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Abstract!: Human beings live in an environment where vari@actdrs act together, therefore, it is essential
to ticm

’ ’

environmental evaluations. In this study, the dffexf the interaction between sound types and stevals

on acoustic, thermal, and overall evaluations vex@ored by simulating typical outdoor temperatures
different seasons in a controllable environmentalncber. The results indicated that the acoustituatians
were significantly higher for birdsong and slow-dammusic than for dog barking, conversation, aaftfit¢r
sound; additionally, the acoustic evaluations atlthw sound level were always higher than thogheahigh
sound level. In terms of the thermal evaluatiohgré was a significant variation in different seesdn
summer, birdsong and slow-dance music effectivelgroved subjects’ thermal evaluations, while a high
sound level of dog barking, conversation, and icafbund resulted in a decrease; in the transgeason,
all types of sounds resulted in a decline in tregrttal evaluations; meanwhile, in winter and sumrdeg
barking, conversation, traffic sound and slow-damesesic at the low sound level produced higher tla¢rm
comfort and thermal acceptability. In terms of tdwerall evaluations, birdsong and slow-dance mastbe
low sound level improved overall comfort, while dbgrking, conversation, and traffic sound resulted
significant decrease. For dog barking, conversattoaffic sound and fast-dance music, the overall
evaluations at the low sound level were higher thase at the high sound level.

Keywords. severe cold region, sound type, sound level, acteon, subjective evaluation, different seasons

1. Introduction

With regards to environmental evaluations by hurbaings, the effects of different levels of an
environmental factor have been extensively studkent. example, several studies have been conducted t
investigate the effects of thermal environmentstbermal evaluations [1-3], the effects of acoustic
environments on acoustic evaluations [4—7] as aglhe effects of smell environment on odour evaloa
[8,9]. However, studies on the combined effectsmuiitiple factors and their interactions on subjeti
evaluations, such as the effects of acoustic enmiemts on thermal evaluations or the effects ofmtlaé
environments on acoustic evaluations, as well axctmbined effects of the thermal-acoustic enviremim
on overall evaluations are scarce. Since humangbdiae in an environment where various factors act
together, it is necessary to study the compreherefiects of multiple factors on the human bodyvell as
the human perception of the environment, espediadyeffects of the interaction between differextdrs.

Studies on the effects of multiple factors begathhe exploration of the aviation environmenthe t
1950s. With the improvement of living standards &xhnology, the researches focus gradually exmghnde
from the aviation environment to the production &énithg environments. During the early stages ofdgts
on the effects of multiple environmental factorstbe human body, some scholars studied the eftdcts
noise and temperature on the perception of thatyulthe indoor physical environment, work eféaicy,
and performance [10-14].

Regarding studies on the effects of the acoustir@mment on thermal and overall evaluations, the
sound type that was usually employed was noisegétagt al. observed that noise had no significéate
on thermal comfort [15], while Nagano and Horikostported that noise had a significant effect anrrttal

!Abbreviations: TSV, Thermal Sensation Vote; TCV, Thermal Comfoote/ TAV, Thermal Acceptability Vote; SLV, Subjective
Loudness Vote; ACV, Acoustic Comfort Vote; SPV, 8duPreference Vote; OCV, Overall Comfort Vote; O®Xerall Annoyance
Vote; LAeq, A-weighted equivalent continuous sopnessure level; S.D., Standard deviation.
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and the unpleasantness of the thermal environmergased as the noise level increased [18,19]. Guah
found that although noise had no significant ef@ttthermal sensation at 20 and 25 °C, thermal cdmf
increased 1.85 scales when there was an increase5h to 85 dB at 30 °C, meaning that thermal coinfo
worsened when the noise increased [20]. Some gshmdae studied the effects of different sound sygued
sound levels. Dalton et al. investigated whethexcgg sound types and sound levels had effects on
driving-related tasks, the results showed that Isodnd level had an effect on simple vigilance, nehe
hard rock music possibly had an effect on tasks tbguire concentration and attention [21]. Yangl an
Moon revealed that the effects of sound types amuhd levels on thermal comfort were significant][22
Guan et al. found that thermal comfort, acoustimfoot, and overall comfort were better in a musarsd
environment than in a noisy environment with thensasound pressure level [23hese studies were all
carried out in the controllable indoor environmentawever, there was a lack of related studies en th
outdoor environment. Jin et al. studied the contbiedfects of the thermal-acoustic environment on
subjective evaluations in urban squares, and thdtseindicated that a higher level of traffic reoigsulted

in lower thermal comfort. Additionally, traffic ne@@ had an effect on overall comfort during both the
transition season and summer [24].

