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Abstract:

Functionality of a square used for ferry boats boarding has repercussions on safety and comfort of users, as well as on the
efficiency of maritime transport. Inadequate use of the infrastructure causes driving errors followed by corrective manoeu-
vres, loss of time and potential accidents with consequences for community and the maritime transport company. The wide
diversification of traffic components and payment methods are generally managed through a traditional horizontal and
vertical signage system that does not refer to any current legislation. Therefore, the purpose of this research is to investigate
driver's behaviour and the interaction that takes place between the latter and the environmental context. In particular, the
authors focused on the study of the driver’s workload in a simulated environment, considering a users' sample and different
driving scenarios inside the boarding area, concerning traffic conditions (isolated vehicle or presence of disturbing vehi-
cles) and signs position. All this, in order to evaluate whether any change in a virtual context could bring real benefits to
drivers, before being transferred to the real context. The results obtained, in terms of subjective workload and performance
measures, have made it possible to judge the different solutions proposed in a simulated environment through synthetic
indices referring to the entire boarding place or at certain parts of it. In this way, the manager can decide to change the
circulation of the entire square or only some aspects of detail, such as some signals, in the event that they manifest an
evident difficulty in the transfer of information. The use of the simulated environment allows greater speed in identifying
the best solution, lower costs (avoiding the creation of a critical configuration for circulation) and greater user safety,
since risky manoeuvres are identified and corrected by the simulator. The proposed procedure can be used by managers
for a correct arrangement of the signs, for the purpose of correctly directing the flows and maximizing the flow rate dis-
posed of.
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1. Introduction

Particularly complex context conditions could lead
drivers to compromise their performance. In these
situations, driver will therefore be more prone to
make mistakes that can be reflected in a reduction in
functionality and safety of the surrounding environ-
ment. In this work, a boarding area for ferry boats
was examined. This scenario, due to the complex ge-
ometry and the different payment methods, requires
users a wide visual and cognitive demand. For this
reason, it is important to study the impact of the in-
dividual elements in the boarding area on the driver's
response.

In a complex road system, the Workload (WL) can
describe effectively and concisely the human com-
ponent and the interaction between driver, vehicle
and surrounding environment (Bongiorno et al.,
2017). According to O’Donnel and Eggemeier
(1986), the WL could be seen as the amount of ca-
pacity used by the driver to complete a specific task.
In particular, the Mental Workload (MWL) is very
complex to analyze, because it depends on both sub-
jective user characteristics — such as experience, fa-
tigue, ability, age, drug use, etc. — and on the exter-
nal context — such as traffic flows, road, ergonomics,
vehicle automation (De Waard, 1996; Patten et al.,
2006). The driver should experiment an optimal
value of MWL — not too high or too low — to ensure
good driving performance (Brookhuis and De
Waard, 2010).

The MWL can be measured subjectively, for exam-
ple through suitable questionnaires or instrumental
measures. Both measurement methods are mainly
influenced by the complexity of the driving environ-
ment, therefore by the tasks that the driver have to
carry out during the driving activity and by the
amount of information that he has to process. It has
been shown that the estimate of MWL depends on
the capacity required during the driving task and on
the complexity of the road environment (Pellegrino,
2009). Furthermore, it has been found that the MWL
of drivers increases as the complexity of the driving
situation enhances, while driving in a simulated en-
vironment (Cantin et al., 2009).

Paxion et al. (2014) reported a review that investi-
gates the effects of MWL while driving, focusing on
the dependence on the complexity of the surround-
ing environment and the driver's experience. Many
studies have been carried out with the aim of show-
ing how the environmental context can influence the

