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Adaptive Cruise Contr/ACC), an advanced vsion of conventional cruise control
(CCC), can detect the distanced@ehicle ahead anassistdrivers inmaintairing a sespeed
and headway distanc€he system has beewailable in the USince2001, andthere are
approximately70 vehicle models wit ACC as standard or optional featorethe roadThis
study examined theharacteristics of drivers that own ACC including their perceptionard
the system, and willingness to trust the system to take control in various situatiorey data
on ACCpreferences from Washingt@tatewere used to examine both issues. A binary logistic
modelwas used to examirtbe likelihood that a driver would own a vehicle with AC®e
findings showed that younger (< 45 years old) drivezse more likely to be ACOGwners.
Further, the type of vehicle that respondents stated they own also influenced ACC ownership.
More specifically,Toyota or Lexus ownenrsere more likely to be ACC ownewghen compared
to other vehicle brand3he finding also suggestthat those \wo selected their vehicle because
it was perceived to be safe were less likely to own a vehicle with ACC. ACC owners reported
higher levels of trust in AC®ut thisfinding might be biased given their existing experience
with the systemAn ordered logist model with only ACC owners was then conducted to
explore the issue of trust further. Higher trust was associatedixtrs perceptions of ACC
(safety and convenient issues) almver behavioACC usage)An exploratory word cloud
analysis was condted toobtainadditionalinsightsord r i ver s 6 saf ety concern
Of the 34 that respondeskfety concerns related ACCO brakingcapabilityand gap settings
were raised, which cadme explored in future stigk
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INTRODUCTION

There arenanyin-vehicletechnologiesntegrated in the modern dagr. However, the
useof these technologiesr perception of usenay be influenced by factors that do not always
lead to safe vehicle operatiohdvanced Driver Assistance Syste(DAS) are designed with
the goal of enhancing traffic flow and driver safetgd are becoming a more integral parhef
vehicles on the rahtoday However, there are still concerns relatethtir safety and reliability
One example of ADAS is Adaptive Cruise Control (AC®hich has been shown to have a
marginal improvement on highway capadiianderWerf, Shladover, Miller, & Kourjanskaia,
2002) and a largempacton traffic flow, especially during peak houfslunder, Li, &
Minderhoud, 2009)However, its impacten safety is still unknowrfRudinBrown & Parker,
2004) A key factor related teafetyisd r i vinteragtignwith ACC and more specifically,
driverods trust, r el i &eseheman faatodisswEreexamimel intlis t he s

study usingsurveys o n d r -repoded pescepsiond of ACC.

There have been a few studies conducted on ASi@ysurveys Jennes$2008)
conducted a survey South Californidor the primarypurposeof understanding ACC use
amongdifferent ages; Llanerg2006)conducted a survegn acceptance and adaptation to
ADAS, whichalsoincluded the ACC system. Diek& Boyle (2009)and Bato2011)conducted
similar surveys in lowa and Washington State, respectitely under st and drivers
acceptance aractual usage of the technologiisthesis usgthe surveydescribed irBato
(2011)as the framework for examirg factors related to ACC ownerphncludingdemographic
information €.g.,age gende), reported ACC system usperception®f ACC, and knowledge

of ACC.



The overall goal of thisurrentstudy was to understand whetiataptive Cruise Control
(ACC) can help or hinder overall driverfsty, giventhelimitations and capabilities of the-
vehicle technologyit is possible that ACC systems could also help drivers in other ways
includingenhanceomfort andeduced workloadBut it is also possible that the system can be
misused and misulerstood by driverd.his current studyses survey data to assess the
likelihood of adriver owrnng an ACC If a driver does own an ACC, how muthstdoes the
driver place irPACC to function properly under various road and environmental conditiass
hypothesizedhatperceptions of safeignd acceptangeither positive or negative) witlave an

impactonACC ownerso6 trust in the system.

The thesis format is divided into four sectio@fapter IJprovides the background of
ACC systems, surveys, adécusses the related human factor issues in ACCinsgater 2
presents the background on survey design and statistics modeling methods used in this analysis,
as well as data source and the analy@mapter Ihows the results of the analyses. The thesis
concludes and further discusse£imapter 4the research results and the implications of the

findings.



CHAPTER 1 BACKGROUND

Advanced Driver Assistance Syste(ADAS) are invehicle systems designed to help
motorists while they are dheroad. The prpossof t hese systems are to e
safety, comfortconveniencetraveltime, or a combination there@Blythe & Curtis, 2004)
These m-vehicle techonlogiescans u pp |l ement driversodé | imited sen:
processing capabilitieandin doing soassist thenin maneuvering through safetyitical
driving situationsExamples of ADAS that are commercially available as a standard or optional
feature include forward collision warning systems, enhanced night vision, automatic parking,
vehicle navigation systenad adaptive cruise contfolACC) . Thi s thesi s focu

ownershipof ACC, and theirperceptios and trusof the ACC system

Introduction to ACC

System Definition

ACC is an advanced version of conventional cruise co(@6IC)systemthatcanalso
help detect the distance to the vehicle ahead and provide assistdaegng the vehicle aa
setspeed andistanceaway from thevehicle directly aheadne key part of aACC system is
the range sensor, whichcindes a radar, Lidaror video camera. These sensors meadsotiethe
distanceandthe relative velocity of the two successive vehi¢legure 1) and wouldinform the
Electronic Control Unit (ECU) wheapreceding vehiclés detectedWinner, Witte, Uhler, &
Lichtenberg, 1996)The ACC control moduléhencalculats whether to brake or stay at the

userset velocity(Xiao & Gao, 2010)



Clearance
Time gap: clearance/vehicle speed

ACC Vehicle Target Vehicle

Forward Vehicle

Figure 1 Overview of ACC operation
Revised from("Adaptive Cruise Control System Overview," 2005; BMW)

Development of ACC

ACC systems were first introduced in luxury vehicles.(@8§W, Mercedes, etc), but
have transitioned to intermedigteiced vehicles such as Toyota Sienna and Volkswagen Passat
(Xiao & Gao, 2010)Although ACC systems are becoming more common in automobiles, it is

still important tounderstandiow ACC has evolved over time.

The history of ACC can be traced back to the 1960s. The idea was raised by Diamond
and Lawrence in 1966 and was initially conceptaealias an automatically controlled highway
system (ACHS)Diamond & Lawrence, 1966Around the same time, Levarand Athan$1996)
came up with a dggn for an optimal linear feedback system to adjusspeed and positions of

each car in a string of moving vehicles.

The research and concepts related to ACC stayed within the academic community until
1986 when it was finally considered in industrinigtimeframe coincided with the rapid

development of automobiles and the isssigroundingncreaseautomobileownership



congestion, crashes, and driver stress; problems now being addressed by the public sector and
policy makerqCatling, 1993; Loannou, 1997)he implementation of ACC seemed to be one

way to address some of gemotoristconcerngCatling, 1993; loannou, 1997)

Automobile manufacturers, suppliers of electronics, angares institutions began
working together to examine solutions and standardization of ACC. In Ecirepd 991, nine
testedvehiclesweredemonstrated to heseful and robust in sensiaggleandrange(Catling,

1993)

The ACC systenbecamecommercially availablén 1995 as part of théapanese market
in theMitsubishi DiamantéGee, 1997.)The European automobile marketludedACC in their
vehiclesbeginning 1998, while North America started includik@C in production vehicles
around 200@Bishop, 2005)In the US ACC becamestandard equipmeirt only asmall
numberof models. These includgheCadillac XLR the MercedesBenz SLRJ agu a-r 6 s X

Series (SuperV8and XJR)amdo y ot ads Si e n (Jannessxdt &., 2008)mi t e d)

Similar totheconventonal cruise control (CCC) system, the initial ACC system could
maintain usedefined speed as well as downshift in response to a slowing lead (&eele
1997) Currently, ACC allows a drivep set a desired speed, as well as the headistgnce
(long, medium and short). Usually, ACC weikt or above a speed threshtildt ranges fror20
to 28 mph. All ACC systemsanbrake automatically and alert the driver both audibly and

visually when deecing that aleadvehicle is too close to the host vehicle.

