
Academic Editors: Eva Michelaraki

and George Yannis

Received: 27 August 2025

Revised: 16 September 2025

Accepted: 17 September 2025

Published: 18 September 2025

Citation: Bosurgi, G.; Marra, S.;

Pellegrino, O.; Sollazzo, G.; Ruggeri,

A. Influence of ADAS on Driver

Distraction. Vehicles 2025, 7, 103.

https://doi.org/10.3390/

vehicles7030103

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Influence of ADAS on Driver Distraction
Gaetano Bosurgi, Stellario Marra, Orazio Pellegrino , Giuseppe Sollazzo and Alessia Ruggeri *

Department of Engineering, University of Messina, Vill. S. Agata, C.da Di Dio, 98166 Messina, Italy;
gbosurgi@unime.it (G.B.); stello.marra@hotmail.com (S.M.); opellegrino@unime.it (O.P.);
gsollazzo@unime.it (G.S.)
* Correspondence: aleruggeri@unime.it

Abstract

In recent years, research into smart roads has moved from the purely theoretical phase
of initial experiments to an increasing number of applications on new or existing roads.
However, a high level of digitization in terms of available equipment may lead to a decrease
in driving performance and, consequently, have a negative impact on safety. The aim of this
study is to define a procedure to determine the impact of these technologies by analyzing
the visual behavior of the driver, in order to refine the on-board devices in case of negative
feedback. The visual strategy of a sample of users was evaluated during simulated driving.
Their behavior, recorded by an eye tracker, showed that the introduction of an On-Board
Unit (OBU) makes drivers more aware of the road. In fact, even if the number of fixations
towards the OBU increases, the average duration of each fixation decreases and remains
below the alarm thresholds indicated in the literature.

Keywords: driver behavior; road geometric properties; road safety; driving simulator

1. Introduction
1.1. Background

Driver distraction is widely recognized as a critical factor in road safety. The perfor-
mance of road users is often influenced by elements not directly related to infrastructure [1],
which can divert attention and lead to incorrect maneuvers [2,3]. In this context, visual
distraction is defined as the diversion of a driver’s gaze and attention to activities not
necessary for safe driving.

According to the National Highway Traffic Safety Administration (NHTSA), inat-
tention contributes to 78% of all crashes in the USA and 65% of unintentional crashes;
cockpit-related distractions alone account for nearly 25% [4–6]. Young drivers appear
particularly exposed to these risks, both because of their limited driving experience and
their extensive use of digital technologies [7,8].

This issue is gaining further relevance with the rapid digitalization of transport sys-
tems. Vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) communication will
expose drivers to a large volume of real-time information, which is expected to improve
safety [9,10]. Yet, the same technologies may also increase cognitive workload or introduce
new forms of distraction, thereby offsetting their potential benefits [11,12]. Given that the
visual channel is the primary modality through which drivers acquire information from the
road environment [13–19], even brief interruptions—such as those caused by mobile phone
use or interaction with in-vehicle devices—can critically impair perception, hazard detec-
tion, and reaction times [20,21]. Understanding how drivers allocate attentional resources
under these conditions is therefore central to anticipating and mitigating safety risks.
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The technological evolution of vehicles has advanced toward increasingly sophisti-
cated driver assistance systems, ultimately enabling fully autonomous driving. Driving
simulators have become essential research tools, as they allow the safe testing of external
and in-vehicle conditions not yet available on the market. This raises the question of
how faithfully simulators replicate real vehicles, which is crucial to ensure reliable exper-
imental outcomes. Although standardized validation methods are still lacking, recent
studies [22–26] have addressed this challenge through various approaches, including the
analysis of typical driving maneuvers, performance indicators (speed, acceleration, steer-
ing), and physiological responses (visual behavior, heart rate, skin conductance). Overall,
commercial driving simulators are generally considered to provide a realistic and reliable
representation of actual driving conditions.

1.2. Literature Review

A substantial body of research has examined the effects of distraction on driver
performance. Experimental studies, both in simulators and on real roads, demonstrate
that distraction leads to longer braking reaction times [27], shorter time to collision [28],
and increased difficulty in maintaining lane position [29]. Other immediate consequences
include greater variability in speed and steering angle, prolonged reaction times, and
reduced headway [30–34].

