PREPRINT VERSION. THIS ARTICLE HAS BEEN SUBMITTED TO A JOURNAL.

Subaru drivers’ experiences with the DriverFocus driver
monitoring system

August 2025

Aimee E. Cox
Eric R. Teoh
Jessica B. Cicchino

IIHS

Insurance Institute for Highway Safety

4121 Wilson Boulevard, 6th floor
Arlington, VA 22203
researchpapers@iihs.org

+1 703 247 1500

iihs.org




Contents

ABSTRACT euueettiti e ettt e et etie e e ettt e e e eeta e eeetaaaaeeeataneeaessnneeeessnnaeeessnnnaeeessnneeeessnnaeeeessnnaeeenes 3
INTRODUCTION ...eeiiiiiiiiiiiiieeeeeeetettttuieaeeeeeeetetaataaeeeeeeeetsssannnaeeeeeeesssssnnneeeeeeeeessnnnnnaeeeeeees 4
IMETHODS .ttt e e e ettt e e e e e e et ettt e e e e e e e e eetetaa e e e eeeeeeeattaa e e eeeeeeeaaatbnn e e eeeeeeeenssnnanneeeeaeas 6

SYSEEM AESCIIPLION ..eneieiiieiiieeiie ettt te ettt et e et e st eebeesateesbeessbeesseessbeenseessseenseessseenseassseenseas 6

Participant recruitment and eligibility CTIteria ........c.ccoveriiiriiriiiienieeree e 7

Data collected and analySes..........cocieiieeiiierieeiieie ettt ettt ettt et e et snae e enee 8
RESULTS .t tttttiieeeeeeeetettttiee e e e e e et tetttau e e eeeeeeeatataa e e eeeeeeeeattaas s eeeaeeeaastsnnn e eeeeeeeesssnnnnneeeeaeas 9
DISCUSSION L.uiiuteeeettttttitiieeeeeeeeetttttaa e eeeeetetettaaa e eeeeeeeatssannaaeeaeeeeetssannneeeeeeeeensssnnnnaeeaeees 11
(010) (@1 51 0] (0) N1 OU PP TPPR R TSPPP 15
PRACTICAL APPLICATIONS ...utiiittitiiiiiieeeeeeeeettttiiaeeeeeeeeeaaataaeaeeeeaeeeeeassannnaeeeeeeeeesnnnnnaeeeaees 16
ACKNOWLEDGEMENTS . ...ttttttitittiiieeeeeetttttttiiaeeeeeettatatananeeaeeeettsnnnnnaeeseeeeeressnnnnaaeeeeeeeemsns 16
TABLES ..t ttttttiee et e e ettt e e e e e e e et te et e e e e e et ettt e e e e e et ettt b h e e e e e e ettt bbb e e e eeeettetthna e eeeaeas 17
REFERENCES ... etttieettiiie et ettt e e eettee e e ettt e e e ettt e e e e eaaa e e e eaaaaeeeasaneaeessaneeeessnnseeessnnneaeesnnnaeaenes 25



ABSTRACT

Introduction: Driver monitoring systems have the potential to reduce crashes and injuries from
driver distraction and drowsiness. This study measured the use and acceptance of Subaru’s DriverFocus, a

camera-based system that can monitor drivers outside of automation use.

Methods: An online survey was conducted in September 2024 among 3,475 United States-based

owners of Subaru models equipped with DriverFocus.

Results: Most owners were knowledgeable about DriverFocus and 87% said they drove with it
on most or every time they drove the vehicle. Drivers who used the system were more likely to have
received at least one distraction alert than to have received a drowsiness alert (97% vs 37%) in the
previous 30 days. Drivers perceived some alerts as false positives, and the perceived false negative rate
was low. Most drivers agreed that they would want the system again (70%), and those who drove with it
on agreed it made them a safer driver (64%) and helped them avoid distractions (63%). Receiving too
many alerts and annoyance were the top reasons cited by the 4% of drivers who turned the system off

under their profile settings.

Conclusion: Most Subaru owners of vehicles equipped with DriverFocus appear to see safety
benefits from the system. Drivers indicated experience with some false positive alerts, but misconceptions
about what behaviors should trigger a distraction alert appears to have distorted this perception. Because
drivers who receive many alerts are likely the ones to benefit most from the system, we offer suggestions

for improving its acceptability to make it more effective.

Practical Applications: Manufacturers using camera-based monitoring during use of partial
automation could expand this functionality for use during normal driving. Helping drivers better

understand the behaviors that the system is designed to detect may increase acceptance.

Keywords: driver monitoring system; distracted driving; drowsy driving; ADAS



INTRODUCTION

In the United States in 2023, distraction-affected crashes killed an estimated 3,275 people and an
additional 633 fatalities involved a drowsy driver (National Center for Statistics and Analysis, 2025).
While these numbers are grim, both distraction (Blincoe et al., 2023; McCartt et al., 2006; Ranney, 2008)
and drowsiness (National Highway Traffic Safety Administration, n.d.; Tefft, 2014, 2024) are difficult to
confirm as crash contributors, and thus related crashes and injuries are likely underreported. Studies have
estimated that the actual number of distraction-affected fatalities is about 3 times the official count
(Blincoe et al., 2023) and the number of drowsiness fatalities is about 9 times the official count (Tefft,

2024). This yields a combined estimate of about 16,000 annual fatalities.

