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EXECUTIVE SUMMARY

Introduction
Today, there are 56 million individuals aged 65 and older in the United States, some 17% of

the population. That number is expected to rise to 22% by 2050 (Vespa, Medina, and
Armstrong, 2018). Given that driving remains the primary mode of transportation for older
adult mobility (Payyanadan, Lee, & Grepo, 2018), and when coupled with a lack of
additional options, especially in rural communities (Douthit et al., 2015; Mattson, 2017),
older adults may face increased levels of isolation (Federal Highway Administration, 2017;
Lam et al., 2018). Associated age-related decrements are also likely and may lead to driving
and mobility concerns (Antin et al., 2020; Charlton et al., 2003; Evans, 1999; Oxley et al.,
2006; Vrkljan and Polgar, 2007). Specifically, age-related cognitive decline may present a
unique challenge. The goal of this effort is to explore the use of naturalistic driving data to
identify those with cognitive decline that has not yet been diagnosed via standardized testing

(pre-mild cognitive impairment or pre-MCI).

Methods
To assess the utility of naturalistic driving data in identifying individuals with pre-MCI (the

“cases”), the researchers relied on two datasets. The first represents people identified as
having pre-MCI in the New River Valley area of Virginia. The second utilizes data from an
on-going data collection effort in three sites across the United States (San Antonio, TX;
Washington, D.C., and Northern Virginia). Participants in this data collection were
delineated into either case or control groups based on answers to memory impairment
questions during screening. For all participants, the Self-Administered Gerocognitive Exam
(SAGE) was used as a cognitive assessment along with other memory-based and driving-

avoidance-based metrics collected during intake (Scharre, 2007).

Using these sources of data, metrics were calculated to evaluate the differences in driving
patterns and advanced driver assistance system (ADAS) use between the groups. ADAS
included such features as adaptive cruise control (ACC) and lane centering (LC).
Additionally, a second analysis was conducted incorporating data from the Strategic
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Highway Research Program (SHRP 2 to make comparisons between participants driving
vehicles equipped with ADAS and those without.

Results

Analysis 1
ADAS Use

Overall, results showed very low LC usage rates — of the seven participants with access to an
LC system, only three ever used the system during the study period. This was true even
though every participant drove within the operational design domain (ODD) for LC at least

20% of the time. ACC was used by 6 of the 14 participants whose vehicles were so equipped.

System Alerts

The forward collision warning (FCW) analysis revealed a strongly skewed distribution of
events across participants. One participant was responsible for 13 of the 20 events. Lane
departure warning (LDW) activations were much more common than FCW activations;
however, no reliable difference was found between the groups. Additionally, an initial
hypothesis was that drivers utilizing the LC system would experience fewer lane departure
warning (LDW) activations than those not using the LC system. Results did not support this
hypothesis; those that used the LC system had the lowest and second highest rates of LDW

activation.

Safety-Critical Events

In none of the events was ACC or LC active at the time of, or shortly before, a safety-critical
event (SCE). In 6 of 10 cases, had ACC been active, it may have played a beneficial role in
helping to mitigate the situation. Such events were those in which a lead vehicle slowed or
stopped in the lane ahead — had ACC been active, it may have started slowing prior to the

point at which the participant ultimately intervened.

Analysis 2
This set of analyses was conducted to compare mobility and crash rate data between case and

control groups driving vehicles equipped with Level 2 automation (L2) and those driving

vehicles which were not so equipped. Two analyses revealed statistically reliable results:
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average number of trips per day and average trip duration. The results showed the lowest
average number of trips per day for those in the pre-MCI group who drive vehicles with L2
features (3.59 trips) compared to those without L2 features (4.66 trips). These results are
inconsistent with other findings that there is no significant difference in driving exposure
between those with MCI and those without (Feng et al., 2021) or that those with MCI may
even engage in a greater number of trips (Staplin et al., 2019). However, in both of those
prior efforts, none of the vehicles were L2. It is conceivable that those with pre-MCI may
have enough meta-awareness to self-restrict driving, while those who have progressed to a
diagnosis of MCI have lost such awareness to one degree or another, and, so, resume driving
at prior levels. It is worth considering the low use of both ACC and LC in the current effort
may not be sufficient to boost the number of trips undertaken (i.e., presuming that such

technologies boost driver confidence).

When evaluating average trip duration, those in the pre-MCI group with L2 technologies
available tended to drive for longer (13.34 minutes) than those in the pre-MCI group without
L2 technologies (11.69 minutes). These results suggest the presence of L2 features may
support engagement in longer trips. However, when taken with the overall low utilization of
ACC and LC, these results may better be explained by other factors.

An analysis of SCE data produced results which were nearly statistically significant, showing
that with more data collected in future research efforts, this metric could become statistically
significant and important.

Conclusion

The goal of this effort was to investigate driving differences between older drivers with and
without pre-MCI. We found trends that those with pre-MCI demonstrated modest differences
compared to cognitively normal individuals in terms of mobility related metrics, especially
when driving vehicles equipped with L2 technology (regardless of the fact that these
technologies were not frequently deployed). It is feasible that as these technologies become
more widespread, those with and without pre-MCI may utilize them with greater frequency.
In addition, this study showed that driving safety may one day be able to serve as the “canary

in the coal mine” for the detection of pre-MCI.
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DESCRIPTION OF PROBLEM

Introduction

Aging Population

There are 56.1 million adults aged 65 and older in the U.S., making up approximately 17% of
the population, and that proportion is expected to rise to 22% by 2050 (Vespa, Medina, and
Armstrong, 2018). Driving remains the primary mode of transportation for older adults
(Payyanadan, Lee, & Grepo, 2018). When coupled with a lack of additional options,
especially for those older adults in rural communities (Douthit et al., 2015; Mattson, 2017),
these individuals may face increased levels of isolation (Federal Highway Administration,
2017; Lam et al., 2018). As we age, functional capability tends to decrease, leading to driving
safety and general mobility concerns (Antin et al., 2020; Charlton et al., 2003; Evans, 1999;
Oxley et al., 2006; Vrkljan and Polgar, 2007). Specifically, age-related cognitive decline may
present the greatest challenge to older adult mobility and independence.

