differentiallgreectable to less than 10 met¢38 feet), and some

receivers in the literature boast of centimeter accuracy in some applications. DGPS was
evaluated as a possible option this program and was not employed for several reasons. The
DGPS tested in early trials (see Appendix A) did not represent a clear advantage versus the
objectives of the test. Sewdly, a source of a differential ceation signal in the Lexington test
area was not readily available during the planned time of the field test. Third, using DGPS
required additional equipment and costsdach field unit.

At some point in the future the issue of DGPS is expected to be moot. The Government has
announced a policy of reduced use oéstVe availallity and eventual phase out of its use
altogether. By that time, newer technology Ge&ivers Wi likely out perform any of the low-
cost receivers available today.

'Logsdon TomThe Navstar Global Pdsoning SystemVan Nostrand Reinhold, 1992.
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6.2 GPS Data Continuity

The continuity of the GPS data collectating the field test was influenced by tvaxfors.

First, there are gaps in the data stream due to receiver operdtiese gaps are the time
segments necessary for tleeeiver to establish a positional solution when it is fustéd on

(known as time to first fix) or after there has been a loss of signal, such as when the vehicle
moves into a parking garage, into a tunnel, or for some other reason the signal is blocked from
reaching the receiver.

The seconddctor affecting the data continuity is that the GPS data collelcteay the field test
were also recorded at irregular time intervals due to a fault inataecdllection equipment. This
irregular spacing of the GPS data points in time added to the complexity of assessing which
segments within the base map were actually traveled by thenesnts.

6.3 The Lexington Area Base Map

The Lexington area base map (Figure 6.1) used in this study was composed from several sources
in 1995. The mapatabase contains ove&0,200 roadway segments or links covering over 1,930
kilometers(1,200miles) with steet centerline accuradsom 2.1 neters (7 feet) td.5 neters

(15 feet). The roadway database also includes designation of six hifinwedipnal classes —

freeway, arterial highway, major arterial, minor arterial,eitbr, and local thru-street

(functional classes are shown in the figure). Non-ietgisg segments and overpasses are

properly handled écause there are mode definitions at their graphical intecsions and one-

way streets andn- and off-ramps have properettional indications.

This Lexington base map includes only Fay€tteinty, Kentucky. Since the local planning area,
and thus the field test area, included both Fayette and Jessanmties, the Lexington base

map was supplemented by the TIGERalsefor Jessamine County for the subsequent analysis.
Figure 6.2llustrates the complete planning area that was included in the field test.

6.4 Map-Matching Analysis

The map-matching analysis uses the collected GPS points to identify the specific roadesy

and links that were traveled in the Lexington area network. The results of theateprgp

process allow a more accurate description of the trip distance based on the link length contained
in the database, as well as summaries of travel by highuayional class. Identifying trip

origins and destinations are also feasible by addrasshing in the base map database.
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Figure 6.1 Portion of the Lexington Area Base Map lllustrating Highway Functional Class.
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The map-matching analysis wagfoemed using software developed by TransCore . This
automategrocess is based on a GPS matching algorithm that uses@kéditabase (Link,
Node, Shape, and Street Name files)dowert a raw GP Sada file to:

u a GPS Match database witbardinate adjusted and link referenced time points,
u a GPS Trip database with trip summary and wrigstination information, and
u a GPS User database with general user identificatfornation.

These results completely describe the collected GPS data points in terms of tré& defined
by the Lexington map base file.

The principal difficulty in performing the mapatching analysifor the Lexington GPSata file

was overcoming the continuity problemsateld to the irregular time intervals when the data

were recorded. These sometimes spaasa ploints led tpoor performance of theatching

algorithm, which attempts to identifpmers, stops, and curves in the raw GRta dile as

features that are recognizable in the map network. These problems were overcome by the logical
addition of synthetic data points between the original GPS data points, creating a synthetic data
file that approximated one-saand chta collecton. This approach led to much improved

performance in the atching algorithm and the resultant matchedffitethe Lexington field test.

6.5 Summary of Map-Matching Results

Figure 6.3 shows some example trip segments including both the rane@P&sctollected in
Lexington and the correspondingitohed data after the analysis. In all cases, the trip trace with
the single points represents the raw GPS data that was collected in tvexargl the trip trace
where the points are circles represent the matched data. The examples if.Bigoeeas

follows.

L] Figure 6.3(a) - a vehicle exiting a freeway via the off ramp and making a left-turn onto
the intersecting highway,

L] Figure 6.3(b) 4lustrates “wandering” associated with GPS data collection at the
beginning of a trip.

L] Figure 6.3(c) illustrates aoute with two closely spac&®-degree turns.

u Figure 6.3(d) illustrates a wide radiusitn.

*TransCore (formerlyHK & Assocates), 1900 North Beauregard 8&t, Alexadria, VA
22311.
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Figure 6.3(a) shows a vehicle exiting a freeway via the off

ramp and making a left-turn onto the intersecting highway. Figure 6.3(bjllustrates one issue associated with GPS data
The unmatched trace does not hold the tight radius of the turn collection at the beginning of a trip. The raw GPS data show
and does notlign with the highway after the vehicle has some evidence of “wandering” in an area where no roadways
turned. The matched data set for this segment adheres to the are apparent. This initial period occurs as the GPS receiver
turn radius and the highway after the turn. improves on the position solution and the trace comes close to

the established roadway. The matched file adheres to the
roadway but, on the other hand, may have “overmatched” the
points at the beginning of the trip. The trip apparently starts
about mid-way along the first segment instead of at the lower
end of the segment as indicated by the matched file.

Figure 6.3(c)llustrates a raw data file and matched data file
along a route with two closely spaced 90-degree turns. Both
traces are fairly consistent, only the matched file approximates
the roadway while the raw data file is clearly offset from the
roadway.

Figure 6.3(d) shows data sets for a wide radius turn. The
actual GPS data track a path that has a larger radius than the
roadway. The matched data set adheres to the roadway
segments.