Driver monitoring systems are in-vehicle technological countermeasures designed to detect
indicators of distraction/inattention and fatigue/drowsiness in real time and alert drivers when their
engagement in the driving task is insufficient (Fredriksson et al., 2021; Palao, 2023). These systems can
further improve safety by combining this information with increased sensitivity of other advanced driver
assistance systems (ADAS) like front crash prevention or lane departure prevention (Fredriksson et al.,
2021), as distraction and drowsiness are disproportionately factors in single-vehicle road departures and
rear-end crashes (Liu & Jiangiang Ye, 2011; Owens et al., 2018). Rudimentary systems sense patterns of
alertness through driving behavior such as steering inputs and the number of lane deviations detected by
the forward-facing camera (Ford Motor Company, 2025; Volvo Cars, 2024). More advanced driver-facing
camera systems monitor the driver’s face and eyes (Subaru Corporation, 2024) and are more common in
vehicles equipped with Level 2 automation. Driver monitoring that detects when drivers are looking away
from the road is one component considered under I[IHS’s partial automation safeguard ratings program
(Insurance Institute for Highway Safety, 2024). However, in the United States, these camera-based
monitoring systems usually cannot be turned on outside of partial automation even though distraction and

drowsiness still occur when partial automation is not engaged.



Manufacturers must design safety systems so that driver acceptance and use is high; otherwise,
their benefits will go unrealized. Camera-based driver monitoring systems are tasked with accurately
identifying hard-to-detect behaviors ranging in complexity (Fredriksson et al., 2021). Variation in
environmental lighting (Fredriksson et al., 2021; Palao, 2023), the driver’s body position (Palao, 2023),
appearance between and within individuals (Fredriksson et al., 2021; Palao, 2023), and even driving-
related roadway glances (Kircher et al., 2020) can challenge these systems and lead to false positives. Too
many false positives can result in annoyance (Fredriksson et al., 2021), a factor associated with lower use
of other ADAS technologies (Eichelberger & McCartt, 2014, 2016; Marshall et al., 2007; McDonald et

al., 2018).

Subaru first introduced a camera-based driver monitoring system designed to operate outside of
partial automation to continually check for signs of both distraction and drowsiness on the 2019 model
year Forester. This study set out to measure Subaru owners’ experiences with using the system and their
opinions of it. Subaru’s early implementation in the consumer market makes it an ideal system to explore

drivers’ early experiences with it.



METHODS

The Insurance Institute for Highway Safety (IIHS) contracted with Opinion America Group, LLC,
to program the online survey instrument. The instrument was designed by IIHS in cooperation with
Subaru to measure driver attitudes and behaviors surrounding their branded driver monitoring system,

DriverFocus!.

System description

The DriverFocus infrared camera is positioned above the infotainment screen. It monitors the
driver’s eyes and head position for signs of distraction and monitors eye closure and blinking for signs of
drowsy driving. DriverFocus also uses facial recognition to automatically set a registered driver’s
preferred seat and mirror positions, climate, and display settings once they are recognized in the driver’s
seat. Registering a driver profile is not required for distraction and drowsiness monitoring. Turning the
system on and off varies by the model. In some, a driver can turn the driver monitoring system on and off
via the infotainment screen by navigating to "settings" and then "driver monitoring system" or by
touching the car icon and then the "other" tab. The other configuration features an on/off switch with the
driver monitoring icon to the lower left of the steering column. In most cases, the system defaults to its on
setting with each ignition cycle. However, if a driver has registered as a user and turned the driver
monitoring off under their profile settings, the system will turn off after successful recognition of the

driver.

When the system senses a driver is distracted, the vehicle delivers three beeps paired with a "keep
eyes on road" visual message displayed on the instrument cluster. Distracted driving warnings are inactive
when the turn signal is operating or when the vehicle is in reverse to avoid false positive alerts due to
sideways glances and head turns typical of changing lanes and navigating reverse maneuvers. If the

vehicle detects an obstacle ahead, attention warnings may activate sooner.

! Registered in the U.S. Patent and Trademark Office.



The system offers three drowsy driving warnings that vary in intensity based on the length and
percentage of time the eyes are closed. The lowest drowsiness level prompts a single beep paired with a
"take a break" message on the instrument cluster. If the system senses increased drowsiness, the warning
chime features five beeps paired with a "stay alert" message on the instrument cluster. The strongest
warning features the same visual "stay alert" message on the instrument cluster paired with continual

beeping until the system detects the driver’s eyes are open.

Participant recruitment and eligibility criteria

The survey was conducted in the United States. Subaru had a database with email addresses for
200,000 owners of vehicles potentially equipped with DriverFocus. The vehicles included the 2023
Ascent, 2019-23 Forester, 2020-23 Legacy, and 2020-23 Outback. DriverFocus was standard equipment
on some trim levels of these vehicles and optional on others. Subaru emailed invitations with unique links
to owners. To be eligible to participate, drivers needed to be at least 21 years old and needed to confirm
their vehicle was equipped with the system. They also had to drive the equipped vehicle DriverFocus at

least once per week on average.

Drivers confirmed their vehicle had the system either by identifying their model year, model, and
trim for vehicles on which the system was standard equipment or by recognizing images of the system’s
infrared camera if the system was optionally equipped on the trim they selected or if they were unsure of
the trim of their vehicle. The survey was conducted in two waves of 100,000 during September 2024. The

Advarra Institutional Review Board deemed the study exempt from oversight.

Subaru invited the full database of owners to participate, of which 5,657 visited the survey site.
Of those, 1,657 did not advance to the questions and 525 were terminated for ineligibility because they
were not old enough (n = 284), they could not confirm their vehicle was equipped with the system (n =
234), or they did not drive their Subaru (n = 7). This resulted in 3,475 completed surveys for a 1.7%

response rate.



Data collected and analyses

Following eligibility screening, drivers were asked if they set up a user profile and if so, the
driver monitoring setting under their profile. If drivers turned the driver monitoring off under their profile,
they were asked why. Drivers with registered profiles were asked about how often their vehicle
successfully recognizes them. All participants were asked questions designed to gauge their understanding

of the system’s purpose, how it works, and how to read the system icons.

