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EXECUTIVE SUMMARY

This executive summary presents the highlights of an independent evaluation of the Puget Sound
Emergency Response Operational Test (PuSHMe), a test of regional in-vehicle mayday systems.
The PuSHMe project was a joint effort by government, private industry and academia to implement
and test two systems, one from Motorola and the other from XYPOINT, that allowed test groups
of drivers to signal a need for in-vehicle emergency assistance to a monitored response center.
Evaluation was performed in four areas: (1) system performance, (2) usability, (3) market analysis
and (4) institutional issues.

SYSTEM PERFORMANCE

There were three types of performance tests: (1) User Group Deployment, (2) Simulated Service
Delivery, and (3) Specific Feature Tests.

USER GROUP DEPLOYMENT

The user group deployment test included over 5,000 trials conducted between November 1995 and
May 1996 that produced analyzable data; nearly two thirds of these were trials of the XYPOINT
system. There was a 70.5% success rate of all trials (88% successful or probably successful for
Motorola, 66% successful or probably successful for XYPOINT). Given various test limitations
and the state of infrastructure and operations deployment, it was concluded that these systems
could approach 100% successful operation in a true market deployment.

In terms of "response time" (time to answer and exchange basic information), the vast majority of
calls were handled within two minutes and almost no calls took longer than five minutes. These
rapid response times demonstrated a potential to facilitate emergency response to on-road incidents.

SIMULATED SERVICE DELIVERY
The Simulated Service Delivery Test incorporated simulated dispatch and delivery of emergency
services. This test allowed us to evaluate (1) time to dispatch and (2) quality of information.

For time to dispatch, it was not surprising that it took about twice as long, approximately twelve
minutes, for a text-based system (X YPOINT) to exchange pre-dispatch information between
volunteer and response center operator than a voice-based system (Motorola). For both systems,
- the information exchange between user and response center operator (approximately four minutes

PuSHMe Evaluation - September 11, 1997 1



Y L661 ‘IT 42quadag - uonomipag IWHSNJ

"SUQONINASQO PRIYIIAO Y1 SUONTPUOD UL SON[NOYJIP
Paousiadxa swaisAs 1oq ‘paroadxs se eyl PAULIUOD am 153) douardpau sryderdodor sy woxg

"[Iom AKBUOSBI SI[OTYIA
Suraow youn 0} 9[qe a1om SWASAS SWHSNJ YI0q Jeil PIUTES] oM 1S3 S[OTYIA SUTACUI S THOL]

"3[1eag Ul $101819d0 S [[om S A[TRoU SISALID 9[1BaS WOLj
S[Teo Aoua3aurs S[puey Pnoo XTua0yd Ut sI0)eIado Jey) paures) om 1531 J01e1ado JOTISI ) WaL]

's{reo paddoip appuey Ajzadosd 0y parmbas sampaoord ays g serruey

are s1o1exado yeys amsus o) Suturen 10jexado o1 pred aq 3snw uonuane (7) pue ‘sqres peddorp jo
Sumpurey 191199 S[qEUS O} PALTPO 9q 03 SPAAU I JT SUTULEIAP 0F PAEN[EASAI 3] PINOYS UOHEISIIOM
I21u20 2suodsax ays Jo dovyIUT 91 () :TBY) PUIes] 9M “159) JaLue,) paddor( o woL]

"UOTIEI0] UMOUY 13 JO JJO SIOW

08 UBY) 2100 STELN [BIIAIS YIM SUOHEOIO] JISIINO,, JO Iaquunu 9318 A[2Ane[aI € paonpoid walsks
INIOdAX 241 (T) pue 9531 SWHSN 391 Jo 1red 1o [Te 10] Sutuonouny jou Ajqeqoid sem waisAs
B[OJOIOIN 21 JOJ UOTIILIOD [ENUAIJIP () 18U} PAILIE] OSTE om ‘ISAIMO "S301AISs Kousdiows

Jo Ar2arap o jo woddns ur mydjoy oq pinom sasD JSOW UL JEY} SUOREBIO] IR ALIIe)

‘a[qeryoI AjIrej paonpoid swaisAs SWHSNJ Y20q Byl PILLIBI] 3M 153) O10ads Uoneso] oY) mIOL]

"SWIISAS 31 Jo s10adse oy10ads paren[eA? 0] PAJOTPUOD 1M $153] JO SILSS
SLSAL FANLVIAA JIAIDAdS

"ST[eO 116 TR0 WHOIJ SAIIAL APUSLMD A3 YoTym 12Y) S JWes oY) Jnoqe

3q 01 PIAT0AI A3 UOTIBULIOFUT UOTEOO] PUR JUIpPIout oyl Jo Alrenb o punoy s1opiaod 291Az0s

Pue S13y21edSIp 91 YIOq “I9AIMOY] “I1RINO0R AIDA 0F A]QEUOSEAI UCHEULIOJUI UOTEIO] 1) PUE
[My3sn UONEULICIUT IUIPIOUT 91 PUNoy sIspiaoid ao1a1as pue srayoredsip ‘vonrpuwiojur jo Aienb 104

"UOBETLIONUT UOIIEDO] 1311aq PUR SISIUSI {[6- 01 S[[ED ATessa0ouun JO HONRUIIS

oy se yons sof sum sqissod 2y yFromino Leux ey siyaUaq J9YIO SBY S[TEo Jo Jutusaros-axd

Y], *anssI ATUO 3y} JOU ST AWM ISMOD JO) ‘UOHIESURT Y} OF W Ppe M Ioterado ATRTPaUILISUT UR
Jo asn aup ‘A[3ursudms 10U ‘SpIoM I9YI0 U] "AFOAIIP UOREWIOFUY STY) ARIUNUITION O] JASN B SONE)
11 3Un 31 01 paredinod se s19p1AcId 201AISS ©) UONRTLIOJUL JUSPIOUT 31 ANLITUNIIO) 0 Jojerado
131u39 asuodsar oy} 003 3t W 3y} UILIOYS APUEdTUSIS 10U PIP (1X) IO SINUTH QUIU “AOIO0A JOJ



USABILITY

The usability analysis of the PuSHMe systems was favorable and also produced information that
can help in future design modifications. Usability testing was performed on the devices as they
existed at the time of the operational test. The sample population was drawn from participants in
the user group deployment which consisted of people with high levels of education, income, and
technological sophistication. |

Response to Motorola’s in-vehicle einergency response system was very favorable with most users
finding the device easy to use, reliable, and consistent. Use of the handset appeared to lead to
clearer communication (particularly with the operator being better able to hear the user), though
most respondents reported that they could hear the operator and vice versa using either the handset
or microphone. In fact, most respondents preferred to use the microphone, which enabled hands-
free communication. Most respondents also expressed a very favorable attitude toward the safety
and/or security that this system could offer, although several identified situations in which the
system would be unable to help them. In addition, slightly more than half of respondents were
surprised by a system “glitch” during operation.

Response to XYPOINT’s in-vehicle emergency response was favorable in many respects and
unfavorable in a few. Most respondents reported that they found the device relatively easy to use
and handle, although a number did comment that the cords tangled easily and that it was awkward
to set-up the device in their vehicles. In addition, many respondents commented that they
sometimes missed seeing new messages appear on the screen. A majority of respondents agreed
that this system would provide some feelings of safety or security to them, though this judgment
was tempered by the fact that most users found that the system performed inconsistently. The
most common issues brought up by respondents were that the system was not consistent in how it
worked and that they would have liked the system to have allowed them to speak with the operator.

MARKET ANALYSIS

The market analysis evaluated market demand for in-vehicle emergency response systems (IVERS)
such as those used in the PuSHMe operational test. Our goals were to: (1) provide guidance to the
PuSHMe partners as they refine the designs of the systems that they will ultimately bring to
market, and (2) provide information to the government and other interested parties on likely market
scenarios for these products.

PuSHMe Evaluation - September 11, 1997 3
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¢ Some high end market for standalone private emergency response services can likely be
generated through appeals to higher levels of personal security, but as a standalone service,
emergency response is probably insufficient to justify the technology and infrastructure
expense of a private service.

* Inaclimate of reduced government service and overworked E-911 centers, it seems highly
unlikely that enhanced non-emergency in-vehicle services such as helping drivers when they
are lost will be seen as falling within the spectrum of public responsibility.

* Packaged emergency and non-emergency in-vehicle services represent a clear commercial
opportunity, in fact, there may be sufficient value in the non-emergency services to make them
a viable product independent of emergency services

+  There are two somewhat conflicting visions concerning commercial delivery of packaged
emergency and non-emergency in-vehicle services:

(1) a vision that focuses on non-emergency services and downplays the coordination issue.
The private response center simply passes through calls that fit an agreed upon definition
of an emergency. The advantages of this vision are the simplification of institutional
implementation issues and reduced time for emergency calls to reach the public dispatcher.

(2) a vision where the private response center is a close partner with the E-911 centers.

The private center provides service to the E-911 centers by pre-screening calls and
providing additional valuable information. In return, the E-911 centers are willing to
work out mutually beneficial protocols and standards for the private to public hand off.
The advantages of this vision are the sharing of valuable information and resources, as
well as the appearance to the user of a single service provider.

* There are serious obstacles to the collaborative vision. Some of these obstacles relate to
developing common communication standards angd operational protocols, such as adopting a
common language and schema in an environment where PSAPS themselves vary greatly.
Other obstacles relate to the reluctance among public agencies to add any non-public entity into
their organizational procedures since it complicates their already difficult and sensitive efforts.
For example, public dispatchers do not want private operators to make any decisions that can
impact the safety of public emergency response personnel.

* There is a third vision where private response groups "become” the public emergency service
provider through outsourcing, )

PuSHMe Evaluation - September 11, 1997 5
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The Motorola and XYPOINT systems have both similarities and differences. Both systems use
Differential Global Positioning System (DGPS) technology to locate signaling vehicles. Both
systems employ a private response center to facilitate interaction between distressed vehicles
and public emergency service providers. The major differences between the two systems are (1)
the Motorola system provides two-way voice communication while the XYPOINT system is
text based and, like a pager, employs an LCD display, and (2) Motorola relies on the standard
cellular communications infrastructure while XYPOINT uses the newer Cellular Digital Packet
Data system (CDPD). Motorola established its response center at the WSDOT Transportation
System Management Center (TSMC) in northern Seattle, while XYPOINT established a separate
response center at its offices near downtown Seattle.

1.3.2 MOTOROLA, INC. SYSTEM DESCRIPTION

Motorola, Inc.’s emergency response system combines DGPS, data communications, Analog
Mobile Phone System (AMPS) cellular, mapping, and database technologies with the aim of
providing automobile drivers with emergency services such as personal security (e.g. carjacking),
personal emergency (e.g. medical; auto accident), roadside assistance (e.g. dead battery;
breakdown), and traveler assistance (¢.g. location of nearest hospital; congestion information).
The system used in PuSHMe was based on the existing Motorola MotoTrack™ Emergency
Response System but contained a subset of its functionality {(e.g. did not include vehicle security,
stolen vehicle recovery, and full travel assistance capabilities).

Participating vehicles were equipped with Motorola’s in-vehicle equipment consisting of a push
button device integrated with an AMPS cellular car phone. Emergency response calls were
initiated by pressing one of three service request buttons (emergency, roadside assistance, or
traveler assistance) located on the phone handset. The system included an emergency “panic
button” that was not used in the PuSHMe test.

A receiver in the Motorola device used global positioning system (GPS) navigation messages
being transmitted by the GPS satellite constellation (owned and operated by the U.S.
Department of Defense and free to use by the general public) to calculate the vehicle's position
and velocity. For improved position accuracy, a DGPS reference station was located at WSDOT
TSMC, where PuSHMe calls from subscriber vehicles were answered at a Customer Service
Center (CSC). The Telephone Company (TELCO) and AMPS cellular infrastructures provided
the communications link between the CSC and the subscriber vehicles. These are existing

PuSHMe Evaluation - September 11, 1997
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Trimble’s base station in Lynnwood, Washington. Neither AT&T nor Trimble were PuSHMe
partners.

1.4 LIMITATIONS OF EVALUATION

The PuSHMe evaluation was impacted by limitations imposed by the context of the operational
test. During the test, devices and service response centers did not provide the full functionality and
actual services for which they were designed. Because these limitations are important to
understanding the scope of the evaluation, they are further described in the following subsections.

1.4.1 USE OF SIMULATION

Due to liability issues and the limited chance of an emergency occurring, there were no actual
responses to real emergencies during the PuSHMe field test. During user group deployment,
em'ergency calls were part of a series of simulated tests, and for only one group of tests did calls
g0 beyond the response center operator. (For the simulated service delivery tests, WSDOT, the
King County Police and AAA responded to simulated incidents.) Data gathered for all aspects of
the project evaluation were affected by the simulated nature of the test incidents. For example,
the CSC operators knew what type of tests would be occurring and approximately when.
Simulated response providers also knew when the test was scheduled and that they were not
responding to true emergencies. The simulated nature of the tests limited our ability to generate
data that directly measured the impact of the PuSHMe systems on motorists’ safety.

1.4.2 SELECTION OF TEST PARTICIPANTS

Because this operational test required a great deal of cooperation over a number of months from
participants and also had to consider liability issues, subject selection was not randomized.
Instead, the selection of test participants was done by the test partners and targeted cooperating
organizations in the region and/or employees of the partnering organizations. While demographic
factors were tracked and considered relevant, we could not select a representative sample of the
Puget Sound driving public (except for parts of the market evaluation).

1.4.3 INCOMPLETE DEVELOPMENT STAGE OF TEST DEVICES

At the time of the PuSHMe operational test, the Motorola and XYPOINT eMmergency response
systems were not yet fully market developed and product tested. Therefore, the evaluation
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1.4.6 IMPACTS ON CONGESTION AND AIR QUALITY

Typically, ITS operational tests evaluate the test system’s impact on congestion and air quality.
This evaluation could not directly measure these impacts since no actual service was provided. It
is logical to assume that reducing time to locate and reach incidents will have a positive impact on
congestion and air quality, but the PuSHMe test was not designed to provide comparative data
on these times.

1.5 OVERVIEW OF OTHER IN-VEHICLE EMERGENCY RESPONSE
SYSTEMS UTILIZING GPS TECHNOLOGY

Although GPS technology is decades old, it has only recently been tested for use in passenger
vehicles for in-vehicle emergency response or personal security. Project Northstar was a recently
completed operational test of an in-vehicle traveler information and emergency notification
system. Another in-vehicle response system demonstration is concurrently underway in
Colorado. Recently, the Ford Motor Company began equipping some of its Lincoln
Continentals with an in-vehicle emergency response system, and GM has announced the OnStar
system for its 1997 front-wheel drive Cadillacs.

1.5.1 PROJECT NORTHSTAR

NYNEX Venture Company worked with other private companies, state and local agencies, and a
University, to design and test an advanced traveler information, advisory, and emergency
notification and security system. This project, known as Project NorthStar, was tested in the
New York City metropolitan area and made use of cellular telephony, GPS technology, and a
geographic and information system (GIS) (Collura, et al., 1994).

Two aspects of the project relate to in-vehicle emergency response or roadside assistance. The
Emergency Roadside Service (ERS) element of the project enabled users to request emergency
roadside assistance in case of vehicle breakdowns, accidents, etc. Between April and May of
1994, nine ERS calls were placed to the response center, The Personal Emergency or Position
Enhanced Cellular 911 Services (PER) element of the project enabled equipped vehicles to dial
911 on their cellular phones if they were in personal emergencies. Along with the call, data
providing precise location information would be transmitted to state troopers at the police
dispatch centers. Between April' and May of 1994, eight PER calis were placed. Perhaps
because there were only a few emergency or roadside assistance calls included in this project, the
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residential and business security alarm signals per day generated by systems other than RESCU
(Ford Motor Company, Press Release).

Ford conducted field tests from March to May of 1995. Detailed descriptions of the field tests
were not available to the PuSHMe evaluators (due to proprietary reasons), but summaries of
field test results were included in a Ford Motor Company press release.

The press release indicated that 96% of test activations connected to an operator at the
Westinghouse Emergency Response Center. Ford indicates that the 4% of unsuccessful
activations were due to low cellular signal strength or other test limitations. Once a user pushed a
button on the device, the average time it took to speak to a response center operator was 58
seconds. It took 4.4 minutes on average from dispatch of service to arrival of the chase vehicle.
The average cycle time from the push of the emergency button to the chase vehicle arrival was
under 11 minutes. Because detailed information concerning the test methodologies is unknown, it
is difficult to compare Ford’s test results to those of the PuSHMe operational test.

1.5.4 GENERAL MOTORS CORPORATION

General Motors Corporation will equip its 1997 front wheel drive Cadiliacs with a device called
OnStar. According to World on Wheels online, if an airbag deploys, an emergency signal will be
sent automatically via cellular phone lines to a GM Customer Assistance Centre. If staff there
are unable to communicate with the vehicle occupants over the cellular phone, emergency help
will immediately be dispatched. Other planned services include: voice navigation assistance if the
driver is lost or desires an alternate route; the transmission of cellular data that will unlocka
vehicle at a specified time to assist a driver who has locked keys inside the vehicle; and the
continuous tracking of stolen vehicles. OnStar technology will include a hands-free, voice-
activated cellular service employing a hidden microphone and linked to the stereo system. The
phone will recognize and respond to voice commands. The GPS antenna will be hidden in the
vehicle and the OnStar transmitter/receiver will be located in the luggage compartment.

1.6 OVERVIEW OF ADDITIONAL METHODS OF DETERMINING
VYEHICLE LOCATION

While the PuSHMe Operational Test employed the use of GPS to determine vehicle location,
several other methods of determining vehicle location are also available, including triangulation
dead reckoning, CDMA, and FM radio location.

>
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CHAPTER 2. PERFORMANCE ANALYSIS

2.1 INTRODUCTION

The purpose of the performance analysis was to evaluate whether the PuSHMe mayday systems
performed as designed and whether that performance was sufficient for providing effective in-
vehicle mayday services. The performance tests were designed by the Evaluation Team and the
Evaluation Working Group (EWG). The tests were conducted under the direction of David
Evans & Associates (DEA). All data analysis and the conclusions presented below are the work
of the Evaluation Team.

2.1.1 OVERVIEW OF TESTS CONDUCTED

For the performance analysis, we looked at a number of different aspects of the two PuSHMe
systems, such as how well the systems performed over a long period of time, how accurate the
systems were in determining locations, how well the systems performed under challenging
conditions, etc. (For an overview of the two systems, see Section 1.3.) Because there were
many different issues to evaluate, a number of different tests were conducted. There were three
types of performance tests: (1) User Group Deployment, (2) Simulated Service Delivery, and
(3) Specific Feature Tests.

The user group deployment test generated a large amount of data about the performance of the
systems over several months. This test covered the systems’ operations in a variety of settings,
taking a call from its initiation through the receipt of that call at the Customer Service Center
(CSC). The test did not go beyond initial contact between the traveler and the CSC operator.

The simulated service delivery test involved far fewer trials than the user group deployment, but
was larger in scope and came closest to testing an actual emergency response system. It involved
tracking a mayday scenario from call initiation through the arrival of simulated eMergency service,
as shown in Figure 2.1.

The specific feature tests focused on specific performance issues related to the devices, the
cellular networks, or the service centers. These tests involved fewer trials, were shorter in
duration, and generally had a narrower scope. There were five specific tests: (1) Dropped

Carrier, (2) Moving Vehicle, (3) Topographic Interference, (4) Location Specific, and (5) Remote
Response Center.
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Sections 2.2 through 2.8 present detailed discussions of each of the performance tests conducted,
including objectives, methodology, analysis, results and conclusions. Appendix A presents the
general sequence of events for each of the performance analysis tests.

2.1.2 DATA SOURCES

For the performance analysis tests, data was collected from four primary sources: (1) user
response forms, (2) CSC operator-entered data, (3) CSC computer-generated data, and (4)
simulated service provider and dispatcher logs. For the location specific test, data regarding
geodetic coordinates of monuments was provided to the PuSHMe partners by the WSDOT and
the city of Bellevue, Washington. The specific types of data collected by each of these sources is
presented in Appendix B.

Data management, reduction, and analysis was a major effort for this study. For example, the
Motorola system generated about 41,000 records of computer-generated data, and about 3,000
records of user response form data. The XYPOINT system generated about 30,000 records of
computer-generated data, and 5,600 records of user response form data.

2.1.3 LIMITATIONS

There were a number of unavoidable limitations in the nature of the operational test and it is
important to keep these in mind when interpreting the results of the PuSHMe performance
evaluation. See Section 1.4 for discussion of these limitations.

2.2 USER GROUP DEPLOYMENT TEST
2.2.1 OVERVIEW OF THE USER GROUP DEPLOYMENT TEST

The user group deployment test was the largest and longest test of the PuSHMe systems. For
the user group deployment test, about 190 volunteers conducted daily trials of the systems over
the course of several months. The purpose of the user group deployment test was to gather large
amounts of data on the performance of a significant phase of the PuSHMe systems operation--
from initiation of the emergency call to verification that the call had been received and correctly
understood at the Customer Service Center (CSC).
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verification note in the CSC data stream. With the XYPOINT system, the operator sent a text
message to the user asking the user to confirm the request for assistance by pushing either the
“Yes” or “No” button. Note that verification for the Motorola system was indicated by the CSC
operator, while verification for the XYPOINT system was defined as the receipt of the "Yes" or
"No" message sent by the user.

2.2.4 DATA ANALYSIS

Sections 2.2.4.1 through 2.2 4.7 describe how data was analyzed to address each of the seven
objectives presented in Section 2.2.2. In each case, separate analyses were performed of
Motorola and XYPOINT data.

2.2.4.1 Data Analysis of Trial Success

For each trial in the User Group Deployment Test, data from the user response form and from
the CSC computers was analyzed to determine the success of the trial. On the user response
form, the driver indicated how the test went from his or her perspective. The CSC computers
produced a different set of data. Each trial produced multiple CSC data records, and every record
in a trial normally had the same call identification number. The CSC data on each trial included
an indication of whether or not the call had been verified. Based on these data, each trial was
assigned one of the following ratings: Successful, Probably Successful, Probably Unsuccessful,
Unsuccessful, Conflicting Data 1, Conflicting Data 2, or No Trial. As mentioned earlier, the
Motorola and XYPOINT systems produced somewhat different data. Tables 2.1 and 2.2 below
show how data from the user response forms were linked to data from the CSCs to rate trials of
each system.

The categories Conflicting Data 1, Conflicting Data 2, and No Trial were discarded from all
subsequent analyses. Conflicting Data 1 was assigned when the user reported that the trial was
successful but the CSC computer produced no corresponding data record (497 of 8,656 scheduled
trials). Conflicting Data 2 was assigned when the user reported that the trial was unsuccessful
(or never occured) but the CSC computer indicated that a trial call was received at the CSC (102
of 8,656 scheduled trials). Finally, No Trial was assigned whenever no data existed for a given
trial or whenever the user indicated they never pushed an emergency call button (3,349 of 8,656
scheduled trials). This occured primarily because volunteers were unable to participate (i.e. were
on vacation, had a day off, had a different car with them, etc.). Overall, 8,656 trials were
scheduled with 4,708 of those scheduled trials producing usable data.
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verification of the call. (Because the user watches were not synchronized with the CSC
computers for this test, the time differences between the user reported button push and CSC
verification were not measured).

2.2.4.3 Additional Data Analysis to Determine Relationships Between Trial Success and
Month of Testing, Button Pushed, Weather, Location, Time of Day, and Device

Once trials were rated (see Section 2.2.4.1) as Successful, Probably Successful, Probably
Unsuccessful, or Unsuccessful, tests were used to determine if there were significant differences
in ratings by: (1) month of testing, (2) button pushed, (3) weather, (4) location, (5) time of day,
and (5) individual device. Since the data were on ordinal scales, Kruskal-Wallis tests were used
rather than ANOV As which would have been used with interval scale data. Kruskal-Wallis
analyses tested for significant differences (at an alpha-level of .05) between independent samples
in trial ratings. The statistical test ensured that differences in the trial ratings were sufficiently
great (when reported p values are less than or equal to .05) so as not to represent random
variation.

