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Effects of spatialized water-sound sequences for traffic noise
masking on brain activities

Jian Li, Luigi Maffei, (® Aniello Pascale, and Massimiliano Masullo®
Department of Architecture and Industrial Design, Universita degli Studi della Campania “Luigi Vanvitelli,” Aversa CE 81031, Italy

ABSTRACT:

Informational masking of water sounds has been proven effective in mitigating traffic noise perception with different
sound levels and signal-to-noise ratios, but less is known about the effects of the spatial distribution of water sounds
on the perception of the surrounding environment and corresponding psychophysical responses. Three different
spatial settings of water-sound sequences with a traffic noise condition were used to investigate the role of spatializa-
tion of water-sound sequences on traffic noise perception. The neural responses of 20 participants were recorded by
a portable electroencephalogram (EEG) device during the spatial sound playback time. The mental effects and atten-
tion process related to informational masking were assessed by the analysis of the EEG spectral power distribution
and sensor-level functional connectivity along with subjective assessments. The results showed higher relative power
of the alpha band and greater alpha-beta ratio among water-sound sequence conditions compared to traffic noise con-
ditions, which confirmed the increased relaxation on the mental state induced by the introduction of water sounds.
Moreover, different spatial settings of water-sound sequences evoked different cognitive network responses. The set-
ting of two-position switching water brought more attentional network activations than other water sequences related

to the information masking process along with more positive subjective feelings.
© 2022 Acoustical Society of America. https://doi.org/10.1121/10.0012222

(Received 15 November 2021; revised 24 May 2022; accepted 15 June 2022; published online 5 July 2022)

[Editor: David S. Michaud]

I. INTRODUCTION
A. Water sound and noise masking

Although conventional noise mitigation methods focus on
constraining noise sources and their transmission by sound
insulation and absorption techniques in noisy environments,'*
the soundscape approach develops alternative solutions, opti-
mizing the sonic environment’s relationship and human per-
ception. Numerous studies have demonstrated the viability of
introducing natural sounds (e.g., water sound and bird songs)
into noisy urban environments for masking traffic noise.*

The masking effect of water sound on noise perception
can be achieved on the sensation level, namely, “energetic
masking” and perception level, namely, “informational
masking.”” Many studies have tested various water sounds at
different signal-to-noise ratios (SNRs) to optimize the sound-
scape quality and desired sound levels to set the water sounds
playback.>® However, research about the effects of the spatial
distribution of water sound on noise masking are limited.
Several studies have shown the influence of spatial variation of
urban space on perceived sound quality and emotional feel-
ings.”'” Hong e al. explored the effects of spatial separations
between target noise and water sound on perceived loudness of
target noise (PLN) and overall soundscape quality (OSQ)
through laboratory experiments. The results indicated that the
effects of spatial separations between traffic noise and water
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sound were significant in PLN and OSQ. Specifically, the PLN
increase at 135° separation was equivalent to an estimated tar-
get noise level increment of ~1-2dB. Moreover, the OSQ
decrease, at 135° and 180° separations, was equivalent to an
estimated target noise level increase of ~2—5dB."!

For real-life applications, some researchers and design-
ers have recently devoted themselves to introducing sound
installations, such as sound screens and loudspeakers, into
urban parks as practical measures for noise control.'*!?
Masullo et al. used immersive virtual reality technology to
investigate the effects of combining audio and visual ele-
ments of installations with water features on traffic noise
mitigation in urban green parks. They confirmed that the
informational masking with water sounds at levels 3dB
lower than the road traffic background noise (BGN)
improved the subjective perception of the environmental
quality of urban parks. Moreover, installations with water
features improve their restorativeness on escaping and fasci-
nation components.14 However, the influences of the spatial
arrangement of those installations are barely investigated.

B. Electrophysiological measurement
and methodology

Compared to the post hoc oral reports of sonic environ-
ments, many of the advantages of electrophysiological mea-
surement of human responses are objective and reliable to
the external environments. Various studies have investigated
the neural effects of different urban spaces, including green
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space,ls’16 indoor environments, and contemplative

landscape,?® with their soundscape qualities on the human
mind and mental health through -electroencephalogram
(EEG) measurements. Those studies have tried to connect
the positive effect of natural elements with the patterns of
the alpha band, which was considered a neural indicator of
relaxation and comfort state. However, rather than changes
of the alpha band, changes from the theta,18 beta,16’17’19’20
and gamma bands'® were observed. Li et al. compared the
soundscape components and EEG reactions in typical moun-
tainous urban parks. The results showed that the relative
power of the alpha band was more evident at the birdsong-
dominant site than at the traffic-noise-dominant site under
the audio-only and audio-visual conditions. Besides, more
restorative EEG reactions were found within the audio stim-
uli than within the audio-visual stimuli.”'
Electrophysiological measures are not only used as neural
indicators of sonic environments. They can also provide
spatial-temporal information about the procedure of auditory
attention and noise masking. Most of those studied focused on
speech processing in a multi-speaker environment. Téth et al.
compared the whole-brain functional networks underlying the
process of focusing attention on a single speech stream with
dividing attention between two streams. The results showed
that focusing attention on a single speaker compared to divid-
ing attention between two concurrent speakers was predomi-
nantly associated with connections involving the frontal
cortices in the delta (0.5-4Hz), alpha (8—10Hz), and beta
bands (13-30Hz), whereas dividing attention between two
parallel speech streams was linked with stronger connectivity
involving the parietal cortices in the delta and beta frequency
bands.** Szalardy er al. used functional connectivity of EEG
signals between different brain regions to investigate the neu-
ronal correlates of informational and energetic masking in a
multi-talker situation. They found energetic masking was pre-
dominantly associated with a stronger connectivity between
the frontal and temporal regions at the lower alpha and gamma
bands, and informational masking was associated with a dis-
tributed network between parietal, frontal, and temporal
regions at the theta and beta bands.”® This methodology pro-
vides the potential to interpret the fundamental mental pro-
cesses induced by the mask sounds in noisy environments
regarding acoustic comfort, health, and well-being to enable
policymakers and designers to extrapolate solid results.

17-19

C. Research purpose

This paper used water-sound sequences with different
spatialization settings to investigate their effects on masking
road traffic noise (RTN). This was performed through EEG
measurements, which provided more insight into the overall
mental state assessment and brain network changes of cogni-
tive processes referring to attention control when using the
spatialization sequences of water sound for the informational
masking of noise. The results will also provide us with more
thoughts about workable measures of urban design for noise
mitigation.

J. Acoust. Soc. Am. 152 (1), July 2022

Il. MATERIALS AND METHODS
A. Experimental design

A within-subjects experimental design was used. The
independent variable was the spatialization of the water
sounds. Four levels of spatialization were defined: frontal
position-fixed water sound (FPW), a two-position switching
water sound (TSW), a four-position-randomized moving
water sound (FMW), and an empty water sound, all of
which combined the RTN on the frontal position as back-
ground. The two-position pair of TSW included four differ-
ent settings: frontal-left pair, frontal-right pair, back-left
pair, and back-right pair (only adjacent positions were con-
sidered for avoiding the distance differences of two-position
pairs). The dependent variables were the neural signals
obtained by a wearable device during each condition. The
study hypothesized that a structural, spatial representation of
water sounds in a noisy environment would produce more
positive subjective feelings and better efficiency on informa-
tional masking than the fixed location water sound, leading
to decreased mental stress and increased restorative quali-
ties. The results obtained from the neural signals were also
compared with those obtained by self-reported question-
naires about the perceived characteristics of the sound envi-
ronment and with those based on the emotional saliency.

