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24
25 SUMMARY:
26  Here, we present a protocol to assess driving behaviors while following a vehicle in a simulated
27  driving environment. The presented protocol is used to compare the impact of different auditory
28  backgrounds on driving behaviors.
29
30 ABSTRACT:
31 Cardrivingis a daily activity for many individuals in modern societies. Drivers often listen to music
32  while driving. The method presented here investigates how listening to music influences driving
33  behaviors. Adriving simulation was selected because it offers both a well-controlled environment
34  and a good level of ecological validity. Driving behaviors were assessed through a car-following
35 task. In practice, participants were instructed to follow a lead vehicle as they would do in real life.
36 The lead vehicle speed changed over time requiring constant speed adjustments for the
37 participants. The inter-vehicular time was used to assess driving behaviors. To complement the
38 driving behaviors, the subjective mood and physiological level of arousal were also collected. As
39  such, the results collected using this method offer insights on both the human internal state (i.e.,
40 subjective mood and physiological arousal) and driving behaviors in the car following task.
41
42  INTRODUCTION:
43  Cardriving activity has increased quickly over the last decades and is now a daily activity for many
44  individuals in modern societies. In line with this growth, car-driving activity has become a hot
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topic of investigation for the human factor community?.

There is an extremely limited number of major cultural activities that typically define humankind
regardless of the population and the period of history considered?. Music is one of these activities
along with tool use and symbolic reasoning underpinning language abilities3. Playing and listening
to music is therefore a crucial individual and social activity. Based on an exhaustive literature
review, Schifer et al.? found about 130 different non-redundant functions associated to music
listening and three music listening meta-functions were then identified: (1) arousal and mood
regulation, (2) self-awareness achievement, and (3) social relatedness expression. As a
consequence, people are frequently listening to music in a variety of situations and locations>.
Among those situations, listening to music while driving is extremely common with drivers
reporting listening to music during about three quarters of their driving time®.

Music listening is known to impact the listener’'s emotional state’ and thus to induce mood
changes in a variety of situations and research areas®. According to the mood congruency theory,
a person’s behavior is related to his/her mood® with evidence gained from both neuroimaging®
and behavioral experiments!!. Following this rationale, music listening can change drivers’ mood,
which in turn can change driving behaviors.

Musically-induced mood changes while driving were found to result in performance
improvements under certain conditions or impairments under other conditions. On the one
hand, in complex and highly demanding driving environments, calm music was found to mitigate
affective states: it has a softening effect on negative emotions, reduces the level of stress, and
improves driver’s relaxation and calm®2. This relaxing effect was reported to be more efficient
when using abrupt music changes compared to gradual music changes'3. On the other hand,
people were slower to detect hazards in driving scenes when anger was previously induced
through music and guided imagery compared with neutral mood performances'*. Happy music
listening while driving was also found to be detrimental to lateral control efficiency, while sad
music had no significant effect on lateral control of the vehicle!. In brief, drivers’ mood can
impact driving performances in opposite ways depending on the music and associated mood
induction and on the driving situation considered.

The purpose of the method reported here is to offer an experimentally well-controlled driving
situation to investigate the impact of music listening on driving behaviors. To ensure the
reproducibility of the driving situation, a method based on driving simulation has been
implemented. At the first glance, a driving simulation might be considered as a degraded version
of real driving investigations. However, the reality is more complex, and a given experimental
setup cannot be considered as the best experimental solution in absolute terms. Rather the best
experimental setup is the one that suits the most accurately the needs of the investigation
concerned?®. If real car-driving is the experimental setup that best reproduces the everyday life
driving situations, it also comes with some drawbacks: driver safety in case of experimental
manipulations, potential impairments in terms of driving performances, and difficulties in the
control of the driving environment, including traffic, weather conditions, light conditions, level of
ambient noise, etc. Conversely, if driving simulators are not as realistic as real vehicles,
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experimental conditions and manipulations can be strictly controlled and replicated’. As a result,
different participants can be exposed to the exact same experimental conditions. In addition,
experimental manipulations potentially impairing driving performances are made possible as
only virtual safety (and not real safety) is engaged. Altogether, a driving simulation offers an
excellent compromise between the need to conserve the driving activity natural (i.e., external
validity) and the need for a strong experimental control (i.e., internal validity).

PROTOCOL:
All methods described here have been approved by the Ethics Committee of the Department of

Psychology of University Lyon 2 and informed consent was obtained from all participants.

NOTE: Participants were recruited by means of notices posted in the local community and at the
University.

1. Participants

1.1. Ensure that participants have a driving license and at least two years of driving experience.
1.2. Ensure that participants have normal or corrected to normal vision and audition.

1.3. Ensure that participants do not suffer from a mental iliness (e.g., schizophrenia).

1.4. Recruit a similar number of females and males.

1.5. Equip participants with a heart rate belt linked to a watch to monitor heart rate.

1.6. Ask participants to choose freely their own preferred music track (examples of participants
choice: Uptown Funk by Mark Ronson featuring Bruno Mars or Cheerleader by OMI). Ask
participants to provide that music track on a USB stick. Use this track to create different musical
backgrounds for the experiment (see section 3).

2. Driving simulation

NOTE: The following steps are described based on a new driving simulator, a BB_Sim developed
at the Université de Sherbrooke, which includes one computer, three screens, as well as a
steering wheel and acceleration and braking pedals for driving controls. The initial study was
conducted with a different driving simulator using the open-source OpenSD2S software®®.