Most autenobile manufacturesontinte to improve this technologgs an example,
BMW has stated that their ACC systeam nowdetect curvy situationdMW Technology)
This advanced systenotonlyis based on ACC sensor, but also combsensors from other

systems, such as ABS, ASC+T, and Dynamic Stabilityt€db (DSC). They could then
5



continually send data on wheel revolutions and levels of vehicle pitch and centrifugal force to the
centralodboard computer. Wi th this and the caro6s
system is able to calculate wther the cruise speed should be adjudtedetermine whether
vehicl es i n areiltke same dra neigkborflaneg dndlin additt@mcalculate the

approaching curve pafuS Autopars).

Since 2007theBMW 5, 6 and 7 seriesave beerquipped wititheimproved ACC with
the Stop &Gofeatureas optionsTherearethree radar sensors with a range of 150 meters ahead.
If the leadvehicle stog, ACC with Stop &Go would bring the host BMW a complete
standstill. It would start the host vehicle again if the vehiokad moveoff or changslanes
and the total standstil$ still shorter than three second$ie systemcan alsajive acoustic and

optical warning if it detectssafetycritical situationsg BMW Technology)

Currently, long range radar (LRR) sensand the light detection and ranging (Lidar)
sensorare morecommonly used in ACC equipped vehicles. In order to improve this system,
mid- and shorrange radar as well as video camem@sdabe applied in the new generation

(Abou-Jaoude, 2003; Jurgen, 2006)

There arenore advanceACC systemsd.g, ACC with curve detective feature and Stop
& Go ACC) but they are not common. These improved systems are only available in a small
portion of the luxury vehicle market. In thisesis the ACC systems examined refer to the most

commonly used Adaptive Cruise Control systedescribed in the next demn.



Operation of ACC

A common design ahe ACC interface is ainformationdisplayon the dashboartthat
provides feedback to the driver on the ACC operatiogufe2 is an example from th@8MW,
Gearlog, 2009) To date, most ACC systems allow ugderset the desired speed and change the
following distance, and will showhis information on the dashboareh most cases, following
distance is set, by default, as the longest distance setting (for example, in the Toyota Sienna or
Avalon). Some systemdsa depict the distance as time (e.g., a 1 or 2 second gap), while others

depict it as distansde.g., near, medium and fgBato, 2011)

/
’

km/h 180 - 1/min x 1000

200~
220~
240

o L
S R a

Figure 2 Displays of ACC engaged for velocity and distance control in BMW 3 Series
(BMW; Gearlog, 2009)

‘1120 140’ ¢
160

Figure3 (US Autoparts; Xiao & Gao, 2018l hows an exampl e of the
architecturelnformation from the outside environmetddriver areanalyzedwithin the
system The driver needs to first engage ACC by settingsfbeed and headwalhe systemthen
begins to operatavhile maintainingthe vehicle at a set velocias well agletecing preceding
obstacles ACC requires sensors to detect the speec
depression of the gas ahdhke pedals. This data is then sent to a central control unit, also known
as the Distance/Speed (ACC) Control modl@o & Gao, 2010)The %t speed and headway
are displayed on the dashboard of the vehicle. This informatadaasanalyzed by the

Distance/Speed (AC) Control module. If no objeshows up in front of the automobijer if



thelead vehicles further than theetheadway, the control module woultencontrol the
engine to achievthe set velocity If the host ehicle approaches tieadvehicle too quickly

given the desired headway distance, the control module would automatically slow down the host

vehicle.

Environment
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Figure 3 Adaptive Cruise Control systemarchitecture (US Autoparts; Xiao & Gao, 2010)

Assistivesystems, such as ACC, require a balance between the operator, system, and the
environmen{Bato, 2011)andareset up as a closed loop system. Any actioitgtedby the
automobileandbr the driver would be sent back to #estem module to ensure that a +ale
analysis can be conducted for timely feedback. The real time feedback ensures that the driver is
provided information on the current driving environment. The driver and the system therefore,

work in cooperation sthat information flows easily between them.



Althoughall ACC brandshae the same idea and working principldsre are

differenceswith regard to settings, displgyand contrad. There are two primary range sensors

manufactured foACC: one is from Bosh and the other by Densbable 1 showthe

differenceshased ortwo car manufacturers, BMW and Toyoldne ACC system integrated into

the Lexusbrandis identical to Toyota (since Toyota is the parent company of Lexus). Hence,

they are grouped together thetable.

Table 1 Comparisons between two main kinds of ACC detective systems

BMW

Toyota(and Lexus)

Radar Brand

Bosch

Denso

Radar

Distance calculated by

Relative speedietected by

Angular position

Headway setting
Minimum speed
Radar detection length
Radar detection angle

Adaptability t o curve path
Adaptability in bad weather

Deceleration
Auditory and visual alert

A sensor that has a fixed
antenna with Frequency
Modulated Continuous Wave
(FMCW) output

Compare the frequencies of
the transmitted signal and its
echo

Distance is set as a number ¢
seconds, not of meters
Compares the frequency shi
of the transmitted signal and
its echo

A 77 GHz threebeam
overlapping radar sensor

Four levels
20 miles/h
120m

NA

Was able to calculate the
approaching curve path
Built-in heaters in the radar
sensor apparatus

2 m/seé

Yes

A more conventional type of
radar: mechanically sweep
back and forth antennas

Measue the time between
transmission and reception

The frequency shift (Doppler
Effect) of the reflected waves

The phase differences of the
signals received by nitiple

antennas: separate receiving
and transmitting antennas (2

cameras)

Three levels

25 miles/h

NA

Wor |l dos wi des
angle

NA

Enabled when windshield
wipers are in use

2.94 m/$ (0.3 g)

Yes




Human Factors IssuedRelated toACC Use

ACC is typically available in higheend vehiclegLlaneras, 2006andmarketed aa
convenienceystem rather than a safety syst€Kesting, Treiber, Schonhof, & Helbing, 2007;
Klunder, et al., 2009; RudiBrown & Parker, 2004)The ACC system does have limitations
(VanderWerf, et al., 200nd based n t odaydés technol ogy, S
Even thoughACC was introduceaverten years ago and gaininguse there still exists a
subpopulation of drivers that do not understand how it should be appropriate(jHosed oung,
& Blosseville, 2009; Jenness, et al., 2008; Xiao & Gao, 20I®refore, it is important to

examine whether useumshiderstand how ACC functions so it can be yzegerly.

Limitations of ACC

ACC systemdave the poterdl to reduce crash€¥oung, Stanton, & Harris, 2007)
because itanprovidedriversinformationon the status of the vehicle and even resporsbme
potentialhazard (Hoc, et al., 209). However, it is still a serrutomated system (a shdre
control system) and driver sdé c oo pnariversafety.n
Further, snce ACC systenis really designedor conveniere (Kesting, et al., 2007; Klunder, et
al., 2009; RudirBrown & Parker, 2004; Stanton & Young, 200&%)e limitationsassociated with
ACC can have an impact on overall safétilough such limitationareacknowledgedy
manufacturers anesearcherBato, 2011; Dickie & Boyle, 2009; Jenness, et al., 2008;
Rajaonah, Anceaux, & Vienne, 2006a; Rajaonah, Anceaux, & Vienne, 2006b:Bodin &
Parker, 2004)manycurrentACC usersare still not aware of these lirattons and many use the

system inappropriately.

10
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Il nterestingly, the car owner ds manual typi
However, as noted by Jenng€2608) as many as 72% of ACC owners are stithware of any
manufacturersd warnings or | isystenisadtdapablesof a bo u't
bringing avehicle to a complete stop. Almost all ACC systeéatiayhave a braking feature that
may not workas wellwhen the vehicle ahead brakes abruptly(Bato, 2011; Dickie & Boyle,

2009; RudirBrown & Parker, 2004 Most ACC systemgannotachieve deceleratiomates
greater than 0.3gwhich isneededo make a vehicleome to a complete stollore importantly,
driversmay actuallyhavelonger reaction timéRudin-Brown & Parker, 2004in such situatios,

which can then result inr@arend crash.