B. Sound materials

The sound sources included a 3-min traffic noise,
recorded with a Zoom H6 Hand-Recorder device (Zoom
North America, New York) and a Soundfield SPS200 micro-
phone [SoundField Ltd., Sydney, Australia; A-weighted
equivalent continuous sound level, LAeq, 65 dB(A)] as BGN,
and a 5s water stream sound, recorded by the same device
with a R@DE NTG-2 microphone (RODE, Sydney,
Australia). To optimize the effect of the water sound-based
informational masking, the sound level of the water stream
sound was set at —3 dB*>?*%3 with respect to the background
traffic noise (SNR = —3 dB). Water stream sound was used to
create 3-min-long soundtracks (A/B) for spatial sound repro-
duction. The soundtracks combined repeated 5s of water
stream sound with 2s of fade-in and fade-out, alternating
between positions with 2 s of overlap [see Figs. 1(a) and 1(b)].
They were played back within the Sens i-Lab of the
Department of Architecture and Industrial Design of the
Universita degli Studi della Campania “Luigi Vanvitelli”
through the Astro Spatial Audio (Astro Spatial Technologies
BV., Odiliapeel, Netherland), an object-based audio system
which drives 25 Adorm AS5 Martin Audio and 2 Sx110
Martin Audio (Martin Audio Ltd., London), and rendered by
SARA 1II Premium Rendering Engine (Astro Spatial
Technologies BV., Odiliapeel, Netherland). This audio system
uses the wave field synthesis principles to reproduce the sound
emitted by audio objects, point source, or plane front (called
plan wave) in the listening area of the room.?*>* Both of the
previous audio objects were used for the playback: the plane
wave object, reproducing the RTN, and the point source
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(a) (c)
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BGN 0 0 0 0
Water soundtrack A 1/2/3/4
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1 5
Water soundtrack B =

(b)
- 3 min -
BGN I —,

Water soundtrack A

Water soundtrack B

A0

A

FIG. 1. (Color online) (a) The soundtracks’ composition, where the numbers 0-5 indicate the virtual positions of active sound. (b) The temporal combination
of the original soundtracks is depicted, where A/B were water soundtracks and BGN was the background noise. (c) A two-dimensional layout with virtual
sound sources and loudspeakers and (d) a three-dimensional layout with physical loudspeakers of Sens i-Lab are shown.

objects, reproducing the water sounds [see Figs. 1(c) and
1(d)].

FPW was set as a fixed position of water sound in the
frontal position with RTN as background. As for TSW set-
tings, four two-position pairs were defined: the frontal-right,
right-back, back-left, and left-front. The distance between
each position soundtrack up to the subject was the same as
that for FPW. For FMW, the pseudo-random routine of the
water sound selected from the four-position (frontal/back/
left/right) was defined at the ASA application (see Table I).
The experimenter controlled the order of these sound
sequences via browser-based GUI during the listening test.

The listener was sitting at the center of the test room of
the Sens i-Lab [see Fig. 1(c)] at about 3.5 m from the posi-
tion of the virtual sound sources. The audio stimuli at listen-
ers were recorded using a dual channel system Sympnonie
(01 dB, Limonest, France) and an Mk1 Cortex manikin (01
dB, Limonest, France). They reproduced realistic auditory
scenarios of about 57 dB(A), similar to those measured
inside an existing urban park.** The audio stimuli were then
imported and analyzed with the software Artemis Head
Acoustics (HEAD acoustics GmbH, Herzogenrath,
Germany). In Fig. 2, the spectrograms of the left and right
channels at the dummy head were reported for all of the
sounds spatialization conditions of the experiment.

The self-reported questionnaire was used to collect partic-
ipants’ subjective responses to objective and emotional aspects
of the sound environment. In particular, the first part of the
questionnaire was focused on assessing general characteristics
of the sound environment, including naturalness,m’z(”’30
mechanicalness,l3’30 smoothness,29 rhythmicalness,31 spa-
(:iousness,32 and familiarity,33 whereas the second investi-
gated the emotional saliency of sounds.*® The latter part of
the questionnaire combines items derived from the circum-
plex model of soundscape perception®**> with others focused
on the emotional feeling of the sound environment.

C. Procedure

Twenty subjects gave informed consent and were
instructed to sit in the center of the test room to be immersed
in virtual sound environments. Before the formal experi-
ment, the subject filled out two pages of the initial question-
naire, which contained basic information such as age
[average, 30 years old; standard deviation (SD), 5.90],
gender (male, 12; female, 8), working environment,
Weinstein noise sensitivity scale’ 6.37 (average score, 3.73;
SD, 0.50), and personal well-being scale®®%? (average score,
53.78; SD, 12.59). After wearing the portable EEG device
and passing the impedance check of EEG electrodes, the

TABLE I. Composition of the sound stimuli. The red line indicated the positions of the BGN source and the blue circles the position of the water stream

sound sources.

Conditions RTN FPW FMW TSW
Sources and layout Bg D3P0 g0
@® Point source
¥ 8 8 ¢
Plan source - b
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FIG. 2. (Color online) The spectrograms of the sound stimuli at the listener position are depicted.

subject was asked to listen to five sequences with a comfort-
able sitting position and eyes open in the predefined bal-
anced order (two TSW conditions were randomly selected
from the four TSW conditions, considering that the recom-
mended duration of the entire EEG test should be less than
30 min in the case of the signal-noise-rate losing, caused by
the effect of discomfort and fatigue*”) Each sequence lasted
3min. Next, the subject must fill out the questionnaire,
including the perceived contents and his/her feelings about

(b)

each sound based on previous works.'??** After finishing
the questionnaire, the subject informed the experimenter to
play the following sound sequence. Finally, the subject took
a l-min rest with his/her eyes closed. The neural activities
during this period were used for baseline correction for EEG
analysis.

During the whole process, the brain data of each subject
were continuously recorded by a DSI-24 wireless EEG
headset (Wearable Sensing Ltd., San Diego, CA) with

(c)

NASION

Peee®
©-©0-0-0O
2060

INION

FIG. 3. (Color online) The EEG headset, setup, and electrodes layout. (a) The top-view and frontal-view of DSI-24 headset, (b) the EEG setup for the

recording, and (c) the EEG electrodes layout are shown.
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20dry electrodes signals referenced to the Pz electrode at
locations corresponding to the 10-20 international system
(see Fig. 3). The light and temperature in the laboratory
were kept constant during the test. The EEG data were sam-
pled at 300 Hz and streamed from the measurement device
to the recording laptop using the Lab Recorder application
based on the Lab Streaming Layer protocol (Swartz Center
for Computational Neuroscience, San Diego, CA) to syn-
chronize the neural data with sound sequences. The Ethical
Committee for Scientific Research of the department
approved the protocol.

D. Data preprocessing

The continuous EEG data were imported into MATLAB
and the EEGLAB toolbox and preprocessed using the auto-
mated PREP pipeline for data cleaning.*'** The data of two
subjects were excluded because of less clean data (both of
the percentages of invalid data were higher than 50%, and
the average of the valid data was 87.06%). Then, a 1-45 Hz
bandpass filter was applied. After re-referencing the EEG
signal to the average (except for A1 and A2 mastoid electro-
des), their independent components were calculated using
the Infomax algorithm. Eye-blink and ocular movement arti-
facts were deleted based on the standard topographic pro-
files of the individual components and distinctive temporal
pattern. After the removal of eye movement artifacts, the
EEG data during each sound’s perception were extracted.

