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RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

Comparison of Older and Middle-Aged Drivers’ Driving Performance in a

Naturalistic Setting

Abstract

There is a concern about driving safety among older drivers due to the age-associated
medical conditions. It is not known how these medical changes impact driving performance and
choice of driving environment. This study aimed to compare older drivers’ (>74 years) driving
performance in a naturalistic setting to middle-aged drivers (35-64 years) on their chosen driving
environment, and number, type and severity of errors. The effect of sex and perceived driving
ability was also examined. Drivers’ performance was studied using the electronic Driving
Observation Schedule [eDOS]), a naturalistic observation approach. Fifty-three older (mean
age=80.6 years, 72% male) and 60 middle-aged (mean age=>50.0 years, 50% male) healthy
drivers were recruited. Both groups made few driving errors that were mostly low-risk. Driving
performance of older adults differed from middle-aged drivers; they drove on simpler routes
(fewer intersections and lane changes) and made fewer errors. Findings are likely indicative of

older drivers’ use of adaptive strategies to maintain safe driving.

Key words: aging, driving, naturalistic observation, route complexity, errors
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RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

1. Introduction

The number and proportion of older drivers in Canada and around the world is rapidly
increasing. By 2036, it is estimated that one in every four Canadians will be aged >65 years
(Statistics Canada, 2011). The private automobile remains the preferred and most popular means
of transportation in older adulthood for accessing the community and participating in daily
activities (Newbold et al., 2005; Sleightholm et al., 2010). The driving abilities of older adults is
more likely to be impacted by health-related changes, compared to younger drivers. Various
medical conditions known to affect visual, cognitive and psychomotor functioning (e.g. macular
degeneration, dementia, Parkinson’s disease) are more prevalent in older adults (Anstey et al.,
2005). Such conditions, other comorbidities, as well as their associated medications can further
impact driving ability (Canadian Medical Association, 2017). Older drivers tend to drive fewer
kilometers per year compared to middle-aged drivers (Langford, Methorst, & Hakamies-

Blomgvist, 2006) and report avoiding more complex driving situations (Naumann et al., 2011).

Older drivers often utilize adaptive decision-making strategies in the planning of the trip
and maneuvering stages of driving, represented by the strategic and tactical levels of Michon’s
model of the driving task (Michon, 1985). These modifications, such as the selection of the
driving route and time of day are often successful at maintaining safe driving in the older driver
population. Modification of driving behaviors among older drivers may be due, in part, to
declines in driving confidence, changes in lifestyle and habits, or because of self-imposed
restrictions (Meng & Siren, 2012; Molnar et al., 2013; Molnar et al., 2014). Most studies
examining older drivers’ driving modifications rely on self-report, inquiring about avoidance of
challenging road conditions, such as not driving at night, in unfamiliar areas, or in adverse

weather (Blanchard & Myers, 2010; Molnar et al., 2014). In contrast, few studies have studied
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the complexity of the routes older drivers use to reach their everyday destinations and whether

these actually differ from those used by younger drivers.

The complexity of a driving route is determined by the design of traffic lights and signs,
the number of lanes, and speed limits in which the driver performs the maneuvers (e.g., left or
right turn, lane change). Previous research has demonstrated that some types of driving
environments and maneuvers are more challenging than others (Kay et al., 2008). Analyses of
crashes using national or state-level data in the United States found that older drivers were over-
represented in crashes occurring at intersections, especially where there were traffic signals and
signs (Preusser, et al., 1998; Lombardi, Horrey, & Cortney, 2017). For example, drivers aged 70
years and older were more likely to be involved in at-fault crashes than non-at-fault crashes at
intersections with a traffic signal (1.6 times for drivers aged 70-79 years; 3 times for drivers aged
80+ years) and at intersections with a stop sign (3 times for drivers aged 70-79 years; 7.5 times
for drivers aged 80+ years). Conversely, drivers aged 30 to 60 years were under-represented in
at-fault crashes at all types of intersections, with the ratio of at-fault crashes to non-at-fault
crashes between 0.5 and 0.8 (Sifrit et al., 2010). Older drivers were also involved in more
crashes than middle-aged drivers while making a left turn at an intersection (i.e., turning across
traffic) (McGwin & Brown, 1999; Meyhew, Simpson, & Ferguson, 2006), driving in lower speed
zones (< 30 mph) and on rural roads with fewer lanes (Lombardi, Horrey, & Cortney, 2017;
McGwin & Brown, 1999). While it has been shown that crashes occur more often in certain
driving environments and during specific maneuvers among older drivers compared to middle-
aged drivers, the differences in the complexity of the driving routes chosen by these age groups

during their everyday excursions are not well understood.



63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

Many drivers with considerable years of experience perform some inappropriate driving
maneuvers, which may be either bad habits that are relatively harmless, or they may pose a risk
(Baldock et al., 2006; Kay et al., 2008). Analysis of crash data reveals some important
differences in the types of critical errors made by older and middle-aged drivers. For example,
older drivers exhibited inadequate surveillance, including a lack of environmental observation,
looking but not seeing other vehicles, road users or traffic controls, misjudging other vehicles’
speed and distance, and failing to yield the right of way (Braitman et al., 2007; Classen et al,
2010; Cicchino & McCartt, 2015; McGwin & Brown, 1999; Preusser, et al., 1998). The middle-
aged drivers were more likely to speed, made more errors in the use of vehicle controls (e.g.
overcompensation in urgent situations), and were involved with more distractors (Braitman et al.,
2007; Cicchino & McCartt, 2015). While there is some understanding of the consequences of
major driving errors, there is little information on the specific circumstances under which

different types of errors occur.

