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Abstract. More than a million people die and many more injured every
year in road crashes. There are various factors, which affect the chances
of a road traffic injury and many of them can be avoided/ improved
to limit the exposure to vulnerable road users. Distraction in traffic is
another risk, which is another major concern for planners and policymak-
ers. Driver distraction can result from various factors/ sources, which can
be from inside a vehicle or outside a vehicle. External distractions may
arise due to building/ structure/ people/ activities/ billboards (i.e., road-
side advertising) along the road and a driver is attracted to them. The
present study attempts to study the distraction patterns of experienced
drivers due to external factors (e.g., construction site). The case study
is chosen as Ashram intersection in Delhi. A road safety audit of that
construction site was performed. Distraction pattern of drivers have been
captured using wearable eye-tracker and processed for predefined zones.
Fixation patterns are analyzed for approach transition, working and ter-
minal transition zones. The combined heat maps are used to provide an
estimated distraction of all the drivers superimposed onto a single frame.
The study exhibits that the highly skilled drivers are only marginally af-
fected by the construction site; however, the distraction can be further
minimized if recommendations of road safety audits are implemented
correctly.
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1 Introduction

1.1 Background

About 11% of the world’s accidents related deaths happen in India, i.e., about
150,000 persons every year, which accounts for about 0.77% of the nation’s GDP
[1]. Over-speeding, careless driving, drunk-driving, wrong-side, signal-jumping
etc., are the main causes of accidents. About 65% of the accidents occurred on
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the straight road section, where the drivers become less attentive (or distracted).
Typically, a driver needs to pay attention for the whole duration of driving, more
explicitly to traffic and other road-users), road signs, traffic signals, road surface,
potholes, sand/gravel on the surface, etc. Thus road safety management, safer
roads & mobility, safe vehicle, road user behavior and post-crash care are the
five pillars of road safety. India is taking bold and innovative steps to tackle its
road safety challenges.

1.2 Driver distraction

Distraction is the major factor and this is particularly challenging nowadays,
where a wide spectrum of technologies (e.g., use of touch screen panel or in-
fotainment system, use of digital maps for the route navigation, adjusting the
temperature, etc.) have been introduced into the car environment may be dash
mounted or wearable. Typically, distraction is an event, which causes a driver
to focus on an activity other than remain focused on driving [2]. There could
be a person/ object within/ outside of the vehicle, which induces a shift in the
driver’s attention. This distraction could be cognitive (mind off from driving),
manual (hands off the steering), auditory and visual (eyes off the road). As a
consequence of automation in the vehicle technology, the various types of dis-
traction caused by secondary tasks that drivers have to manage has increased
over the years, hence increasing distracted driving or sometimes due to road
scenarios. The distraction leads to an increase in the reaction time and longer
reaction times may steer to accidents. A few studies studied the behavior of
the drivers to evaluate the impact on the reaction time using driving simulators
[3,4,5]. Similarly, Choudhary and Velaga [4] used driving simulator to study the
pedestrian crossing event during use of a mobile phone. An increase in reaction
time by 40%, 95%, 137% and 204% for simple conversation, complex conversa-
tion, simple texting, and complex texting while driving was found [4]. Clearly,
an increased reaction time is a result of distraction. Driver distraction is also
a common reason for road accidents therefore in this study focus is on driver
distraction at one of the construction sites in Delhi using Eye Tracker.

1.3 Past studies using eye tracking

There are many studies that attempted to study the reaction time, speed, lane
positioning, etc. (i.e., performance measures) of the drivers using a driving sim-
ulator [4,6,7,8,9,10]. A few other studies looked at the psychological responses
using the driving simulator and in real-world conditions [11]. In addition to driv-
ing simulators, eye-movements of the drivers can be studied to understand the
pattern in case of fatigue, distraction, carelessness, etc. A few studies attempted
to use eye-tracker to study psychological factors, distractions, etc. Typically, two
devices are used for such purposes, i.e., glasses and dashboard-based. The former
is placed on the head of the driver as a helmet or regular glasses. The latter is
more suitable, when no physical contact should be made with the driver, i.e., in-
stalled on the dashboard of a vehicle and sensors placed in the helmet/ glasses/
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dashboard track the eye movement. A review of various studies is presented,
which aims to perceive the cognitive function of eyes, to exhibit movement
patterns of eyes [12]. Further, the study demonstrates the use of various eye-
trackers under various driving conditions. The literature lacks in understanding
of eye-fixation, gazing pattern/ direction, reaction time, impact of monotonous
driving conditions, etc. A few studies used eye-tracker under a controlled envi-
ronment (i.e., a driving simulator) [13,14]. The former study confirms that the
eye-tracking might provide the cognitive load estimation of the driver. The lat-
ter study compares the reaction times of racing and non-racing drivers using
eye-tracker using racing simulator.