E. EEG spectral analysis

The cleaned EEG data were analyzed using MATLAB
and the FieldTrip toolbox.*® Time-frequency-resolved activ-
ity was obtained using the multitaper method (4 cycles
width) based on Hanning sequences between 1 and 45 Hz

TABLE II. The EEG oscillation classification and functions [base state
means a steady and population state with only spontaneous brain activities,
and response changes mean brain oscillation activity changes induced or
evoked by external events (Refs. 44 and 45)].

Brain oscillations Functions description

Delta band Base state: Sleep, unawareness, deep-unconsciousness
(1-4Hz) Response changes: Gating mechanism of excitability of
neuronal network for sensory inputs
Theta band Base state: Drowsiness, unconsciousness, mediative
(4-8 Hz) state
Response changes: Working memory maintenance,
error processing

Alpha band Base state: Wakeful rest, eye-closed

(8-13Hz) Response changes: Decrease of neuronal activity, cog-
nition inhibition;

Beta band Base state: Normal wakeful consciousness,

(13-30Hz) concentration;

Response changes: Sensorimotor processing, high-level
cognitive process, decision-making
Gamma band
(>30Hz)

Base state: Cognition dysfunctions, mental disorders
such as Alzheimer’s disease and schizophrenia
Response changes: Sensory perception integrating,
active neuronal processing of information

176 J. Acoust. Soc. Am. 152 (1), July 2022

(stepsize, 1 Hz), from which the average powers of each fre-
quency band (delta band was defined as the range of 1-4 Hz;
theta band, 4-8Hz; alpha band, 8-13Hz; beta band,
13-30 Hz; low-gamma band, 30-45 Hz) were derived (see
Table II). The interested electrodes were divided into five
regions: the frontal (Fpl, Fp2, F3, and F4), left temporal
(F7, T3, and T5), central (Cz, C3, and C4), right temporal
(F8, T4, and T6), and posterior regions (P3, P4, Ol, and
02), respectively.

The relative power of each given band/sum of power
from 1 to 45 Hz was calculated by

RP(fl’fZ) - [P(flvfl)/P(1745)] 100,

where P(-) indicates the power, RP(-) indicates the relative
power, and fi and f, indicate the low and high frequency,
respectively. The relative power for each band and power
ratios for different frequency bands were averaged in each
region. The ratios of power for different frequency bands in
each electrode were also computed for possible pairs of fre-
quency bands, such as P(theta)/P(alpha) and P(alpha)/
P(beta).

F. EEG sensor-level connectivity analysis

EEG connectivity analysis could be conducted at the
sensor-level or source-level for network analysis. Sensor-level
connectivity helps us understand the temporal changes of func-
tional networks of the brain in a regional scale (referring to
frontal, occipital, parietal, and temporal lobes), but the infor-
mation of precise neuroanatomy locations of those connectiv-
ity changes requires source-level analysis. Sensor-level
connectivity analysis was used in our study as for the connec-
tivity changes of the brain regional network were the main
points in our study, and it also ensured the analysis reliability
as the recommended number of electrodes for source-level
connectivity analysis should not less than 32.*¢ The 3-min
EEG data during each sound’s condition were epoched by 7's
fixed length and analyzed by the MNE toolbox using the spec-
tral connectivity algorithm.*” The spectral connectivity was
computed for the debiased weighted phase lag index (dwPLI).
The dwPLI is a debiased estimator of the squared weighted
phase lag index (WPLI) developed by Vinck et al., correcting
for sample-size bias in phase-synchronization indices.*®

lll. RESULTS
A. The subjective assessment

The results related to the objective descriptors of each
sound environment (naturalness, mechanicalness, smooth-
ness, rhythmicalness, spaciousness, and familiarity) were
analyzed. Two main differences were found between the
four conditions. The subjects felt more familiar with traffic
noise rather than water sound conditions, and more rhythmic
features were detected from FMW and TSW conditions than
traffic noise [see Table III and Fig. 4(a)]. On the other hand,
the scores of adjectives items’ responses, including pleasant,
happy, stimulating, attractive, energetic, and calm were
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TABLE III. The ANOVA results of subjective assessments for four conditions. The asterisks indicate the significance (in boldface) level of the ANOVAs

results: *p < 0.05, **p < 0.01, and ***p < 0.001.

Objective descriptors

Emotional saliency

Items F value p value Items F value p value Items F value p value
Natural 2.1273 0.1068 Pleasant 2.5421 0.0652 Unpleasant 0.8673 0.4634
Mechanical 0.0459 0.9868 Attractive 4.9667 0.0778 Unattractive 2.5417 0.06526
Smooth 0.1653 0.9193 Stimulating 6.4523 0.0008** Boring 2.6620 0.05658
Rhythmic 5.6859 0.0018%* Happy 3.1435 0.0320* Sad 2.5818 0.0622
Spacious 1.4948 0.1415 Energetic 8.9109 0.0001%** Weak 1.5151 0.2204
Familiar 7.1856 0.00047** Calm 0.6577 0.5815 Nervous 0.3140 0.8152
ES+ 3.7700 0.0154* ES- 0.8113 0.4929

averaged to compute the positive component of the emo-
tional saliency (ES+). The results indicated the better
masking effect of TSW compared to that of the FPW
condition from the analysis of variance (ANOVA) post hoc
test (frsw-rpw = 3.02, p =0.019). However, all of the water
sound conditions did not show significant improvement in
terms of ES+ cores compared to the RTN condition. To be
more specific, the main differences existed in three positive
emotional items, which included stimulating, happy, and
energetic (see Table III). FMW and TSW were more stimu-
lating and energetic than FPW rather than RTN, and TSW
was also felt to be happier than FPW rather than RTN. No
distinctions between the four conditions emerged in the neg-
ative component (ES-; averaged by the scores of boring,
unpleasant, nervous, weak, sad, and unattractive items).3 4

B. The relative powers and ratio indices

The relative power of the alpha band showed significant
differences between four conditions in the whole brain
[F(3,51) = 9.43, p <0.001; see Table IV and Fig. 5 for the
results of each region]. FPW and FMW had higher relative
powers of the alpha band than RTN in most of the brain
regions. The higher relative power of the alpha band of

TSW sound only occurred in the frontal and left regions
compared to the RTN condition [see Fig. 5(a) for post hoc
comparison]. The relative power of the theta band showed
differences between four conditions in the frontal region
from ANOVA results but no post hoc analysis differences.
The relative power of delta, beta, and gamma bands showed
no significant differences between the four conditions [see
Table IV and Fig. 5(a)].

The index of the theta-alpha ratio showed major differ-
ences between different conditions within each brain region
except for the frontal position (see Table V). From the post
hoc multiple pairwise statistical comparison, RTN ratios
were much higher than FPW, FMW, and TSW in the central
region and left region, and the same ratios of RTN were sig-
nificantly greater than FPW and FMW in the posterior
region and right region [see Fig. 6(a)].

The index of the alpha-beta ratio showed significant
changes between different conditions within each brain
region (see Table V). From the one-way ANOVA analysis,
the ratios of RTN were clearly lower than those of FPW,
FMW, and TSW in most of the regions except for the poste-
rior region. For the central region, FMW was significantly
greater than RTN, FPW and TSW [see Fig. 6(b)].