Research using standard on-road driving evaluations as well as those conducted in
simulators have provided useful information on how healthy older and middle-aged adults drive
differently in real or virtual traffic situations. One Australian study (Koppel et al., 2015) reported
that both older and middle-aged drivers had a high proportion of appropriate driving behaviors
(middle-aged drivers: M= 87.6%, SD= 9.04; older drivers: M= 87.0%, SD = 6.96), and that there
was no significant difference in overall driving performance between the two groups on a
standard on-road driving evaluation (#(8) = 0.12, p =0.91). The authors found that older drivers
tended to engage in more inappropriate driving behaviors when turning in a direction that crosses
traffic (i.e. left turns in North America and Europe; right turns in Australia) at uncontrolled

intersections, as well as when navigating roundabouts. However, this pilot study included only
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five participants per group and, as such, the results were considered preliminary. Another study
conducted in the United States found that older drivers had a significantly lower overall safety
rating compared to middle-aged drivers. Driving errors were recorded by trained occupational
therapists and indicated that older drivers made more errors than middle-aged drivers, especially
in lane positioning (Wood & Mallon, 2001). A driving simulation study obtained similar results;
more older drivers had crashes during the drive compared to middle-aged drivers (Park et al.,
2011). In addition, older drivers were more likely to have difficulty following the indicated
speed, veered out of their lane more often, and made more errors when lane changing. These
difficulties were linked to problems with cognitive-perceptual ability (e.g. sustained and divided
attention) (Park et al., 2011). While the literature suggests that there are differences in driving
performance between middle-aged and older drivers, there have not been any studies to date
examining the driving errors that occur under naturalistic conditions, which are more reflective

of everyday driving.

The naturalistic approach to observing driving is an unobtrusive way to study driving
behavior in everyday environments. This approach aims to minimize the effects of researchers’
or clinicians’ presence and the interference of an evaluator, thereby decreasing the stress
associated with the on-road standard driving evaluation. Naturalistic driving is more
representative of day-to-day driving, and avoids the structured setting typically used for clinical
or research purposes (Chen, Gélinas, & Mazer, 2018). Using this approach may increase our
knowledge of the complexity of everyday driving environments and the driving errors that occur

in healthy aging and explain how these errors might differ from younger, low-risk drivers.

Research suggests that older adults’ choice of driving environment and their

corresponding driving performance may be related to sex and perceived driving ability, but
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evidence from such research is not yet conclusive. Community dwelling older female drivers
were found to have less confidence in driving (D’ Ambrosio et al., 2008), avoided more
challenging driving conditions (Molnar et al., 2014), and were less likely to fail a standard on-
road driving evaluation than their male counterparts (Classen et al., 2013). These findings
suggest that female drivers may adopt a more conservative driving style than males, but the
relationship has not yet been examined under naturalistic driving conditions. In addition, crash
scene investigations show that male and female older drivers make different types of critical
errors. While inadequate surveillance of road conditions is the most frequent error type made by
both sexes, older female drivers made more errors in gap or speed judgement, while older male
drivers made more illegal maneuvers (e.g., failure to obey traffic signs) (Cicchino & McCartt,
2015). There is a need to clarify the association of sex and perceived driving ability among older

and middle-aged drivers in naturalistic driving conditions.

While past studies have used self-report and standard on-road driving approaches to
demonstrate the different types of driving errors and driving environment modification strategies
between middle-aged and older drivers, the manner in which these two cohorts drive in their
natural driving environment is not well understood. In addition, by using the naturalistic driving
study approach, it is possible to examine the extent to which drivers choose to drive on routes or
environments that have lower risks. The primary objective of this study was to compare the
driving performance in a naturalistic setting of healthy older adults (>74 years) to middle-aged
low-risk adults (35-64 years) in terms of their chosen driving environment (i.e., complexity of
maneuvers and routes), as well as the number, type and severity of driving errors. The secondary
objective was to examine the effect of sex and perceived driving ability on driving performance

in a naturalistic setting of older and middle-aged drivers.
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2. Methods

2.1 Participants

All participants were active, healthy drivers recruited from an urban community through
advertising and snowballing. Older drivers were recruited from the Montreal site of the Candrive
national longitudinal cohort study (see Marshall et al., 2013). The Candrive study, a prospective
multicenter study involving seven Canadian sites (Ozcandrive was a parallel study with two sites
in Australia and New Zealand), recruited 928 older drivers, at least age 70 years (62% male).
They underwent an annual comprehensive in-person evaluation that included medical history,
driving history, physical examination, cognition screening, and questionnaires related to driving
attitudes and perceptions. The primary outcome measure was a police-reported, expert-validated,
at-fault collision-adjusted per annual distance driven. Eligible participants for the current
analysis were: aged >74 years, drove at least once a week, spoke English, and were under the
care of a family physician. Participants were excluded from the study if they had a severe
contraindication to driving, such as a stroke or severe vision problems. All participants who were

eligible to participate for the current study were approached.

Middle-aged drivers were eligible if they were aged 35-64 years, the age range associated
with the lowest crash risk. All other eligibility criteria were the same as for the older driver
group. These participants were recruited through convenience sampling from the community in
Montreal. The target sample size of the middle-aged drivers was 60 adults and, to ensure
representation of age and sex, the recruitment was stratified: 10 males and 10 females within

each of the age ranges of 35-44, 45-54, and 55-65 years.

2.2 Measures
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2.2.1 Electronic Driving Observation Schedule (eDOS)

The eDOS is an observational tool developed by the Candrive/Ozcandrive research team
to record and monitor older adults’ everyday driving environment and behaviors, as well as
potential changes over time (Koppel et al., 2013, 2016, 2017; Vlahodimitrakou et al., 2013). Two
research assistants (RAs) begin the eDOS observation at the home of the participant where they
are asked to drive in their own vehicle to one or two destinations that they select (e.g., shopping
mall, medical office, church) and then back home again for a total drive of approximately 25
minutes. This entire route, whether to one or two destinations, is analyzed as one drive.
Participants are encouraged to select their usual routes to these destinations and to drive as they
normally do during their daily routine. In the original version of the eDOS developed in
Australia, the RA sat in the participant’s vehicle to conduct the observations. This method was
modified in the current study so that the RAs observe the drive from a following car. One RA
drives a vehicle that follows the participant’s vehicle, while the second RA records the
participant’s driving environment and behaviors using the eDOS scoring sheet on a tablet (see

Figure 1).
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Figure 1. An example of the eDOS electronic scoring sheet (for intersections) (Koppel et al.,

2013)

The complexity of driving routes is determined by the number and type of maneuvers
made at different levels of environmental complexities. For each maneuver, including passing
through or turning at an intersection, changing lanes, or merging into traffic, the driving

9
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environment (i.e., traffic signs and signals, traffic volume, speed zone, and number of lanes) is
recorded from 1 (low complexity) to 3 (high complexity). The average of all driving maneuvers
and their environmental context is used to generate the weighted driving maneuver/environment

complexity score, ranging from 1-3 (Chen, Gélinas, Mazer, 2020).

