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Highlights

The aim was to investigate the effect of aging on the detection, under time
constraints, of vulnerable road users

The detection of vulnerable road users decreased with aging, even in the
younger-old group

Older-old adults compensated for their visual-field decline by doing more visual
exploration than the other two groups did to correctly detect vulnerable road
users

Further studies should investigate the detection of vulnerable road users,
including those on personal mobility devices and using different exploration

times.



Abstract

The detection of vulnerable road users (VRUSs), especially under time constraints,
may be impaired in elderly drivers, due to their visual and cognitive decline. This
represents a major concern for road safety. The objective of the present study was to
investigate the effect of aging on the detection of VRUs. A further aim was to
investigate the impact of external factors on VRU detection. Twenty-two young adults,
20 younger-old adults, and 32 older-old adults were included in the study. A series of
photographs were displayed for 500 ms. Participants were asked to detect the VRU,
which could be a motorcyclist, a cyclist, or a pedestrian. The VRU was located at one
of two distances (near/far), one of two locations (off-centered/centered), and in two
car-DRL (daytime running lights) environments (on/off). The ability to correctly detect
a VRU was measured. An eye-tracker was used to record eye movements. The main
findings showed that VRU-detection performance decreased with aging, even in the
younger-old group (ages 55 to 68). The ability to correctly detect a VRU by older-old
adults was poorer particularly when the VRU was a motorcyclist or a cyclist. As a
whole, the older-old adults made more fixations to correctly detect the VRU than the
other two age groups did. Moreover, the visual angle between the gaze of the
participant’s last fixation and the target in the older-old group was lower than in the
other two groups, particularly when the VRU was off-centered. This finding suggests
that older-old adults compensated for their visual-field decline by doing more visual
exploration than the other two groups did to correctly detect the VRU. The results are

discussed with regards to age-related cognitive and visual deficits.

Word count: 279
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1. Introduction

The safety of vulnerable road users (VRUSs), including pedestrians, cyclists, and
motorcyclists, is a major concern in many countries (WHO, 2018) where they have a
significantly higher risk of being killed or seriously injured than do car drivers. VRU
fatalities currently represent 42.5% of all fatalities in France (ONISR, 2019), 46.5% in
Europe (ERSO, 2018), and 56% in the world (WHO, 2018). With the COVID-19
pandemic situation, daily mobility of individuals has considerably changed (Li et al.,
2022): the number of VRUS, especially in the big cities is constantly growing. A further
increase in the number of VRUs can be expected due to a rise in petrol prices but

also due to ecological and health considerations.

Main factors that could explain poor VRU detection

In order to safely interact with vulnerable road users, the drivers of motorized vehicles
must detect them quickly. In fact, late detection is the basic driver error that leads to
collisions (Rumar, 1990). Besides expectation errors (i.e., failure to scan for a specific
class of road users), Rumar et al. (1990) mentioned perceptual difficulties, especially
when low-contrast conditions and/or the peripheral visual field of the observer are
involved. VRUs are often more difficult to detect than cars because of their smaller
size and irregular contours (Cavallo & Pinto, 2012). The fact that they are not very
conspicuous visually and fail to be perceived by other vehicle drivers are frequent
causes of accidents (Van Elslande et al., 2012). A previous study showed that drivers
detect pedestrians less often when they appear in urban areas and more often when
they appear in residential areas (Borowsky et al., 2012). In urban areas, drivers are
not necessarily attuned to pedestrians, whereas in residential areas, their mindset is

such that they expect and search for pedestrians. Furthermore, findings have
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demonstrated that driving experience is also a dominant factor that affects the
identification of pedestrians. Regarding motorcycle accidents, for instance, it has
been shown that poor motorcycle detectability is one of the main risk factors and
leads to right-of-way violations (ACEM, 2009; Hurt et al., 1981). While motorcycle
conspicuity has improved since the use of daytime running lights (DRLs, which
became compulsory in the seventies in many countries), this conspicuity advantage
has been jeopardized by the increasing use of DRLs on cars, which became
compulsory in Europe in 2011. Previous experimental studies have shown that car
DRLs, which act as a kind of visual noise, hamper motorcycle detection (Brendicke
et al., 1994; Cavallo & Pinto, 2012), and also have a detrimental effect on the
detection of bicyclists and pedestrians (Cavallo & Pinto, 2012). Although rarely
studied, VRU detectability, especially in a car-DRL environment, represents a major

concern for road safety.