2.1. Set the driving simulation driving noise (i.e., engine of the driven vehicle) at + 25dB.

2.2. Seat the participant in front of the simulator, approximately 60 cm from the screens (three
screens located in front of the participant, 48 cm x 30 cm each, covering a total of 137.52° of the

visual angle on the horizontal axis and 28.65° of the visual angle on the vertical axis), in a modified
car seat.
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2.3. Let the participant adjust the distance between the seat and the pedals with the handle
underneath the seat.

2.4. Once the participant is comfortably positioned, provide instructions on using the features of
the simulator (i.e., how to interact with the acceleration and braking pedals and the steering
wheel).

2.5. Inform the participant about simulation sickness that can sometimes occur, and let the
participant know that the simulation will be stopped at any time if necessary.

2.6. Use a rural roadway with one traffic lane per direction with five left bends and five right
bends and without any traffic.

3. Musical background
3.1. Use software to modify the tempo of the music, without any pitch modification.

3.2. Create four auditory backgrounds for each participant: (1) No Music, with no additional
music played; (2) Music, each participant preferred music track without modification; (3) Music
+10, each participant preferred music track with an increased tempo. The tempo is increased by
10 % of the regular tempo; (4) Music-10, each participant preferred music track with a decreased
tempo. The tempo is decreased by 10 % of the regular tempo.

3.3. Control the intensity of the music. Music intensity is known to modify driving
performances?®. Set the intensity to 75 dB for all auditory backgrounds but the No Music
condition.

3.4. Use a software to play one of the four musical backgrounds for the entire duration of each
drive. Play the music on two lateral powered monitor speakers located on the right and on the
left of the participant.

4. Simulated car-following task

4.1. Provide instructions concerning the task: “Drive as you would do in a real-life situation. Your
goal is to follow the vehicle in front of you at a close but safe constant distance, as if following a
friend on an unknown route.” Inform the participant that there is no traffic or obstacles on the
path.

4.2. Start the simulation with a training phase in order to familiarize the participant with the
driving simulator, the simulated environment, the vehicle controls, and the car-following task.

When the participant feels comfortable, stop the training phase.

4.3. Proceed with the experimental drives. Launch the simulated car-following task and one of
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the four musical backgrounds.

4.4. Start recording the heart rate data at the beginning of each simulated car-following task and
end it at the end of that driving task.

4.5. For the simulated car driving task, have the driver first drive for 50 m before stopping at a
“Stop” sign. Once the participant’s vehicle has stopped, a leading vehicle appears on the road at
the left of the intersection. Instruct the participant to follow the vehicle. After an initial phase in
which the speed of the leading vehicle is stationary and set at 20 kph allowing the driven vehicle
to catch up, its speed then varies sinusoidally between 45 kph and 70 kph within each period of
60 s for a total of 3 min. Then, ask the participant to stop driving.

4.6. For the car-following task, use a two-lane road with opposite traffic directions. In order to
provide a realistic driving environment, use a road section with a balanced number of left (n = 5)
and right bends (n = 5) with various radii of curvature from 45 m to 300 m. Additionally, add visual
elements on the edges of the road section such as trees, barriers, fields, and landform.

4.7. Repeat the car-following task for each of the four musical backgrounds. The car-following
task takes about 4 min (3 min of actual car-following plus the beginning and ending of the driving
simulation).

NOTE: The duration of the car-following task can be extended if required.
4.8. Take a 5 min break between each car-following task to reduce carryover effects.

4.9. Counterbalance the order of presentation of the four musical backgrounds between
participants using a Latin square design.

5. Data collection

5.1. Collect the participants’ subjective mood after each condition using the Brief Mood
Introspection Scale (BMIS)?° validated in French??2. This questionnaire provides data on
participants’ mood on four mood dimensions: pleasant/unpleasant, arousal/calm, positive/tired,
and negative/relaxed.

5.2. Collect physiological measures. Compute the mean heart rate and heart rate variability over
the entire drive for each experimental condition using the data recorded by the heart rate
monitoring watch at a sample per second. In practice, compute mean heart rate by averaging all
the data collected during each experimental condition and heart rate variability by calculating
the standard deviation on the same data.

5.3. Measure objective driving behaviors through the mean inter-vehicular time and the inter-
vehicular time variability. Record both driven and leading vehicle position and speed at each time
step at a sample rate of 60 Hz.
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5.3.1. At each time step, compute the inter-vehicular time as the time required for the driven
vehicle to reach the position of the lead vehicle if the position of the lead vehicle was frozen and
the speed of the driven vehicle was constant.

5.3.2. Average all the values collected for a drive to obtain the mean inter-vehicular time and
compute the standard deviation on those values to obtain the inter-vehicular time variability.

NOTE: Several variables can be computed to qualify driving behaviors during a car-following task.
The inter-vehicular time is particularly well-suited as it offers an indication of the safety margin
between the driven vehicle and the lead vehicle chosen by the driver.

REPRESENTATIVE RESULTS

The main comparisons are based on the following experimental conditions. The first
experimental condition is No Music versus Music, a comparison between the No Music
background and the individual preferred Music background using a pairwise t-test. These
analyses were meant to assess the influence of listening to preferred music compared to a control
condition without music. The second experimental condition is four different musical
backgrounds, a comparison between No Music, Music, Music +10 and Music -10 corresponding
to a music tempo manipulation compared to a control condition without music, using repeated
measures ANOVAs.

As compared with No Music, Music had a significant effect on subjective mood as observed on
three of the four dimensions of the Brief Mood Introspection Scale (Figure 1). Significant
differences were found for the pleasant-unpleasant (t(23) = -2.75; p < 0.01), arousal-calm (t(23)
= -2.67; p < 0.01), and positive-tired (t(23) = 3.54; p < 0.001) dimensions. No significant
differences were observed for the negative-relaxed dimension (t(23) = 1.05; p = 0.153).