Similarly, at each maneuver, drivers’ behaviors are recorded as ‘appropriate’ or
‘inappropriate’. Inappropriate driving behaviors, or driving errors, are recorded on the bottom
half of the eDOS scoring sheet, and are categorized into five or six different types, including:
environment observation (e.g., scanning), speed regulation, road rule compliance (e.g., rolling
stop), gap acceptance, signaling (e.g. not signaling at a turn or lane change [most common],
signaling when not appropriate, keeping signal on very long after a lane change or turn), and lane
position (e.g., wide turns), depending on the type of maneuver (for detailed definitions, see
Vlahodimitrakou et al., 2013). In this study, since the RAs did not observe drivers in their car,
the error type of ‘environment observation’ could not be accurately scored and was excluded
from the analysis. For each driving error made, a weight is given (1=low risk error; 2=moderate
risk error; 3=high risk error), based on the type of error and the environment where the error was
made. For example, no signaling at an intersection with only one lane in a low-speed zone is
classified as a ‘low risk’ error, whereas choosing an inappropriate gap to make a left turn on a
boulevard is rated as a ‘high risk’ error. The weighted eDOS total score is calculated as the sum
of errors weighted for its risk level. Higher weighted eDOS total scores indicate a higher number
and/or greater risk of driving errors made throughout the drive. The driving
maneuver/environment complexity score and the weighted eDOS score were developed by a
review of literature and a two-round on-line survey conducted with experts in driving

rehabilitation (Chen, et al., 2020).

10
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A short survey is conducted at the end of the drive to examine drivers’ level of comfort
with being observed during the eDOS drive. They are asked to give a rating from 1=completely

uncomfortable to S=completely comfortable.

One study examined the psychometric properties of the original, non-electronic version
of the eDOS, and reported good inter-rater reliability (ICC=0.91; 95% CI=0.75-0.97; p<0.0001)
and internal consistency (r(18)=0.83; p<0.05). The eDOS was found to have good ecological
validity with regard to reflecting drivers’ everyday driving routes and corresponding behavior, as
well as a high level of comfort and acceptability with the approach from the participants’

perspective (Vlahodimitrakou et al., 2013).

2.2.2. Perceived Driving Abilities (PDA) Questionnaire

The PDA is a questionnaire designed to assess self-perception of current driving ability
and perceived changes in driving ability compared to 10 years prior. The PDA includes 15 items
(e.g., general ability to drive safely, ability to see road signs, ability to make quick decisions) in
each section. Every item is scored from 0 (poor) to 3 (very good), with a maximum total score of
45. Higher scores represent a better self-rating of driving ability. The total score was found to be
unidimensional & hierarchical, with excellent person (r=0.92) & item (r=0.96) reliability
(MacDonald, Myers, & Blanchard, 2008). This study focused only on the participants’

perception of current driving ability and did not include the changes in driving ability over time.

2.3 Procedures

This study obtained approval from the Research Ethics Board of the Centre for
Interdisciplinary Research in Rehabilitation of Greater Montreal (CRIR-4110209). Eligible

participants were contacted by one of the RAs and, once verbal consent was obtained, an

11
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appointment for the driving observation was made. On the day of the observation, participants
were asked to sign the informed consent form, complete the PDA questionnaire, and drive in
their own vehicle from their home to their selected destination(s) following the eDOS procedure.
For older drivers, the PDA questionnaire was completed during the Candrive annual assessment.
To lower the test burden, their PDA scores were extracted from the annual assessment if the
questionnaire was completed within 90 days of the driving observation. The observation was
rescheduled if the driver indicated that he or she usually avoided driving in certain conditions,

such as severely congested traffic or poor weather conditions.
2.4 Data Analysis

Descriptive statistics were used to present the demographic information, eDOS total
scores, eDOS comfort level, duration and distance driven, and the PDA scores. The average
number of each driving maneuver was reported. Since the total number of maneuvers varied
during each drive, the percentages of specific types of inappropriate maneuvers were calculated

and used for further group comparisons.

To compare the outcome variables between older and middle-aged drivers, continuous
variables were compared using independent t-tests. Effect size indices for inferential analyses
were calculated. Absolute Cohen’s d values were reported for independent t-tests. Cohen’s d <
0.20 is considered as a small effect size, reaching 0.5 as a medium effect size, and 0.8 as a large
effect size (Cohen, 1988). Partial eta squares (n?) were reported for ANOVA; n?> < 0.01 indicates
a small effect size, n* = 0.06 indicates a medium effect, and > = 0.14 indicates a large effect
size” (Cohen, 1988). Categorical, ordinal variables, or continuous variables that were not
normally distributed were compared by corresponding non-parametric statistical methods, such
as the Chi-square test and Wilcoxon rank sum test.

12
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To examine the independent effect of sex on driving performance and environmental
complexity, older and middle-aged drivers’ eDOS data were combined and analyzed using
independent t-tests. The effect and interaction of sex and age group on driving performance was
examined using a two-way ANOVA. Tests of the assumptions for the two-way ANOVA
indicated that not all assumptions were satisfied for the outcome variable (Shapiro-Wilk test for
the normality of data distribution=0.86-0.94, p<0.005; Levene’s test for the homogeneity of
variances: F=3.52, p=0.017), potentially leading to an increased risk of committing a type I error
(Portney & Watkins, 2009). One participant in the older group was considered an outlier as the
person’s weighted eDOS total score was >3 SD worse from the mean, and this participant was
therefore removed from this analysis. The assumptions of normality and homogeneity were then
satisfied, allowing for the use of the two-way ANOVA. The relationship between PDA scores

and driving performance was also examined using Pearson correlation.

3. Results

Fifty-three older and sixty middle-aged drivers completed the study. The mean (SD) age
of the older and middle-aged groups was 80.6 (5.0) years and 50.0 (8.6) years, respectively. The
sample of older drivers consisted of a significantly higher proportion of males (72%) while the

middle-aged group were evenly distributed (50% male) (¥2(1)=5.53; p=0.02).

Participants in both the older and middle-aged groups drove approximately 10 kilometres
and took 25 minutes to complete the eDOS drive. No significant differences were found across
the two age groups in terms of the overall complexity of the driving routes, however, older
drivers had a lower average weighted eDOS score (weighted for severity of driving errors and
complexity of driving environment) compared to middle-aged drivers, indicating better

performance during the drive (Table 1).

