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Abstract

Objective: Glare caused by the headlights of on-coming vehicles risk safe driving
at night. The study aimed to determine the relationship between glare exposure
and nighttime driving performance among commercial drivers in Ghana.
Methods: This cross-sectional study involved commercial drivers with com-
plaints of nighttime driving difficulties (N = 80; mean age = 41.5 + 11.1 years).
A questionnaire was used to investigate nighttime driving performance following
glare exposure. We measured contrast sensitivity and visual acuity under pho-
topic conditions. With an experimental setup in a mesopic setting, we measured
visual acuity with and without glare exposure. The difference between the two
mesopic visual acuities was quantified as disability glare index. With the same
setup, photostress recovery time was also measured. Regression analyses were
used to determine the relationship between nighttime driving performance score
and the measures taken in both photopic and mesopic settings.

Results: The average nighttime driving performance score was 47.8 + 17.5.
Driving performance was negatively correlated with all variables (R = -0.87 to
-0.30, all p < .01), except contrast sensitivity (R = 0.74, p < .01). A multiple lin-
ear regression showed that the model with all variables explained 83.8% of the
variance, but only disability glare index was a significant predictor of nighttime
driving performance following glare exposure (standardized B = -0.61, p < .01).
Conclusion: Our results show that the change in mesopic visual acuities fol-
lowing glare can predict nighttime driving performance. This measure can be
incorporated into the assessment of driving fitness by licensing departments to
evaluate whether a person can drive safely at night amidst glare exposure.
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1 | INTRODUCTION

Driving is indisputably a vision-dependent task."* Driving
performance, the ability to effectively maneuver a set of
driving skills such as braking, staying in lane, perception
of pedestrians and traffic, etc., requires the driver to have
good vision. The issuance of drivers’ licenses is therefore
contingent upon meeting visual standards established
to ensure public safety and effective vehicle control.!
However, most licensing departments only assess visual
acuity (VA) to determine visual fitness for driving even
though there are different components of visual function.
Other seldomly assessed components of visual function
such as contrast sensitivity,’ glare sensitivity,*> color vi-
sion,*” and visual field® reportedly impact driving perfor-
mance significantly.

Driving performance can be severely impaired at night
due to low (mesopic) illumination.”*° Visual challenges
associated with nighttime driving is further worsened
by the headlights of on-coming vehicles."'™"* Straylight
from headlights can reduce retinal image contrast
which manifests as either dazzling glare or scotomatic
glare.”*"* Dazzling glare occurs when high illumination
sweeps across the retina and induces light avoidance be-
havior such as squinting and looking away from the source
of glare.""'*' Scotomatic glare, also known as photostress,
involves reduced visual sensitivity following exposure to
high illumination which rapidly bleaches and delays the
restoration of retinal photopigments.'*'® Previous studies
assessed glare sensitivity with the disability glare index
estimated as the difference between mesopic visual acu-
ity measured with and without glare exposure.""'” The
photostress recovery test,”*'%® the time to regain visual
sensitivity following glare exposure, can also be used to
assess glare sensitivity. Considering that exposure to glare
worsens nighttime driving performance and risks driving
safety, it is important to assess glare sensitivity prior to is-
suing driver's licenses.

Even though a quarter of driving happen at night, a
significant proportion of all road traffic accidents (RTA)
occur during the dark hours.'** The statistics for RTA,
in general, is disproportionally worrisome for developing
nations,”** accounting for approximately 90% of cases
worldwide. In Ghana, one of the RTA prone countries
in Sub-Saharan Africa, the prevalence of RTAs has been
increasing over the last decade, with an estimate of over
900 cases per 100 000 population..”***> An analysis of
crashes between 2013 and 2017 in Ghana found that 67%
of cases happened at night.*® In addition to severe injury
outcomes, the risk of death was 1.3 times greater for night-
time RTAs compared to daytime RTAs. Apart from pedes-
trian casualties, commercially operated vehicles (COVs),
which serve as a major means of transportation in Ghana,