For some of the variables identified above, we had hypotheses regarding how they might affect
trial ratings. For other variables, the analyses were primarily exploratory. It was hypothesized
that there might be an improvement in performance by month, since bugs in the system
discovered early on could be corrected for the later months of testing. It was also hypothesized
that performance might be best in urban and suburban areas, which have better cellular coverage
than rural areas. Finally, it was hypothesized that performance might be best during hours
outside of peak cellular periods (i.e. outside of heavy commute times) since the cellular network
might be overburdened during the commute hours. There were no hypotheses regarding
performance by button push, weather, and in-vehicle unit — these analyses were exploratory.

2.2.5 RESULTS OF MOTOROLA’S USER GROUP DEPLOYMENT

In this section we present the results of each data analysis from the Motorola trials. In the
following section (2.2.6) we present the results from the XYPOINT trials, followed by a section
providing general conclusions drawn from the overall user group deployment test (2.2.7).
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2.2.5.2.1 User Reported Time from Button Push to Call Acknowledgment

For each trial, volunteers indicated on their user response form the time when they pushed the
button and, for successful or probably successful calls, the time when the call was verbally
acknowledged by the CSC operator. Volunteers usually reported time to the minute (rather than
second). The results are presented in Figure 2.3.

Of the 1,390 trials that resulted in a rating of Successful or Probably Successful 1,250 (90%)
produced user forms with usable time data. Of these, 1,151 (92%) were said to be acknowledged
within three minutes and 418 (33%) within one minute.

Motorola User Reported Time to Operator Verification
(n = 1250)

i i il -y 100%
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6 2 0 1 3
— : : 1 : 0%
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Minutes From Button Push More

Figure 2.3 - Motorola User-Reported Time to Operator Acknowledgement
2.2.5.2.2 Computer Generated Data - Time from Call Receipt at CSC to Call Verification
For each trial, the call was timestamped when first received at the CSC . .In addition, once an
operator spoke with the caller, he or she indicated in the data that the call was verified. A

timestamp was associated with this verification. Figure 2.4 presents the results of the time from
call receipt at the CSC to call verification.
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2.2.5.3 Motorola - Relationship Between Trial Success and Month of Testing

Figures 2.5 and 2.6 present trial ratings by month of the user group deployment. Figure 2.5
presents the number of successful and unsuccessful trials by month, while Figure 2.6 presents
the percent of successful and unsuccessful trials by month. A Kruskal-Wallis one-way analysis
of variance of ratings by month revealed that there was a statistically significant difference in
ratings by month (H=39.20; df = 5; p <.0001). Performance steadily improved from November
(74% successful or probably successful) until February (94% successful or probably successful),

with February being the most successful month of testing. March and April did not show this
improvement.

400

3009

200% Rating

Failed
Prob. Unsuccess.

Number of Trials

1001

Prob. Successful

04 - Successful

Month

Figure 2.5 - Motorola Trial Success by Month (Number)
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Figure 2.7 - Motorola Trial Success by Time of Day (Number)
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Figure 2.8 - Motorola Trial Success by Time of Day (%)
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Figure 2.11 - Motorola Trial Success by Weather (%)
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Figure 2.13 - Motorola Trial Success by Location (%)
2.2.5.8 Motorola - Relationship Between Trial Success and Individual In-Vehicle Unit

Figures 2.14 and 2.15 present the count and percentage of trial ratings by in-vehicle unit. Figure
2.14 presents the number of successful and unsuccessful trials by unit, while Figure 2.15
presents the percent of successful and unsuccessful trials by unit. A Kruskal-Wallis one-way
analysis of variance of ratings by unit revealed a statistically significant difference (H=101.93;
df = 38; p <.0001). Some units performed better than others. In general, the units that did not
function well (e.g.units 10, 13, and 18) took part in fewer trials, perhaps indicating that they
were replaced.
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2.2.6 RESULTS OF XYPOINT’S USER GROUP DEPLOYMENT

In this section we present the results of each data analysis from the XYPOINT trials. This
section is followed by a section providing general conclusions drawn from the overall user group
deployment test (2.2.7).

2.2.6.1 XYPOINT’s Overall Success of Trials

Figure 2.16 presents the results of the 3,123 XYPOINT trials that resulted in a rating of
Successful, Probably Successful, Probably Unsuccessful, or Unsuccessful. Over the life of the
user group deployment, about 66% of trials were successful or probably successful, while about
34% of trials were unsuccessful or probably unsuccessful.

Unsuccessful
844 / 27%

Successful
1875 / 60%

Prob. Unsuccessful
221 1 7%

Prob. Successful
183 / 6%

Figure 2.16 - XYPOINT Overall Success of Trials

2.2.6.2 XYPOINT User Group Deployment Results - Time to Complete Trial

Two time measurements were taken for this analysis: (1) the user reported time from button
push to the time a message was displayed on the in-vehicle unit indicating the trial was
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2.2.6.2.2 Computer Generated Data - Time from Call Receipt at CSC to Call Verification

For each trial, the reception of a call at the CSC was automatically timestamped. After the call
was received, the operator sent a message back asking the user to confirm the type of call. The
user confirmed by pressing the “Yes” or “No” button on the in-vehicle device. When the “Yes”
or “No” was received at the CSC, this reception was also automatically timestamped. For the
XYPOINT system, we considered the reception of "Yes" or "No" to be verification of the call.
Figure 2.18 presents the results of the time from call receipt at the CSC to call verification.

Of the 2,058 trials that resulted in a rating of Successful or Probably Successful, 1,994 (97%)
produced usable time data in the CSC data stream. Of these, 1,965 (98.5%) were verified within
three minutes and 1,858 (93%) were verified within one minute.

xyPoint CSC Time to Operator Verification
(n = 1994)
il il il i - 100%
1800 4 90%
1600 B Trials 1 8o
=8~ Cumulative %
@ 1400 1 70%
L]
= 1200 1 60%
© 1000 1 50%
°
£ 800 T 40%
£
Z 500 T 30%
400 T 20%
200 T 10%
5 8 1 1 3 0 1 2
0 - } } } } } } 4 } } 0%
<1 <2 «3 <4 <5 «B8 <7 <8 <8 <10 <11 11 or
Minutes from Trial Receptlon More

Figure 2.18 - XYPOINT CSC Operator Time from Call Reception to Verification
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Figure 2.20 - XYPOINT Trial Success by Month (%)
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Rating
E.Jrlsuocessful

m’rob. Unsuccessful

nrob. Successful
-Suocessful

Percent of Triak

Time

Figure 2.22 - XYPOINT Trial Success by Time of Day (%)

2.2.6.5 XYPOINT - Relationship Between Trial Success and Button Pushed

Figures 2.23 and 2.24 present trial ratings by button pushed. Figure 2.23 presents trial ratings by
initial button pushed (911, Medical, or Auto), while Figure 2.24 presents trial results by the
confirmation button pushed (Yes or No). A Kruskal-Wallis one-way analysis of variance of
ratings by initial button pushed revealed no statistically significant difference in ratings.

Similarly, a Kruskal-Wallis one-way analysis of variance of ratings by confirmation button
pushed revealed no statistically significant difference in ratings.
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2.2.6.6 XYPOINT - Relationship Between Trial Success and User Reported Weather
Conditions

Figures 2.25 and 2.26 present percentage and number of successful trials by user reported
weather conditions. Figure 2.25 presents the number of successful and unsuccessful trials by
weather, while Figure 2.26 presents the percent of successful and unsuccessful trials by weather.
A Kruskal-Wallis one-way analysis of variance of ratings by weather revealed a statistically
significant difference in ratings by weather condition (H = 8.93; df = 3; p <.05). While these
differences were statistically significant, they do not appear to be particularly meaningful
(overcast - 69% successful or probably successful; rain - 73% successful or probably successful;
snow - 74% successful or probably successful; clear - 68% successful or probably successful).
In addition, it should be noted that there were an extremely small number of trials conducted
under snowy conditions. '

1400
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<&
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E 80089 e /
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.g 6003 Rating
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400 Unsuoosssful
FZAProb. Unsuccesshul
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Figure 2.25 - XYPOINT Trial Success by Weather (Number)
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Figure 2.27 - XYPOINT Trial Success by Location (Number)
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Figure 2.28 - XYPOINT Trial Success by Location (%)
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Figure 2.30 - XYPOINT Successful/Unsuccessful Trials by Unit (%)

2.2.7 CONCLUSIONS AND DISCUSSION

The user group deployment test produced large amounts of performance data. While nearly half

of alf scheduled trials either never occurred or produced unusable results (most never occurred),
over 5,000 trials conducted between November 1995 and May 1996 produced analyzable data,

an average of more than 700 a month. Nearly two thirds of these (3,129) were trials of the

XYPOINT system.

2.2.7.1 Success Rate of Systems

It is difficult to say precisely what is an acceptable level of success for connection and

One could easily argue that nothing short of
100% will do. From this perspective, the 70.5% success rate of all trials (88% successful or

communication of an emergency response cali.

probably successful for Motorola, 66% successful or probably successful for XYPOINT) could

>

be viewed as somewhat disappointing. There are

however, numerous other factors to consider.

For this test, volunteers were instructed to push the button only once and to indicate a failure if
this single button push failed to result in a connected call. In actual use, a driver would likely

45
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reset and push the button again if a successful connection wasn't achieved the first time.
Assuming each button push to be independent, an 88% success rate for one trial would increase
to 98.5% for two successive trials and over 99% for three; a 66% success rate for one trial would
increase to 88.5% for two successive trials and to 96% for three. Of course a second or third
button push might not always be possible and would increase response time as measured from
the initial button push.

Another set of factors to consider is related to the incomplete development stages of devices and
the impermanent infrastructure and personnel. Devices were not market ready, nor were they
maintained at the level of a product. The communication infrastructure, especially in the
XYPOINT case, was still in development. For example two months after the test, XYPOINT's
CDPD communications were changed from piggy backing on existing cellular communications to
the use of dedicated lines. Another factor was human error; CSC operators were handling a fairly
large cognitive load with minimal training and a test could be classified as unsuccessful if the
operator failed to properly enter verification.

If we assume:
(1) multiple button pushes,

(2) improvements in hardware and support as required by the marketplace,

(3) professional operators,

(4) a more universally deployed cellular infrastructure, and

(5) the absence of obvious topographic interference,
then based upon the results of the user deployment test it is reasonable to believe that from the
strict perspective of achieving successful connection and communication, these systems could
approach 100% successful operation in the near future. .

2.2.7.2 Response Time

For this discussion, "response time" means the time it took for the emergency operator to answer
and exchange initial information about the call, not the time for service to be provided. As with
success, it is difficult to precisely define an acceptable length of time between initiating an
emergency call and exchanging information with an operator. Not only do response requirements
differ with the type of emergency, but response time will also be impacted by demand, that s,
how widespread the emergency is (e.g. car accident vs. earthquake). While in the user
deployment test volunteers pushed different buttons representing different types of emergencies,
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trials were conducted independent of emergency type (i.e. all calls were handled identically) and
demand (i.e. no effort was made to measure the impact of simultaneous calls on response time).

Unfortunately, while there is available data on the time spent by 911 emergency operators in
handling a call (see DEA’s Institutional Issues Report), no data could be found on the time spent
by 911 callers waiting for their calls to be answered. In any case, this is more a political and
economic issue (how many operators for how many people?) than a technical one. It may be
worth noting that a search of articles on problems with 911 systems revealed a focus on issues
relating to dispatch and how calls were handled rather than on time spent in connecting.

Even without these guides to an acceptable "response time," it is clear that in the user
deployment test, calls were connected and initial information was exchanged quite rapidly. From
the users perspective, of the 3,232 trials for which we have response time data, 2,287 (over 70%)
were reported as being verified within two minutes, and only 112 (3.5%) were reported as taking
longer than five minutes. From the CSC data, of the 3,038 trials with usable time information,
2884 (95%) were verified within two minutes and only 24 of 3,038 (less than 1%) took more
than five minutes. The much stronger CSC results are likely due to the fact that the machine time
began with call receipt, while user perceived time began with the button push. In addition, users
tended to round time measurements off to the minute.

Overall, the user deployment test indicates that with respect to the time required to connect to
and exchange injtial information with emergency operators, the short connect and response times
demonstrated have the potential to facilitate emergency response to on-road incidents. If this
contributed to a decreased incident response time, then reduced congestion and associated
benefits would result.

2.2.7.3 Other Conclusions
A number of other potentially useful conclusions can be drawn from the user deployment test.

The success by month analysis showed an improvement in performance of both systems over
the initial course of the operational test. For both systems, during the first several months of
testing some of the "kinks" were ironed out and performance was best near the end of the
operational test. In both cases, however, the final month of testing was not the most successful,
indicating a leveling off below perfect performance once implementation "bugs" were eliminated.
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2.3 SIMULATED SERVICE DELIVERY TEST

While the PuSHMe evaluation did not involve actual emergencies, the Simulated Service Delivery -
Test incorporated simulated dispatch and delivery of emergency services. These trials covered
aspects of the PuSHMe systems from call initiation to simulated service arrival and closure. (See
Figure 2.1 on page 12 for an overview of the test procedure.)

2.3.1 OBJECTIVES OF TEST

The objectives of the simulated service delivery test were to evaluate (1) how long it took from the
time a volunteer pressed a button to the time service was dispatched, and (2) the quality of the
PuSHMe information provided to simulated service providers. Because these tests were
simulations of responses to emergency calls, they were not used to measure the time it took an
emergency service provider to actually reach a volunteer. However since service providers did
travel to the simulated incident, some measure of PuSHMe's potential impact on travel time to the
incident scene was obtained by asking these service providers to compare the quality of the location
information to that usually available from cellular 911 calls.

2.3.2 TEST METHODOLOGY

The simulated service delivery test was conducted between November 1995 and May 1996 using
both Motorola and XYPOINT devices. For this test, six DEA or WSDOT employees (not
participants in the User Group Deployment Test) were provided with user logs which identified a
location they were to go to and an emergency scenario that they were to “act out.” These
volunteers drove to the location and pressed the button appropriate to the type of emergency
simulated. The operator at the CSC: (1) received the call, (2) entered in the trial number, (3)
confirmed the nature of the call, (4) confirmed the location of the caller relative to the location
automatically displayed on the desktop map, (5) asked the volunteer a series of questions relating
to the simulated incident, and (6) called a dispatch center, asking them to send an emergency
service professional to the vehicle based on the PuSHMe information. Participating service
providers came from the King County Police, the American Automobile Association (AAA), and
WSDOT incident response.

The key difference between the Motorola and XYPOINT trials was how the incident information

was exchanged between the users and the CSC operators. As with the user deployment test, the
Motorola users verbally exchanged information with the CSC operators, while the XYPOINT
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Data Obtained from In-vehicle Volunteers

Trial number

Date

Location

Scenario

Button pushed

Time button pushed

Time trial confirmed by operator (XYPOINT)/call answered by operator (Motorola)
Time operator notified service provider

Time operator indicated service was dispatched

Data Obtained from CSC Operators/Computers
1. Test type and number

2. Time service notified

3. Time service dispatched

Data Obtained from Simulated Service Dispatchers
1. Quality of location information
2. Quality of incident information

Data Obtained from Simulated Service Providers
1. Quality of location information
2. Quality of incident information

The volunteer report forms and CSC data logs were linked to evaluate the simulated service
delivery tests. Data was analyzed to determine the time required to dispatch simulated service, and

the simulated service provider response logs were evaluated to determine the quality of the location
and incident information.

For this test, in-vehicle volunteers recorded time using Seiko™ watches, which keep time based on
GPS. However, the CSC computer clocks did not consistently reset to GPS time. Thus while
having a similar time reference helped in linking CSC data to user report form data, the inconsistent
time difference between the Seiko™ watches and CSC clocks prevented us from combining CSC

and volunteer times in a single calculation. Instead, volunteer reported time differences and CSC
‘time differences were calculated separately.
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verbally reporting to the user that service was dispatched and actually entering in the data log that
service had been dispatched. Perhaps operators talked to the user about the trial for a short time or
waited until after closing the call to indicate in the data that service was dispatched for the trial. In
any case, operator comments indicated that it was not unusual for them to enter the data record
indicating service dispatch a minute or two after informing the volunteer that service had been
dispatched. Similarly, the unusually long maximum time in the CSC data (more than twice that
indicated in the user log) probably was due to a long delay in the operator entering the service
dispatch data record.

The sample sizes also require further explanation. Note that the sample sizes in the CSC Data for
the “Call Receipt to Service Notification” (n = 37) and “Service Notification to Service Dispatch”
(n = 29) fields are quite a bit smaller than the other fields. This is because the operators did not
always indicate in the data when service was notified. “Service Notified” was meant to represent
when the operator informed the user that they had all the information they needed and were now
able to notify the service provider. “Service Dispatch” was meant to represent when the operator
received an indication from the dispatcher that assistance was on the way. Sometimes operators
failed to enter either or both codes; sometimes they entered in a code indicating that service was
notified and dispatched at the same time (perhaps they were not aware of the difference between the
two actions). For cases where operators indicated that service was notified and dispatched at the
same time, the time stamp was taken to represent service dispatch only.

2.3.4.2 XYPOINT Time to Service Dispatch

As shown in Table 2.4, the XYPOINT CSC data indicates that once the call was received at the
CSC, it took an average of about nine minutes to notify the service provider and approximately an
additional one and one quarter minutes to (1) receive confirmation that the service provider was
dispatching service and (2) indicate in the data field that service was dispaiched. The total average
time it took from call receipt to dispatch service was about ten and three quarter minutes.

The results indicated on the user logs were similar, Volunteers indicated that it took slightly less
than a minute from button push to confirmation of the request by the operator, and once confirmed
it took about eleven minutes for the operator to indicate to the user that service was dispatched.
Based on user log data, the total average time it took for the operator to dispatch service after the
user pushed the button was about eleven and three quarters minutes.
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this information to the dispatcher while the XYPOINT operators took an average of 76 seconds to
transmit this information to the dispatcher. As reported by David Evans and Associates
(Institutional Issues Report, 1996), for cellular calls observed at E-911 centers, the average call
duration for an incident call was 144 seconds for the Washington State Patrol in Bellevue, and 105
seconds for the King County Public Service Answering Point (PSAP). In other words, the
information exchange between user and CSC operator did not significantly shorten the time it took
a PuSHMe CSC operators to communicate the incident information to service providers as
compared to the time it takes a user to communicate this information directly.

Of course time is not the only issue. The pre-screening of calls may have other benefits that
outweigh the possible time lost. One of these benefits, the possible elimination of unnecessary
calls to E-911 centers, is discussed under institutional issues (Chapter V). Another possible
benefit is better location information. If, for example, an in-vehicle user is unable to communicate
his or her location to a PSAP, then an additional step that automatically provides location
information could reduce the time required to provide emergency services. Trials simulating these
conditions (“blind trials”") were scheduled, but the simulated service providers were unable to
participate in all of the scheduled trials since they had real emergencies to attend to and therefore
had to cancel trials. Ultimately, “blind trials” were not completed. Under “blind trial”
circumstances, even with the additional delay associated with an extra call between CSC and
PSAP, the total time required to determine the location of the victim and dispatch service could
very likely be much less than if the location information were unavailable.

Additional discussion of location issues occurs in the following section and in Chapter V
(Institutional Issues).

2.3.6 RESULTS: QUALITY OF INFORMATION

Both dispatchers and service providers were surveyed as to the quality of information provided by
PuSHMe response center operators. The dispatchers handled calls from both the XYPOINT and
Motorola systems without regard to the specific system that was being tested. In addition, because
they were busy fitting the PuSHMe calls in with actual emergency calls, they tended not to
complete a survey for each trial they handled. Instead, most completed the survey after handling
calls for several trials. Therefore, dispatcher results cannot be broken down by system and their
comments are actually a combined impression of the PuSHMe systems together. On the other
hand, service providers completed a survey after each service trip. We therefore have separated
quality of information results by source: dispatcher results and service provider results.

PuSHMe Evaluation - September 11, 1997 55



9¢ 1661 ‘I[ 4aquadas - uonvmipaqg WHSNd

UOTPRILIOJUT TUSPIOU] JO SSOUTNJOS() SPIEMOL SSPIIINY 1otedsIq VVY - €7 n3L]

injesn Injesn paaigdey
Alop jnjesn  AIBA ION  SS819s() 18ABN

sjuepuodsey j0 1equnN

uoIBW IO} U]
JuBpIoU) BHSN JO SSOUIN|Es PIEMO Sepmily sseudledsia VvV

-suondLsap 2[omyeA pue 10adsns () pue ‘ssarppe 108xa 3y (¢) ‘ssaxSaid ut [[Os sea 1t Jou

10 IaIoym pure swwd Jo odK oy (7) ‘soursisse Suunnbar uosiad sy Jo 1aqunu Sures pue sureu
My 241 () :SuIpnjour 40U PIP INQ PIAIIAL IARY O3 PAYT ALY PMOM A3 UONETLIOFUT JUSPLOUT

U0 PAIUNIWOD SISYNBASIP [RISAIG 125 £i24 j0U 30 [fasn UOTIRULIOJUT JUIPIOUL oY) Surpuy
syzapuodsa Jo Ayuofew oy Wi ‘(100" > d b = IP 06T = TX) sasuodsal Ut $3UIJIIP
JwesgIuSTs AI3Mm U1 1eg) PO[eaAal sasuodsal Jo sisAfeue arenbs-1yo 7 uoupuLIOful MIPIOU
PaA1202. 2243 koY) TR PATBOIPUL JO SSI12571 SeA 11 1[9] SUOU PUR 1/asn A14 Sem UOTEULIOUT
JUSPIOUT AWHST 2 183 1[3F (%G) T fasm £ 10u ser NI (%S) 6 ‘rasm sem 1313} (%0S)
swayoredstp (1 ‘1¢'7 ML UT UMOYS SY 'SISYMNRASIP VYV (T WWOX PIAISIAI 1M sosuodsax

L (UOITEOO] UEY 12110) uIPIout o1 SUIGHISIP UONPULIOJUT ) St [IJIST MO, ‘T UORSINY 104

synsay synvdstq vvv I'I'9'€C

"SINS31 JUIP peonperd

szoyoedstp so1j0d pue YV ‘UONEULIONUL JUSPLOUL | 16 TR[N][3)) O3 UONEULIOUL JU3PLOUL SINH S
30 uosuedmos nay ur AFEMonIE] uonezZIuesIo 901AIS AQ SINSAI YaIRdSIp UMOP USY0Iq

2Ry 9m ‘suoneziuedio Jo sadK1 JuarepIp A[omanxa are 307od Ayuno)) Sury Y pUe VYV SSNeRy

s)msay Jydedsig 1°9¢€°C



For Question 2, “How accurate was the location information?” responses were received from 17
AAA dispatchers. As shown in Figure 2.32, 12 AAA (71%) dispatchers felt it was reasonably
accurate; 3 (17%) felt it was somewhat inaccurate; 2 (12%) felt it was very accurate; and none felt it
was quite inaccurate or indicated that they never received location information. A chi-square
analysis of responses revealed that there were significant differences in responses (X2 = 29.18;

df = 4; p <.001), with the majority of respondents finding the location information reasonably
accurate.

AAA Dispatcher Feedback on Accuracy of Location Information

Number of Respondents

Never Quite Somewhat Reasonably Very
Received Inaccurate Inaccurate Accurate Accurate

Figure 2.32 - AAA Dispatcher Attitudes Towards Accuracy of Location Information
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For Question 4, “How did the location information for this call compare to location information
typically provided from cellular 911 calls?” responses were received from 20 AAA dispatchers. As
shown in Figure 2.34, 10 dispatchers (50%) felt that the PuSHMe location information was about
the same as the location information typically provided from cellular 911 calls; 5 (25%) felt it was
somewhat better; 4 (20%) felt it was somewhat worse; 1 (5%) felt it was much better, and none felt
it was much worse than typical cellular 911 calls. A chi-square analysis of responses revealed that
there were significant differences in responses (x2 = 15.5; df = 4; p < .01), with half of
respondents finding the location information about the same as location information typically
provided from cellular 911 calls.