13
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267 There were 29 older and 59 middle-aged drivers who had valid PDA scores; there were
268  no significant differences in the results between the two groups (Table 1). The following results
269  present the specific details of the differences and similarities in driving environments and errors

270  between the two groups.
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273  Table 1. Comparison of the eDOS driving trip characteristics, total eDOS scores and PDA scores between older and middle-aged

274  drivers

Score range  Older drivers (n=53) Middle-aged drivers (n=60) ¢ Effect size
(min-max) M SD Range M SD Range P (d)
ight D total
Weighted eDOS total - 7.0 8.8 0-51 16.3 9.5 0-37 54 <0.001* 1.01
SCore
Weighted maneuver/ - 1.6 0.2 1.2-2.0 1.6 0.1 13-1.9 0.4  0.68 0.00
environment score
T : b 2 b 29 13’ 12” - b 29 b 2 16’20” -
Duration (min, s) na 25’58 719 49°40” 25°37 511 41°03” 0.3 0.77 0.06
Distance driven (km)  na 10.4 3.7 3.4-15.2 9.6 2.1 5-16 14 017 0.27
eDOS comfort rating  1-5 4.6 0.8 2-5 4.8 0.6 2-5 09 033 0.29
PDA current score 0-45 37.7 5.1 27 - 45 38.4 6.5 20 - 45 0.6  0.59 0.12

275  Note. eDOS=electronic Driving Observation Schedule; M = mean; PDA=Perceived Driving Abilities Questionnaire; SD = standard

276  deviation.
277 *p<0.05
278  * Lower scores represent better performance

279
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3.1 Complexity of Driving Routes

Because the average distance and duration of the eDOS drive were similar between the
two groups, the types of routes could be compared. Older drivers chose routes with significantly
fewer intersections than middle-aged drivers and made fewer lane changes (See Table 2). Six
(11.3%) of the older drivers did not make any lane change maneuvers, while all participants in
the middle-aged cohort had at least one lane change maneuver (Fisher’s exact test=0.009,
p<0.05). The total number of merges and the proportion of drivers who did not merge during the
drive did not differ between the two groups. In both groups, approximately half of the drivers did

not make any merging maneuvers (older drivers: n=31; middle-aged drivers: n =33).

Table 2. Comparison of the average number of maneuvers per eDOS drive between older and

middle-aged drivers

Older drivers ~ Middle-aged
(n=53)  drivers(n=60) t  p 0

M SO M SD size (@)
Number of intersections 38.9 9.9 47.5 9.8 4.7 <0.001*  0.87
Left turn 8.3 2.5 10.6 3.6 3.9 <0.001* 0.73
Right turn 9.7 33 11.5 2.9 3.0 <0.001*  0.58
Straight through 15.9 7.5 19.7 8.3 2.5  0.02% 0.48
Others (roundabout, U-turn) 4.9 4.4 5.9 5.7 0.7 0.1 0.19
Number of lane changes 4.7 3.8 6.4 3.5 2-5 0.01* 0.47
Left to right 2.2 2.0 3.1 2.1 2.4 0.02% 0.44
Right to left 2.3 2.2 34 2.3 2.0 0.05 0.49
Number of merges 0.9 1.4 0.6 0.7 1.7 0.09 0.18

M = mean; SD = standard deviation; *p<0.05
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The complexity of driving route also depends on the traffic volume, speed zone, and the
number of lanes where a driver conducts each maneuver. Table 3 presents the findings for these
variables at each intersection for the older and middle-aged groups. Though very few, older
drivers had a higher proportion of maneuvers at intersections with a high traffic volume (t=2.01,
p=0.049) and with only one lane (t=4.64, p<0.001). Middle-aged drivers had a higher proportion
of maneuvers at intersections with three or more lanes (t=-4.47, p<0.001). There were no

differences in the speed zones between the two groups.

Table 3. Comparison of the mean percentage of driving environment characteristics at

intersections between older and middle-aged drivers

Older drivers Middle-aged

B drivers Effect
(n=53) (n=60) t P size(d)
M SD M SD
Traffic volume
Low 54.5 19.8 61.6 183 -1.96 0.05 0.37
Median 43.5 18.7 38.1 18.0 1.56 0.12 0.29
High 1.4 4.3 0.1 1.1 2.01 0.049* 0.43
Speed zone
Low (<40 km/h) 57.8 17.6 58.6 18.6 -0.24 0.81 0.04
Median
(41-79 km/h) 41.4 17.6 41.1 18.6 0.09 0.93 0.02
High (> 80 km/h) 0.0 0.0 0.0 0.0 1.00 0.32 NA
Number of lanes
1 74.8 17.5 59.0 18.6 4.64 <0.001%* 0.87
2 15.3 11.7 19.7 140 -1.82 0.07 0.34
>3 9.8 11.7 20.8 166 -4.47 <0.001* 0.76

M = mean; SD = standard deviation; *p<0.05
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3.2 Number, Type, and Severity of Driving Errors

Most drivers in both groups made at least one error at an intersection; 17% of the older
drivers and 2.3% of the middle-aged drivers did not make any errors at intersections (Fisher’s
exact test=0.006, p<0.05). Table 4 presents the average proportion of intersections with each
error type during the eDOS drive for both groups. Middle-aged drivers made significantly more
errors than older drivers, specifically errors related to signalling (primarily not signaling), lane

positioning and road rule compliance.

Table 4. Comparison of average proportion of intersections with each error type between older

and middle-aged drivers

Older drivers ~ Middle-aged

(n=53)  drivers (n=60)  t PR L ec; size
M SD M SD @
Errors at intersections

% with errors 6.8 7.8 15.4 8.8 -5.5 <0.001* 1.03
Signaling 4.6 58 8.0 6.1 3.0 0.004* 0.57
Speed control 0.3 1.0 0.8 1.9 2.0 0.05 0.32
Gap selection 0.2 0.6 0.1 0.5 0.3 0.80 0.18
Lane position 0.5 1.5 3.0 23 6.6 <0.001* 1.27
Road rule 15 36 44 57 33 0002%  0.60
compliance

M = mean; SD = standard deviation; *p<.05

Due to low number of driving errors recorded during lane changes and merging, the types
of driving errors made in these two maneuvers were reported descriptively. During lane changes,

the average number of errors did not differ between the two groups. Approximately 45% of
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drivers in both groups made at least one error during a lane change (*=0.001, p=0.97). Eighty
percent of the lane changes conducted by the older drivers were ‘appropriate,” compared to 84%
in the middle-aged group (Wilcoxon rank sum test Z=-0.23, p=0.82). The majority of errors
made in both groups during lane changes were signalling errors (40 out of 47 errors in the older
group and 56 out of 63 errors in the middle-aged group). In contrast, middle-aged drivers made
more errors while merging compared to older drivers (Wilcoxon rank sum test Z=-2.46,
p=0.01). Only one error was recorded in the older driver group, while nine errors were made by
the middle-aged group (by nine different drivers). All the errors recorded during merging were

signalling errors (i.e. not signalling).