MWL and the driving performance (De Waard, 1991;
Cnossen et al., 2000; Steyvers and De Waard, 2000).
To do this, generally, different levels of complexity
have been tested on the basis of road geometry and
traffic flow (Fastenmeier, 1995; Fastenmeier and
Gstalter, 2007), or based on the presence of a single
or adouble task. The interaction between road users,
vehicles and environment could affect to driver’s be-
haviour. The missed combination between these fac-
tors can lead to various road injuries (Muslim et al.,
2018). O’Hern et al. (2019) demonstrated that as the
complexity of the external environment increases, so
does the driver demand. Two studies have revealed
that the increase in the complexity of the situation
leads to an increase in the subjective MWL and a de-
cline in the performance. In fact, passing from a sin-
gle task to a double task (for example, driving and
answering the phone), some typical driving perfor-
mance indices such as the Standard Deviation of
Lateral Position (SDLP) and the Standard Deviation
of the Steering-Wheel Movements (SDSTW) in-
crease (De Waard et al., 2001).

O’Donnel and Eggemeier (1986) identified three
different groups of workload measurements:

—  Subjective measures or self-report;

—  Performance measures;

—  Physiological measures.

The first ones are obtained by filling in question-
naires that evaluate the subjective level of MWL
while driving. The technique related to the use of
questionnaires is faster, however (Rubio et al., 2004;
Paubel, 2011), it does not investigate the variation of
MWL during the performing of the task (Cegarra and
Chevalier, 2008). At this regard, the most famous
and the most frequently used procedure is the NASA
TLX questionnaire, a multi-dimensional rating scale
in which the combination of six factors allows to es-
timate workload (Hart and Staveland, 1988; Costa et
al., 2019). The two main ways to estimate workload
by means of performance are primary task and sec-
ondary task measurements. The performance
measures related to the primary task allow to define
the workload on the basis of the driver’s ability to
perform the main task (Rehmann, 1995). It is as-
sumed that, as the workload increases, there will be
some changes in driver performance (usually degra-
dation). It is found that the measurement of the
changes in driving performance can provide a work-
load index referred to the task (O’Donnel and
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Eggemeier, 1986). The performance measures re-
lated to the secondary task are additional values to
the primary task. According to the Multiple Re-
source Theory, primary task performance uses a cer-
tain amount of driver’s resources, therefore the rest
are used on the secondary task performance (Wick-
ens et al., 1998). Physiological measures are, instead,
indirect measures that allow a continuous evaluation
of the MWL. These measures can be used to com-
plete the previous ones. The positive aspect of meas-
uring the physiological parameters of the driver, in
the context of driving simulation, is due to the fact
that they are easily deductible during the tests. On
the other hand, this procedure requires good research,
technical skills and time expenditure (Brookhuis and
De Waard, 2010). In addition, they are non-intrusive
measures, generally applicable in the testing envi-
ronment under the supervision of an operator who
checks that there are no factors that can influence the
signal, such as temperature, light, etc. They can pro-
vide a detailed analysis with a specific sensitivity to
the different dimensions of the MWL (Kramer, 1991).
The study of eye movements can be included in the
third group of measures, as some authors believe
that these measures may be related to MWL (Pelle-
grino, 2012; Bosurgi et al., 2013; Marquart et al.,
2015; Liao et al., 2018; Anh Son et al., 2019) and to
fatigue’s level (Kurosawa et al., 2020). Furthermore,
Li et al. (2020) identified a correspondence between
subjective workload data and eye movement data. It
can be stated that it is advisable to use combined
methods for the assessment of MWL (Butmee et al.,
2019)

During driving activity, the main source of infor-
mation for the drivers is the external environment
(road signs, traffic devices, other road users, on-
board units). Loss of attention, even partial, to the
different sources of information could reduce the
driver’s reliability, which in turn will increase the
probability of an accident (Afanasieva and Galkin,
2018). For example, inadequate road signs’ design
could lead driving errors followed by corrective ma-
noeuvres, loss of time and potential accidents with
consequences for community and the maritime
transport company. Traffic accidents cause increase
travel-times and congestion. The cost due to the ex-
tra travel time and the consequent fuel consumption
is huge (Lee etal., 2017). In acomplex environment,
where the wide diversification of traffic components