Figure 6.3 Examples of Raw GP&ta and
Matched GPS Datfitom the Lexington Field Test.
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Overall, there were 1,984 respondent-defined trips that had valid && &l were subjected to
the map-matching analyses . Of thels®21 (97%) trips were saessfully matched to the
network. 39 of the 63 trip files that could not bataihed to the netwvk (62%) generally had
few valid GPS points in the file (approxately90% had fewer than 20 valid GPS points), and
represented very short distances based on the GPS points that were available (@jgbyoxim
87% had distances less than 0.16 kéoen(0.10mile)).

6.6 Benefit of Having GPS Component

There are two distinct benefits to a survey method which includes a GPS component.

u Data are available that mayovide information on route choice by the respondents.
u Data can be accurately organized by hightuagetional class usage and travel speed.

Route choice behavior is complex and not well understood. Most motiimgiques, when

dealing with route choice decisions, rely on a shortest path method in the absence of more
definitive information. Figure 6.4 provides an example of route choice behavior observed during
the Lexington field test. This set of trips, from a single houselioktrates the complexity of

route choice decisions that may be made on a daily basis. Clearly a shortest path approach does
not capture the travel indicated by these data.

The second distinct difference between using a survey method which includes GPS compared to
self-reporting with a telephone interview is thalizgtion of different classes of roads and travel
speeds are available. Traffic counts provide information along specific routes, days and times,
but have no corresponding information to vehicle occupancy and trip purpose. Having the
elements of trip purpose, occupancy, together with route choice and travel speed, would provide
planners with information that could be used in evaluating management systems, designing
intelligent tranportation systems, andidressing other issues. In the 1990 Nationwide Personal
Transportation @vey (NPTS), respondents were asked to identify the numimeitesf by

different road types for a specific tfip. This was nearly impossible for most respondents and
resulted in poor ata quality. The following tables show how the vehicle triprimation can be
tabulated across roadwéynctional class.

*The matching analysis considered all tripareis with no restriction on duration or
number of GPS points. Previous discussions (Sections 4 & 5) do not consideoids reith
durations less than one minute or with fewer than 15 valid GPS points.

*Research Triangle Institute. “1990 Nationwide Personal Tratagjuor Sirvey, User’s
Guide to the Public Use Tapes.” Appendix E. Report FHWA-PL-92-007, FHWA, U.S.
Department of Transportat, 1991.
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Table 6.1 presents an overall breakdown of the travel in the Lexingtarselt by highway
functional clasS. In addition to overall miles traveled, the travel distribution is Soowre
AM and PM peak travel periods in the Lexington area.

Table 6.2 presents a breakdown of travel for specific trip purposes as a function of highway

functional class. Table 6.3 present travel speeds by highway functional class, including separate
breakdowns for the AM and PM peak travel periods.

Table 6.1 Breakdown of Travel by Highway Functional ClassTamé of Day.

Highway % of Highway Miles AM Peak PM Peak

Functional Class Miles Traveled 7-9am 4-6pm Off Peak
Freeway 4.27% 2.87% 0.67% 2.69% 3.36%
Arterial Highway 2.01% 10.45%  16.79%  10.65% 9.03%
Major Arterial 7.19% 32.78%  29.10%  31.29%  33.97%
Minor Arterial 16.91% 29.54% 30.76% 28.15% 29.64%
Collector 8.31% 8.85% 8.33% 9.64% 8.729
Local thru-street 61.30% 1550% 14.31%  17.52%  15.2{%

6.7 Summary

The ability to use map-atching techniques to traosm the cokected GPS data into tipeoper
network link segments expands the usefulness of thectedl data. Data summaries can be
generated by highwawnctional class or other function that may be contained in the database.
GPS data accuracy and data stream continuity greriant contributors to the success of the
map-matching algorithms. The morepiontant of these is to have a continuous stream of
position points, preferably at one-second intervals.

A second issue raled to the map analysis is the paggiof detectingundeclared trips among

the data. Arundeclared trip may be represented by a long dwell time in the data stream,
indicating the vehicle is stationa but the respondent has not rattied a stophrough user

input. A second type of undeclared trip could be represented by a large discontinuity in the
mapped route. In these cases, the start of a trip would be some distance from the end of the
previous trip, indicating that the gandent forgot (or refused) to enter the proper trip
information. An autonomous device (requiring no user auian) may resolve those trips

*The highway functional class designators in the tables are derived direntlyhe base
files used in the study, and are netassarily equivalent to the official FHWA highway
functional class designators.
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where the respondent forgot to enter pro@adbut the otharmndeclared trip issues are still to
be examined.

Table 6.2 Breakdown of Travel by Highway Functional Class and Trip Purpose.

Highway Trip Purpose(a)

Functional Class To Work To Social or To EatOut  Tch8pping
Place Recreational Activity

Freeway 4.0% 3.4% 0.0% 2.0%

Arterial Highway 18.0% 7.8% 13.9% 7.7%

Major Arterial 33.0% 39.1% 33.0% 36.0%

Minor Arterial 27.0% 28.7% 29.2% 30.4%

Collector 8.0% 7.1% 8.1% 9.1%

Local thru-street 10.0% 13.8% 15.8% 14.9%

(a) Trip purpose breakdown includes only trips t@ativity. Retrn trips are not included.

Table 6.3 Breakdown of Travel Speed by Highway
Functional Class and Time of Day.

Average Speed (MPH)

Highway )
Functional Class Mon-Fri  AM Peak  PM Peak

all times 7-9am 4-6pm
Freeway 57.3 54.0 56.6
Arterial Highway 49.0 53.7 49.7
Major Arterial 27.3 33.7 27.0
Minor Arterial 24.3 23.6 24.9
Collector 21.0 19.7 21.5
Local thru-street 12.7 14.1 14.1




7. Respondent Attitude Data

As a part of the post-usage interview, the household respondents were queried about their
experiences when installing and learning to use #éte dollection device, their experiences in
using the instructional materials and data collection equipment, and specific corterndhs
type of data collectionffort. These query areas were all cooithd as a part of the post-usage
interview foreachhousehold, after the travedaall portion of the interview was corepéd.
Appendix B of this report contains all questionnaires used during the field test.