The comparison of the risk level of driving errors made in different maneuvers between
older and middle-aged drivers are presented in Table 5. Middle-aged drivers had a significantly

higher percentage of moderate-risk total errors during the drive compared to older drivers.

Table 5. Comparison of the percentage of errors at each risk level for each type of maneuver

between older and middle-aged drivers

Older drivers Middle-aged .
(n=53) drivers (n=60) t Effe ecc; Sze
M SD M SD @
Total errors
Low-risk 40.8 47.2 354 18.9 0.9 0.36 0.15
Moderate-risk 31.0 33.5 42.6 21.4 2.1 0.04%* 0.42
High-risk 28.2 31.5 22.0 20.4 1.2 0.25 0.24
Intersection errors
Low-risk 514 38.8 40.7 20.9 1.7 0.10 0.35
Moderate-risk 32.8 35.8 43.5 24.0 -1.7 0.09 0.36
High-risk 15.7 29.9 15.7 19.2 0.0 1.0 0.00
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Lane change and merging

errors
Low-risk 0 0 0 0 -- -- NA
Moderate-risk 25.3 38.2 32.0 43.6 -0.6 0.54 0.16
High-risk 74.7 38.2 68.0 43.6 0.61 0.54 0.16

M = mean; SD = standard deviation; *p<.05

3.3 The relationship of sex, PDA scores, and driving performance

While female drivers tended to have lower PDA scores, drove on simpler routes, and had
better driving performance than male drivers, these differences were not statistically significant
(perceived driving ability: t=1.16(86), p=0.25, d=0.25; weighted maneuver/environmental
complexity score: t(111)=0.71), p=0.48, d=0.13; weighted eDOS total score: t(111)=0.26,
p=0.80, d=0.05). However, female drivers reported a higher comfort level during the eDOS drive
(i.e., the eDOS comfort score) compared to male drivers (male mean (SD)=4.21(1.60); female
mean(SD)=4.73(0.65); t=-2.43(95.38); p=0.02, d=0.40). PDA scores were also not significantly
related to weighted eDOS total score (=.09, p=.39) or the complexity of driving environment

(r=-.05, p=.62).

There were no statistically significant differences in the types of maneuver and
percentage of challenging maneuvers (e.g., left/right turns or left turns at uncontrolled
intersections) between male and female drivers. Also, there were no sex differences in the
percentage of driving errors at intersections, lane changes, and merging, except that male drivers
made more gap selection errors at intersections than female drivers (t=2.53(67); p=0.01, d=0.39).
Six male drivers (three older drivers and three middle-aged drivers) made gap selection errors,

while none of the female drivers made these types of errors.
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The two-way ANOVA indicated that there was a main effect of age on driving
performance (F=41.93, p<0.001, n2 =0.22), but not sex(F=1.86, p=0.18, n2 =0.02). There was no
interaction between age and sex on the weighted eDOS total score (F=0.002, p=0.96, n2 =0.01).
Older drivers had lower eDOS scores compared to middle-aged drivers, and this relationship was
not influenced by sex. These eDOS scores reflect the combined effects of older drivers choosing

simpler and less complex routes and making fewer errors when driving on them.

4. Discussion

This study compared the complexity of the driving environment and the driving errors
made by older and middle-aged drivers under naturalistic driving conditions. The effect of sex
and participants’ perceptions of their current driving ability on driving performance was also
examined. Overall, older drivers exhibited lower eDOS scores compared to middle-aged drivers.
This finding reflects the combined effect of older drivers choosing less complex routes and
making fewer errors when driving on these routes. Older drivers chose routes with fewer
intersections and performed fewer lane changes; in fact, a proportion of older drivers did not
have any lane change maneuvers recorded. These findings may be indicative of older adults’
self-regulatory behaviors adopted to maintain driving performance and safety, either consciously
or unconsciously, by travelling on quieter one-lane roads where lane changes were not possible
or taking routes to reach destinations without the necessity of lane changing. Nevertheless, we
did not find that older drivers avoided more challenging maneuvers in complex environments,
such as turning left at uncontrolled intersections. This result was also found in a previous study
that examined the reasoning for older drivers’ selection of daily driving routes. The authors

concluded that older drivers tend to choose routes with high familiarity, disregarding the
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suggested, alternative lower risk routes (e.g., fewer number of left turns and U-turns)

(Payyanadan, Sanchez, & Lee, 2019).

Compared to middle-aged drivers, fewer older drivers made errors at intersections and
merging. Since most of the maneuver recordings were at intersections, older drivers’ lower error
rates during these types of maneuvers could largely explain why they had better overall driving
performance scores. While past studies showed that older drivers are over-represented in crashes
occurring at intersections, especially while making left turns (Lombardi, Horrey, & Cortney,
2017; McGwin & Brown, 1999; Meyhew, Simpson, & Ferguson, 2006), and that healthy older
drivers commit more errors in standard on-road driving evaluations than middle-aged drivers
(Wood & Mallon, 2001), the results from our observation of driving performance in a naturalistic
setting were inconsistent with these findings. This may be explained by differences in the types
of samples between studies and the use of the naturalistic context used in this study. Older
drivers in this study were recruited from the Candrive longitudinal cohort study using
convenience sampling. Compared to the general older driver population, these older drivers were
likely to be more active and healthier and may have more accurate self-awareness of their
driving ability due to their long-term participation in driving-related research. Moreover,
observing older drivers’ performance in their natural driving environment may provide a more
comfortable and less stressful situation compared to the standard on-road driving evaluation,
which is conducted in an unfamiliar test vehicle and novel driving environment (Chen, Gélinas,
& Mazer, 2018). The stress related to this type of evaluation is more likely to negatively affect
older adults’ driving performance than that of younger drivers (Fairclough, Tattersall, &
Houston, 2006). In addition, one study examined driving behavior using the driving simulator in

a car-following task showed that older drivers (60+ years) adopted more compensatory
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processes, such as keeping longer headways, and anticipated traffic events more frequently,
compared to younger participants (26-40 years) (Andrews and Westerman, 2012). While our
study showed older adults made fewer driving errors in naturalistic driving settings than younger
adults, how drivers perform differently in different driving contexts and the impacts of age will

need further investigation.