Drivers often perfornin acooperativenannewith normal traffic That is,driverswill
typically slow down or change lasghen they detectrethervehicleattempting tanerge into
their lane. However, a normal ACC systesmot as intelligent and it only detects vehicles
directlyin front of the host vehicle but not vehicles around it thay be potentiallynergng
(Pauwelussen & Minderhoud, 2008he ACC systermmay also not operate propevisnen a
vehicle cuts into th&ane of the ACC vehicler if the ACC vehicle is following a vehiclaround

asharp cure (RudinBrown & Parker, 2004)

In addition, thesystemmaynot function proprly at low speedéRajaonah, et al., 2006a)
or in certainrain and snow conditions(Bato, 2011; Dickie & Boyle, 2009T he sensormay
actuallydetect rain and snow adstacleand slow down the vehicle improperthernoted
limitations include unexpected or uncomfortable acceleration or deceleration and incorrect

sensor detectingJenness, et al., 2008)

11



UsagelUsability of ACC

Usability relates to many things that include the efficiency and setmfieof use. It can
also encompass perceptions and feelings of confidence. It reflects the general habits and
behaviors associated with system use and ar e
Some studies show thatuehicle assistive systensan decrease operator workldatbttger,
Bali, & Manzey, 2009andprovide opportunities for drivers to focus on the primary goal of
driving. Llanerag2006)showed that there was a 29% increase in ACC usage from the initial
purchase date indicating that familiarity with the system may incresssgsn the system.
Compared to using conventional cruise control, almost half of the respondentsmbalan® st udy
indicated that theysedACC systems more frequently after they were first introduced to the

feature.

There are many studies on ACC related to usage. For examplet &itf2008)showed
thatACC couldonly be engaged during fréwing driving conditionsand lowto moderate
densiy situations but that he systenwas more likely to beverruledby driversin busy traffic
and congestiorin simulated driving tests, ACC has been shown to redtcatisin awareness,
workload and stred$Stanton & Young, 2005Pauwelgsen and Minderhou@008)found that
drivers were more likely to override ACC control when overtaking a lead veRiagjaonah
(2006a)showed that ACC users tend to deactivate ACC more liyrigraather han with the
disengage switchAccording to Bato and Boylg2011) most drivergerceivel ACC to bequite

helpful with half indicaing that change lanes less frequentlyith ACC engaged

Speed and time headway are two important charatits related to ACC usage. Some
scholargTricot, Rajaonah, Pacaux, & Popieul, 208&ported that ACC could result in a more

homogenized mean speed. The mean velocity and standard deviation of speed wete shown

12



decrease in the majority of drivers that were examined using ACC. With respect to headway,
Jenness et A2008)repotedthathalf of the survey respondentsadilyadjust thegap between

the vehicle and the vehicle ahedgpending on traffic conditioni situations where a truck

suddenly cut in front of the host vehictbe time headway (in seconds) was much shatten

the driverallowedACC to slow dowrthan when the driver controlled the vehicle manually
(Rajaonah, et al.,, 2006b) Peopl e who often overtook uswually
annoying because it slowed down automatically when passingatieehicle. These same

individuals were also observed to USEC only moderately(Tricot, et al., 2004)Still, ACC has

been shown to be useful in reducing likelihood of a crashhetween the vehicle equipped with

ACC and thdeadvehicle, while at the same time slighthcreasng crash riskfor the followers

of the host vehicl€¢Touran, Brackstone, & McDonald, 1999)

Perceptions of ACC

Nearautonomous machines are likely to interfere with human actiyiies et al, 2009)
Such interferacecanraiseother issuesuch aovertrust in andoverreliance on aystemand
longer reaction timelThere are twdinds ofperceptions toward vehicle technology: those who
feel thattechnology can help achieve a better and safer traffic syarahthose whteel that
technol@y can have aotentially negative impaan driver behavioandactually negatany
safetybenefits thatould be gainedy thetechnology(Marell & Westin, 1999) Therefore, it is
importanttoexamed r i ver s adaptive ability, how dri vi |
and whether drivers base theirdt and reliance on correct understanding and perceptions of

ACC.

13



When provided aescription of ACC, people tend to triisetechnology(Rajaonah, et
al.,2006a) After actual usage of ACC in a simulato
to increase, buthe level oftrust did ot appear t@et highewith extended uséRajaonah, et al.,
2006a) In the simulator study bRudin-Brown et al(2004) drivers also showed greateustin
ACC and thatrustremained high even if the ACC system failed. Subsequesaiye drivers
may actuallyfail to takebackcontrolif ACC is notworking properly(Stanton, Young, &
McCaulder, 1997)Several simulator experiments also showed #tatning to manual control
after ACC usage was a problem for ACC users because they already relied on ACC and have

adapted to using (Hoc, et al., 2009; Young, 2002)

After actualACC use driverstended to regard ACC as a safety feature and felt ACC
helped to decrease thenash risk when compared @CC (Llaneras, 2006)Most participants
(54 %) i n(20D@® studyeepodedithat theydid not feel more oless safe using ACC.
More than one third of them thought they were shémause oACC while only 7 percent
reportedthe opposite. In generaliidersappeared to beverconfident in theiabilities with ACC
as demonsated by Llaneras et.dP006)and Jenness et #2008) In their studies, ACC owners
indicated thatheywereable torespondsimilarly and maintain the same or greater headways

whether ACC was engaged or not.

Surveys to Examine ACC Behavior

Examiningdr i ver s® opi ni ons ayxcdanbedfficdtdrpsomeons of t
respectexaminng the efficient use of thiechnology(which has been extensively examined) is
more easily quantifiabléNielsen & Levy, 1994)Surveyscanbe used to gathehanges in

driver behavior due to reaorld system experiences (behavior adaptation), as well as driver
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acceptane based oeaseof-use, effetivenessanddesirability(Llaneras, 2006)Rajaonah, et al.
(2006a)also used questionnairesassociatel r i ver s trust othert h t heir
evaluatiors. Other survey studies on acceptance and percemtidashnology in the driving

domain include the examination of variable speed lifhit®wo & Ong, 2011) dr i ver s 0
perception of trucks cuttinop (Rajaonah, et al., 2006nd also oACC use(Hoedemaeker,

2000; Jenness, et al., 2008)

This thesis used the survey designed and distributed by(Batd) whoadministered
two sets ofsurveys in Washington State: Phase 1 and 2 with the conclusions drawn from Phase 1
presented i n d&renthasisexaninetesus/ey admmistared iRhase 2. The
targeedpopulation wasACC owners but the sampledopulation wagotential ACC avners
Since ACCis still not widelyavailable in all US makes and models, researchers can still pull out
potential owners usintpevehicle identification numberd/(Ns). However, the VIN cannot
identify whethetthe vehicleactuallyhad ACCas aroptionor whether the driver actually used
this featureThat stategthe vehicle owners who did not have the ACC featwestill received a

surveywerehighly encouraged to complete the surveys.

Chapter Summary

In this chapter, a brief introduction of ACC asmted with a summary of the literature is
presentedAt the beginning of this chapter, an overview of how ACC works is given after a brief
overview of the development of the ACC system. This literature review is critical to gain a
complete picture of hoyweople perceive and use ACC. More specifically, it was found that some
ACC owners had limited perceptions about the system, while other drivers were not aware of the

limitations of ACC. Afterwards, conducting surveys is appropriate in this study, anebisen

15



will be discussed. There weseveral researchewhohavec onduct ed surveys to
perceptios towards ACC. The remaining chapters of this thesis detailstaisticalmodels that

best determine tharofile of automobile ownemnostlikely to be ACC owners, based on their

perceptios and trust in ACC.
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CHAPTER Il METHODS
Survey Design and Distribution (Data)

A summarized version of the survey distributed by Ba611)is presentd here to
provide context for the study populatidn order to reduce bias from heavily populated areas
andto ensure broadepresentatioacross the state, aunty-stratified and populatichased
random sampling technique was u¢egjure4). Thesamplel populationwas chosen based on
theVehicle Idenification NumbersYINSs), obtained from the Washington State Department of
Licensing,for the vehicle make, model and y@aost likely to be equipped with ACQ.is
important to note that even though the VINs indicate potential ACC vehicles, this ieatyre
not be included in the respondentods vehicle.
to complete the survey to gather information on driving styles, demographics, and reasons for not

selecting ACC.

Persons/ Sq. Mi.
-5
| ER
B 10-20

20-50
50 - 100
100 - 200
200 - 400
0 400 - Fo0
I 700 - 1000

Walla Walla

Figured 4 Population density by countyand stratification method
(Bato, 2011; Office of Financial Management, 2010)
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A basic description of an ACC system was providethebeginningof the surveyso that
all respondets would have the same understanding/intent of the system being evalhated.
were72 questionsn total and these questioaddressegerceptions towards ACGACC use,
driving habits and demographic questions (age, gender, vehicle usageTk&gwere four
additional questions asking participaiit§ey wereavailable forfuture studies Respondents
were asked questions on thparceptions towards AC@erceived usefulness in terms of
effectiveness, ability to function properly under variousiraad environmental conditions, and
trust in ACC.For ACC owner®nly, information was gatheresh actual use undeariousroad
and environmental condition§he participants were provided a set of multiple choice options
for most questions. Themerealso several opportunities for them to write in commenie full

version of the survey can be found in the appendix.

