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a b s t r a c t

In-car infotainment systems (ICIS) often degrade driving performances since they divert the driver's gaze
from the driving scene. Sonification of hierarchical menus (such as those found in most ICIS) is examined
in this paper as one possible solution to reduce gaze movements towards the visual display. In a dual-
task experiment in the laboratory, 46 participants were requested to prioritize a primary task (a
continuous target detection task) and to simultaneously navigate in a realistic mock-up of an ICIS, either
sonified or not. Results indicated that sonification significantly increased the time spent looking at the
primary task, and significantly decreased the number and the duration of gaze saccades towards the ICIS.
In other words, the sonified ICIS could be used nearly exclusively by ear. On the other hand, the reaction
times in the primary task were increased in both silent and sonified conditions. This study suggests that
sonification of secondary tasks while driving could improve the driver's visual attention of the driving
scene.

© 2015 Elsevier Ltd and The Ergonomics Society. All rights reserved.

1. Introduction

According to recent surveys (http://www.drive-safely.net/top-
ten-driving-distractions.html), the use of external devices such as
a telephone, a music player, or the radio is responsible for most
driving distractions. Sending a text message or having a phone
conversation while driving is undoubtedly unsafe and can have
fatal consequences (Victoria et al., 2013). In this paper we focus on
the use of in-car infotainment systems (ICIS), i.e., a device installed
in the car to provide services such as navigation systems, music
player or telephone. To minimize its impact on driver's visual
attention, the ICIS is designed to have a visual display located in the
middle of the dashboard, and a control device close to the gear
stick. In the US, the National Highway Traffic Safety Administration
(NHTSA) has recently published a series of guidelines for designing
in-car devices with a limited impact on driver's visual attention
(NHTSA, 2013). Nevertheless, the use of such technologies in cars is
still responsible for frequent off-road glances: Sodhi et al. (2002)

found that tuning the radio while driving resulted in 42% of off-
road glances (total task time of 21.1 s on average), Young et al.
(2012) showed that using a portable music player not only resul-
ted in increased off-road glances but also reduced a driver's ability
to maintain a constant line position. Kujala et al. (2013) found that
most tasks performed on a touch screenwhile driving increased the
number of rapid steering wheel movements. New solutions to
further reduce even more the number and the duration of off-road
glances are required.

Car driving is primarily a visual task (Sivak, 1996), whereas using
an ICIS can rely on visual, auditory or both modalities. Visual-only
ICIS has been largely addressed in the field of HMI ergonomics
that provided design guidelines for improved information presen-
tation (Singleton, 1971; Bastien and Scapin, 1992; Scapin and
Bastien, 1997; Ziefle, 2010). Recently, Mitsopoulos-Rubens et al.
(2011) demonstrated that list scrolling while driving significantly
impaired driving performance (mean lane deviation and percent-
age of correct lane changes), but no gaze data were provided. Using
an eye-tracker, Rydstr€om et al. (2012) showed that both a touch
screen and a rotary knob affected lateral control performancewhile
doing alphanumeric input or list scrolling. Based on the occlusion* Corresponding author.
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technique, Baumann et al. (2004) indicated that a task performed
with in-car navigation systemmust be portionable in 1e2 s chunks
and the total task time is insufficient to evaluate the impact on
driving performance. In other words, even if an ICIS has been
optimized to be less visually demanding, it is still responsible for
off-road glances and thus could impair the driving performances.

Sonification, as a way to display information using the only
auditory modality, appears to be a strong candidate to reduce eye
movements while driving. Introduced by Kramer (1992), sonifica-
tion is based on at least three fundamental concepts: (1) earcon,1

i.e., an abstract sound for which the sound/meaning relationship
is arbitrary and must therefore be learned by the user (Blattner
et al., 1989). Earcons are usually based on acoustic and musical
characteristics: pitch, rhythm, duration, etc. (2) auditory icon
(Gaver, 1986), i.e., a sound which establishes a direct link with the
object or concept that it represents, by referring to an easily
recognizable sound from our daily environment, and is accordingly
almost directly comprehensible by the user. This approach is
preferred in the context of driving since it reduces the time needed
by the drivers to learn the sounds. (3) spearcon (speech-earcon), i.e.,
accelerated text to speech synthesis employed to facilitate fast
scrolling in long menus (Walker et al., 2006, 2013).

