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Abstract 15 

Understanding what drivers know about state-of-the-art advanced driver assistance systems 16 

(ADAS), like adaptive cruise control (ACC) and lane keeping assistance (LKA) is important 17 

because such knowledge can influence trust in and reliance on the automation. We surveyed 18 

ADAS owners (N=102) and non-owners (N=262), with the primary objective of assessing 19 

knowledge and trust of ACC and LKA, and investigating the relationship between knowledge 20 

and trust among drivers who have not received special training. The survey contained 21 

demographic questions, ACC and LKA knowledge questionnaires (assessing knowledge of 22 

capabilities and limitations commonly found in ownerôs manuals), and ACC and LKA trust 23 

ratings. From the knowledge questionnaires, sensitivity (i.e., knowledge of the true capabilities 24 

of ACC and LKA) and response bias were assessed and used to predict trust. Results showed that 25 

owners did not have better knowledge of system capabilities/limitations than non-owners, in fact, 26 

owners had a stronger bias in favour of system capabilities. For non-owners, better knowledge of 27 

system capabilities was associated with lower trust, and those who were more biased towards 28 

endorsing system capabilities had higher trust. Neither knowledge nor response bias was 29 

associated with trust among owners. Further research is needed to confirm our results with a 30 

larger sample of owners, but given that it is also impractical to expect drivers to learn and 31 

remember all possible ADAS limitations, it may be beneficial to focus training efforts on 32 

improving driversô overall understanding of the fallibility of ADAS and reinforcing their role 33 

when using ADAS to support appropriate trust and reliance.  34 

Keywords: driving automation, SAE Level 2 automation, mental models, signal detection theory  35 



 

 3 

1. Introduction  36 

Advanced Driver Assistance Systems (ADAS) currently available to the public can 37 

control the lateral and longitudinal movement of the vehicle, via, for example, a lane keeping 38 

assistance (LKA) system and an adaptive cruise control (ACC) system, respectively. While 39 

drivers perceive these systems as beneficial for their safety (e.g., Eby et al., 2018; Hagl & 40 

Kouabenan, 2020), safety benefits depend on drivers using ADAS appropriately. ACC and LKA 41 

are only driver support systems, meaning that drivers are still responsible for the driving task; 42 

they should be monitoring the roadway at all times to determine when they need to take over full  43 

control of the vehicle (SAE International, 2018). However, naturalistic driving data shows that 44 

while using ACC and LKA together, drivers spend more time looking away from the road and 45 

are five times as likely to browse on their cell phones compared to when ACC and LKA are not 46 

active (Noble, Miles, Perez, Guo, & Klauer, 2021). Further, overreliance on ADAS, particularly 47 

ACC and LKA, has already contributed to several real-world collisions (National Transportation 48 

Safety Board, 2020). One approach to reduce overreliance on ADAS and related collisions is to 49 

improve driversô understanding of system capabilities and how ADAS should be used.  50 

Research indicates that drivers generally do not have a good understanding of ADAS. 51 

Jenness, Lerner, Mazor, Osberg, and Tefft (2008) found that 72% of drivers were unaware of the 52 

limitations of the ACC in their vehicle. In a more recent survey, drivers (both those who owned 53 

vehicles with ADAS and those who did not) were asked various questions to assess their 54 

understanding of different ADAS systems. Only 17% of respondents correctly answered the 55 

question to assess their understanding of ACC (McDonald et al., 2016). Singer and Jenness 56 

(2020) found that after training on the capabilities and limitations of a test vehicle with ACC and 57 

LKA , most drivers were aware of some of the ADAS limitations (e.g., it does not work in heavy 58 



 

 4 

rain or snow, or when lane markings are ñbadly fadedò). However, a majority of their 59 

participants thought that the ADAS in the test vehicle would probably or definitely ñtake action 60 

and avoid a collisionò if the car ahead suddenly braked hard or if they were approaching a slow-61 

moving motorcycle, which are limitations of ACC. Thus, while training may result in increased 62 

awareness of some of ADAS limitations, there were still  dangerous misperceptions. In addition, 63 

these results may not reflect the knowledge of typical drivers who have not been trained by 64 

experimenters on ADAS capabilities and limitations. Research, using methods such as surveys, 65 

is needed to investigate the understanding of current ADAS systems among drivers who have not 66 

received any special training.  67 

Understanding what drivers know about the state-of-the-art ADAS that is available to 68 

consumers (and their expectations about how it will perform) is important because such 69 

knowledge can influence their trust in and reliance on the automation (Hoff & Bashir, 2015; Lee 70 

& See, 2004). In a survey study, drivers who were unaware or unsure of ACC limitations 71 

reported being more willing to use the automation in situations that were beyond the systemôs 72 

capabilities (Dickie & Boyle, 2009). Victor et al. (2018) found that when driving a vehicle with 73 

both ACC and LKA on a test track, 28% of drivers did not take over in time to avoid a collision 74 

due to an ACC limitation (an inflatable stationary vehicle ahead), despite being trained on the 75 

automationôs limitations and seeing the hazard prior to impact. Through semi-structured 76 

interviews after the test drive, the authors determined that many of the participants who did not 77 

avoid the collision trusted or expected that the system could handle the situation. In a simulator 78 

study, Körber, Baseler, and Bengler (2018) found that training that minimized the limitations of 79 

an automated driving system (i.e., making takeovers seem less likely to occur and less critical) 80 

was associated with higher self-reported trust in the system, compared to training that included 81 
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more emphasis on the system limitations. Further, trust affected how drivers relied on the 82 

automation. Drivers with higher self-reported trust looked more at a secondary task display and 83 

less at the roadway. When a takeover was required (due to a stationary vehicle ahead), 84 

participants who received training that minimized system limitations (and had higher resulting 85 

trust) took longer to take over. Overall, these results suggest a relationship between knowledge 86 

of ADAS limitations, trust, and reliance. However, it is unclear whether knowledge directly 87 

impacts reliance behaviour, or whether it has an indirect impact through its effect on trust. 88 