Additionally, some scholars have studied the effeof multiple factors, including noise and
temperature, on human comfort [25-28]). Hygge améZKexplored the effects of interactions between
broadband low-frequency noise and light on bottcggation and cognitive performance [29]. Wong et al.
proposed the empirical expressions to evaluatevarath indoor environmental quality that is accéyafor
an office at certain operative temperature, carb@xide concentration, equivalent noise level, and
illumination level [30]. Buratti et al. proposed ardex for the evaluation of environmental comfoaking
into account thermal, acoustic, and lighting caod# [31]. Horie et al. studied the combined efect
noise, lighting, and thermal conditions on subjexttomfort. The study revealed that the negativectf
caused by an increase in indoor temperature fromo 3D °C were the same as those caused by theaser
in the noise level from 40 to 70 dB [32]. Clausémaleexplored the effects of noise, temperaturequality,
and odour on human comfort. They observed thatinviéhtemperature range of 23-29 °C, the effect of a
change in temperature by 1 °C was similar to that change in noise level by 3.9 dB [33]. Yang &fwbn
indicated that under steady-state thermal and itation conditions with time-varying sound stimuli,
acoustic factors had the most significant effectiradoor environmental comfort [34T.hese studies were
also carried out in an indoor environment to bettantrol the variation in the factors being exandin€he
sound types and sound levels selected in previodses are shown in Table 1.

Table 1. Sound types and sound levels selectexeinqus studies

Study Sound type Sound level (dB/A)
Witterseh et al.[13] fans mixing the air 35.0/50.0
traffic noise 45.0/ 55.0

Clausen and Wyon[14] - -
conversations/no conversations

fans in the air conditioning system 40.0
Fanger et al.[15] - -
white noise 85.0
air-conditioning noise 46.8

Nagano and Horikoshi [16

traffic noise 59.2/73.1/ 80.0/ 95.4




air-conditioning noise 46.6
] background noise 35.0
Pellerin and Candas [18] -
fan noise 85.0
Pellerin and Candas [19] fan noise 35.0/60.0/75.0
Guan et al. [20] construction noises 55.0/ 65.0/ 75.0/ 85.0
Yang and Moon [22] babble sound/ fan noise 45.0/60.0

Guan et al. [23]

fan noise/pure music

50.0/65.0/80.0

Jin et al. [24]

traffic noise

55.0-60.0/ 60.0-65.0/

65.0-70.0/ 70.0-75.0
45.0/50.0/55.0/ 60.0/ 65.0
38.0/58.0
40.0-75.0
5.0/85.0/ 65.0/ 75.0

Huang et al. [27] fan noise
Hygge and Knez [29]
Clausen et al. [33]

Yang and Moon [34]

ventilation noise

traffic noise

babble/ fan/ music/ water sounds

When exploring the effects of multiple factors e human body and when performing environmental
evaluations, most scholars selected different sdewels of a particular sound (mostly traffic nommefan
noise) as the experimental condition. Thus, studrethe effects of the interaction between soupeégyand
sound levels have not yet been conducted adequ&ebarding temperature setting, most related esudi
chose to use different indoor temperature condstion a specific season (mostly summer); however,
systematic comparisons with respecbtiwdoor temperature conditions in different seasoagather limited.
The significant variations in climate throughoutetlyear in severe cold regions, causes significant
differences in the outdoor thermal environmentiffetent seasons, the thermal and acoustic envieorisn
have the significant effects on the environmental@ations of urban residents performing leisurtévaies,
and the demand for improvement is high. Therefibis,necessary to study the effects of multipletdes on
environmental evaluations in different seasonss Bludy aims to explore the effects of sound tygres
sound levels, as well as the effect of their intBom on acoustic evaluations, thermal evaluatiars]
overall evaluations in different seasons basederehvironmental evaluation of the subjects. Casid
the limitations of previous related studies and plagticularity of the climatic conditions in seveteld
regions, typical outdoor temperatures of wintegnsition season, and summer were simulated in a
controllable environmental chamber with differerdusd types and sound levels, and a subjective
guestionnaire survey was administered. The temyeratonditions inside the chamber objectively
corresponded to the daytime outdoor temperaturalitons of the different seasons, and the sounds
employed were all generated from common acousticcss in daily life.