Participants who indicated they at least occasionally (i.e., answered "rarely" in the survey) drive
with driver monitoring on were asked about their experience receiving distraction alerts in the previous 30
days, if they felt they were alerted when they were not distracted, and their behaviors or states when those
false positives happened. We also asked these drivers about their experience with drowsiness alerts in the
last 30 days, how their behavior changed with the system, and if they feel like the system had helped them

avoid a crash.

All participants were asked a series of questions regarding their opinions of the system to gauge
perceived benefits and usefulness, opinions of alert volume and frequency, and how well the system
works with clothing accessories or eyewear and in all environmental conditions. The survey ended with
demographic questions. Participants were permitted to skip questions that were not used to establish
eligibility.

We provided response options on a five-point Likert scale for questions that determined
frequency (every time, most of the time, sometimes, rarely, or never) and level of agreement (strongly
agree, somewhat agree, neither agree nor disagree, somewhat disagree, or strongly disagree). Response
categories were collapsed where appropriate. Comparisons were made between drivers who used the
system most or every time they drove, i.e., those who usually used it (n = 3,015), and those who drove
with the driver monitoring system on sometimes, rarely, or never, i.e., those who used it irregularly or not
at all (n = 419). Differences in categorical responses between drivers who usually used the driver

monitoring system and those who didn’t were tested using chi-square tests of independence. We excluded



"no response" categories from statistical analyses. We considered results to be statistically significant at

the & = 0.05 level. SAS 9.4 was used for the analyses.

RESULTS

Table 1 shows the characteristics of the 3,475 respondents. Over 75% of participants drove the
DriverFocus-equipped vehicle daily or most days per week. Most of the sample was male and over age

60.

Survey questions designed to capture participants’ knowledge of the system are shown in Table 2.
Over half (55%) of participants provided an accurate description of the DriverFocus system in response to
an open-ended question, and another 15% provided an accurate description of the system and at least one
other functionality that is part of the EyeSight suite (i.e., automatic emergency braking or lane departure
warning). Approximately 93% were familiar with the DriverFocus icon when shown a picture of it, and
77% of those participants knew the status of the system (i.e., on, off, temporary stop, or warning) based
on the icon’s appearance. Participants most often said they had learned about the system at the dealership

(59%), followed by trial and error (46%) and from the owner’s manual (45%).

Eighty-six percent of drivers set up a driver profile (Table 3). Among those drivers, 81% believed
the vehicle successfully recognized them most or every time they sat down in the driver’s seat, and 89%
had the monitoring system on under their driver profile setting. Eighty-seven percent of participants said
they drive with DriverFocus on most or every time, and drivers who used the system at least rarely said
they used it more on high-speed roads (94% most or every time) than on low-speed roads (91% most or
every time). Drivers who used the system were asked to provide their opinions of it (Table 4). Eighty-four
percent agreed the system could accurately detect when they were looking at the road. Most drivers
agreed the system helped them avoid distractions and encouraged them to be safer drivers. Nine percent
thought they did not get an alert when they could have. Nineteen percent believed a DriverFocus alert had

helped them avoid a crash.



Drivers’ experiences with the system’s distraction alerts are shown in Table 5. Drivers were most
likely to report either getting alerts infrequently, i.e., one to three times, in the past 30 days (29%) or
getting many;, i.e., 10 or more (28%). Most of the sample (56%) received six or fewer alerts. Few drivers
said they were never actually distracted when they got an alert (12%), with most participants saying this
was sometimes the case (37%). Regarding cases when drivers got an alert but felt they were not
distracted, they were most likely to say they had been changing lanes (52%), adjusting or looking at the
navigation, radio, or climate system (37%), or looking at the instrument cluster (24%). Seven percent of
drivers said they were falsely alerted when making driving-related scans, though 6% said they were
looking outside the vehicle in a way not related to the driving task, for example looking at scenery or
birds or reading billboards. Among drivers who have gotten at least one alert, just over half said they were
looking away from the forward roadway most or every time. Drivers who said they were alerted while
rarely or never looking away from the roadway and while not distracted (» = 595) most often said they
had been shifting their body in their seat (31%), followed by touching or scratching their face or head

(13%).

When it came to the drowsiness alerts (Table 6), most participants never got either one alert
(63%) or one to three (28%) in the previous 30 days. Of the participants who got at least one drowsiness
alert (n = 1,163), roughly 60% received the next, more severe "stay alert" warning with five beeps at least
once. Of those (n = 693), 21% received the most urgent "stay alert" warning with continual beeps. Twelve
percent of the sample felt they were alerted when they were about to fall asleep, though most drivers said

they have been alerted when they were not drowsy (81%).

The opinions of the systems among drivers who usually used the system (i.e., most or every time)
when they drive (n = 3,015) and those who do not (z = 419) are shown in Table 7. Differences in
opinions were statistically significant with p-values <0.0001 for every comparison. Drivers who said they
usually use the system generally viewed the system favorably, with most saying the timing and volume of

the alerts were appropriate. More than 80% of drivers agreed that the system could help prevent crashes,
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would be a good idea for all drivers, and could help drivers pay attention. Three-quarters of drivers who
regularly used the system said they want DriverFocus on their next vehicle, compared with 39% of those
who did not use it regularly. A total of 70% of participants said they wanted it again. Drivers who did not
regularly use DriverFocus were more likely to say the system was a good idea for some groups of drivers
instead of all drivers (68% vs. 52%). Not only were drivers who do not regularly use the system more
likely to say the system was annoying and distracting than those who usually use the system, annoyance
and distraction were the second and third most common reasons given for turning the system off under

the driver profile settings, behind receiving too many alerts (Table 8).