MCI

When faced with a patient who exhibits signs of cognitive decline, a clinician may first
administer tests to rule out other psychiatric, neurological, or medical reasons for the
complaints. Criteria for diagnosing MCI vary (Albert et al., 2011; American Psychiatric
Association, 2013; Nelson and O’Conner, 2008; Petersen, 2004; Petersen et al., 1999; Portet
et al., 2006; Winblad et al., 2004). However diagnostic criteria that tend to be common across
sources include:

o Self-reported cognitive or memory concerns (sometimes corroborated by a
stakeholder)

e Objective decrements in one or more cognitive domains or memory performance

e Decrements observed do not match typical expectations for aging

e Minimal or no impacts on daily activities

¢ No presence of dementia

The prevalence of Mild Cognitive Impairment (MCI) is difficult to determine due to
individual differences in presentation and identification of cases. It has been estimated that

around nine percent of those aged 69-88 meet the criteria for dementia and around 21 percent
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of those 69 and older suffer from MCI (Knopman et al., 2016). A meta-analysis also showed
that overall, prevalence tends to increase with age, especially in men (Sachdev et al., 2015).
Pre-MClI

For those with cognitive complaints who do not meet the diagnostic criteria for MCI, a
designation of pre-MCI may be more informative. Pre-MCI describes individuals who are
fully functional but have subjective memory concerns or biological markers of impairment
(Chipi et al., 2019; Duara et al., 2011; Hendrix, 2012). Others have described individuals
with pre-MCI as experiencing greater limitations in the performance of daily tasks and
producing worse scores than neuro-typical individuals on cognitive tests (Seo et al., 2016;
Verghese, De Sanctis, & Ayers, 2022). On the other hand, Nunes et al. (2010) found that pre-
MCI may be detectable by decreased hippocampal volume, even in the absence of significant
changes in neuropsychological tests. Additionally, biomarkers for amyloid and tangled tau
proteins are characteristic of the condition. Unfortunately, these markers have not yet proven
reliable in assessing severity or measuring progression (Zhou, Benoit, and Sharoar, 2021).
However, self-ratings of impairment, have been shown to be reasonable determinates of pre-
MCI, primarily in the earlier stages (Jessen, 2014). At very early stages of impairment,
patients may retain the insight needed to notice changes over time. However, as the disease
progresses, a loss of insight can affect subjective ratings at which point objective cognitive
testing may be necessary.

Driving Behavior as a Marker for Pre-MCI

Errant driving behaviors may also serve as an early warning sign for pre-MCI, the virtual
‘canary in the coal mine’ (Babulal, Johnson et al., 2021; Davis et al., 2020; Roe, Barco, et al.,
2017). Using naturalistic driving data collected from neurotypical adults aged 65 and older,
along with imaging for Amyloid, CSF measurements for tau, genetic testing for
Apolipoprotein E (APOE), and psychological testing, Babulal, Johnson et al., (2021) were
able to accurately predict driving performance. Results suggest that driving behaviors such as
hard braking and acceleration, travel time, and speeding may function as an early indicator
for pre-AD. Using the same data, Roe, Barco et al. (2017) showed that CSF biomarkers with
amyloid and tau taken together proved to be correlated with driving errors. An additional

analysis showed that higher values of tau collected via CSF and phosphorylated tau both
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were predictive for time to marginally pass or fail an on-road driving test using Cox
proportional hazards. Finally, the Amyloid/Tau/Neurodegeneration (A/T/N) classification
system has been used to describe the various combinations of relevant biomarkers (Delmotte
et al., 2021). Using this system, abnormal levels of amyloid and tau were predictive of time-
to-fail (or marginally passing) during on-road testing (Roe, Babulal, 2018). However, neither
self-reported driving patterns nor time to receive a failing during on-road driving evaluations

revealed a difference between the neurotypical and suspected AD groups.

Amyloid levels detected via imaging have also been shown to be related to traffic violations
and crashes (Ott et al., 2017). Using driving questionnaires in conjunction with such imaging,
the authors showed that those with both pre-MCI and dementia had a higher rate of crashes
than the neurotypical group (9.5 and 9.2 crashes per 1000 miles compared with 2.5).
Additionally, results showed a non-linear relationship between the standardized uptake value
ratio (SUVR - a method of determining brain activity in imaging) and the proportion of
participants with any traffic violation or crash. As the SUVR increased, so did the proportion
of participants with violations or crashes, until a peak where it decreased again as SUVR
continued to increase. However, this pattern was not a differentiator between groups, as it

was evident for both neurotypical adults as well as adults with MCI and dementia.

Clinical dementia rating (CDR) scores have shown predictive power in determining time to
failure of an on-road driving test both over a two-year term (Duchek et al., 2003) and a 24-
year term (Stout et al., 2018). While both studies produced similar results, Stout and
colleagues also found that higher levels of CDR and biomarkers predicted driving cessation.
Predictions were valid, even for drivers in the preclinical stage of the disease; that is, levels
not typically associated with symptomatic disease still predicted a faster rate of driving
cessation.

Self-Regulation

Naturalistic driving studies have shown an increase in self-regulation in older adults with
pre-clinical or AD (Dauvis et al., 2020; Roe, Stout et al., 2019). When drivers with and

without cerebral amyloidosis were compared against symptomatic AD patients, results
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showed higher rates of hard braking, hard accelerating, and instances of speeding for both
control groups (i.e., those with or without amyloid plaques, but not symptomatic early AD)
and those with early AD. Those who tested positive for cerebral amyloidosis (but no
diagnoses of AD) showed lower rates of events than either those with early AD or those
without amyloidosis. This suggests self-regulating behavior may be occurring prior to
developing symptomatic illness (Davis et al., 2020). In a naturalistic study, cognitively
normal drivers with pre-clinical AD, as evidenced by the presence of brain amyloid, also
showed elements of self-regulatory behavior. Participants drove to fewer places or unique
locations, traveled fewer days, and took fewer trips than those without pre-clinical AD.
Additionally, drivers with pre-clinical AD noted more reliance on others for transportation as
well as showing a greater reduction in the number of days traveled per month (Roe, Stout et
al., 2019). CSF amyloid has also been associated with self-reported navigation difficulties in
neurotypical older adults. Those with self-reported poorer navigation abilities likewise were
also more likely to have reported reduced driving, potentially self-restricting exposure
(Allison et al., 2018).

Advanced Driver-Assistance Systems

Vehicles equipped with advanced driver assistance systems (ADAS) or automated driving
features may afford additional driving safety benefits for the older driver (Classen et al.,
2019; Liang, Antin, Lau & Stulce, 2021). Extrapolating, these may also support independent
mobility for those with pre-MCI. The Society of Automotive Engineers (SAE) J3016
describes the taxonomy of automated driving from Level 0 (no automation) to Level 5 (full
automation; SAE, 2021). A vehicle with level 2 automation features both lateral (e.g., lane
centering, LC) and longitudinal (e.g., adaptive cruise control, ACC) automated driving
elements operating simultaneously; however, under Level 2, the driver/operator is still

required to maintain supervision over the vehicle at all times.

How drivers interact with these systems has been explored with neuro-typical older adults.
Results have shown that older adults prefer systems that inform the driver (such as blind spot
warnings [BSW]) as opposed to those that intervene and take control (such as lane keep

assist [LKA]). However, of note is that older adults expressed increased confidence and
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openness to using such systems over a six-week period suggesting exposure is a key factor of
acceptance (Liang et al., 2018). Other factors deemed important for older driver acceptance
include demonstration and video-based training (Zahabi et al., 2021). Older drivers have
reported difficulties interacting with ADAS, even in the absence of trust or acceptance

disparities with younger drivers (Neuhuber, et al., 2020).