[Place Figure 1 here]

Considering all four auditory backgrounds, a significant effect on subjective mood was observed
on the four dimensions of the BMIS (Figure 2). Significant differences were found for the
pleasant-unpleasant (F(3,69) = 2.75; p < 0.05), arousal-calm (F(3,69) = 7.74; p < 0.001), positive-
tired (F(3,69) = 7.36; p < 0.001), and negative-relaxed (F(3,69) = 3.24; p < 0.03) dimensions.
[Place Figure 2 here]

The mean heart rate was significantly different for the No Music and Music backgrounds (t(18) =
-5.05; p < 0.001; Figure 3). The heart rate variability was not significantly impacted by the
background condition (t(18) =-1.58; p = 0.07; Figure 3).

[Place Figure 3 here]

The mean heart rate was significantly different under the four auditory background conditions
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(F(3,51) =4.25; p < 0.01; Figure 4). The heart rate variability was not significantly impacted by the
background condition (F(3,51) =.94; p = 0.43; Figure 4).

[Place Figure 4 here]

The mean inter-vehicular time was significantly different for the No Music and Music
backgrounds (t(23) = 2.53; p < 0.01; Figure 5). The standard deviation of the inter-vehicular time
was not significantly impacted by the background condition (t(23) =-0.11; p = 0.55; Figure 5).

[Place Figure 5 here]

The mean inter-vehicular time was not significantly different under the four auditory background
conditions (F(3,69) = 1.88; p = 0.14; Figure 6). Similarly, the standard deviation of the inter-
vehicular time was not significantly impacted by the background condition (F(3,69) = 1.57; p =
0.20; Figure 6).

[Place Figure 6 here]

Listening to music or not (No Music versus Music conditions) while driving was found to have a
significant effect on subjective mood, physiological level of arousal, and driving performances. In
more detail, listening to favorite music behind the wheel was found to impact positively on the
mood, leading to a higher level of pleasantness, arousal, and a more positive mood (Figure 1).
The comparison between no music and music backgrounds revealed a significant influence of
music listening on drivers’” mean heart rate. Music increased the mean heart rate. In line with
subjective data, this increase can be interpreted as an increase in arousal induced by music
listening (Figure 3). It is assumed that the increase of arousal produced by music listening
translates into driving behavior modifications. In the car-following task, drivers had a smaller
inter-vehicular time while listening to music compared with the control condition without music
to listen (Figure 5). This can be interpreted as a reduction of drivers’ safety margin with the
vehicle to follow in an external assessment perspective (i.e., absolute safety margin). However,
from the drivers’ perspective, the inter-vehicular time reduction is most probably adjusted
depending on their own perceived abilities. With a higher level of arousal, faster detections and
responses to follow the speed changes of the leading vehicle can be made. Still from drivers’
perspective, a reduction of the inter-vehicular time is required to maintain the same safety
margin (i.e., relative safety margin). In sum, the experimental protocol reported here was found
to be sensitive enough to reveal mood changes, physiological changes, and driving behavior
changes for the comparison between no music and music conditions. The manipulation of the
music tempo (i.e., comparison of four different auditory backgrounds) did not translate into the
same pattern of results. If all four dimensions of subjective mood and physiologically assessed
arousal were found to be significantly influenced by the auditory background, no clear impact of
the music tempo was found. Indeed, music, music +10 and music -10 conditions had an
insignificantly different effect on drivers’ subjective mood and physiological arousal (Figure 2 and
Figure 4). Additionally, those four conditions considered together did not change driving
behaviors significantly as revealed by the inter-vehicular time (Figure 6).
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FIGURE LEGENDS:

Figure 1: Subjective mood assessed by the BMIS under no music and music background
conditions. (A) Pleasant-unpleasant level from 16 (most unpleasant situation) to 64 (most
pleasant situation). (B) Arousal-calm level from 12 (minimal activation level) to 48 (maximum
arousal level). (C) Positive-tired level from 7 (most tired level) to 28 (most positive level). (D)
Negative-relaxed level from 6 (most negative level) to 24 (most relaxed level). Error bars
represent standard errors.

Figure 2: Subjective mood assessed by the BMIS under the four different auditory backgrounds
conditions. (A) Pleasant-unpleasant level from 16 (most unpleasant situation) to 64 (most
pleasant situation). (B) Arousal level from 12 (minimal activation level) to 48 (maximum arousal
level). (C) Positive-tired level from 7 (most tired level) to 28 (most positive level). (D) Negative-
relaxed level from 6 (most negative level) to 24 (most relaxed level). Error bars represent
standard errors.

Figure 3: Mean heart rate and heart rate variability under no music and music background
conditions. (A) Mean heart rate. (B) Mean heart rate variability. Error bars represent standard
errors.

Figure 4: Mean heart rate and heart rate variability under the four different auditory
backgrounds conditions. (A) Mean heart rate. (B) Mean heart rate variability. Error bars
represent standard errors.

Figure 5: Mean inter-vehicular time and inter-vehicular time standard deviation under no music
and music background conditions. (A) Mean inter-vehicular time. (B) Mean inter-vehicular time
standard deviation. Error bars represent standard errors.

Figure 6: Mean inter-vehicular time and inter-vehicular time standard deviation under the four
different auditory backgrounds conditions. (A) Mean inter-vehicular time. (B) Mean inter-
vehicular time standard deviation. Error bars represent standard errors.