In a study, which uses FACELab eye-tracker under controlled conditions on
a driving simulator, found that the fixation time for older (experienced) drivers
is longer than younger (newer) drivers [15]. In the similar direction, PERCLOS
(“Percentage of Eyelid Closure Over the Pupil Over Time”) and ACES (“Aver-
age Eye Closure Speed”) are combined to propose an algorithm, which detects
the driver fatigue [16]. Fatigue is a major problem due to monotonous driving
conditions. Eye tracking methodology can also be used to study the psycho-
logical behavior [17]. In another study, it is shown that with the help of eye
monitoring, the quality of infrastructure can be evaluated towards road safety
[10]. Similarly, gazing patterns are studied to understand the driver awareness
at an urban intersection [9].

Overall, very few studies have attempted to use eye-tracker to study the eye
movement, gazing pattern of drivers under various conditions (e.g., distraction
due to vehicle-automation, fatigue, construction work along the roads, etc.) In
a study, Indian drivers were asked to drive a vehicle on driving simulator and
wearing eye-tracker. The study attempted to study the violations [18]. Similarly,
another study attempted to study the distraction patterns on Indian roads using
a driving simulator [19]. The authors found that the gaze percentage of all drivers
were above 90% and the average fixation duration for 25-30, 31-35 and 36-40
years are 73%, 70% and 80% respectively.

1.4 Problem statement

A review of driver’s distraction using eye tracking highlights the need for dis-
traction studies using eye-tracker in real conditions [20]. Since the road-side con-
struction activities are likely to intensify the chances of the road-side hazards,
the distraction of drivers due to such activities need to be studied. The scope of
the study is limited to study the distraction patterns of the highly experienced
drivers in a metro city.

1.5 Objectives of the study

The objectives of this work are to

– study the distraction of very experienced (expert) drivers in real conditions
due to construction work along an arterial and



4 Gupta et al.

– perform the road safety audit of the construction site.

For this, the eye movement data is collected using an eye tracker in the field.

2 Study area and methodology

Fig. 1: Methodological steps

Figure 1 shows the various steps involved in this study. These steps are
explained in subsequent sections.

2.1 Site selection

Ashram intersection in Delhi is selected for the present study. It serves very
high traffic and has stop&go conditions during peak hours. Figure 2a shows the
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(a) Top view of Ashram intersection

(b) Markings for selected segment, including construction site

Fig. 2: Ashram Intersection, Delhi and different zones for analysis

top view of the site. A flyover is already functional and an underpass is being
constructed at this location. The length of the underpass is 750 m. Two approach
arms, perpendicular to the flyover are, Faridabad side & India gate side having
an approach-based signal during construction. On each approach, a signal is
installed, which are functioning as round-about signals.
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The construction site is very unsafe. In the work zones, the recommended
guidelines (IRC: SP:55-2014) are not followed strictly (see Section 3). Thus,
road users, specifically, non-motorized users are vulnerable.

(a) Approach transition zone (b) Working zone

(c) Traffic Signal 1 (d) Traffic Signal 2

(e) Terminal transition zone

Fig. 3: Area of interests for the study

Five different zones are considered during the whole driving trip. These are
approach transition zone, working zone, two traffic signals (approach to Bhogal
and near Ashram metro station) and termination (or terminal transition) zone.
Figure 3 shows the five different zones. It is a total of around 540 meters jour-
ney, the length between 2 consecutive zones is as given in Table 1. The Tests
were conducted during afternoon hours in broad daylight and peak traffic hours.
Originally the road consists of 3 lanes in each direction but due to construction,
only one lane or two lanes were available at different sections of the road. The
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Table 1: Details of the zones
Zone distance (in m)

Approach transition zone 51

Working zone 98

Traffic Signal 1 27

Traffic Signal 2 200

Terminal transition zone 160

route was unknown to the drivers. If this is not the case, the distraction patterns
are likely to differ due to the knowledge of the surroundings (see [8] for impact
of route familiarity). Since the primary focus of the study is distraction at the
construction site, only three zones are used for analysis, i.e., approach transition
zone, working zone and terminal zone.