Understanding this relationship can inform future research on training to support appropriate 89 

reliance on ADAS. For example, if knowledge of ADAS limitations is found to have an indirect 90 

impact on reliance, training that aims to support appropriate reliance by improving driver 91 

knowledge of limitations would also benefit from assessing trust and considering its other 92 

influencing factors. 93 

Drivers may also have biases in their mental model of the system, which may impact 94 

their trust and reliance intention. For example, when considering ADAS capabilities, some 95 

drivers may have a positive response bias, meaning that they are inclined to view the systems as 96 

capable. Signal detection theory is a useful framework to separate sensitivity (i.e., knowledge of 97 

the true capabilities of ADAS) from response bias and can be applied to confidence rating data 98 

(e.g., Macmillan & Creelman, 2005), which was collected in the current study (see Section 99 

2.2.1).  100 

The primary objective of the current study was to investigate driversô knowledge of ACC 101 

and LKA, their self-reported trust in these systems, and the relationship between knowledge and 102 

trust. An online survey was used so that we could capture a more realistic view of driversô 103 

current understanding of ADAS and its impact on trust, compared to the simulator studies that 104 
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have provided participants with training. A secondary objective of this study was to investigate 105 

how knowledge of and trust in ADAS impact driversô reliance intention. Since we could not 106 

observe reliance behavior, we asked drivers how likely they would be to engage in various 107 

secondary tasks while using no ADAS, ACC only, LKA only, and ACC and LKA combined. 108 

These responses were used as a measure of reliance intention (i.e., to what extent drivers think 109 

they would rely on the system and disengage from the driving task). We surveyed owners 110 

(drivers who own or lease a vehicle with ACC or LKA) and non-owners (drivers who do not 111 

own a vehicle with ACC or LKA and have never used either system). While it is important to 112 

understand the relationship between knowledge, trust, and reliance among owners, non-owners 113 

represent a population that will potentially use these systems in the future as they continue to 114 

emerge in the market. Thus, it is also important to understand how their knowledge may impact 115 

trust and how they intend to use these systems. 116 

2. Materials and methods 117 

The survey was conducted in two parts: a main survey (approximately 20-25 minutes) 118 

and an optional follow-up survey (approximately 10 minutes); the second part was optional to 119 

avoid lengthening the survey. As our main focus was investigating driversô understanding of and 120 

trust in ACC and LKA, the main survey consisted of demographics, ACC and LKA knowledge 121 

questionnaires, and ACC and LKA trust ratings (see Appendix A). The follow-up survey 122 

contained the reliance intention ratings (see Appendix B). The surveys contained brief 123 

descriptions of ACC and LKA so that participants knew what systems they were being asked to 124 

consider, as the names may differ across manufacturers.  125 

Participants were also asked to report the methods they used to learn about ADAS in the 126 

past and their experience with ADAS (for owners only) to explore whether these factors may 127 
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also influence trust. In a previous paper, we reported a preliminary analysis of a subset of the 128 

ACC data from the current study (DeGuzman & Donmez, 2021). The results showed that the 129 

only learning method that was associated with a better understanding of ACC was trial-and-error. 130 

However, we did not investigate whether the different learning methods influenced trust in ACC. 131 

Although other learning methods (e.g., reading an ownerôs manual) did not appear to influence 132 

driversô level of knowledge, information from certain sources may have a greater influence on 133 

trust (e.g., from a friend or dealership staff instead of a manual or website). This potential effect 134 

is explored in the current paper. 135 

In terms of experience and demographics, experience with driving automation has been 136 

found to increase trust (e.g., Beggiato, Pereira, Petzoldt, & Krems, 2015). Findings regarding 137 

age-related differences on trust in driving automation are mixed. There is some evidence that 138 

older drivers trust driving automation more (e.g., Gold, Körber, Hohenberger, Lechner, & 139 

Bengler, 2015), and other research suggesting older drivers trust it less (Dikmen & Burns, 2017). 140 

Higher education and being an early adopter of technology were associated with greater 141 

acceptance of ACC (Lee, Seppelt, Reimer, Mehler, & Coughlin, 2019), but research is needed to 142 

explore whether these demographic variables also influence trust in ADAS.  143 

2.1. Participants 144 

Participants were recruited through Mechanical Turk, online postings (e.g., Facebook; 145 

Kijiji , a website similar to Craigslist), and emails to our lab contact list (consisting of individuals 146 

who previously indicated that they would like to be contacted for research studies). Mechanical 147 

Turk is an online crowdsourcing platform that is commonly used for survey studies (e.g., Ayoub, 148 

Yang, & Zhou, 2021; Rahman et al., 2018). Data from Mechanical Turk has been shown to be of 149 

similar quality to that of traditional data collection methods and represent a more diverse sample 150 
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than might typically be obtained through recruiting on university campuses (e.g., Casler, Bickel, 151 

& Hackett, 2013; Thomas & Clifford, 2017; Walter, Seibert, Goering, & OôBoyle, 2019). 152 

However, researchers often use attention checks and monitor survey completion time to screen 153 

out potentially unreliable responses and ensure quality data (e.g., Ayoub et al., 2021; Rahman et 154 

al., 2018). Attention checks were implemented for all participants in our survey. These items 155 

asked participants to provide a specific response (e.g., an item stating ñPlease answer yes and full 156 

confidenceò in a list of items in the knowledge questionnaire; see Section 2.2.1). 157 