In practice, drivers continuously divide their attentional resources between primary
and secondary tasks, typically with limited performance degradation [35]. However, when
secondary tasks coincide with complex driving contexts—such as intersections, urban
settings, or unexpected events—the safety margin decreases significantly. In these cases, the
additional cognitive demand may deplete the driver’s reserve capacity, delaying reactions
and increasing crash risk [36,37].

Among the different forms of distraction, visual distraction is particularly hazardous.
By taking the driver’s eyes off the road, it reduces focal length and diminishes the ability
to process critical environmental cues [20,21]. Since the visual channel is the dominant
source of information during driving [13–19], any reduction in visual attention can compro-
mise recognition, perception, and response. Eye-tracking studies have identified saccades,
fixation counts, and fixation duration on distracting elements as key indicators of visual dis-
traction [38,39]. Notably, fixation durations longer than 2 s have been repeatedly associated
with elevated crash risk [40].

The role of Advanced Driver Assistance Systems (ADAS) in relation to distraction
has also been widely investigated. Birrel and Fowkes [41], for example, tested the “Foot-
LITE” technology during road trials and observed that participants spent only 4.3% of their
time looking at the display, with an average fixation of 0.43 s and no fixations exceeding
the 2 s threshold. This suggests that ergonomic interface design can mitigate distraction.
Similarly, Starkey et al. [42] found that fixations on Intelligent Speed Adaptation (ISA)
systems remained both short and infrequent, well below the 2 s limit recommended by
NHTSA [43].

Nonetheless, research highlights that ADAS are not inherently beneficial and must
be carefully evaluated to avoid user overload [44]. Their effectiveness is greatest when
they reduce environmental complexity [45] or simplify road geometry [46], for example, by
distinguishing static from dynamic objects, predicting the behavior of surrounding vehicles,
or monitoring the driver’s state [47].

Despite these valuable insights, findings remain context-dependent and are often
specific to the technologies tested. Consequently, results cannot be easily generalized across
different devices or environments. This underscores the need for further investigation
into the interaction between visual distraction, human factors, and emerging vehicle
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technologies, with the ultimate goal of supporting the development of safer, evidence-
based design guidelines.

1.3. Research Gap

The present literature review focused on visual distraction with respect to generic in-
vehicle devices (telephones, satellite navigation systems, eco-green systems, etc.). However,
the digitalization of the roads has received a significant boost in recent years and foresees the
introduction of more heterogeneous technological devices. For these devices, a validation
procedure is required before their effective introduction.

This study compares, in a simulated context, a “control condition” (without an in-
vehicle device) and a “smart condition” by means of an on-board unit (OBU) that sends
several messages to the driver. The device aims to assist the driver in gathering information
about the road by providing real-time messages. The On-Board Unit (OBU) was designed
specifically for this research and, therefore, has no relationship with existing ADAS. How-
ever, the methodology applied for the analysis and the results obtained can be applied
to existing instrumentation. It has been customized to ensure the specific function of the
Smart Roads (compliance with speed limits, reduction of CO2 emissions, information on
infrastructure, etc.).

The authors would like to emphasize that, in contrast to previously discussed research,
the aim of this paper is to evaluate driver performance on a specific road, with or without
this kind of ADAS.

The results could be useful both for the optimal calibration of in-vehicle devices and
for the definition of appropriate active and passive safety measures for the infrastructure.

2. Methodology
As expected, two driving conditions are considered: in the first, the driver does not

have any instrumental assistance, while in the second, he relies on an OBU that sends
appropriate visual feedback related to the criticisms of the road.

In this study, a simulated environment was used for the experiments in order to
guarantee control, repeatability, and standardization: the characteristics of the experiment
can be managed according to the needs and objectives of the research. The use of the
driving simulator allows users to drive in identical weather and traffic conditions. This
allows the creation of standard driving tests and the collection of reproducible results.

- Variable Numbers: A driving simulator can accurately and efficiently measure driver
performance. In a real vehicle, very bulky equipment is required to obtain complete,
synchronized and accurate measurements.

- Safety for the user against driving errors: driving simulators allow the study of hazard
perception and anticipation, exposing the driver to dangerous driving activities that
cannot be tested in a real vehicle.

The ability to control the variables involved beforehand guarantees greater homogene-
ity and quality of the raw data obtained during the tests. This makes it possible to isolate
the components being studied, in this case the smart advice.