An ICIS is generally comprised of a small display presenting
different menus and sub-menus organized in a large hierarchical
structure. Sonification of hierarchical menus must address two is-
sues: (1) sound representation of the hierarchical position of each
item and (2) sound representation of the semantic content of each
item. Earcon based sonifications are easily learned but not verywell
adapted to complex hierarchies (Brewster et al., 1995, 1998;
Brewster, 1998). Leplâtre and Brewster (2000) and Leplâtre
(2002) developed a new implementation of hierarchical earcons
more closely linked to the hierarchical position of the items but too
confusing in terms of semantic representation. On the other hand
and as expected, auditory icons provide less arbitrary sonification
as illustrated in Barrass (1998) and Conversy (1998). Auditory icons
were also used in Gaver's Sonic Finder (Gaver, 1986), a computer
auditory interface in which actions were mapped to everyday
sound events (e.g., selecting a file mapped to the sound of an object
being hit), added to another layer of information (e.g., file size with
object size). In a previous study, we developed an original approach
based on a combination of earcons and auditory icons (Langlois
et al., 2010; Misdariis et al., 2011) and preference tests were per-
formed in a driving simulator. The result was an improvement of
the model achieved by adding synthesized speech at lower levels of
the menu. A detailed presentation of this sonification is given in
Section 2.5. The main limitation, the absence of gaze data, is
addressed in the present paper.

Using a dual task paradigm, Jeon et al. (2009) measured the
benefits of sonification on the performance to a visual primary
task (a ball catching game) while navigating in a list of items.
Results showed that sonification significantly improved both re-
action times in the primary task and search times in the secondary
task. However, no gaze data were collected to confirm that soni-
fication reduced the visual demands of the secondary task. Sodnik
et al. (2008) studied the navigation inside mobile phone menus
(sonified or not) while driving in a simulator. The sonification was
based on earcons mixed with synthesized speech and virtually
placed in the space using a surround sound system. Results
showed that sonification decreased the unsafe driving behaviors
(e.g. unexpected deceleration) but did not improve menu
navigation.

This review of related works reveals a lack of gaze data sup-
porting the claim that sonification can efficiently reduce off-road
glances while navigating in the menus of an ICIS. Our study
addressed this issuewith an experiment inwhich participants' gaze
was measured while they performed two simultaneous tasks: (1) a
visual primary task on a computer screen that simulates the sus-
tained visual attention required when driving, and (2) a secondary
navigation task inwhich participants navigated inside themenus of
a realistic ICIS mock up (either sonified or not). The remainder of
this article describes the experiment in Section 2, an analysis of the
results in Section 3 and a discussion in Section 4.

2. Method

2.1. Participants

46 Participants (39 female, mean age 25.3, SD ¼ 5.2) were
recruited and paid for this study and gave consent prior to the
experiment. Participants reported to have normal or corrected-to-
normal vision and normal hearing. All the participants were right
handed and had their driving license. Half of the participants per-
formed the experiment with the silent interface (no sonification)
and the other half with the sonified interface.

2.2. Apparatus

Fig. 1 presents the experimental apparatus. The participant was
seated in front of the 1700 monitor of a Tobii T120 eye-tracker that
presented both the primary and the secondary tasks. All sounds
were listened through a pair of Sennheiser HD380 Pro headphones.
For optimal gaze tracking, participants were requested to keep their
head positioned in front of the screen center at an approximate
distance of 65 cm.

The two tasks were implemented on a desktop PC and displayed
on a 34 cm� 27 cmmonitor with a resolution of 1280� 1024 pixels
and a refresh rate of 60 Hz. According to the Renault engineering
department, the dimensions of both tasks (see Fig.1) proportionally
reproduced what is usually found in a car:

- The angles between the driving scene and the visual display of
an ICIS located in the middle of the dashboard of a small car (21�

horizontal and a 10� vertical);
- The angular size of an ICIS with a 700 visual display;
- The angular size of the area in which drivers' gaze is mostly
located (þ6� horizontally and �6� vertically).

2.3. Primary task: target detection

Car driving is a very complex task in terms of visual attention,
working memory, as well as physical activity. According to Waard
(1996), most of the driving-related tasks are automated and the
required attention is mainly based on visual resources. In addi-
tion, one common driving context is the situation that requires
sustained attention to events occurring in the central vision area
and for which immediate reaction is needed (e.g. reacting to other
cars or traffic lights). This driving context has been employed in
previous studies to measure the impact of using mobile phones
while driving (Lamble et al., 1999; Strayer et al., 2003). As
mentioned by Harvey et al. (2011), “A driver's ability to detect and
respond to events and hazards in the driving environment can be
used as a measure of the interference from secondary tasks”. The
primary task developed in this paper aimed at mimicking the
sustained visual attention to sudden events that is required while
driving.

1 The name “earcon” comes from the term icon as an icon for the ear (Sumikawa,
1985).

J. Tardieu et al. / Applied Ergonomics 50 (2015) 41e4942



Download English Version:

https://daneshyari.com/en/article/549230

Download Persian Version:

https://daneshyari.com/article/549230

Daneshyari.com

https://daneshyari.com/en/article/549230
https://daneshyari.com/article/549230
https://daneshyari.com