Participants who were recruited through Mechanical Turk were compensated $4 for the 158 

main survey and $2 for the follow-up survey (all currency reported in USD). Participants 159 

recruited through online postings or emails were entered into a raffle to win a $100 gift card for 160 

completing the main survey and received an additional entry into the raffle for completing the 161 

follow-up survey. Participants were informed that their chance of winning was approximately 1 162 

in 25 (one gift card was purchased for approximately every 25 participants). 163 

Participants were required to live in the United States or Canada and have a valid driverôs 164 

license, so that they were a potential user of ADAS. Initially, participants with all levels of 165 

experience with ACC and LKA were recruited. However, initial inspection of the data partway 166 

through data collection showed that only 14% of respondents (20 of 138) did not own or lease a 167 

vehicle with ACC or LKA but had used at least one of these systems before. Because we did not 168 

think we would get a large enough sample for this group, we excluded these participants and 169 

continued data collection with the additional inclusion criteria that participants either had to: (1) 170 

own or lease a vehicle with ACC and/or LKA (owners), or (2) have never used ACC or LKA 171 

(non-owners). 172 
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After excluding the previously mentioned 20 participants, 479 participants completed the 173 

main survey. Our final sample used in analysis consisted of 102 owners and 262 non-owners. A 174 

total of 309 participants completed the follow-up survey. The final sample for the follow-up 175 

survey consisted of 43 owners and 150 non-owners. The screening process to obtain our final 176 

samples can be found in Figure 1 and descriptive statistics for the owner and non-owner samples 177 

can be found in Table 1. 178 

  179 
Fig. 1.  Screening process to obtain final samples for the main survey and follow-up survey.  180 

*We were unable to identify whether these responses were due to misunderstanding the item or 181 

not paying attention to the items, thus these participants were removed to be conservative. 182 
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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 Methods (N)   

0 101 0 

1 58 26 

2 52 30 

3+ 51 46 

Technology Familiarity (M, SD) 7.7, 1.4 8.1, 1.4 

Education (N)   

High school, some postsecondary, or college degree 102 26 

Bachelorôs degree 111 41 

Graduate or professional degree 47 35 

Income (N)   

Less than $40,000 USD 88 13 

$40,000 to $74,999 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 Methods (N)   

0 50 0 

1 32 12 

2 32 13 

3+ 36 18 

Technology Familiarity (M, SD) 7.8, 1.4 7.8, 1.7 

Education (N)   

High school, some postsecondary, or college degree 65 14 

Bachelorôs degree  57 15 

Graduate or professional degree 28 14 

Income (N)   

Less than $40,000 USD 50 5 

$40,000 to $74,999 USD 63 15 

More than $75,000 USD 37 23 

% Recruited through Mechanical Turk 54 42 

 

2.2. Survey design and procedure 183 

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

Participants first completed a short screening questionnaire to ensure that they met the 185 

inclusion criteria, and then were given information about the study and provided informed 186 

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

habits, what methods (if any) they had used to learn about ADAS, and how they would prefer to 188 
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learn about ADAS. Methods of learning about ADAS (past and preferred) were one question 189 

each for which participants were asked to consider both ACC and LKA. ACC owners and LKA 190 

owners were also asked how often they used the ACC and/or LKA in their vehicle. The 191 

questions in this section were developed based on a review of previous surveys about ADAS 192 

(Abraham et al., 2017; McDonald, Carney, & McGehee, 2018; Seppelt, 2009). Data collection 193 

began in April 2020, at which point many people were spending more time at home due to the 194 

COVID-19 pandemic. Thus, participants were asked to report their driving habits before the 195 

pandemic and their yearly income from 2019 as their current income may also have been 196 

affected by the COVID-19 pandemic. Data collection concluded in January 2021. 197 

The second section of the main survey contained ACC and LKA knowledge 198 

questionnaires which were developed based on a review of previous questionnaires assessing 199 

knowledge of ACC (Beggiato et al., 2015; Seppelt, 2009) and a review of ownerôs manuals from 200 

various manufacturers to identify the functionality and limitations of each system. Each 201 

questionnaire had two parts (ACC total items = 51, LKA total items = 38). In part one, 202 

participants were presented with a series of statements about ACC or LKA and were asked 203 

whether each statement was true (response options were ñYesò, ñNoò, or ñI donôt knowò). In part 204 

two, participants were presented with a list of situations and were asked whether the ACC or 205 

LKA would have difficulty in each situation (response options: ñYesò, ñNoò, or ñI donôt knowò). 206 

The items were the same for owners and non-owners, but owners were asked to consider their 207 

own system, and non-owners were asked whether the statements were true for any ACC or LKA 208 

system (part one) and whether any system would have difficulty in a given situation (part two). 209 

For all items, participants were also asked to rate their confidence in their answer from 1 (very 210 

low confidence) to 7 (full confidence). If participants answered ñI donôt knowò, they did not 211 
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need to rate their confidence, but they were encouraged to do so only if they were completely 212 

unsure. In this section, participants also rated their trust in ACC and LKA, using five items from 213 

Jian, Bisantz, and Drury (2000): ñI can trust the systemò, ñThe system is reliableò, ñI am 214 

confident in the systemò, ñI am familiar with the systemò, and ñThe system is dependableò. 215 

Participants were asked to rate their overall agreement with these statements on a Likert scale 216 

from Strongly Disagree to Strongly Agree, and rated their trust separately for ACC and LKA. 217 

The presentation order of the ACC and LKA questionnaires was randomized, and within the 218 

knowledge questionnaires, the order of parts one and two were randomized (but consistent across 219 

the ACC and LKA questionnaires). Approximately half of the participants rated trust first and 220 

the other half rated trust after the knowledge questionnaires. 221 

2.2.2 Follow-up survey: Reliance intention 222 

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

follow-up survey. Follow-up survey responses were matched to the main survey data using a 224 