Of course, the use of a driving simulator also has some drawbacks, such as the lack
of real feedback, the possible nausea that may affect the user while driving, the need to
validate the results in relation to the real context, the driver’s motivation, and the perceived
level of risk.

Concerning the full consistency of the results with real conditions, it should be noted
that this study was based on commercial software (SCANeR®), which has been widely
used by many road industries in recent years. Furthermore, the conclusions drawn relate
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to the comparison between scenarios, both defined in the simulated environment, avoiding
any reference to real contexts.

2.1. The Alignment

The route on which the tests were carried out is represented by a track of approximately
4900 m in length, with a random starting point to avoid the influence of a particular
sequence of geometric elements on the overall behavior of the driver.

The components of the track are curves and tangents defined in accordance with
Italian standards [48]. In particular, there is a first set of 5 curves with a radius of R = 120 m,
a second set of 5 curves with a radius of R = 180 m, a third set of 4 curves with a radius of
R = 240 m, and, finally, two final curves with a radius of R = 45 m. The details of the 4 sets of
curves are shown in Figure 1, where A represents the spiral parameter (the values without
a code represent the length of the segments).

Figure 1. Geometric details of the 4 groups of curves are included in the test alignment.

The other characteristics of the road may be listed as follows:

• Two-way road with one lane in each direction.
• Total width of carriageway and shoulders: 4.5 m.
• Cross-slope along tangents: 2.5%.
• Cross-slope along bends: 7%.

To encourage active driver behavior, some particularly critical elements were included
in the design:

• 2 very small radius bends (R = 45 m) following 2 larger radius bends (R = 240 m) and
a 236 m long tangent.

• A work zone of about 500 m in length.

Other secondary external elements (physical objects, trees, bushes, etc.) were not
included in the context to avoid increasing the number of variables and obtaining excessive
scatter of the results. For the same reason, the authors considered it negligible, or even
counterproductive, to vary the degree of alignment, which was therefore maintained in
the plan. To properly inform the driver, vertical signs were added to the edges (speed
limit, work zone warning, end of work zone, dangerous bend) and to the cones limiting the
work zone.
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2.2. The Driving Simulator

The experiments were carried out using the SimEASY® driving simulator produced
by AVSimulation and available at the Road Infrastructure Laboratory of the University of
Messina (Figure 2).

 

Figure 2. The Sim-Easy driving simulator.

The SCANeR® Studio 2021.1 software allowed the authors to fully edit the alignment,
the dynamic management of the vehicle, the inclusion of road components, as well as
the scripting function, with which the events were included in the driving scenario. This
feature was also used to code the OBU described below.

As expected, two scenarios were evaluated in the simulated context: traditional driving
(control) and smart driving. The two conditions differ only in terms of the OBU, which is
not included in the former.

Specifically, the OBU was defined and customized by initially creating an ad hoc
script to display several visual warnings while driving along the route and/or in case of
incorrect driving behavior. It was displayed as a rectangular graphical element on the right
side of the simulator’s main screen, approximately corresponding to the center console
area in a real vehicle. This position was chosen as a compromise between visibility and
minimizing obstruction of the forward road view, aligning with common practices for
in-vehicle infotainment systems. The dimensions of the OBU frame were 15 cm × 10 cm
(subtending a visual angle of approximately 10◦ × 5◦ from the driver’s viewpoint). The
individual icons within each frame had a size of approximately 4 cm × 4 cm (~2◦ visual
angle). The specific thresholds used for triggering alerts were speeding (>50 km/h in a
work zone, >90 km/h elsewhere), excessive accelerator pedal depression (>90% of full
range), and lane departure (>0.5 m over the lane marking).

Other specifications of the OBU and its visual warnings are:

• In the absence of any route criticism or incorrect behavior, the OBU screen remains
blank (white).

• Otherwise, a number of messages are displayed on the screen. These remain valid
until the criticism is over.

Obviously, the synchronous appearance of several feedback (active for a long time)
indicates a less than virtuous performance by the driver. To improve the driver’s perception,
the OBU has been divided into 4 frames, as shown in Figure 3.
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Figure 3. The OBU front-end.

Frames 1, 2, and 3 show feedback related to incorrect and/or dangerous behavior.
They are displayed until the activities are corrected. In particular, symbols and signs in
these frames are displayed when

• Frame 1: The vehicle speed exceeds the legal limit.
• Frame 2: The accelerator pedal is depressed excessively.
• Frame 3: The vehicle is drifting out of the lane.
• Frame 4, on the other hand, is designed to provide some informative feedback on

specific driving errors. Unlike the former, the latter disappears after a fixed time.

