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Abstract

Understanding what drivers know abatateof-the-art advanced driver assistance systems
(ADAYS), like adaptive cruise control (ACC) and lane keeping assis{LKA) is important

because such knowledge can influence trust in and reliance on the automation. Wexisurvey
ADAS owners N=102) andhon-owners N=262), with the primary objective of assessing
knowledge and trust of ACC and LKA, and investigating the relationship between knowledge
and trust among drivers who have not received special traifliregsurvey contained

demographic question&CC and LKA knowledge questionna&rgassessing knowledge of
capabilities and | imitati onandACCmandbakKAlugt f ound
ratings.From the knowledge questionnairesnsitivity (i.e., knowledge of the true capabilities

of ACC ard LKA) and response bias waassessed anged to predict trusResultsshowed that
owners @ not havebetterknowledgeof systencapabilitieglimitationsthan norowners in fact,
owners hd a stronger bias in favour of system capabilitles norowners betterknowledgeof
system capabilitiewas associated with lower trust, ahdsewho were more biased towards
endorsing system capabilities had higher tiNsitherknowledgenor respons bias was

associated wittrust among ownergurther research is needed to confirm our results with a

larger sample obwners, but gyen that it isalsoimpractical to expect drivers to learn and

remember all possibl&DAS limitations,it may be benefiail tofocus trainingeffortson

i mproving driversodo overall wunderstanding of
when usingADAS to support appropriate truahd reliance

Keywords: driving automationSAE Level 2 automation, mental modetsgnal detection theory
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1. Introduction

Advanced Driver Assistance System®D@S) currently available to the public can
controlthe lateral and longitudinal movement of the vehicle, via, for example, a lane keeping
assiséince(LKA) system ancanadaptive cruise control (ACC) system, respectivéiile
drivers perceive these systems as beneficial for their safety (e.g., Eby et al., 2018; Hagl &
Kouabenan, 2020¥afety benefitslepend omrivers utng ADAS appropriatelyACC and LKA
are only driver support systems, meanirgf tiriversarestill respongble for the driving task;
they should benonitoring the roadway at all times to determine when they need to takiitbver
control of the vehicl¢SAE International, 2018 However, naturalistic driving data shows that
while using ACC and LKA together, drivers spend more time looking away from the road and
are five times as likely to browse on their cell phones compared to when ACC andreKét
active (Noble, Miles, Pereguo, & Klauer, 2021)Further,overreliance on ADAS, particularly
ACC and LKA, has already contributed to seveealtworld collisions (National Transportation
Safety Board, 2020PDne approach to reduce overreliance on ADAS and related collisions is to
i mpr ov e understandimg asystemcapabilitiesandhow ADAS should be used

Research indicates thdtivers generally do not have a good understandingoA S
Jenness, Lerner, Mazor, Osberg, and Tef08)found that72% of drivers werainaware of the
limitations of the ACC in their vehiclén amore recensurvey drivers(both those who owned
vehicles with ADAS and those who did not) were asked various questions to assess their
understanding of different ADAS systen@nly 17% of respodentscorrectly answered the
guestion to assess their understanding@€ (McDonald et al., 20165inger and Jenness
(2020)found that after trainingn thecapabilities and limitations of a test vehicle with ACC and

LKA , mostdrivers were aware aglomeof the ADAS limitations(e.g., it does not work in heavy
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rain or snow, or when | Howevermm@ajokity oitgpeg ar e Mnbadl
participantghought that the ADAS in the tegthiclewould probably or definitelyit ak e act i on
and avoid a collisiono i forifthbyevere approachimgasléew s ud d e
moving motorcyclewhich are limitations of ACCThus, while training may result in increased
awareness of some ADAS limitations therewere stll dangerousnisperceptiondn addition,
these resultmay not reflecthe knowledgef typical driverswho have not been trained by
experimenters on ADAS capabilities and limitatioResearchusing methods such as surveys,
is needed to investigatbe understanding of current ADAS systearaongdrivers who have not
received angpecialtraining

Understandingvhat drivers know abouhe stateof-the-art ADAS that is available to
consumergand their expectations about how it will perfgrsimportant becaussuch
knowledgecan influenceheir trustin and reliance othe automatioriHoff & Bashir, 2015; Lee
& See, 2004)In a survey study, drivers who were unaware or unsure of ACC limitations
reported being more willing to use the automatiosituations that were beyond they st e md s
capabilities(Dickie & Boyle, 2009) Victor et al.(2018)found that whemriving a vehiclewith
bothACC and LKAon a test track28% of drivers did not take over in time to avoid a collision

due to an ACC limdtion (an inflatablestationary vehicle ahead), despite being trained on the

automationds | imitations and sestruotlgedt he hazar
interviews after the test drive, the authors determined that many of the participants who did not
avoid the cdlsion trusted or expected that the system could handle the situat@simulator

study,Koérber, Baseler, and Benglgt018)found that traininghatminimized thelimitations of
anautomated driving systefne., makingtakeoverseem less likelyo occurand less critical)

was associated withigherself-reportedrust in the systeprcompared to training that included
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more emphasis dime system limitationsFurther, trust affected how drivers relied on the
automation. Divers with higheself-reporteal trustlookedmoreat a secondary tasksplayand
lessat the roadwayWhen a takeover was required (due to a stationary vehicle ahead),
participantsvho received training that minimizexystem limitationgand had higher resulting
trust)took longer to take oveOverall, hese results suggestelationship between knowledge
of ADAS limitations,trust, and relianceHowever it is unclear whether knowledge directly
impacts reliance behaviour, or whetltdras an indirect impact through itsest on trust.
Understanding this relationship can infofuture research omainingto support appropriate
reliance on ADAS. For example,khowledgeof ADAS limitationsis foundto have aindirect
impact onreliance training that aims tsupport appropriate reliance by improvitgver
knowledgeof limitations wouldalso benefit fronassessg trust andconsidemng its other
influencing factors.