However, the interaction between older adults with pre-MCI and vehicles equipped with

Level 2 features has not been explored.

APPROACH AND METHODOLOGY

Analysis 1

Objective

The objective of this research effort is to compare the driving behaviors of those with pre-
MCI to those without, both with and without the benefits of ADAS. In addition to the use of
driving behaviors and safety outcomes as tools for early dementia detection, we were also
interested in examining whether the presence of pre-MCI has a meaningfully detrimental
effect on driving safety for these individuals and all those with whom they share a vehicle or

the road.

To this end, two analyses were conducted. Analysis 1 evaluated newly collected data;

Analysis 2 evaluated previously collected data.

Method
Data for this analysis were gleaned from two naturalistic driving studies (NDS):

1. Pre-MCI - These data were collected from participants dwelling in the New River
Valley area of Virginia from September 2021 to November 2021.

2. VTTI L2 NDS - These data were collected from participants dwelling in San
Antonio, TX and in the Washington, D.C. and Northern Virginia areas from January
2020 to April 2023.
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Participants

Subjective complaints of memory or cognition problems were used to determine pre-MClI
status. Potential participants were screened prior to enrollment based on answers to the
following questions:

Do you find yourself forgetting appointments, meetings, or important events?
Do you often lose items and cannot find them?

Do you suffer from increased irritability, anxiety, or depression?

Have you gotten lost, turned around, or confused while driving in familiar areas?
Do you find it difficult to use a GPS or similar type of device?

I

Those that answered yes to one or more questions were placed into the pre-MCI group (n=7)
while those who did not answer yes to any of these questions were placed into the control
group (n=8). Below presents participant source and breakdown of those into experimental
and control groups while Table 1 shows participant demographics and vehicle details.

Table 1. Participant Selection Source and Group Allocation

Participant Source Cases | Controls Total

New River Valley, VA 6 0 6

San-Antonio, TX; Washington, D.C. 1 8 9

Total 7 8 15
Apparatus

The current effort consisted of two primary data collection modalities, the VTTI Data
Acquisition System (DAS) and the Self-Administered Gerocognitive Exam (SAGE —
Scharre, 2007). This research was approved by the Virginia Tech Institutional Review Board
(IRB 20-699 and IRB 20-887).

A VTTI DAS unit was installed in the participants’ primary vehicle to collect driving data
from sensors (e.g., GPS, accelerometer, rate-gyro), vehicle network (e.g., speed, L2 status),
and video camera views (e.g., face, forward, and instrument panel - Figure 1). All sensors
collected data at their native frequency and aligned based on a universal time stamp in
VTTI’s proprietary data analysis software (Figure 2). All data were continuously collected
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from key-on to key-off and were written to an encrypted local drive in the DAS. Vehicle data
were collected for approximately one month per participant; however, the amount varied due
to data gaps for some participants. In such cases, an estimated “month” of trips was analyzed.

Figure 1. VTTI DAS camera views: face, instrument panel, and forward.
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Figure 2. Proprietary VTTI analysis software allows researchers to step through time-aligned video and data for analyses.

The VTTI DAS is designed to be as unobtrusive as feasible, given its robust set of
capabilities. The main unit of the system was mounted under the driver footwell or in the
trunk area of the vehicle. in an orientation so as to not impede driving. Participants were not
required to interact with this portion of the system but were, in some instances, required to
swap hard drives. In such instances, a cable was routed to relocate the USB plug to the glove
box for ease of access.
Data
ADAS Data obtained from the vehicle network such as ACC status, LC status, and LDW
status were compared with vehicle kinematic data (e.g., lateral and longitudinal g-forces) and
video (e.g., face and forward views). Vehicle network data could not be collected from one
vehicle in the case group.

Safety-Critical Events
The number of, and validity of, safety-critical events was determined by searching for
longitudinal high g-force events. As noted above, each DAS installation differed to some
degree, so acceleration values were not normalized across vehicles in the pre-MCI dataset.

Thus, to search for relevant events, researchers sought a vehicle/driver specific criterion
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where there were fewer than 20 potential events to review. To do so, researchers deployed a
titration-like process using 0.05 increments until the desired number of unique potential
events remained.

Unlike the pre-MCI data described above, the VTTI L2 NDS accelerometer data were
normalized. Therefore, threshold values of > 0.5g and < -0.65g along the longitudinal axis
were used and values > 0.75g and < -0.75g were used for the lateral axis as per Perez et al.
(2017). Potential events were then submitted to a video review process to determine whether
it was a valid crash-relevant conflict (e.g., a near-crash or crash). Definitions utilized for
these categorizations are as follows:

1. Crash-relevant conflict: Any circumstance that requires an evasive maneuver on the
part of the subject vehicle or any other vehicle, pedestrian, cyclist, or animal that is
less urgent than a rapid evasive maneuver (as defined below in Near Crash), but
greater in urgency than a “normal maneuver” to avoid a crash. A crash avoidance
response can include braking, steering, accelerating, or any combination of control
inputs. Crash Relevant Conflicts must meet the following four criteria:

a. Not a Crash. The vehicle must not contact any object, moving or fixed, and
the maneuver must not result in a road departure.

b. Not pre-meditated. The maneuver performed by the subject must not be pre-
meditated. This criterion does not rule out Crash Relevant Conflicts caused by
unexpected events experienced during a pre-meditated maneuver (e.g., a
premeditated aggressive lane change resulting in a conflict with an unseen
vehicle in the adjacent lane that requires a non-rapid evasive maneuver by one
of the vehicles).

c. Evasion required. An evasive maneuver to avoid a crash was required by
either the subject or another vehicle, pedestrian, animal, etc. An evasive
maneuver is defined as steering, braking, accelerating, or combination of
control inputs that is performed to avoid a potential crash.

d. Rapidity NOT required. The evasive maneuver must not be required to be

rapid. Rapidity refers to the swiftness of the response required given the
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amount of time from the beginning of the subject ’s reaction to the potential
time of impact.

2. Near-crash: Any circumstance that requires a rapid evasive maneuver by the subject
vehicle or any other vehicle, pedestrian, cyclist, or animal to avoid a crash. Near
Crashes must meet the following four criteria:

a. Not a Crash. The vehicle must not contact any object, moving or fixed, and
the maneuver must not result in a road departure.

b. Not pre-meditated. The maneuver performed by the subject must not be
premeditated. This criterion does not rule out Near Crashes caused by
unexpected events experienced during a pre-meditated maneuver (e.g., a
premeditated aggressive lane change resulting in a conflict with an unseen
vehicle in the adjacent lane that requires a rapid evasive maneuver by one of
the vehicles).

c. Evasion required. An evasive maneuver to avoid a crash was required by
either the subject or another vehicle, pedestrian, animal, etc. An evasive
maneuver is defined as steering, braking, accelerating, or combination of
control inputs that is performed to avoid a potential crash.

d. Rapidity required. The required evasive maneuver must also require rapidity.
Rapidity refers to the swiftness of the response required given the amount of
time from the beginning of the subject ’s reaction and the potential time of
impact.