The surveyas designed tbe completed within 15 minuteSach survey participant was
compensatedith a$10 gift card for their involveent(Bato,2011) There wer€2000surveys
distributedwith 128 returnediue toinvalid addresss In total,584 (31.2% response ratejere
returned and of these, 20.2% (n=118) reported they were ACC owhers. were averal

survey questionsxamiredin the subse@nt data analysis and these are includ€eihinie 2.

18



Table 2 List of survey questions

Variable .
Name Questions
ACC p | hicle with ACC? (bi
Ownership 0 you currently own a vehicle wit 2 (binary)
Trust in ACC QuestionfiHow much do you agree orsgigree based on ACC definitid trust
an ACC system-poidtukertd wor k. o (5
AgeGroup  ACC driver age (integer); Grouped as Younger and Older Group
Make ACC vehicle make (string); Grouped as Toyota &Lexus, with other makes
Nuergbleericr)]f Indicated the reported’ae r age number of peopl e
pVer?icIe including the driver (number)
SecificationsQueStion: Al selected this vehicl
P specifications. o (binary)
Style Question: fAl sel ected likddihsstylingdnd c |
y l ooks. o (binary)
Safe Question: Al selected this vehicl
qguality. o (binary)
FeelSafe Questi on: APl ease state how much
using ACC statements: Ifeelsates i ng t he A-Qdhtlskertst em. 0 (
ACC s Question: APl ease state how much
Convenient st atements: ACC i-pointLikerty eni ent t o
Helbs on Question: APl ease r BACEwondhelpyouinh vy
curvp road avoiding a crash with the vehicle in front of you if: you are following the
y vehicle on apociunrtv yL irkoeardt. o+ (fiSDon 6t
#:slﬁ?‘ocw(i:nm Question: APl ease rate how difionhseim
trafficg traffic thapoiint fUioknerntg.+0 fADBonodot |
.. Question: APl ease rate how often
Usefggwnh when using a GPS recei verpoiotLikew+ h e
ADonbét knowo)
Does ACC create any new problems or safety concerns for you? (binary)
Comments Does ACC create any new probl ems

explain. (string)

Statistical Analysis

Logistic regressiomodels is a technique thaias proposed an alternativeo linear

regression modeis the late 1960s and early 197@abrera, 1994)This study used two logistic
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models to examine two outcomes of interest: ACC ownership, and trust in ACC among ACC

owners.

Binary Logistic Regression Model

Logistic regression igsed togeneratedds ratig or the probabiliiesof the target event
occurring based oacombination of explanatory variabléihelogits usually defined as the
natural logarithm of an odds rati@dds ratiosepresentthe r obabi | ity () that
happenedvhen compared to th@obability (:° ) o $améevemtriothappemg (Peng, Lee,

& Ingersoll, 2002) The bgistic functionis written as
dée- f o E 1w - equation(1)

w h e r represents the probability of the target eventptmepresent the coefficiefr the
explanatory variabl®. In this case, the dependent variables should be binary, i.e. its value
should be either 1 or 0. Independent variableshe continuousor discrete While the logit
function can take any value in the equation, the probabilitill always lies between 0 and 1

(Everitt & Hothorn, 201Q)
Dependent \ariable

The analysis examined the likelihood that a driver owned a vehicle equipped with ACC.

Hence, a binary outcome was used to identify those who owned and not owned this system.
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Explanatory Variables

Explanatory variables considered this model (ACCownership)included:trust in ACC,
age, number of people typically in the vehicle, whether they were Toyota or Lexus owners, and

reason for selecting current vehicles.

Trust in ACC:The original trust questiomas : f Pl ease state how muc
disagreewith the following statement | trust an ACC systemdwoul d
their answefrom a 5-point Likert scale (1) strongly agree(2) agree(3) neutral,(4) disagree(5)
strongly disagreelhe hypothesis for theCC ownership moel was that those who have a
higher trust in ACC would be more likely own ACC Hence differencebetweerthe two
extreme viewpointgstrondy trust,and strong distrustvas of interest and as such, this variable
was categorized asbanary variable: Hyhly trust and others (includes all other opinions beside

strongly agree).

Age:Age was separated into two categorigminger (<45 years old) and oldén5
yearsold)The survey respondent so éd-tdbmypearsokdadd a me a

the aje category walsased on the first quartile (@1

Number of people in vehicl&he number of people usually in the vehicle sedw
another basic characteristic of A@@ness. This variable can giveme insights oowne'sd
household size and why AQ@ay beuseful todifferent households his variable was treated as

anintegerwith values rangingrom 1 to 6.

Vehicle BrandA category of vehicle type (Toyota or Lexus vs. other brands) was
included sincenany respondentadicatinghaving this vehicle typé43.3%) and it was of

interest to see if these drivers miglffer from other brand ownergQ., BMW, Infiniti, etc.See
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Table10 in Appendixfor the frequency of each vehicle typéJso, Toyota and Lexus are made
by the same parent company and their ASy€tems designs aigentical.For these reasons, this

group was of interest and included in the model

Reason for selecting the current vehidlegeneral, customers chogsetomobiledor
many reasondg-or examplethey may prefer thesliability (quality), safety,or anothesspecial
feature In this current survey, respondentsre asked tselect the most importargasorfor

selectingheir current vehicles, which includdse sevemrmost common reasonBheywere

1 [Iwant safety and quality;

1 Iliked the styling and looks;

1 I wanted the basic specifications;
1 1liked the features offered;

1 The cost is within my budget;

1 1did not choose this vehicle;

M The vehicle has ACC.

Theabove listedeasonsrein theorderof highestselection amongespondento
lowest.In this current model, the top three reaseese used as tharee factorsn the model
safety, style and specifications. 8defactors were selected because they may provide insights
onthe tradeof$ thatdriversconsider wherselectinga vehicle ACC systems or other

characteristicsvhenpurchasing a vehicle
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Ordered Logistic Regression Model

Logistic regression model can be used
perceptions towards ACC, driver behaviors given the likelthof trusting ACC systems.
Trusting ACC has an inherent ordbat can be modeled using arered logitic model This
model is based on tleeimulative logi or cumulative probabilityThe ordered logistic model

takes the form:

aé 99— fo E T o - equation (2)
¢ 9o— fo E T o - equation (3)
n n n p equation (4)

VMR Al & OOGEE@D W | QDD 6
N Nl & Q0@ ENIMminDs 6
R Nl éEORN@ETMI@W@ 6 QBH O
where N i represent the probability of the target event ieegepresent the coefficients, and the

xS represent the explatory variables.
Variables

The purpose athis model was to predict what kind pérceptions andxperience will
influence driverétrustin ACC. In this model, only ACC owners were examined to identify
whether they were more likely to trust the ACC systthey currently ownlhe originalsurvey
guestiorwas APl ease state how much you agree o
Originally there were five categoriestrongly agree, agree, neutral, disagoegtrongly disagree.
There were an Bignificant number of responderftable 3)requiring a reduction to three

categories: narusing to neutral [coded as 1], moderate tnug{2], and higly trusing|[3].
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There were less people who hold their opinions neutrd)(i©nly eight espondents/ho
distrustor strongly distrust the systethjs compare$o participants who strongly trutite
system(n=42) or moderatly trust =459 in the systemGiventhe sample size yicombining

neutral to strongly distrust into one category could make treehieetter fitted.

Table 3 Number of respondents in each category for trust question

Please state how much you agree or disagree: | trust an ACC system would wc

No.of | sirongly agree  agree neutral disagree strongly
respondents gly ag 9 g disagree
ACC 42 45 o n .

owners

Actual experience could be divided into mainly two aspectsi ver sd6 percepti o
ACC and driver behavior based on actual usage. Explanatory variables for the second model

included the effectiveness perception of ACC and driver behavior.