The impact of age-related declines on VRU detection

Perceptual difficulties in detecting VRUs can also be caused by factors internal to
drivers who are visually impaired and/or exhibit age-related declines. It has been
shown that elderly drivers are over-represented in accidents involving pedestrians
(Bromberg et al., 2012) and motorcyclists (Pai et al., 2009). While speed/distance
judgment errors are often mentioned (e.g., Hancock & Caird, 1993; Oxley et al., 2006;
Pai, 2011), detection failures in elderly drivers, together with longer perception and
reaction times at intersections, have also been observed (e.g., Staplin, 1995). Using
a video observation technique, the Bromberg et al. study (2012) showed that elderly
drivers had longer response times on hazard detection, especially for pedestrian-

related hazardous events.
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Late detection and failure to detect among elderly people are classically explained in
terms of an age-related deterioration of visual capacities, as reflected by declines in
visuo-attentional abilities, and also in terms of less effective visual exploration

strategies.

Among the age-related sensory changes, we find impaired visual acuity in both
central and peripheral vision (Collins et al., 1989; Derefeldt et al., 1979; Harwood,
2001; Ivers et al., 1998; Owsley et al., 1983), low motion sensitivity (Sekuler et al.,
2000; Snowden & Kavanagh, 2006), and poor adaptation to the dark (McMurdo &
Gaskell, 1991). The visual field, as measured in optometry, is also subject to an age
effect (Coleman et al., 2007; Freeman et al., 2007; Jaffe et al., 1986), with a greater
decrease in peripheral than in central vision. Contrast sensitivity also deteriorates
with age (Elliott, 1987), particularly at high spatial frequencies, i.e., the ability to see

details.

The useful field of view test (Ball et al., 1988) refers to the ability, in one glance, to
detect a peripheral visual target and to identify a central visual target. Findings from
a computer-screen task (UFOVR), have consistently shown that the ability to detect
peripheral targets in this dual task deteriorates with age, and that the difference
between younger and older people becomes greater as the eccentricity of the
peripheral target increases (Ball et al., 1988; Scialfa et al., 1987; Sekuler & Ball,
1986). This is partly due to the lowering of processing speed with ageing, as

demonstrated by Salthouse (Salthouse, 1996).

Similar age effects have also been observed when participants performed a task of
detecting visual targets in a road scene while driving on a simulator (Rogé et al., 2003,

2004; Rogé & Pébayle, 2009). It has been shown that the accident risk was much
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higher for elderly drivers when their useful field of view was reduced by 40% or more
(Ball & Owsley, 1993; Owsley, 1994; Sims et al., 2000). The poor UFOV performance
of participants referred for fitness-to-drive assessment was found to be associated
with a large number of driving errors during real-world driving (Myers et al., 2000).
Similar results have been found on a driving simulator (Henderson et al., 2013). With
respect to the detection of VRUs, Rogé and Pébayle’s (2009) simulator study showed
that drivers with a limited useful field of view detected fewer motorcycles in the road
scene, especially in the distant periphery, than those who had a more extensive useful
field of view. Although that study only involved younger drivers, it can be assumed
that such motorcycle-detection difficulties are more pronounced for older drivers,

whose UFOV performance is generally impaired.

It is also well known in vision science that age impacts eye movements. While age
does not seem to affect eye-movement accuracy (Moschner & Baloh, 1994), it has
been shown to impact saccadic speed (Abel et al., 1983), saccadic latency, and
saccadic reaction time (SRT) (Moschner & Baloh, 1994; Munoz et al., 1998). More

specifically, an effect of age on SRT has been observed for persons over 40.