AAA Dispatcher Feedback on Location Accuracy vs. Cellular 911

Number of Respondents

Much Somewhat About the Somewhat Much
Worse Worse Same Better Better

Figure 2.34 - AAA Dispaicher Attitudes Towards PuSHMe Location Information Compared to
Location Information Received from Cellular 911 Calls
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For Question 2, “How accurate was the location information?” responses were received from 35
King County Police dispatchers. As shown in Figure 2.36, 23 King County Police dispatchers
(66%) felt it was reasonably accurate; 10 (28%) felt it was very accurate; 1 (3%) felt it was
somewhat inaccurate; 1 (3%) felt it was quite inaccurate; and none indicated that they never
received location information. A chi-square analysis of responses revealed that there were
significant differences in responses (y2 = 55.14; df = 4; p <.001), with the majority of
respondents finding the location information reasonably accurate. One dispatcher commented that
when giving cross streets, an indication of the corner or at least which street the vehicle was
actually located on would have been helpful. Another dispatcher commented that it would have
been helpful to receive information about the vehicle’s direction on the street.

KCP Dispatcher Feedback on Accuracy of Location Information

25+

204

154

104

Number of Respondents

Never Quite Somewhat Reasonably  Very
Received Inaccurate Inaccurate Accurate Accurate

Figure 2.36 - King County Police Dispatcher Attitudes Towards Accuracy of PuSHMe Location
Information
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For Question 4, “How did the location information for this call compare to location information
typically provided from cellular 911 calls?” responses were received from 17 King County Police
dispatchers. As shown in Figure 2.38, 15 King County dispatchers (88%) felt that the PuSHMe
location information was about the same as the location information typically provided from
cellular 911 calls; 2 (12%) felt it was somewhat better; and none felt it was somewhat worse, much
better, or much worse than typical cellular 911 calls. A chi-square analysis of responses revealed
that there were significant differences in responses (2 =50.35;df =4;p < .001), with most
respondents finding the location information about the same as location information typically
provided from cellular 911 calls.

KCP Dispatcher Feedback on Location Info. Vs. Cellular 911

Number of Respondents
=]

Much Somewhat About the Somewhat Much
Worse Worse Same Better Better

Figure 2.38 - King County Police Dispaicher Attitudes Towards PuSHMe Location Information
' Compared to Location Information Received from Cellular 911 Calls

2.3.6.2 Service Provider Results
The service providers received information from the dispatchers and drove out to the simulated

incident. Unlike the dispatcher results, service provider results can be broken down by system
(Motorola versus XYPOINT) since for every trial, the service provider completed a survey upon

PuSHMe Evaluation - September 11, 1997 63



¥9 L661 ‘I 4equadag - uonpnipAg IWHSNd

UONBULIOJUL
JUSPION] E[OIOION JO SSOU[NJIS[) S SPIEMOL SIPIINY JIPIACI J0TAISS POTE[OWIIS - 6€'T ML

injesn injasn poneday
Kiop |mjasn AJ9A ION  SS919SM 18AS8N

r0¢

sjuepuodsey
0 JoquinN

r0€

-0 v

uoIBWIOU|
JUADIOU| JO SSBUNJES() UO HOBGAO I6PIAOId 3DIAI8S B|0JOJON

“f2sn uoneTIoyuY Juaprout oy Surpuy syuspuodsaz

3O Jrey i ‘(100° S d 4y =JIp S 1S = 7X) sasuodsar ur saouaryyip JueolyIudIs o19M

aroy) 18 pareaadt sasuodsar Jo sisAreue arenbs-1o ' '5S77a57 Sem 11 1[9] SUOU PUR ‘UODULIOf!
uapIoU} PaataIIL 424U KU 1B PIIEOIPUI (%[ 1) 8 ‘Mfosn £uaa jou e NRY (%TT) 6 Tfosn
{424 SeM UOTIBULIOJUT 1USPIOUT SWH ST U1 121 1) (%LT) OT 1/2sn sem N 13§ (%0€) s1apracad
QOIAISS /€ ‘6€°7 SMSL] UL UMOYS Sy 'SI9PIAGId 90TAIDS {7/ WO PAAISIAI 91om sIsuodsal

£, (UOIBD0] Ue JI0) UAPIoUT 3 SUIQLIOSSP UONEULIOUL a1 SBM [NJISN MO, ‘] UORSINY) J0

synsay uonvwsofuy fo Lpong} 4apilaodg anNaiag v10L0]10 N [-é'g'g'z

“oISAS

£q porussaxd are sypnsar xopracid 90TAISS Ay ‘AI0JI9Y], "UOIRULIOFUT ST AJHUAPL ARUASISUOD
10U PIp SA9AINS payaydiuos asnesaq 9ASIYOE 01 NOYJIP USSG IARY PINOM UONEZIUESIO J0IAISS

£q sinsar zopracid 991AIS JO UMOPYEAIG ® “pUeY IS0 Y1 U JUIPIOUL PAETNULS 3] JE [EALLIE



For Question 2, “How accurate was the location information?” responses were received from 74
service providers. As shown in Figure 2.40, 45 service providers (60%) felt it was very accurate;
21 (29%) felt it was reasonably accurate; 5 (1%) felt it was somewhat inaccurate; 3 (4%) felt it was
quite inaccurate; and none indicated that they never received location information. A chi-square
analysis of responses revealed that there were significant differences in resporises

(%2 = 94.92; df = 4; p <.001), with most respondents finding the location information very

accurate.

Motorola Service Provider Feedback on Accuracy of Location

Number of Respondents
L8]
T

Never Quite Somewhat Reasonably  Very
Received Inaccurate Inaccurate Accurate  Accurate

Figure 2.40 - Simulated Service Provider Atitudes Towards the Accuracy of Motorola Location
Information
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For Question 4, “How did the location information for this call compare to location information
typically provided from cellular 911 calls?” responses were received from 70 service providers.

As shown in Figure 2.42, 46 service providers (66%) felt that the PuSHMe location information
was about the same as the location information typically provided from cellular 911 calls; 12 (17%)
felt it was much better; 7 (10%) felt it was somewhat better; 4 (6%) felt it was somewhat worse;
and 1 (1%} felt it was much worse than typical cellular 911 calls. A chi-square analysis of
responses revealed that there were significant differences in responses (¥2 = 96.14; df = 4;

p <.001), with most respondents finding the location information about the same as location
information typically provided from cellular 911 calls.

Motorola Service Provider Feedback on Location Info. Vs, Cellular
911

50+

40+
w 2
ot
g-g 30
E & i
oW 20
Z ¢

104
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Much Somewhat Aboutthe Somewhat Much
Worse Worse Same Better Better

Figure 2.42 - Simulated Service Provider Attitudes Towards Motorola’s Location Information
Compared to Information Received from Cellular 911 Calls
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For Question 2, “How accurate was the location information?” responses were received from 48
service providers. As shown in Figure 2.44, 25 service providers (52%) felt it was very accurate;

17 (36%) felt it was reasonably accurate; 4 (9%) felt it was somewhat inaccurate; 2 (4%) felt it was

quite inaccurate; and none indicated that they never received location information. A chi-square

analysis of responses revealed that there were significant differences in responses (X2 =

49.29: df = 4; p <.001) with most respondents finding the location description very accurate

or reasonably accurate.

xyPoint Service Provider Feedback on Accuracy of Location

Information
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Figure 2.44 - Simulated Service Provider Attitudes Towards the Accuracy of XYPOINT Location
Information
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For Question 4, “How did the location information for this call compare to location information
typically provided from cellular 911 calls?” responses were received from 42 service providers.
As shown in Figure 2.46, 29 service providers (69%) felt that the PuSHMe location information
was about the same as the location information typically provided from cellular 911 calls; 6 (14%)
felt it was much better; 5 (12%) felt it was somewhat better; 1 (2% )felt it was somewhat worse;
and 1 (2%) felt it was much worse than typical cellular 911 calls. A chi-square analysis of
responses revealed that there were significant differences in responses (X2 = 65.62; df = 4;

p <.001), with most respondents finding the location information about the same as location
information typically provided by cellular 911 calls.

xyPoint Service Provider Feedback on Location Vs. Cellular 911

Number of Respondents

Much Somewhat About the Somewhat Much
Worse Worse Same Better Better

Figure 2.46 - Simulated Service Provider Attitudes Towards XYPOINT’s Location Information
Compared to Information Received from Cellular 911 Calls
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expectations of dispatchers and service providers. “King County Police spend months training
their new employees to do this” commented a King County Police dispatcher. The Task 2
Technical Memorandum (David Evans and Associates, August, 1996 ) describes differences
between industry training practices and operator training for the PuSHMe Operational Test.

2.4 SPECIFIC TEST 1: DROPPED CARRIER TEST

The first of our series of specific tests evaluated the ability of the PuSHMe system to handle
dropped calls. Because calls to the Motwrola response center could be disconnected by the user,
unit malfunction, bad cellular connection, or phone line problems, Motorola built into the system
an automatic re-dial feature that enables a dropped call to be automatically reconnected. This test
evaluated the effectiveness and functionality of this feature.

2.4.1 OBJECTIVE OF TEST

The dropped carrier test evaluated the ability of the Motorola system to reconnect and handle a cali
after a connection had been terminated. It focused on whether the call connected with one button
push by the in-vehicle user, whether the call automatically re-dialed the response center after being
disconnected, and whether the call was then appropriately reconnected (i.. recognized as a
previously received and disconnected call).

2.4.2 TEST METHODOLOGY

The Dropped Carrier Test began with the user initiating a call. After the call was received at the
CSC and acknowledged, the user terminated the call by disconnecting the unit’s antenna. The user
then reconnected the antenna. The call should then have automatically been re-established and
operators at the CSC should have been able to identify them as previously received dropped calls.
Specifically, if a call dropped "accidentally,” the icon for the vehicle should have remained on the
computer screen, but exhibited a different color. When reestablished, the call should have been
classified under the same call identification number. Calls were considered validly connected when

they were recognized by the system as a dropped call and reconnected under the same call
identification number.

To supplement this additional test, trials from the User Group Deployment (see Section 2.2.5.2.2)
were analyzed to determine how often calls dropped during trials, and how often those dropped
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User Group Deployment Trials

Trials with Connections Lost

Connection Lost No Information

177 1 1%

206 / 13%

Connection Not Lost
1202 / 76%

Figure 2.47 - User Group Deployment Trials with Lost Connections

2.4.4.2 Applicable Results From User Group Deployment

As shown in Figure 2.47, during the User Group Deployment 206 calls (approximately 13%) were
disconnected during trials (as indicated on user report forms). Of these disconnected calls, users
indicated that about 81% were automatically reconnected. However, from a user’s perspective
there was no distinction between simply being reconnected and being validly reconnected (i.e.
assigned the same identification number).

To further understand this distinction between reconnection and valid reconnection, additional
analysis was made relating (1) calls that lost contact during a trial to (2) trials that had multiple
identification numbers. This analysis was based on the fact that users were instructed to conduct
only one test a day. If a vehicle registered more than one call ID during a day, either (1) the user
conducted more than one test during the day, or (2) a dropped call was incorrectly reestablished as
anew call. With the exception of several partner vehicles which were often involved in more than
one test during the day, it was fairly unlikely that a user would accidentally conduct a second test.
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Trials Losing Contact
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Figure 2.49 - Trials With Single or Multiple Call IDs - Percent Losing Contact During Trial

As shown in Figure 2.49, about half of the 228 trials with multiple call identification numbers had
experienced a lost connection, indicating that about half were due to multiple tests from a single
vehicle, rather than failure to validly reconnect. Along these lines it may be worth noting that about
60 (27%) of the trials with multiple call identification numbers were conducted by four pariner
vehicles involved in other system testing. The remaining 73% of trials with multiple call IDs were
conducted by participants conducting only one test a day.

More importantly from a performance standpoint, of the 206 trials that users indicated had lost
contact, 104 (50%) had multiple call ID numbers in the CSC data, indicating they had not validly
reconnected. (This assumes that if a single trial included both a disconnected call and multiple IDs
were associated with that trial, then the trial included a call which disconnected and then failed to
validly reconnect.)
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2.5.1 OBJECTIVE

Physical obstructions (such as tall buildings, overpasses, dense forests, etc.) can hinder a GPS
receiver’s ability to receive satellite signals. To determine how well the mayday systems
performed in adverse or challenging locations, the evaluation team and the EWG conducted trials
of the systems in locations characterized by overhead structures that could interfere with the
reception of satellite signals.

2.5.2 TEST METHODOLOGY

The topographic interference test was conducted from January 22-25, 1996. The users initiated
calls at prearranged locations that exemplified one of the following interference conditions: (1) in
between buildings, (2) in a parking garage, (3) in a forest, and (4) no discernible barrier. Trials
in parking garages were conducted on January 22, trials in between buildings were conducted on
January 23, trials in wooded areas were conducted on January 24, and trials in open terrain were
conducted on January 25.

Determining the precise accuracy of locations was not a specific feature of this test, but an effort
was made to provide a general description of the quality of the data.

2.5.3 DATA ANALYSIS

The assignment of quality to the location data as listed below (Good, Close, Bad) was based on
subjective ratings of the users in vehicles (DEA and WSDOT employees) in response to locations
reported to them by CSC operators. These ratings may vary across users. There was also some
inconsistency in how information was reported on the user logs. Some of the trial logs rated calls
only as Good or Bad. Some of the trial logs did not include the assignment of a rating, but instead
listed the address as reported to them by the CSC. When addresses, rather than ratings, were
provided, the evaluators assigned a rating by comparing the location identified to the actual location
of the user. Good was defined as within 1 block, close was defined as within 2 blocks, and bad
was defined as more than 2 blocks or no location given.

In addition, the evaluation team reviewed the CSC data that was collected to determine whether

GPS locations were being updated during trials. Even if vehicles are not moving, the GPS-
determined locations should change slightly with each data record. When the location cannot be
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location” was very close to the actual location of the trial, while in the case of XYPOINT it was
not. This was caused by different start-up procedures for the two systems and has nothing to do
with the quality of performance.

2.5.5.2 Trials Conducted in “Urban Canyons”

For both XYPOINT and Motorola, systems experienced some trouble updating locations (37% and
29% failure to update respectively) in-between buildings (i.e., in “urban canyons™). The systems
also experienced difficulties determining accurate locations (71% "bad" for XYPOINT and 47%
"bad” for Motorola). These results confirm what was expected: GPS-based systems can
experience difficulties in accurately determining locations in “urban canyons.”

2.5.5.3 Trials Conducted in Forests

For trials conducted in forests, both systems had no trouble updating locations. Most of the calls
were ranked as “close” and none were ranked as “good.” The fact that most trials were "close”
rather than "good" may relate to the on-line maps. The maps used on the terminals include most,
but not all roads. Smaller roads are less likely than major roads to be included on the maps. For
most trials placed in forests, then, the roads the vehicles were on were generally smaller roads that
may not have been well-represented on the maps.

2.5.5.4 Trials Conducted in Open Terrain

For trials conducted in open terrain, the XYPOINT system experienced minor problems with
updating location (8% failure) while Motorola appeared to have considerable difficulty (44%
failure). However for the Motorola system, all trials conducted by one of the two units resulted in
“bad” GPS locations, and a review of the CSC data indicated that for all trials of that unit, the GPS
locations were not updating. For the other unit, all locations updated correctly.

2,56 DISCUSSION AND CONCLUSIONS

As was expected, both systems experienced difficulties in conditions with overhead obstfuctions.
The most challenging overhead obstruction was parking garages. The second most challenging
obstruction was in between buildings. Surprisingly, one of two Motorola units failed to work in
open terrain. This is a reminder that the PuSHMe technology, while well understood, still needs to
be "bullet proofed” before going to market. (Another reminder of this was the discovery, late in
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2.6.2.2 Test Methodology and Data Analysis for Motorola

Two Motorola units were deployed over four days (February 5-8, 1996) to measure the ability of
the Motorola system to track moving vehicles. Calls were made during rainy conditions in vehicles
traveling along a pre-determined route (the I-5/1-405 loop).

Users in the vehicles completed logs identifying the date, type of test, location, weather, and unit
identification number. The users (DEA and WSDOT staff) also indicated the trial number, time of
button push, whether a connection was made, time of connection, and their own subjective
assessment of the general location accuracy of the data as quoted by the CSC operator.

Data was ranked as Excellent, Good, Fair, and Poor. Excellent indicated that the location was
accurate for more than 80% of the trial, Good was accuracy for 60 to 80% of the trial, Fair was
accuracy for 40 to 60% of the trial, and Poor was accuracy for less than 40% of the trial. The
users in the vehicles were in constant communication with the CSC operators, so were primarily
being told where along the freeway the CSC map located the user. Users also made note of
instances when the computer at the CSC appeared to freeze or have other difficulties.

2.6.3 RESULTS

2.6.3.1 XYPOINT Moving Vehicle Test Results

Following is an assessment of the location accuracy (relative to the freeway) for moving vehicle
trials for the XYPOINT system. It represents the subjective perception of the evaluation team

made by comparing the pre-determined route to the maps produced at the end of trials.

Table 2.8 - Moving Vehicle Tests - XYPOINT

Accurate within a half block 50 53%
Off by half a block 23 24%
Off by one block 17 18%
Off by two or more blocks 5 5%

Total 95 100%

*Represents location accuracy on or off the freeway, but does not include a determination of the accuracy of vehicles
along a freeway at a given time
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2.7.1 OBJECTIVE AND BACKGROUND

Both the Motorola and XYPOINT systems rely on the United States Department of Defense
(USDOD) Standard Positioning System (SPS), which is available to all users worldwide. While it
goes beyond the scope of this evaluation to provide a complete description of the Global
Positioning System (GPS), the results of the location specific test can best be understood within
the context of the typical location accuracy that can be expected with the use of GPS.

The SPS provides predicable accuracy of 100 meters 95% of the time in the horizontal plane. This
accuracy is established by both the USDOD and the USDOT, and is based on U.S. security
interests (Kaplan, 1996, p. 5). In actual use, however, the typical accuracy may be better than 100
meters. At MIT/Lincoln Laboratory, an FAA-sponsored program has examined the level of
performance achievable using undifferentially corrected GPS with selective availability on and the
Russian-owned GLONASS system (Misra, 1993). This program has found that at MIT/Lincoln
Laboratory the typical error has been in the range of 25 to 40 meters. (For more information about
the Lincoln Laboratory project, see Misra, 1993 or the MIT/Lincoln Laboratory GLONASS Group
web pages--http://satnav.atc.lll.mid.edu; and http://sanav.atc.lll.mid.edu/gps/images/gps-scat.gif).

To improve accuracy, both the Motorola and XYPOINT system used differentially corrected GPS
(DGPS). The Motorola data was differentially corrected at the Washington State Traffic Systems
Management Center (TSMC), which was equipped with a DGPS base station by PuSHMe. The
XYPOINT data was differentially corrected at Trimble’s base station in Lynnwood, Washington.
The use of DGPS enhances GPS accuracy to produce typical position errors of less than 10 meters
(Kaplan, 1996, p.322).

2.7.2 METHODOLOGY

For the PuSHMe location specific test, users were instructed to drive to specific location markers
(with known location coordinates), park the car, and initiate a trial. When users were unable to
park their car directly over the monument, they noted approximately how far away they were from
the monument. With the button push, data was sent to the CSCs indicating the location of the
vehicle. For the Motorola system, the location was updated every 5 seconds even though the
vehicle did not move. For the XYPOINT system, updates occurred with each button push.
Therefore, for each trial multiple locations were sometimes identified (particularly with the
Motorola system). For this analysis, the locations generated for a single trial were averaged. For
trials in which users indicated that they were off the monument, the evaluators gave the PuSHMe
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Motorola Location Specific Test (n = 71)
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Figure 2.51 - Location Specific Test Results - XYPOINT Histogram
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As shown in these figures, most of the Motorola locations were within 30 meters of the
monument, and most of the XYPOINT locations were within 6 meters of the monument.

2.7.,5 DISCUSSION AND CONCLUSIONS

The Motorola trials produced location accuracy typical of undifferentially corrected GPS. While
the base station at the Washington State Transportation Systems Management Center (TSMC) was
supposed to be differentially correcting Motorola locations, these results (plus subsequent
discussion with the partners) indicate that the TSMC base station was probably not functioning for
all or part of the PuSHMe test. The mean distance off for Motorola data was about 37 meters, and
the median distance off was about 31 meters. These results are comparable to undifferentially
corrected GPS results being obtained by the MIT/Lincoln Laboratory (see Section 2.7.1), which
found typical errors in the 25 to 40 meter range.

The XYPOINT trials produced location accuracy typical (or slightly better than typical) of DGPS.
However XYPOINT produced a relatively large number of "outlier" locations with several trials
more than 80 meters off of the known location. The cause of these outliers is not clear. Locations
off by 80 or more meters could be explained by undifferentially corrected data, however for all of
the trials off by more than 80 meters, the CSC data indicated that the locations were being
différentially corrected. Other possible explanations for extreme outliers include: incorrect logging
of trial by user or operator, topographical interference, and hardware or software failure.

The adequacy of various location accuracies for emergency response services is a highly situational
question. If the goal is to know in which lane a vehicle is sitting, a 6 meter error may be too large;
if the goal is to find a stranded vehicle on a rural highway, an 80 meter error may be tolerable. In
general, both PuSHMe systems produced relatively reliable, relatively accurate locations that in
most cases would be helpful in support of the delivery of €METgency services.
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2.8.4 RESULTS

The trial logs for the Remote CSC Operator test are included in Appendix F. As shown in Table
2.10, for 60% of trials, the remote CSC operator was able to identify the exact location of the
vehicle. For 22% of trials the remote CSC operator was very close, either being within a half
block, naming one of the cross streets slightly incorrectly, or showing a stopped vehicle as
moving. Therefore, for 82% of the trials the remote CSC was able to identify the location of the
vehicle within half a block. For one trial (2%), the operator-identified location was off by more
than a block. In 16% of trials, the operator either did not or could not correctly identify the name
of one of the cross streets (although for the most part they seemed to be able to identify the names
of other streets or landmarks nearby).

Table 2.10 - Results of Remote CSC Operator Test

Rating Percentof | Number of
Trial: Trials

Exact Location

Very Close ~ 22% 11

Fairly Close (Off by a Block or More) 2% |

Di1d/Could Not Identify Street 16% ]

2.8.5 DISCUSSION AND CONCLUSIONS

The Remote Operator test was extremely successful, in fact the Motorola operator in Phoenix was
generally more accurate in his location of PuSHMe vehicles than were CSC operators in Seattle for
the Motorola part of the Location Specific test. For 82% of trials the Phoenix operator was able to
locate the users quite accurately. For 16% of trials, the remote operator was unable to name one of
the cross streets, but for the most part was able to identify other nearby cross streets or landmarks
(¢.g. railroad tracks, other streets, census tracts, beach, etc.).

The inability to name one of the cross streets may have been a mapping problem. The problem of
incomplete or out-of-date maps is not unique, though perhaps more common, to the remote
operator scenario. Clearly a part of the success of GPS-based emergency response systems
depends upon the existence of very detailed, up-to-date maps. The availability of such maps on the
WWW would allow for uniformity and cross referencing among geographically disperse CSCs.
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CHAPTER 3. USABILITY ANALYSIS

3.1 OVERVIEW OF USABILITY ANALYSIS

The goal of the usability analysis was to evaluate the user's acceptance and ease of use of the
PuSHMe mayday systems (at its current stage of development) by measuring the users'
perceptions of the systems. The users involved in this evaluation were volunteers participating in
the user group deployment (see Section 2.2.1). For several months, volunteers conducted daily
tests of the system from their vehicles. During these tests, no actual service providers were
dispatched to the volunteers.