account for a substantial proportion of RTA occurrences
in the country. In view of this, good vision is indispensable
for COV drivers to drive safely during the day and at night.
However, Driver and Vehicle Licensing Authority (DVLA)
offices in Ghana currently do not perform glare assess-
ment to determine visual fitness for driving at night. The
purpose of this study was to examine the relationship of
nighttime driving performance with disability glare index
and photostress recovery time among COV drivers in the
Cape Coast Metropolis of Ghana.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a cross-sectional study involving a survey of
driving performance upon exposure to glare and an exper-
imental setup for visual function and glare sensitivity as-
sessment. The study followed the tenets of the Declaration
of Helsinki and was approved by the Ethics Review
Board of the University of Cape Coast (ID: UCCIRB/
CHAS/2018/43). Similarly, approval was obtained from
the leadership of the Ghana Private Road Transport
Union (GPRTU) at the Tantri commercial lorry park/sta-
tion in Cape Coast, Ghana. This was an ideal setting for
the study because it is the largest COV park in the Cape
Coast Metropolis and provided access to drivers plying all
major roads in Ghana.

2.2 | Participants

The list of all licensed COV drivers was obtained from the
Tantri GPRTU. To be included in this study, we required
drivers to have at least 6 months of nighttime driving ex-
perience as documented in the drivers’ log books main-
tained by the Drivers’ Union. We also required eligible
participants to have complaints of visual challenges at
night but no clinically significant visual impairment or
presence of ocular disease. Drivers who had difficulties
sleeping or used sleep medications were excluded from
the study. Eighty drivers met our eligibility criterion and
were included in the study. Written informed consent was
obtained from all participants.

2.3 | Assessment of driving performance
under glare exposure

We developed a five-item questionnaire to explore par-
ticipants’ driving performance upon encountering glare
from the headlight of on-coming traffic with guidance
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from authorities (based on realistic local context easily
understood by drivers) at the DVLA in Cape Coast. The
questionnaire was administered by a research assistant
and required participants to affirm whether they could
recognize pedestrians, crossing animals, road signs, on-
coming vehicle, and road borders when exposed to glare
while driving at night. An affirmative response to each
item received a score of 20, otherwise, participants re-
ceived a score of zero. The sum of the scores was com-
puted as the driving performance under glare exposure
(possible maximum score = 100). These five items are
commonly used to evaluate driving performance.'"*” We
piloted the questionnaire on 15 drivers (not included the
final study) and obtained a reliability coefficient of 0.82.
The following additional information were obtained
from participants: age, level of education, driving his-
tory, road safety literacy, and eyecare seeking habits.

2.4 | Visual function and
glare assessment

Comprehensive ocular health and vision examinations
were to ensure that all participants had no eye abnormali-
ties including early lens changes and met the minimum
visual requirement for driving in Ghana (VA of 20/30
or 0.18 logMAR). A battery of tests was then performed
under photopic and mesopic illuminations. Photopic tests
were performed first and the order of testing under each
lighting condition was randomized to minimize fatigue
and memorization. These tests were performed binocu-
larly and with participants’ habitual visual correction.

2.5 | Measurements in photopic
illumination

Photopic distance VA was measured using a LogMAR
VA chart. The Pelli-Robson chart (Clement Clarke
International Ltd.) was used to assess the contrast sensi-
tivity. Participants were encouraged to guess letters until
a set of three letters on the same line were misidentified.
Each correctly identified letter was assigned a unit score of
0.05 log (O and C letter were considered interchangeable).
The illuminance level for photopic tests was 120 + 10 cd/
m? (digital light meter yf-170).