Drivers may also have biases in their mental model of the system, whichmpact
their trust and reliance intention. For example, when considering ADAS capabilities, some
drivers may have positive response biameaning that they are inclinéa view the systems as
capable. Signal detection theory is a ustfuihework to sparate sensitivity (i.e., knowledge of
the true capabilities of ADAS) from response laas can be applied to confidence rating data
(e.g., Macmillan & Creelman, 2005)hich was collected in the current study (see Section
2.2.1).

The primary objectivef the current study was to investigate i \keowlsdgeof ACC
and LKA, their selfreported trust in these systerasd therelatiorshipbetweerknowledge and
trust An online surveyas usedo that we couldapturea more realistic view oflriversd

currentunderstanding cADAS andits impact ontrust compared tdéhe simulator studies that
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haveprovidel participants with trainingA secondary objective of this study wasrteestigate
how knowledgeof and trust in ADASmpactd r i v e nce intentian$incewe could not
observe reliance behavjawe askeddrivers how likely they would be to engage in various
secondary tasks while using no ADAS, ACC only, LKA only, and ACC and tKwbined
These responses were usada measure of reliamintention(i.e., to what extent drivers think
they would rely on the system and disengage from the driving ¥&&k¥urveyed owners
(drivers who own or leasevehicle with ACC or LKA)and norowners {Irivers who @ not
own a vehicle with ACC or LKA and ka never used either systenyhile it is important to
understand the relationship between knowledge, trust, and reliance among ownergnem
represent a population that will potentially use these systems fattire as they continue to
emerge in the markethus it is alsoimportantto understand how their knowledge may impact

trust and how they intend to use shsystens.

2. Materials and methods

The survey was conducted in two parts: a main survey (appr@tyn2d-25 minutes)
and an optional follovwup survey (approximately 10 minute#f)e second part was optional to
avoid lengtheninghesurveyAs our mai n f ocus wraderstandnga@aandi gat i
trust in ACC and LKA, the main survey consistddlemographicgsACC and LKA knowledge
guestionnaires, and ACC and LKA trust ratirfgee Appendix A)Thefollow-up survey
contained theeliance intention rating&see Appendix B)The surveys contained brief
descriptions of ACC and LKA so that participants knew what systems they were being asked to
consider, as the names may differ across manufacturers.

Participants weralsoaskedo reportthe methods they used to learn aboutAin the

pastandtheir experience with ADAS (for owners only) explore whether these factonay
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alsoinfluence trustin a previous paper, we reported a preliminary analysis of a subset of the
ACC data from the current study (DeGuzman & Donn2€2]J). The results showed that the

only learning method that was associated with a better understanding of ACC wasdgsior.

However, we did not investigate whether the different learning methods influenced trust in ACC.

Although other learning methods (¢ . , reading an owner s manual)

driverso | evel of knowledge, information
trust (e.g., from a friend or dealership staff instead of a manual or websiie potentiakeffect
is explored in the current paper.

In terms of experience and demographigpesience with driving automation has been
found to increase truge.g., Beggiato, Pereira, Petzoldt, & Krems, 20E8)dings regarding
agerelated differences on trust in drigrmutomation are mixed. There is some evidence that
older drivers trust driving automation mdqeeg., Gold, Kérber, Hohenberger, Lechner, &
Bengler, 2015)and other research suggesting older drivers trust i{eksien & Burns, 2017)
Higher education and being an early adopter of technology were associated with greater
acceptance of AC(Lee, Seppelt, Reimer, Mehler, & Coughlin, 2018)t research is needed to

explore whether these demographic variables also influence trust in ADAS.

2.1. Participants

Participants were recruited through Mechanical Turk, online postings (e.g., Facebook
who previously indicated that they would like todmntacted for research studidglechanical
Turk is an online crowdsourcing platfotimat is commonly used for survey studfesy., Ayoub,
Yang, & Zhou, 2021; Rahman et al., 201Bata from Mechanical Turkas beeshownto be of

similar quality to that of traditional data collection meth@ahsl epresent a more diverse sample

from



151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

than might typically be obtained through recruiting on university camgasgsCasler, Bickel,
& Hackett, 2013; Thomas & Clifford, .2017; Wal
However researchers oftamse attention checks antbnitorsurvey completion timé screen
out potentially unreliable responsasdensure quality da (e.g., Ayoub et al., 2021; Rahman et
al., 2018) Attention checks were implemented for all papants in our surveyThese items
asked participants to provide a specific resp
confidenceo in a |ist of items in the knowled
Participants whavere recruited thnaghMechanical Turk were compensated $4 for the
main survey and $2 for the folleup surveyall currencyreported inUSD). Participants
recruited through online postings or emails were entered into a raffle to win a $100 gift card for
completing the maisurvey and received an additional entry into the raffle for completing the
follow-up survey. Participants were informed that their chance of winning was approximately 1
in 25 (one gift card was purchased for approximately every 25 participants).
Participan s wer e required to |live in the United
license so that they were a potential user of ADA@tially, participants with all levels of
experience with ACC and LKA were recruitédowever, nitial inspectionof the datapartway
through data collectioshowed thabnly 14% of respondents (20 of 138) did not cavreasea
vehiclewith ACC or LKA but had used at least one of these systems before. Because we did not
think we would get a large enough sample for ¢gin@up, we excluded these participants and
continued data collection with the additioatlusion criteria that participants either had to: (1)
own or leasea vehicle with ACC and/or LKAowners) or (2)have never used ACC or LKA

(non-owners)
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After excluding the previously mentioned 20 participadf® participants completed the
mainsurvey.Our final samplaised in analysisonsisted oL02owners an@62nonowners.A
total of 309 participants completed the folleyw survey The final sampléor the fdlow-up
survey consisted of 43 owners and 150-namers. he screening process to obtain our final
samples can be found in Figure 1 and descriptive statistitise owner and neowner samples

can be found in Table 1.