3.2 METHODS

Two different questionnaires were administered: the first to volunteers using the Motorola system
and the second to volunteers using the XYPOINT system (see Appendix G). The questionnaires
explored four areas of user acceptance: (1) ease of use, (2) safety and security, (3) reliability and
consistency, and (4) additional user perceptions of the testing or systems. A fifth section on the
questionnaire requested information on drivers’ driving habits and a limited amount of
demographic data.

Before questionnaires were finalized, each draft questionnaire was pre-tested on five PuSHMe
project team members from the partner organizations (DEA and WSDOT). The questionnaires
were then revised based on feedback provided by the pre-testers. Once questionnaires were
finalized, each volunteer was sent a questionnaire, a letter explaining the purpose of the
questionnaire, and a postage paid return envelope to mail the completed questionnaire back to the
evaluation team. Questionnaires were mailed to all volunteers near the end of the user group
deployment. 36 questionnaires were sent to volunteers using the Motorola system and 83
questionnaires were sent to volunteers using the XYPOINT system. For volunteers using the
Motorola system, 23 completed questionnaires were returned, representing a response rate of 64%.
For volunteers using the XYPOINT system, 54 completed questionnaires were returned,
representing a response rate of 65%.

3.3 DEMOGRAPHIC CHARACTERISTICS OF RESPONDENTS

Ideally, the volunteers participating in the PuSHMe project would have been randomly selected
from the population at large. However, as described in Section 1.4.2, because involvement in this
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Figure 3.1 - Motorola Usability Respondents By Education
Numbers of respondents per category are displayed in bars
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Figure 3.2 - Motorola Usability Respondents By Income
Numbers of respondents per category are displayed in bars
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Figure 3.4 - XYPOINT Usability Respondents By Education
Numbers of respondents per category are displayed in bars
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Figure 3.5 - XYPOINT Usability Respondents By Income
Numbers of respondents per category are displayed in bars
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The results are presented by topic rather than by order of the questions on the survey. The tables
summarizing the results include the original survey question number for reference, and copies of
the surveys are included in Appendix G.

3.5 RESULTS

The survey results are separated by the system used. Section 3.5.1 presents results of the surveys
administered to volunteers using the Motorola systern and Section 3.5.2 presents results of the
surveys administered to volunteers using the XYPOINT system.

3.51 MOTOROLA RESULTS
3.5.1.1 Motorola User Perceptions of Ease of Use: General Ease of Use

The survey included several questions that focused on respondents’ perception of general ease of
use of the device or system. Answers to these questions were generally very positive. When
asked if they found the device easy to reach and easy to handle (questions 2a and 2b, Section D,
all 23 respondents answered yes (c2 = 23.00, p < .01; ¢2 = 23.00, p < .01, respectively).
Responses to additional questions relating to ease of use are presented in Table 3.1. As shown in
Table 3.1, most respondents either agreed or strongly agreed that they found the device easy to use
(100%), found the written instructions for using the device easy to understand (90%), knew what
to expect when they operated the device (95.7%), found the auto re-dial feature useful (100%), and
found the operator’s voice at the response center easy to hear (78.2%) and easy to understand
(86.9%). Chi square analyses showed significant differences in responses for these results, with
responses favoring the positive end of the scale. Further, respondents felt confident in selecting
which button to push, with 73.9% indicating that they strongly agreed, and 26.1% indicating that
they agreed (¢ = 33.52, p < .05). The results of the user group deployment (see Section 2.2)
indicate that, for most scenarios, there was consistency in the button users pushed. For 15 of 18
scenarios tested in the user group deployment, there was 90% or greater consistency in the button
pushed by users (see Appendix H for detailed data).
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As shown in Table 3.2, when using only the microphone, 63.2% of the respondents almost
always heard the operator and 31.6% frequently heard the operator. These respondents, however,
reported that the operator could not hear them as well: only 35.3% of respondents indicated that
the operator seemed to almost always hear them when usin g only the microphone, although 41.2%
indicated that the operator frequently heard them, and 23.5% indicated that the operator
occasionally heard them,

When using only the handset, 82.4% of respondents almost always heard the operator and 11.8%
Jfrequently heard the operator. In contrast to those who used the microphone, the handset users
reported that the operator seemed to be able to hear them well: 82.4% of respondents indicated that
the operator seemed to almost always hear them when using only the handset, 11.8% indicated that
the operator frequently heard them, and only 5.9% indicated that the operator rarely heard them.

Table 3.2 - Motorola User Perceptions of Ease of Use of Handset Versus Microphone

Question Rarely Occasionally Frequently ﬁmost cl D
ways

When used only microphone, could 0.0% 5.3% 31.6% 63.2% | 19.11 .0003
hear the operator (Sec. 1, 1b). 0) (1) ©) (12)

When used only microphone, was 0.0% 23.5% 41.2% 353% | 676 .08
heard by operator (Sec. 1, 1c). ©) @ N ©

When used only handset, could hear 0.0% 5.9% 11.8% 824% | 4347 .0000
the operator (Sec. 1, 1d). 0 1) 2 (14)

When used only handset, was heard 5.9% 0.0% 11.8% 824% | 3029 .0000
by operator (Sec. 1, le). (1) © (2) (14)

Note: Number in parentheses under percentage shows cell size.

When respondents used only the microphone, the chi square analysis for the respondents hearing
the operator was significant (with the almost always response being selected by a majority of the
respondents), yet the chi square analysis missed being significant (p = .08) for the operator
hearing the respondent—an effect probably caused by the relatively even response to the almost
always and frequently responses. When respondents used only the handset, the chi square
analyses were significant for both the respondents hearing the operator and the operator hearing the
respondent, with the almost always response being selected most often. The responses, then,
suggest that the handset enabled respondents to better hear and be heard by the operator.

Although using the handset appears to lead to clearer reception, other features of the system

apparently contribute to the communication mode (handset versus microphone) that users find most
effective. As shown in Table 3.3, when respondents were asked if they found the handset more
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user). Most respondents, however, still preferred to use the microphone, which enabled hands-
free communication.

3.5.1.3 Motorola User Perceptions of Security/Safety

The questionnaire also included several questions regarding user perceptions of safety or security
they believed this system could offer. Answers to these questions were very positive. As shown
in Table 3.4, a large majority of respondents either agreed or strongly agreed that they would feel
more secure in their vehicle if this system were permanently available to them (95.7%) and to other
members of their family (95.7%), and that this system would be likely to help authorities deliver
assistance when they are in situations requiring police, medical, or roadside assistance (95.6%).
Chi square analyses showed significant differences in responses to these questions, with responses
favoring the positive end of the scale.

Table 3.4 - Motorola User Perceptions of Safety and Security Benefits of System

Question Strongly Disagree Agree Strongly | 2  p
e — Disagree ______Agee |
Would feel more secure in vehicle if system 0.0% 4.3% 60.9% 34.8% 22.39 0001
were permanently available to them (Sec. 1, O o (14 ®

3a).

Would feel more secure if system were 0.0% 4.3% 52.2% 43.5% | 19.61 0002
permanently available to other family ©) I (12) (10}

members (Sec. 1, 3b).

Believe this system would be likely to help 0.0% 4.3% 21.7% 73.9% | 31.78 .0000
authorities deliver assistance (Sec. 1, 3c). ©) (1) 3 (17)

Note: Number in parentheses under percentage shows cell size.

Many responses to these questions significantly correlated with responses to other questions on the
survey. For example, the level of agreement on responses to participants feeling more secure in
their vehicles if this system were permanently available to them positively correlated with
responses 10 feeling more secure if this system were permanently available to other members of
their family, which in turn positively correlated with responses to reporting that the operator almost
always attempted to identify and describe their location. Also, the level of agreement on IeSponses
to believing this system would be likely to help authorities deliver assistance when participants are
in situations requiring police, medical, or roadside assistance positively correlated with responses
to reporting that the operator almost always attempted to identify and describe their location, as
well as feeling more secure in their vehicle if this system were permanently available to them and
other members of their family. The complete set of survey questions which had responses that
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with a majority of respondents almost always hearing the phone beep begin dialing; rarely or
occasionally being disconnected; and when disconnected, almost always being reconnected.

Table 3.5 - Motorola User Perceptions of Reliability

Question Rarely Occasionally Frequently Almost | c¢2 D
Always

Heard the phone beep and begin 0.0% 4.8% 0.0% 952% | 55.38 .0000

dialing (Sec. 1, 1a). © 1) ©) (20}

When speaking with the response 40.9% 50.0% 9.1% 00% | 1545 .0015

center operator, was disconnected ® ay @ ©

(Sec. 1, 1),

When disconnected, was 0.0% 0.0% 18.2% 81.8% | 39.82 .0000

automatically reconnected (Sec. 1, © ©) G (18}

1g).

Note: Number in parentheses under percentage shows cell size.

As shown in Table 3.6, most respondents agreed or strongly agreed that: (1) the time the operator
took to respond to the call was usually consistent (89.9%); (2) it seemed to take only a short time
for the operator to respond (86.4%); and (3) the system was consistent in how it worked (82.6%).
Chi square analyses showed significant differences in responses for these questions, with

responses favoring the agree response,

Table 3.6 - Motorola User Perceptions of Consistency

Question

c2

Strongly Disagree Agree  Strongly P
Disa A
Felt that the time the operator took to 4,5% 4.5% 81.8% 9.1% 38.00 .0000
respond to call was usually consistent (Sec. ¢y Q) (18) @
1, 3n).
Felt that 1t seemed to take only a short time 0.0% 13.6% 864% 0.0% 45.27 .0000
for the operator to respond (Sec. 1, 30). 0) &) (19 O
Felt the system was consistent in how it 0.0% 174%  652% 174% | 21.70 .0001
worked (Sec. 1, 3p). ) @ (15) @

Note: Number in parentheses under percentage shows cell size.

Many responses to these questions significantly correlated with responses to other survey
questions. For example, the level of agreement on responses regarding the consistency of the time
it took the operator to respond to participants’ calls positively correlated with responses to
reporting that the operator correctly described their location. The complete set of survey questions
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commented that a louder sound system would help with hearing. Another suggested a “send help
regardless™ button so that the response center could respond to a call when the person could not be
in the vehicle. Finally, when asked if they believe this system could provide a service not
encountered before, significantly more respondents answered yes (95%) than no (5%)

(c2 = 18.18, p < .01).

3.5.1.6 Relationships Between Motorola Demographic Characteristics and
Perceptions of the System

Respondents’ demographic characteristics were used to determine if there were significant
differences or relationships between demographic characteristics of the respondents and responses
to other survey questions. The following demographic characteristics were analyzed: gender; age;
income; occupation; average annual vehicle miles traveled; and the use or ownership of cellular
phones, pagers, or home security systems. Because most respondents were in technical
occupations, the survey responses of those in non-technical occupations were grouped together
and compared to the responses of those in technical occupations. For the analyses of survey
responses grouped by respondents’ income, only income groups with more than three respondents
were used ($30,000 to $39,999; $40,000 to $49,999; and $50,000 to $75,000). Differences in
education could not be used for grouping purposes since most respondents indicated similar levels
of education (community college or college educated).

See Appendix K for a complete list of significant differences and relevant statistics.

3.5.1.6.1 Motorola Significant Differences in Responses by Gender, Age,
Income, and Occupation

When respondents were asked if they believe this system could provide a service not encountered
before, males were significantly more likely than females to answer yes. Fernales, though, were
significantly more likely than males to report that they found the microphone more effective than
the handset and that they preferred using the microphone, while males were significantly more
likely than fernales to indicate that they preferred using the handset. The age of respondents
significantly correlated with responses to two survey questions of interest. Age of respondents
positively correlated with feeling more secure in their vehicle if this system were permanently
available to them, and inversely correlated with finding the operator’s voice at the response center
easy to understand. In addition, there was nearly statistical significance in age positively correlating
with feeling more secure if this system were permanently available to other family members. The
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As shown in Table 3.8, most respondents either agreed or strongly agreed that they found the
device easy to use (84.9%%), the written-instructions easy to understand (90.7%), the device easy
to set-up (82.6%), and the messages easy to read (81.1%) and easy to understand (94.0%). Most
respondents agreed or strongly agreed (64.8%) that they knew what to expect when they operated
the device, although 20.4% disagreed and 14.8% strongly disagreed. Chi square analyses showed

significant differences in responses to these questions, with responses favoring the agree response.

When asked if respondents were aware each time a new message appeared on the screen, 49%
responded yes and 51% responded no (section 1, question 1¢). Many respondents commented that
the messages changed too fast; there was no indication that they had received a new message; the
message did not stay on the screen long enough; and they only saw the messages if they were
looking at the device all the time. As shown in Table 3.8, most respondents agreed or strongly
agreed that they: (1) sometimes missed seeing a new message appear on the screen (96.0%),

(2) found the way the device beeped helpful (77.1%), but (3) felt it would be helpful if the device
beeped every time a new message appeared on the screen (98.1%). Chi square analyses showed
significant differences in responses for these results, with most respondents agreeing or strongly
agreeing.

Further, most respondents felt confident in selecting which button to push, with 22.6% indicating
that they strongly agreed, and 56.6% indicating that they agreed. The results of the user group
deployment (see Section 2.2) indicate that for most scenarios, there was consistency in the button
users pushed. For 10 of 16 scenarios tested in the user group dcploymént, there was 90% or
greater consistency in the button pushed by users (see Appendix I for detailed data). For 3 of 16
scenarios, there was 80-89% consistency; for 2 of 16 scenarios, there was 60-69% consistency;
and for one scenario there was 50-60% consistency.
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Overall, most respondents reported that they found the device relatively easy to use and handle,
although a number had difficulty with cords and the set-up, and even more had difficulty with the
text message display, missing new messages either because the messages changed too quickly or

they did not receive a clear enough indication from the system that a new message had arrived.

3.5.2.2 XYPOINT User Perceptions of Security/Safety

The questionnaire also included several questions regarding user perceptions of safety or security

that this system could offer. Answers to these questions were more positive than negative. As
shown in Table 3.9, 69.8% of respondents agreed or strongly agreed that they would feel more

secure in their vehicle if this system were permanently available to them, while 30.2% disagreed or

strongly disagreed. When respondents were asked if they would feel more secure if this system
were permanently available to other members of their family, 74% agreed or strongly agreed, while
26% disagreed or strongly disagreed. When respondents were asked if they believe this system
would be likely to help authorities deliver assistance when they are in situations requiring police,
medical, or roadside assistance, 85% agreed or strongly agreed, while 15% disagreed or strongly
disagreed. Chi square analyses showed significant differences in responses to these questions,

with responses favoring the agree response.

Table 3.9 - XYPOINT User Perceptions of Security/Safety

Question Strongly Disagree Agree Swongly [ 2 p
Disaﬁ Ag

Would feel more secure in vehicle if system 94% 208% 54.7% 15.1%

were permanently available (Sec. 1, 2a). &) (1) (29) ® 2632 .0000

Would feel more secure if system were

permanently available to other family 8.0% 180%  54% 20.0%

members (Sec. 1, 2b). @ O 27) (10) 24.08 .0000

Believe this system would be likely to help 1.5% 75% 66.1%  189%

authorities deliver assistance (Sec. 1, 2c). @) @ (35) (10) 49.42 0000

Note: Number in parentheses under percentage shows cell size,

Many responses to these questions signiﬁéantly correlated with responses to other questions on the
survey. For example, the level of agreement to believing this system would be likely to help
authorities deliver assistance when participants are in situations requiring police, medical, or
roadside assistance positively correlated with responses to feeling more secure if this system were
available to other members of their family, and feeling more secure in their vehicle if this system
were permanently available to them. The complete set of survey questions with responses that
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analysis showed significant differences in responses to this question, the significance is probably
due to the strongly disagree, disagree, and agree responses being chosen significantly more
frequently than the strongly agree response (one respondent).

When asked if the time it took to receive an initial response was usually consistent, 70% of
respondents disagreed or strongly disagreed, while 30% agreed or strongly agreed. When asked if
they felt the system was consistent in how it worked, 71.1% of respondents disagreed or strongly
disagreed, while 28.9% agreed or strongly agreed. Chi square analyses showed significant
differences in responses to these questions (with responses favoring the disagree response),
although the significant differences may be due to the extremely low response for strongly agree
(one respondent).

Table 3.10 - XYPOINT User Perceptions of Reliability and Consistency

Question Strongly Disagree Agree Siongly ct 2
Disa;

Device beeped three times when 11.1% 133% S78% 17.8%

ready (Sec. 1, 21). &) 6) (26) ® 26.20 .0000
Device beeped once after pushing 4.5% 113% 63.7% 20.5%

button (Sec. 2, 2m). @ ) (28) ©) 37.27 .0000
Seemed to take only a short time to 22.4% 286% 47.0% 20%

receive message (Sec. 2, 2p). (11) (14) (23) )] 20.14 .0002
The time it took to receive initial 280%  420% 280% 20%

response was consistent (Sec. 2, 2q). (14) 2n (14) ()] 16.72 .0008
Feel the system was consistent in 250% 46.1% 27.0% 19%

how it worked (Sec. 2, 2r). (13) 4 (14) (1) 2046 0001

Note: Number in parentheses under percentage shows cell size.

Many responses to these questions significantly correlated with responses to other survey
questions. For example, the level of agreement on responses regarding the time it took to receive
an initial response being consistent positively correlated with responses to feeling more secure if
this system were permanently available to them and to other members of their family. Also, the
level of agreement to feeling that the system was consistent in how it worked positively correlated
with responses to knowing what to expect when they operated the device, and reporting that the
time it took to receive a message was usually consistent. The complete set of survey questions
with responses that significantly correlated with responses to the reliability and consistency
questions, and the relevant statistics, appear in Appendix J.
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income, only income groups with more than three respondents were used ($30,000 to $39,999;
$40,000 to $49,999; and $50,000 to $75,000). Differences in education could not be used for
grouping purposes since most respondents indicated similar levels of education (community
college or college educated).

See Appendix K for a complete list of significant differences and relevant statistics.

3.5.2.5.1 XYPOINT Significant Differences in Responses by Gender, Age,
Income, and Occupation

Analyses of responses by occupation indicated significant differences in responses to two
questions. Respondents in non-technical occupations were significantly more likely to report that
they believed this system would be likely to help authorities deliver assistance when in situations
requiring police, medical, or roadside assistance, and that they found the device easy to use. The
age of respondents inversely correlated with being able to think of situations under which
respondents felt the system would not be able to help them acquire emergency services. In
addition, there was nearly statistical significance in age inversely correlating with finding the
messages on the device easy to understand. Other analyses indicated no significant differences in
responses to any questions by gender or income.

3.5.2.5.2 XYPOINT Significant Differences in Responses by Cellular Phone
Ownership, Use of Pagers, and Home Security Service Subscription

Analyses of responses to yes/no by cellular phone ownership indicated significant differences in
responses to one question of interest in each of these categories. When respondents were asked if
they could think of any circumstances under which this system would not be able to help them
acquire emergency services, respondents who did not own cellular phones and those whose homes
were not protected by home security systems were significantly more likely to indicate that they
could think of circumstances in which this system would not be able to help them acquire
emergency services. Analyses of responses by pager use indicated that respondents who did not
carry pagers with them were significantly more likely to indicate that they found the device easy to
reach. Analyses of responses to other survey questions found no significant differences based on
cellular phone ownership, pager use, or subscription to a home security system.
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security that this system could offer, although several identified situations in which the system
would be unable to help them as it was intended.

Slightly more than half of respondents did point out that the system did not always work as they
expected (e.g., computers went down or the operator identified them at a location that they had
been at earlier in the day). Several participants, however, expressed enthusiasm for the system.
For example, one respondent commented that there would be a market for a system like this, while
another respondent commented on the reliability with which the operator described his/her exact
location.

3.6.2 DISCUSSION AND CONCLUSIONS FOR THE XYPOINT SYSTEM

Overall, the response of the users to XYPOINT’s in-vehicle emergency response was favorable in
many respects and unfavorable in a few. Regarding perceptions of ease of use, most respondents
reported that they found the device relatively easy to use and handle, although a number did
comment that the cords tangled easily and that it was awkward to set-up the device in their
vehicles. In addition, many respondents commented that they sometimes missed seeing new
messages appear on the screen. Regarding feelings of safety or security, a majority of respondents
agreed that this system would provide some feelings of safety or security to them, though this
judgment was tempered by the fact that most users found that the system performed inconsistently.

This last point, that the system was not consistent in how it worked, was the most common issue
respondents brought up. In addition, several respondents commented that they would have liked
the system to have allowed them to speak with the operator.

The issue of usability is closely related to the issue of marketability; in fact our market study
borrowed from this usability study to help design its analytical instruments. Chapter 4 takes this
evaluation from concerns of use and acceptance of these systems to the related concerns of
potential market for these systems.
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The value consumers derive from an IVERS will depend upon four categoﬁcs of determinants.
These are (as pictured below):

1. Functional benefits, which are directly related to engineering specifications. For example,
one device may have voice communication while another relies on text messages.

2. User effort benefits, which depend on the ability and desire of the user to adapt a specific
mayday system configuration to his or her specific needs. This is related to usability as
described in Chapter 3.

3. User costs, which are the explicit and implicit costs people expect to incur in using
alternative configurations. These costs depend on the user's current technology (this is
described further below).

4. Market costs, which depend on prices and tariffs to the extent that they may be present.

Functional Benefit User Effort Benefit Benefits
Customer Value
Market Cost User Cost Costs

The concept of user costs requires further explanation. User costs depend on the user's current
technology for achieving the functionality provided by the new product. Functionality is
determined and user costs are incurred when a product is used, that is, in the context of a
consumption activity. By user’s technology, we refer to anything the user can exploit in
accomplishing the objectives of a specific consumption activity. Examples of consumption
activities would be commuting from home to the workplace, going shopping, going skiing, and so
forth. Users differ with respect to the technologies that they can exploit in pursuit of these
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describing to them alternative IVERS. This pre-test was primarily to help determine how to
structure the instrument for Stage 2. Appendix L includes a sample of the survey used in Stage 1.

Concept descriptions were prepared and given to respondents to communicate in simple terms the
essential characteristics of an IVERS. Respondents were asked to articulate a set of relevant
alternatives and to compare alternatives on dimensions that they considered to be important.
Comparative dimensions were provided by the respondents and used to construct a product design
matrix (see Appendix M, Figure 1a).

In addition, two scenarios were presented to respondents, each depicting a hypothetical breakdown
under different conditions related to the responsiveness of conventional emergency road services.
These scenarios provided a context for establishing some general evaluative criteria that
respondents would apply in comparing conventional emergency road services and novel mayday
services.

4.4.2 STAGE 2 METHODOLOGY

How potential customers understand and evaluate an in-vehicle emergency response system is
tantamount to defining the market for these systems. These perceptions are partly revealed by the
criteria people use in evaluation. To help us understand how people evaluate IVERS, we imposed
a simple model of “customer value” based on that described in 4.3, We used this mode] to help us
organize the interacting factors of an IVERS that influence an individual’s evaluations. Based on
these factors plus the information that was gathered in Stage 1, we constructed a paper and pencil
exercise with different consumption scenarios. Under these scenarios, respondents provided
feedback concerning their preferences for specific combinations of emergency response services.

The methodology employed in Stage 2 is known as profile analysis, which is a special form of
conjoint analysis. The respondents were each given 18 cards with various combinations of system
characteristics derived from the product design matrix (e.g. Appendix M, Figure 2). They were
asked to rank order their preferences for the different emergency response systems described on
the cards under two different cost scenarios. Demographic data was obtained from each respondent
(when not available from other sources) and correlated with the preferences. This data collection
provided the information that permitted calculation of marginal valuations of the critical dimensions
of emergency response systems.
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4.5.2.1 Price Effects

Because the concept of an in-vehicle emergency response system is a relatively new one, we were
concerned that drivers would have some difficulty in processing information describing altemative
IVERS. It is well documented that when someone is asked to make a judgment or to express a
preference for unfamiliar alternatives (such as IVERS), he or she is likely to use perceived price as
a proxy or indicator of quality (i.e. if it costs more, it must be better). This means that price not
only (1) serves to allocate the private resources of individuals, it also (2) conveys information
about the imputed intrinsic properties of unfamiliar alternatives.