The relationship between alignment and driving behavior generates warnings that
appear not only at specific locations on the road, but also in potentially dangerous driving
situations. Regardless of whether the experimental results are critical, the analyst should
act specifically on the target location to improve the driver’s response or at least his mental
workload.

By defining a suitable script, it is possible to customize the appearance of these
warnings in terms of:

• The time of appearance of each warning with reference to the critical element of the
alignment.

• The duration of the warning (in seconds).
• Threshold values of the variables beyond which the alert is provided.
• Optimal positioning of the single alert or the whole OBU on the screen (driver’s field

of view).
• Size of the single warning or of the OBU.
• Possibility to switch between textual warnings and alert icons.
• Possibility to integrate (or replace) the visual warning with audible feedback.

The Tobii Glasses® eye tracker, which provides information on eye movements in
terms of fixations and saccades [31], was used to capture the visual behavior of the
drivers. It is a wearable eye-tracking system equipped with a high-definition scene camera
(1920 × 1080 px at 25 fps), stereo microphones, eye-tracking sensors, and infrared illumi-
nators to record user gaze and environmental audio and video. The device offered about
2 degrees of accuracy under normal conditions, but it would degrade at the periphery of
the field of view.

2.3. Sample Users’ Definition

The driving tests involved 21 users aged between 22 and 29 years old, specifically
selected to form a homogeneous sample in terms of age, number of years driving license
held, presence of mild visual impairment such as myopia (less than two diopters), number
of accidents experienced, and possible car sickness recorded after the activity of driving to
the simulator. This research complied with the American Psychological Association Code
of Ethics and informed consent was obtained from each participant. Table 1 shows the main
results of the surveys; the standard deviation shows a good consistency of the sample.
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Table 1. Data on drivers. The “Accidents” column includes both accidents suffered and accidents
caused. The column “License” refers to the number of years of possession of the driving license.
The column “Short-sightedness” contains only values 1 (presence of short-sightedness less than
2 diopters) or 0 (no pathology). Similarly, the column “car sickness” only includes values of 1 (the
driver felt a little nauseous while driving) or 0 (no problem).

Driver Age Accidents License Myopia Car Sickness

1 29 1 11 1 0
2 29 0 10 0 1
3 21 0 4 0 0
4 28 0 10 0 0
5 21 0 3 0 0
6 21 0 3 0 0
7 21 0 3 0 0
8 25 0 7 1 0
9 21 0 3 0 0

10 27 0 8 0 0
11 27 0 9 0 0
12 25 0 7 0 0
13 22 0 4 0 0
14 20 0 2 0 0
15 20 0 2 0 0
16 28 0 10 0 0
17 25 1 7 0 0
18 29 1 10 0 0
19 24 0 5 0 0
20 27 0 9 0 0
21 27 0 9 0 0

std dev 3.31 0.36 3.12 0.30 0.22

The calculation of the sample size should be based on considerations of variance and
the size of the confidence level, which is generally assumed to be 95%. Given the good
homogeneity of the selected drivers (see Table 1), the sample size was calculated as a
function of the desired precision P and the expected frequency F using Equation (1).

n =
1.962·F(1 − F)

P2 = 18 (1)

In this study, the expected frequency F was set at 5% and the absolute precision P at
10%, obtaining a minimum number of 18, lower than the actual sample size, equal to 21.

While a larger sample size is always desirable, the “a priori” calculation, combined
with the homogeneity of the sample and the significant results obtained, supports the
statistical validity of the findings within the scope of this controlled simulator study.

2.4. Experimental Procedure

The experimental procedure required different phases, each of which occupied each
user for about 30 min. The phases are listed below:

• Introduction to the experiments (2 min): each participant was given some preliminary
information about the experiments.

• Calibration of the eye tracker (5 min), which was necessary to obtain sufficient accuracy
in tracking eye movements.

• Driving practice (3 min): before the actual tests, each driver performed a practice drive
along a section different from the test alignment in order to become familiar with
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the driving instruments (wheel, pedals, gears), lane change, brake and accelerator
modulation.

• Driving under “control” conditions (5 min).
• Driving in “smart” conditions (5 min).