The post-usage questions were asked of everyone that had driven the equipped vehicle on the
recall day. Within the 100 households, six had two people who had both driven the equipped
vehicle on the recall day. All 106 individuals who had driven an equipped vehicle até#tle r

day participated in the post-usage interviews.

The objectives of these questions focused on issues related tof-esseof the dta collection

device, both at installation and for day-to-day use, the respondents’ general impressions about
the device and preferences versus other data collection techniques, and any fears or concerns
that the respondents expressed witheespo using the device. These areas are pbitant for
deciding if this type of data collection device might be feas$drléuture, more wide-spread use

to supplement existingadia collection techniques.

The results of these respondattitude queries are discussed in the following sections.

7.1 Installation of the Data Cdlection Equipment

An important issue in using the data collection equipment is tiigy alf the repondent to

install the equipment properly without the assistancete€lanician. The design of the
equipment was focused on easy installation, and boillustnated, written guide and an
instructional video tape were provided to the respondents to assist in the installation process.
Respondents could also call the piij“hotline” (operated by the MPO) if they were having
problems.

This series of questions in the post-usage interview focused on the installation process and the
instructions that were provided to assist the respondent in the installation process.



Question B1.

Did you yourself install the GPS device?
A. Who installed the device for you?
B. Why did you not install the device yourself?

GPS device installed by... Male FemaJIe 18-24 25-49 50464 65+
Self 47 37 25 33 14 12
Household Member 5 14 2 9 5 3
Other 0 3 0 0 1 2

Most respondents (approxately 80%) installed the GPS equipment themselves. Males were
more likely (90%) to have installed the equipment themselves than females (69%). For both
males and females, assistance was generally provided by another household member. Overall,
members of the householdscounted for 97% of the equipment installations.

Of the respondents that did not install the equipment themselves, only four or five expressed

reluctance or somgoubt about insting the equipment. Two resndents indiated some
degree of physically disdity and thus needed some assistance with the installatlost

responses to question Bl&ted that a husbd, brother, or grandson wanted to install the
device and the respondents simply did not decline the assistance.

Question B2. Which of the following installation instructions did yalizatwhen
installing the GPS device injmur vehicle?
Instruction... Male Female 18-24 25-49 50-64 65+
Written Guide 33 23 13 22 10 11
Video 35 23 19 21 12 7
Hotline 3 1 1 1 1 1
In-person Help 0 1 0 0 0 1
Other 1 0 0 1 0 0

As expected, both the written instructions and instructional video were used exte(@&9&)yin
the installation process, with responses about evenly split between tiie& wistructions and



the instructional video. Younger respondents were more likely to have used the instructional
video tape, and older respondénts were more likely to have used tiiea wstructions.

Question B3. Which installation instructions did you consult first?

Instruction... Male Female 18-24 25-49 50-6 65+
Written Guide 10 8 4 6 4 4
Video 13 3 4 5 4 3

Responses were also evenly split between thigenrinstructions and the instructional video

among those respondents that used more than one instructateahivin the installation

process. Within this group, males were more likely to have first used the instructional video, and
females were more likely to have first used the written instructions. First usage was evenly split
across the age groups in this study.

Question B4. Which installation instructions did you find most helpful?

Instruction... Male Female 18-24 25-49 50-6 65+
Written Guide 5 6 2 2 3 4
Video 17 4 6 9 4 2

Again, males preferred the instructional video and females preferred the written instructions,
however the instructional video was preferred by a larger margin than the first usage question
addressed above. Also, there appear to be differences across the age groups. The youngest age
groups clearly preferred the instructional video by a margin of almost 4 to 1, however the oldest
group preferred the witen instructions byl@out a 2 to 1 margin.

'Many respondents inclited that they used both of the instructional materials in the
installation process.
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Question B5. How clear were the installation instructions in the written guide? Woyld

you say very clear, somewhat clear, somewhat unclear, or very unclear?
Written Guide... Male Female 18-24 25-49 50-64 65+
Very Clear 26 19 11 13 10 11
Somewhat Clear 7 4 2 9 0 0
Somewhat Unclear 0 0 0 0 0 0
Very Unclear 0 0 0 0 0 0

Users of the written instructions generally agreed that the written instructions were very clear
(80%), however the 25-49 age group was less enthusiastic with a response of 59% very clear and

41% somewhat clear.

Question B6. Do you strongly agree, agree, disagree, or strongly disagree with the
following statement? The written instructions alone wefécgent to allow
me to successfully install the GPS device.

Written Guide sfficient?... Male Female 18-24 25-49 50-64 654

Strongly Agree 19 15 9 11 6 8

Agree 14 8 4 11 4 3

Disagree 0 0 0 0 0 0

Strongly Disagree 0 0 0 0 0 0

While a large proportion of the wien instruction userfibught the instructions were very clear,
a smaller proportion expressed strong agreement that tttenaristructions alone were
sufficient to install the GPS equipment. Approabely61% of these users strongly agreed, and
the remaining users agreed with the statement. The oldestoage(g3%) and the youngest age
group (69%) were the strongest supporters of thigamrinstructions. None of the users of the
written instructions disagreed with the statement in QueBiion



Question B7. How clear were the installation instructions in the video tape? Would you
say very clear, somewhat clear, somewhat unclear, or very unclear?

Video Tape... Male Female 18-24 25-49 50-64 65+

Very Clear 32 19 17 17 11 6

Somewhat Clear 3 3 2 3 0 1

Somewhat Unclear 0 1 0 1 0 0

Very Unclear 0 0 0 0 0 0

Users of the instructional video agreed that the instructional video was very clear (88%). All age
groups responded withemter thar80% of the responses being “very clear”. Only one female in

the 25-49 age groupted the instructional video as “somewhat unclear”.

Question B8. Do you strongly agree, agree, disagree, or strongly disagree with the
following statement? The video tape alone wdBcsent to allow me to
successfully install the GPS device.