In order to understand the evaluations that individuals made of alternative IVERS configurations,
we had to devise a means to isolate these two roles of price (allocative and informational). This
was accomplished by having the respondents rank alternative systems under two different cost
scenarios: (1) where they were to receive the system at no direct cost (purchase or usage) to
themselves, and (2) where they would have to pay the listed purchase cost and usage fee. Under
scenario 1, the purchase cost and usage fee were also listed on the cards, but respondents were told
they would not have to pay for these directly. In this case, any price effect is informational, that is,
price is used as a proxy for unknown characteristics. The ranking we conducted under scenario 1
is referred to as an unconstrained preference ranking -- i.e. without a budget restriction. The
ranking we conducted under scenario 2 is referred to as a constrained preference ranking -- i.e.
with a budget restriction. This case is closer to the choices people make in the market, where the
informational and allocative roles of price are confounded.

4.5.2.2 Grouping within the Sample

A second issue concerned how we would use the different individual responses to alternative
IVERS configurations to gain an understanding of how these evaluations represented distinct
groupings of the consumers within the sample. To do this we employed a technique known as Q-
factor analysis. Our basic goal was to group the individuals by similarity of responses. However,
we also hypothesized that those individuals with some personal experience with IVERS were likely
to have different evaluations than those individuals without any experience (i.e. participants vs.
non-participants). Therefore, in performing the Q-factor analysis we first grouped by participation
and then distinguished individuals from each other in terms of their preference structures. In so
doing, we constructed clusters, or “representative consumers,” where each cluster is assembled on
the basis of its preference consistency. In the end, we were pleased to find a strong relationship
between general preference and characteristics of an IVERS.
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Two preference orderings of 18 IVERS profiles, each a distinct combination of system
characteristics, were obtained for each respondent, one under the constraint of a budget and the
other with no budget constraint. The individuals were grouped into representative consumers based
on the similarity of their preferences. Diagnostic tests on the goodness-of-grouping were
performed, and average background traits were determined from the demographic information.
Finally, the allocative effect of price was isolated by estimating a difference equation of constrained
less unconstrained preferences at both aggregate (total sample) and disaggregate (groups) levels.

The ranked data were used to determine the individual utility functions for each respondent. Two
different forms of the design matrix were used in creating the utility functions, one as shown in
Appendix M, Figure 1b, and one with dummy variables for the product design variable, leading to
two functions for each budget scenario (ie. four preference models for each user). The data from
the first 16 cards only was used for estimation, with the last two card rankings used to assess the
accuracy of the model. The data were reranked out of 16, then linear additive and multiplicative
regressions models were conducted, and these models were used to predict the final two rankings.
The rankings from the regression models were correlated (two tailed Pearson rank correlation) with
the original rankings for each respondent’s four models.

The strength of the correlations determined the groupings based on a two stage grouping process.
First respondents were split into the natural categories of participants in the field test and non-
participants and new regression models were formed for these subgroups. Then these groups
were broken down further by constrained preference using a Q-factor analysis. Q-factor analysis
identifies a relatively small number of factors (corresponding to distinct groups of individuals) that
can be used to represent relationships among sets of many interrelated variables (in this case the
card rankings). It forms linear combinations of these variables, based on the variable correlation
matrix and selects as few factors as possible to explain the observed correlations. For this part of
the analysis we chose the transformation method Varimax with oblique rotation and principal
components analysis as the factor extraction method (in this method the first factor is the
combination that accounts for the largest variance in the sample). This classified the participants

and non-participants into groups which would take into account most of the variance in the two
samples.

Consistency tests were then done to illustrate the advantages of the chosen grouping. For the
consistency test, a dominance matrix (Gautschi & Rao, 1987) was calculated for each individual,
then within each subgroup the matrices were summed to form sub-dominance matrices. The
consistency score, the sum of all the non-zero values of the sub-dominance matrix divided by the
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the nature of the communication (e.g. voice vs. text only), and panel features (¢.g. lighted vs. not
lighted). Service Type covers the extent of services provided (e.g. only respond to emergencies
vs. not only respond to emergencies but also provide towing). Information covers the extent of
information provided (e.g. only acknowledgment vs. acknowledgment plus directions to the
nearest hospital, police station, etc.). Purchase cost means the initial cost of the device plus
installation. Usage fee means the marginal price of using the system.

Taken together, these five factors at their various levels permitted us to describe a wide variety of
alternative IVERS offerings -- real and imagined. The five factors relate to the customer value
model (as described in Section 4.3) in the following manner :

Product Design Information Service Type
\A ‘
Product Functionality User Effort Value
Customer Value

/. Market Cost User Cost
Installation Cost Usag:fb Product/chgn Information

Note that a single factor can impact the model at more than one point. For example, product design
factors will impact both functionality and user cost.

Using a fractional factorial design, we were able to construct 16 distinct alternatives as
combinations of the five factors. These 16 alternatives, plus two additional alternative
combinations that we added for predictive testing, became the 18 profile cards used in the
conjoint analysis exercise. The profiles describe, in general terms, alternative IVERS
configurations, as well as other market alternatives (e.g. cell phones) and non-market alternatives
(i.e. forms of self-production). The 18 profiles and sample cards are presented in Appendix M.
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4.6.2.1 AGGREGATE (n=65)

These results are for the entire sample, both participants and non-participants. A linear additive
regression model was used.

Most significant influences on customer value:

| beta weight | factor p
443 purchase cost 001 higher cost --> lower preference
211 product design .001 higher design --> greater preference
07 usage fee .05 higher cost --> lower preference
.039 service type .11 higher level --> greater preference

For the aggregate, as expected, the higher the cost and usage fee the less the alternative was
preferred, while the greater the functionality and service level the more the alternative was
preferred. The extensiveness of information provided had no influence on preference in the
aggregate. The highest rated alternative for the aggregate under a constrained budget scenario was a
system with high end design, no services included, basic information, and no usage fee or
purchase cost (the lowest cost model). Without a budget restriction the preference was for a more
elaborate system, high end design, services included, extensive information, the highest usage fee,
and a $500 purchase cost (the top of the line model, except for purchase cost). These results were
consistent with either a linear additive or multiplicative regression model.

4.6.2.2 PARTICIPANTS VS NON-PARTICIPANTS

Participants (linear model) (n=46)
| beta weight | factor P
.44 purchase cost .0001 higher cost --> lower preference
.19 product design - .0001 higher design --> greater preference
.05 information .11 higher level --> greater preference
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with top of the line features when cost wasn’t a consideration. A linear additive regression model
was used in this analysis.

Group 2 (linear model) (n=5)

| beta weight | factor 2

51 product design .0001 higher design --> greater preference

This group represented 10.9% of the participants in the sample. For this group, the difference
equation is insignificant. This means that there is no confounding of the price effect for this group
-- their evaluations of IVERS alternatives are not influenced by a budget constraint. They are,
however, positively influenced by design features. Not surprisingly, this group was the oldest,
had the highest income, and traveled the most miles. A linear additive regression model was used.

Group 3 (nonlinear model) (n=2)
| beta weight | factor R
57 purchase cost 001 higher cost --> lower preference
.26 product design 15 higher design --> greater preference

This group represented 4.4% of the participants in the sample. It is a group that values purchase
cost, but is not at all sensitive to usage fees. There is some indication that it is strongly influenced
by design features as well. People in this group tend to be willing to pay a bit more for a better
system. A nonlinear regression model was used.

Group 4 (linear model) (n=5)

| beta weight | factor ]
72 product design 0001 higher design --> greater preference
.27 purchase cost .05 higher cost --> lower preference
.10 information 14 higher level --> greater preference

This group represented 10.9% of the participants in the sample. It is a group that is influenced by
purchase cost, with a strong preference for high product design and a desire for extensive
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4.6.2.4 NON-PARTICIPANT SUB GROUPS

Group 1 (nonlinear model) (n=9)
| beta weight | factor P
.62 purchase cost .0001 higher cost --> lower preference
18 usage fee .01 higher cost --> lower preference
14 service type .01 higher level --> greater preference

This group represented 47.4% of the non-participants in the sample. Itis a group that is strongly
influenced by both market cost factors with information and product design being the least
important factors, similar to participant subgroup 7. This group also values service. The highest
rated alternative under a constrained budget is a system with low end design, professional
installation, services included, basic information, a low usage fee, and no purchase cost. With no
budget constraint, the preferred system was the model with top of the line features and a purchase
cost of $500. A nonlinear regression model was used.

Group 2 (nonlinear model) (n=4)
| beta weight | factor P
.40 product design .001 higher level --> greater preference
.20 purchase cost .10 higher cost --> lower preference

This group represented 21.1% of the non-participants in the sample. It is a group that has no
desire for extra information or services, but a strong desire for product design and low purchase
cost. It is not sensitive to usage fees. A nonlinear regression model was used.

Group 3 (nonlinear model) (n=5)
| beta weight | factor P
.69 product design .0001 higher level --> greater preference
.18 purchase cost .15 higher cost --> lower preference
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Figure 4.1 - Stage 3 Survey Results, Previous Knowledge of IVERS

As illustrated in Figures 4.2 and 4.3, the respondents felt a neutral to weak need for an in-vehicle
response device, and felt that there should probably not be legislation dictating the use of such
devices. Only 15% of respondents had a strong or very strong need for an emergency response
device, 37% were neutral and the rest (48%) had a weak or very weak need. 23% of respondents
felt positively about legislation requiring vehicles to be equipped with emergency response devices,
27% were neutral, and the remaining 48% were opposed to the idea of such legislation. There
was, however, a correlation between incidences of being lost and needing directions in the past

year and need for an emergency response device, with correlation coefficient .23 and a significance
level of .058 .
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4.7 CONCLUSIONS

Analysis of the aggregate revealed that cost is the key factor in the marketability of an IVERS, with
purchase cost having far more impact than usage cost. This is not to say that people do not
consider function—they do, but they do not generally want to trade higher cost for additional
functionality. This is most graphically demonstrated by the differences in the system of choice
under constrained and unconstrained conditions, with people desiring functionality in a non-
constrained scenario, but sacrificing functionality for low purchase cost in a constrained scenario.

By splitting the aggregate sample into a group of those who had use experience and another group
of those who had no use experience, we discovered that the secondary influences of service type
and information differed across these groups. In general, use of an IVERS fostered a sensitivity to
the value of additional information (e.g. directions), while non-users were more sensitive to
service features (e.g. towing). This implies that initial marketing to encourage adoption of these
systems might include bundled related services, while later efforts to maintain market share might
focus on enhanced information services.

Further disaggregation of the participant and non-participant groups revealed additional insights. It
is significant that the influences of purchase cost, usage fees, product design, information, and
service levels are not at all consistent across the subgroups. This simple result indicates the critical
importance to producers of IVERS of carefully segmenting the markets that they intend to supply.
Imagine, for example, a market strategy for participant group 2 which was not at all sensitive to
price, highly sensitive to functionality and consisted of older, richer, well traveled males; versus a
market strategy for non-participant group 2 which wanted functionality at low cost and consisted of
relatively low income (mostly) women who traveled less than one tenth the vehicle miles of their
participant counterpart.

In only four subgroups (two participant, two non-participant) was product functionality the
dominant influence on peoples’ preferences for alternative IVERS. More consistently, purchase
price of an IVERS alternative is the more important influence on peoples’ preferences. Usage fecs
are significant influences in only two cases (dominant in only one case), and not at all influential in
determining preferences in most cases. This implies a clear pricing strategy favoring usage fees for

most market segments. There are no systematic patterns among subgroups in the influences of
service or information.
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CHAPTER 5. INSTITUTIONAL ISSUES ANALYSIS

5.1 INTRODUCTION

The purpose of the Institutional Issues Analysis was to evaluate institutional issues associated with
deployment of in-vehicle emergency response systems that follow the PuSHMe model, that is, that
incorporate GPS technology and rely on private service centers as a first point of contact. In
addition, we looked at institutional issues that impacted the PuSHMe operational test itself.

5.2 SCOPE

Because the partners performed a separate analysis covering many institutional issues, we designed
our efforts to complement and expand on, rather than be duplicative of, their efforts, The partners’
institutional analysis resulted in a technical memorandum (Institutional Issues Report, David Evans
& Associates, August 1996) that explored: (1) the roles and protocols of typical Public Service
Answering Points (PSAPs); (2) current existing services; and (3) legal issues for public and
private service centers. In addition, the DEA memorandum presents (1) the results of a partner-led
focus group on mayday technologies and services; (2) lessons from the PuSHMe Simulated
Service Delivery Tests; and (3) recommendations for the implementation of a private mayday
Customer Support Center (CSC).

The evaluation team’s institutional analysis focused on: (1) issues related to public/private
interaction, particularly those associated with the use of a privately operated CSC, and
(2) institutional issues encountered in the operational test itself.

5.3 BACKGROUND

An initial assumption of both PuSHMe systems was the reliance on a privately run service center
as the first line response to emergency calls. Much of our discussion of institutional issues focuses
on the relationship between existing Public Service Answering Points (PSAPs) and these proposed
private Customer Service Centers (CSCs).

Currently, most 911 (emergency) calls are answered and handled by PSAPs. PSAPs, sometimes
known as E-911 centers, are publicly run services that respond to all calls within a given coverage

PuSHMe Evaluation - September 11, 1997 139



ovl L661 '] 42quaidag - uonvmipdg WHSNJ

"SMITAIINUL AU} UT PASSNISIP 9q 0] SaNSSI [ruonninsut oY) Sururpno siomred SHSNJ 971

01 133131 31 Jo Adoo e surejuos 1, xipuaddy 1531 reuonerado oyl paordun 1etp sanssy reuonmnsur
UMI0P 03 (7) pue ‘s121u2 asuodsar AousFisws uni-K[aeand jo syoeqmerp pue sigauaq renusiod
AJOUSPL O ([) :SWIIE OM] YIIM PAMONDS AISM SMSIAISIUL INQ) "SIUNTIOD IS paresodioom

PUe SdVSd [e90] Woy soanetuasaidal iy 1s1deys ST Jo 1JeIp € pareys 9m ‘UonIppe uy ‘IS5
TevoneradQ SWHSNJ 2 ut Sunedonred siownred gim se om se sorusFe ssuodsar Kouadious
JUBAD[ WO SUOSISASINOS 1M SMITAINUI Pasnoo] (p) pue ‘jsuuosiad asuodsar £susdioma

103 dnox3 snaoy s 1ewred ap ur vopedionred (¢) 4(§ xpuaddy 99s) wodar , suSisacy armng

10J JIoMIWeL,, H 11T 3y PUe WNPURIOWIWI $INSST [EUOLNMINSUT S,y H(T JO MITA € (7) ‘sauoyd
Te[O[]30 pue SY[ed [ [ SUIPUNOLMS SANSST JUALIND SE [[oM SE ‘s159) [euonerado ST Zunoedun sonsst
TEUONMINSUL UO SINIBISIT] JO MITAAL B (] ) :PIPN[OUL SISATEUR SONSSI [RUOTIMINSUT  SIOTENRAD UL,

ADOTOAOHLAN ¥°S

"1d20u05 )Y ABpARIA SIYI UO $3SNO0J

uonJeINul 31BALId/OTqNd JO SISATEUR INO JO YONW pue ‘PoySTIqRIS UM STISAS 1591 SNHSI] 21
Aem 9y UT 3010 SUTALIP © SeM ‘SYHA]T Ue JO uamAordap sys 01 Tenuassa 1ou afya 9doouos H§H
ABDARIA STUJ, "20TADE [EOTPSW SILIUNTITIOD IO pre yoredsip pinoam ey (DS JYIoue 10) SqVSd
1Te2 “sreudoadde 215ym ‘s pue sIaqUIDSqNS WO S[TES UARIDS PIRoM D8O sy “9daduos sty Uy

(v°d ‘9661
1SN3nY ‘SANROOSSY 29 SUBAT PIAB(] ‘LL0daYy SINSST [oUONNIuSUy) | ~IDNAPE [eOIpITI
S2IBIMUNIIUIOD JO Pre S3YIRASIP 18Tl DS JOYIOUE 1O “I1UAD [ 6-H © Se UMouy
ATuouros ‘(Jv Sd) 1104 SULIaMSuY 91AISG J1qng © ST Ipiaoad QOIAISS Y],
*AoU03ISUId UB UT UOIRULIOJUT INUOISND 0} SSA00E Jomb SmO[[e “a01AI5s uonduosqns
© se paerado Qs sy (*219 ‘s19v1u09 £suadiamn ‘uoneuLIojUI [esTpaw “3°9)
UOREULIOJUL JAIOISNO JO ISBEIRp © SUTEIUTET 181 (DSD) I1US)) AOIAIIG ISWOISH))
€ UT pajes0] 3q pmom 1o1exdo AepAeiu o], “I3[Tes 2Y) JO UONEIO] 19EX3 21 sapraoxd
12 BEp (S40D) WAsAS Suruonisod [2qo[D) s IALLTE pInom [[eo AepAvem oy,
'SMOTI0] s 1d2ou0d S AepAepy a1
$9qUOSIp VH( ‘suopemis  AepAew,, s[puey 18yl SJVSJ Unu-A[sjeArd se aerodo Apuarmo uordar
punog 123ng Y3 UI $HS) OU ‘WNPURIOWSW Y S 01 3UTpI029R “IPAMOR] "SIOIAIIS WINISAS
Amoos 301y0/Auoy PUB “SI0IAISS QOUB[NQUIE SNOLIEA (VYY) UONBIJ0SS Y J[IGOWOINY ULdLISUTY
A apnpout uordal punog 198ng a1 ur sHS) Jdurexy “SISWOISND Zuided 10 sraquosqns o1
A1uo $301A338 9praoid s121us0 ssuodsar areaurd asay, "unx ‘Apdrignd wey soer ‘Afaeand am sy

"yenbess] pue puespry] se yons sanro s [om
S ‘YSruoyoug pue 3ury St Yons Sanunos 3Axss uordar punog 198ng oy Ul sJy Sd ojdwrexy -vore



5.5 RESULTS
5.5.1 LITERATURE REVIEW
5.5.1.1 E-911 and Cellular Calls

The 911 emergency response system was first introduced in 1968, and is now the most effective
way of finding help in an emergency (FCC, 1996). Currently, about 85% of 911 systems and
PSAPs include some form of the upgraded Enhanced 911 (E-911) feature (FCC, 1996). E-911
enables 911 calls to automatically be routed to the most appropriate PSAP. These calls also include
the caller’s telephone number and the location of the telephone. In recent years, the number of 911
calls from cellular phones has been growing rapidly. In areas with E-911, cellular 911 calls,
unlike landline 911 calls, present difficulties for PSAPs since they are not routed to the most
appropriate PSAP and do not include the caller’s telephone number and location.

Addressing the difficulties associated with cellular E-911 calls was an important motivation in the
original conception of the PuSHMe Operational Test. PuSHMe addressed these difficulties
through the use of (1) in-vehicle emergency response systems that utilize GPS technology to
automatically locate vehicles and (2) private CSC operators who route the call to the appropriate
PSAP. One of the major benefits of this approach is the ability to relay location information from
cellular calls to the appropriate PSAPs, thereby resolving the current problems associated with
cellular E-911 calls.

Since 1993 when the PuSHMe Operational Test was first conceived, other efforts have been
initiated to address these issues in a different way. Administrators of PSAPs, the cellular industry,
the FCC, and others have been working toward introducing new cellular 911 call requirements to
better enable PSAPs to handle cellular 911 calls. On June 12, 1996, the FCC adopted a Report
and Order to ensure cellular compatibility with the Enhanced 911 Emergency Calling System
(FCC, 1996). (For the precise wording of these requirements, see Appendix U.)

One of the FCC's objectives in adopting this Report and Order was to ensure that ongoing
processes are in place that will make technological advances available to 911 service providers by
giving PSAP administrators (E-911 centers) the means to acquire and utilize new technologies.
Towards this end, they adopted several requirements made applicable to all cellular licensees,
broad band PCS licensees, and certain Specialized Mobile Radio (SMR) licensees (referred to as
“Covered Carriers”). The requirements mandate that within 12 months carriers must have initiated
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5.5.1.2 Other Benefits and Issues

Even if problems associated with cellular E-911 calls disappeared, there are still numerous other
potential benefits to be derived from the deployment of CSC-based IVERS such as PuSHMe.
Potential benefits to the customer include: (1) the ability to signal a particular type of alert (e.g.,
collision vs. hijack) with the push of a button, (2) the possibility of automated alert on impact, (3)
the reassurance that their chosen mayday service provider will know their exact location, (4) the
customized response that a private service provider can offer, and (5) the convenience of bundled
related services such as towing and repair.

In addition, private Mayday CSCs can offer potential benefits to the PSAP community. These
include: (1) potentially better incident location data and vehicle tracking, (2) better personal
medical histories and other personal information on those requiring assistance, (3) a screening of
calls to assure they require dispatch services before being passed on to the appropriate PSAP, and
(4) additional support during wide-scale emergencies (e.g., earthquake, fire, etc.).

However, there are potential drawbacks of privately-run Mayday CSCs that must be considered.
These include: (1) possible additional time to handle emergency calls that are routed through CSCs
to PSAPs and (2) procedural, jurisdictional, and "cultural" difference between CSCs and PSAPs.
For example, PSAPS are used to direct questioning of their callers and are trained to make
judgments based on this interaction. How would this fit in with the notion of a private CSC
operator as intermediary?

Finally, there are social and political issues. For example, what is the appropriate level of
commitment of an E-911 center, funded by local taxpayer dollars, in support of a private CSC,
funded on a commercial basis by customers who can afford a higher grade of service than that
provided by the PSAP? Will it be necessary to keep these two service centers distinct or can an
appropriate working relationship be established that fairly serves all citizens?

It was potential benefits, issues, and question like these that guided our investigation of
institutional issues associated with the deployment of IVERS such as PuSHMe.

3.5.2 FOCUS GROUPS

Four focus groups were scheduled by the partners and where possible the evaluation team used
these as an opportunity to further explore institutional issues. The first was held on March 5, 1996
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doing nearly everything that needed to be done 1o establish in-vehicle emergency services. By the
end of the test, partners had found niches in the overall operation that they wanted to focus on.

For example, both Motorola and XYPOINT decided during the test that they didn't want to operate
CSCs.

Finally, the January meeting brought out one additional way that the PuSHMe operational test had
been beneficial to commercial partners. Bartizan pointed out that the existence of PuSHMe was
useful in their efforts to attract venture capital. Considering ITS deployment reliance on
commercial products, this is an important and often overlooked benefit of operational tests.

An additional focus meeting was held in March 1997 to discuss issues related to the working
relationship between private CRCs and public PSAPs. The meeting focused on possible call
transfer protocols that would guide the situations which would result in a pass off from private
CRC operator to public 911 operator. This emphasis on the institutional interface between public

and private partners is essential if IVERS are to be successfully deployed under the PuSHMe
scenario.

5.5.3 PARTNER INTERVIEWS

In addition to the focus groups, interviews with the partners were used to further explore
institutional issues encountered in the operational test as well as those potentially affecting future
deployment. Following are highlights of these discussions.

5.5.3.1 Institutional Issues Encountered in the Operational Test

Overall, partners were extremely positive about the conduct of PuSHMe. Project goals and most
partner roles were defined well early on (the role of State Patrol being the prime exception) and
coordination and management by David Evans and WSDOT was highly praised.

Partners acknowledged that there were a number of challenges to be overcome, particularly early in
the project, but felt all had been handled successfully. There were some early delays over
resolution of legal issues required to get under contract, but this is the norm rather than the
exception for any operational test involving numerous public and private partmers. There were also
some problems stemming from transition of people on the private side as well as the gradual
withdrawal of RSPI as a partner, but once project personnel and team members were stabilized
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to 20 calls for every breakdown on the freeway. They find that people generally know where they
are and, as one person put it, "we haven’t gone searching for anybody yet."”