(a) Objective Description (b) Emotional Saliency
@ Natural @ ES+
®- Mechanical @ ES-
# Smooth
@ Rhythmic
61 . 61
Spacious
‘@ Familiar
<
~ R e 5
! W e 2 !
4 it suas + res
o PGl et - o
8 +:/;' B s ELCT T < ey (AR | 8
) ) - Ao )
241 21
RTN FPW FMW TSW RTN FPW FMW TSW
Conditions Conditions

FIG. 4. (Color online) The line plots of the scores for sound evaluation scales (rating scales 1-7 for each item). Items related to (A) objective description,
(b) positive (ES+) and negative components (ES-) of emotion saliency (Ref. 34) are shown.
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TABLE IV. The ANOVA results of the relative power of each frequency band for four conditions. The asterisks indicate the significance (in boldface) level
of the ANOVAS results: *p < 0.05, **p < 0.01, and ***p < 0.001.

Delta Theta Alpha Beta Gamma
Brain region F value p value F value p value F value p value F value p value F value p value
Frontal 2.0151 0.1564 4.3206 0.0224* 5.1493 0.0212%* 0.0545 0.9541 2.1269 0.1253
Central 1.8827 0.1670 0.9945 0.3927 3.9946 0.0234* 0.4476 0.6793 1.7992 0.1735
Left 0.9155 0.3781 1.7240 0.1991 8.4439 0.00337%* 0.4295 0.6003 2.6691 0.0723
Right 0.3714 0.6490 1.9489 0.1722 4.7282 0.0144* 0.3259 0.6648 2.3101 0.0993
Posterior 0.8016 0.4301 1.6925 0.2043 5.4896 0.00937%* 0.2847 0.6863 1.2515 0.2959

C. Sensor-level connectivity

The dwPLI connectivity results showed significant dif-
ferences between different conditions within local regions
across frequency bands. In the delta band, the main changes
were in the posterior position, whereas in the alpha band,
they differentiated in the central position. The differences of
the beta band and gamma band also existed in the frontal
position. The inter-regions connectivity metrics also illus-
trated crucial changes across frequency bands. In the delta
band, the connections in the frontal-central, frontal-poste-
rior, central-left, and central-posterior regions were signifi-
cantly distinct between the four conditions. In the alpha
band, the connections in the frontal-posterior and central-
left regions were significantly different. In the beta band, six
inter-regions had large differences, including frontal-right,
frontal-posterior, central-left, left-right, left-posterior, and
right-posterior inter-regions. In the gamma band, the main dif-
ferences of inter-network connectivity were only found in the
left-right and right-posterior regions (see Table VI for detailed
information).

From the post hoc analysis of delta band connectivity
data, the coherence of the local posterior region and most
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inter-regions in the RTN condition were significantly
higher than those of the FPW, FMW, and TSW conditions
(see Table VII and Fig. 7). As for the alpha band connec-
tivity results, only the frontal-posterior connections of
TSW were much greater than those of FPW, FMW, and
RTN, the central-left connections of FPW and RTN were
clearly greater than those of FMW, and the local central
coherence of TSW was significantly higher than those of
FPW, FMW, and RTN (see Table VII and Fig. 7). Most of
inter-regions coherences of TSW and FMW conditions in
the beta band connectivity were higher than those of the
FPW and RTN conditions. The frontal-right coherence of
FPW was essentially lower than RTN. The local frontal
coherence of FPW in the beta band was significantly lower
than those of FMW, TSW, and RTN (see Table VII and
Fig. 7). Furthermore, gamma band connectivity data
showed the differences of RTN in the inter-regions net-
work. The left-right coherence of RTN was lower than
those of FPW, FMW and TSW, and similar results hap-
pened in the right-posterior region. The local frontal coher-
ence of FPW was much lower than that of RTN (see Table
VII and Fig. 7).
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FIG. 5. (Color online) (a) The average relative power of alpha band across five regions between four conditions and (b) power spectrum of EEG across five
regions between four conditions with topography of the alpha band are depicted. The asterisks indicate the significance level of the post hoc ANOVAs

results: *p < 0.05, #*p < 0.01, and ***p < 0.001.
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TABLE V. The values of the ratio indices theta/alpha and alpha/beta for
four conditions. The asterisks indicate the significance (in boldface) level of
the ANOVAs results: *p < 0.05, **p < 0.01, and ***p < 0.001.

Theta/Alpha Alpha/Beta
Brain
regions F value p value F value p value
Frontal 1.0532 0.3574 7.3588 0.0051°%*
Central 5.2319 0.0089%* 4.6687 0.0103*
Left 6.5272 0.0058** 7.8942 0.0047%%*
Right 3.7535 0.0342% 3.6801 0.0227%
Posterior 3.7849 0.0243* 4.6140 0.0172%
IV. DISCUSSION

A. Water sounds and mental effects

The subjective results showed that the spatial water
sound (including TSW and FMW conditions) was better
than fixed location water sound, but there was no water
sound effect of FPW compared to the RTN condition, which
was inconsistent with previous work.'™® There were con-
troversial results referring to the overall effect of the tempo-
ral variability of water sound for traffic noise masking.*’
The work of Coensel et al. indicated that low temporal vari-
ability of water sound reduced the loudness of RTN.*
Meanwhile, these studies also found that water sounds with
high temporal variability produced more pleasant feelings
than sounds with a steady-state character.”* Other that the
differences between FPW and RTN conditions in rhythmi-
calness and familiarity dimension, the spatial effects of each
sound could also induce the results. Because the spatial con-
figurations were the key factors in our study, the dynamic
aspects of subjective assessments (including energetic and
stimulating items) could be biased toward the spatial effects
(characterized by spacious) and undermine the temporal fac-
tors (characterized by rhythmic). It indicated a more compli-
cated relationship between temporal variability of water
sounds and the subjective feelings of the masking effect,
and the spatial variability should be also considered within
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this relationship, which could give more ideas about future
studies.

From the EEG spectrum results, the increase in the rela-
tive power of the alpha band clearly indicated the enhance-
ment of neural relaxation caused by the introduction of water
sound in a traffic noise environment. Compared to the absence
of the alpha band changes of previous work,'®'*? those
changes across the whole brain and between three water sound
conditions and RTN condition, were evident. This could be
related to more involvement of the default mode network
rather than the task-related network of the brain caused by the
less task engagements and more rest states in our experiment.*’
The alpha-beta ratio, which was considered an index of mental
relaxation opposite to mental fatigue®® and mental stress,”’ was
derived from the phenomenon that when mental stress level
increases, the beta activity in the brain also increases with the
decrement of alpha band power. The results of the alpha-beta
ratios confirmed the positive mental effect of the introduction
of water sound. The findings supported and extended previous
studies related to perceived restorativeness in urban parks®>
and the natural environment.>

While the FMW condition induced similar reactions
with FPW in the spectral results of the alpha band, the TSW
condition seemed to produce the lowest relaxation effect on
traffic noise, which was contrary to the more positive sub-
jective results. Similiarly, the relative lower alpha-beta ratio
of TSW in sound conditions, especially the posterior region
related to visual perception, could indicate a more active
state of cognitive process involved in the TSW condition.
Some in situ and experimental studies had confirmed that
sound source visibility was an influencing factor on auditory
impression.**> As mentioned previously, in the study of Li
et al., the visual stimuli of audio-visual conditions were
associated with decreases in restorative EEG rhythm at traf-
fic-noise-dominant sites and birdsong-dominant sites com-
pared to audio-only conditions.?' Xu er al. found that the
noise annoyance ratings of road traffic were higher when the
sound source was visible.® Similar to the spatial attention
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FIG. 6. (Color online) The mean values of the theta-alpha (a) and alpha-beta (b) ratios across different regions between four conditions are depicted.
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TABLE VI. The ANOVA results of the connectivity metrics of the intra- and inter-regions. The asterisks indicate the significance (in boldface) level of the

ANOVAs results: *p < 0.05, **p < 0.01, and ***p < 0.001.