Objectives

The number of older drivers is increasing and their age-related declines may
negatively impact the detection of VRUs, which may represent a major concern for
road safety. It is surprising to notice that the detection of VRUs by older drivers has
been very little investigated (Borowsky et al., 2012; Bromberg et al., 2012). The first
objective of the present study was therefore to investigate the effect of aging on the
detection of VRUs. Three age groups (young adults, younger-old adults, older-old

adults) participated in the study. We expected an age-related decrease in the
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detection of VRUs. We also hypothesized that a limited useful field of view, as

measured by the UFOV test, would be associated with poor detection of VRUS.

Another objective was to investigate the extent to which the detection of VRUS is
affected by external factors such as the presence/absence of daytime running lights
on cars, the kind of VRU to be detected (pedestrian, cyclist, motorcyclist), their
distance from the observer, and their location in the visual scene. The exploratory
aim was to better understand the visual strategies used by older drivers to correctly

detect a VRU.

2. Method

2.1 Participants

A total of 74 participants were included in the study. In the group of young adults
(N=22), there were 10 males and 12 females. Their median age was 29 years (range
25-46) and their median number of years of driving experience was 5 (range 1-25).
In the group of younger-old adults (N=20), there were 16 males and 4 females. Their
median age was 61.5 years (range 55-68) and their median number of years of driving
experience was 42 (age 15-50). As cognitive decline often occurs at older ages (70
or more) (Aartsen et al., 2002), we added a third group of older-old adults (N = 32)
whose median age was 73 years (range 70-87) and whose median number of years

of driving experience was 51 (range 4-70). There were 19 males and 13 females.

The inclusion criteria were: (1) having normal or corrected-to-normal vision (at least
6/10), (2) being a driving-license holder, (3) being an active driver (driving more than

2500 km/year), and (4) not declaring any neurological disorders.
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None of the participants were professional drivers. Participants were recruited by
flyers or social networks. Written informed consent was obtained from all participants

before the experiment.

2.2 Task and experimental design

A series of photographs were displayed for 500 ms (for an example, see Figure 1).
The participants had to detect the presence of a VRU and determine whether it was
a motorcyclist, bicyclist, or pedestrian. They had to choose between four response
types displayed on the screen: bicyclists, motorcyclists, pedestrians, or none of the
above. They indicated their response to the experimenter orally. Practice trials were
performed before the experiment. A mixed experimental design was employed, with
group (young, younger-old, older-old) as a between-subject variable. There were four
within-subject variables: the targeted VRU (motorcyclist, bicyclist, or pedestrian), the
distance of the VRU in the scene (far vs. near), the DRL environment of the cars
(DRLs on vs. off), the VRU’s location (centered vs. off-centered). Each experimental
condition was repeated three times (VRU (3) x Distance (2) x Car-DRL (2) x Location
(2)), making for a total of 72 experimental trials. Eighteen distractors containing a
VRU (located at different distances from those used in the experimental trials) were
added. In order to obtain a balanced design, 90 distractors with no target were added,

making a total of 180 trials. The stimuli were presented in four blocks of 45 trials each.
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Figure 1. Example of a trial involving a motorcyclist (a scooter) centered at a near

distance, among cars with their daytime running lights off

2.3 Apparatus and stimuli

The stimuli were photographs of urban traffic at intersections in overcast weather.
The photographs were presented on a 47” flat-panel LCD display (width: 1.02 m;
height: 0.57 m). Participants were seated 1.60 m from the screen (angular size of the
screen: 32.5° x 19.6°). The eye-tracking system was SMI (SensoMotoric
Instruments), and the sampling rate was 60 Hz. The data was processed using
BeGaze (SMI software). Participants performed Part 3 of the UFOV test, considered
to be a measure of selective attention (Ball et al., 1993). In this part of the test, an
object (truck or car) was presented in the center of the screen. At the same time,
another object (truck or car) was presented in the periphery among 47 distractor
triangles of the same size, contrast, and luminance. Following the identification of the
central target object, participants had to indicate at which location the peripheral

object was displayed.
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2.4 Procedure

All participants first took a visual acuity test (Ergovision) and Part 3 of the UFOV test.
Then the participants read the instructions of the experiment. The order of the four
blocks was counterbalanced across participants. Each trial included the display of a
fixation cross for 1500 ms, followed by the photographs for 500 ms. The screen turned
gray at the end of the trial. Then the participants had to choose between four response
types displayed on the screen. No feedback on response accuracy was given.
Participants were allowed breaks during the blocks and between the blocks. The

experimental session lasted approximately one hour and 30 minutes.