2. Method

2.1 Experimental conditions

This study was conducted in a controllable envirental chamber (as shown in Fig. 1), in which the
outdoor dynamic or steady climatic environmentenese cold regions could be simulated. The adjlestab
parameters of the chamber included temperaturejdiymwind speed, and illumination. Therefore, the
study in the chamber was not limited to naturaldibons, such as geographical locations or seasonal
conditions. The ranges of the adjustable environatgrarameters in the environmental chamber arensho
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respectively. There are many factors affecting thedoor thermal environment, of these, seasonal
temperature differences are the most significamt een be felt intuitively. Although simply simulag
outdoor temperature in the chamber did not fullyresent actual outdoor thermal conditions, the aidhgge

of doing this is that allows the variables to batcolled more and effectively to avoid the intediece of too
many factors and is propitious for a clearer anslyd the results. The mean radiant temperature was
assumed to equal the operative temperature, aratit@e the interference of wind sound in the expeni,

the wind speed was set below 0.5 m/s. To moniterildoor environment, a fixed measurement point (a
Portable Kestrel 5500 weather station) was sehénenvironmental chamber. The difference between th
operative temperature and the actual temperatue alk@ays maintained at +1 °C, indicating that the
thermal environment in the environmental chambes stable.

Controllable environmental chamber

Measurement point

Subject 1

_

4600 mm

Equipment room

Subject 2

6600 mm .

¥
E

Fig. 1. Schematic diagram of the controllable emvinental chamber and the experimental setup.

Table 2. Environmental parameters in the contr@lanvironmental chamber.

Operative Measured M easured Background
Illumination
Parameter Range Precision Season temperature | temperature relative sound level
(Lux)
(°C) (°C) humidity (%) (dB/A)
Air
-40-40 °C 0.1°C Winter 0.00 0.89 30.3 300 38.1
temperature
Relative Transition
20-90% 3% 20.00 20.12 51.7 300 36.8
humidity season
0-10 m/s
Wind speed 1% Summer 30.00 30.08 54.2 300 36.3
(air outlet)
2.2 Sound stimuli

In related studies, most of the sound types emplayere one or two mechanical sounds, such as fan
noise and traffic noise (As shown in Table 1); éfere, studies on the effects of different sounksywere
still relatively limited, and the reasons given feelecting particular sound levels were inadequéate.
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given that square dance has become one of the impsttant leisure activities for the elderly in eext
years, square dance music has also become a commuod source. This usually includes slow-dance
music and fast-dance music, where the former id uden two people are dancing, and the latteresl fisr

a group dance. There are certain differences inctigracteristics between the two kinds of sounds:
fast-dance music has a higher frequency range atager beat. Thus, a total of six sound typamaety,
birdsong, dog barking, conversation, traffic sousidyw-dance music, and fast-dance music, were Udes.
representative 40-s samples of each of the sixdstypes were edited and used as the sound stimtHiei
experiment. Using Adobe Audition software, the sbpnessure level was adjusted at 10 dB(A) intervals
Based on the sound loudness vote pre-experimeqgui@t; 1, slightly quiet; 0, neutral; -1, slightiyud; and

-2, loud;), the sound pressure levels that wergeadwas quiet, neutral, and loud were selectedpiesent
three sound levels, i.e., low, medium, and highpeetively. The sound pressure levels of the satintuli

are shown in Table 3.

As the cubage of the environmental chamber waslssmind coloration might have occurred due to
resonance when the loudspeaker was used to playsauesulting in a distorted sound signal. Thaefas
this could have affected the subjective evaluatiegatively, Sennheiser RS170 headphones were ased t
play the sound samples. Although the use of heatghmight have exerted a certain influence on the
thermal evaluations, the subjects were dresseddingoto the uniform requirements in the same antbie
temperature, the influence of the headphones oth#renal evaluations was basically concordant anudidc
be ignored to a certain extent.