Total main survey Total follow-up survey
participants (N = 479) participants (N = 309)

Participants excluded if they:

+ Completed the survey too quickly to
have read and answered all questions

L 5 t?\loilgr;tfully or failed attention checks Participants excluded if they:

(N=81) ” : . » Were not included in the final main

» Answered “l don’t know” for all survey sample (N = 58)
knowledge questionnaire items (N = 5) « Com ;

- ~ pleted the survey too quickly
* Were still in high school (N = 2) B or failed attention checks (N = 39)
« Indicated that they would be at

Owners excluded if they: least slightly likely to sleep while

« Reported owning a vehicle that was not driving with no ADAS (N = 19)*
equipped with ACC or LKA, based on a
review of the owner's manual (N = 20)

» Reported that they have never used
ACCorLKA(N=7)

A y
Final main survey sample for Final follow-up survey sample
statistical analysis (N = 364) for statistical analysis (N = 193)

Fig. 1. Screening process to obtain final samplediiemain survey and followp survey.
*We were unable to identify whether these responses were due to misunderstanding the item or
not paying attention to the items, thus these participants were removedadioseevative



Table 1 Descriptive statistics by ownership
ADAS non-owner ADAS owner

Main Survey
N 262 (123 F, 139 M) 102 (48 F, 54 M)
Age M, SD 35.3,13.4 35.2,11.5
Number of ADAS Learning Method$\]
0 101 0
1 58 26
2 52 30
3+ 51 46
Technology Familiarityi1, SD 7.7,1.4 8.1,14
Education )
High school, some postsecondary, or college degret 102 26
Bachel ords degree 111 41
Graduate or professional degree 47 35
Income )
Less than $40,000 USD 88 13
$40,000 tdb74,999 USD 100 43
More than $75,000 USD 74 46
% Recruited through Mechanical Turk 54 48
Follow-up Survey
N 150 (71 F, 77 M) 43 (18 F, 25 M)
Age M, SD 37.0,14.4 36.9, 13.0
Number of ADAS Learning Method$]
0 50 0
1 32 12
2 32 13
3+ 36 18
Technology Familiarity1, SD 78,14 7.8,1.7
Education )
High school, some postsecondary, or college degret 65 14
Bachel ords degree 57 15
Graduate or professional degree 28 14
Income ()
Less than $40,000 USD 50 5
$40,000 tab74,999 USD 63 15
More than $75,000 USD 37 23
% Recruited through Mechanical Turk 54 42

183 2.2. Survey design and procedure

184 2.2.1 Main survey: Demographics, knowledge, learning methods, and trust

185 Participants first completed a short screening questionnaire to ensure that they met the
186 inclusion criteria, and then were given information about the study and provided informed

187 consent. In the first section of the survey, participants reported demagiaioinmation, driving

188 habits, what methods (if any) they had used to learn about ADAS, and how they would prefer to

10
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learn about ADAS. Methods of learning about ADAS (past and preferred) were one question
each for which participants were asked to condidéin ACC and LKA. ACC owners and LKA
owners were also asked how often they used the ACC and/or LKA in their vehicle. The
guestions in this section were developed based on a review of previous surveys about ADAS
(Abraham et al., 2017; McDonald, Carney, & Glehee, 2018; Seppelt, 2009). Data collection
began in April 2020, at which point many people were spending more time at home due to the
COVID-19 pandemic. Thus, participants were asked to report their driving habits before the
pandemic and their yearly iome from 2019 as their current income may also have been
affected by the COVIEL9 pandemic. Data collection concluded in January 2021.
The second section of tieainsurveycontained ACC and LKA knowledge
guestionnairegvhich were developed based on a review of previous questionnaires assessing
knowledge of ACQBeggiato et al., 2015; Seppelt,20eOh d a r evi ew of owner 6
various manufacturers to identifigefunctionaliyy and limitations of each systemach
guestionnaire had two pafta&CC total items = 51, LKA total items = 38 part one
participants were presented with a series of stateraboig ACC or LKA and were asked
whether each statement was t(tesponse optionswefeY e s 0, A No O, )olmparfil don ¢
two, participants were presented withisi of situations and were asked whether the ACC or
LKA would have difficulty in each situatiomésponse optionst Ye s 6, fANoo, )or Al d
The items were the same for owners and-aamers, but wners were asked to consider their
own system, and neowners were askadhether the statements were true for any ACCKA
system(part oneland whether any system would have difficulty in a givemasion(part two)
For all tems participantsvere also asked to rate their confidence in their answer from 1 (very

low confidence) to 7 (full confidencdjf.participants answered | d o n Othey ddmai w O

11



212 need to rate their confidendamuttheywere encouraged to do so only if they were completel

213 unsureln this section, participants also rated their trust in ACC and LKA, dsiagtems from

214 Jian, Bisantz, and Druf000) Al can trust the systemo, AThe
215 confident in the systemo, Tinhle asny sftaemm liisa rd ewpietnhd
216 Participants were asked to rate their overall agreement with these statemehbiiseonsaale

217 from Strongly Disagree to Strongly Agresnd rated their trust separately for ACC and LKA

218 The presentation order of the ACC and LigAestionnaires was randomized, anthim the

219 knowledge questionnaires, the order of parts one and two were randomized (but consistent across
220 the ACC and LKA questionnaisg Approximately half of the participants ratedst first and

221 the other half ratktrust after the knowledge questionnaires.

222 2.2.2 Follow-up survey Reliance intention

223 At the end of the main survey, participants were informed that there was an optional

224  follow-up surveyFollow-up survey esponses were matchtedthe main survey datasinga

225 Mechanical Turk Worker I0for Mechanical Tuk participants) or a unique code pided at the

226 end of the main survey (folapticipants who were recruited through email®nline postings).