DISCUSSION:

The proposed method is well suited for cognitive ergonomic investigations as it offers an
excellent compromise between experimental control and ecological vailidity'®. If a strong
experimental control is required to ensure that the collected results are related to the
experimental manipulations, no results are of interest if restricted to the experimental
conditions. Indeed, scientific results are of interest if transferable to real life situations. These
assertions do not mean that only real-life experiments are valuable, but rather stress that the
ecological validity of a method depends on the objectives of the research®. The reported method
should be favored by researchers that are interested in human cognition and behaviors in real
life situations (i.e., car driving) and that are in need of a good experimental control. Of course,
the reported method is not reproducing real life driving situations, where a variety of



353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396

sounds/noises can interfere with the impact of music listening on driving behaviors. In real driving
situations, as drivers’ own safety is engaged, this could also impact on the results. However, with
the method proposed here, the driving task is not broken down and drivers can drive as they
usually do in a simulated environment where the events (i.e., car to follow speed changes) can
be reproduced accurately from a condition to the other and from a participant to the other. The
proposed method also has limitations. Driving is a complex activity and the car-following task
reproduced here is just one driving task among many other possible driving tasks. In the car-
following task, the focus is set on speed control, but lateral control, as well as tactical and
strategical tasks, which engage different levels of cognitive control and neural circuits are not
investigated?. In addition, the brief duration of the protocol is not sufficient to investigate
fatigue, distraction or mind wandering issues for instance.

Fortunately, the proposed method can be adjusted depending on the experimental needs. Here,
and in line with previous studies on the impact of driving with music®4#?°, only the well-known
car-following task?® has been used. In the future studies, other driving situations implying
different visual explorations strategies?’ could also be considered and added to the experimental
protocol.

Irrespective of these possible adaptations of the protocol, a familiarization period with the
driving simulator is required to ensure that participants are familiar with the vehicle dynamics
and properly installed. In the same vein, the quality and intensity of music tracks, as well as
loudspeaker quality are critical to unsure the method reproducibility.

Human emotions are classically considered as a combination of two orthogonal dimensions?®-3*:
valence (from negative affect to positive affect) and arousal (from deactivation to activation). For
instance, sadness is associated with a highly negative valence (i.e., unpleasant) but is neutral in
terms of activation3!. A future research direction would be to further investigate these two
dimensions of emotions using music listening. Besides, music is a complex stimulus that could be
described based on its own properties (e.g., intensity, tempo, rhythm, mode). Music can also be
described based on its effects on the listeners. As such a given music track can have a different
impact on each individual listener. Here we investigated the influence of listening to the favorite
music track, along with a tempo manipulation, on driving performances. In the future, other
music dimensions could be investigated along with differential impact depending on the listener.

Future applications of the method could also be made beyond music listening investigations. As
such, research topics such as texting while driving3?, mind-wandering behind the wheel33, and
driving automation3*-37 could benefit from the proposed method.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Author(s):

Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: K] Standard Access D Open Access

Item 2 (check one box):

gThe Author is NOT a United States government employee.

D The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

D The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JOVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective nghts of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requnrements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author: shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy .of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’'s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Iitem 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in ltem 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JOVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JOVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

Name:

Department: 'y MMM A
Institution: B

Article Title: : W M\W‘@- I
Signature: Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Response to reviewers.
Dear Dr. Steindel,

Please find attached the revised version of the manuscript including the changes, along with a
tracked version of the paper. In the following paragraphs you will find our responses (in black)
to each of the points raised by the Reviewers and Editor (in grey). We hope that the
modifications made to the manuscript further improved the manuscript.

Sincerely yours,
The authors

Editorial comments:

1. Additional details are required:

5.1: Please provide an example of the BMIS questionnaire as a supplemental file.
E.1. An example of the BMIS questionnaire as a supplemental file has been added.
References about the French validation of the BMIS were also included in the MS.

5.2: When was the heart rate monitoring attached to the driver? This is not
mentioned previously.

E.2. Participants are equipped with the heart rate monitoring device before to take
place on the driving simulator (described at MS section 1.5). Point 4.4 has been
added to explain that the heart rate data recording is made by musical background
condition.

Line 271-273: p=.150r =< .14?
E.3. IVT was not significantly impacted by the background condition. The p value is
p=.14

2. Can a picture of the set up be provided?
E.4. A picture of the set up has been added as supplemental file.

Reviewers' comments:

Reviewer #1:

Major Concerns:
| feel this paper could benefit from a very thorough review by a proficient editor.
R.1.1. The manuscript has been checked again.

Graphics could be much better. | urge authors to develop better charts to present
their data with higher quality.

R.1.2. The Figures have been improved according to editorial recommendations at
the first review of the manuscript.

L]
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Minor Concerns:

The first paragraph of the introduction while it is an obvious statement, it's not a
statement that a scientific article could gain benefit from.

R.1.3. The sentence has been changed according to R1 comment at the first review
of the manuscript. Now the first sentence “Car driving activity has spread up
extremely quickly over the last decades and is now a daily activity for many
individuals in modern societies.” introduce the manuscript by putting some emphasis
on the importance of car-driving. This is relevant to us as the methodology presented
focus on car-driving.

Although authors claim "an exhaustive literature review" | cannot find enough
discussion or a well structured literature review section or discussion as a proof of
this statement.