Video Tape... Male Female 18-24 25-49 50-64 65+

Strongly Agree 26 14 12 16 8 4

Agree 9 4 7 3 1 2

Disagree 0 5 0 2 2 1

Strongly Disagree 0 0 0 0 0 0

Users of the instructional video remained confident that the instructional video was sufficient for
the installation with an overall response of 70% strongly agree, 22% agree, and 8% disagree.

The middle two age groups were the biggest supporters of the instructional video tape with 76%
and 73% “strongly age”. These agergups also had some dissenters with responses of
“disagree” to the laove question. All of the disagree responses were female, spread over all age

groups except the youngest age group (ages 18-24).

Questions B9, B11. Was the hotline staff or the person who came to your home able nl/o
answer you questions clearly? Would you say their answers were |yery

clear, somewhat clear, somewhat unclear, or very unclear?

Questions B10, B12. Do you strongly agree, agree, disagree, or strongly disagree with|the
following statement? The GPS devicagat be installed without
hotline answers or the people coming to your home.
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Few respondents required hotline staff or personal assistance for installation of the GPS

equipment. In all cases, the instructions or answers they received were judged to be very clear,

and all of the respondents disagreed with tagesment that the GP S equipmentmat be

installed without this assistance.

Question B13. Did you experience any problems in limsgethe GPS device?
Problems insténg?... Male Female| 18-24 25-49 50-64 65+
Yes 6 1 2 1 2 2
No 41 36 23 32 12 10

Few problems were experienced when ifistathe GPS equipment. pproximately 92% of the

respondents reported no problems when lingjaghe GPS equipment. Of those that digaet
problems (approxiately8%), all but one were males.

Question B14.

Did you use anyone else’s help to install the device?
A. Who helped you?
B. How did the other (person/people) give you assistance?

C. Could you have installed the device without assistance from otherg?
Help installing?... Male Female 18-24 25-49 50-64 65+
Yes 1 2 1 2 0 0
No 46 35 24 31 14 12

Few of the respondents (4%) had someone help them install the GPS equipmeteivdid
assistance from someone in the household, anthtdidsthat they could have installed the GPS
equipment without assistance from others. The primary assisecwiead was help in
connecting or manipulating the cables and wigmecting the various pieces of equipment.

Question B15. How could the installation process be improved?

Most respondents cormpented the ease of installation avffered no suggestions for improving

the process. Most suggestions received related to making the dadstes so that there would

be less excess cable in the car, or making the cables more flexible so that they would be easier to
manipulate. Also, several mandents suggested mounting the G&®iver inside the

windshield of the vehicle instead of outside onriba.

7.2 Use of the Data Cléection Equipment



This series of questions in the post-usage interview focused on the use of the data collection
equipment and the instructions that were provided to assist the respondent in using the
equipment.

Question C1. Did you ever use the hand-held computer?

All respondents except one used the hand-held computer. No explanation was recorded
explaining the reason for this exception.

Question C2. How did you learn to use the hand-held computer? Did you read the
written guide, watch the videotape, call the hotline, haregct staff teach
you in-person, or did you learn from someone else?

Instruction... Male Female 18-24 25-49 50-6 65+

Written Guide 30 30 12 23 13 12

Video 39 35 20 28 16 10

Hotline 1 0 0 0 0 0

In-person Help 0 2 0 0 0 2

Other 1 1 0 2 0 0

Overall, 53% of the responses credit the instructional video and 43% of the responses credit the
written instructions. The remaining pesises are spread among the hotline and personal
assistance categories. Again, yloeinger respondents were more likely to cite the instructional
video as they learned to use the hand-held computer, and older respondents were more likely to
cite the written instructions.

Question C3. Which instructions did you consult first to learn to use the hand-held
computer?

Instruction... Male Female 18-24 25-49 50-64 65+

Written Guide 12 4 3 6 4 3

Video 8 10 3 1 5 3

Overall, respondents consulted both the instructional video attdmanstructions at
approxinately the same frequency. Males were more likely to consult the written instructions
first, and females were more likely to consult the instructional video first. The age groups
showed about a 50/50 split between thetemi instructions and the instructional video, except



for the 25-49 age group which had a clear preference for consulting ttenvmstructions first

(86%).
Question C4. Which usage instructions did you find most helpful?
Instruction... Male Female 18-24 25-49 50-64 65+
Written Guide 7 6 3 6 1 3
Video 11 8 3 7 7 2

For those respondents that consulted both sets of instructions, the instructional video was

believed to be more helpful to using the hand-held computer by both males (61%) and females
(57%). Only the oldest age group preferred thétewiinstructions, by a 3 to 2 margin.

Question C5. How clear were the usage instructions in the written guide? ydouddy
very clear, somewhat clear, somewhat unclear, or very unclear?
Written Guide... Male Female 18-24 25-49 50-64 65+
Very Clear 22 23 11 16 8 10
Somewhat Clear 8 6 1 6 5 2
Somewhat Unclear 0 1 0 1 0 0
Very Unclear 0 0 0 0 0 0

Of the respondents that used thetten instructions to learn how to use the equipment, 75%

rated the written instructions as very clear 288 gave a rating of somewhat clear. Both males

and females had similar overall pemses. Only one respondeatead the written instructions as
somewhat unclear. The youngest and the oldest age groups appeared to be #wepios to
the written instructions, giving very clear rating9@P6 and 83% reggutively.

Question C6.

Do you strongly agree, agree, disagree, or strongly disagree with the
following statements?
a. The written instructions alone werdfgient to allow me to
successfully learn how to use the hand-held computer
b. The written instructions alone wengfgient to allow me to
successfully teach other drivers how to use threlfteeld computer

Written Guide(C6a)... Male Female 18-24 25-49 50-64 65+
Strongly Agree 20 12 7 12 6 7
Agree 9 16 5 9 6 5
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Disagree 1 2 0 2 1 0

Strongly Disagree 0 0 0 0 0 0

Users of the written instructions gave an ovédat in the strongly agree and agree ratings
when asked if the written instructions alone wericgent for learning how to use the
equipment. However, the strongly agoege@ry received only 3% rating overall, with
females being noticeably lower than males with ord% strongly agree rating. Overall, 5% of
the respondents disagreed with ttegement. Thgoungest and the oldest age groups again
appeared to be the most receptive to the written instructions, with doegbsgiving strongly
agree ratings of 58%.