Perceptions towards ACGhere were three variables in this category] (&gl safe
using the ACC systenf2) ACC is convenient to usand (3 The ACC will help me when
following the vehicle on a curvy roa@hese three variables were all treated aarigimariables.
There were two categories in the A(1) feel sa
regar dACCscomverdlelt compari sons ar e bwthtiisen peopl e
statement and participants whio dot agree. Besidesgspondents could be divided into two
groups to the question A(3) how much ACC wil/
roado: people who thought it would help much
be considered amnenvironmentafactoras studies showedmi ght i nfl uence ACC

on Adaptive Cruise Contr@Bato, 2011; Llaneras, 2006)

Driver behavior:there were two types of driver behaviors included in this motethé

frequency of using ACC when traffis flowing; and 2) the frequency of using ACC when using
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navigational technologylhese variables are used to see if there are any relevant differences in
experience based on frequency of asengACC owrers.These twovariables were alsbinary,
basedn frequency of useefigagedisually/more than hatif time versus seldomsagg. The

full list of variables can be found in Table 9.

Word Analysis

A recent capability given advanced in technology is the ability to tag words and identify
the number ofiines they are used within a manuscript. This ability to tag works has gained
popularity in the development of the intern®tgrowing number of websites show their user
serviceswith lists of present tag®.g, LibraryThing) Word cloud (or tag cloud) cagresent the
input text data visuallgnd can be representativefeétures, such as frequency of the associated
terms, using different font sizes, weight or colors. This format is useful for quickly perceiving
the most prominent terns for locating a tem alphabetically to determine its relative
prominencgHalvey & Keane, 2007)n this study, word cloud was usedexploreoneof the
openendedquestiosin the survey using two webased word cloudesvices, as well as
resear c toeterpréttheoutameesTheopenendedquestionof interest was ded

ACC create any newrpblems or safety concerns for you? Please explain.

Data Analysis

The first mode(ACC ownershipvas examined using a binary lstic model and the
second modd[Trust in ACC)was examined using an ordered &igimodel. Both models were

developed usigpthe R statisticgbrogram(version 2.12.pwith significance assessedip < 0.05.
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The binarylogistic model predicted the likelihood that a syrvespondent was an ACC
owner.This was achieved using the glm functiwith theMASS package. The seconadel
examined trust within ACC owners. Given the rating scale used within the survey, a three
category ordered scale was used to depict trust in ACC. This model was developed ymirg the

functionavailable within theMASS package

Two webbased word clod analysis tool were used for word analysis of comments.
Among them, Wordle(Feinberg, 2011jvas used for examining the outcomes, w/ltfle Public

Comment Analysis Toolkit (PCAT)Texifter LLC) wasenrolledto reconfirm the resust

Chapter Summary

A survey distributed in the state of Washington was used to examinkehieood of
purchasing a vehicle with ACC. This survey was initially designed by D&leyle (2009)
and revised by Bato (2011). If the survey respondents indicated that they purchased an ACC, the
likelihood that they would trust the system is also ex&ahi These two outcomes were of
interest because they can provide insights for characteristics of ACC owners, their perceptions

and driver behaviors.
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CHAPTER Il RESULT
Descriptive Statistics

All respondentgACC and norACC owner$ were encouraged to swver the survey.
There were 390 male respondents (66.8%) and 187 females (32.0%). Some respondents did not
includetheir demographic informatio(n=7, or 1.2%). Theespondentsangedrom 23 to 89
years oldwith a mean age of 56.34 (sd=14.57 years oldgrmeannumber of miles driven was
208 miles per week (sd=187.67) andtheann u mber of peopl e in the

2 (sd=1.18).

The majority of respondents own&dyotas (22.8%), Lexus (20.0%), and BMWs
(13.2%) Other vehicle makes includéafiniti (8.6%), Cadillac (6.4%), and Merced&gnz
(6.4%). Unlike the survey conducted in lobsaDickie & Boyle (2009) more BMW owners
responded ithe Phase Il surveym Washingtonput a smakr portionindicated also beingCC

owners.

Among all the respondents, 62.5% (n=365) purchased their vehicle new and 36.5%
(n=213) purchased therehicle used (the remaining 1% [n=dil not indicate how they
obtained their vehicle)There were 15 (2.6 %) responses that indicated they had ACC but
identified a vehicle that was older than 2001. This ma@ossibldecausCC was not
available in the US at that time attebreforethe data from theskb partici@ntswere not

included in subsequent data analysis.

A brief introduction of the ACC system that was in their vehicle was provided at the
beginning of the survey. All participants were asked to rate how much they agree or disagree

with certain statements $ad on their perception of ACThere were 62.1% (362 out of 583)
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participantandicaing they would use ACC often. Forgne percent240 out of 582) thought

ACC could reduce stress when drivirmgndonly 10.5% (61 out of 581) thought ACC could

allow themto do other things while driving’he majority did not agree that ACC would allow

the driverto do other things while drivin/9.9% n=464) Over 50% (299 out of 581) agreed

that the ACC system would improve driver comfort, and 26% agreed that ACCicquitzl/e

traffic flow. A majority of respondents (81.9% of 582 respondents) appreciated technology as a
very important part itheir life, and 47.5% (277 out of 583) considethdtechnology irtheir

car was always better.

All participants were asked theigge st i on: A[ Q4] Woul d you want
this same vehicle affjpe a® 0i Thlosded ha@. 4% ddofcad el
(n=353);14.4% (n=84) responded that theig not want ACCand 24.7% (n=144) did not know.

The remaining three rpendents did not answernslguestionOf the118 ACC owners (include
the 15 participants who reported that they had ACC before 2001), 76% wanted to have ACC if
they purchased the same vehicle agamly 57% of norACC owners wanted to hatke ACC

featue.

Respondents also provided tiegasons why they selected their current vehicles (Figure
In general, drivers showed gree¢mphasis ofA] safety and quality when selecting a car
(n=287, 49.1%). The other top two reasons @F1 liked the stylingand looks (n=120, 20.5%);
and[C] I wanted the basic specifications (egpating capacity) (n=84, 14.4%)ss participants
chose their vehicle because the [D] features offered (n=62, 10.6%) and [E] the costs (n=14,
2.4%).Relativelyfew of the current @hiclesreportedwere not the selectiarby the respondents

[F] (n=6, 1.0%)Only 0.9% (n=5) respondents chose the vehicle because it hadGCC
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Figure 5 Reasons for drivers to select their vehicle

A total of 15 participants were excluded from furthealysis because they indicated they
owned a vehiclavith ACC older than 2001The median number of monthwned/driving forthe
remainingACC owners was 28 montliRange2 to 96 months)The majority (n=72, 69.9%) of
respondentgdicated they woulgurchase vehicles that have ACC again, and only 4.9% (n=5)
of the ACC owners found it difficult to learn how to use ACC. ACC owperaverageised
ACC or had it engaged approximately 27% of their driving time. Tébleows the

characteristics of distancetseg whenACC wasengaged.

Table 4 Property of distance setting

Variable Category Count Percentage
Shortest 20 19.4%

Distance setting Medium 38 36.9%
Longest 25 24.3%
Other 20 19.4%

The length of Smaller 3 3.2%

following distance Slightly smaller 5 5.4%

when using ACC, The same 44 47.3%

compared o not Slightly larger 29 31.2%

using ACC Larger 12 12.9%
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ACC wasmost likely to be engagemh interstateslJ.S. highways and when traffic is

flowing. There were 60.2% (n=62), 45.6% (n=474 &3.7% (n=45) of the ACC owners,

respectively, who usually or always use ACC on the listed situations above. Although tired or

impaired, few (n=14, 13.6%) ACC owners would turn ACC on frequently to help them better

driving. Most ACC owners (n=96, 93.2%gldom or never use ACC on city streets with traffic

lights. Besides, 73.8% (n=76) of them were not willing to engage ACC on roads with lower

speed limits.

There were twaypes ofguestions asked regarding ACC use. One was based on their

perception of ACQiven a generic description of the system. The other set of questions related

to their actual engagement in Rdnving activities while ACC was orit was interesting to

compare these two questions because terevery different outcomeketween percepns

and actions.