Delta Theta Alpha Beta Gamma

Network Brain region F value p value Fvalue pvalue  Fvalue p value F value p value F value p value
Intra region Frontal 1.8351 0.1706 2.4082 0.0873 0.5405 0.6200 3.5619 0.0258* 3.1399 0.0491*

Central 2.1954 0.1182 1.8657 0.1613 3.2316 0.0337* 0.7381 0.5099 1.3610 0.2700

Left 2.0350 0.1508 1.3258 0.2774 1.8056 0.1750 1.2951 0.2875 0.4055 0.7314

Right 2.5975 0.0748 2.5061 0.0917 0.1125 0.9384 1.2511 0.3012 24721 0.0958

Posterior 5.5882 0.0069%* 0.4997 0.6436 1.8765 0.1654 3.1468 0.0538 1.2329 0.3070

Inter-regions Frontal-central 3.4208 0.0405* 0.9607 04111 0.4652 0.6864 0.7956 0.4801 1.2074 0.3126

Frontal-left 2.6020 0.0827 2.6879 0.0804 3.1202 0.0528 2.1619 0.1096 0.3979 0.7061

Frontal-right 0.9013 0.4355 1.9629 0.1372 0.8947 0.4468 3.5803 0.0305* 2.3524 0.1049

Frontal-posterior ~ 5.0709

0.0074%* 1.3705 0.2651 3.5934  0.0292*%  3.2619  0.0500%* 0.5707  0.6266

Central-left 4.6858  0.0069** 0.2654 0.8130 3.2111 0.0459*  3.3513  0.0355* 1.9400  0.1448
Central-right 0.4052  0.7202 0.4723 0.6633 0.5715 0.6171 1.6155 0.2002 0.0631 0.9515
Central-posterior ~ 4.2271 0.0145* 2.6781 0.0639 0.6858  0.5252 0.2859  0.7916 0.8682  0.4485
Left-Right 0.4481 0.6752 0.7961 0.4937 2.0088  0.1393 53675  0.0036%*  3.8879  0.0201*
Left-posterior 0.4409  0.6693 0.8021 0.4409 1.3867  0.2639 3.5798  0.0318* 1.4203 0.2528
Right-posterior 0.3139  0.7562 2.5794 0.0706 1.1463 0.3355 6.4582  0.0037#*  6.1226  0.0019**

implicitly involved in thoses study through visual cues, our
study explicitly strengthed the spatial representation of
water sound in the TSW compared to FPW condition, which
could bring more attention to the water sound and produce
similar EEG rhythm transfer. Therefore, the discussion
about the attentional network was necessary, and the investi-
gation of multisensory inputs were asked for future works.
The investigation of the theta-alpha ratio, often used as
the task load index, considered that an increase in mental

load was associated with a decrease in alpha power and an
increase in theta power.”’>° Our results showed that water
sound sequences were able to decrease the mental load of
traffic noise regardless of their spatial settings.

B. Spatialization and noise masking

Although several studies have shown the effect of spa-
tial variation on soundscape perception,”'' the research

TABLE VII. Significant results of the post hoc multiple pairwise statistical comparison. The 1/| indicates that the column condition had a higher/lower

value than the compared condition.

Frequency band Brain regions Compared condition RTN FPW FMW TSW

Delta Posterior RTN — 1, p=0.001 1, p=0.004 1, p<0.001
Frontal-central RTN — 1, p=0.004 — 1,p=0.019

Frontal-posterior RTN — 1, p<0.001 1, p=0.006 —
Central-left RTN — 1, p<0.001 1,p=0.023 1, p=0.005
Central-posterior RTN — 1, p=0.001 1, p=0.015 1, p=0.025

Alpha Central TSW 1, p=0.025 1, p=0.007 1, p=0.020 —

Frontal-posterior TSW 1, p=0.012 1, p=0.008 1l,p=0.010 —

Central-Left FMW T, p=0.006 T,p=0.038 — —
Beta Frontal FPW 1, p=0.004 — 1, p=0.031 1, p=0.017

Frontal-right FPW 1, p=0.006 — — —

FMW — 1, p=0.035 — —

TSW — 1, p=0.008 — —

Frontal-posterior FMW — 1, p=0.003 — —

Central-left TSW 1, p=0.031 1, p=0.005 — —

Left-right FMW 1, p=0.005 1, p=0.002 — —

TSW 1l,p=0.018 1l,p=0.010 — —

Left-posterior FMW 1, p=0.015 1, p=0.041 — —

TSW 1l,p=0.016 1,p=0.043 — —

Right-posterior FMW 1,p=0.024 1, p=0.001 — —

TSW 1, p=0.007 1, p=0.002 — —

Gamma Frontal RTN — T, p=0.004 — —
Left-right RTN — T, p=0.046 T, p=0.004 T, p=0.005
Right-posterior RTN — T,p=0.003 T,p=0.015 T, p <0.001
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FIG. 7. (Color online) The connectivity matrices of five brain regions for each frequency band between four conditions.

about the cognitive processes of spatial sound on noise
masking was limited. The analysis of the functional connec-
tivity of EEG across different frequency bands was used for
revealing the interactions between different brain networks
while there was some evidence suggesting that these con-
nections supported attention control and auditory processing
functions in the speech field.?>%%!

EEG oscillation studies suggested low-frequency phase
synchronization, including delta and theta frequency bands,
increases between the frontal and parietal regions in tasks
requiring attentional orientation.®*** Functional imaging stud-
ies found that the posterior medial frontal cortex (pMFC) and
lateral prefrontal cortex (LPFC) transmit excitatory or inhibi-
tory signals to regions involved in information selection
through theta-band phase synchronization.®>®® Meanwhile,
delta-band activity reflected fronto-parietal sensorimotor pro-
cesses elicited by the detection of the sensory target.”” The evi-
dence explains that the activation of information selection
networks was more evident in the RTN condition than masking
conditions, which was illustrated by the stronger connectivity
within the delta band of RTN than those of TSW, FPW, and
FMW across most intra-regions and inter-regions. The research
of Téth et al. suggested strong connectivity in fronto-parietal
networks in the alpha band associated with selective attention
when listeners were instructed to listen to one as opposed to
two audio stre:ams,22 and gamma oscillation over the sensory
cortices is supported for enhanced attention to the sensory
events in the visual® and auditory domains.®”” In our results,
the connectivity networks of the alpha and beta bands showed
that TSW was the highest activated condition in the focused

J. Acoust. Soc. Am. 152 (1), July 2022

attention network and FMW was the second, which indicated
that water sound with a more solid spatial setting could
enhance sustained attention, and then induce better masking
effects.

In a previous work, Szalardy er al. found that noise
masking was related to the EEG connectivity of the alpha
band to energetic masking, especially in frontal-temporal
regions, and the connectivity of the beta band was related to
informational masking.>* The differences of brain networks
for energetic and informational masking were also explained
for speech perception through a functional magnetic reso-
nance imaging study.”' The results showed a network of
activation in the bilateral temporal lobes, prefrontal cortex,
and parietal lobes, which were commonly activated across
all of the masking conditions. Meanwhile, informational
masking additionally activated clusters of activity in the
bilateral superior temporal gyrus and right primary auditory
cortex. The obvious higher activation of the connectivity
networks across intra- and inter-regions in the beta band in
the FMW compared to FPW condition were likely to sup-
port the results of Szalardy’s work® as the moving informa-
tion was the only difference between the FMW and FPW
conditions. However, further study still needed to clarify the
relationship between brain oscillation connectivity and
energetic/informational masking.