DISCUSSION

The goal of this study was to measure driver attitudes and opinions of Subaru’s DriverFocus, a
monitoring system that uses a driver-facing camera and is designed to operate outside of partial
automation activation. This sample of drivers overwhelmingly drove their DriverFocus-equipped vehicle
at least most days of the week, suggesting sufficient experience with the system to have formed opinions

of it.

The nearly 90% of drivers in this sample who had the driver monitoring system on most or every
time they drive appear to find value in the system and generally view it favorably, although these drivers
indicated moderate annoyance with the system. This contributes to the evidence that drivers are willing to
accept some annoyance from a system if they feel the system provides a benefit (Eichelberger & McCartt,
2014, 2016; Mueller et al., 2024). About two-thirds of participants who used the system believe that it
makes them better drivers, and there is a sense of societal benefit among owners in that most agree the

system can help prevent crashes and is a good idea for all drivers.

This study also provides some evidence that support for a camera-based driver monitoring system
may increase following exposure to it. Three-quarters of drivers who drove with DriverFocus on most or

every time (70% of the entire sample) said they would want it on their next vehicle. This is somewhat

11



higher, albeit from a different sample, than the 61% of participants in an earlier survey who said they
would hypothetically want a similar system on their next vehicle (Cox et al., 2024) and the 63% in
another survey who supported such a system (Shoots-Reinhard et al., 2021). Increased support following
exposure has also been found with another in-vehicle technology designed to curb unsafe driving
behavior, intelligent speed assistance (Ryan, 2018). Majority support for driver monitoring, both with and
without experience using it, suggests that manufacturers can add the technology to more vehicles without
provoking a backlash from consumers, especially if drivers are provided the opportunity to turn the

system off and can be convinced that it benefits them.

Far more drivers in this sample received distraction alerts than drowsiness alerts. This was
expected, given that a large-scale naturalistic driving study found observable drowsiness or fatigue was
present in less than 2% of baseline segments whereas observable distraction was present in nearly 52%
(Dingus et al., 2016). Surveys have found similarly disparate prevalence for falling asleep while driving
(Wheaton et al., 2014) and doing at least one secondary task on most or every drive (Cox et al., 2023) in

the previous 30 days.

Though drowsiness may be less common, the risk of crashing while visibly drowsy is greater than
the risk of crashing while engaging in some distracting secondary tasks (Dingus et al., 2016; Klauer et al.,
2006). Drowsy driving could account for an estimated 6,000 roadway fatalities annually (Tefft, 2024).
While most of the sample never received the "take a break" warning, most who did indicated that they got
the "stay alert" warning with five beeps, and 1 in 5 of those drivers (4% of the entire sample) received the
most aggressive drowsy alert. Although drowsiness detection may not be applicable to most drivers on a
regular basis, 12% of the sample who received a drowsiness alert said they did so when they were about
to fall asleep. Averaging less than five hours per sleep, male gender, and younger age are factors
associated with increased risk of falling asleep while driving (Wheaton et al., 2014). While our sample

leaned male, it also leaned older.
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Drivers who used the system at least rarely overwhelmingly agreed that it can accurately detect
when a driver is looking at the road, suggesting a high true negative rate. Furthermore, the rate of reported
false negatives, or drivers not getting either alert when they could have, was low at just 9%. However, a
low false negative rate comes at the cost of more false positives. Occasionally alerting drivers when they
are not drowsy or distracted is minimally consequential, but too many false positives should be avoided to

keep annoyance low and acceptance high (Fredriksson et al., 2021).

Subaru took steps to reduce false positives due to driving-related glances away from the forward
roadway by disabling inattention alerts when a turn signal is active or the vehicle is in reverse (Subaru
Corporation, 2022). However, just over half of participants received a distraction alert when changing a
lane. This implies a lack of turn signal activation more than a system flaw; an observational study that
found only half of drivers activate their turn signal when changing lanes (Ponziani, 2012). Subaru also
acknowledges some environmental conditions, such as strong glare from or shadows cast by strong
sunlight, and driver appearances, like wearing some types of sunglasses or other accessories that can
cover the face and eyes, can cause the system to operate incorrectly (Subaru Corporation, 2022). A small

percentage of drivers in this sample indicated receiving false positives under these conditions.

Drivers mentioned receiving some false positive distraction alerts outside of the efforts made by
Subaru to reduce them. This happened most frequently when drivers were adjusting in their seat or
touching their face or head, which might obstruct or remove the driver’s eyes from the camera’s view but
can be done while the driver’s eyes are on the road. A small percentage of participants reported receiving
a distraction alert when they were making driving-related roadway scans. These scans can be protective
against crashes but only if the driver’s eyes return to the forward roadway within 2 seconds (Klauer et al.,
20006). It is possible these drivers may be scanning outside the forward roadway longer than what would

be safe and protective, which would warrant an alert.

Most of the remaining behaviors that triggered a distraction alert when participants felt they were

not distracted are true positive alerts because they are not necessary to the driving task. While many
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people primarily associate distracted driving with cellphones, any secondary task that diverts attention
away from or competes with the driving task is a distraction (Ranney, 2008; Regan et al., 2011). Though
secondary task complexity is positively correlated with crash risk (Dingus et al., 2016; Klauer et al.,
2006), seemingly innocent behaviors that participants listed such as adjusting the radio, talking with
passengers, and eating or drinking can increase crash risk (Dingus, 2014; Dingus et al., 2016) if the
driver’s eyes divert from the forward roadway longer than a few seconds (Klauer et al., 2006). These
behaviors are also very common, with 60% to 85% of participants in a nationally representative survey

saying they did those or similar secondary tasks while driving in the previous 30 days (Cox et al., 2023).