Mechanical Turk Worker ID (for Mechanical Turk participants) or a unique code provided at the 225 

end of the main survey (for participants who were recruited through emails or online postings). 226 

After consenting to participating in the follow-up survey, participants were asked to rate how 227 

likely they would be to engage in various secondary tasks while using (1) no ADAS, (2) ACC 228 

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

Figure 7). Likelihood was rated on a 5-point scale from ñnot at all likelyò to ñextremely likelyò.  230 

2.3. Analysis 231 

2.3.1 Main survey 232 

We analyzed the main survey data separately for owners and non-owners because owners 233 

were asked to consider the capabilities of the ACC and/or LKA in their own vehicle and non-234 
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owners were asked to consider the capabilities of currently available ACC and LKA. Further, we 235 

analyzed the data for ACC and LKA separately because it was possible to own (or be aware of 236 

owning) only one system. For example, a participant could be considered an ACC owner, but an 237 

LKA non-owner (i.e., own a vehicle equipped with ACC but not LKA). Thus, we split the ACC 238 

data into two groups (ACC non-owners and ACC owners), and the LKA data into two groups 239 

(LKA non-owners and LKA owners). We scored ownersô responses on the knowledge 240 

questionnaire based on a review of the manual for their vehicle to assess the features (e.g., could 241 

it slow down to a stop). Because ownerôs manuals do not always list all of the limitations of 242 

current ADAS technology, if any common limitations were not listed in the ownerôs manual 243 

(e.g., difficulty detecting stopped vehicles), those were still considered to be limitations for the 244 

given vehicle. ADAS owners owned vehicles from 21 manufacturers, the most common being 245 

Toyota (33%) and Honda (14%). Vehicles from all other manufacturers accounted for less than 246 

10% of vehicles owned by the ADAS owners in our sample (the percentage of vehicles by 247 

manufacturer is provided in Appendix C). 248 

As an initial investigation of participantsô performance on the knowledge questionnaires, 249 

we calculated a confidence weighted knowledge score for ACC and LKA. First, correct 250 

responses were given a score of 1, incorrect responses were given a score of -1, and ñI donôt 251 

knowò responses were given a score of 0. Then, the scores were multiplied by the confidence 252 

rating for each item (from 1 to 7). Thus, final scores for each item could range from -7 to 7. The 253 

responses were scored this way to penalize drivers more for incorrect knowledge than not 254 

knowing the answer to an item, and to give more weight to items that participants were more 255 

confident that they knew, compared to those they were not sure about. In order to make the 256 

scores easier to interpret, after summing the scores for all items in each questionnaire, we turned 257 
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the final scores into a percentage out of the total available points for each questionnaire. For 258 

example, on the ACC questionnaire (51 items) the maximum score was 357 (every item 259 

answered correctly with a confidence rating of 7); the minimum score was -357 (every item 260 

answered incorrectly with a confidence rating of 7). The ACC scores were then transformed so 261 

that 0 was the minimum and 714 was the maximum and the confidence weighted percentage 262 

reflected participantsô score out of 714. 263 

After this initial investigation, we built four regression models with trust as the dependent 264 

variable (two ACC models: owners and non-owners, and two LKA models: owners and non-265 

owners). The models were built with the ólmô function in R. Principal components analysis 266 

indicated that all trust items loaded onto the same factor except for ñI am familiar with the 267 

systemò. Thus, the item related to familiarity was removed and scores for ACC and LKA trust 268 

were calculated by averaging the ratings for the other four items. The predictor variables are 269 

described in Table 2. All predictors were entered into the model simultaneously and the full 270 

models are reported. We were mainly interested in the relationship between knowledge and trust; 271 

the other variables were included as covariates to explore whether they also influenced trust.  272 



 

 15 

 Table 2. Explanatory variables for main survey and follow-up survey analyses 

Main Survey: Regression Model Predicting Trust 

Predictor Description 

Sensitivity* Participantsô ability to identify true capabilities of ACC and LKA among items in the 

knowledge questionnaires, independent of response bias. Measured using area under the 

receiver operating characteristic curve (AUC). Values range from 0 to 1. A value of 1 

indicates perfect performance (i.e., participants correctly answered all items); a value of 

0.5 represents chance performance (Stanislaw & Todorov, 1999). 

Bias* A measure of participantsô inclination towards a certain response, independent of 

sensitivity (Stanislaw & Todorov, 1999). Measured using criterion location (c). Negative 

values indicate that participants had a response bias towards ñYesò, in other words, they 

had an inclination to respond that the system was capable regardless of whether the item 

was true or false. 

Number of learning 

methods used 

The number of methods the participant used to learn about ADAS in the past. Participants 

were asked to select all methods they used from the following: Read the vehicle manual; 

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 systems 

(you did not specifically ask); Looked for information on the internet; Searched for online 

videos; Saw a video or commercial by chance; Drove the vehicle to learn by trial-and-

error; Observed the advanced driver assistance systems as a passenger; Other - please 

specify. This variable was split into two levels for analysis. For non-owners the levels 

were 0-1 and 2+; for owners the levels were 1-2 and 3+ (there were no owners who used 

0 learning methods). 

Technology 

familiarity 

An average of three items asking about level of experience with technology, the degree to 

which participants consider themselves early adopters of technology, and how easy they 

find it to learn new technology. The first two items were taken from (Chen & Donmez, 

2016; Reimer, Mehler, Dobres, & Coughlin, 2013). 

Education Highest level of education completed. This predictor had three levels: high school, some 

postsecondary, or college degree; bachelorôs degree; and graduate or professional degree.  