R.1.5. This exhaustive literature review was conducted by another group of
researchers. The reference to this work is available at the end of the quoted
sentence. To avoid any confusion, the sentence was changed during the first review
and now clearly states that “Based on an exhaustive literature review, Schéafer et al.,
found about 130 different non-redundant functions associated to music listening and
three music listening meta-functions were then identified: (1) arousal and mood
regulation, (2) self-awareness achievement and (3) social relatedness expression4.”

"Protocol" section of this paper:

- Please provide a sufficient introduction for the protocol.

R.1.6. A figure of the set up and an example of BMIS questionnaire have been added
as supplemental files. Further details on the driving scenario and the analysis
performed on the physiological data were also added.

- Please explain your advertisement method to acquire participants?
R.1.7. This information was added at the beginning of the protocol.

What is the method of analysis that is being used here? Mentioning that the
difference is significant is not enough.

R.1.8. The method of analysis is presented in the first paragraph of the
representative results.

Reviewer #2:

Manuscript Summary:

The authors made a good effort revising the manuscript according to the review
comments.

R.2.1. The authors are very grateful to R2 for his/her general appreciation of the
effort of revision on the submitted MS.

Major Concerns:

However, if in line with the journal's guideline, | would still suggest adding more
detailed descriptions of the driving scenario/environment and analysis details of the
physiological data. These detailed descriptions are essential for others to understand



the exact material/procedure that would enable replication of the protocol. If these
are not required by the journal, then | do not have any further comment.

R.2.2. Following R2 insights more details are now provided on both the driving
scenario/environment (new paragraph 4.6) and the analysis performed on the
physiological data (add to paragraph 5.2).
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SUMMARY:

Here, we present a protocol to assess driving behaviors while following a vehicle in a simulated
driving environment. The presented protocol is used to compare the impact of different
auditory backgrounds on driving behaviors.

ABSTRACT:

Car driving is a daily activity for many individuals in modern societies. Drivers often listen to
music while driving. The method presented here investigates how listening to music influences
driving behaviors. A driving simulation was selected because it offers both a well-controlled
environment and a good level of ecological validity. Driving behaviors were assessed through a
car-following task. In practice, participants were instructed to follow a lead vehicle as they
would do in real life. The lead vehicle speed changed over time requiring constant speed
adjustments for the participants. The inter-vehicular time was used to assess driving behaviors.
To complement the driving behaviors, the subjective mood and physiological level of arousal
were also collected. As such, the results collected using this method offer insights on both the
human internal state (i.e., subjective mood and physiological arousal) and driving behaviors in
the car following task.

INTRODUCTION:
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Car driving activity has increased quickly over the last decades and is now a daily activity for
many individuals in modern societies. In line with this growth, car-driving activity has become a
hot topic of investigation for the human factor community?.

There is an extremely limited amount of major cultural activities that typically define
humankind regardless of the population and the period of history considered?. Music is one of
these activities along with tool use and symbolic reasoning underpinning language abilities3.
Playing and listening to music is therefore a crucial individual and social activity. Based on an
exhaustive literature review, Schéafer et al. found about 130 different non-redundant functions
associated to music listening and three music listening meta-functions were then identified: (1)
arousal and mood regulation, (2) self-awareness achievement and (3) social relatedness
expression®. As a consequence, people are frequently listening to music in a variety of
situations and locations®. Among those situations, listening to music while driving is extremely
common with drivers reporting listening to music during about three quarters of their driving
time®.

Music listening is known to impact the listener’s emotional state” and thus to induce mood
changes in a variety of situations and research areas®. According to the mood congruency
theory, a person’s behavior is related to his/her mood?® with evidence gained from both
neuroimaging!® and behavioral experiments!!. Following this rationale, music listening can
change drivers’ mood, which in turn can change driving behaviors.

Musically-induced mood changes while driving was found to result in performance
improvements under certain conditions or impairments under other conditions. On one hand,
in complex and highly demanding driving environments, calm music was found to mitigate
affective states: it has a softening effect on negative emotions, reduces the level of stress and
improves drivers relaxation and calm?®2. This relaxing effect was reported to be more efficient
when using abrupt music changes compared to gradual music changes®3. On the other hand,
people were slower to detect hazards in driving scenes when anger was previously induced
through music and guided imagery compared with neutral mood performances!4. Happy music
listening while driving was also found to be detrimental to lateral control efficiency whereas sad
music had no significant effect on lateral control of the vehicle®. In brief, drivers’ mood can
impact driving performances in opposite ways depending on the music and associated mood
induction and on the driving situation considered.

The purpose of the method reported here is to offer an experimentally well-controlled driving
situation to investigate the impact of music listening on driving behaviors. To ensure the
reproducibility of the driving situation, a method based on driving simulation has been
implemented. At the first glance, a driving simulation might be considered as a degraded
version of real driving investigations. However, the reality is more complex, and a given
experimental set up cannot be considered as the best experimental solution in absolute terms.
Rather the best experimental set up is the one that suits the most accurately the needs of the
investigation concerned®®. If real car-driving is the experimental set-up that best reproduces the
everyday life driving situations, it also comes with some drawbacks: driver safety in case of
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experimental manipulations, potential impairments in terms of driving performances, and
difficulties in the control of the driving environment, including traffic, weather conditions, light
conditions, level of ambient noise, etc. Conversely, if driving simulators are not as realistic as
real vehicles, experimental conditions and manipulations can be strictly controlled and
replicated!’. As a result, different participants can be exposed to the exact same experimental
conditions. In addition, experimental manipulations potentially impairing driving performances
are made possible as only virtual safety (and not real safety) is engaged. Altogether, a driving
simulation offers an excellent compromise between the need to conserve the driving activity
natural (i.e., external validity) and the need for a strong experimental control (i.e., internal
validity).