Table 3. Sound pressure levels of sound stimuli.

Low Medium High
Sound level Max Min LAeq Max Min LAeq Max Min LAeq
(dB/A) | (dB/A) (dB/A) | (dB/A) | (dB/A) (dB/A) | (dB/A) | (dB/A) | (dB/A)

Birdsong 53.1 33.6 43.5 63.9 42.7 53.6 73.7 52.3 63.3
Dog barking 56.1 27.4 41.9 66.7 37.5 52.1 77.9 46.1 62.3
Conversation 46.7 37.9 42.4 57.5 47.9 52.7 67.5 57.3 62.5
Traffic sound 45.9 37.2 41.8 56.9 47.0 51.9 67.2 57.1 62.2
Slow-dance music 46.9 39.7 43.3 57.4 48.9 53.3 68.1 58.7 63.4
Fast-dance music 49.1 36.5 42.9 59.1 45.9 52.7 70.1 55.2 62.7

2.3 Questionnaires

In this study, the questionnaire method was usegkpbore the subjective evaluations of the subjects
under different environmental conditions. As shawable 4, Owing to the comprehensive considenatio
of the questionnaire content of previous studi&s B, 23], the acoustic evaluations investigateduded
Subjective Loudness Vote (SLV), Acoustic Comfortte/dACV), and Sound Preference Vote (SPV). The
thermal evaluations investigated included Thermatsation Vote (TSV), Thermal Comfort Vote (TCV),
and Thermal Acceptability Vote (TAV), and the ouvervaluations investigated included Overall Corhfor
Vote (OCV) and Overall Annoyance Vote (OAV). Theeaall evaluations (OCV and OAV), which were
determined by various factors, including the phgisenvironment among others, represents the coraifwit
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the options ‘very hot’ and ‘very cold’ were addedthe TSV to reflect extreme weather conditionwinter
and summer in severe cold regions, respectivelys,Tm this study, the thermal sensation was etedua
using a 9-point Likert scale [20].

Table 4. Subjective evaluations of the questiornsirveys.

Score -4 -3 -2 -1 0 1 2 3 4
Slightly Slightly
TSV Very cold Cold Cool Neutral Warm Hot Very hot
cool Warm
Score -3 -2 -1 0 1 2 3
Very Slightly Slightly Very
TCV Uncomfortable Neutral Comfortable
uncomfortable uncomfortable comfortable comfortable
Very Slightly Slightly
TAV Unacceptable Neutral Acceptable Very acceptable
unacceptable unacceptable acceptable
SLV Very loud Loud Slightly loud Neutral Slightly quiet Quiet Very quiet
Very Slightly Slightly Very
ACV Uncomfortable Neutral Comfortable
uncomfortable uncomfortable comfortable. comfortable
SPV Very disliked Disliked Slightly disliked Neutral ightly liked Liked Very liked
Very Slightly Slightly Very
OoCvVv Uncomfortable Neutral Comfortable
uncomfortable uncomfortable comfortable. comfortable
Slightly Slightly
OAV Very annoyed Annoyed Neutral Pleasant Very pleasant
annoyed pleasant
2.4 Subjects

This experiment received research ethics apprawah fthe institution. All the subjects participated
voluntarily in the experiment and were informedaiivance of the extreme temperature conditionsen th
environmental chamber. Taking into account thastieal power level, the effect size 1= 0.9,a = 0.05,
effect size = 0.25), and the experimental cond#joa total of 96 subjects were recruited (32 forhea
season). All the subjects were graduate studerits self-reported normal audition and with no phgsic
discomfort, such as fever or cold, on the day efdékperiment. These subjects (female, 47.9%; rb2l&é%;
average age, 26.2 (S.D. = 2.8, Min = 22, Max = 3djpre recruited from the universities as volurgeer
Their average metabolic rate during sedentary ngadias 1.1-1.2 met, their average clothing insumati
were 1.83, 0.88, and 0.45 clo for winter, the titems season, and summer, respectively.