2.6 | Glare assessment in mesopic
illumination

Mesopic testing was done at illuminance level of
0.30 + 0.10 cd/m? (average of three repeated measures)

Journal of [lccupatinnal'Health_WlLEYJ3_°”

which was consistent with previous studies (0.1-1.0 cd/
m?)."*?® Pparticipants were allowed 10 min to adapt to
the mesopic conditions.”®** To induce dazzling glare
and photostress, we constructed an experimental
setup that mimicked the Aston halometer. The Aston
halometer employs a point source illumination which
closely represents headlight glare from on-coming traf-
fic."" The setup involved the headlight of a motorcycle
(12V/35/35W) measuring 18 cm by 14.5 cm. The lumi-
nous intensity (E) of the motorcycle headlight source
was 3000 cd/m* and was comparable to the average lu-
minous intensity of headlights of common vehicles that
ply Ghanaian roads. The headlight was positioned at an
angle (0) of 9.8° from participants’ line of sight, 150 cm
away from participants’ eye. With these parameters, the
amount of glare (Lv) introduced into participants’ eye
was 31.87 lux (computed using the Stile Holladay dis-
ability glare formula®®: Lv = 10E/6?). The setup has been
illustrated in Figure 1.

Under the mesopic illumination and with the glare
source turned off, VA was measured using a decimal nota-
tion VA chart. This served as the baseline mesopic VA. We
used the decimal notation chart to eliminate memoriza-
tion of letters. The glare source positioned on the left side
of the participant was turned on and VA was measured
again. This was repeated after a five-minute break to
allow for restoration of baseline mesopic VA. The differ-
ence between VA taken without and with the glare source
turned on was computed as the disability glare index.

With this setup, photostress recovery time was mea-
sured. Participants stared directly at the glare source for
10 seconds and then immediately switched to look at
the decimal acuity chart. The time taken to read a line
above the baseline mesopic VA was recorded as the pho-
tostress recovery time.'®'® Estimation of the photostress
recovery time was repeated after a five-minute break.
The mean of the two recovery times was used for the
analysis.

2.7 | Statistical analysis

Categorical variables were reported as frequencies,
whereas mean and standard deviation (SD) were reported
for continuous measures. The chi-square test was used
to assess the association between road targets and visual
function parameter such as photopic VA, contrast sen-
sitivity, DGI and mean PSRT. Linear regression models
were used to investigate the relationship between driv-
ing performance and age, photopic VA, contrast sensitiv-
ity, disability glare index, and mean photostress recovery
time. Significance level was set at 0.05. Data were ana-
lyzed using SPSS (version 26.0; IBM).
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3 | RESULTS

All study participants were males with median (inter-
quartile range) of 39 (34-48) years. The highest level
of education for all participants was Middle or Junior
High School. Nine participants (11%) attended a driv-
ing school, the majority (51%), however, learnt driving
through apprenticeship. All participants were compli-
ant to the biennial renewal of driver's license regula-
tion by the DVLA. The majority of participants (70%)
reported they had eye examinations every two years,
which usually coincided with the license renewal pro-
cess. Participant’s demographics and driving history
have been summarized in Table 1. The mean (SD) value
for contrast sensitivity was 1.88 (0.18) log units, 0.05
(0.10) logMAR for photopic VA, 0.14 (0.09) for baseline
mesopic VA (decimal notation), 0.34 (0.09) for disability
glare index (decimal notation) and 33.89 (9.90) seconds
for photostress recovery time.

Table 2 presents the association between the detection
of road targets and components of visual function includ-
ing photopic VA, contrast sensitivity, DGI and mean PSRT.
While mean PSRT was not significantly associated with
detection of any target, DGI was significantly associated
with road signs, road borders, and pedestrians. Figure 2
presents the proportion of participants who reported
they could identify on-coming vehicles, road signs, road

FIGURE 1 Illustration of
experimental setup for glare assessment.
The headlight was positioned on the left
to represent the direction of glare source
on Ghanaian roads

250 cm

150 cm

borders, pedestrians, and crossing animals under glare ex-
posure from on-coming traffic during nighttime driving.
Of these, the most frequently identified targets were ap-
proaching vehicles, followed by road signs, and crossing
animals were the least frequently identified. The overall
mean (SD) driving performance score under glare expo-
sure was 47.8 (17.5). The mean driving performance score
for the 5 participants who had a history of RTA was sig-
nificantly lower than the remaining participants who had
never been involved in an accident (22 vs. 47, p < .01).
Whereas mean PSRT was not distinguishable between the
two, the mean DGI value for participants with a history of
RTA was greater than those who had no history of RTA
(0.5vs.0.3, p < .01).