3. Crash: Any contact that the subject vehicle has with an object, either moving or
fixed, at any speed. Also includes non-premeditated departures of the roadway where
at least one tire leaves the paved or intended travel surface of the road.

Safety Alerts
Two analyses evaluated the presence of vehicle-based safety alerts: LDW and FCW. In both
cases, after events were identified, a member of the research team validated those events.
LDW validation removed instances of:

e Purposeful lane changes
e Lane position change due to roadside threats or large passing vehicles
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e No lane line visible, such as a newly paved roadway
e Temporary lane marking (e.g., construction zones)

FCW validation removed instances of:

e Parking in home garage
e Events less than five mph
e Off-road events

Questionnaires
Additional data selected for analyses come from a questionnaire administered during the
intake session and covers various topics such as demographic information, memory, and
driving avoidance behaviors (Appendix A).

SAGE

The Self-Administered Gerocognitive Exam (SAGE) assessment is self-paced and requires
no specialized knowledge or experimenter intervention to complete. It is typically completed
within five to ten minutes. Additionally, a scoring rubric is available to ensure consistent
scoring. Validation studies have shown SAGE to be an accurate metric (Meara et al., 2018;
Scharre, Chang, et al., 2010; Scharre, Nagaraja, et al., 2021).

SAGE scores range from 0 to 22 points with additional points assigned to those over the age
of 80 or those with fewer than 12 years of education).
Procedures

In-Person Interaction
As noted above, the SAGE was used to categorize participants into case or control groups. In
addition, SAGE scores were also used to determine study eligibility. Scores < 11 (suggestive
of dementia, Scharre, Chang, et al., 2010) served as the eligibility cutoff. No participant was
eliminated based on this criterion. The SAGE instrument, its scoring rubric, and a contact
letter in case of a low score are presented in Appendices A, B, and C, respectively.
During the first in-person visit, the research team obtained informed consent. Following the
consent session, an intake questionnaire was administered, and the DAS was installed in the
participant’s vehicle. Participants completed electronic assessments. Assessments collected
data including self-identified memory concerns, health conditions, and driving preferences

(Appendix A). As the installation process could take up to four hours, participants were
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offered a ride by study personnel, or they were offered compensation for rideshare
transportation. Once the DAS installation was completed, the participant was given an
overview of the DAS kit installed in his/her vehicle.

Remote Interaction
Several participants were already engaged in another data collection effort for VTTI. For
these participants, a phone call was used to gauge their interest in also participating in the
current effort. Following a verbal indication of interest, the research team contacted the
participant for a verbal consent session via phone or Zoom. Following consent, participants
completed the intake questionnaire. As the larger data collection effort had been underway
for much longer than the current study, the month of driving data immediately following the
return of the SAGE was utilized in the current analyses. In cases where participants’ vehicles

were already deinstalled from the larger effort, the last month of data collected was used.

Analysis 2

Objective

Analysis 2 leverages previously-collected SHRP 2 data to afford comparisons not only
between those in the case and control group, but between vehicles equipped with L2 and
those not so equipped.

Method

Additional data for Experiment were extracted from the SHRP 2 NDS dataset, a large-scale
NDS which collected data from six sites across the U.S. from 2010 - 2013.

Participants

Overall, 3,247 individuals aged 16-98 participated in the SHRP 2 NDS. Only those 70+ were
included in the current analysis. The resulting sample is presented in Table 2 below.
Participants from all sites (Florida, Indiana, New York, North Carolina, Pennsylvania, and

Washington) were included. No vehicles were equipped with ACC or LC.
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Table 2. SHRP 2 Participant Demographics by Group Allocation

Group Age Gender

Group | Female Male Total
Control 70-74 9 18 27
Control 75-79 16 30 46
Control 80-84 11 14 25
Control 85-89 2 11 13
Control 90-94 0 1 1
Control 95-99 1 0 1

Total 39 74 113
Case 70-74 46 57 103
Case 75-79 64 86 150
Case 80-84 51 36 87
Case 85-89 17 18 35
Case 90-94 2 1 3

Total 180 198 378

Apparatus

A VTTI DAS was utilized to collect driving data from participants’ primary vehicle. The

DAS incorporated g-force, GPS, and alcohol sensors as well as video and forward radar. The

resulting continuous data stream includes over 32 million miles, 900,000 hours of in-vehicle

time, and 5.5 million trips (Antin et al., 2019). An example video view is presented in Figure

3. Further details about data collection methods and sampling procedures are available from
Antin et al. (2019) and Blatt et al. (2014).
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Figure 3. SHRP 2 video views (note face shown is that of an experimenter, not a participant).

Data
In addition to the naturalistic data collected via the DAS above, this effort used clock
drawing scores to determine the allocation of SHRP 2 participants into case or control

groups. The clock drawing scoring system produces a range of one to five as shown in
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Table 3 (Dingus et al., 2014). For this effort, scores of two were considered pre-MCI cases
while a score of one denoted a control. Scores > 3 were deemed to possibly represent MCI or
dementia-level impairment, and so these individuals were not included in the current

analysis.

Table 3. Clock Drawing Score Descriptions and Group Placement

Score Description Group Assighment

1 Ostensibly Perfect Control
2 Minor visuospatial errors Case (Pre-MClI)

3a Inaccurate time, good visuospatial Possible MCI

3b Inaccurate time, minor visuospatial errors Possible MCI
4 Moderate visuospatial errors Possible MCI
5 Severe visuospatial errors Possible Dementia
6 No reasonable representation of a clock Possible Dementia

Therefore, the experimental design of Analysis 2 is as follows in Table 4:

Table 4. Experimental Design

Pre-MCI
Yes No
v Yes
7))
@  Current n=7 n=8
8 Collection
<
2
No N _
g (SHRP 2) n=378 n=113
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FINDINGS, CONCLUSIONS, RECOMMENDATIONS

Analysis | Results
Intake Assessment

Assessment Independence
An analysis showing the relationship between the participants’ score on the SAGE and their
allocation to the case or control group (based on answers to screening questions) is presented
below. A logistic regression was used to calculate the likelihood that SAGE score, the
proportion of affirmative answers to memory questions, and the proportion of driving
scenario avoidance (“often” or more frequently selected) could predict allocation into the
control or case group (Table 5).

Table 5. Logistic Regression Results for SAGE Score, Memory Answers, and Driving Avoidance

95% Confidence
Variable Coefficient SE P-value  Odds Interval
Ratio Lower  Upper
SAGE Score 0.13 0.31 0.67 1.14 0.62 2.08
Memory Answers 2.86 2.74 0.30 17.51 0.08 1000
Avoidance -6.61 5.21 0.21 0.01 0.01 37.07

These results suggest that none of the three scores could accurately predict group allocation.

Means and standard deviations for each of the three factors are presented in Table 6.