and payment methods are managed through a tradi-
tional horizontal and vertical signage system, itisin-
teresting to understand how the configuration of the
traffic signs affects the performance related to the
primary driving task and to the secondary visual task.
Two configurations were studied to identify the op-
timal one. For this purpose, it was necessary to con-
sider the individual signs as elements of interest, to
study how they impact the drivers” MWL. The au-
thors have chosen to use the following types of MWL
measurements:
1. Subjective measures;
2.a. Performance measures related to the primary
task;
2.b. Performance measures related to the visual sec-
ondary task.
Regarding the performance measures, on the one
hand the travel times and the number of driving er-
rors were recorded, in order to define some primary
task performance indexes. Instead, regarding the
secondary task (visual monitoring task), the driver’s
ability to acquire information from the road signs
was assessed. At the end of each test, the users filled
out the questionnaire NASA TLX to measure their
subjective workload.
This procedure could be interesting due to the ab-
sence of applications within a boarding area in liter-
ature and to optimize the road signs’ design by
means of different measures of workload.

2. Method

The proposed methodology consists of the following

phases:

—  reconstruction of the driving environment us-
ing two-dimensional and three-dimensional
modelling;

— transformation of the 3D model into a system
responsive to the physics’ laws;

— description of the instrumentations used; exper-
imentation design; definition of the sample of
users;
identification of indicators representative of the
driver’s behaviour, obtained from the combina-
tion of data referring to the drivers’ perfor-
mance and from the NASA-TLX questionnaire;
processing of output data.

2.1. Simulated environment
The driving environment was rebuilt using the Au-
toCad and Infraworks Autodesk® software to model
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the geometry of the boarding area, as well as all the
road infrastructure with the horizontal and vertical
signs. The models thus obtained were imported into
the graphics engine in which the driving simulation
is developed. The driving simulator in which the ex-
periment was carried out was built with the Unity
3D® platform. This software is a graphics engine
that allows the development of video games and
other interactive content, such as architectural visu-
alizations or 3D animations in real time. Unity 3D®
allows the creation of new projects or even the im-
port (in .obj and .fbx formats) of models created on
any 3D modelling software. After importing the
driving environment, the Mesh Colliders were in-
serted. These tools that, overlapping the model,
transform it into a real system that takes into account
the physics’ laws such as gravity and collisions. Af-
ter that, a realistic vehicle model was inserted that,
like a rigid body, reacts with surrounding objects
and can faithfully reproduce the realistic behaviour
thanks to a "Vehicle Controller" script (Figure 1).
This script manages: the mechanical aspects of the
vehicle (steering wheel, engine, transmission,
wheels, suspension, etc.), the sound aspects (noise
from the engine, from the transmission, from contact
with the road pavement, from impacts, from braking
actions etc.) and the visual effects (signs of braking
on the pavement, light sources, light diffusion angle,
etc.). Most applications in Unity 3D® need scripts
to respond to user inputs and to manage events in the
scenario, in such a way that they happen at the right
time. Scripts can be used to create graphic effects,
control the physical behaviour of objects or even to
implement Al systems for elements into the scene.
The scripts are created and edited with Microsoft
Visual Studio 2017® software, using the C# pro-
gramming language. Through scripting (C#) it was
also possible to acquire the telemetry data (position,
speed, acceleration, etc.). Furthermore, different
traffic vehicles (cars and heavy vehicles) that transit
through the boarding area following specific way-
points, at a speed of 20 km/h (to simulate the slow
traffic condition), were also included in the model.
The configuration of the Logitech G27 system
(steering wheel and pedal) with the Unity 3D soft-
ware was carried out for vehicle control purposes.
The Logitech system interfaces directly with the
Unity Input management script, allowing the cali-
bration of the sensitivity along the steering axis and
along the acceleration and deceleration axis.

i

Fi. 1. 3D model of the boarding area

2.2. Instrumentations

The hardware equipment used consists of:

— a single monitor (27”) for the reproduction of
the driving environment;

— Logitech G27® system, including steering
wheel and pedal for the vehicle control (the
gearbox is to be considered automatic);

—  Tobii Glasses Eye Tracker® (v. 1.0) for track-
ing and processing the eye movements’ data;

— computer with specifications suitable for the
smooth running of driving simulations.