The lack of understanding about what should trigger an alert coupled with how prevalent some
secondary tasks are may give the false impression that the system issues too many false positive or
unwarranted alerts. Just like too many truly false positives, these misconceptions could result in system
deactivation, especially among drivers who do not find value in the system. There is some evidence that
this is happening: The top reasons given for turning the system off were receiving too many alerts and
annoyance. This suggests that the small percentage of drivers who never drive with the system on could
actually benefit the most from it. Many drivers said they learned about the system most at the dealership
at purchase, though trial and error came in second. Providing vehicle buyers with examples of common
behaviors the system is designed to flag and why may increase use by reducing misconceptions that result

in erroneous identification of false positives.

Implementing a different alert scheme might be another way to increase use of the system among
drivers who trigger frequent alerts. The move away from audible to haptic alerts was one of several
factors that appeared to lead to increased use of lane departure systems (Cox et al., 2025), a system prone
to issuing frequent alerts under typical driving conditions (Flannagan et al., 2016). Not everyone agrees
on what should warrant an alert, and auditory alerts have been found to be annoying for driving scenarios
perceived as low-urgency (Marshall et al., 2007). For these reasons, a hybrid or cascading alert design

might be more palatable. A cascading scheme might first alert drivers haptically when distraction or slight
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drowsiness is detected and escalate to auditory alerts after repeated incidents or when the system senses

the driver is asleep.

Several limitations are worth noting. This sample is not representative of the U.S. population
primarily because most of the sample was over age 60. Older adults may have been more inclined to
participate because they had more free time to do so. Older people are less likely than younger people to
drive distracted (Cox et al., 2023; Rakotonirainy et al., 2012; Schroeder et al., 2018) and drowsy
(Scarpelli et al., 2021; Wheaton et al., 2014), so this sample may the system more favorably than the
general driving population if their behavior prompts fewer alerts. The response rate was low, which could
have been a result of several factors. Email invitations may have been filtered as junk, some email
addresses may have been unmonitored or defunct, and some contact information may have been for

pI'CViOUS owners.

The system is designed so that drowsiness alerts escalate sequentially, and the survey questions
were designed accordingly so that only drivers who received the first drowsiness warning were asked if
they got the second, and so on. However, the system can skip the escalation pattern entirely and issue the
strongest "stay alert" message with continual beeps if the system cannot detect the driver’s eyes open.
Thus, it is possible that some respondents received the third warning without previously receiving the first
and second. Since drowsiness alerts were generally rare, we do not expect the number of drivers to have

experienced this to be high.

CONCLUSIONS

The first driver-facing camera-based driver monitoring system in the U.S. market designed to
operate outside of partial automation was widely accepted among this sample of drivers. Despite some
annoyance and experiences with false positives, most drivers use the system regularly and feel the system

provides safety benefits.
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PRACTICAL APPLICATIONS

Many vehicles with Level 2 automation capabilities from other U.S.-based manufacturers are
already equipped with a similar camera-based driver monitoring system. Updating the software of these
vehicles to give drivers the option to use driver monitoring outside of partial automation would increase
its potential to reduce preventable crashes and injuries. Most participants learned about the system at their
dealership, so Subaru could consider providing buyers with some examples of behaviors that the system

is designed to detect as a means of lowering incorrect perceptions of false positive alerts.
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TABLES

Table 1

Characteristics of survey respondents (n = 3,475)

%
Model year
2019 5
2020 22
2021 20
2022 23
2023 31
DriverFocus-equipped vehicle drive frequency (per week)
Daily 35
Most days 41
Some days 21
Rarely 3
Age
30 or younger 1
3140 5
41-50 11
51-60 14
61-70 30
71 or older 39
Gender
Male 64
Female 34
Other/unknown 2
Marital status
Married or living with domestic partner 77
Single, divorced, or widowed 20
Skipped 2

Note: Percentages do not always sum to 100% due to rounding errors.
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Table 2

Drivers’ knowledge of DriverFocus (asked of all participants, n = 3,475)

%
How respondents described the system
Correct description of DriverFocus 55
Correct description of DriverFocus, plus one or more other EyeSight system 15
Don’t know, skipped, or no meaningful response provided 18
Wrong system described or missed key component 11
Familiar with DriverFocus icon
Yes 93
No 4
Unsure 2
Skipped 0.1
Know the system’s status based on the icon appearance (if familiar with icon, n = 3,248)
Yes 77
No 11
Unsure 12
Skipped 0.1
How respondents learned to use the system (instructed to select all that apply)
At the dealership at purchase 59
Trial and error 46
Owner’s manual 45
Subaru corporate how-to videos 9
Non-Subaru branded videos, such as from another owner 7
Independent Subaru dealership videos 5
Skipped 1

Note: Percentages do not always sum to 100% due to rounding errors.
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Table 3

Drivers’ use of DriverFocus

%
Set up a driver profile (n = 3,475)
Yes 86
No 11
Unsure 3
Skipped 0.1
(If driver profile set) How often does the vehicle successfully recognize you? (n = 2,990)
Most or every time 81
Sometimes or less 19
Skipped 0.4
(If driver profile set) What is the driver monitoring setting under your driver profile? (n = 2,990)
On 89
Off 4
Unsure 6
Skipped 0.2
How often do you drive with driver monitoring on? (n = 3,475)
Every time 54
Most times 32
Sometimes 5
Rarely 1
Never 5
Skipped 1
Use on high-speed roads (among drivers who at least rarely use it, n = 3,246)
Most or every time 94
Sometimes or less 5
Skipped 1
Use on low-speed roads (among drivers who at least rarely use it, n = 3,246)
Most or every time 91
Sometimes or less 9
Skipped 0.4

Note: Percentages do not always sum to 100% due to rounding errors.
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Table 4

Drivers’ opinions of DriverFocus (among drivers who at least rarely use it, n = 3,246)

%

I agree that the system...

Can accurately detect when the driver is looking at the road 84

Helps me avoid distractions 63
I agree that with the system on...