The time for each phase is approximate but represents a good estimate of the actual
time spent by the user sample.

2.5. Measures and Indicators

For the purposes of this research, several variables representative of the drivers’ visual
behavior were identified. The raw data (fixations and saccades) were extracted from the
movies recorded by the Tobii glasses worn by the drivers while driving.

Fixations to vertical signage were considered in the first driving condition (control),
while the OBU warning was considered in the second (smart). Warnings related to infras-
tructure (e.g., roadworks, curves, speed limits) were displayed on the OBU for a fixed
duration of 5 s as the driver approached the relevant element, ensuring a comparable time
window for perception as provided by traditional signage.

The measures performed are listed below: (a) Total number of fixations and average
fixation time (s). (b) Maximum time per fixation (s). (c) Number of missed signals.

To maximize the comprehensiveness of the study, these measurements were made
both overall (without distinguishing the type of signal) and in relation to individual alarms.
The information obtained was then processed using the technique of analysis of variance
(one-way ANOVA) to determine how drivers were affected by the presence/absence of
smart alerts and which of these was the most critical. In terms of the independent variable,
the first step was to start with the Driving Condition and then consider the different signals
reported within the OBU:

• Driving Condition (2 levels: Control and Smart).
• On-board warning (7 levels: Roadworks, Speed Limit 50, Speed Limit 90, End of

Roadworks, Dangerous Corner, Excess CO2, Lane Departure).
• The response variable (or dependent variable DV) is always represented by the follow-

ing alternative values:
• Number of fixations.
• Average duration of a single fixation.
• Maximum duration of a single fixation.
• Number of unseen traffic signs.

The reliability of the results depends on the fulfilment of the basic assumptions of the
ANOVA analysis. In this case, the assumptions are referred to:

• The dependent variable must be measured at the continuous level.
• The within-subjects factors (i.e., the independent variables) should consist of at least

two related groups, indicating that the same subjects are present in all groups.

In this case, they were divided into 2 levels for driving conditions and 7 levels for
onboard warning.

• The observations are independent, with no relationship between the observations in
each group.

• No significant outliers.
• Normal tests using residuals.

The following pairs of null or alternative hypotheses are to be tested:

• H0: The means of all driving conditions or on-board warnings are equal.
• H1: The means of at least one driving condition or on-board warning group (Control

or Smart) are different.



Vehicles 2025, 7, 103 9 of 18

3. Results
The results obtained are derived from ANOVA and are presented in this section by

means of a box-and-whiskers plot.

3.1. Total Number of Fixations and Average Fixation Time

The total number of fixations and the average fixation time were measured with
respect to:

• The vertical sign (the only “information” element in the control condition) during the
first trials.

• The same signal displayed on the OBU during the second experiment (smart condition).

Both for the total number of fixations (F (1,38) = 34.60, p < 0.05) and the average time
for fixation (F (1,38) = 6.85, p < 0.05), significant variations passing from the “control” to the
smart condition appeared. The results are provided in Figures 4 and 5.

 

Figure 4. Box-and-whiskers plot for the total number of fixations.

 

Figure 5. Box-and-whiskers plot for the average time for fixation.

3.2. Maximum Time per Fixation

For each driver, the maximum time for the single fixation to the vertical signage,
respectively, in control and smart conditions was measured. In this case, relevant variations
between the two conditions do not emerge (F (1,38) = 1.57, p = 0.217), and in both scenarios,
there were no fixations for longer than 2 s. The times measured in the two driving scenarios
are shown in Figure 6.
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Figure 6. Box-and-whiskers plot for the maximum time per fixation.

3.3. Number of Missed Signals

While driving, both in control and smart conditions, the drivers should have found
some information, though in different ways, from signage. Generally, the vertical signals,
during traditional driving, are not always perceived by the drivers. Even in this case,
significant variations (F (1,38) = 33.63, p < 0.05) were measured passing from the control to
the smart condition. The results are shown in Figure 7.

 

Figure 7. Box-and-whiskers plot for the number of missed signals.