2.2 Driver selection

In this study, 7 skilled, male, 25-40 years old drivers are selected. These drivers
were very experienced and driving is part of their long-term job. The mean
annual mileage-driven is 150,000 km and mean driving experience is 11.5 years.
The Keystone eye viewer is used to test the vision of the drivers in all aspects. All
the drivers had an acceptable range of vision. These drivers were asked to wear
the eye tracking glasses (see Section 2.3 for experimental set up) and drive a car
on a predefined route. The marked zone in Figure 2b is the selected segment of
the trip. All drivers followed the same route at different times.

2.3 In-field experimental set up

The Eye-Tracker is a device that can be used as a regular-glasses, while driving
on a simulator or in real-world conditions. It can also be used while riding a
bicycle or motorcycle. At first, the device is self-calibrated before the start of
the recording, for each participant. This was performed using a calibration card.
The device is connected with a recording unit (pocket-friendly), which stores the
data on-the-go in a memory card. At first, the driver undergoes a practice session
on a driving simulator and/ or on a controlled stretch so that drivers become
comfortable with the device. The data was collected during daytime (≈30 min
trip time) in Nov., 2020, i.e., after the first wave of COVID-19 pandemic. The
traffic conditions were close to the pre-Covid levels, which is also observed by
looking on the traffic conditions in the videos/ images; therefore, the results are
unlikely to be affected by COVID-19 pandemic.
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In this study, Tobii Pro Glasses 23 is used (see Figure 4). It has 4 eye cameras
(2 on each side), gyroscope and accelerometer sensors, scene outward facing
camera with 90o field of view.4

Fig. 4: Tobii Pro eye tracker controller and glasses

2.4 Data extraction

In order to analyze the data, recorded data is processed using a dedicated soft-
ware Tobii Pro Lab5. The extraction of eye-tracker metrics needs manual ef-
forts (i.e., first selection of a discrete screen out of the recorded video, creating
events of gazing and fixation pattern on the screenshot, creating heat maps, etc.).
Therefore, the results are prepared for three AOIs. Following measurements are
extracted:

– Eye movement type: At first, it is tested if eyes not found properly or saccade
(rapid movement of eyes) occurs or fixation is high/ low.

– Gaze Sample percentage (portion of recording for which one or both eyes
were found); an eye tracker with 50Hz frequency has 50 samples per second,
it is unlikely that 100% of the samples can be used to calculate gaze points
due to blinking or any other reasons.

– Weighted Gaze Samples: 100% if both eyes found for full recording, 50% if
both eyes for 50% of recording and one eye for half of the recording

3 Road safety audit

A road safety audit was done prior to the experiment to identify the safety con-
cerns at a construction site. Typically, IRC:SP:55-2014 provides the guidelines

3 See https://www.tobiipro.com/product-listing/tobii-pro-glasses-2/
4 See https://www.tobiipro.com/siteassets/tobii-pro/accuracy-and-precision-tests/

tobii-pro-glasses-2-accuracy-and-precision-test-report.pdf for technical details (e.g.,
accuracy, precision, etc.) of the sensors.