PROTOCOL:

All methods described here have been approved by the Ethics Committee of the Department of
Psychology of University Lyon 2 and informed consent was obtained from all participants.
Participants were recruited by means of notices posted in the local community and at the
University.

1. Participants

1.1. Ensure that participants have a driving license and at least two years of driving experience.
1.2. Ensure that participants have normal or corrected to normal vision and audition.

1.3. Ensure that participants do not suffer from a mental iliness (e.g., schizophrenia).

1.4. Recruit a similar number of females and males.

1.5. Equip participants with a heart rate belt linked to a watch_to monitor heart rate.

1.6. Ask participants to choose freely their own preferred music track (examples of participants
choice: Uptown Funk by Mark Ronson featuring Bruno Mars or Cheerleader by OMI). Ask
participants to provide that music track on a USB stick. Use this track to create different musical
backgrounds for the experiment (see section 3).

2. Driving simulation

NOTE: The results are described based on a new driving simulator at our research lab, a BB_Sim
developed at the Université de Sherbrooke, which includes one computer, three screens, and a
steering wheel and acceleration and braking pedals for driving controls. The initial study was

conducted with a different driving simulator using the open-source OpenSD2S software?®,

2.1. Set the driving simulation driving noise (i.e., engine of the driven vehicle) at + 25dB.
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2.2. Seat the participant in front of the simulator, approximately 60 cm from the screens (three
screens located in front of the participant, 48 cm x 30 cm each, covering a total of 137.52° of
the visual angle on the horizontal axis and 28.65° of the visual angle on the vertical axis), in a
modified car seat.

2.3. Let the participant adjust the distance between the seat and the pedals with the handle
underneath the seat.

2.4. Once the participant is comfortably positioned, provide instructions on using the features
of the simulator (i.e., how to interact with the acceleration and braking pedals and the steering
wheel).

2.5. Inform the participant about simulation sickness that can sometimes occur, and let the
participant know that the simulation will be stopped at any time if necessary.

2.6. Use a rural roadway with one traffic lane per direction with five left bends and five right
bends and without any traffic.

3. Musical background
3.1. Use software to modify the tempo of the music, without any pitch modification.

3.2. Create four auditory backgrounds for each participant:

No Music - with no additional music played.

Music - each participant preferred music track without modification.

Music +10 - each participant preferred music track with an increased tempo. The tempo is
increased by 10 % of the regular tempo.

Music -10 - each participant preferred music track with a decreased tempo. The tempo is
decreased by 10 % of the regular tempo.

3.3. Control the intensity of the music. Music intensity is known to modify driving
performances®. Set the intensity to 75 dB for all auditory backgrounds but the No Music

condition.

3.4. Use a software to play one of the four musical backgrounds for the complete duration of
each drive.

3.5. Play the music on two lateral powered monitor speakers located on the right and on the
left of the participant.

4. Simulated car-following task

4.1. Provide instructions concerning the task: “Drive as you would do in a real-life situation.
Your goal is to follow the vehicle in front of you at a close but safe constant distance, as if
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following a friend on an unknown route. Inform the participant that there is no traffic or
obstacles on the path.”

4.2. Start the simulation with a training phase in order to familiarize the participant with the
driving simulator, the simulated environment, the vehicle controls and the car-following task.
When the participant feels comfortable, stop the training phase.

4.3. Proceed with the experimental drives. Launch the simulated car-following task and one of
the four musical background.

« Formatted: List Paragraph, Add space between

4-3-4.4. Start a recording of heart rate data at the beginning of each simulated car-following paragraphs of the same style, No bullets or

task and end it at the end of that driving task.

4.5. For the simulated car driving task, have the driver first drive for 50 meters before stopping
at a “Stop” sign. Once the participant’s vehicle has stopped, a leading vehicle appears on the
road at the left of the intersection. Instruct the participant to follow the vehicle. After an initial
phase in which the speed of the leading vehicle is stationary and set at 20 kph, allowing the
driven vehicle to catch up, its speed then varies sinusoidally between 45 kph and 70 kph within
each period of 60 seconds for a total of 3 minutes. Then, ask the participant to stop driving.

« Formatted: List Paragraph, Add space between
paragraphs of the same style, No bullets or

4.4.4.6. For the car-following task, udse a fwe-tanetwo-lane road with opposition traffic
directions—section—car-followingtaskparticipants. In order to provide a realistic driving
environementenvironment, use a road section with a balanced number of left (n=5) and right
bends (n=5) with various degreesradii of curvature from 45 to 300 meters. Also add visual
elements on the edges of the road section such as trees, barriers, ard-showld-bea+rural-road
Fhecurvaturefields, and landform.

4.5.4.7. Repeat the car-following task for each of the four musical backgrounds. The car-
following task takes about 4 minutes (3 minutes of actual car-following plus beginning and
ending of the driving simulation).

NOTE: The duration of the car-following task can be extended if required.
4-6:4.8. Take a 5 min break between each car-following task to reduce carryover effects.

4.7-4.9. Counterbalance the order of presentation of the four musical backgrounds between
participants using a Latin square design.

5. Data collection

5.1. Collect the participants’ subjective mood after each condition using the Brief Mood
Introspection Scale (BMIS)? validated in French?® 22, This questionnaire provides data on
participants’ mood on four mood dimensions: pleasant/unpleasant, arousal/calm, positive/tired
and negative/relaxed.
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5.2. Collect physiological measures. Compute the mean heart rate and heart rate variability
over the entire drive for each experimental condition using the data recorded by the heart rate
monitoring watch at a sample per second. In practice, compute mean heart rate by averaging
all the data collected during thateach experimental condition —thradditiencomputeand -heart
rate variability 2through-theby calculating the standard deviation efon the same data.