3.4. Specific Intake of the Single OBU Warnings

To enrich the analysis, a further investigation was carried out on the intake of each
signal (on the OBU) on the driving performance, through measurements in terms of:

• Number of fixations of the signal (Figure 8)
• Average time per fixation (Figure 9)
• Maximum time per fixation (Figure 10)

The results derived lead to assessing that, for each measurement, the single signals
have different effects on the driver’s visual behavior. According to the ANOVA, there is a
significant difference in the visual strategies for the number of fixations of some signals
(F(139,6) = 10.33, p < 0.05), the average time per fixation (F(139,6) = 13.57, p < 0.05) and the
maximum time per fixation (F(139,6) = 10.11, p < 0.05).

For more clarity, in Table 2 there is a summary of the average values of the three
Dependent Variables with respect to the road characteristics.
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Figure 8. Average number of fixations of each warning (OBU).

 

Figure 9. Average time per single fixation (OBU).

 

Figure 10. Maximum time per single fixation (OBU).
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Table 2. Summary of the results for the different warnings.

Warnings Average Number of Fixations Average Time per Single Fixation (s) Maximum Time per Single Fixation (s)

Start Work zone 1.45 0.41 0.44
Speed Limit Work zone 4.55 0.32 0.45

End Work zone 1.75 0.46 0.53
Dangerous curve 1.30 0.44 0.47

Speeding (90 km/h) 0.70 0.03 0.05
High CO2 1.40 0.18 0.26

Lane departure 0.95 0.22 0.25

The experiment yielded data on saccades, defined as rapid eye movements that enable
the sequential acquisition of visual information. The amplitude of a saccade, measured in
degrees, indicates the extent to which the driver searches for targets within the visual field.
The highest values recorded during the experiment demonstrate a shift of fixations from the
road to distant points in the visual field, such as the OBU. Figure 11 reports the distribution
of saccadic amplitudes across 21 drivers. The boxplots highlight substantial inter-individual
variability, with median values ranging approximately between 30◦ and 45◦. Several drivers
(e.g., Driver 2, Driver 3, Driver 6, and Driver 21) exhibit wider interquartile ranges (IQR),
suggesting more heterogeneous saccadic behavior within the same subject, whereas others
(e.g., Driver 4, Driver 11, Driver 12, and Driver 17) show more compact distributions,
indicative of more consistent oculomotor patterns. Outliers (+ in figure) are present for
nearly all drivers, reaching values above 70◦ in some cases, which may reflect occasional
large gaze shifts toward peripheral areas of the visual field.

Figure 11. Distribution of saccadic amplitude for the drivers’ sample; + in the figure represents
the outliers.

Use of a one-way ANOVA for independent samples was a deliberate choice based
on specific and more conservative statistical reasoning. The one-way ANOVA treats the
data from the two conditions as if they came from independent groups. This approach
inflates the error variance because it does not account for the within-subject correlation.
Consequently, it makes it harder to find a statistically significant effect (i.e., it reduces
statistical power) and represents a more stringent test.

Given that our results under this more conservative model yielded highly significant
p-values (p < 0.05) for our primary variables, we concluded that the effect of the OBU was
robust enough to be detected even when using the most cautious analytical approach. This
provides a very strong and conservative level of confidence in our findings.

To formally confirm this and to address the reviewer’s valid concern directly, we have
also conducted an RM-ANOVA. The results are presented below:
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- Total Number of Fixations: RM-ANOVA: F(1, 20) = 126.52, p < 0.001
- Average Fixation Time: RM-ANOVA: F(1, 20) = 10.43, p = 0.015
- Number of Missed Signals: RM-ANOVA: F(1, 20) = 76.025, p < 0.001

As expected, the p-values from the RM-ANOVA are even more significant than those
obtained with the independent samples ANOVA (e.g., the F-value for Fixations increases
from 34.60 to 126.52), confirming the strength of the observed effects.

Therefore, while RM-ANOVA is statistically more efficient, our initial use of a one-way
ANOVA was a valid, albeit more conservative, strategy that nonetheless confirmed our
hypotheses.

4. Discussion
The aim of this study was to identify possible criticisms of the introduction of an OBU

by observing the driver’s eye movements. The main considerations are then presented on
the basis of the results obtained. It is clarified that the comparison with similar data from
literature is purely qualitative, since the different results depend on the specific equipment
adopted and slight differences can produce very different results. Rather, if the results are
unsatisfactory, some features of the OBU should be modified, such as the size of the screen,
the visibility of the signal, the start and duration of the signal, the possible use of acoustic
feedback, etc.

• Total number of fixations and average time for fixation

The authors insisted on analyzing these two variables together, as a single analysis
could lead to erroneous conclusions.