Age Self-reported age at the time that the survey was completed 

Income The participantôs yearly household income for 2019, reported by selecting from nine 

income ranges. The median income in the U.S. for 2018 was $63,000 (Rothbaum & 

Edwards, 2019), which was contained within the ñ$50,000 to $74,999ò range in our 

survey, and Pew Research Center (2016) considers lower income households to be those 

with an income less than 67% of the median income ($42,000 for 2018). Thus, we split 

income into three levels: less than $40,000, $40,000 to $74,999, and $75,000 or greater. 

For owners, due to a small proportion of participants who reported earning less than 

$40,000, income was split into two levels: less than $75,000 and $75,000 or greater. 

Experience (for 

owners only) 

Level of experience, rated separately for ACC and LKA. This predictor had two levels: 

lower (reported using ACC or LKA rarely or sometimes) and higher (reported using ACC 

or LKA most of the time or almost every time they drove) 

Follow-up Survey: Mixed Linear Model Predicting Reliance Intention 

Predictor Description 

ADAS condition  

(repeated measure) 

A categorical variable with four levels: no ADAS, ACC only, LKA only, both ACC and 

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 of c for ACC and LKA 

Note: Full items can be found in Appendix A (main survey) and Appendix B (follow-up survey) 

* To calculate sensitivity and bias, items were recoded so that they reflected a system capability. 
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As presented in Table 2, we used signal detection theory constructs of sensitivity and 273 

response bias to isolate the effect of knowledge (e.g., Macmillan & Creelman, 2005; Stanislaw & 274 

Todorov, 1999). Bias is a participantsô inclination towards a certain response (e.g., a bias 275 

towards answering ñYesò that a signal is present regardless of actual signal presence). Sensitivity 276 

is the ability to detect a signal among all items and is independent of bias. All knowledge items 277 

were recoded so that they reflected the capabilities of ACC and LKA. Thus, the signal to be 278 

detected was whether an item reflected a true capability of ACC or LKA, and the sensitivity 279 

represented the participantôs ability to detect actual system capabilities, which is an unbiased 280 

measure of knowledge. A response bias towards ñYesò indicated that a participant was inclined 281 

to respond that the system was capable regardless of whether the item was true or false (i.e., they 282 

had a favourable view of the system). Sensitivity was measured using the area under the receiver 283 

operating characteristic curve (AUC), and criterion location (c) was used to measure response 284 

bias (for a description of how to obtain the AUC and c from confidence rating scale data, see 285 

Macmillan & Creelman, 2005; Stanislaw & Todorov, 1999).  286 

To explore the effect of learning methods on trust, we first conducted t-tests to analyze 287 

whether trust differed based on whether or not participants used a given learning method. Given 288 

the large number of t-tests (one for each learning method), alpha was adjusted according to the 289 

Benjamini-Hochberg method (Benjamini & Hochberg, 1995). For ACC non-owners, three 290 

learning methods were associated with higher trust in ACC: reading an ownerôs manual, asking 291 

friends for information, and searching for information on websites. For LKA non-owners, 292 

reading an ownerôs manual, asking friends for information, and getting information from 293 

dealership or car rental staff were all associated with higher trust in LKA. ACC owners who 294 

asked staff for information had significantly higher trust in ACC than those who did not ask staff 295 
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for information. LKA owners who learned by trial-and-error had significantly lower trust in LKA 296 

than owners who did not learn by trial-and-error.  297 

Given that there was not a consistent effect of any given learning method across our 298 

sample, we then explored whether the number of learning methods used influenced trust, as 299 

drivers may trust the system more if they got information from multiple sources. A t-test showed 300 

that non-owners who used two or more learning methods had significantly higher trust than those 301 

who used fewer than two learning methods. There were a relatively small proportion of owners 302 

(25%) who used fewer than 2 learning methods (see Table 1), thus for owners, number of 303 

learning methods was split into two levels (1-2 and 3+) to obtain more balanced groups. There 304 

was no significant effect of number of learning methods on trust for owners. To simplify the 305 

regression models, number of learning methods was chosen as the relevant predictor over type of 306 

method and included in the analysis for non-owners and owners to investigate whether it had an 307 

effect on trust when controlling for the other variables in the model. 308 

2.3.2 Follow-up survey 309 

Mixed linear models were used for the reliance intention analysis to account for the 310 

repeated measures (participants rated likelihood to engage in secondary tasks four times, once for 311 

each ADAS condition). Models were built using the ónlmeô packaged in R, with participant listed 312 

as a random effect. Like with the main survey data, the follow-up survey data was analyzed 313 

separately for owners and non-owners. However, we could not further breakdown the sample 314 

based on ACC and LKA ownership given the smaller sample size. Thus, we created two models, 315 

one for ADAS owners (owned a vehicle with ACC and/or LKA) and one for ADAS non-owners 316 

(did not own a vehicle with either system). The dependent variable was average self-reported 317 

likelihood to engage in secondary tasks, which was calculated by averaging the likelihood ratings 318 
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across the secondary tasks. The predictor variables are shown in Table 2. Trust was entered into 319 

the model before the sensitivity and bias measures given its known relationship with reliance 320 

(Lee & See, 2004). Sensitivity and bias were included in the model to assess whether either 321 

measure exerted any additional influence on reliance. Likelihood ratio tests were used for model 322 

selection. None of the first order or second order interactions significantly improved either 323 

model, so they were excluded from the analysis. 324 

3. Results and discussion 325 

3.1. ADAS knowledge 326 

3.1.1 Driver misperceptions 327 

Owners and non-owners had a similar level of knowledge based on their confidence 328 

weighted scores. For ACC, non-owners and owners had an average score of 53.3% (SD = 7.8) 329 

and 55.7% (SD = 9.3), respectively. For LKA, non-owners had an average confidence weighted 330 

score of 54.5% (SD = 9.0), while owners had a confidence weighted score of 55.9% (SD = 10.5). 331 