Table 6. Means and Standard Deviations by Group

SAGE score Driving Scenario Proportion Affirmative
Mean (SD) Avoidance Proportion Answers to Memory
Mean (SD) Questions
Mean (SD)
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Case (n=7) 20.86 (1.86) 0.06 (0.06) 0.40 (0.28)
Control (n=8)  20.0 (2.98) 0.13 (0.15) 0.28 (0.21)

We evaluated the relationship between SAGE scores and driving avoidance as well as
affirmative answers to memory questions. A Pearson correlation was computed and showed
no statistically significant correlation between the SAGE score and driving avoidance
(correlation coefficient of 0.02 and p=0.93, Figure 4) or memory answers (correlation
coefficient of 0.31 and p=0.27, Figure 5).

Proportion of Answers to Avoiding Driving
Scenarios "Often" or More Frequently (n=15)
1
0.8
c
o
S 06
8
o 04 ®
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0.2 o —
[ J
0 { { o o
0o 2 4 6 8 10 12 14 16 18 20 22
SAGE Score

Figure 4. Driving avoidance by SAGE score.
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Proportion of Affirmative Answers to Memory
Questions (n=15)
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Figure 5. Affirmative answers to memory questions by SAGE score.

Naturalistic Data

Safety Critical Events
Results from the safety critical event (crash, near-crash, and crash-relevant conflict) analysi
showed that very few drivers experienced such an event (Figure 6). In total, six participants
contributed to the total of ten events, with four participants each responsible for two events
(Table 4).

Count of Safety-Critical Events by Group

W Case (n=6) MW Control (n=8)

5
4
=3
3
o 2
- | ] I
0
Crash Near Crash Crash-Relevant
Conflict

Figure 6. Count of crashes, near crashes, and crash-relevant conflicts by group.

S
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Furthermore, Table 7 presents descriptions of each of the safety critical events along with the

utilization of ACC or LC, and whether it was theoretically possible to use such systems

(based on vehicle speed and roadway conditions). In no cases was ACC active immediately

prior to or during any of the safety critical events.

Table 7. Description of safety-critical events and ADAS systems

Event Type ACCorLC Scenario
Driver Group Possible
177 Contro Near Crash Yes Both  Lead vehicle slowed in lane ahead.
I
319 Contro Crash Relevant Yes Both Lead vehicle turning into parking lot.
I Conflict
319 Contro Crash Relevant Yes Both  Driver slows suddenly due to unknown
I Conflict scenario [forward camera video not
available].
992 Contro Crash Relevant Yes Both  Driver changes lanes to avoid vehicle on the
I Conflict side of roadway and encounters a slowing
lead vehicle.
572 Case Near Crash Yes Both  Driver brakes to avoid squirrel in road.
572 Case Crash Relevant None Lead vehicle slowed in lane ahead.
Conflict
573 Case Crash None Driver selects wrong gear and pulls forward
into curb.
573 Case Near Crash Yes Both  Driver brakes to avoid squirrel in road.
1147 Case Near Crash Yes Both  Lead vehicle stopped in roadway, obscured
by curve and vegetation.
1147 Case Crash Relevant None Driver makes wide turn while turning onto

Conflict

another roadway and brakes before hitting

another vehicle.
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Mobility

Quantity
A t-test conducted to compare the number of trips taken per driving day for the case vs.

control groups revealed no significant difference (t=-1.06, p=0.308, Figure 7).

Average Trips Per Driving Day by Group

MW Case (n=6) M Control (n=8)

Trips

O = N W b~ U1 O

Figure 7. Average number of trips per driving day by group.

Average Duration per Trip
T-tests revealed no significant differences for average daily duration (t=-0.29, p=0.775,

Figure 8) or average trip duration (t=0.23, p=0.823, Figure 9).
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Figure 8. Average trip duration per driving day by group.
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Figure 9. Average duration per trip by group.
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ADAS Use

Proportion of Trips

Of the fourteen participants with ACC-equipped vehicles, only six ever used the system

during the study period (3 each from the control and case groups). Figure 10 shows the

proportion of trips in which ACC was utilized by these participants.

Proportion of Trips ACC Utilized
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Figure 10. Proportion of trips in which ACC-equipped vehicles utilized ACC for at least part of the trip.

A similar analysis was completed to evaluate the proportion of trips where the LC system

was utilized (Figure 11). Of the seven total vehicles equipped with the LC system, only three

(42.9%) used the system at any point.

Proportion of Trips LC Utilized

@ Case (n=3) @ Control (n=4)
0.8
0.6
0.4
0.2
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319 623 301

Figure 11. Proportion of trips in which LC-equipped vehicles utilized LC for at least part of the trip.
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Proportion of Time
An analysis of the proportion of time that ACC and LC systems were utilized was performed.

To provide an accurate comparison, the proportion of time the vehicle traveled faster than 25
mph is also provided. Vehicle manufacturers indicated ACC system use for greater than 25
mph at initial setting and greater than 45 mph for LC. As shown in Figure 12, the proportion
of time above 25 mph was at least 0.2 for every participant except for one. Despite traveling
within the operational design domain (ODD) for ACC, very little use was observed during
ODD (ACC: 0.04 to 0.35 for six participants). The analysis focusing on proportion of time
above 45 mph revealed that 7 of 14 (50%) of participants spent a small proportion of time
(0.20) above 45 mph. For those with LC-equipped vehicles, only 3 of 7 (43%) participants
spent a greater than 0.20 proportion of time above 45 mph. Overall, LC use was minimal -

the greatest proportion of LC use among all participants was 0.11.

Proportion of Time Above 25 and 45 mph, ACC Active, and LC
Active (n=14)

W Above 25 mph B Above 45 mph BACC Active BLC Active

otlhmhhhhkhhhkh

993 138 992 177 575 573 1147 1039 169 623 319 301 185 572

Proportion
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Control Case Control Case

ACC Equipped Vehicle ACC & LC Equipped Vehicle

Figure 12. Proportion of time above 25 mph, ACC active, and LC active by group and system configuration.

The resulting analysis using the general linear model and a binomial distribution showed no
statistically significant differences for any of the three metrics: proportion of ODD time (i.e.,
above 25 mph, F=0.35, p=0.564), proportion of ODD time (i.e., above 45 mph, F=0.32,
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p=0.585), and proportion of time ACC active (F=0.20, p=0.664 - Figure 13). No inferential

statistics were conducted for the proportion of time LC was active due to the low number of

observations.

Proportion of Time Above 25 Mph, ACC Active, 45 Mph,
and LC Active

l Case (n=6) © Control (n=8)
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Above 25 mph ACC Active Above 45 mph LC Active
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ACC Possible LC Possible

Figure 13. Proportion of time above 25 mph and 45 mph, ACC active, and LC active by group.

LDW Rate

LDW rate per trip were compared between groups. In total, 211 valid warnings were issued

across all participants. Figure 14 shows the rate of warnings per trip.
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Figure 14. LDW per trip (hashed bars represent participants who engaged LC at some point during participation).