227  After consentingo patrticipating in the followup surveyparticipants were asked to rate how

228 likely they would be to engage Vrarioussecondaryasks while using (1) no ADAS, (2) ACC

229 only, (3) LKA only,and (4) both ACC and LKAthelist of secondary tasks can be seen in

230 Figure?). Likelihood was ratedonapoi nt scale from Anot at al l I
231 2.3. Analysis

232 2.3.1 Main survey
233 We analyzed thenain surveydata separately for owners and romnersbecausewners

234 were asked to consider the capabilities of the ACC and/or LKA in their own vanidleon

12
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257

owners were asked to consider the capabilities of currently available ACC aad-ukther, we
analyzed the data for ACC and LKA separatebgause it was possible to own (or be aware of
owning) only one system. For example, a participant could be considered an ACC owner, but an
LKA non-owner (i.e., own a vehicle equipped with ACC hat LKA). Thus,we split theACC
data intotwo groups(ACC nonownersandACC owner$, and the LKA data into two groups
(LKA non-owners and LKA ownejsWescoredan er s 0 oretise krowledges
guestionnairdased on a review of the manual for tha&hicleto assess the features (e.g., could
itslowdowntoastoppecause owner6s manuals do not al way
currentADAS technology, ifanyc o mmon | i mi t ati ons were not | i st
(e.g., difficultydetecting stopped vehide those were still considered to be limitations for the
given vehicle ADAS owners owned vehicles fronl Znanufactuers, the most common being
Toyota(33%) andHonda (14%). VehicleBom all other manufacturer@sccounted for lesthan
10% of vehicles owned by the ADAS owners in our sartthle percentage of vehicles by
manufacturer is provided fppendix Q.
As an initial Il nvestigation of partscipant
we calculateda confidence weigkt knowledge score for ACC and LKRAirst, correct
responses were given a score ghtorrectresponses were givenascorelgpf and fil donot
knowdo responses wEhenethegcoreewere multpliedby the confiderce
ratingfor each iten{from 1 to 7) Thus, final scores for each item could range fr@rno 7. The
responses were scored this waypémalize drivers more for incorrect knowledge than not
knowingthe answer to an itenand to give moreveightto items thaparticipantswere more
confident that they knewcompared to those they weret sure aboutn order to make the

scores easier to interprafter summing the scores for all itemseachquestionnairewe turned

13
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the final scorsinto a percentageut of the odtal available pointfor eachquestionnaireFor
exampleon the ACC questionnaire (51 itentee maximum score/as357 gvery item

answeredorrectly with a confidence rating of;@he minimum scorgvas-357 (every item

answeredncorrectlywith a confidence rating of)7TheACC scores wer¢hentransformed so

that 0 was the minimum and 714 was the maxinamaithe confidence weighted percentage

refleced participantsdé6 score out of 714.

After this initial investigation, we buifour regresgon modes with trust as the dependent

variable(two ACC models: owners and namvners, and two LKA models: owners and non

owners) The moded werebuilt with the6 | faréctionin R. Principal components analysis

indicated that affrustitemd oaded onto the same factor

s y s t e mahe itein hrelated, to familiaritwas removed ansicores for ACC and LKA trust

were calculated by averaging the ratifgsthe other fourtems.The predictor variablesre

descibedin Table2. All predictors were entered into the model simultaneocastthe full

models are reportetiVe were mainly interested in the relationship betwaewledgeand trust;

the other variables were includas covariates texplore whether theglso influenced trust.
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Table 2. Explanatory variables for main survey and folloyw survey analyses

Main Survey: Regression Model Predicting Trust
Predictor Description

Sensitivity* Participant sd adapabilitigsof ACC and Lkdhanmohgiitdms inthe u «
knowledge questionnairgsdependent of response hiddeasuredising area under the
receiver operating characteristic curve (AUZ3lues range from O to. A valueof 1
indicatesperfect performance (i.garticipants correctly answered all iténsvalue of
0.5 represents chanperformancéStanislaw & Todorov1999)

Bias* Ameasurecpartici pantsé incl i naindemendentad war
sensitivity(Stanislaw & Todorov, 1999Measured usingriterion location(c). Negative
values indicate that participaritsa d a r e s p o n s e, irbother svords,dheya
had an inclination toespond that the system was capable regardleskather the item
was true or false.

Number of learning Thenumber of méhods the participant used to learn about ADAS in the pPasticipants

methods used were asked tselectall methods they used from the following: Read the vehicle mant
Asked sales staff at the dealership for information; Staff at the dealership offered
information (you did not specifically ask); Asked a friend or family member for
information; Friends or family were talking about advanced driver assistance systen
(you did not specifically ask); Looked for information on the internet; Searched for o
videos; @aw a video or commercial by chance; Drove the vehicle to learn byatihl
error; Observed the advanced driver assistance systems as a passengepl&tber
specify This variable was split into two levelgr analysis For norowners the levels
were0-1 and 2+; for owners the levels war@ and 3+ (there were no owners wised
0 learning methods).

Technology An average of three items asking about level of experience with technology, the deg

familiarity which participants consider themselves early adopters of technology, and how eas)
find it to learn new technology. The first two items were taken {iGhen & Damez,
2016; Reimer, Mehler, Dobres, & Coughlin, 2013)

Education Highest level of education completddis predictor had three levels: high scheoime
postsecondangr collegedegreep a ¢ h e | o rahdgraduatg or prafessional degre

Age Selfreported age at the time that the survey was completed

Income The participantds yearly household in

income ranges. The median income in the U.S. for 2018 wi®®HERothbaum &
Edwards, 2019) whi ch was contained within tt
survey, and Pew Research Ceri#16)considers lower income households to be tho:
with an income less than 67% of the median income ($42,000 for 2018), Wh split
income into three levelgess than $40,000, $40,000 to $74,999, and $75,000 or grea
For ownersdue to a small proportion of participants who reported earning less than
$40,000, income was split into two levels: less than $75,00@ 25000 or greater.

Experience (for Level of experience, rated separately for ACC and LKA. This predictor had two leve

owners only) lower (reported using ACC or LKA rarely or sometimes) and higher (reported using
or LKA most of the time or almost evetiyne they drove)

Follow-up Survey: Mixed Linear Model Predicting Reliance Intention
Predictor Description

ADAS condition A categorical variable with four levels: no ADAS, ACC only, LKA only, both ACC an
(repeated measuyre LKA

Average trust score An average of the ACC and LKA trust scores
Average sensitivity An average of the AUC for ACC and LKA
Average bias An average o€ for ACC and LKA

Note Full items can be found in Appendix(&ain survey) and Appendix B (followp survey)
* To calculate sensitivity and bias, items were recoded so that they reflected a system capability.