V. CONCLUSION

Traffic noise is treated as a health threat for citizens in
urban cities. Environmental designers and managers are
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striving for noise absorption and abatement. The introduc-
tion of wanted sounds, such as water sound, has been proven
effective in mitigating traffic noise. Our study used three
different water-sound sequences and one control condition
with only traffic noise to investigate the role of spatializa-
tion of water-sound sequences on traffic noise masking. The
sequences included a frontal fixed-position water sound, a
TSW sound, and a FMW, which was played back within a
spatial audio system in our Sens i-Lab. The portable EEG
device recorded the neural responses of 20 participants in
the experiment laboratory during the spatial sound playback
time. The mental effects and attention process related to
informational masking were assessed by the analysis of the
EEG spectral power distribution and sensor-level functional
connectivity along with subjective assessments. The
changes in the relative power of the alpha band and the ratio
of the alpha-beta band among four conditions showed an
increased relaxation state triggered by the introduction of
water sounds. Different spatial settings of water-sound
sequences, especially the two-position switching setting,
induced more attentional network activations related to the
information masking process for noise mitigation along with
more positive subjective effects.

ACKNOWLEDGMENTS

This work was supported by Programma V:ALERE
2019 “VALERE: VAnviteLli pEr la RicErca” and Project
MIELE, Multisensory Investigation for ELderly-centred
design of common living urban Environments.

v. Hongisto, M. Makild, and M. Suokas, “Satisfaction with sound insula-
tion in residential dwellings—The effect of wall construction,” Build.
Environ. 85, 309-320 (2015).

2M. J. M. Davis, M. J. Tenpierik, F. R. Ramirez, and M. E. Perez, “More
than just a Green Facade: The sound absorption properties of a vertical
garden with and without plants,” Build. Environ. 116, 64-72 (2017).

31.Y. Jeon, P. J. Lee, J. You, and J. Kang, “Perceptual assessment of qual-
ity of urban soundscapes with combined noise sources and water sounds,”
J. Acoust. Soc. Am. 127(3), 1357-1366 (2010).

“B. De Coensel, S. Vanwetswinkel, and D. Botteldooren, “Effects of natu-
ral sounds on the perception of road traffic noise,” J. Acoust. Soc. Am.
129(4), EL148-EL153 (2011).

SL. Galbrun and T. T. Ali, “Acoustical and perceptual assessment of water
sounds and their use over road traffic noise,” J. Acoust. Soc. Am. 133(1),
227-237 (2013).

°y. Hao, J. Kang, and H. Wortche, “Assessment of the masking effects of
birdsong on the road traffic noise environment,” J. Acoust. Soc. Am.
140(2), 978-987 (2016).

B. Shinn-Cunningham, “Understanding informational masking from a
neural perspective,” Proc. Mtgs. Acoust. 19(1), 060143 (2013).

8Y. Zhang, D. Ou, and S. Kang, “The effects of masking sound and signal-
to-noise ratio on work performance in Chinese open-plan offices,” Appl.
Acoust. 172, 107657 (2021).

°J. Y. Hong and J. Y. Jeon, “Relationship between spatiotemporal variabil-
ity of soundscape and urban morphology in a multifunctional urban area:
A case study in Seoul, Korea,” Build. Environ. 126, 382-395 (2017).

19X Lu, J. Tang, P. Zhu, F. Guo, J. Cai, and H. Zhang, “Spatial variations
in pedestrian soundscape evaluation of traffic noise,” Environ. Impact
Assess. Rev. 83, 106399 (2020).

"y y. Hong, B. Lam, Z. T. Ong, K. Ooi, W. S. Gan, J. Kang, S. Yeong, L.
Lee, and S. T. Tan, “The effects of spatial separations between water
sound and traffic noise sources on soundscape assessment,” Build.
Environ. 167, 106423 (2020).

182  J. Acoust. Soc. Am. 152 (1), July 2022

'2G. Cerwén, “Urban soundscapes: A quasi-experiment in landscape
architecture,” Landscape Res. 41(5), 481-494 (2016).

3D, Steele, V. Fraisse, E. Bild, and C. Guastavino, “Bringing music to the
park: The effect of Musikiosk on the quality of public experience,” Appl.
Acoust. 177, 107910 (2021).

ML Masullo, A. Pascale, and L. Maffei. “Effects of combinations of water
sounds and visual elements on the traffic noise mitigation in urban green
parks,” in INTER-NOISE and NOISE-CON Congress and Conference
Proceedings (Institute of Noise Control Engineering, Hamburg, Germany,
2016, Vol. 253, No. 4, pp. 3910-3915.

15p, Aspinall, P. Mavros, R. Coyne, and J. Roe, “The urban brain:
Analysing outdoor physical activity with mobile EEG,” Br. J. Sports
Med. 49(4), 272-276 (2015).

16C. Neale, P. Aspinall, J. Roe, S. Tilley, P. Mavros, S. Cinderby, R.
Coyne, N. Thin, and C. Ward Thompson, “The impact of walking in dif-
ferent urban environments on brain activity in older people,” Cities
Health 4(1), 94-106 (2020).

7y. Choi, M. Kim, and C. Chun, “Measurement of occupants’ stress based
on electroencephalograms (EEG) in twelve combined environments,”
Build. Environ. 88, 65-72 (2015).

18, Guan, S. Hu, M. Lu, M. He, X. Zhang, and G. Liu, “Analysis of human
electroencephalogram features in different indoor environments,” Build.
Environ. 186, 107328 (2020).

9y. Kim, J. Han, and C. Chun, “Evaluation of comfort in subway stations
via electroencephalography measurements in field experiments,” Build.
Environ. 183, 107130 (2020).

204, A. Olszewska-Guizzo, T. O. Paiva, and F. Barbosa, “Effects of 3D
contemplative landscape videos on brain activity in a passive exposure
EEG experiment,” Front. Psychiatry 9, 317 (2018).

2y, Li, H. Xie, and G. Woodward, “Soundscape components, perceptions,
and EEG reactions in typical mountainous urban parks,” Urban Forestry
Urban Greening 64, 127269 (2021).

22B. Téth, D. Farkas, G. Urban, O. Szaldrdy, G. Orosz, L. Hunyadi, B.
Hajdu, A. Koviécs, B. Tiinde Szabd, L. B. Shestopalova, and 1. Winkler,
“Attention and speech-processing related functional brain networks acti-
vated in a multi-speaker environment,” PLoS One 14(2), e0212754
(2019).

230, Szalardy, B. Téth, D. Farkas, E. Gyorgy, and 1. Winkler, “Neuronal
correlates of informational and energetic masking in the human brain in a
multi-talker situation,” Front. Psychol. 10, 786 (2019).

2M. Masullo, L. Maffei, A. Pascale, V. P. Senese, S. De Stefano, and C. K.
Chau, “Effects of evocative audio-visual installations on the restorative-
ness in urban parks,” Sustainability 13, 8328 (2021).

25M. Radsten Ekman, P. Lundén, and M. E. Nilsson, “Similarity and pleas-
antness assessments of water-fountain sounds recorded in urban public
spaces,” J. Acoust. Soc. Am. 138(5), 3043-3052 (2015).

265, Bergner, A. Zhykhar, C. Sladeczek, and S. Brix. “Application of wave
field synthesis in virtual acoustic engineering,” in INTER-NOISE and
NOISE-CON Congress and Conference Proceedings (Institute of Noise
Control Engineering, Hamburg, Germany, 2016), Vol. 253, No. 1, pp.
6872-6879.

7C. Sladeczek and B. Van Muster. “Using object-based audio reproduction
in live applications,” in Proceedings of DAGA 2018, Munchen, Germany
(19-23 March 2018).