We statistically compared owners and non-owners based on the confidence weighted scores for 332 

items that had the same correct response across all vehicles (thus responses would be the same 333 

for owners and non-owners). There was no significant difference between owners and non-334 

owners for ACC, t(139.8) = 1.38, p = .2, or LKA, t(87.7) = -0.21, p = .8.  335 

When looking at individual questionnaire items, Figure 2 highlights that non-owners and 336 

owners have similar misperceptions about ACC; this information was previously reported in 337 

Figure 1 in DeGuzman & Donmez (2021), and a more detailed discussion of these findings can 338 

be found there. What we want to highlight in the current paper is that while most participants 339 

know what the purpose of the system is and that dirty or blocked sensors may cause a problem, a 340 

large percentage of both non-owners and owners did not correctly identify many of the other 341 
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ACC limitations. Further, those who did not answer correctly often answered incorrectly (i.e., 342 

they thought ACC would not have difficulty in these situations or that ACC had full braking 343 

power) as opposed to answering ñI donôt knowò, indicating that many participants were 344 

overestimating the systemôs capabilities. 345 

Figure 3 shows that responses from owners and non-owners were also similar for LKA 346 

items. Most participants knew the main function of LKA and that it had difficulty when sensors 347 

were blocked/dirty. Compared to ACC, more participants were aware of some of the LKA 348 

limitations, for example, that it has difficulty when the road is covered in snow/sand or that it has 349 

difficulty when lane markings are faded or missing. However, there were still some common 350 

misperceptions among a large portion of participants. For example, many participants thought 351 

that LKA would not have difficulty in the presence of glare, which is a limitation of LKA 352 

systems due to their use of cameras. In addition, 35% of non-owners and 37% of owners 353 

incorrectly thought that LKA executed evasive steering maneuvers, another example of 354 

participants overestimating ADAS capabilities. 355 
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 356 
Fig. 2. Percent of non-owners and owners who answered correctly, incorrectly, and ñI donôt 357 

knowò for a subset of ACC knowledge items. Note: this information was previously reported in 358 

Figure 1 in DeGuzman and Donmez (2021). 359 
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 360 
Fig. 3. Percent of non-owners and owners who answered correctly, incorrectly, and ñI donôt 361 

knowò for a subset of LKA knowledge items.  362 

Overall, these results indicate that owners do not have a better understanding of system 363 

limitations compared to non-owners. Previous research showed that limitations that were learned 364 

from an ownerôs manual were forgotten over time if drivers did not encounter them (Beggiato et 365 

al., 2015). A survey of Tesla Autopilot users found that 62% of drivers experienced at least one 366 

ñunexpected or unusual behaviourò while using Autopilot (Dikmen & Burns, 2016). However, 367 

only 14% reported experiencing two or more unexpected or unusual behaviours, suggesting that 368 

experiencing a system limitation or malfunction may be a relatively rare event. Thus, even if 369 
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owners in our sample initially learned about ACC and LKA limitations, this knowledge may 370 

have been lost over time due to limited firsthand experience of limitations. Further, when drivers 371 

do experience unexpected system behaviour, they may not be aware of why the unexpected 372 

behaviour occurred enabling them to link the occurrence to a specific limitation. These findings 373 

highlight that experience with ACC and LKA does not appear to be sufficient for supporting 374 

driversô knowledge of ADAS limitations. 375 

3.1.2 To what extent do drivers overestimate ADAS? 376 

To further explore the extent to which participants were overestimating ACC and LKA, 377 

individual ACC and LKA knowledge items were also categorized as overestimate or 378 

underestimate items. Overestimate items were those for which an incorrect response would 379 

indicate an overestimation of the system (e.g., ACC does not have difficulty in poor weather), 380 

whereas underestimate items were those for which an incorrect response would indicate an 381 

underestimation of the system (e.g., ACC does not work on highways). Some of the feature items 382 

(e.g., relating to how to engage/disengage the system) were not considered overestimate or 383 

underestimate items and were left out of this analysis.  384 

We calculated the percent of underestimate and overestimate items that each person 385 

answered incorrectly and the average confidence in these incorrect responses (see Figure 4). 386 

Participants were fairly confident in their incorrect responses, with average confidence ranging 387 

from 4.5 to 5.6 (with 7 corresponding to ñfull confidenceò). Participants answered less than 25% 388 

of the underestimate items incorrectly, as opposed to 39-45% of the overestimate items, 389 

suggesting that participant misperceptions of ACC and LKA were more frequently 390 

overestimations. Overestimating system capabilities is of particular concern because it may lead 391 
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to drivers over-relying on ADAS, which has been a contributing factor to several collisions that 392 

have occurred while ADAS was engaged (e.g., National Transportation Safety Board, 2020).  393 

 394 
Fig. 4. Proportion of incorrect overestimate and underestimate items (left) and average 395 

confidence for the incorrect overestimate and underestimate items (right). Boxplots represent the 396 

five-number summary, the diamond indicates the mean. At the top, mean (M) and standard 397 

deviation (SD) values are provided. 398 

3.1.3 Signal detection theory measures 399 

Figure 5 shows the receiver operating characteristic curves (averaged across participants) 400 

and the corresponding AUCs. Inspection of the plots shows that participantsô sensitivity was 401 

higher for LKA than ACC, which is consistent with our findings from the individual survey 402 

items showing that participants were more aware of some of the LKA limitations compared to 403 