Table5Dr i ver s o

perceptions and ac-triviegltaske sage of

Perception based on description of ACC

Use more often with ACC engaged

In actual driving
ACC engaged

Variable Category Count Percentage Category Count Pacentage
Use radio Agree 12 11.9% At least 50% of 40 39.6%
or other the time
accessories
Talk on Agree 11 11% At least 50% of 33 32.7%
phone the time
Use paper Agree 1 1% At least 50% of 11 11%
map the time

Agree 17 17% At least 50% of 31 30.7%
Use GPS the time
Eating or  Agree 5 5% At least 50% of 22 21.8%

drinking

the time
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FromTable 5 it is noted that only a few individuals thought ACC could help a lot when
using paper map (1 out of 100), eating and drinking (9bi00) compared to the situation that
ACC was not engaged. A majority of respondents said they would not use radios, talk on the
phone and use GPS more when ACC was engaged. On the other hand, compared to their
perceptions, in reality more ACC owners teddo use ACC frequently when using paper maps

and eating with proportion of 9% (9 out of 100) and 10.9% (11 out of 101), respectively.

Table 6shows respondents percepsai ACC under various condition$he majority of
respondents (61.4%) did not dettachangean responding to hazardswnACC was engaged.
None of the ACC owners reported hitting anything with ACC engaged; and 5 people did not
answer this question. The perceptiorAGIC being helpfuburing stopandgo trafficand on a
curvy road was med. A slightly larger portion (48%df participantshoughtthatACC would
not be helpful in stop and go traffic, while a slightly larger por{s®?6)though it could help in

following a vehicle on a curve.

Table 6 Perceptions of ACC under various condtions

Variable Category Count Percentage

Slower 8 7.9%

Responding time to unexpected road No change 62 61.4%

hazard with ACC on Quicker 23 22.8%
Did not know 8 7.9%

Yes, it could 42 41.2%
ACC could help in stopand-go traffic No, it couldnot 49 48%

Did not know 11 10.8%
: . Yes, it could 51 50%

Qr(]:g é:orL\J/Id rr;llg when following a vehicle No, it could not 40 41 2%
urvy Did not know 9 8.8%

. Yes, it could 68 66.7%

Q;Cklec;o:lz((jjg:r!? when the vehicle ahead No. it could not 57 26.5%
y Did not know 7 6.8%
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When asked about the actual usage of ACCeundrtain conditions, 48.5%( out of
103)of respondents had never turned A@@n snow and rainhut 20.4% (n=21) had used
ACC more than half the time. There we88 (66.7%) participantgho refused to use ACC in
heavy stopandgo traffic. On curvy roasl 54.4% (n=56) participants still kept ACC on more

than half the time. Only 44.7% (n=46) had never used ACC under this situation.

As stated earliel descriptiorof ACC was provided athe beginning of the survey
Hence, all respondents can provide tlopinionsof ACC based on this descriptiohhere was a
greater portion oACC ownersthatstrongly agreédwi t h t he st atement Al tr
when comparetb nonACC owners (Figur®). However, there was a tendency toward trust by
nonACC owners as wellith 59.2% that still indicatefl a g r ehés@ame statement. Upon
further examination, 29.4% of the younger age group owned ACC, while only 17.1%otdé¢he

age group owned ACC.
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Figure6The di stri bution of driversd opinion towal
ACC owners and norACC owners
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The opiniors related tavhether ACC owners trust ACC or not, and how much they trust
ACC wasnot depedenton ag groupand gender differences. Figufshows the interaction
plots of percentage of participants who owned ACC by age and gender gftaupminating
thenonapplicable (NA)values. Ttests were done between age and gender groups towards
trusting ofACC. All the p valuesndicatedthatno statistical differences were observed in trust
between age and gender groupalle 3. Therefore, age and gendeerenotincludedin the

logistic model on ACQrust
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Figure7The di stri buti on ooMarddrsi viielr stor uospti nAIiCocCn woul d
Younger &Older group, and Males &Females

Table 7t-tests forage andgender groups for ACC ow n e trigsttowards ACC

Age Group (Youngevs.Older)  Gender (Maless. Female)

Strongly Trust ACC t(67.92)=-0.98, p=0.33 1(65.97)=1.26, p=0.21
Trust ACC t(63.95) =0.75, p=0.45 1(61.26) =0.51, p=0.6
Neutralto Not Trust ACC  t(62.37)=0.25 p=0.4a t(53.74) =-0.88 p =0.38

Binary Logistic Regression Model: Characteristics of ACGOwners

A binary logstic model was developed to pred®CC ownership based on the
characteristics afespondentéTable8). The results showed that drivers who highly trust ACC

were 6.05 times more likely to be ACC owners.
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Table 8 Comparing ACC owners with non ACC owners

ACC Owners (1), NorACC Owners (0)

Variables Estimate Std. Error  z value Pr(>|z]) OR* 95% CI
(Intercept) -2.03 0.35 -5.84 <0.0001
Trust ACC 1.80 0.26 7.00 <0.0001 6.06 (3.67,10.03
Age: Young 0.81 0.27 3.4 0.002 2.24 (1.33,3.7%
No. of People 0.18 0.09 2.3 0.042 1.19 (1.00, 1.4
Toyota &Lexus Users 049 0.24 2.06 0.04 1.64 (1.02, 2.64
Safety -0.73 0.31 -2.31 0.022 0.48 (0.26, 0.90
Specifications -0.85 0.44 -1.92 n’ 0.43  (0.17,1.00
Style -0.69 0.37 -1.85 ns® 0.50 (0.24, 1.03
Null deviarce: 540.470n 533 degree of freedom
Residual deviance: 466.690n 526 degree of freedom
AIC: 482.69

Number of observations: 534

%0R: Odds Ratio
® ns: not significant

ACC ownership wasnpactedby age. Those participants who were younger than 45
yearsold were2.24 times more likelyo owna vehicle with ACC than people who were in older
groups. ACC owners were more likely (OR=1.19) to hadditionalpeople in their vehicles
indicating that perhaps these owners have larger householdT®yetaor Lexus owners
(41.5%, n=49) were also more likelyaain ACC. The resuidtindicaied that they were 1.64

times more likely to own ACC than other brands owners.

Theattributes fisafety, fisp e ¢ i f i andfistyledbwere three factors that came from
survey qustion ofas the most important reason &oosing this current vehicle.act or A s af e
was significantwhildi s peci fi cati onsodo and fs(p=P.05dandwer e mart
p=0.064, respectively)he twomarginallysignificant factorsvere kepin the model because
theylowered the AIC value and thus made the model better .flRedults showethat
Aequi pped with ACCdadlwaantcedt sadiectyednwdi qhhal it
people were willing to give up having ACC when given a chbateveen ACC and a vehicle

that can ensure highsafety and quality (OR=0.48).
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Perceptions andTrust in ACC

As shown in theesuls of the ACC ownership modgirust in ACC appeared to be
associated with actual ACC ownershience, in the second moddighypothesighat drivers
trust ACC because of their general perceptiona ACC functions is examinedAn ordered
logistic model was usetd examine this hypothesis and more specifically to predict the
likelihood of increasing trust in ACC (Tab® among ACC ownersSomeownes knew the
limitations of ACC whileotherswerenot as aware and may als&CC inappropriately in
situationsthat require more driver interventiohhe purpose of this model was to find factors
that might i nf hAGCCrandevhetherthat gustssavartanted based on the

capability of ACC.

The ordered logtic model suggested that factors related to perception of ACC and driver
behaviors gni fi cantly influence ACC ownerso trust
feeling safe (AOR=7.96) and convenience (AOR=4.00) significantly increase the likelihood of
highly trusting ACC systems among ACC owners. If the driver thought AG@dmelp him/her
a lot when following the vehicle on a curvy road, then the driver vi@stBnes more likely to
trust ACC. Two kinds of driver behaviors were found tasigmificant Not surprisingly, people
who seldom usACC in flowing traffic were more likely tbe in the group ofinottrustingto
n e u t(ACGRE0X9). Using navigationald¢bnology (e.g.GPS) when ACC was on was also a
significant factor in the model. This implied that respondents who seldom turned ACC on when
using navigational technologies were less likely to trust ACC (AOR=0.19). Interactions between
frequency of ACC userhen traffic is flowing and using navigational technolodid not
significantly affectthedependent variablélowever, it was kegh the modeto ensure a better

model fit(smallest AIC) No other factors, including age, gender, Toywthexus ownersand
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number of passengers in car were found significant in the mamehareany other interactions

between each factor in the model.
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Table 9 Summary of ordered logistic model predicting ACC ownersoperception of ACC

Probability of Trust ACC: Not Trust ing to Neutral (1), Trusting (2), and Highly Trusting (3)