2.5 Dependent variables and statistical analyses

2.5.1 Dependent variables

For each experimental trial, we determined the number of correct detections,
identification errors, and misses. A correct detection was counted when the right VRU
category was recognized. An identification error was counted when a VRU was
detected but not correctly identified, and a miss was counted when the VRU was not
detected at all. Performance on distractor items was not analyzed. The number of
fixations, known to be an indicator of visual exploration, was analyzed. Given that
visual-field size decreases and peripheral vision declines with aging, the visual angle
between the gaze of the last fixation and the target was also analyzed. To better
understand the visual strategies used by older drivers to correctly detect a VRU, the
number of fixations and the visual angle were analyzed specifically on correct
detections. However, differences in visual strategies between correct detections and

no detections (including misses and identification errors) were also explored for all
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participants and for each age group. For the UFQV test, the presentation time in

milliseconds (ms), necessary for correct identification, was measured.

2.5.2 Statistical analyses

A binary logistic regression was performed on the ability to correctly detect a VRU.
This was done in the framework of the generalized linear mixed model (GLMM) in
order to take into account the individual random effect, using the SPSS v.26s
Genlinmixed procedure (see Agresti, 2013, for more details). The binary response on
each trial (yes = 1, no = 0, 0 being the reference category), indicating the ability to
correctly detect a VRU, was chosen as the dependent variable. A binomial distribution

and a logit link function were assumed.

The number of fixations during a trial, as well as the visual angle between the gaze
(of the last fixation) and the target, were analyzed for correct detections. To analyze
the number of fixations on correct detections, a Poisson regression in the framework
of the GLMM model was conducted. To analyze the visual angle between the gaze
(of the last fixation) and the target on correct detections, a linear regression was

performed in the framework of the GLMM model.

All of these models (binary logistic regression, Poisson regression, and linear
regression) included five predictors that were categorical variables. The four within-
subject variables were VRU type (pedestrian, motorcyclist, cyclist), VRU distance (far,
near), car-DRL environment (on, off), and VRU location (centered, off-centered). The
single between-subject variable was age group. For the purpose of this study, only
the interactions between age group and VRU type, age group and distance, age
group and location, and age group and car-DRL environment were examined. Post-

hoc comparisons for the GLMMs were performed using t-tests. Significance levels
9
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were adjusted for multiple comparisons using the sequential Bonferroni correction (or
Holm’s sequential Bonferroni procedure; Holm, 1979). Successive models were
tested by removing non-significant terms one by one until the best fit was found using
the corrected Akaike Information Criterion (CAIC), which decreases with increasing
model fit. Given the small number of identification errors and misses, we did not
examine the effect of within-subject variables on errors and misses. However, paired
t-tests for all participants and for each group were performed between correct
detections and no detections for the number of fixations and the degree of visual
angle to determine whether there are any significant differences in visual strategies

between correct detections and no detections.

For identification errors, misses, and UFOV performance, the data were not normally
distributed. Values are expressed as medians (Q1-Q3). Between-group differences
were examined using Kruskal-Wallis tests (KW). Post-hoc analyses used Wilcoxon

rank-sum tests, with Holm’s correction for multiple comparisons (Holm, 1979).

Pearson correlations between UFOV performance and VRU detection performance

were conducted for all participants.

All statistical analyses were performed using SPSS, version 26.0.