A high percentage of errors made by drivers in both age ranges were non-critical and may
be considered poor driving habits (Classen et al, 2010; Dobbs et al., 1998). Ninety-five percent
of the errors made in the older group and 85 percent of the errors in the middle-aged group were
inappropriate signaling, speed regulation, and rolling stop. This finding is similar to past research
results. One Canadian observational study reported that the overall rate of using turn signals is
only 76 percent, ranging from 54 percent to 95 percent (Faw, 2013). Another study found no
differences in the proportion of drivers who signal appropriately between various age groups
from 20 to 70 years, however, it is not known whether the rate is maintained in older age groups
(Sullivan, Bao, Goudy, & Konet, 2014). Dobbs and colleagues (1998) studied older drivers and
suggested that rolling stops and failure to adjust speed errors should not be considered indicative
of decline in driving competence, as they are typical errors made by drivers with years of driving

experience.

Other than these habitual, non-critical errors, our study also found that older drivers and
middle-aged drivers did not perform differently in the proportion of high-risk errors made during
the drive. These types of errors were suggested to discriminate at-risk older drivers from
competent drivers (Classen et al, 2010; Dobbs, Heller, & Schophlocher, 1998; Wood & Mallon,
2001). These errors, as defined in the literature, include inappropriate lateral positioning,

overcautiousness (e.g., driving too slow), inappropriate turning position (e.g., wide turns),
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observation and scanning errors, and sudden brake and acceleration (Classen et al, 2010; Dobbs,
Heller, & Schophlocher, 1998; Wood & Mallon, 2001). It is quite possible that this sample of

healthy older drivers were not at high risk.

In contrast to past studies that found middle-aged drivers made fewer signalling errors
(Wood & Mallon, 2001), scanning errors (Dobbs et al., 1998), and lane positioning errors (Wood
& Mallon, 2001) than healthy older drivers in a standard on-road driving evaluation, our results
showed that middle-aged drivers had a higher rate of signalling, lateral lane position, and
compliance to road rules errors in the context of a naturalistic driving observation. It is
conceivable that younger drivers are more distracted by secondary tasks in everyday driving
contexts (Huisingh, Griffin, & McGwin Jr., 2015; Sullman, Prat, & Tasci, 2015), leading them to
be less careful and less likely to follow the traffic rules and signs. However, our research
methodology did not enable in-car observation of drivers’ behavior. It is also possible that, rather
than an age effect, there is a cohort effect, meaning that driving behaviors and habits may vary
over different generations. As middle-aged drivers and older drivers had different driving-related
training, experiences, and traffic conditions when they learned to drive and throughout their

driving life, the two cohorts may have developed different driving habits.

Contrary to previous research (D’ Ambrosio et al., 2008; Molnar et al., 2014), the results
of this study did not find a significant relationship between either sex or perceived driving ability
with driving environment complexity and overall performance, except male drivers made more
gap selection errors than female drivers. While analysis of crash data has shown that older
female drivers make more gap or speed misjudgements than older male drivers (Ciccino &
McCartt, 2015), more in-depth studies with larger sample size will be needed to investigate age

and sex differences in greater detail.
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There are several limitations to this study that should be considered. First, the participants
were a healthy group of older drivers, with few medical conditions, and the results may not be
generalizable to the general older driver population. Second, because observers were not seated
in the participants’ cars, drivers’ in-car behaviors could not be recorded, therefore, mirror use,
environmental observation or scanning errors were not observed. Having this information could
further explain any differences in driving behaviors between the older and middle-aged cohorts.
Finally, since the study was undertaken in one Canadian city and the surrounding area, findings

from this study may not be representative of drivers in other locations.

In order to gain more insight into the driving style and errors made by drivers of different
generations, future research could examine different cohorts longitudinally. A larger sample size
from different locations may be needed to examine the relationship of other potentially
confounding factors, such as health, demographic, and economic factors. Also, a deeper analysis
of the types and reasons for the observed errors, whether bad habits, omissions, or willful
violation of the law, would add further context to the differences between the age groups. A
future more complex analysis using a larger sample is proposed to better understand the
interaction between environmental complexity and errors. Using data from in-car recording
devices, such as video clips and car engine data, would also enhance the detailed analysis of

driving behaviors and errors in different age groups.

S. Conclusions

Overall, middle-aged and older drivers in this study made few driving errors and these
were generally low-risk errors. When comparing the naturalistic environment that drivers of
varying ages tended to use, older drivers executed fewer turns at intersections, possibly self-

regulating their routes to minimize risk. The finding that older drivers had lower eDOS scores
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compared to middle-aged drivers is likely indicative of the combined effect of choosing less
complex routes, which possibly presented fewer opportunities for errors, along with making
fewer errors while driving along these routes. Findings are likely indicative of older drivers’ use

of adaptive strategies to maintain safe driving.

Acknowledgements

The authors would like to thank the Candrive Program Manager, Lynn MacLeay, for
managing the Candrive II study, and the Candrive Research Associates, Rivi Levkovich and
Catherine Demers, for participant recruitment and data collection. The authors also thank the

study participants for their dedication and participation.

Funding: This work was supported by the Canadian Institutes of Health Research (CIHR) [grant
number 90429]; the Auto21 Network of Centres of Excellence [grant number A503-AOP]; the

Australian Research Council Linkage Grant (grant number LP100100078).

26



481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

References

Andrews, E. C. and Westerman, S. J. (2012). Age differences in simulated driving performance:
Compensatory strategies. Accident Analysis and Prevention, 45, 660-668.

do0i:10.1016/j.aap.2011.09.047

Anstey, K. J., Wood, J., Lord, S., & Walker, J. G. (2005). Cognitive, sensory and physical
factors enabling driving safety in older adults. Clinical psychology review, 25(1), 45-65.

doi:10.1016/1.cpr.2004.07.008

Baldock, M. R., Mathias, J. L., McLean, A. J., & Berndt, A. (2006). Self-regulation of driving
and its relationship to driving ability among older adults. Accident Analysis and
Prevention, 38(5), 1038-1045. doi:10.1016/j.aap.2006.04.016

Blanchard, R. A., & Myers, A. M. (2010). Examination of driving comfort and self-regulatory

practices in older adults using in-vehicle devices to assess natural driving patterns. Accident

Analysis and Prevention, 42(4), 1213-1219. doi:10.1016/j.aap.2010.01.013

Braitman, K. A., Kirley, B. B., Ferguson, S., & Chaudhary, N. K. (2007). Factors leading to
older drivers' intersection crashes. Traffic injury prevention, 8(3), 267-274.