28K, H. Jun and S. S. Lee, “A study on the implementation of immersive
sound using multiple speaker systems according to the location of sound
sources in live performance,” Int. J. Asia Digital Art Des. Assoc. 25,
14-21 (2021).

2A. Ozcevik and Z. Y. Can, “A field study on the subjective evaluation of
soundscape,” in Acoustics 2012, Nantes, France, 2012.

30p, Moscoso, M. Peck, and A. Eldridge, “Emotional associations with sound-
scape reflect human-environment relationships,” JEA 2, 1-19 (2018).

31B. De Coensel and D. Botteldooren, “The rhythm urban soundscape,”
Noise Vib. Worldwide 38(9), 11-17 (2007).

#2J. Kang and M. Zhang, “Semantic differential analysis of the soundscape
in urban open public spaces,” Build. Environ. 45, 150-157 (2010).

330. Axelsson, M. E. Nilsson, and B. Berglund, “A principal components
model of soundscape perception,” J. Acoust. Soc. Am. 128, 28362846
(2010).

34M. Masullo, L. Maffei, T. Iachini, M. Rapuano, F. Cioffi, G. Ruggiero,
and F. Ruotolo, “A questionnaire investigating the emotional salience of
sounds,” Appl. Acoust. 182, 108281 (2021).

Lietal

62:0€°20 €202 1890100 | L


https://doi.org/10.1016/j.buildenv.2014.12.010
https://doi.org/10.1016/j.buildenv.2014.12.010
https://doi.org/10.1016/j.buildenv.2017.01.010
https://doi.org/10.1121/1.3298437
https://doi.org/10.1121/1.3567073
https://doi.org/10.1121/1.4770242
https://doi.org/10.1121/1.4960570
https://doi.org/10.1121/1.4799846
https://doi.org/10.1016/j.apacoust.2020.107657
https://doi.org/10.1016/j.apacoust.2020.107657
https://doi.org/10.1016/j.buildenv.2017.10.021
https://doi.org/10.1016/j.eiar.2020.106399
https://doi.org/10.1016/j.eiar.2020.106399
https://doi.org/10.1016/j.buildenv.2019.106423
https://doi.org/10.1016/j.buildenv.2019.106423
https://doi.org/10.1080/01426397.2015.1117062
https://doi.org/10.1016/j.apacoust.2021.107910
https://doi.org/10.1016/j.apacoust.2021.107910
https://doi.org/10.1136/bjsports-2012-091877
https://doi.org/10.1136/bjsports-2012-091877
https://doi.org/10.1080/23748834.2019.1619893
https://doi.org/10.1080/23748834.2019.1619893
https://doi.org/10.1016/j.buildenv.2014.10.003
https://doi.org/10.1016/j.buildenv.2020.107328
https://doi.org/10.1016/j.buildenv.2020.107328
https://doi.org/10.1016/j.buildenv.2020.107130
https://doi.org/10.1016/j.buildenv.2020.107130
https://doi.org/10.3389/fpsyt.2018.00317
https://doi.org/10.1016/j.ufug.2021.127269
https://doi.org/10.1016/j.ufug.2021.127269
https://doi.org/10.1371/journal.pone.0212754
https://doi.org/10.3389/fpsyg.2019.00786
https://doi.org/10.3390/su13158328
https://doi.org/10.1121/1.4934956
https://doi.org/10.20668/adada.25.1_14
https://doi.org/10.22261/jea.ylfj6q
https://doi.org/10.1260/095745607782689827
https://doi.org/10.1016/j.buildenv.2009.05.014
https://doi.org/10.1121/1.3493436
https://doi.org/10.1016/j.apacoust.2021.108281
https://doi.org/10.1121/10.0012222

*R. Cain, P. Jennings, and J. Poxon, “The development and application of
the emotional dimensions of a soundscape,” Appl. Acoust. 74, 232-239
(2013).

3N, D. Weinstein, “Individual differences in reactions to noise: A longitu-
dinal study in a college dormitory,” J. Appl. Psychol. 63(4), 458-466
(1978).

3TV, P. Senese, F. Ruotolo, G. Ruggiero, and T. Tachini, “The Italian version
of the Weinstein noise sensitivity scale,” Eur. J. Psychol. Assess. 28,
118-124 (2012).

*®nternational Wellbeing Group, Personal Wellbeing Index: Sth
Edition. Australian Centre on Quality of Life, Deakin University,
Melbourne, Australia, available at http://www.deakin.edu.au/research/acq
ol/instruments/wellbeing-index/index.php (2013) (Last viewed May 23,
2022).

*A. Mitchell, T. Oberman, F. Aletta, M. Erfanian, M. Kachlicka, M.
Lionello, and J. Kang, “The Soundscape Indices (SSID) Protocol: A
method for urban soundscape surveys—Questionnaires with acoustical
and contextual information,” Appl. Sci. 10(7), 2397 (2020).

40A. Keil, S. Debener, G. Gratton, M. Junghofer, E. S. Kappenman, S. J.
Luck, P. Luu, G. A. Miller, and C. M. Yee, “Committee report:
Publication guidelines and recommendations for studies using electroen-
cephalography and magnetoencephalography,” Psychophysiology 51(1),
1-21 (2014).

“IA. Delorme and S. Makeig, “EEGLAB: An open-source toolbox for anal-
ysis of single-trial EEG dynamics,” J. Neurosci. Methods 134, 9-21
(2004).

“2N. Bigdely-Shamlo, T. Mullen, C. Kothe, K. M. Su, and K. A. Robbins,
“The PREP pipeline: Standardized preprocessing for large-scale EEG
analysis,” Front. Neuroinform. 9, 16 (2015).

“R. Oostenveld, P. Fries, E. Maris, and J. M. Schoffelen, “FieldTrip: Open
source software for advanced analysis of MEG, EEG, and invasive elec-
trophysiological data,” Comput. Intell. Neurosci. 2011, 156869 (2011).

4L. M. Ward, “Synchronous neural oscillations and cognitive processes,”
Trends Cogn. Sci. 7(12), 553-559 (2003).

0. Jensen, E. Spaak, and J. M. Zumer, “Human brain oscillations: From
physiological ~mechanisms to analysis and cognition,” in
Magnetoencephalography: From Signals to Dynamic Cortical Networks
(Springer-Verlag, Berlin, 2019), pp. 471-517.

46M. X. Cohen, (2014). Analyzing Neural Time Series Data: Theory and
Practice (MIT Press, Cambridge, MA).

47A. Gramfort, M. Luessi, E. Larson, D. A. Engemann, D. Strohmeier, C.
Brodbeck, R. Goj, M. Jas, T. Brooks, L. Parkkonen, and M. Hamalainen,
“MEG and EEG data analysis with MNE-Python,” Front. Neurosci. 7,
267 (2013).

“BM. Vinck, R. Oostenveld, M. Van Wingerden, F. Battaglia, and C. M.
Pennartz, “An improved index of phase-synchronization for electrophysi-
ological data in the presence of volume-conduction, noise and sample-
size bias,” Neuroimage 55(4), 1548—1565 (2011).

“G. G. Knyazev, J. Y. Slobodskoj-Plusnin, A. V. Bocharov, and L. V.
Pylkova, “The default mode network and EEG alpha oscillations: An
independent component analysis,” Brain Res. 1402, 67-79 (2011).

SOR, Al-Shargie, M. Kiguchi, N. Badruddin, S. C. Dass, A. F. M. Hani, and
T. B. Tang, “Mental stress assessment using simultaneous measurement
of EEG and fNIRS,” Biomed. Opt. Express 7(10), 3882-3898 (2016).