I am encouraged to be a safer or better driver 64

Driving is less stressful 45

I look away from the forward roadway less 43
Have you ever not gotten an alert when you could have?

Yes 9

No 72

Unsure 18

Skipped 1
Have you ever avoided a crash because of a DriverFocus alert?

Yes 19

No, I have been in a crash that an alert may have helped me avoid 2

No, I have gotten alerts but not when at risk of crashing 63

I have never gotten an alert 6

Unsure 9

Skipped 1
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Table 5

Experience with distraction alerts (among drivers who at least rarely use it, n = 3,246)

%
In the last 30 days, how many times have you gotten the "keep eyes on road" warning?
10 or more 28
7-9 16
4-6 24
1-3 29
Never 3
Skipped 0.2
How often have you felt you were not distracted? (among drivers who have gotten at least
one alert, n = 3,151)
Every time 12
Most times 31
Sometimes 37
Rarely 15
Never 5
Skipped 1
Actions when alerted but not distracted (n = 2,974, multiple responses allowed)?
Changing lane ® 52
Adjusting or looking at navigation, radio, or climate ® 37
Looking at the instrument cluster ° 24
Laughing or talking with passengers ° 14
Scanning roadway, driving related (looking at car approaching from side, parking spot, 7
address) ¢
External distraction, not driving related (looking at scenery, birds, billboard) ¢ 6
Eating or drinking ¢ 6
How often were you looking away from the road? (among drivers who have gotten at least one
alert, n = 3,151)
Most or every time 51
Sometimes 30
Rarely or never 19
Skipped 0.1
Actions when alerted but when rarely or never looking away from the forward roadway
(and while not distracted, n = 595, multiple responses allowed)*
Adjusting in seat ° 31
Touching or scratching face or head © 13
Wearing sunglasses or glasses ¢ 9
Glare from sun ° 5
Tilted or leaning head on hand ° 5
Navigating a turn ¢ 3
Arm position on steering wheel blocked sensor ° 2

Note: Percentages do not always sum to 100% due to rounding errors.
2 The most common response themes are presented.

® Indicates response provided in questionnaire. ¢ Indicates response provided by participants to open-

ended "other" option.
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Table 6

Experience with drowsiness alerts (among drivers who at least rarely use system, n = 3,246)

%
In the last 30 days, how many times have you gotten the "take a break" warning?
10 or more 2
7-9 1
4-6 4
1-3 28
Never 63
Skipped 1
In the last 30 days, how many times have you gotten the "stay alert" warning with five beeps?
(among participants who got the "take a break" warning at least once, n = 1,163)
10 or more 7
7-9 4
4-6 12
1-3 37
Never 40
Skipped 1
Have you ever received the "stay alert”" warning with continual beeps? (among participants who
said they at least once received the "stay alert" warning within the last 30 days, n = 693)
Yes 21
No 63
Unsure 15
Skipped 1
Have you ever received a drowsiness warning when you were about to fall asleep? (among
participants who at least once got the "take a break" or "stay alert" warning, n = 1,163)
Yes 12
No 80
Unsure 7
Skipped 1
Have you ever received a drowsiness warning when you felt you were not drowsy? (among
participants who at least once got the "take a break" or "stay alert" warning, n = 1,163)
Yes 81
No 15
Unsure 4

Note: Percentages do not always sum to 100% due to rounding errors.

22



Table 7

Opinions of DriverFocus among entire sample, drivers who regularly use system, and drivers who use
system irregularly or never

Entire Most or every | Sometimes | p value?
sample, time, or less,
% (n = % (n =3,015) | % (n =419)
3,475)
The timing of the alerts is... <0.0001
Too soon 29 26 51
Appropriate 58 62 31
Too late 1 1 1
Unsure 11 11 16
Skipped 1 1 2
The volume of the alerts is... <0.0001
Too loud 7 5 21
Appropriate 87 90 68
Too quiet 3 3 3
Unsure 3 3 7
Skipped 0 0 1
Agree...
System can help prevent crashes 82 85 58 <0.0001
System is a good idea for all drivers 79 83 52 <0.0001
Alerts help drivers pay attention 78 82 50 <0.0001
System is a good idea for some drivers (such as young, 78 80 68 <0.0001
novice, or older)
Would feel safer if every vehicle on the road were equipped 74 77 48 <0.0001
Want it on next vehicle 70 75 39 <0.0001
System works well in all environmental and lighting 46 49 23 <0.0001
conditions (like rain or snow, in bright sun, at night, dusk,
or dawn)
System works well with clothing accessories 40 43 18 <0.0001
(like sunglasses, scarves, hats, etc.)
Alerts are annoying 44 41 67 <0.0001
Alerts are distracting 28 25 57 <0.0001

Note: Percentages do not always sum to 100% due to rounding errors.

2 P value from chi-square test comparing responses of drivers who regularly and irregularly use it.
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Table 8

Reasons for turning DriverFocus off (among drivers who turned the system off
under their driver profile and gave an explanation why, n = 133, multiple themes accepted)

%
Too many alerts 41
Annoying 40
Distracting 21
Does not work well with glasses 9
Privacy concerns 8
Don’t need it (safe, experienced driver) 8




REFERENCES

Blincoe, L., Miller, T., Wang, J.-S., Swedler, D., Coughlin, T., Lawrence, B., Guo, F., Klauer, S., &
Dingus, T. (2023). The economic and societal impact of motor vehicle crashes, 2019 (Revised)
(DOT HS 813 403). National Highway Traffic Administration.
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813403

Cox, A. E., Cicchino, J. B., Reagan, I. J., & Zuby, D. S. (2023). Prevalence of distracted driving by driver
characteristics in the United States. Journal of Safety Research, 86, 346-356.
https://doi.org/doi.org/10.1016/j.jsr.2023.07.013

Cox, A. E., Cicchino, J. B., Reagan, I. J., & Zuby, D. S. (2024). Applying the Health Belief Model to
mobile device distracted driving. Journal of Safety Research, 91, 294-302.
https://doi.org/10.1016/].js1.2024.09.014

Cox, A. E., Reagan, I. J., & Cicchino, J. B. (2025). Drivers’ use of front crash prevention, lane departure
warning and prevention, and speed warning systems. Transportation Research Part F: Traffic
Psychology and Behaviour, 110, 195-210. https://doi.org/10.1016/j.trf.2025.01.037

Dingus, T. A. (2014). Estimates of prevalence and risk associated with inattention and distraction based
upon in situ naturalistic data. Annals of Advances in Automotive Medicine, 58, 60—68.

