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Abstract. Warning functions in vehicles can be very useful to older drivers for
avoiding crashes due to failure to perceive the danger of a situation. This study
investigated older drivers’ acceptance of vehicle warning functions and the
influence of driving experience. The results indicated that, in general, the per-
ceived importance of external environment warnings is significantly higher than
the perceived importance of car status warnings and driver condition warnings
to older drivers. However, driving experience significantly influences the per-
ceived importance of warning functions. With increasing driving experience,
both the perceived importance of external environment warnings and the per-
ceived importance of car status warnings significantly decrease. There is no
decrease in the perceived importance of driver condition warning functions.
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1 Introduction

It was estimated that if the current traffic fatality rate for older people continues,
especially as baby boomers reach their golden years, the number of older-occupant
fatalities could approach nearly 20,000 per year in the U.S. in the near future. This is
almost equal to the annual number of deaths caused by drunk driving on the nation’s
highways [1]. Declines in both physical and cognitive abilities due to aging create
several problems for older drivers while driving. It was found that 60 % of the crashes
involving older drivers were due to “informational” causes, such as failure to perceive
the danger of a situation or failure to respond appropriately to a dangerous situation [2].
With the developments in sensing and information technologies, warning functions in
vehicles can be very useful to provide full-scale information about the external envi-
ronment, vehicles, and even drivers themselves. The warning messages would help
older drivers perceive the danger of a situation.

This research studied older drivers’ perceived importance of the vehicle warning
functions and investigated the correlation between driving experience and the per-
ceived importance of the warning functions. The research findings are expected to be
useful to designers and researchers investigating older drivers.
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2 Literature Review

Because of aging effects, older adults often experience many difficulties while driving.
Vision impairment is one of the most important causes of driving difficulties of older
adults [3]. The types of vision problems of older drivers reported include reduced
visual field, reduced vision at night or in dim light, and reduced ability to visually
define and separate objects [4]. Reduced muscle strength, endurance, flexibility, and
motor speed also influence driving abilities [5]. For example, reduced neck rotation
may impair the driver’s ability to turn their head to see relevant stimuli in their
periphery, which is necessary for safe driving in complex traffic situations and when
changing lanes [5]. Besides the physical aging effects mentioned above, cognitive
aging effects also influence driving abilities significantly. For example, older drivers
often have difficulty dealing with unexpected situations due to the decrease in per-
ceptual speed and reaction time [6]. A few aging effects and their influence on driving
abilities are summarized in Table 1.

Table 1. Aging effects and their influence on driving ability

Aging effects

Influence on driving ability

Reduction in visual acuity and contrast
sensitivity [7, 8]

Reduced ability to see at night [12, 13]
Increased glare sensitivity [7]

Reduced visual field [4, 15, 16]

More susceptible to fatigue [18]

Reduction in muscle strength, endurance,
flexibility, and motor speed [5, 20, 21]

Decrease in perceptual speed and reaction
time [6, 22, 23]

Spatial ability loss [24, 25]

Executive ability loss [26]

Reduced ability to visually define and separate
objects [4, 9-11]

Reduced ability to see objects at night, dusk, or
in dim light [4, 14]

Difficulty when driving into the sun or other
glare [14]

Higher accident rate in situations involving left
turns, intersections, and overtaking [17]

Not suitable for long-distance driving or driving
in very hot or cold weather [19]

Reduced neck rotation may impair the ability of
the driver to turn their head to see relevant
stimuli in their periphery, necessary for safe
driving in complex traffic situations and when
changing lanes [5]

The speed at which visual information is
processed is an important factor for successfully
negotiating difficult or dangerous traffic
situations [5]

At risk of multiple-vehicle involvement at
intersections [4]

Difficulties occur at the level of executive
function given that the types of crashes in which
older adults are involved often occur in complex
traffic situations [5]
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Vehicle warning functions can be useful to older drivers whose perception abilities
have declined because of aging. Vehicular crashes are often influenced by three factors
—the environment, the vehicle, and the driver [27]. Warning functions can also be
divided into external environment warnings, driver condition warnings, and car status
warnings. External environment warnings include warnings of dangers outside the
vehicle such as forward collision warning and pedestrian warning. Driver condition
warnings are warnings about the drivers themselves such as fatigue warning systems.
Car status warnings are warnings of vehicles such as car status check systems. This
study sought to determine the type of warning function that was perceived to be the
most important by older drivers. The study also investigated whether driving experi-
ence would influence the perceived importance of the warning functions. There were
two research questions in this study:

Research question 1: How do older drivers rate the three types of warning
functions?

Research question 2: Would their driving experience have an influence on their
rating?

3 Method

A survey was used as the research method to investigate older drivers’ rating of the
three types of warning functions and the relation between their driving experience and
acceptance of different warning functions. The seven-point Likert scale was used to
measure the perceived importance of each warning function.

3.1 Questionnaire Preparation

The questionnaire consisted of two parts. The first part collected the demographic and
driving experience information of the subjects. The information pertaining to demo-
graphics included subjects’ age, gender, education level, current occupation, driving
experience, and frequency of driving. The second part investigated the perceived
importance of the warning functions. The subjects were asked to rate the extent to
which they agreed with the statements that followed.

Statements of external environment warning functions:

— Danger warning system is important to me.
— Pedestrian warning and braking system is important to me.

Statement of driver condition warning functions:

— Fatigue warning system is important to me.
— Driver condition warning system is important to me.