In particular, when moving from the control to the smart condition, there is generally
a remarkable increase in the total number of fixations on objects of interest, i.e., road
signs. The mean value for the control condition is 3.75, while in the smart condition it
is 12.05. A general increase in this number due to an OBU device was also found by
Kaber et al. [49]. However, in this study, this increase is accompanied by a contextual
and significant reduction in the average time for a single fixation (0.509 s in the control
conditions, 0.377 s in the smart conditions). According to Birrel & Fowkes [36], in this case,
too, the introduction of an OBU does not seem to be a source of distraction for the driver,
but rather a useful source of quickly acquired information.

These results could be considered positive for road safety. In fact, although the driver
tends to look at the OBU more often than at traditional vertical signs, these fixations are
quicker, and he is able to refocus quickly on the road. He can then avoid those corrective
maneuvers that are often dangerous due to long fixation times off the road.

• Maximum time per fixation

This measure was investigated to avoid possible criticism due to excessive fixation
time. It did not appear in this study, as in both conditions no maximum fixation times
longer than 2 s were detected, the threshold identified by NHTSA [38], beyond which there
are serious dangers for the driver.

In this study, the maximum time per fixation was 1.53 s in the control condition and
1.00 s in the smart condition. Although there is no significant difference between the two
scenarios, it can be concluded that the OBU system, as defined in this study, is far from
the NHTS limit [38] and therefore does not represent a potential distraction for the driver.
Other authors have also demonstrated that the presence of an OBU, if well designed, does
not cause fixations longer than 2 s [36].
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• Number of missed signals

One of the main criticisms of drivers is that they do not pay attention to vertical signals.
This affects the driver’s awareness and the decisions they make while driving. Recent
scientific research has shown that the driver’s perception of road signs is reduced, despite
their key role in safety. Johansson & Rumar [50] demonstrated that driver awareness of
signage is often low. Several other studies have come to similar conclusions: Johansson &
Backlund [51] verified that the percentage of acquired information respecting the available
one from signage is between 25% and 75%, Milosevic & Gajic [52] between 2% and 20%;
Shinar & Drory [53] showed values lower than 10% during the day and lower than 16.5%
during the night; Macdonald & Hoffman [54] between 26% and 39% as a function of driving
experience; Costa et al. [55], as well as Shoman et al. [56], report that only 25% of vertical
signals are observed by drivers.

In this study, the experiments showed that the driver missed on average 1.95 (39%) of
the 5 signals in the control condition scenario. This percentage seems rather low compared
to literature values and probably depends on the experimental context—without particular
distracting elements. However, in smart conditions, the driver does not miss any signal
that appears on the screen when necessary. This aspect is noteworthy for three reasons:

• Better awareness of the route and the limits imposed: the driver avoids losing informa-
tion and can regulate himself in advance to react to possible dangers (lane restrictions,
deviations, dangerous bends, etc.).

• Permanent and uninterrupted: with respect to the control conditions, in the smart
one, the information appears on the screen and remains active until the driver fully
understands it (by correcting the incorrect driving behavior) or until this information
requires attention.

• Better economy: in smart conditions, when a problem related to a driver’s incorrect
behavior occurs on a specific section of road, it would be sufficient for road managers
to code the appearance of novel feedback to correct it through the road control system
in a smart road environment. Conversely, in a traditional driving environment, they
would have to plan the installation of novel signals—with the associated costs—but
these cannot always warn the driver in real time of possible dangers (e.g., the sudden
presence of a stationary vehicle on the road).

• Specific intake of the single OBU warnings

For the purposes of this study, OBUs can be divided into two categories: warnings
related to the external context and warnings related to driver misbehavior (Table 2). The
main difference between these categories may be related to their cause. Indeed, while the
former are due to an external factor (presence of the work site, dangers on the road, etc.),
the latter are generated when incorrect driving behavior is detected and are maintained
throughout their duration.

Based on the results obtained, it can be said that, in general, no warning caused
any distraction to the driver. A higher number of fixations was measured on average
for the speed limit warning, which was active for the entire length of the workspace, but
the average time per fixation was particularly low, without causing any distraction to
the driver.

Another particularly helpful warning was the ‘dangerous bend’ warning. The driver,
who fixed the warning for an average of 0.44 s, drove around the low R bend with greater
awareness of the condition control.