15
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As presented in Tabl we used signal detection theory constructs of sensitivity and
response bias to isolate the effect of knowledge (e.g., Macmillan & Creelman, 2005; Stanislaw &
Todorov, 1999) . Bias is a participantso incl:.
towmar ds answering AYeso that a signal i's presen
is the ability to detect a signal among all items and is independent of bias. All knowledge items
were recoded so that they reflected the capabilities of AWA_KA. Thus, the signal to be
detected was whether an item reflected a true capability of ACC or LKA, and the sensitivity
represented t he dptectadual systgmacapahilites, @tbch ik antunbiased
measure of knowledge. A responseshiat owar ds fAYeso indicated that
to respond that the system was capable regardless of whether the item was true or false (i.e., they
had a favourable view of the system). Sensitivity was measured using the area under the receiver
operating characteristic curve (AUC), and criterion locat@m@s used to measure response
bias (for a description of how to obtain the AUC arfdbom confidence rating scale data, see
Macmillan & Creelman, 2005; Stanislaw & Todorov, 1999).

To explore he effect of learning methods on trust, we first conductedts to analyze
whether trust differed based on whether or not participants used a given learning method. Given
the large number oftests (one for each learning methadjpha was adjusted amcling to the
BenjaminiHochberg method (Benjamini & Hochberg, 199r ACC norowners, three
| earning methods were associated with higher
friends for information, and searching for information on webskes LKA nonowners,
reading an owner 6s manual, asking friends for
dealership or car rental staff were all associated with higher trust in LKA. ACC owners who

asked staff for information had significantly higherdrin ACC than those who did not ask staff
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for information. LKA owners who learned by tdahderror had significantly lower trust in LKA
than owners who did not learn by trehd-error.

Given that there was not a consistent effect of any given lgamm@thod across our
sample, we then explored whether the number of learning methods used influenced trust, as
drivers may trust the system more if they got information from multiple sourcetesfghowed
that norowners who used two or more learning hoets had significantly higher trust than those
who used fewer than two learning methods. There were a relatively small proportion of owners
(25%) who used fewer than 2 learning methods (see Table 1), thus for owners, number of
learning methods was splitt;two levels (12 and 3+) to obtain more balanced groups. There
was no significant effect of number of learning methods on trust for owners. To simplify the
regression models, number of learning methods was chosen as the relevant predictor over type of
method and included in the analysis for rawners and owners to investigate whether it had an
effect on trust when controlling for the other variables in the model.
2.3.2 Follow-up survey

Mixed linear models were uséa the reliance intention analygis account for the
repeated measurgsarticipants rated likelihood to engage in secondary tasks four times, once for
each ADAS conditonMo del s wer e bui I t us i witlparticipant listedl me 6
as a andom effectLike with the main survey datehefollow-up surveydata was analyzed
separately for owners and nowners.However, v could nofurther breakdown the sample
based on ACC and LKA ownershijpvgn the smaller sample siZEhus we created twaonodels,
one for ADAS ownergowned a vehicle with ACC and/or LKAnd one for ADAS noowners
(did not own a vehicle with either systenihe dependent variableas averagself-reported

likelihood to engage in secondary tasks, which was calculated by averaging the likelihood ratings
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341

across the secondary taskbe predictor variablesare shown in Tabl2. Trust was entered into
the model before the sensitivity and biagasuregiiven itsknown relationship with reliance
(Lee & See, 2004)Sensitivity and bias were includedthe modeto assess whetheither
measureexerted any additional influence on relianicielihood ratio tests were used for model
selecton. None of the first ordeor second order interactions significantly improved either

model, so they were excluded from the analysis.

3. Results anddiscussion
3.1. ADAS kowledge

3.1.1 Driver misperceptions

Owners and nocownershad a similar level of knowledge based on their confidence
weighted scored~or ACC,non-ownersand owner$ad an average score of 3% (SD = 7.8)
and 557% (SD =9.93), respectivelyFor LKA, nonowners had an average confidence weighted
score of 8.5% (SD =9.0), while owners had a confidence weighted scores&®b (SD =105).
We statisticallycompared owners and nomvners based on the confidence weighted scores for
items that had the same correct response across all velhiclesesponses would e same
for owners and neowners) There was no significant differenbetween owners and non
owners for ACCt(139.8)=1.38,p=.2,0r LKA, t(87.7)=-0.21,p=.8.

When looking at individual questionnaire iterfggure2 highlightsthat nonowners and
owners hge similar misperceptions about AC@is informationwas previously reporteid
Figurel in DeGuzman & Donme2021) andamore detailed discussion of these findings can
be foundthere. What we want teighlightin the current papas that while most participants
know what the purpose of the system is and that dirty or blocked sensors may cause a @roblem,

large percentagef doth nonowners and owners did not correctly identify many of the other
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346

347

348

349

350

351

352

353

354

355

ACC limitations.Further, those who did not answer correctly often answered incorfeetly
they thoughACC wouldnot have difficulty in these situations or that ACGdHall braking
power)as opposedtans wer i ng i indicdtiogtiiatnank participants were
overestimating the systéns cap.abi |l i ti es