Responses were slightly more favorable when respondents were asked iftéeimsiructions
alone were sufficient for them teach other drivers how to use the equipment, with an overall
strongly agree rating of 57%.

Question C7. How clear were the usage instructions in the video tape? Would yod say
very clear, somewhat clear, somewhat unclear, or very unclear?

Video Tape... Male Female 18-24 25-49 50-64 65+

Very Clear 34 25 17 18 15 9

Somewhat Clear 5 10 3 10 1 1

Somewhat Unclear 0 0 0 0 0 0

Very Unclear 0 0 0 0 0 0

Of the respondents that used the instructional video to learn how to use the equipment, 80%
rated the instructional video as very clear 80é gave a rating of somewhat clear. Madsa

the instructional video more favorably than females with a very clear rating or 87%. No
respondentsated the instructional video less than somewhat clear. Among thecags,gonly

the 25-49 age group gave the instructional video a very clear rating of less than 85%, with a
rating of 64%.

Question C8. Do you strongly agree, agree, disagree, or strongly disagree with the

following statements?

a. The video tape alone was sufficient to allow me tzassfully learn
how to use the hand-held computer

b. The video tape alone was sufficient to allow me tweasfully teach

other drivers how to use the hand-held computer

18-24 25-49

Video Tape (C8a)... Male Female 50-64 65+




Strongly Agree 30 22 13 21 11 7
Agree 8 8 6 5 2 3
Disagree 1 4 1 1 3 0
Strongly Disagree 0 1 0 1 0 0

Users of the instructional video gave an overall 92% in the strongly agree and agree ratings when
asked if the instructional video alone was sufficient for learning how to use the equipment. The
strongly agreeate@ry received &0% rating overall, with females being lower than males with

a 63% strongly agree rating. Overall, 8% of the respondents disagreed or strongly disagreed with
the statement. The three oldest agrigs appeared to be the masteptive to the instructional

video, giving strongly agree ratings of 69% to 75%.

Responses were slightly less favorable when respondents were asked if the instructional video
alone was sufficient for them teach other drivers how to use the equipment, with an overall
strongly agree rating of 68%.

Questions C9, C11. Were the hotline staff or the person who came to your home ablg to
clearly answer your questions about using the hand-held computer?
Would you say their answers were very clear, somewhat clear,

somewhat unclear, or very unclear?

Questions C10, C12. Do you strongly agree, agree, disagree, or strongly disagree withjthe
following statement? The hd-held computer cannot be used eotly
without hotline advice or without people coming to your home.

Few respondents required hotline staff or personal assistance to learn how to use the GPS
equipment. In all cases, the instructions or answers they received were judged to be very clear or
somewhat clear, and all but one of the respondents disagreed witatémesnt that the GPS
equipment cannot be installed without this assistance. This single respondent agreed with the
statement that the equipmennoat be used ccectly without people coming to your home.

Question C13. Overall, how easy was it for you to use the hand-held computerdmm(ta
ult orjvery

trip? Would you say very easy, somewhat easy, somewhat diffic

difficult?
Use beforeeach trip?... Male Female 18-24 25-49 50-64 65+
Very Easy 39 36 26 30 13 6
Somewhat Easy 10 17 1 11 6 9




Somewhat Difficult

0

0

0

1

Very Difficult

0

0

0

0

Overall, over 97% of the respondents said it was very easy or somewhat easy to use the hand-
held computer beforeach trip. Younger people were more likely to find the hand-held
computer easier to use than older people. Three males, one 50-64 age and two &&tedge, s
was somewhat difficult or very difficult to use the hand-held computer beéarie trip.

Question C14.

How often were you able to enter tafadnto the had-held computer?
Would you say all the time, most of the time, some of the time, almost
never or never at all?

Enter data... Male Female 18-24 25-4D 50-64 65
All the Time 35 34 16 28 14 11
Most of the Time 17 17 11 12 6 5
Some of the Time 0 2 0 1 0 1
Almost Never or Never 0 0 0 0 0 0

Over 65% of the respondents reported that they enteredatapad of the time, andoaut 32%

reported entering trip data most of the time. Overafloases were consistent for males and
females, and generally consistent across age groups. The age group 50-64 gave the highest
response of 70% for reporting trigta all the time.

Question C15.

How much time was needed, on averageatarethtry bfore each trip?

Figure 7.1 shows the cumulative distribution of the time required to igtaticko the had-held

computer at the start of a trip. Approxtely 74% of the respondents reported that entering trip
information took 1.0 minute or less per trip, and over 95% reported 2 minutes or less.

Question C16.

How easy was it for you to read the screen on the hand-held compu{ller?
Would you say very easy, somewhat easy, somewhat difficult or very

5+

difficult?
Read the Screen?... Male Female 18-24 25-49 50164 6
Very Easy 31 26 24 19 8 6
Somewhat Easy 15 22 3 17 8 9
Somewhat Difficult 4 5 0 5 3 1




Very Difficult 2 0 0 0 1 1

Almost 90% of the respondents reported that it was very easy or somewhat easy to read the
screen on the hand-held computer. However, only the youngest age group had no responses that
indicated some difficulty in reading the screen. Difficulties associated with reading the screen
increased with age group, with the oldest age group (65+) reporting only 35% “very easy” and
approxinately12% in the “somewhat difficult” or “very difficult” responsategories.

Question C17.  What problems did you have in using the hand-held computer?

Anecdotal data collectedlrring the post usage interviews icalie that reading the screen on the
hand-held computer was an operating issue. The very smooth, liquid crystal display (LCD)
screen has a back light and an adjustable contrast control. However, ambient lighting conditions,
viewing angle, temperature of the screen, and glare conditions made the screen hard to read
without frequent adjustment of the screen contrast control. The screen contrast often needed
adjustment after only a short trip. This frequent need to adjust screen contrast was cited as the
single largest operating problem in the field test.