The signals in the second category were fixed less often and for less time than the first,
simply because they stayed on the screen for less time. In fact, on average, the authors
measured for each user that:
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• The speed limit warning (90 km/h) is activated 0.65 times and remains on the screen
for 2.64 s before being corrected.

• The CO2 emission warning is activated 1.45 times and remains for 1.10 s before being
corrected.

• The Lane Departure Warning is activated once and remains on the screen for 1.35 s
before being corrected.

From these results, it can be concluded that the most frequent warning was the CO2

emission warning (evidence of non-continuous use of the accelerator), followed by the lane
departure warning and the speed limit warning. Based on the active times, drivers quickly
correct their incorrect behavior. On the other hand, the longest warning was the speed
limit, followed by lane departure and the CO2 emission limit.

Even for this warning category, compared to a negligible impact in terms of dis-
traction, it is possible to see a significant improvement in driving performance in a
smart environment.

Regarding visual strategies, interpreting saccade amplitude is not central to the aims
of this research phase, but it is a very interesting topic that deserves further investigation.
Significant amplitudes indicate an effective scanning ability on the part of the driver, but
this could lead to a certain degree of psychophysiological fatigue. Conversely, small ampli-
tudes could indicate that the driver has a lower ability to acquire information from different
positions in the visual field (e.g., from driving aids), but this would result in a lower work-
load. From a statistical perspective (Figure 11), the overlapping IQRs suggest that central
tendencies are broadly comparable across drivers, but the differences in spread highlight
individual differences in gaze allocation strategies. Larger amplitude distributions may
be associated with a more exploratory visual scanning style, while narrower distributions
point toward more restricted visual field coverage. These inter-individual differences are
relevant for interpreting driver visual behavior, as they may reflect distinct attentional
strategies or varying sensitivity to environmental stimuli.

The results are quite satisfactory, but they could be further improved by adjusting the
timing and appearance of the warnings. These features should be calibrated according
to the road geometry and the external context, as their excessive presence could have
counterproductive effects on the driver’s workload. A primary limitation of this study is the
demographic profile of the participant sample, which consisted exclusively of young drivers.
While this homogeneity was useful for controlling variability in this initial experiment,
it limits the generalizability of the results. Younger drivers may interact with in-vehicle
technology differently than older, more experienced drivers, who might have different
visual and cognitive capabilities. Future research must validate these findings across a
wider range of ages and driving experiences. Furthermore, the simulated environment
was intentionally designed to be visually sparse to isolate the effect of the OBU on visual
behavior. While this strengthens the internal validity of the causal relationship, it reduces
the ecological validity of the study. The visual load in a real-world setting, with its myriad
distractions, would likely be higher and could alter the driver’s interaction with the OBU.
Subsequent research should introduce controlled levels of visual complexity to assess the
robustness of the OBU’s design under more demanding conditions. Lastly, this study
focused specifically on the visual strategy of drivers. While this provides critical insights
into distraction, it does not capture the ultimate impact on driving performance metrics,
such as lateral control (e.g., steering entropy) or longitudinal control (e.g., speed variance).
Future work will integrate these performance measures to form a complete picture of how
the information from the OBU is translated into driving action.
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5. Conclusions
The proposed system does not seem to give rise to any criticism regarding the visual

distraction of the driver. The on-board messages inevitably attract the driver’s fixations,
but they are more rapid than in the case of traditional signage observation.

Regarding the references presented previously, some new elements appear in this
research:

• A comparison between the condition of traditional driving and the condition of driving
assisted by a suitable digital device, in extremely homogeneous conditions provided
by the driving simulator.

• The proposed procedure is not aimed at choosing between traditional and smart
conditions, but at optimizing warning signals and possibly correcting specific elements
of the road infrastructure.

• The final results may concern not only the overall efficiency of the OBU, but also the
refinement of a single considered signal.

• There is no separate monitoring between the driver and the road, but the study focused
on the way the former is influenced by the permanent or temporary conditions of
the infrastructure.

This study has proposed a valid methodological approach for road managers who,
in view of the digitalization of the road, will have to calibrate the information sent to the
user during the journey by minimizing visual distraction and optimizing the information
acquisition process.

The next steps of the research will focus on the influence of particularly insidious road
geometries, in which the driver’s workload assumes very significant values, making the
role of ADAS extremely relevant in one way or another.
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