3. Results

3.1 Detection task

3.1.1 Ability to correctly detect a VRU

Table 1 presents the findings for the GLMM. A significant main group effect was found
on the ability to correctly detect a VRU. Post hoc tests showed that the older-old

participants detected the VRUs significantly less well than both the younger-old and

10
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young groups did (p < 0.001), and the younger-old adults detected the VRUs
significantly less well than the young adults did (p < 0.001). The mean (+ standard
deviation) proportion of correct detections was 0.55 + 0.01 for the older-old adults,

0.67 = 0.01 for the younger-old adults, and 0.82 + 0.01 for the young adults.

For all within-group variables, significant main effects on the ability to correctly detect
a VRU were also found (Table 1). Post-hoc comparisons showed that the mean
proportion of correct detections was significantly lower in the far condition (0.57 £
0.01) than in near conditions (0.79 +0.001). The proportion of correct detections was
also significantly lower in off-centered than in centered conditions. For location, the
values were 0.78 + 0.001 for centered VRUs and 0.59 + 0.01 for off-centered VRUSs.
The proportion of correct detections was also lower for the DRLs-on than for the
DRLs-off condition, but this difference was not significant. For the car-DRL

environment, the values were 0.71 + 0.01 for DRLs off and 0.67 + 0.01 for DRLs on.

Table 1. Fixed effects using GLMM

Between-group variable

Age group F24840= 115.17, p < 0.001

Within-group variables

Type of VRU F24842=43.02, p < 0.001
VRU distance F1,4842= 219.28, p < 0.001
VRU location F1, 4842=172.98, p < 0.001
Car-DRL environment F1,4842=5.00, p = 0.02

Interactions

11
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Age group*VRU type Fa, 4842 =12.18, p < 0.001

Figure 2 shows the estimated mean proportion of correct detections per age group
for each VRU type. The older-old adults detected significantly fewer pedestrians,
motorcyclists, and cyclists than the young adults did (p < 0.001); the older-old adults
detected significantly fewer motorcyclists and cyclists than the younger-old adults did
(p < 0.001); and the younger-old adults detected significantly fewer motorcyclists,
cyclists, and pedestrians than the young adults did (p < 0.001). Pairwise comparisons
also revealed that older-old adults detected significantly more pedestrians than
cyclists and motorcyclists (p < 0.001). Younger-old adults detected significantly more
pedestrians and motorcyclists than cyclists (p < 0.001). Young adults detected more
motorcyclists than cyclists and pedestrians (p < 0.001). They also detected more

pedestrians than cyclists (p < 0.001).

No significant interactions between age group and VRU distance, age group and VRU

location, or age group and car-DRL environment were found.
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Figure 2. Estimated proportion of correct detections as a function of age group and VRU type. Only
significant between-group differences are shown in this figure. Error bars represent the standard

error.

3.1.2 Identification errors and misses

Older-old adults made more identification errors than young adults (p < 0.01). The
median percentage of identification errors for older-old adults was 5.59 (4.17 — 10.14)
and for young adults, it was 2.78 (1.41 — 4.17). Both older-old adults and younger-old
adults missed more VRUs than young adults did (p < 0.01). The median percentage
of misses for older-old adults was 37.50 (29.13 — 42.85). For younger-old adults, this

value was 30.07 (22.22 — 36.11), and for young adults, it was 19.44 (11.94 — 23.61).

3.2 Eye-related variables for correct detections

For the number of fixations, the final model included the significant main effects of
distance (F1,3157=18.47, p < 0.001), location (F1,3157=8.28, p = 0.004), and age group
(F2,3157 = 204.93, p < 0.001). For the visual angle, the final model included the
significant main effects of distance (Fi3153 = 8.78, p = 0.003), location (F23153 =
2507.81, p < 0.001), age group (F2,3153 = 16.09, p < 0.001), and a significant distance
by age group interaction (F2,3153 = 3.86, p = 0.02) as well as a significant location by

age group interaction (Fz,3153 = 59.64, p < 0.001).