A second operating issue ag#s to the menu choices available to thpaoedent. Several
respondents indated that they were unsure which options to séegarticular situations,
leading to confusion when seltingfrom the menu choices.

Software anomalies also occurred from time to timeating onfusion in specific cases. Where
possible, those devices were replaced in the field until the software could be replaced. Examples

More than
Z minutes

1 minute to 2
minutes

Less than
1 minute

Figure 7.1 EstimtedTime Required tonput Trip Data
for One Trip
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of software anomalies that appeared during the field test include the following.

u In one instance, the names associated with a previous user appeared in the place of the
current user’s household names in the menus. At some point during the previous user’s
time with the device, the software had been copied into the “permanent” memory of the
device from the “temporary” memory assateid with the PCMCIA aa. Once this
occurred, the software copy in “permanent” memory @tety “ovarode” the PCMCIA
software and became thenctioning copy of the software on the device, containing the
household names of the previous user. Investigation revealed that the Magic Link®
operating system was occasionalbpging the software to the “permanent” memory.

u In several cases, the household names disappeared from the menus leaving “other” as the
only selectiorfor the driver and other household members. A specific cause for this
occurrence was not identified, however reprograng thehousehold names appeared to
solve this anomaly.

u Some user selections were lfreim the ditabase because the previous choice (as
indicated by a highlight on the screen) was not “remembered”. A specific foaisis
occurrence was not identified. This occurrence was probably transparent to the users,
however it resulted in blanks in data fields when itusced. For example, a trip record
may have a blank for the driver field, even though the ap@tepdriver name was
highlighted on the selection screen.

= In one case the device would not turn on. This conditionattabuted to a complete
drain of the device’s internal battery because the voftage the vehicle cigatte
lighter was too low to maintain the battery charge (eifttan a weak httery or an
inadequate wiring@nnecton). This device was regated in the field. Once the battery
was recharged, there was no indication of a contiruialglem.

In a few cases, cabling was cited as being cumbersome. Some participants removed the
equipment from their vehicles overnight to avoid theft, however they did not cite this as a
problem.

Question C18. Did anyone else help you to use the hand-held computer?
A. Who helped you?
B. How did the other (person/people) give you assistance?
C. Could you have used the hand-held computer without assistance ffom

others?
Did anyone help?... Male Female 18-24 25-49 50-64 65+
Yes 11 12 7 10 3 3
No 41 41 20 31 17 14




Approximately 22% of respondents reported that someone helped them use the hand-held
computer. Males and females both received some bplpamately22% of the time. The
younger two age groups were about 10% more likelgeeive this kind of help. All of the
assistance is reported to be from other household members and friends who generally were
passengers in the vehicle. Assistance was usually enteringtaijinto the had-held computer
or reading the screen for the driver. All but two of the respondentatedi that they could

have used the hand-held computer without assistance from others in the vehicle.

Question C19.  Was the use of the hand-held computer easier or harder than you tHl[)ught it

would be?

A. In what ways was it harder?
Easier or harder?... Male Female 18-24 25-49 50-p4 65+
Easier 31 40 22 27 14 8
Harder 3 4 1 2 1 3
About as expcted 18 9 4 12 5 6

Overall, approxirately 7% of the rgondents reported the hand-held computer to be harder to
operate than they expected, compared with alB®%t that reported that it was easier than they
had expected. Thgungest age group most frequentyed the had-held computer easier than
expected82%), while the oldest age group represented the opposite end oétheisp with

only 47% in the “easiertate@ry and nearly 18% in the “hardecate@ry.

Question C20.  Were thereaasions, such as quick trips or why@u were runninggte,

when you did not have time to input triptd?

Did not have time?... Male Female 18-24 25-49 50-64 65+
Yes 15 18 15 14 2 2
No 36 33 11 26 17 15

Approximately one-third of the r@®ndents reportedcoasions when they did naotput trip data.
These rates weréaut the same for both males and females. However, the younger age groups
were much more likely to skip the data eninder these conditions. Nearly 58% of the

youngest age group (18-24) reported skipping scame, dnd pproximately 35% of the 25-49

age group reported skipping sonaa The older two ageaups were more reliable, with only

10% to 12% of their age groups reporting skippathd

Question C21.  Would you have preferred keeping #iemriog of driving instead of using

the hand-held computer?
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Written diary instead?... Male Female 18-24 25-49 50-64 65+
Yes 7 4 4 1 2 4
No 45 49 23 40 18 13

Nearly 82% of males and 93% of females did not favor keepingtemdriving log or diary
over using the hand-held computer.

Question C22.

Would you beilling to use this device again in a similangdy?
A. Why would you not use it again?

Use again?... Male Female 18-24 25-4 50-64 65
Yes 50 53 26 41 20 16
No 2 0 1 0 0 1

Only 2 of the 105 respondents iodied that they would not bellmg to use the had-held

computer again in similaronditions. One of the respondents reported that a physical handicap

made the device inconvenient to use and thus they would choose not toataraggin. The

other declining respondent reported that they had become annoyed with the device by the end of

their usage period and would likely not participate again.

Question C23.  While you were driving the vehicle, how much of aadistn was created
by having the device in use? Would you sayeagdeal, some, very little
or no distraction at all?

Distraction?... Male Female 18-24 25-49 50-64 65+

Great Deal 0 0 0 0 0 0

Some 2 2 1 2 1 0

Very Little 9 10 8 6 5 0

None 41 42 18 34 14 17

Approximately 78% of the respondents reported no driving dadion while using the device and

an additional 18% reported “very little” diattion. These responsates are @proximately the

same for both males and females. These respatesevaried some across ageups, however
no age group had over 5% response in the “somedligin” categry, and no responses were
received in the “great deal” of distraction while driving.



Question C24. Did you change your driving habits in any veahse the device was in
the vehicle?

A. In what way did your driving change?

Only one individual reported a change in driving habits while using the device. This change was
described as cutting out some short tripsduse they did not wish to enter the data.