Patrol representatives saw the PuSHMe project as being driven by commercial concerns--
something to offer people with money. They felt it was quicker to call with a cellular phone and go
right into the 911 center serving that area. They wondered if the PuSHMe system didn't provide a
false sense of security and questioned if this wasn't a lot of technology being thrown at a pretty
rare situation. Finally, they wondered if adding calls from PRCs to the usual volume of calls to a
911 center didn't degrade service to the public at the expense of serving those who can pay for a
higher grade of service.

Another issue related to cellular telephones is the impact on IVERS deployment of new
requirements that cellular 911 calls include automatic location and number identification (see
Section 5.5.1.1). Some partners saw this as having likely impact on deployment scenarios,
depending upon how the legislation was implemented. Most believed that the additional services
and more accurate location (as compared to the legislative requirements) of a PuSHMe type system
would still mean a profitable commercial market for a GPS and PCS based IVERS.

Some saw the cellular 911 legislation as fitting in with what was being done on the PuSHMe
project. GPS would be one way for 911 centers to get the required location information and if
PRCs have this plus other useful information such as traffic conditions to pass on, it might make it
easier for the public and private sectors to work together.

Despite the various institutional issues that arose over the course of the project in both the
operational and deployment areas, all of the partners (except State patrol) felt that their individual
goals for the PuSHMe project had been achieved and that important lessons had been learned that
will carry over to the next deployment phase. In particular, private sector partners learned
important lessons about the significance of the institutional interface and the need to keep a
dialogue going with the public agencies.

5.6 DISCUSSION AND CONCLUSIONS

PuSHMe was an operationat test of a GPS-based in-vehicle emergency response system that uses a
private response center for first contact and a public 911 center for emergency service dispatch.
The primary institutional issues surrounding deployment of such a system involve the
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shorter and the relationship between citizens and public transport far more positive than in the
U.S., where many citizens assume the basic right to drive anywhere, anytime, and with a high
degree of comfort and safety.

Taken in isolation, emergency response to automobile accidents will likely continue to be seen as
falling within the spectrum of transportation services that are public responsibility. Even mountain
climbers who require emergency help in national parks like Mount Rainier are usually provided
those services at public expense (though there is debate as to the appropriateness of this). The
automnobile driver is engaged in a far more usual activity than mountain climbing and his or her
safety is a far more general good. In addition, a public response to freeway accidents brings
associated goods to the numerous other citizens and commercial vehicles traveling on the same
road.

5.6.2 STANDALONE EMERGENCY SERVICES AS A PRIVATE OPPORTUNITY

Do enhancements like accurate GPS location information and special PRC knowledge about
individual drivers and their health needs produce sufficiently improved emergency services to
justify a parallel, higher cost private response service? Again looking only at emergency response,
the answer is probably no. Public entities such as E-911 dispatchers and state patrol units are still
the primary response agents and incidents in urban areas are widely reported via cellular phone.
There may be a higher demand in rural areas where cellular coverage is still spotty and a
disproportionate number of fatal accidents occur. However, expanding coverage for cellular
phones plus future mandated location information for cellular calls to E-911 centers point towards a
relatively low priority for standalone private emergency response services.

Some high end market for standalone private emergency response services can likely be generated
through appeals to higher levels of personal security (as is some percentage of the cellular phone
market), but as a standalone service, emergency response alone is probably insufficient to Jjustify
the technology and infrastructure expense of a private service.

3.6.3 INCLUDING RELATED NON-EMERGENCY IN-VEHICLE SERVICES UNDER
THE PUBLIC MANDATE

If standalone emergency response services are not enough to justify the development of a private

service, then the key becomes the packaging of emergency services with related non-emergency in-
vehicle services. These might include automated collision notification, personal security,
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security that home alarm companies, cellular phone services, and the Automobile Association of
America have successfully marketed in the past to the same or similar customers. In PuSHMe and
RESCU we are probably seeing the development of the enhanced, high-tech AAA of the future,
perhaps combined with a car leasing and renting company as well as cellular and paging service.

Perhaps, in fact, there is sufficient value in the non-emergency services to make them a viable
product independent of emergency services, which could be handled as a direct call to the E-911
center. This would eliminate the need to coordinate between public and private centers. For now,
however, private in-vehicle service like that represented in PuSHMe are attempting to provide both
non-emergency and emergency services, with emergency calls handled first by the private sector
and then passed on to the public sector.

5.6.5 COORDINATING PUBLIC AND PRIVATE SECTOR PARTNERS IN THE
DELIVERY OF EMERGENCY SERVICES

Within this vision of an expanded private conglomeration of future on-road services, the
coordination of public and private response entities is a thorny implementation issue. How this
issue is solved may go a long way towards defining the nature of future private in-vehicle response
services.

Presently, two somewhat conflicting visions are coming from the private sector. On the one hand,
there is a vision that focuses on non-emergency services and downplays the coordination issue. In
this vision, the PRC will simply pass through any call that fits the agreed upon definition of an
emergency, perhaps with some additional location and medical information. The E-911 center will
treat these calls no differently than any other call. One might just as well simply have an
emergency button that dialed directly to the E-911 center. The advantages of this vision are the
simplification of the institutional implementation issues and the speed with which emergency calls
reach the public dispatcher.

On the other hand there is a vision where the PRCs are close partners with the E-911 centers,
providing a service to the E-911 centers by pre-screening calls and providing additional valuable
information as appropriate. In this vision the E-911 centers are willing and able to work out
detailed, mutually beneficial protocols and standards for the private to public hand off in return for
the pre-screening and other benefits of working together. The advantages of this vision are the
sharing of valuable information and, perhaps, resources, as well as the appearance to the user of a
single service provider.
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APPENDICES






APPENDIX A: GENERAL SEQUENCE OF EVENTS FOR
PERFORMANCE ANALYSIS TESTS

During the performance analysis tests, the following general sequence of events occurred:

User pressed a button on in-vehicle device and noted time on user response form.

In-vehicle device contacted CSC computer, and CSC computer generated data packet.

CSC operator received request.

CSC operator responded by asking the user to confirm that he/shie requested a particular

service and entered code in call notes field indicating type of test.

5. User confirmed request to CSC operator and wrote down time.

(Steps 6-12 For Simulated Service Delivery Test Only)

6. CSC operator called simulated emergency response dispatcher with request and entered
“SN” in call notes field.

7. Simulated emergency response dispatcher contacted simulated emergency response
provider.

8. Dispatcher informed CSC operator that service has been dispatched. Operator entered
“SD” in call notes field.

9. CSC Operator informed user that service was dispatched, and user noted time.

10.  Simulated emergency response provider traveled to user to provide service.

11.  User confimmed service arrival to CSC operator.

12.  Simulated emergency response provider completed brief survey regarding trial.

BN






APPENDIX B :
DATA COLLECTED IN PERFORMANCE ANALYSIS TESTS

The performance analysis incorporated data gathered from users, the computers and operators at
the response centers, and the simulated service providers.

Data from User Response Forms

o

Trial Number

Unit ID/Phone Number
Date

Weather

Location

Scenario

Button Pushed

Time Button Pushed

Time Confirmation Message Received from CSC (XYPOINT Only)

ek
e

Confirmation Button Pushed (XYPOINT Only)

lamd
P

Time Call Connected at CSC (Motorola Only)

i
1

Time Call Answered by Operator (Motorola Only)

i
[¥5]

Whether Call Disconnected (Motorola only)

-
>

Whether Disconnected Call Reconnected (Motorola only)
(Items 15-17 for Simulated Service Delivery Test Only)
15. Time Service Notified

16. Time Service Dispached

17. Time Service Arrived
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Table B2 : Data Generated by Motorola System

ID A unique ID associated with a ca
Call Alarm Button pushed (Roadside, Travel, or Emer)
Call Date Date of call
Call Time ‘Time call first received at CSC
Call Stamp Date and time update recetved
Closed Workstation that closed call
Call Close Time closed
Vehicle ID A Unique ID number assigned to the in-vehicle unit
Corrapp A field generated by Motorola related to the differential correction
applied to the raw GPS data
Corrlat Corrected latitude
Corrlong Corrected longitude
Corrheight Corrected height
Heading The vehicle heading (degrees)
Velocity The vehicle velicity (miles per hour)
Call Notes Operator-entered codes
Call Dispn Operator-entered information
SRC Sys System from which data was gathered
Log Stamp Date and time recorded added to database
Table B3 : Data Generated by XYPOINT System

Call ID A unique ID associated with a call

Call Alarm Button pushed (Roadside, Travel, or Emer) -- only first record of a
call has data in this field

Call Date Date of call

Cali Time Time call first received at CSC

Call Stamp Date and time update received

Vehicle ID A unique ID number assigned to the in-vehicle unit

Corrlat Corrected latitude

Corrlong Corrected longitude

Corrheight Corrected height

Call Notes Entire data stream in one field

Call Dispn Operator-entered information

SRC Sys System from which data was gathered

Log Stamp Date and time recorded added to database







APPENDIX C : USER RESPONSE FORMS, MOTOROLA AND XYPOINT
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PuSHMe Volunteer Log Test# SEN04212

Date: 4/18/96 Name: Fallon, Bruce R.
Time: Between 7:00 AM and 6:00 PM  UnitID: 90

Circumstance: You have broken your leg.
Confirmation: Yes (line 8)

Please corriplete the following. For most questions, you can simply circle a response. For
some, you may need to fill in a blank.

1. Time button PuSHed: O Check here if unable to PuSH button
2. Location:

3. Location type: Urban | Suburban Rural
4. Weather: Overcast Rain  Snow Clear
5. Which button did you PuSH? 911 Medical Auto

6. Did the LCD display: Sending 911  Sending Medical  Sending Auto
7. Did the LCD display: Confirn 911 Confirm Medical ~ Confirm Auto
8. Which button did you PuSH? Yes No

9. Did the LCD display: Sending Yes Sending No
10. Did the LCD display: Yes Received No Received
11, Did the LCD display "Disconnecting"? Yes Nb

12. Did the LCD display "PuSHMe"? Yes No

13. What time was "PuSHMe" displayed?

FAILED TEST! Check box if the unit did not register within 5 minutes or if 0
the LCD display is frozen for 5 minutes.

Comments:

If you have any questions contact Scott Soiscth at (206) 455-3571.







APPENDIX D : SIMULATED SERVICE DELIVERY INSTRUCTIONS
PROVIDED TO USERS AND OPERATORS
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AUG 20 95 B4:54PM DAVID EVANS & ASSOC P.374

Exhibit 9 describes the actions of the Motorola User during the Interference Test, while Exhibit 10
describes the actions of the Motorola CSC Operator.

User Presses Button at appropriate time.
User marks down time and button pressed
" 'Wait for CSC to answer.with PuSHMe, What are you Reporting?
Reply “Full System”, the test number and the exact emergency as stated on the form. |
Answer operator’s questions as prompted on sheet.
After operator has asked questions, operator will say, “I am now calling emergency
assistance.”
You will be put on hold. ‘
Operator will come back and say, “Emergency service has been dispatched.”
Note time and Say, “Thank You.” :
When emergency service amives, note time and call CSC on the Cell phone.
Upon answering, ID your test number and tell the operator when emergeacy service arrived.

When Call appears, answer with “PuSHMe, what are you reporting?”.
User replies with, “Fuil Test”, the test number and the button pressed.
Type FF and say, “What is the situation?” .
The User will respond with a situation.
Refer to the situation log for appropriate questions. .
Ask Questions, User will respond.
When finished with questions, alert appropriate emergeacy service as directed in the struation
log (KCP, AAA, ot WSDOT) by phone. :
Tell User, *I am now calling emergency assistance”
Put User oo Hold
When emergency service answers say, “This is # PuSHMe simulation.”
The emergeancy service dispatcher will acknowledge.
Tell the emergency service dispatcher what the emergency is, the location, and relate
pertinent information. ’
Dispatcher will dispatch emergency service.
Tell User, “Emergency service has been dispatched.”
Delete VF and enter SD in the call notes field
Put user on hold and answer other calls.
User will phone on cel phone when emergency service has arrived and say, “Test #x, service
arrived at {time].”
Say, “Thank you." and reactivate the call.
BN Declete SD and enter SA in the call notes field.
SN Hit the End Call Button.
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APPENDIX E : CONVERTING LOCATION DATA FOR LOCATION
SPECIFIC TEST

Converting Decimal Data to Geodetic Coordinate Data

First, the two measurements must be in the same physical format. The format of the “known™
locations was in geodetic coordinates (with degrees, minutes, and seconds), while the CSC data
was in decimal format. The evaluation tearn had to first convert the CSC data into geodetic
coordinates.

Example Decimal Format:  47.57363575
Converted Degrees: First two numbers of decimal format (e.g. 47).

Converted Minutes: (Original decimal format - degrees)* sixty.
In this example: (47.57363575- 47)*60 = 34.418145.
Minutes is first two digits (e.g. 34).

Converted Seconds: [(Original decimal format - degrees)* sixty - minutes]*60. In this
example, seconds equals [(34.418145-34)*60], which equals
25.08870.

Geodetic Coordinates 47 deg., 34° 25.08870”

Converting Location Data to the Comparable Geodetic Coordinate Systems

The second data conversion involves ensuring that all of the geodetic data is based on the same or
comparable geodetic coordinate systems. There are a number of different datums that are used
throughout the world, including World Geodetic Datums (such as WGS84), which attempt to
describe the shape of the earth over intercontinental distances. National Geodetic Datums (such as
NADS83) attempt to describe the shape of the earth over smaller geographic areas. Some of these
datyms are very similar, while others are somewhat different.

For the PuSHMe location specific test, the “known locations™ were previously measured locations
provided primarily by the WSDOT with geodetic locations based on the NAD83/91 system. The
geodetic locations determined by the two PuSHMe systems are based on different coordinate
systems: XYPOINT's locations are based on the WGS84 system. Motorola’s locations are
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To compute the distance between the known monument location and the location identified by the

PuSHMe system, the following equation was used:

(distance off)2 = (east meters off)2

+ (north meters off)?

A small portion of the trials resulted in outliers (more than 250 meters off). These trials were

removed from the analysis.






APPENDIX F : REMOTE CSC TRIAL LOGS



PuSHMe

Nationwide Test

Name: AMS
Vehicle: Ford Tuarus
Call# | Date Location Time Initiated | Time Connected Close Time Location Verified Button
1 5/22/96 118th AVE SE and SE 4PL 1:23:15 1:25:42 0:02:27 118th AVE SE and SE 4PL E
2 5122196 116th AVE SE and NE 8th [NW] 1:40:10 1:40:40 0:00:30 116th AVE SE and NE 8th [NW] E
3 5/22/96 | 116th AVE NE and NE 70th [NW] 1:48:48 1:49:10 0:00:22 116th AVE NE and NE 70th (N] R
4 5/22/96 NE 160th ST and 1-405 off ramp 1:57.05 1:67:30 0:00:25 NE 160th ST and I-405 off ramp T
5 5/22/96 | NE 1684th ST and Motor Place [NW] 2:09:50 2:10:21 0:00:31 NE 164th ST and Motor Place E
6 522196 I-6 NB and 128 PL. 2:18;00 2:18:20 0:00:20 I-5 NB and 128 PL_
7 5/22/96 Hewitt AVE and Maple ST [NW] 2:27.05 2:27:30 0.00:25 Hewitt AVE and Maple ST [Nw] R
8 5/22/96 Pacific and Colby [NE) 2:35:34 2:35:44 0:00:10 Pacific and Colby [NE} E
9 5/22/96 220th SW and 64th W [SW] 3:00:30 3:00:50 0:00:20 _220th SW and 84th W [sSwW] R
10 5/22/96 175th NW and Meridian [SE] 3:08:19 3:08:40 0:00:21 175th NW and Meridian [SE] E
11 5/22/96 Meridian and 155th NW [N] 3:12:08 3:12:22 0:00:14 Meridian and 155th NW {S] R
12 5/22/96 st AVE NE and NE 80th [SW] 3:22:00 3:22:26 0:00:26 1st AVE NE and NE 80th [SW] E
13 5/22/96 | E Greenlake AVE and Kenwood [N] 3:27:28 3:27:48 0.00:20 Hasworth and Kenwood [N] * T
14 5/22/96 Eastlake AVE E and Edgar 3.44:56 3:45:15 0:00:19 'Eastlake AVE E and Edgar T
15 5/22/96 Mercer and Boren AVE [N] 3:49:00 3:50:22 0:01:22 Mercer and Boren AVE N] E
16 5/22/96 Mountlake BLVD and Pacific 3:59:10 3:59:10 0:00:00 Mountiake BLVD and Pacific
17 5/22/96 | Princelon AVE and Sandpoint [SE) 4:07:00 4:07:21 0:00:21 Princeton AVE and Sandpoint [NW] E
18 522196 NE 45th_and Union Bay 4:19:41 4:20:.00 0:00:19 NE 45th and Union Bay
19 5/22/96 Mountiake BLVD and Hanlin 4:27:10 4:27:30 0:00:20 Mountiake BLVD and Hanlin
20 5/22/96 | SR 520 EB and Mountlake on ramp 4:35:00 4:35:20 0:00:20 SR 520 EB and Mountlake on ramp E
21 5/22/96 Main and SE 1st , 4:49:43 4:50:00 0:00:17 Main and SE 1st R
22 5/22/96 124th AVE NE and N 2nd ST _ 4:54:00 4:54:22 0:00:22 124th AVE NE and N 2nd ST
23 5/22/96 NE 4th PL and 126th AVE NE 4:56:00 4:56:29 0:00:29 zmm& PL and 126th AVE NE
24 5/22/96 | NE 8th ST and 134th AVE NE [NE] 5:02:30 5:03:50 0:01:20 NE 8th ST and 134th AVE NE [NE]
25 5/22/96 118th AVE SE and SE 4PL 5:10:00 5:10:20 0:00:20 118th AVE SE and SE 4PL

I Quadrant location of intersection

* Unnamed street in database

** Work ststion al Motorola shutdown
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Test

Operator Identified Location

User-reported Location

S Edth Place nearRR

118th AVE SE and SE 4PL

N W corner of 116th Av. and 8 th ¢,

116th AVE SE and NE 8th [NW]

..... .

N 116 th Av. and 70 th Place

116th AVE NE alyd NE 70th [NW]

160 th st and exit ramp 1405 going north

NE 160th ST and I-405 off ramp

Ter vtk s B0

NE 164th ST and Motor Place (NW)

St. and Molor place
13 and 128 th St. going north

15 NB and 138 L.

Maple St & Hewitt Av. NW corner

Hewitt AVE and Maple ST [NW]

Call # 8 Emergency Pacific Av & Colby, NE corner Pacific and Colby [NE]
. Call # 9 Roadside Assistance 220th St & 64th Ave., SW corner 220th SW and 64th W [SW]
Call # 10 Emergency N175th St & Meridian Av. N, NE corner then moved to SW corner 175th NW and Meridian [SE]

SE corner of 155th St., & Meridian Av,

Meridian_and i55th NW [N]

.1 1st AVE NE and NE 80th [SW)

LI

Call#12 Emcrgency

13 Travel Assistance

. South of Intersection of st Av. & NE 80th Street

.E Greenlake AVE and Kenwood INj

RA on Kenwood Place Btn Woodlawn Av. N & Ashworth Av. N
South of E. Edgar St on E Eastlake Av.

Eastlake AVE E and Edgar

Mercer and Boren AVE [N]

Corner of NE Pacific PI. & Montlake Blvd

Mountlake BLVD and Pacific

| Call# 19 Emergency
Call # 20 Emergency

........................................................ LT PP

NW corner of Sand Point Way & Princton Ave, NE

Princeton AVE and Sandpoint [SE]

i Westbound on NE 45th St heading West @40mph East of Union Bay

NE 45th and Union Bay

Mountlake BLVD and Hanlin

Southbound on 116th Av. then East on unnamed stroet 10

Call # 23 Haaqmnznm .......

Intersection of 124th Av, SE & NE 2nd Av.

Began @ 126th Av NE & NE 2nd Av__ Signal jumped

.............................. SRRREE - Ayl

| Call # 24 Emergency

South of 8th St. at intersection of 8th St & 134th Ave

Southeast corner of | 18th Ave and SE 4th Place

Intersection of SE 4th PL. & 118th Ave, SE

118th AVE SE and SE 4PL

West of 128 th Av on SE 38th PL,

RRLLLT L LR PTYPRPR

_SE 38th ST and 128th AVE [NW

................................. (LTI

124th AVE SE and SE 415t [NW]

West of Census Tract North of SE 41st Ln

On SE Newport WY & 124th Ave SE, Southwest of intersection

30 melers east of El Dorado Beach and 81 meters north of N Mercer 5&.

124th AVE S$E and Coai Crrek Pkwy
SE 35th ST and Mercer AVE

on Exit ramp off | 90 to W. Mercer Way

West Mercer Way and 1-90 q.m:_w

At mid-span on 1-90 bridge over Lake Washington traveling West in stop and

Midspan 1-90 floating _u:amo
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APPENDIX G : USABILITY SURVEYS






(Motorola)
In-Vehicle Emergency Response Device
Usability Survey

Please answer the following questions carefully. Most questions simply require that you check-mark a
space; however, feel free to add short comments if your answers require explanation. All responses are
confidential. Please complete this survey by April 26th and return it in the enclosed envelope

(no postage is necessary). If you have any questions about this survey, call Kathleen Semple at

(206) 685-7979. Thank you for completing this survey!

SECTION 1. YOUR EXPERIENCE WITH THE EMERGENCY RESPONSE DEVICE
1. During the testing that you participated in, how often did the following occur?

Rarely Occasionally Frequently Almost N/A
: Always
~a. Shortly after I pressed the EMER, RA, or TA bu_ttop,_'l.._ o g a - o

heard the phone beep and begin dialing.

b. When I used only the microph'or'ic (i.e., not the Q ) E] o 0
handset) to speak with the operator, 1 could hear the |
operator.

¢. When Iused only the microphone {ie.,notthe " . g Q- S n
handset) to speak with the operator, the operator Ll e :
seemedtobeableto hearme. . . e

d. When I used only the handset (i.e., not the O O Q
microphone}) to speak with the operator, I could hear
the operator.

€. When I used only the handset (i.e.,notthe = . g Qo Q. g

- microphone) to speak with the operator, the Operator . - IRRSES RS R '

~ seemedtobe able to hear me. S .

f. When I was speaking with the response center 0 o 0
operator, I was disconnected.

g. WhenT was disconnected when speaking withthe g o a B R =
- Tesponse center operator, the phone antomatically ' Co Lol
reconnected me with the operator. '

h. WhenI Spbke with an operator at the response center, | a 0 | a o Cl | Q
the operator attempted to identify and describe my
location.

i. On calls when the operator attempted to identify and . . Q Q Q .o Qg

describe:my location to me, the operator correctly
described my location. :
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Strongly  Disagree Agree Strongly N/A

Disagree Agree
f. When I was disconnected, I found the auto-redial Q Q ]} O 0
feature useful.
~g. Ifound the device easy to use.” 0 a
h. I preferred to use the handset. m) 0 )
i. T preferred to use the Imcrophone Q a B |
j. Ifound the handset more effective than the In o O
microphone.
k. ;I found the ?rmcrophone more effectlve than the i_ :' _5 0. Qs o
1. I found the operator s voice at the response center casy' im| 0
to hear.
m. I found the opcrator 5 vmce at the: response center e ad |
n. 'The ime the operator took to respond to my call was in o
usually consistent.

SECTION 2. YOUR EXPERIENCES

1. Estimate how many times you have experienced each of the following events in the past five years.

__ Had a flat tire Involved in a collision

— Ranout of gas Witnessed a coilision
Car broke down while traveling Car was broken into

Had a medical emergency while in a vehicle Car was stolen
__ Someone else in a vehicle with me had a medical emergency Held up while in vehicle
Was carjacked

2. Have you experienced any other emergencies while in your vehicle where you wished you had easy
access to obtaining assistance? O Yes O No

If yes, please explain.
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(XYPOINT)
In-Vehicle Emergency Response Device
Usability Survey

Please answer the followin g questions carefully. Most questions stmply require that you check-mark a
space; however, feel free 1o add short comments if your answers require explanation. All responses are
confidential. Please complete this survey by April 26th and return it in the enclosed envelope

(no postage is necessary). If you have any questions about this survey, call Kathleen Semple at

(206) 685-7979. Thank vou for completing this survey!