There were a greater number of fixations in far VRU locations than in near ones. The
mean number of fixations in a far location (M £ SD) was 1.77 £ 0.02; in a near location,

it was 1.68 £ 0.02, p < 0.001.
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The findings also revealed a significant main effect of location, with a significantly
higher average number of fixations in the off-centered condition than in centered
conditions. The mean number of fixations (M £ SD) in off-centered condition was 1.76

+ 0.02. In the centered condition, it was 1.69 = 0.02, p = 0.004.

There was a significant main effect of age group on the number of fixations for correct
detections, and on the visual angle between the gaze and the target. Post-hoc tests
showed that the older-old group had a significantly higher number of fixations than
either younger groups. The mean number of fixations for the older-old adults was
2.05 = 0.02. For the younger-old adults, it was 1.51 + 0.02, and for the young adults,
it was 1.61 £ 0.02 (p < 0.001 on all pairwise comparisons). The older-old group had
smaller visual angle than the younger-old group (p < 0.001) and the young group (p
=0.001). The visual angle in degrees for the older-old adults was 5.05 + 0.09. For the
younger-old adults, it was 5.85 + 0.11, and for the young adults, it was 5.49 £ 0.09 (p

< 0.01 on all pairwise comparisons).

Interaction between age group and distance

The older-old adults had a significantly smaller visual angle than younger-old group
did in both the near and far locations (p < 0.001, p = 0.009, respectively). In the far
location, the older-old adults had smaller visual angle than did the young group (p =
0.003) (Figure 3). Only the younger group had a visual angle greater in the far location

than in the near location (p < 0.001).
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Figure 3. Visual angle by age group, for each distance. This represents the estimated values from the
final model. Only significant between-group differences are shown in this figure. Error bars represent

the standard error.

Interaction between age group and location

The older-old group had a significantly smaller visual angle than did the younger-old
group and the young group in the off-centered condition (p < 0.001 on all pairwise
comparisons) (Figure 4). The younger-old group also had a greater visual angle than
the young group did (p < 0.001) in the off-centered condition. In the centered
condition, the older-old group had a greater visual angle than the younger groups did
(p = 0.001 on all pairwise comparisons). For all age groups, the visual angle was

greater when the VRU was off-centered than when it was centered (p <0.001).
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Figure 4. Visual angle by age group, for each location. This represents the estimated values from the
final model. Only significant between-group differences are shown in this figure. Error bars represent

the standard error.
3.3 Differences in visual strategies between correct detections and no detections

For the number of fixations, there was no significant difference between correct
detections and no detections (correct detections = 1.76 = 0.30 versus no detections
=1.77 £ 0.29, t = 0.99, p = 0.33). Furthermore, no significant differences between
correct detections and no detections were found for each age group (P > 0.05).
However, a significant difference was found between correct detections and no
detections for the visual angle (Visual angle for correct detections = 4.96° + 0.98
versus Visual angle for no detections = 8.24° £ 1.48, t = 0.99, p < 0.001). These
differences remain significant for each age group (Younger adults: Visual angle for
correct detections = 5.21° + 0.67 versus Visual angle for no detections = 7.31° + 1.32,
t = 6.66, p < 0.001; younger-old adults: Visual angle for correct detections = 5.25° +

0.59 versus Visual angle for no detections = 7.93°+ 1.17, t = 8.04, p < 0.001; Older-
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old adults: Visual angle for correct detections = 4.64° + 1.23 versus Visual angle for
no detections = 9.05 + 1.32, t = 14.29, p < 0.001).

3.3 UFOV test

The younger-old and older-old groups performed significantly less well on Part 3 of
the UFQV test than the young group did (p < 0.001). The young adults had a median
(Q1 - Q3) of 103 ms (80 - 140). The younger-old adults’ median (Q1 - Q3) was 300

ms (257 - 407) and the older-old adults’ median (Q1 - Q3) was 335 ms (253 - 500).

3.4 Correlation between Part 3 of the UFOV test and detection performance

For all participants, poor performance on Part 3 of the UFOV test was strongly

correlated with poor VRU detection (r = - 0.67, p<0.001).