Dingus, T. A., Guo, F., Lee, S., Antin, J. F., Perez, M., Buchanan-King, M., & Hankey, J. (2016). Driver
crash risk factors and prevalence evaluation using naturalistic driving data. Proceedings of the
National Academy of Sciences of the United States of America, 113(10), 2636-2641.
https://doi.org/10.1073/pnas. 1513271113

Eichelberger, A. H., & McCartt, A. T. (2014). Volvo drivers' experiences with advanced crash avoidance
and related technologies. Traffic Injury Prevention, 15(2), 187—-195.
https://doi.org/10.1080/15389588.2013.798409

Eichelberger, A. H., & McCartt, A. T. (2016). Toyota drivers' experiences with Dynamic Radar Cruise
Control, Pre-Collision System, and Lane-Keeping Assist. Journal of Safety Research, 56, 67-73.
https://doi.org/10.1016/j.js1.2015.12.002

Flannagan, C., LeBlanc, D., Bogard, S., Nobukawa, K., Narayanaswamy, P., Leslie, A., Kiefer, R.,
Marchione, M., Beck, C., & Lobes, K. (2016). Large-scale field test of forward collision alert and
lane departure warning systems (DOT HS 812 247). National Highway Traffic Safety
Administration. National Highway Traffic Safety Administration.

Ford Motor Company. (2025). How do I use the Driver Alert System in my Ford?
https://www.ford.com/support/how-tos/ford-technology/driver-assist-features/how-do-i-use-the-
driver-alert-system/

Fredriksson, R., Lenné, M. G., van Montfort, S., & Grover, C. (2021). European NCAP program
developments to address driver distraction, drowsiness and sudden sickness. Frontiers in
Neuroergonomics, 2. https://doi.org/10.3389/fnrgo.2021.786674

25


https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813403
https://doi.org/doi.org/10.1016/j.jsr.2023.07.013
https://doi.org/10.1016/j.jsr.2024.09.014
https://doi.org/10.1016/j.trf.2025.01.037
https://doi.org/10.1073/pnas.1513271113
https://doi.org/10.1080/15389588.2013.798409
https://doi.org/10.1016/j.jsr.2015.12.002
https://www.ford.com/support/how-tos/ford-technology/driver-assist-features/how-do-i-use-the-driver-alert-system/
https://www.ford.com/support/how-tos/ford-technology/driver-assist-features/how-do-i-use-the-driver-alert-system/
https://doi.org/10.3389/fnrgo.2021.786674

Insurance Institute for Highway Safety. (2024). Partial automation safeguard ratings.
https://www.iihs.org/ratings/partial-automation-safeguards

Kircher, K., Kujala, T., & Ahlstrom, C. (2020). On the difference between necessary and unnecessary
glances away from the forward roadway: An occlusion study on the motorway. Human Factors,
62(7), 1117-1131. https://doi.org/10.1177/0018720819866946

Klauer, S. G., Dingus, T. A., Neale, V. L., Sudweeks, J. D., & Ramsey, D. J. (2006). The impact of driver
inattention on near-crash/crash risk: An analysis using the 100-car naturalistic driving study
data (DOT HS 810 594). National Highway Traffic Safety Administration.

Liu, C., & Jianqgiang Ye, T. (2011). Run-off-road crashes: An on-scene perspective (DOT HS 811 500).
National Highway Traffic Safety Administration.

Marshall, D. C., Lee, J. D., & Austria, R. A. (2007). Alerts for in-vehicle information systems: annoyance,
urgency, and appropriateness. Human Factors, 49(1), 145-157.
https://doi.org/10.1518/001872007779598145

McCartt, A., Hellinga, L. A., & Braitman, K. A. (2006). Cell phones and driving: Review of research.
Traffic Injury Prevention, 7, 89—106. https://doi.org/10.1080/15389580600651103

McDonald, A., Carney, C., & McGehee, D. (2018). Vehicle owner's experiences with and reactions to
advanced driver assistance systems. AAA Foundation for Traffic Safety.
https://aaafoundation.org/wp-
content/uploads/2018/09/VehicleOwnersExperiencesWithADAS TechnicalReport.pdf

Mueller, A. S., Cicchino, J. B., & Calvanelli, J. V., Jr. (2024). Habits, attitudes, and expectations of
regular users of partial driving automation systems. Journal of Safety Research, 88, 125-134.
https://doi.org/10.1016/].jsr.2023.10.015

National Center for Statistics and Analysis. (2025). Overview of motor vehicle traffic crashes in 2023
(DOT HS 813 705).

National Highway Traffic Safety Administration. (n.d.). Drowsy driving. https://www.nhtsa.gov/risky-
driving/drowsy-driving

Owens, J. M., Dingus, T. A., Guo, F., Fang, Y., Perez, M., & McClafferty, J. (2018). Crash risk of cell
phone use while driving: A case-crossover analysis of naturalistic driving data. AAA Foundation
for Traffic Safety.