Figure 15 shows overall rate of valid warnings by group; a t-test revealed no statistically

significant differences between the groups (t=-0.89, p=0.393).
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Figure 15. LDW per trip by group.
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FCW Rate
Rate of FCW were compared between groups. A total of 20 valid activations occurred across

all participants. Figure 16 shows the rate of FCW activations per trip.

FCW Activations Per Trip
B case (n=6) B control (n=8)
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Figure 16. FCW rate per trip.

We also examined valid FCW by group (Figure 17). It is worth noting that one participant, a
control (177), accounted for 13 of 20 (65%) valid FCW.
Analysis 1 Discussion
The goal of this effort was to investigate the possibility that participants with pre-MCI may
exhibit differences in driving behavior compared to those without pre-MCI, prior to detection
with standardized cognitive evaluations. In addition, we wanted to examine the impact of the
presence and usage of ADAS features on the driving behaviors of these two groups. At a
high level, the analyses did not reveal any meaningful statistically significant findings
between the groups.

ADAS Use
Overall, results showed very low LC utilization — of the seven participants with access to LC,
only three activated it during the study. The lack of utilization was present even though the
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proportion of time above 45 mph was at least 0.2 for each participant. The authors had
expected a higher proportion of participants to have used the LC system at least once during
the data collection. An initial hypothesis was that drivers utilizing the LC system would
experience fewer LDW activations than those not using the LC system. Results did not
support this hypothesis; those that used the LC system had both the lowest as well as second
highest rates of LDW activation. One participant who received several LDW, appeared to
spend quite a bit of time driving on a narrow two-lane roadway. This is a location that both a)
affords a high opportunity to trigger a LDW activation as well as b) a roadway in which the
LC system was specifically outside of its ODD and therefore not likely to be effective in that

situation.

Additionally, results showed a moderate use of ACC (6 of 14 or 42.8%). This result shows
that almost half were utilizing the system at some point during trips. However, the authors
expected to see higher adoption rates. It may be that participants simply did not spend as
much time traveling on roadways designed for system use. For example, those in rural areas
may often travel on winding roadways where they do not feel comfortable using ACC.
Additionally, if a high proportion of trips are to nearby areas, there simply may be no need to
use ACC.

Safety-Critical Events
In none of the safety-critical events was ACC or LC active either at the time of or shortly
before the event. Interestingly, in 60% (6 of 10) cases, had ACC been active, it may have
played a beneficial role in mitigating the situation. Events were considered mitigatable if a
lead vehicle slowed or stopped in the lane ahead — had ACC been active, it very likely would
have started slowing prior to the point at which the participant intervened. No safety critical
events were the result of a lane departure and thus it is unlikely that the presence of LC in
any of the situations would have been beneficial. The only safety-critical events in which
ACC would likely not have afforded any meaningful degree of mitigation were those caused

by animal-vehicle interactions.
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Case Studies
In nearly all transportation research, participants are allocated to specific groups and analyses
are conducted to determine differences between groups. While required to have a sufficient
sample size suitable for inferential testing, collapsing across participants may also obscure
highly relevant findings or information. This effect may be especially pronounced in
exploratory works such as this. Below, two case studies are presented and the results from
these individual participants can be used for hypothesis generation in future research efforts.

Participant 177
Participant 177 is a 74-year-old male who lives in the Washington D.C. area and drives a

2018 Subaru equipped with ACC, but no LC system. He received a top score on the SAGE
and only answered in the affirmative in three out of nine memory questions (forget
something he just read, not as sharp as he used to be, and trouble recalling words). He noted
avoiding the following driving scenarios: icy conditions, unprotected left turns, and complex

intersections.

He drove the second-most trips per driving day of anyone included in the study (7)
suggesting he drives frequently, despite his noted avoidances, and for an average of 21
minutes per trip. Duration is likely affected by his proximity to a major city. This participant
was involved in one near-crash event which involved his slow response to a slowing lead
vehicle. He was not utilizing any ADAS features at the time; however, he did have ACC
available to him and it may have been beneficial in intervening sooner than he did. He was
responsible for 65% of all FCWs issued and had the highest rate of anyone in the study (0.15
per trip). He was also responsible for 11% of all LDWs issued. On only four trips did he
utilize ACC, each of which occurred on a major four-lane divided highway or interstate.
Even though this participant was not revealed to have cognitive impairment via the SAGE
assessment, he still was responsible for a large number of FCW and LDW events as well as
one near crash. His driving clearly reflects someone who poses an increased crash risk, but
no dementia or MCI was reflected in his cognitive evaluation. Perhaps his situation
represents the proverbial ‘canary in the coal mine’, wherein cognitive tests are not

sufficiently sensitive to reveal any problems, but his personal feelings and driving
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performance suggest that some degree of cognitive impairment may, in fact, be present
(Babulal, Johnson et al., 2021; Davis et al., 2020; Roe, Barco, et al., 2017).

With a larger sample size, more such individuals may become apparent thus revealing a need
to lean on driving performance data as a potential leading indicator of cognitive impairment,

prior to that which may be revealed by standardized metrics.

Participant 319
Participant 319 presents another interesting case study. This individual an 80-year-old male

who lives in the San Antonia area and drives a 2018 Honda with ACC and LC systems. He
also received a top score on the SAGE yet responded in the affirmative to memory issues in
six out of the nine memory questions and indicated that he chooses to avoid driving in five of

the 12 driving scenarios.

He is in the top 33% of participants for number of trips driven per day (4.5) with an average
duration per trip of 16.8 minutes. In his case, duration may also be slightly elevated given his
proximity to a major city. This individual was involved in two crash-relevant conflicts. The
first involved a slowed reaction time to a lead vehicle slowing and turning into a parking lot
while the nature of the second is unknown because the forward video was unavailable;
however, the participant clearly braked hard while showing strained emotions and making
utterances while traffic in the adjacent lane proceeded normally. As the true nature of the
scenario could not be determined without corroborating video, a lower severity rating was
assigned. In both cases an ACC system may have proved beneficial; however, neither ACC

nor LC systems were active at the time of the event.

This driver was not revealed to have any cognitive impairment; however, as noted above he
admitted to memory complaints as well as actively avoided driving in certain situations. A
logical conclusion of such behavior is that his meta-cognitive status is such that he is aware
of degraded driving performance and is taking steps to minimize exposure to the situations he

finds most difficult or daunting.
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Figure 17. FCW rate per trip by group.

Analysis 2 Results
Mobility

The average number of trips taken per driving day were compared between those with access

to ADAS features and those without as well as by cognitive status group. A Chi-square test

of independence revealed a significant difference (x> = 54.04, p < 0.001); see (Figure 18 and

19).
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Average Number of Trips Per Day by L2
Availability and Group
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Figure 18. Average number of trips per driving day by group — group comparison.
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Figure 19. Average number of trips per driving day by group — L2 comparison.