Variables Comparison Estimate Esr tr%.r tvalue Pr(>z]) AOR? 95% CI
(Intercept) Not Trustvs. Trust -2.12 0.86 -2.46
(Intercept) Trustvs. Highly Trust 0.86 0.8 1.02
| feel safe using he ACC system Strongly agree vs. Others  2.07 0.65 3.19 0.001 7.96 (2.37,31.36)
ACC is convenient to use Agreevs. Disagree 1.39 0.60 2.31 0.021 4.00 (1.26,13.50)
The ACC will help me when following the Much vs.Others 113 055 204 0041 309 (1.07,9.51)
vehicle on a curvy road
How often you use ACC when traffic is flowing Seldomvs.Usually -2.37 0.92 -257 0.010 0.09 (0.01,0.53)
How often you use ACC when using Seldomvs.More than half -1.68 079  -2.12 0034 019 (0.04,0.83
navigational technology
Traffic Flowing* Using navigational technology Seldom* Seldom 1.83 1.10 1.66 ns 6.22 (0.76,58.71)

Null Deviance: 195.540n 93 degree of freedom
Residual Deviance: 144.420n 87 degree of freedom
AlC: 160.4153

Number of observations 95

“AOR: AdjustedOdds Ratio
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Word Analysis (Commentg

An exploratory analysis on the respondents
cloud analysisThe survey includedeveralcomment fields witta total 0f32.2% (n=38) of ACC
ownes expressing their views and opiniombere were 34 responsesaieeq ue st i on: A[ Q1.
Does ACC create any new problems or safety <co
only one ACCowner gave a positive comment indicating that ACC can help release part of the

driver 6s atnongnvingtasks. t o ot her
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Figure 8 Word cloud analysis

A lexical (or word cloud) analysis wasnployedto examine key wordsom this
guestion using two webased word cloud analysis togllse Public Comment Analysis Toolkit
(PCAT) (Texifter LLC) and Wordleg(Feinberg, 2011)Figure8). There were 18 comments that
indicateduBSdo oot ineed cont r oweor.e Tihber askeec oonrd asc
hardy 6 and @ uncomMore dpexifichllg, cespdndents iBdjcated that ACC often

caused sudden brake or acceleration, especially when passing or weemahandter car
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cuttinginnRespondents al so discussed the figapo bet w
(n=5). One respondent indicated that the car followed too closely to the vehicle ahead at high
speed, while the other four respondents indicated thagdahs were too large and alwaygted

other cars to cun.

A very simple ordered logistic model was used to examine the likelihood of trust in the
system among people who provided comments and those who failed to offer feedback. The
explanatory varial@l was binary, whether participants gave comments or not, while the
dependent variable is the same as that in the trust in ACC model. A significant p value (p=0.015)
was associated with whether giving comments or not. That is to say, if an owner provided
comment(s) to the specific question, he or she was more likely to hold opinion ranging from

neutral to notrust @=-1.00) in ACC(AOR=0.34, 95%CI=[0.12, 0.89])

Chapter Summary

This chapter showed the results of two logistic models, ACC ownershipushth ACC
as wel |l as the exploratory findings on respon
showed that age, number of people usually in the vehicle, vehicle brand, and safety preference
significantlydeterminedACC ownership. Among ACC owngrtheirtrust in ACC was
significantlyaffectedtheir perceptions of ACC and their overall driving behavior. A word cloud
analysis provides some additional insights on these drivers. More specifically, some drivers may
have been able to recognize the tations of ACC based on daily usage. These models provide
a profile of drivers who use ACC and are of value because the results can give further

suggestions on ACC improvement.
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CHAPTER IV SUMMARY AND DISCUSSION

There are many benefiggined fromadvanced/ehicle systemsHowever, actual
experiences with certain technology may differ from theegnded use and desigh survey
conducted in Washington States used to examine the likelihood to own as well as to trust

ACC as influenced bperceptions andcéual experiences to ACC

In general, younger people have often been shasmmore accepting of technolgg
(Czaja, et al., 2006yhen compared to older individuaknd this was also observediire model
of ACC ownership where younger respondents (less than 45 years old) were more likely to own
a vehicle with ACC. It is interesig to note that ACC use is typically obserfethneras, 2006)
more in older drivers given economic status compared to younger di@wgver, further
analysisdoes suggeshat younger peopl@ess than 45 years old) were more interested in and
had higher possibility to purchase vehicles equipped with certain advanced technologies, which
seems contrary to the findingsldaneras(2006) However, his can be explaindaly the mean
age of the surveyed respondem®én=56.34 year oldd=14.57 years o)dThat is, #hough
the age groups were separated into a younger and older group, the general driving population for
ACC owners is the younger groughichis still consideredaniddle-age {.e., between 30 to 45
years oldjand this age group do typically have #mnomiccapabilityto purchase intermediate

to highrendvehicles.

ACC owners tend to have more people in theiicleeand thismay be more indicative
of the household siz&lore specifically further examiationshowed thaimanysurvey
respondentswnedToyotaSienna, a vehicle that is most widelsged bylargerhouseholds but

also equipped with AC@s a standarfeature Owners of Toyota Siennas may be selecting this

40



vehicle type because of its ability to hold more individuals, rather than the additional features
available. It can also be hypothesized that additional family members would also be associated
with more vehicle use, and driving longer distanddse option of ACC feature might assist

them easy drivingdence this household size monfoundedvith car typeand further studies

will beneeaddto examinghis issue.

In this currentstudy, drivers tend tdnighly trust ACC only after they owned ACC.
Accordingly, it was important taentify what aspectef trustcanlead togreater acceptance of
thesystemTr ust in ACC seems to relatedtvmg dri ver so
behavior, both in posite and negative aspects. This has also been observed in other studies on

theuse of technologyBoer & Hoedemaeker, 1998; Rajaonah, et al., 2Q06b)

As mentioned earlielACC was designed to help peopleve with more convenience.
Shladovel(1999)indicated that comfort and convenience were related to three aspects: (1) an
increased perception of safety and security whicisisrelated to actual safety benefits; (2) a
reduction in the stress associated ves demandingdriving tasks; and (3) a freeing up of the
driver6s attenti on f oThessondenbdelitmsyin ACChceuidbe han d

implied acrossome ofconcepts brought up 8hladover(1999)

ACC may provide less stress to drivers if they perceive themsys appropriately make
brakingdecisions at crucial momenta.one studydriverswho believed they had used the
system correctlyndicated theyvould continue to use the systdfiricot, et al., 2004)Furthey
drivers tend to monitor the system less if they trust gtngtomated devicgdluir & Moray,
1996) Unfortunately, ACC usage on a curvy road may causeecessary acceleration or hard
brake (Llaneras, 2006)However this current esearch showed thdtr i ver s 6srglated cept i o

to ACC working properly on curvy roadgas limited. The survey showedatlover a quarter of
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the participants thought that ACC could helgraat dealvhenon curvy road, andengaged the
systemwhen they wee in ths situation.Additionally, the more they thought ACC could help on

curvy roads, the more they would trust ACC systems.

Another major shortcoming of ACC was that the systesalraaximum deceleration
rate sat actually does not helwhen the vehie ahead bradgssuddenly. Since ACC is not
capableof bringing thevehicleto a complete stquirivers hae been shown to halenger
reaction timegowards such situatiof®udin-Brown & Parker, 2004and as resulincidence rate
of rearend crashes increasdthe perceptions associated with a stogpadvehicle werenot
foundto besignificantlyassociated witkrust in ACC However,it is still important to note this
sinceover half ofthe ACC ownerswho respondegerceivedhat ACC would help them in

exactly thissituation.