The hardware equipment used for this study is to be

considered not definitive, but this does not affect the

quality of the methodology proposed.

2.3. Experimental design

Four scenarios were created, with the aim of making
a comparison between the different proposed condi-
tions. In particular, after rebuilding the real scenario
detected, a design proposal was made, in which the
existing horizontal and vertical signage was modi-
fied. After receiving the main information regarding
the driving tests, the participants wore the Tobii
Glasses Eye Tracker. Following a first phase of cal-
ibration of the glasses, necessary to obtain an ade-
quate accuracy in the tracking of eye movements,
the experimentation was started. Each of the partici-
pants made four guides in a simulated environment
inside the Caronte & Tourist boarding area in Villa
San Giovanni (RC). The first guide also includes a
first section of the motorway, 3 km long, in order to
get the driver used to the controls (accelerator, steer-
ing wheel and brake). Once this route was completed,
the driver found himself in the boarding area object
of the experimentation. Participants took an average
of 5.5 minutes for the first guide (including the test
track) and 2.5 minutes for the other ones.

The users carried out the driving tests with two traf-
fic scenarios (no traffic, slow traffic) and two signs



Bosurgi, G., Marra, S., Pellegrino, O., Villari, M.,
Archives of Transport, 56(4), 7-17, 2020

11

conditions (real condition, design condition). The
features of each test are listed on below:

—  Test 1: no traffic + real condition;

—  Test 2: slow traffic + real condition;

—  Test 3: no traffic + design condition;

—  Test 4: slow traffic + design condition.
Following each guide, participants were asked to
complete the NASA TLX questionnaire and to pro-
vide some information relating to the critical issues
encountered during the simulation tests.

2.4. Drivers

The sample selected includes 11 drivers, including 7
males and 4 females. Participants have an average
age of 26.8 years old, a driving experience of not less
than 3 years and declare that they do not suffer from
visual disturbances at the time of the simulation. Be-
fore the guides, each participant was explained how
the experimentation would take place and the main
commands needed for the vehicle control. All the
participants are part of the academic context and
give their consent to the use and processing of their
personal data. Each of them takes part in the experi-
mentation for free.

2.5. Measures and Indicators

For the purpose of the study, some main variables

were identified as representative of the users’ driv-

ing behaviour, such as:

— travel times, representative of the difficulty
perceived by the drivers in performing the task;

— driving errors, which are represented by incor-
rect manoeuvres, taking wrong lanes and colli-
sions;

—  visual acquisition, which represents the driver’s

ability to acquire information from traffic signs.

Based on these measures some performance indexes
have been assessed.

2.5.1.  Travel Time Performance Index (TTPI)
The travel time is the time interval between to (in-
stant when the vehicle enters the boarding area) and

tr (instant when the vehicle leaves the boarding area).

TTPI represents the drivers' difficulty during the
tests: lower TTPI values are correlated with a lower
difficulty of the task and, on the contrary, higher
TTPI values are correlated with a greater difficulty
of the task. The index is calculated as follow:

TTPI = (—L)-100 )

Xi

Where tjj is the travel time measured for the i-user
during the j-driving test, while tmaxi is the maximum
travel time measured for the i-user.

252. Driving Errors Performance Index
(DEPI)

A particularly complex driving environment, such as

the one studied in this paper, requires adequate de-

sign of the road signs to avoid/minimize driving er-

rors that can be identified in the following actions:

—  take the wrong lane;

— incorrect maneuvers;

—  collisions.

These errors could cause traffic jam and slowdown

in the boarding area, thus reducing the functionality

and road safety perceived by users. DEPI represents

the amount of driving errors committed in the tests:

lower DEPI values are correlated with a lower error

rate and, on the contrary, higher DEPI values are

correlated with a higher error rate. The index is cal-

culated as follow:

_ (N .
DEPI = (Nmaxi) 100 @)
Where Njj is the number of driving errors identified
for the i-user during the j-driving test, while Nmax;
is the maximum number of driving errors identified
for the i-user.