Figure3 showsthatresponses from owners and ronnerswerealsosimilar for LKA
items Most participants knew the maiariction of LKA and that it had difficulty when sensors
were blocked/dirty. Compared to ACC, more participants were aware of some of the LKA
limitations, for examplethat it has difficulty when the road is covered in snow/sand or that it has
difficulty when lane markings are faded or missing. However, there stilreome common
misperceptions among a large portion of participants. For example, many paditiipaght
that LKA would not have difficulty in the presence of glare, which is a limitation of LKA
systems due to their use of cameras. In additi&¥h 8f norowners and 3% of owners
incorrectlythought that LKA executed evasive steering maneyagrsther eample of

participants overestimating ADAS capabllities.
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Maintains a predetermined Non-owners

speed in an empty lane Owners

Percent of Non-Owners and Owners
0 25 50 75

Adjusts the speed to Non-owners

slower vehicles ahead Owners

Keeps a set distance to vehicles driving Non-owners 17
ahead in the same lane at a slower speed  Owners 8
Has difficulty when Non-owners 78 14 R
sensors are dirty/blocked Owners 68 20 12
Has difficulty when Non-owners 10
a vehicle cuts in ahead Owners 13
Has difficulty when Non-owners 48 38 14
approaching pedestrians or cyclists Owners 50 31 19
Has difficulty when Non-owners 48 40 11
the vehicle ahead brakes suddenly Owners 31 63 6
. Non-owners 42 49 9
Has difficulty on curvy roads Owners 24 17 9
Has difficulty when Non-owners 33 56 12
approaching a stopped vehicle Owners 40 46 14
Has difﬁculty when Non-owners 35 50 15
approaching a motorcycle Owners 36 46 19
: Non-owners 33

. Correct

Fig. 2. Percentofnomwner s and
knowo for a subset
Figurel in DeGuzman and Donme2021).

. Incorrect D Answered “I don’t know”

owners who

answered
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Non-owners
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are faded or missing
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Owners
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Non-owners
Owners
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Owners
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Owners
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glare on the road surface

Non-owners
Owners
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glare towards the driver

Non-owners
Owners

Has difficulty on city streets

Non-owners
Owners

. Correct . Incorrect D Answered “I don’t know”
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t ems.

Overall, these results indicate that owners do not have a better understanding of system

limitations compared to neowners. Preius research showed that limitations that were learned

from an

owner 06s

manu al

wer e

forgotten

over ti

al., 2015). A survey of Tesla Autopilot users found that 62% of drivers experienced at least one

Aunetxegadcor

unusual

behavi

our o

whi |l e

usi

ng Aut c

only 14% reported experiencing two or more unexpected or unusual behaviours, suggesting that

experiencing a system limitation or malfunction may be a relatively rare everst, 8¥en if
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owners in our sample initially learned about ACC and LKA limitations, this knowledge may

have been lost over time due to limited firsthand experience of limitations. Further, when drivers
do experience unexpected system behaviour, they mderaware of why the unexpected
behaviour occurred enabling them to link the occurrence to a specific limitation. These findings
highlight that experience with ACC and LKA does not appear to be sufficient for supporting
driversodo knowledge of ADAS | imitation

3.1.2 To what extent do drivers overestimate ADAS?

To further explore the extent to which participants were overestimating ACC and LKA,
individual ACC and LKA knowledge items were also categorized as overestimate or
underestimate items. Overestimate itemsewtbose for which an incorrect response would
indicate an overestimation of the system (e.g., AIBEs not havdifficulty in poor weather),
whereas underestimate items were those for which an incorrect response would indicate an
underestimation of the sigsn (e.g., ACQloes not worlon highways). Somef the featuretems
(e.g., relating to how to engage/disengage the system) were not considered overestimate or
underestimate items and were left out of this analysis.

We calculated the percent of underestienand overestimate items that each person
answered incorrectly and the average confidence in these incorrect regpeadegurel).
Participants were fairly confident in their incorrect responses, with average confidence ranging
from45t05% (with7 corresponding to Afull confidenceo)
of the underestimate items incorrectly, as oppos&9#H% of the overestimate items,
suggesting that participant misperceptions of A€2@ LKA weremore frequently

overestimationsOverestimatingystem capabilities of particular concern becausenay lead
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to drivers oveirelying onADAS, which has been a contributing factor to several collisibats

have occurred while ADAS was engadedy., Ndional Transportation Safety Board, 2020)

M 441 18.1 448 244 393 17.1 44.1 19.5 M 47 45 54 54 46 46 55 56
SD 215 17.1 18.6 19.2 21.0 18.7 18.7 243 SD 12. 15 1.1 14 13 16 11 1.1

100- : 71

S

=)}

W

H

W

(8]

Percent of Items Answered Incorrectly

(=]

Average Confidence of Incorrect Response:

Non-owner  Owner Non-owner Owner Non-owner Owner Non-owner Owner

ACC LKA ACC LKA

Item Type B3 Overestimate E3 Underestimate

Fig. 4. Proportion of incorrect overestimate and underestimate items (left) and average
confidence for the incorrectverestimate and underestimate items (righd)xplots represent the
five-number summary, the diamond indicates the mean. At the top, mean (Stpaddrd
deviation (SD) values are provided.

3.1.3 Signal detection theomypeasures
Figure5 shows the receiver operating characteristic curves (averaged across participants)
and the corresponding AUCSs. Inspection of the plots showpthat t i ci pant s0 sensit
higher for LKA than ACC, which is consistent with our findings from the individual survey
items showing that participants were more aware of some of the LKA limitations compared to
ACC limitations(i.e., Figure and3). However, @nsistent with théindings for confidence
weighted scoresowners and notowners did not differ in their sensitivityrable3). In other
words, owners were not better able to distinguish the actual ACC and LKA capabilities from
other items in th&nowledgequestionnaire. HoweveACC owners were significantly different

from nonowners in their response bias (TaBleOwner s wer e bi ased toward:
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(indicated by the negativevalue), indicating that they were more inclined to respondAi4t

was capable for any given item regardless of whether it was true or neaviNans on the other

hand, had

an overall inclination to report that the system wascaptible For LKA, both owners and nen

owners had

a

bi

as

towar ds

a response

bi

as towards

saying

s avgluenirglicafing that thé€yhad d i ¢ at

nyYe

Table3). In combination with the earlier results, these results suggest that not only is experience

insufficient for leaning ADAS limitations,but itis also associated with having a positively

biased view of the systerio the best of our knowledgp,r e vi ous

surveys

knowledge of system capabilitiegve not separated sensitivity fraesponsdias.Giventhat

these measures captured differences in our groups (i.e., owners anmers differed in their

response bias but not in their sensitivitymay be a valuable approach to explorefédure

surveys.