2.5 Procedures

To avoid the influence of thermal experiences asgicpological expectations on the subjective
evaluations, the seasons simulated in the enviratahe&hamber corresponded to actual seasons (i.e.,
summer, the transition season, and winter); thes,eikperiments were performed in July, Septeminet, a
December, respectively. Two subjects could parigipn the experiment at the same time. Soundatisal
could be achieved in the chamber and during theraxgent, the door was closed. Apart from the nergss



expprimpntal enllinment there were nn nther nhiadise chamher that coiild interfere with the attanof
the suujects |99).

During the study, the implementation procedure diggled into two parts, the thermal adaptation part
and experimental part. During the thermal adaptapart, the subjects were granted access into the
environmental chamber after the thermal environnrea stable. The subjects were advised not toreat o
exercise before the experiment, and to dress aogptd the standard season requirements. The gabjec
were required to sit in the chamber for 30 min [1&iter which they needed to complete a set of
guestionnaire survey without audio play. The experital part was divided into 3 stages based oprédiiit
sound levels (low, medium, and high), and six 4dios played during each stage. While each aud® w
playing, the subjects were required to completetaobquestionnaire surveys. The subjects’ respspsed
had been pre-calculated to ensure that the quesii@could be completed within the audio playtiffiee
interval between each audio playtime was 10 s,thednterval between each of the three stages @as 6
To avoid the influence of play sequence, the oodeudio play during each stage was random. Aljesib
for each season were required to experience 1@tperconditions (three sound levels*six sound sype
no sound stimuli). Although each subject’s awarenafsthe sound was stronger in the chamber than in
actual outdoor environment, the subjective evatuatiwere required to be completed while the andere
playing, therefore, their attention was focused enmm answering the questionnaire rather than lisgeto
the sounds. Thus, the sound stimuli in the chamigge background sounds similar to those in an autdo
environment.

3. Reaults

3.1 Effects of sound types and sound levels on the acoustic evaluations

Fig. 2 shows the average values of the acoustiluaans relative to the condition of without sound
stimuli (subtracted from the evaluation values oi&d in the absence of sound stimuli). It can hentbthat
the acoustic evaluations were highly consistentdiiferent seasons. Regarding SLV, regardless of the
changes in sound level, in three seasons, it waayal significantly lower than that without the sdun
stimuli. The subjects felt louder, and the averddierences in winter, the transition season, amthreer
were 1.6-2.7, 2.1-3.3, and 2.5-3.4, respectivdig. gifects of dog barking, conversation, traffiarss, and
fast-dance music were always more significant. IRkgg ACV and SPV, regardless of the changes imgdou
level in the three seasons, dog barking, conversaand traffic sound always resulted in a sigaific
decreased in ACV and SPV, and the average diffeseircwinter, the transition season, and summee wer
1.6-2.5 and 1.5-2.2, 1.8-2.9 and 1.5-2.4, and 20/ 1.7-2.4, respectively. However, low-sounelle
birdsong and slow-dance music resulted in a sicanifi improvement in ACV and SPV, with a differeraée
0.5-1.4.
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Fig. 2. Average values of the acoustic evaluatrefetive to the condition of without sound stimuli.

Table 5 shows the significances of the effects aingl types and sound levels on the acoustic

evaluations. To determine the differences in thimga of the groups to three variables (sound typesnd

levels, and sound types*sound levels), repeatedsunes analyses of variance were performed. Thétgsesu

showed that in the three seasons, the main effesbund types and sound levels, and the interaction
between them all had significant effects on SLV\MA@nd SPV (p < 0.01). As shown in Fig. 3, owingle
existence of interaction, only the effects of theeraction on the acoustic evaluations were and)ysed

simple effects tests (by writing syntax code) waeeformed.

Table 5. Significances of the effects of sound $yged sound levels on the acoustic evaluations.