Duration

A Chi-square test of independence revealed a statistically significant difference comparing

group membership and L2 availability (y*= 102.93, p<0.001) and is presented in Figure 20

and 21.
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Average Trip Duration by L2 Availability and
Group
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Figure 20. Average trip duration by L2 availability and group — group comparison.
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Figure 21. Average trip duration by L2 availability and group — L2 comparison.

Safety Critical Events

For the following analysis, all safety-critical events were grouped together, regardless of
severity, to create a large enough sample size to conduct meaningful inferential statistics. A
Chi-square test of independence was conducted on group and L2 availability — it showed no
statistically significant effects (x* = 3.55, p=0.059) and is presented in Figure 22 and 23.
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Number of Safety Critical Events Per Hour of
Driving by L2 Availability and Group
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Figure 22. Safety critical event rate per 100 driving hours — group comparison.
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Figure 23. Safety critical event rate per 100 driving hours — L2 comparison.

Analysis 2 Discussion

Analyses were conducted to compare mobility and safety critical event rate data by cognitive
status group membership and L2 availability. Two analyses revealed statistically reliable
results: average number of trips per day and average trip duration. Results showed the lowest
average number of trips per day for those in the pre-MCI group driving vehicles with L2

features. Results of current analyses are not consistent with other findings. For instance, Feng
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et al. (2019) found no significant difference in driving exposure for those with MCI vs. those
without, and Staplin et al. (2019) found that those with MCI may even engage in a greater
number of trips compared with cognitively normal individuals. However, those analyses
were conducted with non-L2 vehicles. It is also conceivable that those with pre-MCI may
have sufficient meta-awareness to realize the safety benefits of self-restricting their driving.
The SHRP 2 data (i.e., those without access to L2 features) did not show the same pattern —
those in the pre-MCI group and those in the control group drove a virtually identical number
of trips per day. At a high level, it appears that technologies designed to improve safety and
mobility are not producing the expected results. However, low usage rates may play a large
role in that outcome. As today’s younger drivers age into the older adult category in coming
years, they may be more used to such technologies and more willing to engage and reap their

benefits.

When evaluating average trip duration, those in the pre-MCI group with L2 technologies
available tended to drive for longer (13.34 minutes) than those in the pre-MCI group without
the technologies (11.69 minutes). Those in the pre-MCI group driving vehicles with L2
technologies also tended to drive for longer durations than those in the respective control
group (12.75 minutes). Those in the SHRP 2 collection showed no difference in trip duration
by group (pre-MCI: 11.69 minutes, control: 11.85 minutes). These results suggest the
presence of L2 features may support engagement in longer trips. However, when taken with
the overall low L2 usage rate, these results may be better explained by other factors.

One such unexplored element may be driver confidence. The presence of safety features
(used or not) may improve the participant’s level of confidence, simply knowing the systems
are available if needed. It is also interesting to note that those with L2 technologies tended to
drive for longer durations than their non-L2 SHRP 2 counterparts. While average durations
were higher regardless of pre-MCI status for the L2 group, the highest average duration was

those in the pre-MCI case group with access to L2.

The safety-critical event (SCE) analysis produced results which were nearly significant and

may be instructive for future research hypotheses. Results demonstrated a trend suggesting
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cases might have a higher SCE rate than controls, when both groups were driving L2-
equipped vehicles. It is possible that that the cases had reduced understanding of the L2-
equipped vehicles’ capabilities and limitations as well as the L2 ODD.

General Discussion

Even though we were unable to detect a strong trend for driving metrics serving as the
“canary in the coal mine” for pre-MCI, we did find case studies that followed such a pattern.
Again, with more data, future studies may be able to show this factor more definitively.

Our findings are consistent with other work not utilizing biomarkers which has shown that
older adults with MCI have been shown to exhibit shorter time-to-collision during simulated
driving than healthy controls, but otherwise have a minimal impact on driving performance
(Frittelli et al., 2008). With respect to driving avoidance and affirmative answers to memory
questions, a conceivable intervening variable is the level of metacognition. Presumably, as
cognitive faculties decline, one’s ability to accurately evaluate oneself may also decrease. A
natural result may be less avoidance of driving scenarios and fewer admissions of memory
issues. Older drivers have been known to self-regulate driving by avoiding or minimizing
exposure to select scenarios (Gwyther and Holland, 2012). However, many may not have
sufficient introspection to recognize deficits (Wood et al., 2013). Even those who do have
intact introspection may choose to continue to drive out of necessity (Ng et al., 2020;
Strogatz et al., 2020). Unfortunately, this effort did not have a gold-standard metric of
cognitive performance such that a level of introspection could be derived. The SAGE scores
exhibited a ceiling effect which either indicates the participants were more cognitively intact
regardless of case versus control, or that it is not sensitive enough to reliably differentiate
pre-MCI and MCI for our purposes.

General Conclusion

The goal of this effort was to investigate driving differences between those older adults with
pre-MCI and controls, both with ADAS/L2 and without. We did find evidence that those
with pre-MCI demonstrated modest differences compared to cognitively normal individuals
in terms of mobility-related metrics, especially when driving vehicles equipped with L2
technology (regardless of the fact that these technologies were not frequently used). It is

possible that as these technologies become more commonplace, older adults, with and
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without cognitive impairment, may utilize them with greater frequency. In addition, this
study demonstrated non-significant differences in terms of the number of safety-critical
events between the controls and those with pre-MCI; it is possible that with more data, such a
trend may be found to be statistically significant, thus serving as a possible “canary in the
coal mine” for the early detection of pre-MCI.

Future Efforts

Biomarkers such as tau/beta-amyloid(Ap) in cerebrospinal fluid (CSF), phosphorylated tau/
AP ratios, AP, and APOE &4 status have been correlated with deleterious driving
performance in MCI and AD and are a promising avenue towards early detection of pre-MCI
in driving behavior (Babulal et al., 2018; Babulal et al., 2017; Bayat et al., 2021; Roe,
Babulal, et al., 2017; Roe, Barco, et al., 2017). However, each of these works utilized either
an on-road driving assessment (Babulal et al., 2018; Babulal et al., 2017; Roe, Barco, et al.,
2017; Roe, Babulal, et al., 2017) or naturalistic data collection without video (Bayat et al.
2021). While the on-road driving assessment utilized a structured road test and an
occupational therapist/driving rehabilitation specialist, driving behavior was likely affected
by the presence of a professional evaluator. The naturalistic collection noted previously
(Bayat et al. 2021) may collect much valid information such as GPS location, speed, and
kinematic events, but what it lacks is the context in which the event occurred. For example,
during the kinematic event validation process in our current analysis, the overwhelming
majority (>90%) of potential events turned out to be non-events (i.e., they were the result of
crossing or hitting railroad tracks, potholes, or other roadway anomalies). Unfortunately, the
lack of video ostensibly precludes the identification of valid events and likely inflates the
count of kinematic errors. Work exploring the use of the biomarkers along with video-based
naturalistic data collection, such as that used in the current effort, could further expand on

these findings and improve real-world validity.