Alternatively,usingnavigational technology coukllsobe regarded adistractionrelated
factor.Engaging in technologicaligtractionsinside thevehiclemayactuallyencourage drivers
to relymoreon ACC and negledhe primarydriving task(Lee, McGehee, Brown, & Marshall,
2006) Brown(2000)and Smiley(2000)showed that if drivers trust advanced technologies, such
as ACC, they tend to use other available visual, cognitive and physical resources to engage in
secondaryasks.Driversmay everregard sucladditional tasks as being mqeoductive.
However, n reality, these actiormanresult ingreaterdriver distraction, andreaterfailures to
detect and respond thanging events on the ro@@rown, 2000; RudirBrown & Parker, 2004;
Smiley, 2000Wickens & Kessel, 1981From the ordered logit model on trust, it is noted that
people who usually use AC&hdnavigationakystemsaremore likely to trust ACCHence it is
possible that people tend to share part of their attentions on secondafjotaskample, using

GPS while ACC is oneven thougttheyare awarehat it might increase crash risiato, 2011)
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In fact, they stilkry to share attentions to naiiving tasks in order to achieve productivithis
indicateshatACC owners thought th&CC could helpdriversmore by providing more
opportunity to attentb nondriving tasks which isconsistentvith the findings ofShladover

(1999)

Word cloud analysis utilizedto identify A C C o waeommest® regardinspfety
concernsand providansights for futureesearch and considerations for the designtofe
ACC systemsAlthough only 34 respondents shared thevs on safety and nesafetyissues
with ACC, thefindingscouldidentify concerngowardACC usagédor the general driving
population For examge, oneACC limitation discussed quite frequently in the commemtated
to sudden brakg when they tried toestore vehicleontrol This exploratory insight can help
designers target the desigrlated issues with ACO here was also concerelated tahe
headway distancasa setting featuré~or design purposegjtiire enhancements ACC could
include a distance setting system tbatautomaticallyadjustaccordingio varying traffic

conditionswithout interactions from the driver in safety critisguations

Study Limitation sand Future Research Topics

A major limitationoft hi s current st udgsmosslikelyhat Atr ust
confoundedvith ACC ownership. Although all respondept®videdtheir perspectives otrust
in ACC, theresponsefrom ACC owners and neACC owners were based on different
benchmarks. More specifically, ACC owners might provide their opinions upon actual
experiencewhile norACC ownerscommentedaseddnly on the description of the systehat

was provided at the gening of the survey
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As typical in surveys,aspondentanswered questionmsed on theremembrance of
experiencs. As such, there is laigher possibility that thegrovide answers not based loow a
situation may actually unfoldrurthermore,he survey wasmailed tohouseholds opotential
ACC owners according to Vidand records from WDOT. But it is possible that tHeousehold
memberthat responded was not the primaryner of the vehicle with ACCl'hat saidevery

attempt was made to clarify thehicle of interest and the intent of the survey.

The response rate for this survey study was 3h@8&cthisis fairly common among mail
back surveys. For greater accuracyl to reduce sampling bjagveral researchers have
suggested obtaining a randoample 0f10% to 20% of nomespondentéDonald, 1967;
Hagbert, 1968; Johnson, 1959; Miller & Smith, 1983)ere is a challenge in obtaining

additional information from nenespondents that may be of intéresexamine in future studies.

There was one interested finding in that more BMW owrare\ft 14% enrolled in the
Washington State study when comparedriotherACC study conducted in the state of lowa
(0.6%)(Dickie & Boyle, 2009) A future topic of interest could be to examine the differences
betweerBMW ACC owners and Toyota or Lexus @nand across thes$&o statesThe two car
manufacturers have two medifferent ACC systems, ushfferent radar/Lidar brandsperate
differently,and have different settings and interfadéswever, when the study population was
segmented to only ACC owners, there were actually very few BMW ownéssgnd additional

recruitment would be needed to ensure statistical power.

Further research topitso e x pl or e i nc | with&ioneawaaenestpeir n g
driving demand while ACC is engaged, atite stress they may perceive with and without the

systemExamining tle safety beneftis @CCs houl d not be based on
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only (as was done in this study), but should also be compared with the revealed preferences to

the systenfLee, Gore, & Campbell, 1999; Rainah, et al., 2006b)

Research should also take into account the environment or situation awareness. Findings
indicate that a reduction in driver workload doesmeatessarilyead to increasing situation
awarenesgHoc, et al., 2009)Hence, future ACC systems could be designed to help drivers
predict vehicle trajectory and identify collisionsirtherresearcltan focus on whether people
tend to do secondary tasks more often while using ABE€ secondary tagkerformance could

be examined on simulators to see how drivers balance different tasks while driving.

Trusting can be both treated as antecedents and outcomes with some of the causes
becoming the consequences and vice versa. In other @@ pwnershigmight cause highly
trust and thaprobably led to wrong usage and perceptions. Whereas, inaccuracy perceptions and
usages of ACC W provoke over trust in the system,swnin thetrust in ACCmodel.
Explorations of the reasons why drivers showed kitflast ordistrustin the system could assist
manufacturers furtheeminding or educating the users for the existing limitatibosther
research on specific misuse and over trust cases could inform better design and improvement of

advanced driver asgance system.
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APPENDIX AWashington ACC Survey

Figure9 Washington ACC Survey

UNIVERSITY of
- WASHINGTON Using Adaptive Cruise Control

Thank you for taking time to participate in our study and providing us information for the design of safe
and convenient vehicles. This survey will take 5-10 minutes to complete.

Whether you have driven a vehicle with Adaptive Cruise Control (ACC) or not, we appreciate your
participation in this study, and you are entitled to a $10 gift card redeemable at your choice of Starbucks,
Walmart, or Barnes & Noble when you complete this survey.

Q1
Please enter the 5-digit invitation number that is
found at the top left corner of your invitation letter.

What you think about Adaptive Cruise Control (ACC)

The following section is to be answered whether or not you have used ACC.

The car you own may have Adaptive Cruise Control (ACC). This is a new technology different from regular
cruise control. Regular cruise control is found in most cars and maintains a constant speed without you keeping your
foot on the accelerator pedal. ACC does this as well but it also automatically slows your vehicle down without
you pressing your foot on the brake pedal. The ACC laser or radar sensors can detect moving vehicles in front of
your own vehicle and, if required, slow your vehicle.

Q2
Based just on the description of ACC above, please state how much you agree or disagree with
the following statements:

St J] St I
Statement: el Agree Neutral Disagree .mng v
Agree Disagree
A. Itrust an ACC system would work 1 2 3 4 5
B. I would use ACC often 1 2 3 4 5
C. I feel that ACC would allow me to do other things while 1 5 3 4 5
driving (e.g. use cell phone, map, radio, GPS, etc.)
D. Ithink ACC would reduce my stress while driving 1 2 3 4 5

E. ACC can be set to improve traffic flow (e.g. it can be set to
follow vehicles at a Aigh speed and close distance.) I would 1 2 3 4 5
set ACC to this setting

F. ACC can be set to improve driver comfort (e.g. it can be set
to follow vehicles at a /owspeed and far distance.) I would 1 2 3 4 5
set ACC to this setting

G. More technology in my car is always better 1 2 3 4 5

H. In general, technology is beneficial and is an important part
of my life
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Q3
What is your vehicle’s make, model, and year?
A. Make:

B. Model:

C. Year:

4
gyou purchased this same vehicle again, would you
want it to have ACC?
O Yes
O mo
O Idont know

Q5

Did you purchase your vehicle new or used?
O New
O uUsed

Q6

I selected this vehicle primarily because: (Please select only

one)

Q7

oooooOod

I wanted the basic specifications (e.g. seating capacity)
I liked the styling and looks

I wanted safety and quality

The cost is within my budget

I liked the features offered (e.g. sunroof)

The vehicle has ACC

I did not choose this vehicle

Do you currently own a vehicle with ACC?

O
O

Yes
No

If "No”", why not? (Please check all that apply)

O 00O oogo oo

It was not an option on my vehicle

It never occurred to me to look for it when I purchased
the vehicle

I thought it would be a nuisance or distraction
I don’t trust that it will work

It was only available with other options that I didn't
want

It was not worth the extra cost

I was not the person who decided to get this vehicle and
its associated options
I have never heard of it

If you answered "No” to Q7, please skip to Q23 (on the
back, page 7)
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How you feel about using ACC
Please skip to Q23 if you have never used ACC. The following questions are only to be answered if you have
used ACC. These questions are based on your actual use of ACC.

Q8 Q11
How long have you owned/driven a vehicle with Adaptive How did you learn to use ACC? (Please check all that apply)

Cruise Control (ACC)? [0 Dealer Demonstration
A. Years O owner's manual
O Internet, Magazine, or similar resources
[0 self-taught
[0 Previous Owner
B. Months [ Did not learn yet
O Other, please specify:
Q9 Q12
Approximately how many miles have you personally driven  Was there anything difficult about learning to use ACC?
in this vehicle? [ Yes
O No
If “Yes”, please explain:
Q10

Since you've owned this vehicle, about what percentage of Q13
time do you use ACC while driving? (Please respond witha  Does ACC create any new problems or safety concerns for
percentage — e.g. 50%) you?

O Yes
0/0 O No

If “Yes”, please explain:
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