SECTION 1. YOUR EXPERIENCE WITH THE EMERGENCY RESPONSE DEVICE

1. Please answer the following.
Yes No
a. Di_d_;ypu..fmd_ the device in your vehicle easy to reach? :If no, please expl?i_n%?q_hy: o it !

b. Did you find the device in your vehicle easy to handle? If no, please explain why: o o

1 aware each time a new message appeared on the screen? If nio; please
hy:: LA N N R L

d. Dldanythmg occur during the tests that was unexpected? If yes, please describe: a o

e. Do you believe that this system could provide a service that you have not encountered
- before? If no, please explain why: - L S

f. Are there any features missing in the system that you would have expected fo be o o 0 |
included in the system? If ves, please describe:

g. If you used this system in an actual emergency, would you feel confident that the Qo o .Qg.
operator would be able to correctly identify your location?. If no, please explain why: Rt

h. Can you think of any circumstances under which you feel this system would NOT be o D |
able to help you acquire emergency services? If yes, please describe:
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SECTION 2. YOUR EXPERIENCES

1. Estimate how many times you have experienced each of the following events in the past five years.

___ Had aflat tire
Ran out of gas

- Car broke down while traveling

Had a medical emergency while in a vehicle
Someone else in a vehicle with me had a medical emergency

Involved in a collision
Witnessed a collision
Car was broken into
Car was stolen

Held up while in vehicle
Was carjacked

2. Have you experienced any other emergencies while in your vehicle where you wished you had easy

access to obtaining assistance? [ Yes Q No

If yes, please explain.

SECTION 3. ABOUT YOU

1.

Your name and/or volunteer number:

. Do you have any family members in your household who drive?

If yes, please state their age and gender:

a Yes O No

. Is you home protected by a home security system? O Yes
. Doyouown acellular phone? O Yes U No

. Do you ever carry a pager withyou? O Yes 0 No

O No
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APPENDIX H : MOTOROLA USER GROUP DEPLOYMENT - BUTTON

PUSH BY SCENARIO

,Ecenario EMER RA TA

1. You’ve smashed your fingers in the vehicle door. 76.6% 11.3% 12.1%
(95) (14) (15}

2. Your passenger suffered a heart attack. 97.9% 2.1% 0.0%
(137) 3 ()]

3. A car ran into your vehicle. Your right arm is broken. 99.2% 0.8% 0.0%
(132) (1) ©)

4. You saw a cyclist get hit by a car. 93.9% 53% 0.8%
(124) N 1)

S. You have broken your leg. 97.5% 0.8% 1.7%
{118) (1) (2)

6. You have two flat tires. 1.0% 94.8% 41%
() (92) )

7. You have a flat tire and no spare, 0.0% 89.4% 10.6%
©) (84) (10}

8. Your engine has overheated. 0.9% 98.2% 09%
1) (107) &y

9. Your vehicle refuses to start. 1.8% 92.0% 6.3%
2 (103} N

10. You see a stalled yellow Chevrolet with the hood up at the side 1.0% 95.1% 39%
of the road '4)) (98) C)]

11. You are out of gas. 1.1% 94.4% 44%
(1) (85) “)

12. You don’t know where you are. 38% 7.7% 88.5%
(€) © (69)

13. You are lost. 1.4% 5.8% 92.8%
(1) “) 64

14. You need directions to a gas station. 2.5% 4.9% 92.6%
2 @) (75)

15. You need directions to a supermarket. 0.0% 1.1% 98.9%
O () (93)

16. You need directions to a motel. 1.3% - 53% 93.3%
D “) {70}

17. You need directions to a restaurant. 1.8% 1.8% 96.4%
(1 8] (53)

18. You need directions to a hospital. 13.0% 3.9% 83.1%
(10) 3) Cad)

19. You want to know how traffic is on the road ahead. 0.0% 4.3% 95.7%
© () (67)

Note: Number in parentheses under percentage shows cell size.






APPENDIX I : XYPOINT USER GROUP DEPLOYMENT - BUTTON

PUSH BY SCENARIO
Scenario 911 Medical Auto
1. Your vehicle has been vandalized. 88.9% 0.0% 11.1%
(136) () a7
2. Your radio has been stolen. 87.2% 0.0% 12.8%
(198) (] (29
3. You have been hijacked. 99.4% 0.6% 0.0%
(174) (1) (W
4. Individual demands your money at gunpoint. 100.0% 0.0% 0.0%
(205) (V)] O
5. Two people beat you with a baseball bat. 64.4% 35.1% 0.5%
(134) (73) (1)
6. You've smashed your fingers in the vehicle door. 3.0% 296.0% 1.0%
(6 (194) &)
7. Your passenger suffered a heart attack. 17.4% 82.1% 0.5%
(35) (165) (D
8. A car ran into your vehicle. Your right arm is broken. 46.4% 53.6% 0.0%
©7) (112) )
9. You saw a cyclist get hit by a car. 37.1% 62.4% 0.6%
(66) (111) (1)
10. You have broken your leg. 32% 96.8% 0.0%
© (181) ©
11, You have two flat tires. 0.0% 1.8% 98.2%
O (&) (160)
12. You have a flat tire and no spare. 12% 0.0% 98.8%
2) © (162}
13, Your engine has overheated. 1.2% 1.2% 97.5%
2 (2) (157)
14. Your vehicle refuses to start. 0.0% 1.9% 98.1%
Wi &)} (152)
15. You see a stalled yellow Chevrolet with the hood up at the side of 52% 21% 92.7%
the road. 1o (] am
16. You are out of gas. 0.7% 0.7% 98.6%
(1) (1) (136)

Note: Number in parentheses under percentage shows cell size.







APPENDIX J : USABILITY CORRELATIONS
MOTOROLA RESULTS

Motorola User Perceptions of Ease of Use: General Ease of Use

Many responses to the questions regarding ease of use significantly correlated with responses to
other survey questions.

The level of agreement on responses to the device being easy to use positively correlated
with responses to:

1. finding the auto-redial feature useful (r = .5739, p = .005);
2. hearing the operator clearly when using only the microphone (r = .5728,p = .010); and
3. finding the operator’s voice easy to understand (r = 4411, p = .035).
The level of agreement on responses to finding the operator’s voice easy to hear positively
correlated with responses to:
1. finding the operator’s voice easy to understand (r = .6906, p = .000);

2. hearing the operator clearly when using only the microphone (r = .4715, p = .042)
or the handset (r = .6847, p = .002);

3. reporting that the operator seemed to be able to hear them clearly when using only
" the microphone (r = .4883, p = .047), and '

4. finding the auto-redial feature useful (r = 4709, p = .027).

The level of agreement on responses to finding the operator’s voice easy to understand
positively correlated with responses to:

1. finding the operator’s voice easy to hear (r = .6906, p = .000); and
2. finding the auto-redial feature useful (r = .4934, p = .020).

The level of agreement on responses to knowing what to expect when participants operated
the device positively correlated with responses to:

1. feeling confident in selecting which button to push for each scenario participants
were given (7 = 5511, p = .006).

Finally, the level of agreement on responses to feeling confident in selecting which button to
push positively correlated with responses to:

1. finding the device easy to use (7 = .4223, p = .045); and

2. believing this system would be likely to help authorities deliver assistance when

they are in situations requiring police, medical, or roadside assistance (r = .5750,
p =.004),
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1. experiencing or witnessing higher numbers of incidents within the past five years
(r = -5871, p = .027).

Motorola User Perceptions of Security/Safety

Many responses to the questions regarding security and/or safety significantly correlated with
responses to other questions on the survey.

The level of agreement on responses to feeling more secure in their vehicles if this system
were permanently available to participants positively correlated with responses 10:
1. feeling more secure if this system were permanently available to other members of
their family (r = .5954, p = .003); and
2. hearing the phone beep and begin dialing after pressing the EMER, RA, or TA
button {r = .5259, p = .014).

The level of agreement on responses to feeling more secure if this system were permanently
available to other members of participants’ families positively correlated with responses to:

1. preferring to use the microphone (r = .5812, p = .007), and
2. reporting that the operator almost always attempted to identify and describe their
location (r = .5661, p = .005).

Finally, the level of agreement on responses to believing this system would be likely to help
authorities deliver assistance when participants are in situations requiring police, medical, or
roadside assistance correlated positively with responses to:

1. reporting that the operator aimost always attempted to identify and describe their
location (r = .4610, p = .027); and

2. feeling more secure in their vehicle if this system were permanently available to
them (r = 4557, p = .029) and other members of their family (- = .6612,p = .001).

Motorola User Perceptions of Reliability and Consistency

Many responses to the questions regarding the reliability and consistency of the system
significantly correlated with responses to other survey questions.

The level of agreement on responses regarding the consistency of the time it took the
operator to respond to participants’ calls positively correlated with responses to:
1. reporting that the operator correctly described their location (r = .4260, p = .048);
2. finding the microphone more effective than the handset (r = .5581,p = .009); and

3. finding the written instructions they were given for using the device easy to
understand (r = .5476, p = .015).

The level of agreement on responses regarding the consistency of the time it took the
operator to respond to participants’ calls inversely correlated with responses to:

1. experiencing or witnessing higher numbers of incidents within the past five years
(r =-.5871, p = .027).
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The level of agreement to finding the way the device beeped helpful positively correlated
with responses to:

1. knowing what to expect when they operated the device (r = 3471, p = .016).
The level of agreement to sometimes not seeing new messages appear on the screen
positively correlated with responses to:

1. agreeing that it would be helpful if the device beeped every time a new message
appeared on the screen (r = 7235, p = .000).

2. agreeing that the device beeped once when they pushed a button
(r = 4278, p = .004); and

Finally, the level of agreement to feeling that it would be helpful if the device beeped every
time a new message appeared on the screen positively correlated with responses to:

1. feeling more secure in their vehicle if this system were permanently available to
them (r = .2846, p = .041);
finding the device easy to set-up (r = 3281, p = .019);
finding the written instructions easy to understand (r = .2910, p = .035);
finding the device easy to use (r = .2836, p = .042),
finding the messages easy to read (r = .2815, p = .043), and

agreeing that the device beeped once after they pushed a button
(r = .4666, p = .001).

AN

XYPOINT User Perceptions of Security/Safety

Many responses to the questions regarding perceptions of security and safety significantly
correlated with responses to other questions on the survey.

The level of agreement to feeling more secure in their vehicle if this system were
permanently available to participants positively correlated with responses to:

1. agreeing that it would be helpful if the device beeped every time a new message
appeared on the screen (r = 2846, p = .041).

The level of agreement to feeling more secure if this sysiem were available to other members
of their family positively correlated with responses to:

1. feeling more secure in their vehicle if this system were permanently available to
them (» = .8957, p = .000).

The level of agreement to believing this system would be likely to help authorities deliver
assistance when participants are in situations requiring police, medical, or roadside assistance
- positively correlated with responses to:

1. feeling more secure if this system were available to other members of their family
(r = 8062, p = .000); and

2. feeling more secure in their vehicle if this system were permanently available to
them (r = .7793, p = .000).
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APPENDIX K : USABILITY DEMOGRAPHICS

Relationships Between Demographic Characteristics And Perceptions Of The
Systems, Motorola And XYPOINT

Motorola Significant Differences in Responses by Gender, Income, Occupation, Age, and
Average Annual Vehicle Miles Traveled

Pearson chi-square analyses of responses to yes/no questions by gender indicated significant
differences in responses to one question. When respondents were asked if they believe this
system could provide a service not encountered before, males were more likely than females to
answer yes (¥2 = 6.3, p < .05).

Mann-Whitney U-tests indicated significant differences in responses by gender to four questions.
Females were more likely than males to report that: (1) they were heard by the operator when
using only the microphone (# = 8.0; p <.03; mean rank females = 12.5; mean rank males = 7.2);
(2) they found the microphone more effective than the handset (¥ = 4.0; p < .05; mean rank
femnales = 13.5; mean rank males = 6.8); and (3) they preferred using the microphone (# = 6.0;

p < .05; mean rank females = 16.0; mean rank males = 8.4). Males were more likely than females
to indicate that they preferred using the handset (u=7.5,p < .05; mean rank males = 12.6; mean
rank females = 4.4).

The age of respondents correlated with responses to three survey questions. Age positively
correlated with: (1) feeling more secure in their vehicle if this system were permanently available
to them (r = .4843, p = .022); and (2) hearing the phone beep and begin dialing shortly after
pressing the EMER, RA, or TA button (r = 4698, p = .037). Age inversely correlated with
finding the operator’s voice at the response center easy to understand (r = -.5137,p = 014). In
addition, there was nearly statistical significance in age positively correlating with feeling more
secure if this system were permanently available to other family members (# = .4062, p = .061).

The average annual vehicle miles traveled correlated with responses to one survey question. The
average annual vehicle miles traveled by respondents inversely correlated with the time the
operator took to respond to their call being consistent (r = -.5389, p = .021).

The Pearson chi-square and Mann-Whitney analyses indicated no significant differences in
responses to any questions when respondents were grouped by income or occupation.
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XYPOINT Significant Differences in Responses by Gender, Income, Occupation, Age, and
Average Annual Vehicle Miles T, raveled

Analyses of responses by occupation indicated significant differences in responses to two
questions. Respondents in non-technical occupations were significantly more likely to report
that: (1) they believed this system would be likely to help authorities deliver assistance when in
situations requiring police, medical, or roadside assistance (¥ = 203; p < .05; mean rank non-
technical = 28.3; mean rank technical = 21.3), and (2) they found the device easy to use (u = 188,
p <.05; mean rank non-technical = 29.1; mean rank technical = 20.1).

The age of respondents inversely correlated with being able to think of situations under which
respondents felt the system would NOT be able to help them acquire emergency services

(r = 2813, p = .058). In addition, there was nearly statistical significance in age inversely
correlating with finding the messages on the device easy to understand (r = -.2813,p = .058).

The average annual vehicle miles traveled positively correlated with: (1) finding the time it took
to receive an initial response usually consistent (r = 1778, p = .001); and (2) finding the system
consistent in how it worked (r = .1548, p = .014).

Mann-Whitney analyses of differences in responses indicated no significant differences in
responses to any questions by gender or income.

XYPOQINT Significant Differences in Responses by Cellular Phone Ownership, Use of Pagers,
and Home Security Service Subscription

Pearson chi-square analyses of responses to yes/no by cellular phone ownership indicated
significant differences in responses to one question. When respondents were asked if they could
think of any circumstances under which this system would NOT be able to help them acquire
emergency services, respondents who did not own cellular phones were significantly more likely
to indicate that they could think of circumstances in which this system would NOT be able to
help them acquire emergency services (2 =7.04,p <.01).

Pearson chi-square analyses of responses by pager use indicated significant differences in
responses to one question. When respondents were asked if they found the device easy to reach,

respondents who did not carry pagers with them were significantly more likely to indicate that
they did find the device easy to reach (g2 = 5.41,p < .05).
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APPENDIX L : STAGE 1 MARKET SURVEY
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SECTION 2. INFORMATION ABOUT YOUR HOUSEHOLD’S VEHICLE OWNERSHIP

5. ‘What is the make and vear of the motor vehicle that vou use most frequently, which 18
owned or leased by you or SOmeone else in vour household?
Make: Year:

6. Which of the following items are rypically kept in the vehicle listed above?
Emergency Road Kit - O Yes Q No
Flares/Reflectors o Yes a No
Flashiight O Yes Q No
Tools for Simple Repairs O Yes 0 No
Cellular Phone U Yes 4 No
CB Radio U Yes Q No

7. Is the vehicle identfied in question 5 equipped with an alarm system?

O Yes O No

SECTION 3. ABOUT YOUR DRIVING HABITS

8. How frequently do you typically use 2 motor vehicle to commute to work?
Days Per Week (On Average) For A Typical One-Way Commute Trip, Average Miles Driven
9. Other than for commuting to work, how much do you use the motor vehicle listed in question 5 for

~work purposes?
Miles Driven Per Day (On Average)
Or
Hours Driven Per Day (On Average)

10. How frequenty do vou use the motor vehicle listed in question 5 for recreation activities?
Days Per Week (On Average)
For a Typical Recreation Trip. How Many Miles On Average Do You Drive?

11. How frequently do you use the motor vehicle listed in question 5 for other activities (e.g.
shopping, transporting family members, etc.)
Davs Per Week (On Average)
For a Tvpical Miscellaneous Activity Trip. How Manv Miles On Average Do You Drive?
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SECTION 6. AN ALTERNATIVE MEANS OF OBTAINING EMERGENCY ROADSIDE
ASSISTANCE

Description of Emergency Response Device: Imagine that an emergency response device were available
to you. This device could be installed inside your car and would also require a special fixed antenna to be
installed in or on your car. If you experienced a vehicle breakdown, traffic accident, or medical emergency, you
would be able to use the device to send a request for assistance to a response center. The request would be in the
form of a signal from the device that informs the response center of your precise location and of the category of
your need: towing services, medical services, or police services. Upon receiving your request, the response
center would do two things: (1) dispatch a service provider to your location, and (2) send a signal to the
emergency response device in your vehicle to confirm that your request had been received. The length of your
wait for service you need would depend upon the availability of service providers at the moment of your incident.

Response to Emergency Response Device: For this question, we would like you to consider the

emergency response device described above as a third alternative to the two alternatives you listed in Question la
(which were alternative courses of action that you might consider taking in an “emergency” situation). Then, for
each of the concerns you listed for Question 1b, indicate (as described below) if you think your concerns for this

third alternative would be less than, more than, or the same as the concerns you have identified with alternatives
1 and 2. : ,

Return to Page 1, Question 2, and fill out the L/MS columns as follows:

Mark in L/M/S '
Columns on Page 1 Degree of Concern Created by Alternative
L (less) The emergency response device described above would create
less of this concern than would alternative 1 (or 2). |
M (more) The emergency response device described above would create
more of this concern than alternative 1 (or 2).
S (same) The emergency response device described‘above would create

neither more nor less of this concemn than would alternative 1 (or 2).

SECTION 7. OPTIONAL INFORMATION

Name:

Would you be willing to take part in a follow-up interview about your feelings toward a roadside emergency

response system? If so, please provide a phone number to reach you at below. All information will be kept
confidential.

Phone Number;: Home . Work:







APPENDIX M : STAGE 2 DESIGN MATRIX AND SAMPLE CARDS



card cardcode | installation activation panel communi | service type information | vsage fee installat
cation ion cost
A ¢ Professional Automatic, Voice  llluminated Verbal No Services Basic $0.00/Minute $0
& Button Included
B J Professional Automatic, Voice  Hiuminated Verbal No Services Extensive $0.50/Minute $1000
& Bution Included .
C A Professional Automatic, Voice  Illuminated Verbal Services Included | Basic $2.00/Minute $1500
& Button
D ® Professional Automatic, Voice  Illuminated Verbal Services Included | Extensive $5.00/Minute $500
& Button
E z Do-it-Yourself Voice and One Not liuminated Verbal No Services Basic $0.50/Minute £500
Button Included
F N Do-it-Yourself Voice and One Not Illuminated Verbal No Services Extensive $0.00/Minute $1500
Button Included
G + Do-it-Yourself Voice and COne Not llluminated Verbal Services Included | Basic $5.00/Minute $1000
Button
H ™ Do-it-Yourself Voice and One Not Illuminated Verbal Services Included | Extensive $2.00/Minute $0
Button :
i i Do-it-Yourself One Button llluminated Text No Services Basic $2.00/Minute $1000
Included
J 2 Do-it-Y ourself One Button Ilfuminated Text No Services Extensive $5.00/Minute s0
Included
K € Do-it-Yourself One Button Hluminated Text Services Included | Basic $0.00/Minute $1500
L i Do-it-Yourself One Button [lluminated . Text Services Included | Extensive $0.50/Minute $500
M il Professional Dial Number Not Hluminated Text No Services Basic $5.00/Minute $1500
Included
N o Professional Dial Number Not Illuminated Text No Services Extensive $2.00/Minute - $500
Included
) i Professional Dial Number Not Illuminated Text Services Included | Basic $0.50/Minute $0
P 1 Professional Dial Number Not [Hluminated Text Services Included | Extensive $0.00/Minute $1000
Q B Professional Automatic, Voice  [lluminated Verbal No Services Basic $2.00/Minute $1500
(Experime & Button Included
ntal Only)
R V= Professional Dial Number Not NNluminated. Text Services Included | Extensive $5.00/Minute $£500
(Experime
ntal Only)

Fis. la




Figure 1b : Design Matrix 2

~ Product . Variety of
Card Design Service Informition Usage Fee Purchase
(see Table) Type Received Cost
A 1 0 0 1 1
B 1 0 1 2 3
C 1 1 0 3 4
D 1 1 1 4 ~ 2
E 2 0 0 2 2
F 2 1] 1 1 4
G 2 1 0 4 3
H 2 1 1 3 1
| 3 K 0 3 3
J 3 0 1 4 |
K 3 1 K] 1 4
L 3 1 1 2 2
M 4 0 0 4 4
N 4 0 1 3 2
0 4 1 0 2 1
P 4 1 1 1 3
) 1 0 (1] 3 4
] 4 1 1 4 2
Table of Product Design Alternatives
- Must Be Automatic
Product Voice lluminated  Profesionally  Activation and
Design 1 Installed Push Button
. ] Not
P"Bd““ Voice Not illuminated Professionally  Voice Activation
Design 2 Installed
Product : Not
] Text Muminated Professionally ~ Push 1 Button
Design 3 Installed
Must Be
Prt{duct Text Notilluminated Profesionally  Push 7 Buttons
Design 4 Installed

See Figure 1a (previous page) for definition of other matrix values.
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APPENDIX N : STAGE 3 MARKET SURVEY

In-Vehicle Emergency Response Device
Market Survey

Please answer the following two pages of questions for a market study of in-vehicle emergency
response devices. All responses are confidential. Thank you for completing this survey!

I. Awareness and Comprehension:
a. Have you ever heard of an in-vehicle emergency response device?
yes no I think so I cannot recall

b. Do you have some idea of what an in-vehicle emergency response device is?
no [go to section II] yes [goto Ic]

c. Please describe what you understand an in-vehicle emergency response device to be.

I1.What we mean by an IN-VEHICLE EMERGENCY RESPONSE DEVICE :

An in-vehicle emergency response device is equipment that is installed in your vehicle.