To better understand the use of ACC and LC systems, road type must be considered as well.
As these systems are primarily intended to be used on highway-like roadways, potential
misuse may occur from activation on roadways not well suited for these types of driving aids.

Improper use of L2 systems was not evaluated in this effort, but it may serve as another
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avenue for exploration. Finally, in order to more fully-explore any driving behavior
differences between those with pre-MCI and those without, a more robust data analysis could
be undertaken in which drivers are scored on a number of criteria. Such criteria may include
traffic signal and sign attentiveness, situational awareness, following distance, engagement in
secondary, non-driving related tasks, and drowsiness. Doing so would allow a more granular

approach which may reveal differences not yet uncovered in the current effort.

No statistically significant results arose from the comparison between cases and controls for
those driving L2-equipped vehicles. One aspect not explored in the current analyses is level
of confidence, stress, and worry while driving. If the L2 system provides additional
confidence (even if such systems remain unused), it may therefore also increase safety and/or
mobility. For instance, a driver may find that simply having access to such systems provides
a level of security knowing they are readily available if needed. Such elements were not
explored during this work but may prove beneficial. Future work may include questionnaires
or focus groups to further explore this relationship and determine the impact these systems
have on a driver’s level of confidence.

Limitations

Because of the pre-MCI criteria applied, the relatively small sample size made it difficult to
draw conclusions. With a greater number of participants, more robust analyses could be
completed. Additionally, due to the period in which data was collected, nearly half of the
study vehicles were not outfitted with an LC system. These vehicles utilized a less-robust,
LKA system which was not intended to keep the vehicle centered within the lane. As a result,
many of the analyses focused on LC use, suffered from even smaller numbers of participants

and thus inferential statistics were not warranted.

The second limitation results from using data from multiple datasets, each collected in
different times and spaces. In the currently collected data, group assignment was the result of
questions asked during the screening process, in the SHRP 2 data collection, that was not an
option. By selecting the clock drawing assessment to sort participants into possible groups,

the assumption is that the resulting groups are very similar to the group assignment from the
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intake questions. However, it is possible that the two methods measure different aspects of

the cognitive status.
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APPENDIX
APPENDIX A - Intake Assessment

Demographic Questions and Background

1) Please specify your gender.
a. Male
b. Female
c. Other:
d. Prefer Not to Disclose

2) What is your current age?

3) What is the year, make and model of your primary vehicle?

a. Year:
b. Make:
c. Model:

4) With what ethnicity do you most closely relate yourself?

a) American Indian/Native American
b) Asian

c) Black/African American

d) Hispanic/Latino

e) White/Caucasian

f) Pacific Islander

g) Other

5) What is your current level of employment?

a) Employed full time
b) Employed part time
c) Self employed
d) Unemployed/ Looking for work
e) Homemaker
f) Student
g) Retired
6) What is the highest level of education you have completed?

a) Less Than Middle School/No Education
b) Middle School

c) High School/GED

d) Associate’s Degree
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e) Bachelor’s Degree
f) Master’s Degree
g) Doctoral Degree
h) Professional Degree

2. Memory

Instructions: For the next several questions, please compare yourself to 5 years ago.
Response options: a) Yes b) No.

7) Are other people telling you that you are more forgetful?

8) Is concentration and focusing more difficult than it was 5 years ago?

9) Are you being told that you are repeating yourself?

10) Do you forget names, where you have left things, or appointments more than 5 years
ago?

11) Do you more frequently forget something you have just read compared to 5 years
ago?

12) Do you lose your train of thought more frequently in conversation than 5 years ago?

13) Do you feel that you are not as sharp as you were 5 years ago?

14) Are simple everyday tasks like playing cards and balancing a checkbook more
difficult than they were 5 years ago?

15) Do you have more trouble recalling words than you did 5 years ago?

3. Medical conditions

16) Have you been diagnosed by a doctor or medical professional as having any of the
following (please check all that apply)?
a) Alzheimer’s disease or any other memory disorder
b) Arthritis
c) Diabetes
d) Osteoporosis
e) Hearing impairment? (If yes, do you use a hearing aid?)
f) Stroke
g) Heart attack

h) Other serious medical condition
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4. Current driving

17) How many hours do you estimate you spend driving each week?
a) 0 hrs b)1-5 hrs ¢) 6-10 hrs d)11-15 hrs €)16-20 hrs f)More than 20 hrs
18) How enjoyable do you find driving?
. 1+ [ 2 | 3 [ 4 [ 5 | 6 [ 7 |
Not Enjoyable Very Enjoyable
19) How old were you when you got your first license?
year/ age
20) Have any restrictions been placed on your current license? If yes, please
specify

21) Do you wear glasses or contact lenses when you drive? a) Yes b) No
22) Do you wear a seatbelt when you drive?

a) Always
b) Sometimes
c) Never

23) Which way do you prefer to get around?
a) Drive yourself
b) Have someone drive you
c) Use public transportation
d) Take ataxi
e) Use a rideshare service (e.g., Uber or Lyft)
f) Walking or Biking
g) Other

24) How fast do you usually drive compared with the general flow of traffic?
a) Much faster
b) Somewhat slower
c) Somewhat faster
d) Much slower
e) About the same

25) Has anyone suggested over the past year that you limit your driving or stop driving?
a) Yes b) No
26) If yes, who made that suggestion to you? (check all that apply)
a) spouse
b) son/daughter
c) friend
d) physician
e) other health care provider (e.g., physical or occupational therapist)
other
27) How would you rate the quality of your driving?
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a) Excellent
b) Good
c) Average
d) Fair
e) Poor

28) If you had to go somewhere and didn’t want to drive yourself, what would you do?
a) Ask a friend or relative to drive you
b) Call a taxi or take the bus
c) Drive yourself regardless of how you feel
d) Cancel or postpone your plans and stay at home
e) Other (specify):

5. Accidents and Citations

29. How many accidents have you been involved in over the past year when you were the
driver? Please list the number of all accidents, whether or not you were at fault.
accidents

30. How many accidents have you been involved in over the past year when you were the
driver where the police were called to the scene?
accidents

31. How many times over the past year have you been pulled over by the police,
regardless of whether you received a ticket?
32. times

33. How many times in the past year have you received a moving violation (other than a
parking ticket) where you were found to be guilty, regardless of whether or not you
think you were at fault?

____ times

6. Driving Avoidance
43—~ 53 How Often Do You Avoid Driving in the following scenarios or conditions?
Response options coded as: always or often avoid it, rarely or never avoid it.

o+ | 2 | 3 | 4 | 5 | 6 [ 7 |
Always Often avoid it Rarely avoid it Never avoid it
34. At night
35. Alone

36. On interstates or freeways
37. At rush hour or other peak traffic times for safety reasons

38. On busy roads for safety reasons
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39. At complex intersections

40. Making unprotected left turns

41. In the rain

42. To places you haven’t been before
43. In the snow

44. In icy conditions

45. Parallel parking
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