Table 3. Comparison of sensitivity and bias between owners anebnorers.
Significant ¢ < .05) results are in bold.

Owner Non-owner

t-value df p-value M (SD) M (SD)
ACC Sensitivity (AUC) -1.55 149.1 A2 0.62 (0.14) 0.59 (0.12)
LKA Sensitivity (AUC) 0.29 83.4 g7 0.64 (0.15) 0.64 (0.13)
ACC Bias (¢) 3.14 252.8 .002 -0.10 (0.47) 0.10 (0.72)
LKA Bias (¢) 2.45 135.8 .02 -0.27 (0.58) -0.05 (0.90)
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Fig. 5. Receiver operating characteristic curves and AUCs, averaged partisgpants within
each group (i.e., ACC neowners, ACC owners, LKA neaowners, LKA owners). Dots
represent hifalse alarm pairs at each possible response level. The leftmost point isfeigehit

alarm pair for
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alarm pairs for
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ce ratings

sponses with

Creelman (2005) and Stanislaw and Todorov (1999).

3.2. Trust

Trust items were rated on a scale from 1 (strongly disagree) to 5 (strongly agree), with 3

corresponding t

respondents tend to trust ACC and LKA, as the average trust was abln addition, ACC and

Ainei

t h

er agr ee

response@gobfiYesdhwi nNlexa
f r o-false6
confi

plotting receiver operatg characteristic curves with confidence rating data, see Macmillan and
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LKA owners had higher trust in ACC and LKA, respectively, compared teomorers who had

never used the system (ACI(355) = 3.52p < .001; LKA,1(347) = 5.47p < .001). These

results are consistent with previous studies shgwhat experience with ACC and LKA, either

as a driver (Beggiato et al., 2015) or passenger (Nylen, Reyes, Roe, & McGehee, 2019), was

associated with higher trust in these systems.

M 3.4 3.7 M 3.3 3.9
SD 0.8 0.8 SD 0.8 0.8
51 e “T o 54 o é " —[r .
< ,:71;.‘-.,\ 0 - oy .‘..:‘-': . O i
= 31 = = 34
= =
5 [5) A
) B0 | ettt
s s
> 21 > 21
< i <
1 ¢ 1
Non-owner Owner Non-owner Owner
ACC LKA

Fig. 6. Average trust in ACC and LKA for owners and ranners.Trust tems were rated on a

scale from 1 (strongly disagree) to 5 (strongly agree), thus hagleeageralues indicate higher
trust.Boxplots represent the five number summary, the diamond indicates the Aighag.top,

mean (M) and standard deviation (SD)ued are provided.

3.2.1 What factors predict trust in ACC and LRA

For norowners sensitivitypredicted trust iMCC and LKA (see Tabld). Higher

sensitivityin detectingACC and LKA capabilitieswas associated with lower trustACC and

LKA, respectively.Converselyjower sensitivitywas associated with higher truBesponse bias

also significantly influenced trust, with participants who we@ebiased towards responding

AYes o (i .gthesysteenrapabititisbipving higher trustThus, in the absence of

firsthand experience with

ACC

and

LKA,

dri ver

knowledge of specific system capabilities and limitations and response bias that weedaaptu

theknowledgequestionnaireAmong the other predictorfe number of learning methods used
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and technology familiaritgignificantly predicted trust in ACC and LK&ee Tablel). Having

used nore learning methods amdvinghigher technology familiarity were associated with

higher trust in ACCWhen norownerswho have never used ACC or LKAarredabout

ADAS, they may have learned basic informatiiie the purpose of the systems and their
capabilities. This initial knowlegk may haveerval to increase their trusthose with higher
technology familiaritynay have an overall higher propensity to ttestinology including

ADAS. None of the other demographic variables (age, education, or income) had a significant
impact ontrust.

For owners, neither sensitivity nor bias were significantly associated withTthest.
correlation between AUC and trust for rowners was.29 for ACC and0.17 for LKA. Power
analysis indicated th&6 participants would be neededdtect the ACC effect, and 74
participants would be needed to detect the LKA effieased on 80% power and a significance
level of .05 Thus, ar sample size was large enough80% poweifor ACC and LKAnon
owners and ACC owners, but not for LKAvners For LKA owners, number of learning
methods and technology familiarity wesignificantpredictorsof trust Similar to the results for
nonrowners, igher technology familiarity was associated with higher titdetvever, in contrast
to thenon-ownerfindings,using more learning methods was associated with lower trust. This
finding may be due tdifferences in the reason why owners search for information about ADAS.
It may be the case that owners search for information about their s3féézraxpeenadng
unexpectesgystembehaviour In doing so, they maffnd out more about thgy/stem limitations
which in turn,lowers their trustFurther research could explore not only hinvers learn about
ADAS but why they search for informati@nd what infomation they search for to further

investigate the relationship between learning methodsrasd
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For ACC owners, age was a significant predictor of ACC trust and higher experience was

marginally significant (Tabld). Older agewvasassociated with higher trust aathigher

experiencédevel (using ACC most of the time or almost every time they drexasassociated

with lower trust.Using ADAS more frequently may lead to drivers experiencing more

unexpected system behaviour (evethdy cannot attribute it to a specific capability/limitation in
the questionnaire), which may increase their awareness that ADAS is not always reliable and

impact their trustlt is possible that experience wasirginallysignificant for ACC but not LKA

duee to participantsod knowledge of syS81ikm

Figures2 and3) more participants were aware of some of the LKA limitatisush asts

limited capability when lane markings are faded or missing. This awamsragssavemediatel

the effect of experiencing systdailureson LKA trust Prior research has shown tifat

participants are aware system limitationstheir trust may be lesgegativelyaffected when they

encountethese limiations(Beggiato & Krems2013. However, i should be noted that our

sample size of owne(particularly LKA owners)wvas relatively smaknd thus we may not have
had sufficient power to detect an effect of experienctust for LKA ownersFor ACC owners,

the difference in trust between those with higher and lower experience was approximately 0

(on a scale of 1 to S5Power analysisidicated that a sample sizedfparticipants per group

(higher and lower experience) would eeded to detect this effect with 80% powep &t.05.