Doi1:10.1080/15389580701272346

Canadian Medical Association (2017). Determining Medical Fitness to Operate Motor Vehicles,

9th edition. Retrieved July 17, 2019 from https://optometrists.sk.ca/wp-

content/uploads/2018/09/CMA_Driveru2019s_Guide 9th_edition.pdf

Chen, Y. T., Gélinas, 1., & Mazer, B. (2019). Development of a weighted scoring system for the
Electronic Driving Observation Schedule (eDOS). MethodsX, 7 (available online 12

October 2020) https://doi.org/10.1016/j.mex.2020.101099

27


https://doi.org/10.1016/j.cpr.2004.07.008
https://optometrists.sk.ca/wp-content/uploads/2018/09/CMA_Driveru2019s_Guide_9th_edition.pdf
https://optometrists.sk.ca/wp-content/uploads/2018/09/CMA_Driveru2019s_Guide_9th_edition.pdf

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

Chen, Y. T., Gélinas, 1., & Mazer, B. (2018). Determining Older Adults' Fitness-to-Drive:
Comparing the Standard On-road Driving Evaluation and the Naturalistic Driving
Observation. Physical & Occupational Therapy in Geriatrics, 36(1), 90-106.

doi:10.1080/02703181.2018.1440042

Cicchino, J. B., & McCartt, A. T. (2015). Critical older driver errors in a national sample of
serious US crashes. Accident Analysis & Prevention, 80, 211-219.

doi:10.1016/j.aap.2015.04.015

Classen, S., Shechtman, O., Awadzi, K. D., Joo, Y., & Lanford, D. N. (2010). Traffic violations
versus driving errors of older adults: Informing clinical practice. American Journal of

Occupational Therapy, 64(2), 233-241. Doi: 10.5014/aj0t.64.2.233

Classen, S., Wang, Y., Crizzle, A. M., Winter, S. M., & Lanford, D. N. (2013). Gender
differences among older drivers in a comprehensive driving evaluation. Accident Analysis

& Prevention, 61, 146-152. doi:10.1016/j.aap.2012.10.010

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. (2™ ed.) Hillsdale, NJ:

Lawrence Erlbaum.

D'Ambrosio, L. A., Donorfio, L. K., Coughlin, J. F., Mohyde, M., & Meyer, J. (2008). Gender
differences in self-regulation patterns and attitudes toward driving among older

adults. Journal of Women & Aging, 20(3-4), 265-282. doi:10.1080/08952840801984758

de Raedt, R., & Ponjaert-Kristoffersen, I. (2000). Can strategic and tactical compensation reduce

crash risk in older drivers? Age and Ageing, 29, 517-521. doi:10.1093/ageing/29.6.517

28


https://doi.org/10.1016/j.aap.2012.10.010
https://doi.org/10.1080/08952840801984758

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

Dobbs, A. R., Heller, R. B., & Schopflocher, D. (1998). A comparative approach to identify
unsafe older drivers. Accident Analysis & Prevention, 30(3), 363-370. doi:10.1016/S0001-

4575(97)00110-3

Fairclough, S. H., Tattersall, A. J., & Houston, K. (2006). Anxiety and performance in the British

driving test. Transportation Research Part F, 9,43-52. doi:10.1016/.trf.2005.08.004

Faw, H. W. (2013). To signal or not to signal: That should not be the question. Accident Analysis

& Prevention, 59, 374-381. doi:10.1016/j.aap.2013.06.036

Huisingh, C., Griffin, R., & McGwin Jr, G. (2015). The prevalence of distraction among
passenger vehicle drivers: a roadside observational approach. Traffic injury

prevention, 16(2), 140-146. doi:10.1080/15389588.2014.916797

Kay, L., Bundy, A., Clemson, L., & Jolly, N. (2008). Validity and reliability of the on-road
driving assessment with senior drivers. Accident Analysis and Prevention, 40(2), 751-759.

do0i:10.1016/j.aap.2007.09.012

Koppel, S., Charlton, J. L., Langford, J., Di Stefano, M., MacDonald, W., Vlahodimitrakou, Z.,
... & Myers, A. (2016). Driving Task: How Older Drivers’ On-Road Driving Performance
Relates to Abilities, Perceptions, and Restrictions. Canadian Journal on Aging/La Revue

canadienne du vieillissement, 35(S1), 15-31. doi:10.1017/S0714980816000015

Koppel, S., Charlton, J., Langford, J., Vlahodimitrakou, Z., Di Stefano, M., Macdonald, W., ... &
Marshall, S. (2013). The Relationship between older drivers’ performance on the Driving
Observation Schedule (eDOS) and cognitive performance. Annals of advances in

automotive medicine, 57, 67.

29


https://doi.org/10.1016/S0001-4575(97)00110-3
https://doi.org/10.1016/S0001-4575(97)00110-3
https://doi.org/10.1016/j.aap.2013.06.036

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

Koppel, S., Charlton, J. L., Richter, N., Di Stefano, M., Macdonald, W., Darzins, P., ... &
Vrkljan, B. (2017). Are older drivers' on-road driving error rates related to functional

performance and/or self-reported driving experiences? Accident analysis and

prevention, 103, 1-9. doi:10.1016/j.aap.2017.03.006

Koppel, S., Kuo, J., Berecki-Gisolf, J., Boag, R., Hue, Y. X., & Charlton, J. L. (2015).
Examining physiological responses across different driving maneuvers during an on-road
driving task: A pilot study comparing older and younger drivers. Traffic injury

prevention, 16(3), 225-233. Doi: 10.1080/15389588.2014.933478

Langford, J., Methorst, R., & Hakamies-Blomqvist, L. (2006). Older drivers do not have a high
crash risk—A replication of low mileage bias. Accident Analysis & Prevention, 38(3), 574-

578. doi:10.1016/j.aap.2005.12.002

Lombardi, D. A., Horrey, W. J., & Courtney, T. K. (2017). Age-related differences in fatal
intersection crashes in the United States. Accident Analysis and Prevention, 99(Pt A), 20-