4. Discussion

The aim of this study was to investigate the effects of aging on the detection of VRUs.
The VRU could be a pedestrian, a motorcyclist, or a cyclist, positioned in two different
locations and at two different distances in urban traffic. The cars could have their
DRLs turned on or off. The contribution of this study is that VRU detection
performance decreased with age, even in the younger-old group (ages 55 to 68).
Furthermore, older-old adults performed poorly, particularly when the VRU was a
motorcyclist or a cyclist. Finally, this study suggests that older participants used
compensatory mechanisms for their poorer visual field by increasing visual

exploration, without reaching the detection performance of the younger group.

As a whole, the older-old adults made more fixations to correctly detect the VRU than

the other two age groups did. As expected, there were a greater number of fixations
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to far VRU locations than to near ones. The mean number of fixations to detect the
VRU in a far location was 1.77 whereas in a near location, it was 1.68, meaning that
more individuals needed 2 fixations to detect far VRUs as compared to near VRUSs.
Moreover, the visual angle between the detected VRU and the last fixation was
smaller in the older-old group than in the younger-old group, whether the VRU was in
the far or near location. The visual angle of the older-old group was also smaller than

that of the other two groups when the VRU was off-centered.

Importantly, detection performance decreased with aging, not only in the older-old
participants (ages 70 to 87) but even in the younger-old group (ages 55 to 68). These
findings are consistent with previous driving studies showing that age has an impact
on the ability to detect visual signals (Rogé et al., 2003, 2004). Poor detection
performance may be explained by a deterioration of selective attention with aging. In
the present study, lower detection performance was strongly associated with a poorer
measure of selective attention (Part 3 of the UFOV). Previous findings have shown
that a decrease in selective attention appears early in the course of aging, between
the ages of 40 and 50 (Sekuler et al., 2000). Another explanation could be the slowing
of processing speed with aging (Owsley, 2011; Salthouse, 1996). In our study,
participants were under time constraints when detecting a VRU since the
photographs were displayed for only 500 ms. This could explain why even the
younger-old adults could not compensate for their slowing in processing speed and
exhibited a decrease in VRU detection performance. Older-old adults made more
identification errors and both older groups (older-old and younger-old) missed more
VRUs than young adults did, suggesting that they did not have time to see and identify

the VRU.
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Unexpectedly, the interaction between age group and centeredness on the ability to
detect a VRU was not significant. Yet, for correct detections, the visual angle between
the gaze and a VRU located in the periphery was narrower for older-old adults than
for younger-old and young adults. This finding indicates that older-old adults’ eyes
need to land closer to the target to correctly detect a VRU in the periphery. It suggests
that the older-old adults used mechanisms that compensate for visual-field decline by
doing more visual exploration than the other two groups to correctly detect the VRU
(Coeckelbergh et al., 2004). Our findings on the detection of VRUs located in the
periphery differ from those of previous studies (Rogé et al., 2003, 2004; Rogé &
Pébayle, 2009), which showed that older drivers detected fewer signals than younger
drivers, particularly when the signal was farther away from the fixation point.
Discrepancies across studies may be due to differences in methodology (screen size)
or the type of task (observation versus driving). Interestingly, the number of fixations
did not differ between correct detections and no detections whereas the degree of
visual angle was larger for no detections, for all age groups. This result suggests that
visual strategies of participants differ between correct detections and no detections:
all participants (regardless of the age) need to land closer to the target to correctly

detect a VRU.

Similarly, no age-related deterioration in the ability to detect a VRU among cars with
their DRLs on was found in our study. Yet, the use of DRLs had a negative impact on
detection performance in all three age groups. Previous studies have shown that the
use of DRLs by cars may create “visual noise” that hinders the perception of other
VRUSs, such as pedestrians, cyclists, or motorcyclists (Cavallo & Pinto, 2012), which

makes them less conspicuous and less noticeable (Brouwer et al., 2004). Our results
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thus suggest that the use of DRLs by cars affects the detection of VRUs for all

individuals, irrespective of their age.

Another interesting finding is that older-old adults and younger-old adults detected
pedestrians better than they did motorcyclists and/or cyclists, which was not the case
for our young adults. One explanation could be that older adults identified more with

pedestrians than with motorcyclists and cyclists.