253 Driver’s Visual Acquisition (DVA)

The DVA index represents the percentage of time in
which the driver does not gaze the road to acquire
information from traffic signs: lower DVA values are
correlated with a lower visual acquisition and, on the
contrary, higher DVA values are correlated with an
higher visual acquisition. The index is calculated as
follow:

fij

DVA = (t )-100 @)

)
Where fij is the total fixation time at the road signs
measured for the i-user during the j-driving test,
while tij is the travel time recorded for the i-user dur-
ing the j-driving test.

2.5.4. NASA TLX

In addition, the overall workload (OW) was assessed
through NASA-TLX questionnaire. The NASA
TLX is a multidimensional procedure to evaluate the
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Overall Workload (OW). This procedure is useful to
quickly gather measurements of subjective mental
workload referring to specific tasks. Every partici-
pant after each test, have filled the questionnaire to
measure their mental effort.

2.6. Processing of raw data

The raw data extrapolated from the driving tests
were processed with the Analysis of Variance (Two-
way Anova) to understand how the different condi-
tions affect the drivers’ mental workload and the
driving performance. Based on the results of the
ANOVA tests, some comparisons were made. These
comparisons permit to observe the trend of the out-
put indicators (TTPI, DEPI, DVA, OW) as a function
of the input variables (traffic interaction and road
sign design).

3. Results
In this study the authors want to evaluate the effects
of the two variables (traffic interaction and vertical
and horizontal signs) on the driver's MWL in order
to verify the functionality of a Ferry Boats Boarding
Area. Some ANOVA (two ways) analysis were car-
ried out to understand if the aforesaid variables have
significant effects on the drivers' mental workload.
The data recorded from the simulation tests have
been divided in three main categories for a better
reading:
—  Performance Indexes related to the primary
task:
a) Travel Time Performance Index (TTPI);

b)  Driving Errors Performance Index (DEPI);

—  Performance Index related to the visual second-
ary task: Driver’s Visual Acquisition (DVA);

—  Subjective Workload estimated with NASA-
TLX questionnaire.

The results are listed below.

3.1. Travel Time Performance Index (TTPI)

In this field significant effects were found for both
traffic condition (F(1,40) = 184.24, p < 0.05) and
traffic sign (F(1,40) = 8.23, p < 0.05) but no effects
were found for interaction between the two variables.
The results are shown in the Figure 2.

3.2. Driving Errors Performance Index (DEPI)
In this regard significant effects of the traffic signs
were found (F(1,40) = 29.64, p < 0.05), but no ef-
fects of the interaction among vehicles were noticed.
The results are shown in in the Figure 3.

3.3. Driver’s Visual Acquisition (DVA)

In this field significant effects of both traffic (F(1,40)
= 7.55, p < 0.05) and traffic signs design (F(1,40) =
6.63, p < 0.05) were found, but no effects of interac-
tion between the two variables. The results are
shown in the Figure 4.

3.4. Overall Workload (OW)

In this field significant effects of the traffic signs de-
sign (F(1,40) = 12.83, p < 0.05) were found, but no
effects of traffic and interaction were noticed. The
results are shown in the Figure 5.

W TESTI M TEST2 [TEST3 B TEST4

0,90

0,80

0,60

ITRAVEL TIME PERFORMANCE INDEX
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DRIVING TESTS

Fig. 2. Boxplot of the TTPI values measured during the tests
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Fig. 5. Boxplot of the OW values measured with NASA-TLX
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4. Discussion and conclusions

Based on the results shown in the previous para-
graph, could be interesting to make some observa-
tion to better understand how the different traffic

signs’ configuration impact on the driving behaviour.