Figure 3 presents the relationship of nighttime driv-
ing performance with participants’ age (3A), contrast
sensitivity (3B), photopic VA (3C), baseline mesopic VA
(3D), disability glare index(3E), and photostress recov-
ery time (3F). Driving performance was negatively cor-
related with all variables (R = -0.87 to -0.30, all p < .01),
except contrast sensitivity (R = 0.74, p < .01). Multiple
linear regression with all six variables yielded a signif-
icant model for predicting nighttime driving perfor-
mance, F(6, 73) = 165.4, p < .01, and explained 92.6%
of the variance. Table 3 shows a summary of the mul-
tiple regression analysis. With age and DGI as the only
significant predictors, the predictive model for driving
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TABLE 1 Participant's demographic and driving information

Variable
Median age (interquartile range), years 39 (34-48)
N (%)

Gender (male) 80 (100)
Middle/Junior High School education 80 (100)
Medium of training

Driving school 9(11)

Apprenticeship 41 (51)

Other 30 (38)
Biennial renewal of license 80 (100)
Frequency of road safety education

Annually 51 (64)

Biennially or more 29 (36)
Frequency of eye examinations

Annually 4(5)

Biennially 56 (70)

Triennially or more 20 (25)
HISTORY of RTA

Yes 5(6)

No 75 (94)

Mean (SD)

Habitual VA (LogMAR) 0.0(0.1)
Years of driving 14.8 (9.8)
Daily duration of nighttime driving 3.5(1.1)

RTA, road traffic accident; SD, standard deviation

performance is estimated as (—0.33 * age) + (—0.60 * D
GI) + 103.28.

4 | DISCUSSION

Nighttime driving can be very challenging for many driv-
ers. In addition to reduced visibility at night, exposure
to glare caused by the headlight of approaching vehi-
cles significantly impacts driving performance and also
increases the risk for RTA occurrences.'**" This study

TABLE 2 Association between the
detection of targets and visual function

Journal of [lccupatinnal'Health_WlLEYJS_“”

showed that the difference between mesopic visual acui-
ties measured with and without a glare source (disabil-
ity glare index) was a significant predictor of nighttime
driver performance following exposure to glare. This
finding suggests that the measurement of disability glare
index in addition to photopic visual acuity provides an
additional indicator for determining one's fitness to
drive safely at night.

Currently, photopic VA is the only standardized
test performed at DVLA offices in Ghana to determine
whether one meets the visual requirement for driv-
ing.32 This assessment, however, does not provide a com-
prehensive evaluation of driving fitness, particularly for
nighttime driving.**** Separate regression analyses re-
vealed that whereas 29.2% and 37.1% of the variance in
nighttime driving performance were explained by phot-
opic VA and baseline mesopic VA, respectively, disabil-
ity glare accounted for 75.2% of the variance (Figure 3).
Consequently, disability glare index or the change in
mesopic VA following glare exposure remained the only
significant determinant of driving performance upon en-
countering glare from an on-coming vehicle. Our results
are consistent with previous studies''*** which showed
that visual function assessments in low illumination
were better predictors of nighttime driving performance
than photopic assessments. This observation indicates
that the incorporation of disability glare index estima-
tion into driving fitness assessment may help identify
licensed and potential drivers who may be at greater risk
of getting involved in RTAs following exposure to glare
from on-coming traffic.

The impact of two clinical manifestations of glare were
investigated in this study: dazzling glare and photost-
ress. Although there was significant negative correlation
(Figure 3F), the multivariate regression analysis (Table 3)
showed that photostress recovery time was not a signifi-
cant predictor of nighttime driving performance follow-
ing glare exposure. This may be partly due to the fact that
the participants included in the current study, of whom
50% were below 40 years, had no clinically significant pa-
thologies. Studies have shown the presence of age-related

Visual function parameters

assessed with chi-square test
Targets
On-coming vehicles
Road signs
Road borders
Pedestrians

Crossing animals

Photopic Contrast

VA sensitivity DGI Mean PSRT

238(p<.01) 53(p=.91) 281(p=.08) 26.1 (p = .80)