ACC limitations (i.e., Figures 2 and 3). However, consistent with the findings for confidence 404 

weighted scores, owners and non-owners did not differ in their sensitivity (Table 3). In other 405 

words, owners were not better able to distinguish the actual ACC and LKA capabilities from 406 

other items in the knowledge questionnaire. However, ACC owners were significantly different 407 

from non-owners in their response bias (Table 3). Owners were biased towards saying ñYesò 408 
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(indicated by the negative c value), indicating that they were more inclined to respond that ACC 409 

was capable for any given item regardless of whether it was true or not. Non-owners on the other 410 

hand, had a bias towards saying ñNoò (indicated by the positive c value), indicating that they had 411 

an overall inclination to report that the system was not capable. For LKA, both owners and non-412 

owners had a response bias towards saying ñYesò, but owners had a significantly larger bias (see 413 

Table 3). In combination with the earlier results, these results suggest that not only is experience 414 

insufficient for learning ADAS limitations, but it is also associated with having a positively 415 

biased view of the system. To the best of our knowledge, previous surveys on driversô 416 

knowledge of system capabilities have not separated sensitivity from response bias. Given that 417 

these measures captured differences in our groups (i.e., owners and non-owners differed in their 418 

response bias but not in their sensitivity), it may be a valuable approach to explore for future 419 

surveys. 420 

Table 3. Comparison of sensitivity and bias between owners and non-owners. 

Significant (p < .05) results are in bold. 

 t-value df p-value 

Owner 

M (SD) 

Non-owner 

M (SD) 

ACC Sensitivity (AUC) -1.55 149.1 .12 0.62 (0.14) 0.59 (0.12) 

LKA Sensitivity (AUC) 0.29 83.4 .77 0.64 (0.15) 0.64 (0.13) 

ACC Bias (c) 3.14 252.8 .002 -0.10 (0.47) 0.10 (0.72) 

LKA Bias (c) 2.45 135.8 .02 -0.27 (0.58) -0.05 (0.90) 

 421 
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 422 
Fig. 5. Receiver operating characteristic curves and AUCs, averaged across participants within 423 

each group (i.e., ACC non-owners, ACC owners, LKA non-owners, LKA owners). Dots 424 

represent hit-false alarm pairs at each possible response level. The leftmost point is the hit-false 425 

alarm pair for a response of ñYesò with a confidence rating of 7, the next 6 points are for ñYesò 426 

responses with confidence ratings from 6 to 1, followed by ñI donôt knowò, and then the hit-false 427 

alarm pairs for ñNoò responses with confidence ratings of 1 up to 7. For more detail about 428 

plotting receiver operating characteristic curves with confidence rating data, see Macmillan and 429 

Creelman (2005) and Stanislaw and Todorov (1999). 430 

3.2. Trust 431 

Trust items were rated on a scale from 1 (strongly disagree) to 5 (strongly agree), with 3 432 

corresponding to ñneither agree nor disagreeò. Inspection of the raw data (Figure 6) suggests that 433 

respondents tend to trust ACC and LKA, as the average trust was above 3. In addition, ACC and 434 
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LKA owners had higher trust in ACC and LKA, respectively, compared to non-owners who had 435 

never used the system (ACC, t(355) = 3.52, p < .001; LKA, t(347) = 5.47, p < .001). These 436 

results are consistent with previous studies showing that experience with ACC and LKA, either 437 

as a driver (Beggiato et al., 2015) or passenger (Nylen, Reyes, Roe, & McGehee, 2019), was 438 

associated with higher trust in these systems. 439 

 440 
Fig. 6. Average trust in ACC and LKA for owners and non-owners. Trust items were rated on a 441 

scale from 1 (strongly disagree) to 5 (strongly agree), thus higher average values indicate higher 442 

trust. Boxplots represent the five number summary, the diamond indicates the mean.  At the top, 443 

mean (M) and standard deviation (SD) values are provided. 444 

3.2.1 What factors predict trust in ACC and LKA? 445 

For non-owners, sensitivity predicted trust in ACC and LKA (see Table 4). Higher 446 

sensitivity in detecting ACC and LKA capabilities was associated with lower trust in ACC and 447 

LKA, respectively. Conversely, lower sensitivity was associated with higher trust. Response bias 448 

also significantly influenced trust, with participants who were more biased towards responding 449 

ñYesò (i.e., endorsing the system capabilities) having higher trust. Thus, in the absence of 450 

firsthand experience with ACC and LKA, driversô trust in these systems is influenced by their 451 

knowledge of specific system capabilities and limitations and response bias that was captured in 452 

the knowledge questionnaire. Among the other predictors, the number of learning methods used 453 
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and technology familiarity significantly predicted trust in ACC and LKA (see Table 4). Having 454 

used more learning methods and having higher technology familiarity were associated with 455 

higher trust in ACC. When non-owners who have never used ACC or LKA learned about 456 

ADAS, they may have learned basic information like the purpose of the systems and their 457 

capabilities. This initial knowledge may have served to increase their trust. Those with higher 458 

technology familiarity may have an overall higher propensity to trust technology, including 459 

ADAS. None of the other demographic variables (age, education, or income) had a significant 460 

impact on trust.  461 

For owners, neither sensitivity nor bias were significantly associated with trust. The 462 

correlation between AUC and trust for non-owners was -.29 for ACC and -0.17 for LKA. Power 463 

analysis indicated that 26 participants would be needed to detect the ACC effect, and 74 464 

participants would be needed to detect the LKA effect, based on 80% power and a significance 465 

level of .05. Thus, our sample size was large enough for 80% power for ACC and LKA non-466 

owners and ACC owners, but not for LKA owners. For LKA owners, number of learning 467 

methods and technology familiarity were significant predictors of trust. Similar to the results for 468 

non-owners, higher technology familiarity was associated with higher trust. However, in contrast 469 

to the non-owner findings, using more learning methods was associated with lower trust. This 470 

finding may be due to differences in the reason why owners search for information about ADAS. 471 