Question C25. In what way could we improve the device and its usage? Please corjsider
the hand-held computer, the menus that appeared on the screens, th

satellite receiver, the instructions and the help that was available.

\14

While many respondents offered no suggestions for improving the equipment, many did offer
suggestions that generally fall into three areas.

(1) Many respondents reported the cabling aasediwith the equipment to be excessive and
somewhat difficult to deal with. Most suggested shorter cables, or perhaps a wireless connection
between the GPS receiver and thadvaeld computer.

(2) Many respondents were uncomfortable with the mounting options for the equipment. Many
preferred that the GPS receiver beumted inside the car rather than outside on the roof. The
hand-held computer also caused some concern as it generally lay loose on tleafrohtie

vehicle. Some respondents suggested Velcro or suction cup mounts to the dashboard as a means
to secure the equipment.

(3) A variety of suggestions werecaeived regarding the menus or chopes/ided in the
software. Some felt that the proper choices weren’t available or that¢ctmsed that were
available were too vague and confusing. One or two respondents suggestetl cuegrom
the computer and voice recording caipigtso that the driver could simplyete the required
information.

7.3 General Corerns and Issues

This series of questions in the post-usage interview focused on the possible safety and security
concerns of the respondents during tatadollection phase of the field test.

Question D1. Did you have any personal concerns about having your vehicle's momement
recorded by the device?

Personal concerns?... Male Female 18-24 25-49 50:64 5+

Yes 2 5 0 5 1 1

No 50 49 27 37 19 16




Overall, less than 7% of the respondents expressed concerns about recording their vehicle’s
movements. More females than males expressed these concerns, and apgly®@%b of the

25-49 age group expressed concerns. The anecdotal resporgsdhthat these concerns

focused chiefly on personal privacy issues and whether or not the device could be used to reveal
when the respondents were not at home.

Question D2. Do you have any concerns about the governmesdtewll personal trave
data?

Concerns over data?... Male Female 18-24 25-49 50-64 65+

Yes 2 3 0 4 1 0

No 50 51 27 38 19 17

Overall, less than 5% of the respondents expressed concerns about the goverreaéngcoll
personal travel data. Females and malpsessed these concerns at appraxety the same
rate, and pproximately 9.5% of the 25-49 age group expressed concerns, the laaygirfr
among the age groups. The anecdotal responseatedithat these concerns were exclusively

focused on personal privacy issues, generally described as an uncomfortable feeling associated
with knowing that your movements were being recorded.

Question D3. Did you have any concerns about the safety of your vehicle while the
device was installed?

Concerns over safety?... Male Female 18-24 25-49 50164 b+

Yes 13 15 8 8 5 7

No 39 39 19 34 15 10

Over a quarter of the respondents expressed concerns about the safety of their vehicle while the
equipment was installed. Overall, rates xgiressing these concerns were consistent between

males and females, and among age groups, the oldest age groups had theateghieabut

41%. Segregating the responses by age and sex, males in the youngest two age groups were the
most frequent to express safety concerns, and females in the oldest two age groups were the most
frequent to express safety concerns.

The anecdotal responses ratied that the majority of the concerns related to the potential for
someone breaking into the car and stealing the equipment. Many respondents report that they
took measures to counter this concern, such as removing the equipment from the vehicle at night
or being careful to hide the hand-held computer when it was in the vehicle. Several respondents
also expressed concerns about the equipment draining the vehattely alhough no reports

related to this issue were receivduting the field test.
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8. Summary and Conclusions

The overall objectives of this reseaqiogram focused on three areas.

u Technology Develop a method and hardware to inkgGPS tdtnology with
self-reported travel behavior to improve travel behavaiad

u Advantages & Disadvantage®ocument the differences between self-reported
travel and GPS recorded travel and document the pros and cegshofmdtod.

u Future Potential Determine the potenti&r using GP$echnology with
regional and national travel behavior surveys, with particular regard tctiubj
responses to privacy.

Progress towards these objectives is described below.

8.1 Technology

Using GPS technology with small hand-held computers is a functional reality. Small, relatively
light-weight, and relatively inexpensive equipment can be delivered to respondents for self-
installation and use. The touch screen interface was easy to us&rgveople over age 65.

The general public is responsive to tt@shnology and is iling to participate in multi-day

surveys, given a financial incentive. Theghnology seems particularly suited for use in private
vehicle surveys where the equipment must be very portable.

Absolute GPS data, by itself, appearffisient to plot most trips on the roadway network. Also,
matching the GPS data to the roadway oekvcan be done sufficiently without a positionally
accurate geographic base file. That is, map matching is possible, using only the TIGER/Line files
available from the U.S. Census Bureau, although errors in some roads would be more likely in
areas with parallel roads in close proity.

Using differential correctin, or GPS with additional equipment (such as gyroscopes or dead-
reckoning), can provide additionatcuracy and information for additional cost. These
techniques may be needed to accurately track vehiclebam canyons and in dense tree cover
where absolute GPS technology alone may not be sufficeeatuse the GPS signals are
reflected or obscured.

8.2 Advantages & Disadvantages

The results have demonstrated that computer-assisted self-interviewing (CASI) combined with
GPS technology can improve the quality atafrom household travel surveys.e&ause the

machine is tracking the start and end times, and the aotiiak traveled, the respondent is no
longer responsible for reporting these items. In particular, the reporting of destination addresses
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is long and time consuming, and often frustrating for the respondent. The frustration may be
because the rpendent does not know actual @dress and may get to their destination using
landmarks, or because the f@lene interviewer cannot cewtly spell or type in the street name.

In addition, the time taken for the respondent to begth trip using this ténology is about 1
minute. One minute of data entry time per trip, or five or six minutes of data entry time per day
(assuming five or six trips per day) are not perceived to be as burdensome as spending 20
minutes on the telephone in one session to report one day'’s travel. This approach also helps
eliminate theburden of the telephone interviewer tacting the rgzondents at a time that is not
convenient for the respondent.