Palao, A., Fredriksson, R., & Lenne, M. . (2023). EURO NCAP's current and future in-cabin montoring
systems assessment. Proceedings of the 27th International Technical Conference on the Enhanced
Safety of Vehicles (ESV), Yokohama, Japan.

Ponziani, R. (2012). Turn signal usage rate results: A comprehensive field study of 12,000 observed
turning vehicles (SAE Technical Paper 2012-01-0261). SAE International.

Rakotonirainy, A., Steinhardt, D., Delhomme, P., Darvell, M., & Schramm, A. (2012). Older drivers'
crashes in Queensland, Australia. Accident Analysis & Prevention, 48, 423-429.
https://doi.org/10.1016/j.aap.2012.02.016

26


https://www.iihs.org/ratings/partial-automation-safeguards
https://doi.org/10.1177/0018720819866946
https://doi.org/10.1518/001872007779598145
https://doi.org/10.1080/15389580600651103
https://aaafoundation.org/wp-content/uploads/2018/09/VehicleOwnersExperiencesWithADAS_TechnicalReport.pdf
https://aaafoundation.org/wp-content/uploads/2018/09/VehicleOwnersExperiencesWithADAS_TechnicalReport.pdf
https://doi.org/10.1016/j.jsr.2023.10.015
https://www.nhtsa.gov/risky-driving/drowsy-driving
https://www.nhtsa.gov/risky-driving/drowsy-driving
https://doi.org/10.1016/j.aap.2012.02.016

Ranney, T. A. (2008). Driver distraction: A review of the current state-of-knowledge (DOT HS 811 299).
National Highway Traffic Safety Administration.

Regan, M. A., Hallett, C., & Gordon, C. P. (2011). Driver distraction and driver inattention: Definition,
relationship and taxonomy. Accident Analysis & Prevention, 43(5), 1771-1781.
https://doi.org/https://doi.org/10.1016/j.aap.2011.04.008

Ryan, M. (2018). Intelligent Speed Assistance: A review of the literature. https://www.rsa.ie/docs/default-
source/road-safety/r4.1-research-reports/intelligent-speed-assistance/intelligent-speed-assistance-
a-review-of-the-literature-2018.pdf?sfvrsn=3578f6f8 3 COMPANY

Scarpelli, S., Alfonsi, V., Gorgoni, M., Camaioni, M., Giannini, A. M., & De Gennaro, L. (2021). Age-
Related Effect of Sleepiness on Driving Performance: A Systematic-Review. Brain Sciences,
11(8), 1090. https://www.mdpi.com/2076-3425/11/8/1090

Schroeder, P., Wilbur, M., & Pena, R. (2018). National survey on distracted driving attitudes and
behaviors - 2015 (DOT HS 812 461). National Highway Traffic Safety Administration.

Shoots-Reinhard, B., Svensson, H., & Peters, E. (2021). Support for legislative, technological, and
organizational strategies to reduce cellphone use while driving: Psychological predictors and
influences of language. Traffic Injury Prevention, 22(7), 507-513.
https://doi.org/10.1080/15389588.2021.1964076

Subaru Corporation. (2022). 2023MY Forester Owner's Manual.
https://cdn.subarunet.com/stis/doc/ownerManual/MSASM2302A_STIS-Opt.pdf

Subaru Corporation. (2024). 2025 Ascent owner's manual.
https://cdn.subarunet.com/stis/doc/ownerManual/MSASM2502A STIS-opt.pdf

Teftt, B. C. (2014). Prevalence of motor vehicle crashes involving drowsy drivers, United States, 2009-
2013. AAA Foundation for Traffic Safety.

Teftt, B. C. (2024). Drowsy driving in fatal crashes, United States, 2017-2021. AAA Foundation for
Traffic Safety.

Volvo Cars. (2024). Driver alert. https://www.volvocars.com/en-
ca/support/car/v60/article/f57bafffba0c0468c0a80151741226d8/?search=driver%?20understanding

&page=0

Wheaton, A. G., Shults, R. A., Chapman, D. P, Ford, E. S., & Croft, J. B. (2014). Drowsy driving and risk
behaviors - 10 states and Puerto Rico, 2011-2012. MMWR. Morbidity and Mortality Weekly
Report, 63(26), 557-562.

27


https://doi.org/https:/doi.org/10.1016/j.aap.2011.04.008
https://www.rsa.ie/docs/default-source/road-safety/r4.1-research-reports/intelligent-speed-assistance/intelligent-speed-assistance-a-review-of-the-literature-2018.pdf?sfvrsn=3578f6f8_3
https://www.rsa.ie/docs/default-source/road-safety/r4.1-research-reports/intelligent-speed-assistance/intelligent-speed-assistance-a-review-of-the-literature-2018.pdf?sfvrsn=3578f6f8_3
https://www.rsa.ie/docs/default-source/road-safety/r4.1-research-reports/intelligent-speed-assistance/intelligent-speed-assistance-a-review-of-the-literature-2018.pdf?sfvrsn=3578f6f8_3
https://www.mdpi.com/2076-3425/11/8/1090
https://doi.org/10.1080/15389588.2021.1964076
https://cdn.subarunet.com/stis/doc/ownerManual/MSA5M2302A_STIS-Opt.pdf
https://cdn.subarunet.com/stis/doc/ownerManual/MSA5M2502A_STIS-opt.pdf
https://www.volvocars.com/en-ca/support/car/v60/article/f57bafffba0c0468c0a8015174f226d8/?search=driver%20understanding&page=0
https://www.volvocars.com/en-ca/support/car/v60/article/f57bafffba0c0468c0a8015174f226d8/?search=driver%20understanding&page=0
https://www.volvocars.com/en-ca/support/car/v60/article/f57bafffba0c0468c0a8015174f226d8/?search=driver%20understanding&page=0