While our sample of ACC owners was overall large endinyh 94), a group imbalance (higher

experience 27, lower experience = 67@sulted in a power of 71%uture workwith a larger

sample of owners needed to confirmurresults anaxplore the reasons for the different

influencing factors on ACC and LKA trust.

28

mi t



Table 4. Results forregression models predicting trust; significgn&(.05)and
marginally significantesults are in bold. For categorical variables, the reference leve
shown in square brackets.

Estimate  Standard Error t-value p-value
ACC, Non-owners: R? = .26,F(9, 250) = 9.64p < .001
Intercept 3.21 0.38 8.50 <.001
Sensitivity (AUC) -1.58 0.37 -4.24 <.001
Bias (c) -0.23 0.06 -3.61 <.001
Number of Learning Methods [0-1]
2+ 0.32 0.10 3.28 .001
TechnologyFamiliarity 0.13 0.03 3.86 <.001
Education [High school, some
postsecondary, or college degree]
Bachel ords degree -0.06 0.10 -0.60 .55
Graduate or professional degree 0.02 0.13 0.18 .85
Age 0.00 0.00 0.37 71
Income [less than $40,000]
$40,000 to $74,999 0.08 0.11 0.78 44
$75,000 or greater -0.05 0.12 -0.46 .64
LKA, Non -owners R?=.18,F(9, 274) = 6.89p < .001
Intercept 3.24 0.38 8.45 <.001
Sensitivity (AUC) -1.38 0.35 -3.97 <.001
Bias () -0.21 0.05 -4.10 <.001
Number of Learning Methods [0-1]
2+ 0.30 0.10 3.03 .003
Technology Familiarity 0.11 0.03 3.44 <.001
Education [High school, some
postsecondary, or college degree]
Bachel ords degr ec 0.05 0.10 0.55 .59
Graduate or professional degree 0.05 0.13 0.42 .67
Age -0.00 0.00 -0.56 .58
Income [less than $40,000]
$40,000 to $74,999 -0.01 0.11 -0.13 .89
$75,000 or greater -0.12 0.12 -1.00 .32
ACC, Owners: R?= .19, F(9, 84) = 221,p= .03
Intercept 3.35 0.83 4.02 <.001
Sensitivity (AUC) -0.89 0.62 -1.42 .16
Bias () -0.29 0.18 -1.65 .10
Number of Learning Method4{2]
3+ 0.18 0.17 1.06 .29
Technology Familiarity 0.08 0.06 1.33 .19
Education [High school, some
postsecondary, or college degree]
Bachel ords degree -0.19 0.22 -0.85 .40
Graduate or professional degree -0.11 0.22 -0.53 .60
Age 0.01 0.01 2.03 .046
Income [less than $75,000]
$75,000 or greater 0.03 0.17 0.20 .84
Experience [Lower]
Higher -0.37 0.19 -1.95 .054

LKA, Owners: R?=.16,F(9, 52) = 1.08,p= .39




Intercept 2.70 1.07 251 .02

Sensitivity (AUC) -0.42 0.79 -0.53 .60
Bias () -0.27 0.20 -1.35 .18
Number of Learning Methods [1-2]

3+ -0.45 0.22 -2.04 .047
Technology Familiarity 0.18 0.08 2.17 .03

Education [High school, some
postsecondary, or college degree]

Bachel ords degree -0.00 0.29 -0.01 .996
Graduate or professional degree 0.10 0.28 0.37 72
Age 0.01 0.01 0.82 42
Income [less than $75,000]
$75,000 or greater -0.21 0.23 -0.91 .37
Experience [Lower]
Higher -0.25 0.21 -1.16 .25
499
500 In a previous paper using the same dataset (DeGuzman & Do2d2dy,, we found that

501 only demographic factors predicted the percent of correct responses on the ACC knowledge
502 questionnaire for owners and rowners In the current studyhe only demographic factor that
503 significantly impacted trust was age for ACC owners. Thus, our results suggest that demographic
504 factors may not directly influence trust but may indirectly @fteust through their impact on

505 knowledge.

506 3.3. Relianceintention

507 Based on inspection of the raw data (see Figurda all ADAS levels, drivers were more
508 likely to engage in secondary tasks thatlagal in most jurisdictionge.g., Ontaridlinistry of

509 Transportation, 201%uch agalking to passengers, eating, and making phone calls and texting
510 usgng voice controlResponses were highly variable, butmost secondary tasks, the average
511 likelihood appears to increaf®em no ADAS to LKA ory to ACC only to both ACC and LKA.
512 ForbothADAS owners andchon-owners, AUC and bias did not significantly improve the
513 reliance intentioomodelthat already includedADAS condition andrust as predict@r

514 (determinedhroughlikelihood ratiotestg, thustheywere not included in the final modeFor

515 nonownersusingLKA only, ACC only, and botlrsystemdogethemwereeachassociated with

30



516

517

518

519

520

521

522

523

higherself-reportedikelihood to engage in secondary tasksnpared to driving with no ADAS
(Tableb). In addition, ligher average trust in ACC and LKA was associated with a higher

average likelihood to engage in secondary tasks while dridagownersusing ACC only and

ACC and LKAtogether were associated with higlsetf-reported likelihood to engage

secondary tasks, but there was no significant difference between using LKA only and no ADAS.
Higher average trust was also associated with a higher average likelihood to engage in secondary
tasks but the effectvas only marginally significar(fTable5), potentially due to sample size

limitations.
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Fig. 7. Average likelihood to engage in secondary tasks by ADAS conditiomdt at all likely,

2 = slightly likely, 3 =moderately likely, 4 = very likely, 5 extremely likely.Error bars
represent standard error.
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