An ancillary obgctive was to identify the oacrence of missing (unreported) trips and therefore
reduce the number of missing trips in the trip datandc A missing trip is generally described as
a brief stop at the dry cleaner or the video store that is reported under a longer trip such as
“return home”.

In the field test, the respondent was required to turn the equipmeachrtime they began a

trip. If the respondent failed to turn the equipment on (either detdgror inadverteng), then

no trip was recorded, and thatd reord thus contains a gap in the positional information that

was recorded. However, when the equipment was on and the respondent made an intermediate
stop, the time and positional record eefis those stops hiugh there is no trip purpose assigned

to the activity.

Thus the attempt to identifynreported trips remains incorepg. The equipment must activate
automatically when the engine is operating to accomplish this objective. The machine can then
collect time and position data, even if thep@sdent does natctively communicate with the

device. The equipment is currently being modified for a taatkity survey to opeate in this

mode.

This CASI approach not only improves the quality afadthat is traditionally collected using
self-reported methods, such as paper diaries and telephone or mail-back retrieval, but
information which was previously nearly impossible to obtain can beatetifor routine
analysis. For example, in the 1990 NPTS telephone interviews, one ¢dglofegondent was
selected and the ngsndent was asked to estite how manyniles were traveled on what type
of roadway (i.e., interstate, major arterial, coliectocal road). Previous efforts to et this
type of information included asking respondents to draw theictlroutes on paper maps.
Route choice information is easily available using GPS/GIS components.

Neither of these methods captuaesurate travel departure time or travel speed. Travel
departure times and speed are easily available using a GPS componenteddsselihe
surveys can cover multiple days versus the single-day telephone interviewijityablolay, by
day of week, and departure time can be studied.



Table 8.1 compares the traditional telephone survey method with the potential resources
available from the CASI approach described in this report. The advantages for travel data

collection are clear. Data values that must be estimated irphdele interview can be recorded
more precisely in a CASI survey. Als@td values that are not accessible vigtedae

interviews can be collected using GPS and GIS techniques.

Table 8.1. Comparison of Traditional Telephone Survey with GPS/PTS Survey

Data Item Traditional Tefghone Survey| GPS/PTS Survey (CASI)
Trip start & end times Estimated Machine oeted
Trip distance Estimated Calculabitem GPS trace

Link distances from GIS

Route choice

Modeled “shortest path”

Actual path from GPS tra

)
D

Origin/destination

Recalled streatdress or
intersection

GPS point
Aldress/link mtchfrom GIS

Travel speed

Not available

Available from GPS
Speed by link from GIS

Functional class

Not available

Avalilable by link from GIS

8.3 Future Potential

This was a successful “proof of concept” i} Alrealy, other pragcts in the field, and in the
planning stages, have built on this paijs experience. In particular, use of GPS withdiheld
computers is gaining much wider acceptance in the field.

This approach for travelda collection has significant potentiat future appltation in travel
surveys. Although envisioned primarily as a supplement to traditional survey methods, the data
from CASI surveys il provide insights that help shape the traditional methods, thus improving

the overall process. This potential, demonstrated in the Lexington field legtpw as the
hardware and software tools continue to mature.

The greatest need in hardware advances in the near fuliuve better standardization of hand-

held computer operating systems and GPS PCMCIA units. The operating system used in this
project is implemented on only onerftkheld unit currently in production. Improved
standardization and continued proliferation of hand-held computers and their operating systems
will make thesdechniques available to a wider range of users at lower costs.

The GPS receiver used in the field test transmits in NNE&3 ASCII format, and in a
Garmin® propretary format. Other GPS mamwturers typically have their own progtary
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formats as well. These progtary formats, and the difference computer operating systems,

make it difficult for software developers to establish programs that work across a variety of GPS
hardware. Also, newer GPS receivers, such as those using PCMGiwlgy, may reduce the

bulk of the equipment without sacrificing performance. Theseivers were excluddobm this

field test because the power requirements were not compatible withnithdnélal computer.

Because the trapsrtation ndustry is just now seeing the value of GPS in tranapon

projects, there is little software availalde autonated posprocessing of ata. Typically, for
transportation applications, map matching of GPS points to a roadwagrketauld be a

critical first step. The map-matching software used in this analysis of field test détairsistr
development, and several revisions were required to achieve the results shown here and to
transport those results between software tools, such as a GIS. In general, more effort is needed
to mesh the needs of transportation data users into the GPS apieb@l&ts that are available.

Visibility of the screen, or any user intacke, must be arsing consideration in future
applications. Screen contrast caused some difficulties in this field test, however this was not
overwhelmingproblem for the respondents. Vility and ease of use are kegctors in the
respondent inteaice. In addition to a touch screen eifitnynat, ease of use also refers to the
types of questions asked and the choices that respondents haeettiosal Some respondents
admitted to onfusion over how to respond during this field test, underling the importance of
properly framed response sets in order to retrieve meaniregful d

The equipment, although coang, could be imroved to further enhance its usefulness in this
type of applicabn. Excess cabling, a frequent suggestion for improvement, can be reduced,
especially if the antenna for the GRSeiver can bbrought inside the vehicle andlstliably
produce results. Although the field test equipment surviviedtinequipment that iswstier, or
hardened for field use, would beaessary for large-scale deployment.

Some people have suggested that the novelty of using a small computer adittéed b
participation and cooperation in the Lexington, KY survey, and that as hand-held computers
became more common placellimgness to participte would decline. However, if computers
can make the surveys less burdensome, then even if a novetty dilappears, therbauld still

be significant improvements to responates and iprovements in dta quality.

In addition, not only are the size and weight of hand-held computers declining, but so are the
prices. While the equipment costs for the Lexington, KY study were ap@atetits1400 per

unit, approxinately equivalent equipment one year later castaia$800. These changes in

size, weight, and cost suggest that this type of equipment can be used for more than just vehicle-
based surveys. When the total weight can be less than 0.5 Ibs (225 grajtanddperating
capabilities are extended, then walk, bike, and transit trips might belescas well as private

vehicle trips.