29. doi:10.1016/j.aap.2016.10.030

MacDonald, L., Myers, A. M., & Blanchard, R. A. (2008). Correspondence among older drivers'
perceptions, abilities, and behaviors. Topics in Geriatric Rehabilitation, 24(3), 239-252.

doi:10.1097/01.TGR.0000333756.75303.b9

Marshall, S. C., Man-Son-Hing, M., Bédard, M., Charlton, J., Gagnon, S., Gélinas, I, . ..
Woolnough, A. (2013). Protocol for Candrive II/Ozcandrive, a multicentre prospective

older driver cohort study. Accident Analysis and Prevention, 61, 245-252.

do0i:10.1016/j.aap.2013.02.009

30


https://doi.org/10.1016/j.aap.2017.03.006
https://doi.org/10.1016/j.aap.2005.12.002

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

Mayhew, D. R., Simpson, H. M., & Ferguson, S. A. (2006). Collisions involving senior drivers:
High-risk conditions and locations. Traffic injury prevention, 7(2), 117-124.

doi:10.1080/15389380600636724

McGwin Jr, G., & Brown, D. B. (1999). Characteristics of traffic crashes among young, middle-
aged, and older drivers. Accident Analysis & Prevention, 31(3), 181-198.doi:

10.1016/S0001-4575(98)00061-X

Meng, A., & Siren, A. (2012). Cognitive problems, self-rated changes in driving skills, driving-
related discomfort and self-regulation of driving in old drivers. Accident Analysis and

Prevention, 49, 322-329. doi:10.1016/j.aap.2012.01.023

Michon, J. A. (1985). A critical view of driver behavior models: what do we know, what should
we do? In L. Evans & R. C. Schwing (Eds.), Human Behavior and Traffic Safety (pp. 485-

520). New York: Plenum Press.

Molnar, L. J., Charlton, J. L., Eby, D. W., Langford, J., Koppel, S., Kolenic, G. E., & Marshall,
S. (2014). Factors affecting self-regulatory driving practices among older adults. Traffic

Injury Prevention, 15,262-272. doi:10.1080/15389588.2013.808742

Molnar, L. J., Eby, D. W., Charlton, J. L., Langford, J., Koppel, S., Marshall, S., & Man-Son-
Hing, M. (2013). Driving avoidance by older adults: Is it always self-regulation? Accident

Analysis & Prevention, 57, 96-104. doi:10.1016/j.aap.2013.04.010

Naumann, R. B., Dellinger, A. M., & Kresnow, M. J. (2011). Driving self-restriction in high-risk
conditions: how do older drivers compare to others? Journal of safety research, 42(1), 67-

71. doi:10.1016/j.jsr.2010.12.001

31


https://doi.org/10.1016/j.aap.2013.04.010

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

Newbold, K. B., Scott, D. M., Spinney, J. E. L., Kanaroglou, P., & Paez, A. (2005). Travel
behavior within Canada’s older population: A cohort analysis. Journal of Transport

Geography, 13(4), 340-351. doi:10.1016/}.jtrangeo.2004.07.007

Park, S. W., Choi, E. S., Lim, M. H., Kim, E. J., Hwang, S. L., Choi, K. L., ... & Jung, H. E.
(2011). Association between unsafe driving performance and cognitive-perceptual

dysfunction in older drivers. PM&R, 3(3), 198-203. doi:10.1016/j.pmrj.2010.12.008

Payyanadan, R. P., Sanchez, F. A., & Lee, J. D. (2019). Influence of familiarity on the driving
behavior, route risk, and route choice of older drivers. IEEE Transactions on Human-

Machine Systems, 49(1), 10-19. doi:10.1109/thms.2018.2874180

Portney, L. G., & Watkins, M. P. (2009). Foundations of clinical research: Applications to

practice. Upper Saddle River, NJ: Pearson Prentice Hall.

Preusser, D. F., Williams, A. F., Ferguson, S. A., Ulmer, R. G., & Weinstein, H. B. (1998). Fatal
crash risk for older drivers at intersections. Accident Analysis & Prevention, 30(2), 151-

159. doi:10.1016/S0001-4575(97)00090-0

Sifrit, K. J., Stutts, J., Staplin, L., & Martell, C. (2010, September). Intersection Crashes among
Drivers in their 60s, 70s and 80s. Paper presented at the the human factors and ergonomics

society annual meeting, Los Angeles, CA.

Sleightholm, M., Billette, J.-M., Normandin, C., & Hofmann, N. (2010). The use of

transportation by seniors in Canada. EnvironStats, 4(4), 12-15.

32


https://doi.org/10.1016/S0001-4575(97)00090-0

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

RUNNING HEAD: DRIVING PERFORMANCE IN TWO AGE COHORTS

Statistics Canada. (2011). Population projections: Canada, the provinces and territories, 2009 to

2036 (Catalogue number 91-520-X). Retrieved from http://www.statcan.gc.ca/daily-

quotidien/100526/dg100526b-eng.htm

Sullivan, J. M., Bao, S., Goudy, R., & Konet, H. (2015). Characteristics of turn signal use at
intersections in baseline naturalistic driving. Accident Analysis & Prevention, 74, 1-7.

do0i:10.1016/j.aap.2014.10.005

Sullman, M. J., Prat, F., & Tasci, D. K. (2015). A roadside study of observable driver

distractions. Traffic injury prevention, 16(6), 552-557. doi:10.1080/15389588.2014.989319

Wood, J. M., & Mallon, K. (2001). Comparison of driving performance of young and old drivers
(with and without visual impairment) measured during in-traffic conditions. Optometry and

Vision Science, 78(5), 343-349. Doi: 10.1097/00006324-200105000-00018

Vlahodimitrakou, Z., Charlton, J. L., Langford, J., Koppel, S., Di Stefano, M., Macdonald, W., . .
. Porter, M. M. (2013). Development and evaluation of a Driving Observation Schedule
(DOS) to study everyday driving performance of older drivers. Accident Analysis and

Prevention, 61,253-260. doi:10.1016/j.aap.2013.03.027

33


http://www.statcan.gc.ca/daily-quotidien/100526/dq100526b-eng.htm
http://www.statcan.gc.ca/daily-quotidien/100526/dq100526b-eng.htm
https://doi.org/10.1080/15389588.2014.989319
https://doi.org/10.1097/00006324-200105000-00018