5.3. Measure objective driving behaviors through the mean inter-vehicular time and the inter-
vehicular time variability. Record both driven and leading vehicle position and speed at each
time step at a sample rate of 60 Hz.

5.3.1. At each time step, compute the inter-vehicular time as the time required for the driven
vehicle to reach the position of the lead vehicle if the position of the lead vehicle was frozen
and the speed of the driven vehicle was constant.

5.3.2. Average all the values collected for a drive to obtain the mean inter-vehicular time and
compute the standard deviation on those values to obtain the inter-vehicular time variability.

NOTE: Several variables can be computed to qualify driving behaviors during a car-following
task. The inter-vehicular time is particularly well-suited as it offers an indication of the safety
margin between the driven vehicle and the lead vehicle chosen by the driver.

REPRESENTATIVE RESULTS

The main comparisons are based on the following experimental conditions. The first
experimental condition is No Music versus Music: a comparison between the No Music
background and the individual preferred Music background using a pairwise t-test. These
analyses were meant to assess the influence of listening to preferred music compared to a
control condition without music. The second experimental condition is four different musical
backgrounds: a comparison between No Music, Music, Music +10 and Music -10 corresponding
to a music tempo manipulation compared to a control condition without music, using repeated
measures ANOVAs.

Subjective mood

As compared with No Music, Music had a significant effect on subjective mood as observed on
three of the four dimensions of the Brief Mood Introspection Scale (Figure 1). Significant
differences were found for the pleasant-unpleasant (t(23) = -2.75; p < .01), arousal-calm (t(23) =
-2.67; p < .01) and positive-tired (t(23) = 3.54; p < .001) dimensions. No significant differences
were observed for the negative-relaxed dimension (t(23) = 1.05; p = .153).

[Place Figure 1 here]
Considering all four auditory backgrounds, a significant effect on subjective mood as observed

on the four dimensions of the BMIS (Figure 2). Significant differences were found for the
pleasant-unpleasant (F(3,69) = 2.75; p < .05), arousal-calm (F(3,69) = 7.74; p < .001), positive-
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tired (F(3,69) = 7.36; p < .001) and negative-relaxed (F(3,69) = 3.24; p < .03) dimensions.
[Place Figure 2 here]

Physiological measures

The mean heart rate was significantly different for the No Music and Music backgrounds (t(18)
=-5.05; p <.001; Figure 3). The heart rate variability was not significantly impacted by the
background condition (t(18) = -1.58; p = .07; Figure 3).

[Place Figure 3 here]

The mean heart rate was significantly different under the four auditory background conditions
(F(3,51) = 4.25; p < .01; Figure 4). The heart rate variability was not significantly impacted by the
background condition (F(3,51) = .94; p = .43; Figure 4).

[Place Figure 4 here]

Driving behaviors

The mean inter-vehicular time was significantly different for the No Music and Music
backgrounds (t(23) = 2.53; p <.01; Figure 5). The inter-vehicular time standard deviation was
not significantly impacted by the background condition (t(23) =-0.11; p = .55; Figure 5).

[Place Figure 5 here]

The mean inter-vehicular time was not significantly different under the four auditory
background conditions (F(3,69) = 1.88; p = .14, Figure 6). Similarly, the inter-vehicular time
standard deviation was not significantly impacted by the background condition (F(3,69) = 1.57;
p =.20; Figure 6).

[Place Figure 6 here]

Listening to music or not (No Music versus Music conditions) while driving was found to have a
significant effect on subjective mood, physiological level of arousal and on driving
performances. In more detail, listening to favorite music behind the wheel was found to impact
positively on the mood, leading to a higher level of pleasantness, arousal and a more positive
mood (Figure 1). The comparison between no music and music backgrounds revealed a
significant influence of music listening on drivers mean heart rate. Music increased the mean
heart rate. In line with subjective data, this increase can be interpreted as an increase in arousal
induced by music listening (Figure 3). It is assumed that the increase of arousal produced by
music listening translates into driving behaviors modifications. In the car-following task, drivers
had a smaller inter-vehicular time while listening to music compared with the control condition
without music to listen (Figure 5). This can be interpreted as a reduction of drivers’ safety
margin with the vehicle to follow in an external assessment perspective (i.e., absolute safety
margin). But, from the drivers’ perspective, the inter-vehicular time reduction is most probably
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adjusted depending on their own perceived abilities. With a higher level of arousal, faster
detections and responses to follow the speed changes of the leading vehicle can be made. Still
from drivers’ perspective, a reduction of the inter-vehicular time is required to maintain the
same safety margin (i.e., relative safety margin). In sum, the experimental protocol reported
here was found to be sensitive enough to reveal mood changes, physiological changes and
driving behaviors changes for the comparison between no music and music conditions. The
manipulation of the music tempo (i.e., four different auditory backgrounds comparison) did not
translate into the same pattern of results. If all four dimensions of subjective mood and
physiologically assessed arousal were found be significantly influenced by the auditory
background, no clear impact of the music tempo was found. Indeed, music, music +10 and
music -10 conditions had an insignificantly different effect on drivers’ subjective mood and
physiological arousal (Figure 2 and Figure 4). And those four conditions considered together did
not change significantly driving behaviors as revealed by the inter-vehicular time (Figure 6).