Statement of car status warning functions:

— Car status warning system is important to me.
— Lane departure warning system is important to me.
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3.2 Subjects and Survey Details

Older drivers between 55 and 75 years of age who had a driving experience of more
than one year could participate in the survey. A total of 163 subjects participated in the
study including 118 males and 45 females. The average age of the subjects was 60.9 y
(SD = 5.4 y). The average driving experience was 27.6 y (SD = 10.3 y). 107 subjects
drove their cars almost every day, 36 subjects two to three times per week, and 20
subjects less then or approximately once per week. 118 subjects had high school or
secondary school education, 43 subjects had bachelor or college degrees, and 2 subjects
had masters or higher degrees.

3.3 Survey Conduction

The survey was conducted at transportation centers, taxi companies, and senior centers.
Paper-based questionnaires were distributed in person by a research assistant. First, the
research assistant provided a brief description of the research. Then, if the older drivers
agreed to participate in the study, they were asked to sign an informed consent form
and fill the questionnaire. After they finished the questionnaire, they could receive a
token compensation worth $5 such as bread and milk.

4 Result

The ANOVA test was used to investigate the differences of the perceived importance of
different types of warning functions to older drivers. The testing results showed that
there was a significant difference between the ratings for external environment warn-
ings and those for driver condition warnings. Moreover, there was a significant dif-
ference between the ratings for external environment warnings and those for car status
warnings. The perceived importance of external environment warnings was 7.1 % and
5.3 % higher than that of driver condition warnings and car status warnings, respec-
tively. Detailed data and p values are shown in Table 2.

Table 2. Comparison of the importance of external environment warning, driver condition
warning, and car status warning to older drivers.

Variable 1 Variable 2 P value
External environment warning | Driver condition warning | 0.002*
Mean = 6.0 Mean = 5.6

SD =1.01 SD =1.19

External environment warning | Car status warning 0.022%*
Mean = 6.0 Mean = 5.7

SD =1.01 SD = 1.08

Driver condition warning Car status warning 0.377
Mean = 5.6 Mean = 5.7

SD =1.19 SD = 1.08
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Further, the influence of driving experience on the perceived importance of different
types of warning functions was investigated. Correlation analysis was used to study the
relationship between driving experience and the perceived importance of the warning
functions. First, correlation analysis was used to test the relationship between driving
experience and the perceived importance of external environment warnings. The testing
result found a significant negative correlation (Pearson correlation = —0.216, p = 0.007).
It meant that the perceived importance of external environment warnings significantly
decreased with increasing driving experience. Further, there was a significant negative
correlation between driving experience and the perceived importance of car status
warnings (Pearson correlation = —0.207, p = 0.009), which meant that the perceived
importance of car status warnings significantly decreased with increasing driving expe-
rience. There was no significant correlation between driving experience and the perceived
importance of driver condition warnings (Pearson correlation = 0.017, p = 0.830).

In order to have an intuitive understanding of how these three variables changed with
driving experience, linear regression was performed between these variables and driving
experience. As shown in Fig. 1, with increasing driving experience, the perceived
importance of external environment warnings and car status warnings significantly
decreased. It meant that for experienced older drivers, the perceived importance of
external environment warnings and car status warnings was not as important as for
relatively inexperienced older drivers. On the contrary, there was no significant decrease
in the perceived importance of driver condition warnings with increasing driver expe-
rience. This meant that for older drivers with different amounts of driving experience,
driver condition warnings were equally important. For relatively inexperienced older
drivers, the driver condition warning was still significantly less important than external
environment warnings and car status warnings; however, with increasing driving expe-
rience, the driver condition warning was as important as the other two types of warnings.
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Fig. 1. Output graph of linear regression between the scores of warning functions and older
drivers’ driving experience.
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5 Discussion

This study investigated older adults’ acceptance of different vehicle warning functions
and the influence of driving experience on the acceptance. The study results indicated
that, in general, the perceived importance of external environment warnings is sig-
nificantly higher than the perceived importance of car status warnings and driver
condition warnings to older adults. Owing to declines in perceptive abilities and speed,
the external environment warning is very important for them. About 60 % of crashes
involving older drivers were due to “informational” causes such as failure to perceive
the danger of a situation or failure to make an appropriate response to a dangerous
situation [2]. It is essential to ensure information accuracy as older drivers’ perception
of the external environment is very important.

Also, the results indicated that driving experience significantly influences the
perceived importance of warning functions. With increasing driving experience, both
the perceived importance of external environment warnings and perceived importance
of car status warnings significantly decreased. However, there was no decrease in the
perceived importance of driver condition warning functions. The literature suggested
that with practice, drivers learn where to search for relevant information and respond to
it more quickly [28, 29]. Experienced drivers look at the road farther ahead than
novices [30]. For experienced older drivers, the perceived importance of external
environment warnings and car status warnings were found to be lower than that for
relatively inexperienced older drivers. However, the importance of driver condition
warnings does not change for both experienced and novice older drivers. Recently,
researchers have begun to investigate and develop technologies to monitor the vital
signs of older drivers. For example, Walter et al. investigated embedded measurement
techniques for non-contact monitoring of vital signs, including capacitive electrocar-
diogram monitoring (cECG), mechanical movement analysis (ballistocardiogram,
BCG) using piezo-foils, and inductive impedance monitoring [31]. Older drivers may
be easily tired and may feel sleepy owing to the effects of medication. Moreover, their
health condition may suddenly deteriorate owing to health problems such as hyper-
tension and heart disease. Monitoring of driver function and driver condition warnings
could help prevent crashes to some extent.

The subjects’ past exposure to the warning functions, which may have had an
influence on their ratings, was not investigated; this is a limitation of this study. In
future studies, more warning functions should be studied with a more detailed
description of each function.
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