SIB.T.J ap, S. Lal, P. Fischer, and E. Bekiaris, “Using EEG spectral compo-
nents to assess algorithms for detecting fatigue,” Expert Syst. Appl. 36(2),
2352-2359 (2009).

32S. R. Payne, “The production of a perceived restorativeness soundscape
scale,” Appl. Acoust. 74(2), 255-263 (2013).

33G. Carrus, R. Lafortezza, G. Colangelo, I. Dentamaro, M. Scopelliti, and
G. Sanesi, “Relations between naturalness and perceived restorativeness
of different urban green spaces,” PsyEcology 4(3), 227-244 (2013).

J. Acoust. Soc. Am. 152 (1), July 2022

543.Y. Jeon and H. L Jo, “Effects of audio-visual interactions on sound-
scape and landscape perception and their influence on satisfaction with
the urban environment,” Build. Environ. 169, 106544 (2020).

5H. Li and S. K. Lau, “A review of audio-visual interaction on soundscape
assessment in urban built environments,” Appl. Acoust. 166, 107372
(2020).

%J. M. Xu, C. K. Chau, and S. K. Tang, (2017). “The effects of sound
source visibility on noise annoyance,” in 46th International Congress and
Exposition on Noise Control Engineering: Taming Noise and Moving
Quiet, INTER-NOISE 2017, Institute of Noise Control Engineering, Hong
Kong, China.

57A. Gevins and M. E. Smith, “Neurophysiological measures of cognitive
workload during human-computer interaction,” Theor. Issues Ergonom.
Sci. 4, 113-131 (2003).

SBA. Stipacek, R. Grabner, C. Neuper, A. Fink, and A. Neubauer,
“Sensitivity of human eeg alpha band desynchronisation to different
working memory components and increasing levels of memory load,”
Neurosci. Lett 353, 193—-196 (2003).

1. Kaithner, S. C. Wriessnegger, G. R. Miiller-Putz, A. Kiibler, and S.
Halder, “Effects of mental workload and fatigue on the P300, alpha and
theta band power during operation of an ERP (P300) brain—computer
interface,” Biol. Psychol. 102, 118-129 (2014).

607, Brancucci, S. D. Penna, C. Babiloni, F. Vecchio, P. Capotosto, D.
Rossi, R. Franciotti, K. Torquati, V. Pizzella, P. M. Rossini, and G. L.
Romani, “Neuromagnetic functional coupling during dichotic listening of
speech sounds,” Hum. Brain Mapp. 29, 253-264 (2008).

SIM. Najafi, B. W. McMenamin, J. Z. Simon, and L. Pessoa, “Overlapping
communities reveal rich structure in large-scale brain networks during
rest and task conditions,” Neuroimage 135, 92-106 (2016).

%2M. Brazdil, J. Janetek, P. Klimes, R. Mare&ek, R. Roman, P. Jurdk, J.
Chladek, P. Daniel, I. Rektor, J. Haldmek, F. Plesinger, and V. Jirsa, “On
the time course of synchronisation patterns of neuronal discharges in the
human brain during cognitive tasks,” PloS One 8(5), €63293 (2013).

SA. L. Daitch, M. Sharma, J. L. Roland, S. V. Astafiev, D. T. Bundy, C. M.
Gaona, and M. Corbetta, “Frequency-specific mechanism links human
brain networks for spatial attention,” Proc. Natl. Acad. Sci. U.S.A.
110(48), 19585-19590 (2013).

“I. Dombrowe and C. C. Hilgetag, “Occipitoparietal alpha-band responses
to the graded allocation of top-down spatial attention,” J. Neurophysiol.
112(6), 1307-1316 (2014).

SSA. W. MacDonald, J. D. Cohen, V. A. Stenger, and C. S. Carter,
“Dissociating the role of the dorsolateral prefrontal and anterior cingulate
cortex in cognitive control,” Science 288, 1835-1838 (2000).

%K. R. Ridderinkhof, M. Ullsperger, E. A. Crone, and S. Nieuwenhuis,
“The role of the medial frontal cortex in cognitive control,” Science 306,
443-447 (2004).

57p. S. Cooper, A. Darriba, F. Karayanidis, and F. Barceld, “Contextually
sensitive power changes across multiple frequency bands underpin cogni-
tive control,” Neurolmage 132, 499-511 (2016).

o8y, Akimoto, A. Kanno, T. Kambara, T. Nozawa, M. Sugiura, E.
Okumura, and R. Kawashima, “Spatiotemporal dynamics of high-gamma
activities during a 3-stimulus visual oddball task,” PLoS One 8(3),
€59969 (2013).

097, Ahveninen, S. Huang, J. W. Belliveau, W. T. Chang, and M.
Hamalainen, “Dynamic oscillatory processes governing cued orienting
and allocation of auditory attention,” J. Cogn. Neurosci. 25, 1926-1943
(2013).

e Potes, P. Brunner, A. Gunduz, R. T. Knight, and G. Schalk, “Spatial
and temporal relationships of electrocorticographic alpha and gamma
activity during auditory processing,” Neuroimage 97, 188—195 (2014).

g, Scott, S. Evans, C. McGettigan, and S. Rosen, “The neural basis for
energetic and informational masking effects in speech perception,”
J. Acoust. Soc. Am. 131(4), 3341 (2012).

Lietal. 183

62:0€°20 €202 1890100 | L


https://doi.org/10.1016/j.apacoust.2011.11.006
https://doi.org/10.1037/0021-9010.63.4.458
https://doi.org/10.1027/1015-5759/a000099
http://www.deakin.edu.au/research/acqol/instruments/wellbeing-index/index.php
http://www.deakin.edu.au/research/acqol/instruments/wellbeing-index/index.php
https://doi.org/10.3390/app10072397
https://doi.org/10.1111/psyp.12147
https://doi.org/10.1016/j.jneumeth.2003.10.009
https://doi.org/10.3389/fninf.2015.00016
https://doi.org/10.1155/2011/156869
https://doi.org/10.1016/j.tics.2003.10.012
https://doi.org/10.3389/fnins.2013.00267
https://doi.org/10.1016/j.neuroimage.2011.01.055
https://doi.org/10.1016/j.brainres.2011.05.052
https://doi.org/10.1364/BOE.7.003882
https://doi.org/10.1016/j.eswa.2007.12.043
https://doi.org/10.1016/j.apacoust.2011.11.005
https://doi.org/10.1174/217119713807749869
https://doi.org/10.1016/j.buildenv.2019.106544
https://doi.org/10.1016/j.apacoust.2020.107372
https://doi.org/10.1080/14639220210159717
https://doi.org/10.1080/14639220210159717
https://doi.org/10.1016/j.neulet.2003.09.044
https://doi.org/10.1016/j.biopsycho.2014.07.014
https://doi.org/10.1002/hbm.20385
https://doi.org/10.1016/j.neuroimage.2016.04.054
https://doi.org/10.1371/journal.pone.0063293
https://doi.org/10.1073/pnas.1307947110
https://doi.org/10.1152/jn.00654.2013
https://doi.org/10.1126/science.288.5472.1835
https://doi.org/10.1126/science.1100301
https://doi.org/10.1016/j.neuroimage.2016.03.010
https://doi.org/10.1371/journal.pone.0059969
https://doi.org/10.1162/jocn_a_00452
https://doi.org/10.1016/j.neuroimage.2014.04.045
https://doi.org/10.1121/1.4708506
https://doi.org/10.1121/10.0012222