251(p<.01) 418(p<.01) 67.1(p<.01) 33.7 (p = 43)

17.6 (p=.04) 264(p<.01) 43.8(p<.01) 52.9 (p = .02)

292(p<.01) 19.0(p=.06) 40.0(p=.02) 37.9 (p = .25)
52(p=.82) 152(p=.17) 26.0(p=.13) 39.5 (p = .20)
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FIGURE 2 Bar graph showing the proportion of participants that could identify specific targets under glare exposure while driving at

night

ocular diseases delays photostress recovery time beyond
60 seconds,18’35’36 however, the range of recovery time ob-
served in this study was 19 to 57 seconds. Nonetheless,
this finding is not sufficient to discount the relevance of
photostress recovery time in determining visual capacity
for nighttime driving because older drivers and those at
greater risk of developing age-related ocular problems
may experience delayed restoration of visual sensitivity
following exposure to high illumination.’**” Clinicians
can therefore perform photostress recovery test in addi-
tion to the estimation of disability glare index to obtain
a better appreciation of the risks faced by drivers with
complaints of visual challenges at night. Clinicians may
be guided by the predictive factor [(—0.33 * age) + (—0.60
* DGI) + 103.28] found in this study. This can help iden-
tify the appropriate interventions which will minimize the
risks of getting involved in RTAs.

Road borders, pedestrians and crossing animals were
reported as the most missed targets following glare ex-
posure at night (Figure 2). In Kimlin et al, participants
performed poorly at detecting pedestrians and road mark-
ings."! Using simulated roadside targets, Theeuwes et al re-
ported a significant reduction in the ability of drivers to
detect pedestrians following exposure to glare.*® These ob-
servations translate into veering off driving lanes, crash-
ing into road borders and knocking down of animals and
humans. Whereas there are no effective measures to deal
with glare from headlights, some approaches have proven
to be useful. These include wearing of antireflective spec-
tacles,* use of polarized headlight systems,'® and wearing
of reflective clothing by cyclists and pedestrians.*’

A limitation of the current study is that driving per-
formance was estimated using a structured question-
naire instead of driving simulator as has been described

in previous studies.’™*> We did not have access to a driv-
ing simulator due to technological constraints, there-
fore, we had to resort to using a survey. Some studies
have used questionnaires successfully to assess driving
performance and driving habits.'®*° The results of the
current study are, however, comparable to findings of
previous studies'"** which employed driving simulators.
While future studies may utilize an objective measure
of nighttime driving performance upon glare exposure,
an improved version of the current questionnaire can
be adopted. The revised instrument should be limited to
the items such as road signs, road borders, etc., which
were strongly associated with visual function (Table 2).
Additionally, item-specific questions could be included
to obtain a more accurate assessment of the impact of
glare on driving performance. Similarly, several factors
including poor visibility, fatigue and impaired driving
due to sleep deprivation have been linked to RTAs at
night. Our study concentrated on the relationship be-
tween visual parameters and RTAs. Future studies may
have to consider the contribution of these other parame-
ters to the occurrence of RTAs at night.

5 | CONCLUSION

Glare caused by the headlight of on-coming vehicles risks
safe driving at night. Our results showed that among the
different components visual function associated with
driving performance, the change in mesopic visual acu-
ity following glare exposure was the most significant
determinant of whether drivers can identity other road
users and targets at night. While an objective assess-
ment of nighttime driving performance is needed, the
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findings of this study provide useful information that can are capable of driving safely at night. The evaluation of
be adopted by DVLA offices and clinicians to ascertain  glare sensitivity could help curb the frequency of RTAs
whether new drivers and those seeking license renewal on Ghanaian roads.
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TABLE 3 Multiple regression analysis summary for predicting
nighttime driving performance

Parameter Standardized slope (p-value)
Age —-0.33(<.01)

Contrast sensitivity —0.02 (.82)

Photopic VA —0.05 (.39)

Baseline mesopic VA —0.11 (.06)

Disability glare index —0.60 (<.01)

Photostress recovery time —0.01 (.67)
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