It may be the case that owners search for information about their system after experiencing 472 

unexpected system behaviour. In doing so, they may find out more about the system limitations, 473 

which in turn, lowers their trust. Further research could explore not only how drivers learn about 474 

ADAS but why they search for information and what information they search for to further 475 

investigate the relationship between learning methods and trust.  476 
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For ACC owners, age was a significant predictor of ACC trust and higher experience was 477 

marginally significant (Table 4). Older age was associated with higher trust and a higher 478 

experience level (using ACC most of the time or almost every time they drove) was associated 479 

with lower trust. Using ADAS more frequently may lead to drivers experiencing more 480 

unexpected system behaviour (even if they cannot attribute it to a specific capability/limitation in 481 

the questionnaire), which may increase their awareness that ADAS is not always reliable and 482 

impact their trust. It is possible that experience was marginally significant for ACC but not LKA 483 

due to participantsô knowledge of system limitations. As discussed previously (Section 3.1.1, 484 

Figures 2 and 3) more participants were aware of some of the LKA limitations, such as its 485 

limited capability when lane markings are faded or missing. This awareness may have mediated 486 

the effect of experiencing system failures on LKA trust. Prior research has shown that if 487 

participants are aware of system limitations, their trust may be less negatively affected when they 488 

encounter these limitations (Beggiato & Krems, 2013). However, it should be noted that our 489 

sample size of owners (particularly LKA owners) was relatively small and thus we may not have 490 

had sufficient power to detect an effect of experience on trust for LKA owners. For ACC owners, 491 

the difference in trust between those with higher and lower experience was approximately 0.45 492 

(on a scale of 1 to 5). Power analysis indicated that a sample size of 47 participants per group 493 

(higher and lower experience) would be needed to detect this effect with 80% power at p < .05. 494 

While our sample of ACC owners was overall large enough (N = 94), a group imbalance (higher 495 

experience = 27, lower experience = 67) resulted in a power of 71%. Future work with a larger 496 

sample of owners is needed to confirm our results and explore the reasons for the different 497 

influencing factors on ACC and LKA trust.  498 
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Table 4. Results for regression models predicting trust; significant (p < .05) and 

marginally significant results are in bold. For categorical variables, the reference level is 

shown in square brackets. 
 Estimate Standard Error  t-value p-value 

ACC, Non-owners: R2 = .26, F(9, 250) = 9.64, p < .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 

Technology Familiarity  0.13 0.03 3.86 < .001 

Education [High school, some 

postsecondary, or college degree] 

    

Bachelorôs 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: R2 = .18, F(9, 274) = 6.89, p < .001 

Intercept 3.24 0.38 8.45 < .001 

Sensitivity (AUC) -1.38 0.35 -3.97 < .001 

Bias (c) -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] 

    

Bachelorôs degree 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: R2 = .19, F(9, 84) = 2.21, p = .03    

Intercept 3.35 0.83 4.02 < .001 

Sensitivity (AUC) -0.89 0.62 -1.42 .16 

Bias (c) -0.29 0.18 -1.65 .10 

Number of Learning Methods [1-2]     

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] 

    

Bachelorôs 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: R2 = .16, F(9, 52) = 1.08,  p = .39 
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Intercept 2.70 1.07 2.51 .02 

Sensitivity (AUC) -0.42 0.79 -0.53 .60 

Bias (c) -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] 

    

Bachelorôs 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 

In a previous paper using the same dataset (DeGuzman & Donmez, 2021), we found that 500 

only demographic factors predicted the percent of correct responses on the ACC knowledge 501 

questionnaire for owners and non-owners. In the current study, the only demographic factor that 502 

significantly impacted trust was age for ACC owners. Thus, our results suggest that demographic 503 

factors may not directly influence trust but may indirectly affect trust through their impact on 504 

knowledge. 505 

3.3. Reliance intention 506 

Based on inspection of the raw data (see Figure 7), at all ADAS levels, drivers were more 507 

likely to engage in secondary tasks that are legal in most jurisdictions (e.g., Ontario Ministry of 508 

Transportation, 2019) such as talking to passengers, eating, and making phone calls and texting 509 

using voice control. Responses were highly variable, but for most secondary tasks, the average 510 

likelihood appears to increase from no ADAS to LKA only to ACC only to both ACC and LKA. 511 

For both ADAS owners and non-owners, AUC and bias did not significantly improve the 512 

reliance intention model that already included ADAS condition and trust as predictors 513 

(determined through likelihood ratio tests), thus they were not included in the final models. For 514 

non-owners, using LKA only, ACC only, and both systems together were each associated with 515 
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higher self-reported likelihood to engage in secondary tasks compared to driving with no ADAS 516 

(Table 5). In addition, higher average trust in ACC and LKA was associated with a higher 517 

average likelihood to engage in secondary tasks while driving. For owners, using ACC only and 518 

ACC and LKA together were associated with higher self-reported likelihood to engage in 519 

secondary tasks, but there was no significant difference between using LKA only and no ADAS. 520 

Higher average trust was also associated with a higher average likelihood to engage in secondary 521 

tasks, but the effect was only marginally significant (Table 5), potentially due to sample size 522 

limitations.  523 
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 524 
Fig. 7. Average likelihood to engage in secondary tasks by ADAS condition: 1 = not at all likely, 525 

2 = slightly likely, 3 = moderately likely, 4 = very likely, 5 = extremely likely. Error bars 526 

represent standard error. 527 