Figure legends:

Figure 1: Subjective mood assessed by the BMIS under no music and music background
conditions. (A). Pleasant-unpleasant level from 16 (most unpleasant situation) to 64 (most
pleasant situation). (B). Arousal-calm level from 12 (minimal activation level) to 48 (maximum
arousal level). (C). Positive-tired level from 7 (most tired level) to 28 (most positive level). (D).
Negative-relaxed level from 6 (most negative level) to 24 (most relaxed level). Error bars
represent standard errors.

Figure 2: Subjective mood assessed by the BMIS under the four different auditory
backgrounds conditions. (A). Pleasant-unpleasant level from 16 (most unpleasant situation) to
64 (most pleasant situation). (B). Arousal level from 12 (minimal activation level) to 48
(maximum arousal level). (C). Positive-tired level from 7 (most tired level) to 28 (most positive
level). (D). Negative-relaxed level from 6 (most negative level) to 24 (most relaxed level). Error
bars represent standard errors.

Figure 3: Mean heart rate (A) and heart rate variability (B) under no music and music
background conditions. Error bars represent plus and minus one standard error.

Figure 4: Mean heart rate (A) and heart rate variability (B) under the four different auditory
backgrounds conditions. Error bars represent standard errors.

Figure 5: Mean inter-vehicular time (A) and inter-vehicular time standard deviation (B) under
no music and music background conditions. Error bars represent standard errors.

Figure 6: Mean inter-vehicular time (A) and inter-vehicular time standard deviation (B) under
the four different auditory backgrounds conditions. Error bars represent standard errors.

DISCUSSION:
The proposed method is well suited for cognitive ergonomic investigations as it offers an
excellent compromise between experimental control and ecological vailidity®®. If a strong
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experimental control is required to ensure that the collected results are related to the
experimental manipulations, no results are of interest if restricted to the experimental
conditions. Indeed, scientific results are of interest if transferable to real life situations. These
assertions do not mean that only real-life experiments are valuable, but rather stress that the
ecological validity of a method depends on the objectives of the research'®. The reported
method should be favored by researchers that are interested in human cognition and behaviors
in real life situations (i.e., car driving) and that are in need of a good experimental control. Of
course, the reported method is not reproducing real life driving situations, where a variety of
sounds/noises can interfere with the impact of music listening on driving behaviors for
instance. In real driving situations, drivers’ own safety is engaged, this could also impact on the
results. But with the method proposed here, the driving task is not broken down and drivers
can drive as they usually do in a simulated environment where the events (i.e., car to follow
speed changes) can be reproduced accurately from a condition to the other and from a
participant to the other. The proposed method also has limitations. Driving is a complex activity
and the car-following task reproduced here is just one driving task among many other possible
driving tasks. In the car-following task, the focus is set on speed control, but lateral control, as
well as tactical and strategical tasks, that engage different level of cognitive control and neural
circuits are not investigated?3. In addition, the brief duration of the protocol is not sufficient to
investigate fatigue, distraction or mind wandering issues for instance.

Fortunately, the proposed method can be adjusted depending on the experimental needs.
Here, and in line with previous researches on the impact of driving with music?* 2>, only the
well-known car-following task?® has been used. In the future studies, other driving situations
implying different visual explorations strategies for instance?” could also be considered and
added to the experimental protocol.

Irrespective of these possible adaptations of the protocol, a familiarization period with the
driving simulator is required to ensure that participants are familiar with the vehicle dynamics
and properly installed. In the same vein, music tracks quality, intensity, and loudspeaker quality
are critical to unsure the method reproducibility.

Human emotions are classically considered as a combination of two orthogonal dimensions?®-
31: valence (from negative affect to positive affect) and arousal (from deactivation to
activation). For instance, sadness is associated with a highly negative valence (i.e., unpleasant)
but is neutral in terms of activation3!. A future research direction would be to further
investigate these two dimensions of emotions using music listening. Besides, music is a complex
stimulus that could be described based on its own properties (e.g., intensity, tempo, rhythm,
mode). Music can also be described based on its effects on the listeners. As such a given music
track can have a different impact on each individual listener. Here we investigated the influence
of listening to the favorite music track, along with a tempo manipulation, on driving
performances. In the future other music dimensions could be investigated along with
differential impact depending on the listener.

Future applications of the method could also be made beyond music listening investigations. As
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such, research topics such as texting while driving®?, mind-wandering behind the wheel33,

driving automation

34-37 could benefit from the proposed method.
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QUESTIONNAIRE

Cette liste contient 16 adjectifs qui font référence a différents états émotionnels.
Pour chacun d'eux, vous devez entourer le symbole qui correspond au mieux, a
I’état que vous ressentez en ce moment. Vous pouvez graduer vos réponses en
fonction de 'intensité émotionnelle que vous ressentez actuellement.

Si vous ne ressentez pas du tout I'état mentionné, entourez XX
Si vous ressentez un peu cet état, entourez X

Si vous ressentez un peu plus cet état, entourez V

Si vous ressentez tout a fait cet état, entourez VV

pas du tout tout a fait
1. Dynamique XX X @ W
2. Heureux XX X \Y \:’V
3. Triste XX X v W
4. Fatigue XX X @ W
5. Bienveillant XX X \Y @
6. Content XX X (V) W
7. Mélancolique @ X Vv \A%
8. Excité XX X v W
9. Epuisé X Vv Y
10. Grincheux XX Q() V \AY
11. Energique XX X @ W
12. Nerveux @ X V W
13. Calme XX X @ W
14. Affectueux XX X Q/) A%
15. Agacé f@ X \ \AY,
16. Vif XX Q() \ \"AY,
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