The device would permit you to communicate directly with a service center in the  event
that you were in some kind of emergency situation. The device would send a message to the
response center which would include your precise location and category of need. Then your
request would be confirmed and the service center would either dispatch  roadside assistance or
provide you with information that would help you resolve the emergency.

a. In the past year did you experience any of the following [check if yes]
___an accident requiring roadside assistance
___acrime directed at your vehicle or at you while you were in your vehicle
____vehicle breakdown
___lost and needed directions

b. How strong is your need to have some kind of emergency in-vehicle response device?

very strong strong neutral weak very weak
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APPENDIX O : CONSISTENCY SCORES

Consistency Scores.. Stage 2

Group Size Consistency Score
Aggregate 65 7554 Entire Sample/
Participants 46 .768 First Grouping
Non-Participants 19 1447
Group 1 28 .8821
Group 2 5 912
Group 3 2 .90 Participant
Group 4 5 91 Subgroups
Group 5 2 .825
Group 6 2 .90
Group 7 2 .90
Group 1 9 9189
Group 2 4 .89 Non-Participant
Group 3 5 914 Subgroups
Group 4 1 1.0







APPENDIX P : STANDARD DEVIATIONS OF TEST CARD RANKINGS

FROM MODEL PREDICTIONS

Constrained budget scenario

Group Size Card 17 Card 18

Aggregate 65 5.64 - 3.98
Participants 46 5.66 3.61
Non-Participants 19 5.78 5.03
Group 1 28 1.99 2.06
Group 2 5 7 3.95
Group 3 2 6.04 3.60
Group 4 5 3.71 4.45
Group 5 2 1.0 3.16
Group 6 2 5.52 6.04
Group 7 2 2.0 2.0
Group 1 9 1.25 2.54
Group 2 4 2.12 6.36
Group 3 5 3.74 1.26
Group 4 1 6.0 11.0

Entire Sample/
First Grouping

Participant
Subgroups

Non-Participant
Subgroups
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APPENDIX Q : AVERAGE BACKGROUND CHARACTERISTICS
Characteristic Means.. Stage 2

Group Age Sx Education Income YMT
Aggrepate -- 1.23 3.22 3.41 14622
Participants 42 1.11 3.00 3.91 18303
Non-Participants -- 1.44 3.65 2.38 7692
Group 1 . 4195 1.167 3.00 3.91 16705
Group 2 49.00 1.0 3.67 5.0 28333
Group 3 38.00 1.0 3.00 3.0 19200
Group 4 45.00 1.0 3.00 35 20000
Group 5 43.50 1.0 4.00 3.5 17000
Group 6 42.00 1.0 1.00 5.0 20000
Group 7 28.00 1.0 1.00 2.0 20000
Group 1 - 1.375 3.63 2.38 6945
Group 2 — 1.75 4.0 2.25 3800
Group 3 - 1.4 3.25 3.0 14250
Group 4 -- 1.0 4.0 1.0 3000

Codes for demographic information :

Age, Vehicle Miles Traveled (VMT) : self explanatory, Sex : 1=Male, 2=Female

Education : 1=High school, 2=Technical college, 3=Community college, 4=University, 5=Other

Income : 1=Less than 20000, 2=20000 to 30000, 3=30000 to 40000, 4=40000 to 50000,
5=50000 t075000, 6=More than 75000

Response by group (some variation by question as well) :
Aggregate : 82%. Participants : 78%. Group 1: 86%, Group 2 : 60%, Group 3 : 50%,

Group 4 : 80%, Group 5 : 100%, Group 6 : 50%, Group 7 ; 50%.
Non-Participants : 89%. Group 1: 89%, Group 2 : 100%, Group 3 : 80%, Group 4 : 100% .
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APPENDIX R : FREQUENCY PROFILES RANKED 1,2,3
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Frequency with which each card was selected first, second, and third respectively.

Unconstrained budget scenario. Participant subgroups.
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» second, and third respectively.

Frequency with which each card was selected first
Unconstrained budget scenario. Non participant s

ubgroups, aggregate, and part/non-part split,
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APPENDIX S : LUTE REPORT






Framework
for Future Designs

LUTE’s Final Pushme Report

March 18, 1996

Prepared by:

Professor Judy Ramey, Director of LUTE
Erin Schuiz, Research Associate
Matt Shobe, Research Assistant

University of Washington
Department of Technical Communication
14 Loew Hall, Box 352195
Seattle, WA 98195



Z subisaQ aining Joj YIOMSLIEL ]

a1 ‘(areand pue orqnd) sprepuels 391A13s Aouaiowd ‘(uwrere swoy “3°9) $301A198
Adusg1ows sreaud ‘s103uad yojedsip 116 ‘StwajsAs yoredsip Aouagiows opispeos
'Seare SUIMO]IOJ 9y} UI PIIONPUOD USSQ PBY 18y} SIIPNIS UO QINJBIDY] PIMAIADI M
‘ASojounuia) asuodsar A>usF1owa Yim Jerurey swosaq 03 pu® ‘SUONBAISSGO

PIg aY1 SuLmp uo snooj o1 seare AHIudp! 03 ‘s197u9d ssuodsar AousSIowe

103 [99§ pue a5USs € 193 0} ‘s10U9D 2su0dsas AouaFIawe uo suop useq Apesie pey
1ey3 SIIpIUS AJIIUSP! 03 S2M MOIADI 2INJLISN Ay} JO [20S AL, :MIIAIY AINFEINI]

(S6/b1/8 “Wodal juswssassy si0100.7

UDWNE] 33S) SMBIAISIUL DUB MIIADI SINTRISN] B y3no1y) sjos0101d JusLIND pue
Sururer; 133000 ysiedsip uo siseydws e i suaisAs AepAews SunsIxa passasse ap
| 9seyd

'SI91U2? Isuodsal

AouaB10wo JO KIOLIEA B 12 SUONEBAISSGO pue ‘puuosiad asuodsss ASusSiows yum
SMIIAINUL “MIIASI SINTEISI] B PSPN[OUI pue sa5eyd OM] UT PILINODO JUSWISSISSE
SW] 'SPadU I3sn pue Sanssi [euONNJISUI SUIPNOUI SISO 3SOY] UIIMISGQ
diysuone[ox oY 12 poNOO] 94 "S191U0d asuodsal sreand pue o1qnd Jo spasu 2y}

UO Pasmooy am “punog 193ng ul walshs AepAew oy) JO 91818 JU21IND JY) FuUIssasse uf

wayshs AepAew Jualind ayj Jo Juswissassy

"MO[aq AJaLIq paquIvsap st a5els yoeo Jo
2dods ay], ‘uSisap ey 103 YIomaure Ino 03 paj sagels ISY) JO YOS WO S)NSAI Y,

Bunasw dnod8 snoofe

SAIBO[OUYD9T SWYSNJ SY} JO SUOHDNDAD 2o0[1o1Ul o

punog 13ng w wapsds AvpAout jus.4ins ayg Jo uswSSaSSH U o

s381S SUIMO[I0] 9y PAAJOAUT 9661 YOIRI O $661 Tudy woy j10m Ing

MIIAIBAQ

UOUDPUIUIUIOD2.4 YOV PUIYDq SUIIOSDIL 2} PUD SUOHDIIPISUO? usisap asaad

om (8]-¢ salpd) uonoss |, SUOLUPUSUIUIOIDY,, Y] U] "SUOHDPUIUUIOI 2L ANO OF P3] Yo1yMm
Sa3vIS ay1 aqLiosap A3fo14q om ‘(#-C s230d} uoyoas | mataisa(), ayr uy sa130j0uL>31
aunfsnd sininf 10f SUCHDPBEW0551 uSisap Sunnsa ot} pup Yo.upasad 4no o sadvis
SROLWDA Y} fO MBTAIZA0 up tuasaid am 10dai poutf sty up posfosd aunisnd ayr fo uoriod
SL010f ubwny ayy 10f suoisnyouoo PUD Y40M S, S [ ()] Sazt.mouuns 110da.4 ouyf sty

Hoday awysnd [eui4 $,3117
subisaq ainjng 1o} yiomawes



role of cellular phones in emergency situations, dispatch personnel’s acceptance of
new technologies, stress-related factors for dispatch personnel, visual vs. verbal
data in emergency situations, etc.

Interviews: We also conducted informal interviews in order to gain a better
understanding of the emergency response system in Puget Sound. We interviewed
the Pushme technology partners, xyPoint (formerly Sencom), Motorola, and RPSI,
about their expectations and concerns with regard to the integration of the Pushme
technologies with existing public and private mayday systems. We also interviewed
a number of dispatchers at PSAPs (Public Safety Answering Points) in the Seattle
area and dispatchers from private response centers.

Phase Il

Observations: We conducted formal field inquiries at a variety of response
centers in Puget Sound. These inquiries were supported by interviews,
questionnaires, etc., to develop a full and accurate understanding of current
practices and protocols at public and private emergency response centers (see The
Current Mayday System in Puget Sound, 2/9/96).

Interface evaluations
After completing the two phases of assessment, we conducted interface
evaluations of the Pushme technologies in order to make specific recommendations
for future designs. We conducted a heuristic evaluation of the operator’s interface
and sending device for xyPoint, RSPIL, and Motorola.

We presented our interface evaluations to xyPoint in a meeting on February 12,
- 1996 (they requested a verbal report). We sent a written evaluation to David
Evans & Associates for Motorola and RSPI on March 5, 1996 (see Appendix A).

Focus group meeting
With results from the assessment of the current mayday system and interface
evaluations we came up with a set of initial recommendations. These initial
recommendations were presented (in scenario form) to €meErgency response
personnel from public communication centers in Puget Sound at a focus group
meeting. Our revised recommendations were influenced by their responses to the
scenarios in the meeting.

The focus group meeting was conducted on March 5, 1996 at the University of
Washington, Loew Hall, room 355 (see Appendix B). Our goal was to get input
on how to successfully integrate private technologies into a well-established
emergency response system like the 911 system in Puget Sound. The agenda of
the meeting was divided into Part I and Part II.

Framework for Future Designs 3
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Recommendations

Our initial recommendations, focus group responses, and revised recommendations
are presented for each design consideration in the following pages. A description
of each section is provided below:

Our initial recommendations were based on a literature review, field
observations and informal interviews, and interface evaluations of the Pushme
technologies. In cases where we did not have an initial recommendation, we state
our initial concern behind the presented scenario.

The focus group respense is given for each scenario presented at the focus group
meeting. For each scenario, the participants’ (public representatives) comments are
listed.

Our revised recommendations (or recommendation in some cases) are based on

the responses the public representatives (supervisors, dispatchers, etc.) gave in the
focus group meeting.

Framework for Future Designs 5
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Revised recommendation
Medical emergencies require that the caller have direct communication with the
appropriate medical aid dispatcher. We recommend that—if possible—all medical calls be
transferred to the appropriate PSAP (one that dispatches aid) or fire department. We also
recommend that the private operator stay on the line until the aid dispatcher or call
receiver has communication with the caller.*

If calls go through a PSAP before reaching the appropriate aid dispatcher, the private
operator should only give the necessary information for a quick transfer (e. g., “medical
emergency” and location). The private operator should provide medical information in the
style preferred by the individual PSAPs (e.g., mile marker vs. exits).

If the police are needed in the medical emergency (e.g., the car is blocking a lane of
traffic), then the appropriate PSAP should also be contacted and informed of the incident.

All private communication center calls should be transferred to PSAPs as “9117 calls so
PSAPs can take advantage of their Positron. Most PSAPs cannot transfer cellular phone
calls over the Positron; therefore, automatic jurisdiction is crucial.

*Note: We would recommend that the private operator stay on the line as long as necessary in order to
provide the aid dispatcher with relevant medical information from the caller’s profile record. However,
with both the public and private operators on the line, it may not be clear who is liable Jor the call.

Customizing information

Initial recommendation
The PSAPs have slightly different CAD systems and protocols. In order to accommodate
the PSAPs, we recommend that the private centers customize the information they give to
each PSAP. That is, the private operator should provide the incident information
according to the type of call, the jurisdiction and the CAD system used in the center at
that jurisdiction. The operator’s interface at the private communication center ought to
be able to automatically generate customized summary information to be given to the
PSAP operator.

Framework for Future Designs 7
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Downloading information directly to CAD

Initial recommendation

We recommend that the private centers investigate the possibility of downloading data
directly to the PSAPs’ CAD systems.

Focus group response

Scenario 3
e The private operator downloads the following information directly to your CAD
system:

TYPE: Med-choke LCCATION: King Dome Parking lot

REMARKS: 12 year old, female, conscicus, and breathing
erratically

LIC: GHI 345 LIS: WA COL: Red

VYR: 1930 MK: Honda NAME: Civic

CELL PHONE: NA

e You have no telephone communication with the driver but can call the private
operator

Focus: How would you feel about receiving data directly in your CAD system as opposed
to receiving the information over the phone?

Participants’ comments
o They don’t believe information can be downloaded because it is illegal.
¢ There is a security issue if a modem is hooked up to a State system.

Revised recommendation
Downloading information directly to a PSAP’s CAD system does not appear to be a viable
direction for the Pushme technologies to go. It is possible to download information to a
separate line in the PSAP unrelated to the CAD system. Some alarm companies already

do this. It would be up to the PSAP whether or not to add the information to their CAD
system.

Framework for Future Designs 9
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Revised recommendation
In addition to the initial recommendation, private centers should be trained on the various
highway and agency protocols.

Private operators should have a fail-safe way of insuring that they report all unique
incidents. That is, they should develop a method (series of questions) to ask the caller in
order to determine whether it is a duplicate call or a unique call.

Handling reported accidents and duplicate calls

Initial recommendation
Work out a system with the WSP and PSAPs for Jiltering duplicate calls. Find out what
they want to be informed of and document all calls. For example, report the first call
and consolidate subsequent calls into a Jollow-up call to the appropriate PSAP or WSP.

Focus group response
Scenario 5

A subscriber reports an accident on I-5 to the private operator

The private operator reports the accident to you and provides an approximate location
of the accident

The private operator receives S more calls about the same accident

The private operator consolidates the information from all 5 calls and updates you
with one call

Focus: How would you expect duplicate calls to be handled?

Participants’ comments

* They are concerned about the delay and increase in human error when a call 1s passed

from the private center to the public center rather than going to the public center
directly.

Aid dispatchers will not dispatch for “possible” injuries; they will only dispatch if
injuries are confirmed.

They want to know who is reporting the accident in case they have to contact them
later.

Private companies should keep records on calls (audio tapes) for at least 90 days in
case the tape is needed for legal purposes.

Framework for Future Designs 11
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® You have no telephone communication with the driver but can call the private
operator

Focus: How would you handle police calls similar to this one?

Participants’ comments

¢ They want voice communication with the caller.

* In this scenario they would want the following information: injury or non-injury,
blocking or not-blocking, disturbance or non-disturbance, and DWI or no DWI.

¢ Often people report injuries when there are no injuries and vice versa.

¢ Ifthere are no injuries, it is non-blocking, with no disturbances, and no DWI, then it
will not be a priority call for police.

* PSAP operators would not disconnect from private operators or callers until they had
all the information they needed and a call back number,

* Ifan accident occurs in a busy area (e.g., the university district), the PSAP is likely to
get many calls about the incident from shop owners and others in the area.

* Ifthis scenario involved injuries, the aid dispatcher would need very specific
information from the caller in order to use the criteria based dispatching protocols
(CBD). Aid dispatchers use specific triage techniques when answering a call.

Revised recommendation
In police incidents, private operators should determine whether the police are needed

(e.g., possible disturbances), transfer the caller to the PSAP as soon as possible, and stay
on the line in case they are needed.*

In police incidents involving injury, private operators should determine whether the police
are needed (e.g., possible disturbances), transfer the caller to the PSAP as well as the
appropriate aid dispatcher as soon as possible, and stay on the line in case they are
needed *

*Note: We would recommend that the private operator stay on the line as long as necessary in order to
provide the aid dispatcher with relevant medical information from the caller’s profile record. However,
with both the public and private operators on the line, it may not be clear who is liable Jor the call.

Training
Initial recommendation

We recommend that the private response center personnel go through a State approved

certification program if one exists. If not, they should coordinate their training with a
local PSAP.

Framework for Future Designs 13
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* You can contact the subscriber and/or the private operator directly

Focus: How would you handle a car theft?

Participants’ comments

* They need to know if the stolen car is occupied.

¢ They need to know the details on how the stolen car was located.

¢ Ifthe stolen car is occupied and moving, it is “a whole different situation.”

* They would need the case number associated with the stolen car, assuming the stolen
car was reported to police.

¢ Ifastolen car is recovered, the private operator or the owner of the car must inform
police.
Not all “stolen” cars are actually stolen.

In order for police to act on an occupied stolen, they need written consent from the
owner of the car.

Recommendation

If subscribers report their cars as stolen, they should place a report to the police and
authorize a felony stop.

The subscriber should expect a slow response from the police.

If the subscriber cancels their stolen car report, the police must be informed.

Handling moving emergencies

Initial concern

This scenario was presented to spark discussion. During our observations at the WSP,
dispatchers had a moving emergency where the caller was moving from one jurisdiction to
another.

Focus group response
Scenario 9
* The private operator gives you the following information over the phone:

The caller (subscriber) is being followed by a stalker.
She reported the stalker to the police last week. The
subscriber is afraid to pull over or stop the car., She is
currently gecing N on I-5 and approaching the Snchomish
county line. The driver is Sue Jones. The license# of her
car is QRS 111, WA State. It is a Blue, 1993, Ford

Framework for Future Designs 15
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PSAPs want to maintain control and judgment
The public representatives stressed their concern with private centers making judgments
about 911 calls. The PSAPs do not want to relinquish any control (decision-making
power) to the private centers. They are used to alarm companies who do not make any
judgments about calls. Alarm companies simply relay facts about alarms. The more facts
or information the PSAPs can get from private operators, the better.

Screening or filtering 911 calls should not be the responsibility of a private center
according to the public representatives. In some cases, PSAPs act as the primary
answering point for private companies.

Issue of “Privacy” and “Consent”
Privacy issues and two-party consent should be of concern for the private response
centers. For example, if personnel at a private response center can listen to what goes on
in a stolen car (via a hidden microphone), it may be an infringement on the suspect’s right
to privacy.

There are a number of liability issues for stolen car incidents. Police can’t do anything
without probable cause and written consent from the owner of the car. It may be enough
for the car owner to give the PSAP verbal consent if the private operator can confirm the
voice of the person on the line (3-way communication or conference call).

In all cases involving taped conversations, private operators and their subscribers must be
prepared to be subpoenaed if their tapes are released as legal evidence.

False alarms and filtering
If the Pushme technologies were marketed as high-end devices there would be fewer calls;
however, the private center would still need a way of verifying calls and have a policy for

false alarms. The public representatives assume there will be fines established for false
alarms.

PSAPs are working on a technological solution for filtering duplicate calls through
congestion control at cell sites.

Working without private response centers
During the focus group meeting, the public representatives questioned the need for a
private response center. One comment was, “getting the location of the traveler certainly

solves one problem, but having a private response center introduces many other
problems.”

Framework for Future Designs 17
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Appendix A






Overview:
Pushme Interface Evaluations

Usability Heuristics
We used the following heuristics’ to evaluate the xyPoint (formerly Sencom) operator’s
interface and sending device, RSPI's operator’s interface, and Motorola’s sending device.

Visibility of system status: Can users understand the feedback information?

Match between system and the real world: Does the interface follow real-world
conventions?

User control and freedom: Are there quick and safe exits (e. g., undo, cancel, back,
efc.)?

Consistency and standards: Do they use the same terminology as the PSAPs?

Error prevention: Are problems easily prevented?

Recognition rather than recall: Are objects, actions, and options visible? Is valuable
information hidden in dialogs? Do users have to stop and think about how to receive
or send information?

Flexibility and efficiency of use: Can users tailor frequent actions?

Aesthetic and minimalist design: Do dialogs contain irrelevant or rarely used
information?

Help users recognize, diagnose, and recover from errors: Are error messages
displayed in plain language (no codes), do they precisely indicate the problem, and
constructively suggest a solution?

Help and documentation: Is help easily searched, task-oriented, concrete, and
manageable?

Scenarios (from observations)

In addition to scenarios that came to mind when we did the evaluations, we ran through
the following scenarios during our evaluations:

1. Caller is out of gas (caller needs directions to the gas station).

2. Caller has a flat tire.

3. Caller (or caller’s passenger) is having a heart attack.

4. Caller was just in an accident and is injured.

5. Caller is reporting an erratic driver.

! See Nielsen & Mack (1994). Usability Inspection Methods,
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Appendix B






Overview:
Focus Group Meeting

The focus group meeting was conducted by LUTE (Jfudy Ramey, Erin Schulz, and Matt
Shobe) on March 5, 1996 at the University of Washington, Loew Hall, room 355.

Attendees

Public representives:

Rana Hoover, Dispatcher, Issauqah PSAP

Sue Chapin, Supervisor, King County PSAP

Jerrod Strid, Dispatcher, King County PSAP

Bob Oenning, Director, £-911 (Olympia)

Debbie Henderson, Supervisor, WSP (Marysville)
Kandy Roseth, Supervisor, Kirkland Police Department
Judy Cothern, Supervisor, SNOPAC

Morgan Balogh, WSDOT

Marlys Davis, E-911 (King County); she attended the last half of the meeting but did not
participate

Pushme Representives
Jean Lambson, William Clise, Jane Bissonnette, Bart Cima, JimBenson, Mark Haselkorn,

and Kathy Semple.

Invited but did not attend:

Vickie Crawford, WSP (Bellevue)

Roy Kittleson, WSP, (Bellevue)

Vicki Wise, Supervisor, Issaquah PSAP
Marge Williams, E-911 (Snohomish)

Ruth McMullen, Dispatcher, Kirkland PSAP

Agenda

Part |

¢ Judy Ramey gave a brief introduction.

Erin Schulz gave an overview of the meeting.

Matt Shobe described the Pushme technologies.

Erin Schulz presented 9 scenarios (one at a time) to the public represenatives for their

response. The Pushme partners were observers, not participants, during these scenario
discussions.

Part 11

We had a free form discussion on issues the Pushme partners and public representatives
brought up.
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2, Institutional Issues Possibly Impacting Future Deployment

. Your perception of whether a private emergency response center is a fundarnental
component of future deployment, or only one deployment scenario.

. Your perception of the likelihood of a private response center successfully integrating with
current public response agencies.

. Your perception of the relationship between a private emergency response center and
current E-911 centers.

. Your perception of how the new requirements that cellular 911 calls include automatic

location and number identification will impact the demand for emergency response systems
beyond cellular phones coordinated with existing 911 services.

. How the operational test has impacted your concept of future emergency response system
deployment.

Caitlin O’Connor or Kathy Semple will call you within the next week to arrange a time to conduct
the phone interview. We anticipate that the phone interview will take about 30 minutes to
complete. Thank you in advance for your cooperation. If you have any questions, please feel free
to call me at (206) 543-2577 or Kathy Semple at (206) 685-7979.

Sincerely,

Mark Haselkom
Evaluation Manager
PuSHMe Project






APPENDIX U : FCC REPORT AND ORDER AND FURTHER NOTICE
OF PROPOSED RULEMAKING

The FCC Report and Order and Further Notice of Proposed Rulemaking, Adopted June 12, 1996,
Released July 26, 1996. CC Docket No. 94-102.

11.

Not later than 12 months after the effective date of the rules adopted in this proceeding,
covered carriers must process and transmit to any appropriate PSAPs all 911 calls made from
wireless mobile handsets which transmit a code identification, including calls initiated by
roamers. The processing and transmission of such calls shall not be subject to any user
validation or similar procedure that otherwise may be invoked by the covered carrier.

In the case of 911 calls made from wireless mobile handsets that do not transmit a code
identification, not later than 12 months after the effective date of the rules adopted in this
proceeding, covered carriers must process and transmit such calls to any appropriate PSAP
which previously has issued a formal instruction to the carrier involved that the PSAP desires
to receive such calls from the carrier.

Not later than 12 months after the effective date of the rules adopted in this proceeding,
covered carriers must be capable of transmitting calls by individuals with speech or hearing
disabilities through devices used in conjunction with or as a substitute for traditional wireless
mobile handsets, e.g., through the use of Text Telephone Devices (TTY) to local 911 services.

The implementation and deployment of enhanced 911 features and functions will be
accomplished in two phases. Under Phase I, not later than 12 months after the effective date
of the rules adopted in this proceeding, covered carriers must have initiated the actions
necessary to enable them to relay a caller's Automatic Number Identification (ANI) and the
location of the base station or cell site receiving a 911 call to the designated PSAP. Not later
than 18 months after the effective date of the rules adopted in this Order, such carriers must
have completed these actions. These capabilities will allow the PSAP attendant to call back if
the 911 call is disconnected.

Under Phase 11, not later than five years after the effective date of the rules adopted in this
proceeding, covered carriers are required to achieve the capability to identify the latitude and
longitude of a mobile unit making a 911 call, within a radius of no more than 125 meters in
67 percent of all cases.

We also provide that the E911 (Phase I and Phase II) requirements imposed upon covered
carriers by our actions in this Order shall apply only if (1) a carrier receives a request for
such E911 services from the administrator of a PSAP that is capable of receiving and utilizing
the data elements associated with the services; and (2) a mechanism for the recovery of costs
relating to the provision of such services is in place. If the carrier receives a request less than
6 months before the implementation dates of Phase I and Phase II, then it must comply with
the Phase 1 and Phase II requirements within 6 months after the receipt of the notice
specifying the request.