5 https://www.tobiipro.com/product-listing/tobii-pro-lab/

https://www.tobiipro.com/product-listing/tobii-pro-glasses-2/
https://www.tobiipro.com/siteassets/tobii-pro/accuracy-and-precision-tests/tobii-pro-glasses-2-accuracy-and-precision-test-report.pdf
https://www.tobiipro.com/siteassets/tobii-pro/accuracy-and-precision-tests/tobii-pro-glasses-2-accuracy-and-precision-test-report.pdf
https://www.tobiipro.com/product-listing/tobii-pro-lab/
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to address the traffic management in work zones and IRC:SP:88-2019 provides
guidelines for road safety audit. A few safety concerns are shown in Figure 5.
The findings of the road safety audit and risk levels are tabularized in Table 2.
Clearly, if the risk level is very high for any safety concerns, these are essential
and should be fixed immediately. High risk level concerns are highly desirable.
For instance, the traffic management plan, which is essential for smooth traffic
flow, is missing; thus imposing greater risk to the drivers and causing delays. Fur-
ther, to inform the drivers about the construction zones, warning signs should be
provided in advanced warning zones. Chevron and hazard markings are missing,
which is a very high safety risk, specially in low lights.

Fig. 5: Safety concerns identified during road safety audit

4 Results and Discussions

4.1 Impact of construction activities

The video data from one of the driver is not able to capture the approach zone,
working zone, terminal transition zone, thus, excluded from the analysis. For
the analysis, data from 6 drivers are used. Five drivers used the same path (see
Figure 2) and one driver passed through the first three zones (i.e., went straight
towards India gate, see Figure 2) only. The average time to cover the five zones
(from approach to terminal) of length about 600 m, is 9 min 17 sec. It ranges
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Table 2: Findings of the road safety audit
safety concern risk level

traffic management plan is missing

very high
prior information of work zone missing
chevron and hazard marking missing
GI sheet to separate working area with traffic (very dangerous)

incomplete zebra crossing
highimproper advance warning zone

improper approach transition tapering

no new jersey barrier

high
poor condition of road
improper diversion signs
no/ improper facility/ marking for NMT users

from 6 min 25 sec to 12 min 38 sec, which should typically take about 1-1.5 min.
Clearly, the higher travel time is a consequence of congestion due to construction
activities and traffic signals.
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Fig. 6: Gaze sample percent for different zones and whole journey

Figure 6 shows the box plots of gazing sample percentage for various zones
and for the whole journey. This number is given in %, and represents active
seeing, i.e., portion of recording for which one or both eyes were found. A lower
value is possibly due to the blinking of eyes, waving head, low light or other
reasons and is undesirable while driving. From Figure 6, it can be observed that
the gaze sample percentage is very high except for the traffic signals. At traffic
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signals, i.e., in a stand-still condition, it is most likely that the drivers will be
closing eyes to relax or looking away than the field of view of the camera.

(a) Heat map for working zone (b) Heat map for traffic signal 1 zone

(c) Heat map for terminal transition zone

Fig. 7: Heat map of a driver for in various zones

Figure 7 shows the heat maps produced using the gaze plot for working, traffic
signal 1 and terminal transition zones. The heat map shows the points where the
driver was looking. The red color denotes higher frequency at a point, whereas
green is showing fewer gaze points. From Figures 7a and 7c, it can be observed
that the driver is not focused and looking at many points in the approach zone
than in the terminal transition zone. During the approach, drivers are likely
to be inquisitive due to new route (and new information)/ hazard information,
whereas in the terminal transition zone, the driver is accustomed to the area and
possible hazards. A plausible interpretation is that if proper signage, markings
are provided at a construction site (see Section 3), drivers are more likely to
understand it quickly (very less or no fixation) and may not be interested in
collecting information related to area and plausible hazard. Thus, ignoring the
provision of signage, marking, etc. are likely to create distraction for the drivers.
Further, the heat map for traffic signal (see Figure 7b) indicates that the driver
is attempting to look at the traffic signal and at the same time, he is distracted
due to movement on the flyover (i.e., unwanted information) rather than focusing
on the signal or road.



12 Gupta et al.

4.2 Analysis for area of interests

(a) AoI in the approach zone (b) AOI in working zone

(c) AoI in terminal transition zone

Fig. 8: Area of interests defined for distraction analysis

In order to understand the distraction pattern of these drivers, three area of
interests are defined. These are in the approach zone, working zone and terminal
zone. In each of these zone, for every frame, an area is specified (like a polygon),
where the number of fixation, fixation duration, etc. are counted. The area is
selected such as to identify the distraction due to construction site. Figure 8
shows the areas of interests for three zones.