4.1. Travel Time Performance Index (TTPI)
ANOVA analysis have shown significant effects of
both traffic and vertical signs design. It’s possible to
make the comparisons between the average TTPI
recorded in:

—  Tests 1-3 (sign design effects — no traffic):
mean reduction of 11% passing from the start-
ing condition to the project condition;

—  Test 2-4 (sign design effects — with traffic):
mean reduction of 4,7% passing from the start-
ing condition to the project condition;

—  Test 1-2 (traffic effects — starting condition):
mean increase of 39,6% passing from the no
traffic condition to the traffic condition;

— Test 3-4 (traffic effects — project condition):
mean increase of 49,4% passing from the no
traffic condition to the traffic condition.

From these observations, it is possible to notice the
travel times reduction passing from the real condi-
tion to the design condition. This aspect suggests
that the drivers — in the project condition — have a
better understanding of the track and, as a result,
they are able to complete the task faster. Moreover,
it is possible to notice a significant travel time’s in-
crease due to the presence of traffic vehicles that
transit into the boarding area at low speed. This was
expected since all the participants respected the line,
not committing dangerous overtaking.

4.2. Driving Errors Performance Index (DEPI)
ANOVA analysis have shown significant effects due
to the sign’s design. It is possible to make the com-
parisons between the average DEPI recorded in Test
1-3 and Test 2-4 (sign design effects): passing from
the starting condition to the design condition, in both
cases (traffic and no traffic) all the errors have been
cleared.

From the previous observation about TTPI, it could
be possible to think, at first, that a faster execution
of the task could lead the users to an increase of mis-
takes and driving errors. However, drivers were not
only faster, but also drastically reduced driving er-
rors in the project condition. This result confirms

that users were more aware about the track and the
choices to be taken in this latter condition.

4.3. Driver’s Visual Acquisition (DVA)
ANOVA analysis have shown significant effects due
to the traffic and sign’s design. It is possible to make
the comparisons between the average DVA recorded
in:

—  Tests 1-3 (sign design effects — no traffic):
mean increase of 7% passing from the starting
condition to the project condition;

—  Test 2-4 (sign design effects — with traffic):
mean increase of 3% passing from the starting
condition to the project condition;

—  Test 1-2 (traffic effects — starting condition):
mean reduction of 3% passing from the no traf-
fic condition to the traffic condition;

—  Test 3-4 (traffic effects — project condition):
mean reduction of 7% passing from the no traf-
fic condition to the traffic condition.

In general, it is possible to conclude that the pres-
ence of traffic leads to a reduction of DVA. This re-
sult could be expected because the DVA is intended
as the percentage of time spent from the drivers to
acquire information about the signs. The interaction
with other traffic vehicles captured some of the fix-
ations previously directed to the signs and, as a result,
DVA decrease.
Itis also possible to conclude that the project condi-
tion lead to an improvement of driver visual acqui-
sition (DVA increase). It could be considered a pos-
itive effect, in fact, more information acquired lead
the drivers to a better understanding of the track,
lower travel times and zero driving errors.

4.4. Overall Workload (OW)

ANOVA analysis have shown significant effects due
to the sign’s design. It is possible to make the com-
parisons between the average OW measured in Test
1-3 and Test 2-4 (sign design effects): passing from
the starting condition to the design condition, in both
cases (without traffic and with traffic), it’s possible
to notice a significant reduction of the mean Overall
Workload measured with NASA-TLX.

In particular, in the first condition (no traffic) it re-
sults in a mean reduction of 33,3%, in the second
condition (with traffic) | results in a mean reduction
of 34,6%. The two values are very similar and, both
suggest that a better design of the traffic signs in
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complex driving environment could significantly re-
duce drivers’ mental effort.

5. Conclusions

Finally, based on the results and the discussion, it is
possible to conclude that a better signs’ design into
a complex driving environment — as a boarding area
— it’s fundamental to improve the functionality and
safety perceived from the users. As a result, the users
will be faster to understand the track and the choices
to be taken, reducing travel times, errors and mental
effort.

The traffic vehicles that interacted with the users did
not affect the errors and the mental workload. How-
ever, the presence of traffic could attract the users’
fixations, distracting them from the signs, but with-
out very important consequences.
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