5. Limitations and future research avenues

Methodological considerations include the use of static images, i.e., photographs of
urban traffic instead of dynamic images in videos or during simulated driving. The
decision to use static images in the present study allowed us to investigate attentional
aspects of road-user behavior. Photographs were displayed for 500 ms, which is quite
short. In real life, drivers need to quickly detect relevant information in the road scene,
and detection failures are more likely to occur under time pressure and when visual
exploration time is short. Also, the age gap between our younger-old and older-old
groups was quite close (65-68 vs. 70-87). However, our findings indicated some
significant differences in VRU detection performance and visual exploration.
Furthermore, the age gap between the older groups and the younger group was
relatively large, which can explain significant differences between these two groups.
Additional studies that include an intermediate age group with a mean age around 50
should be conducted to better understand the time course of visual and attentional
aging in VRU detection. Time constraints play a major role in detection performance
in older adults. In the present study, photographs were displayed for 500 ms, which

may be not enough to correctly detect the VRU, especially for older adults. Future
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research should vary presentation times of photographs in order to determine the role

of exploration times in relation with compensation strategies in older adults.

It would be interesting in future studies on older adults to investigate VRU detection
using a driving simulator. The use of a driving simulator enables one to assess VRU
detection during driving, and to better understand the compensatory strategies of
older adults. A previous simulator study showed that elderly drivers drove about 20%
slower than experienced non-elderly drivers (Bromberg et al., 2020), which suggests

that as a whole, elderly drivers are aware of their deficiencies in detecting hazards.

A valuable contribution for improving road safety would be to investigate different
types of interventions aimed at helping older drivers better detect VRUSs, particularly
motorcyclists and cyclists. Based on the results of this study, we can contend that
older individuals detect fewer motorcyclists and cyclists than pedestrians. There are
several ways to improve VRU detection performance. A variety of training methods
have been employed to improve VRU detection by car drivers. One such method is
useful-visual-field training which could improve elderly car drivers’ VRU-detection
(Rogé et al., 2014). It has been shown that drivers who had undergone training for
perceiving motorcycles were better able to identify motorcyclists than ones who had
not been trained (Crundall et al., 2017). Also, safety messages have been developed

to improve the perception of VRU vulnerability during driving (Rogé et al., 2015).

Additional research needs to be conducted to explore the benefits of automated
vehicles for detecting VRUSs, particularly among older adults. The introduction of
automated vehicles with external human-machine interfaces, and the use of
augmented reality in automated vehicles, could help drivers to better detect VRUs

and may also enhance future interaction between VRUs and autonomous vehicles
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(Tabone et al., 2021). Several safety systems such as pedestrian alerts could inform
drivers of a potential hazard (Large et al., 2019). However, the additional cognitive
load induced by these systems should be considered with caution in future studies,

especially for older adults.

As a complement to studies investigating VRU detection by drivers, eye-tracking
studies should also explore the interactions between drivers and pedestrians from the

pedestrian’s point of view (Lévéque et al., 2020).

Further research should also help improve the visibility of VRUs. Previous studies
have shown that the use of specific conspicuous clothes (for example,
retroreflective and yellow clothes) by cyclists, or having specific headlights on
motorcycles could improve their detection (e.g., Olson et al., 1981; Pinto et al.,
2014; Ranchet et al., 2016).

6. Conclusion

The main findings of this study are that VRU detection performance decreased with
aging, even in the group of younger-old adults (after age 55). This may be partly due
to age-related deficits in selective attention and visual exploration. With the increasing
number of personal mobility devices (PMD) (e.g., electric scooters, unicycles,
segways, hoverboards), particularly in cities, the number of accidents involving both
PMD riders and other road users is increasing (Ang et al., 2021). The detectability of
VRUs on PMDs by drivers or other road users, particularly older adults, has become
a major challenge for road safety. Further studies should investigate the detection of
VRUs - including those on PMDs - by other road users (e.g., drivers, pedestrians,

cyclists).
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