The interval time, fixation duration for six drivers are shown in Figure 9.
The former is time spent by a driver in each zone and the latter is time of
fixation in the pre-defined area of interests (see Figure 8). Higher is the fixation
duration, more distracted is the driver. From Figure 9, it can be observed that the
fixation duration is pretty low in all zones except for one driver, whose fixation
is higher in the working zone (i.e., driver ‘r88’). Interestingly, three drivers in
the approach zone, two drivers in terminal transition zones and one driver in the
working zone are not distracted at all, i.e., they are not attempting to collect
the new information about route/ possible hazards. The number of fixations is
also very low for these drivers, this indicates that the skilled drivers are very less
distracted due to construction site. These drivers are more focused on the road.
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Fig. 9: Interval time and fixation duration in AoIs

4.3 Combined heat maps

In order to see the overall distraction pattern in the five zones, the heat maps
of individual drivers are superimposed in one image.6 The final heat maps are
shown in Figure 10. Following can be observed:

– The construction activities have affected the very skilled driver marginally
(i.e., experienced drivers are more attentive on the road rather than collecting
more information from the adjacent working areas). That means, the novice
drivers will be affected most and may lead to accidents.

– The traffic signal 2 is immediately after a ‘U’ turn (see Figure 2), which
has led to diversified gazing. This indicates the confusion among the drivers.
Thus, the traffic signal may need to be redesigned.

– In the terminal transition zone, almost all drivers are very focused, i.e., in
absence of construction activities, drivers are focused. Another interpreta-
tion is that the drivers are used to the working area and therefore not looking
at many points. However, most of the drivers were attentive in the approach
transition zone as well, therefore, least distraction is most appropriate ex-
planation.

5 Conclusions

Distracting activities while driving are common and can result in driving er-
rors, which ultimately affects the safety of road users. As driver’s exposure to

6 These superimposed heat maps are approximates due to the fact that no two drivers
can have identical spatial trajectories.
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(a) Approach transition zone (b) working zone

(c) Traffic Signal 1

https://www.overleaf.com/project/60b38dd4a3ccda9fc0d19103

(d) Traffic Signal 2

(e) Terminal transition zone

Fig. 10: Combined heat maps for five zones considered in the present study

distraction (maybe in-vehicle or external distraction) is high, policies that in-
clude education and innovative enforcement practices are required to decrease
the adverse outcomes.

The present study attempts to look on the distraction of experienced drivers
due to construction work along the road using an eye-tracker device. In this
study it has been found out that

– The average time to cover the five zones (from approach to terminal) of
length about 600 m, is 9 min 17 sec, which should typically take about 1-1.5
min. It is because of congestion due to construction activities and traffic
signals.

– At the construction site, the road safety guidelines by IRC:SP:88-2019 and
IRC:SP:55-2014 were not followed, which increases the risk for the road users.
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– Higher is the fixation duration on the adjacent work areas, more distracted
is the driver, i.e., a driver is collecting more information about the route/
hazard etc. However, this can be reduced substantially, if standard guidelines
are following in work zones. Except, one driver, whose fixation is higher in
the working zone, all other drivers have marginal effect of construction work.
This is likely to be an effect of their extensive experience.

– Drivers are more distracted and looking at many more points in the approach
zone (inquisitive) than in the terminal transition zone (used to with the
route).

– The traffic signal close to Ashram intersection, which is immediately after a
‘U’ turn (see Figure 2), which has lead to diversified gazing. This indicates
the confusion among the drivers and pedestrians.

In summary, at the selected site, selected drivers were very less distracted
since they are skilled drivers. Thus, the results obtained in this study can be
used as a reference to study the distraction of novice/ untrained drivers, which
are likely to be affected most and may lead to accidents.

6 Future Scope

Though this work summarizes the findings for a construction site in Delhi, the
similar distraction characteristics can be observed for experienced drivers in
other cities. Due to paucity of time, the selected sample size was only seven
drivers and of the same age groups of (commercial category) drivers. In future,
more sample size (male & female drivers; novice & experienced) can be taken
with different environmental settings in simulated as well as in field conditions to
draw more concrete conclusions for policy recommendations. In addition to the
eye-tracker, ECG, thermal cameras can allow a better interpretation of cognitive
process while driving.
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