Subjective | Season Winter Transition season Summer
evaluation | Factor Leve Type Level* Type Level Type Level* Type Level Type Level* Type
df 1.668 3.533 5.662 1.454 3.156 6.238 2.000 2.942 5.014
SLV F 79.906 | 42.382 3.560 93.228  59.544 6.251 50.677 .5988 14.207
Sig. 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000
df 1.490 2.543 6.594 1.645 3.127 6.253 1.708 3.151 5.429
ACV F 47.450 | 47.874 3.341 56.78f  68.477 4.405 63.614 .028(Q 6.909
Sig. 0.000 | 0.000 0.003 0.000 | 0.000 0.000 0.000 | 0.000 0.000
SPV df 1.679 2.924 5.700 1.726 3.277 6.769 2.000 3.387 5.653
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Fig. 3 shows the average values of the acoustiu@&¥ans owing to the interaction between the sound
types and sound levels (The error bars represensiD. of the average values). Regarding SLV, there
an interaction between sound types and sound lemetdl three seasons. With respect to sound types,
regardless of the changes in sound level, birdamalgslow-dance music contributed to higher SLV thag
barking, conversation, traffic sound and fast-dameesic, and the subjects didn't feel so loud wheyt
heard the first two sound types. For low-sound llemed medium-sound level birdsong as well as
slow-dance music, the subjects even felt slightlieg(p < 0.01). With respect to sound levels, inter and
the transition season, when the sound types waffectsound and slow-dance music, the SLV at tive lo
sound level was higher than that at the high sdewel, with an average difference of 0.9 in wiraed 0.8
in the transition season (p < 0.01). When the ssuvgle the other four types, SLV decreased sigmiflg
with increasing sound level, i.e., the higher thersl level, the louder the subjects felt (p < 0.0i)summer,
when the sound types were conversation and fastedamusic, SLV decreased significantly with the
increasing sound level (p < 0.05), and when thenddypes were the other four types, the SLV atlthe
sound level was higher than that at the high sdewel, and the difference with respect to birdserngn
reached 1.5, while the differences with respeth#oother three sound types were about 0.6 (p 0.0

Regarding ACV and SPV, interactions between soypds and sound levels were observed in all three
seasons, and the effects of the interactions wamsistent in all the seasons. With respect to saypels,
regardless of the changes in sound level in theetseasons, ACV and SPV for birdsong and slow-dance
music were significantly higher than those for dmgking, conversation, and traffic sound. For lordg
and slow-dance music at low and medium-sound lev&®V ranged between 0.0 and 1.5, while SPV
ranged between 0.0 and 1.0, and the subjectditgitly comfortable and slightly liked (p < 0.0Xlowever,
ACV for fast-dance music was always higher than tbadog barking, with an average difference &-1.
1.6 (p < 0.05). With respect to sound levels, imtes, when the sound type was birdsong, both AC¥ an
SPV decreased significantly with increasing sousell (p < 0.05), and when the sound types were dog
barking, traffic sound, and slow-dance music, AGM &PV at the low sound level were higher thanahos
at the high sound level, (p < 0.01). In the traositseason, when the sound type was birdsong, A@V a
SPV decreased significantly with increasing souenkl, and when the sound types were conversation,
traffic sound, slow-dance music and fast-dance oquaCV and SPV at the low sound level were
significantly higher than those at the high sounel (p < 0.01), and the difference in ACV when soeind
type was fast-dance music even reached 1.8. Fotypas of low-sound level dance music, the subjisits
slightly comfortable (p < 0.01). In summer, wher #ound types were birdsong and conversation, AGV a
SPV decreased significantly with increasing sowwell (p < 0.05). When the sound types were dogigrk
traffic sound, and slow-dance music, ACV and SPthatlow sound level were higher than those ahtpke
sound level (p < 0.01).
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Fig. 3. Average values of the acoustic evaluatmmigg to the interaction between the sound typessanind levels.

It was observed that sound types and sound leaslsyell as the interaction between them all had
effects on the subjects’ acoustic evaluations teagying extent. In the three seasons, regardlesheof
changes in sound level, birdsong and slow-dancdacmasulted in higher acoustic evaluations than dog
barking, conversation, and traffic sound. Howetsgre were no significant differences between ffects
of the former two sound types or those of the tatieee sound types. Additionally, there was naisicant
difference in the effects of the two kinds of dameasic on ACV and SPV. Regardless of the changes in
sound type, the acoustic evaluations at the lomddevel were significantly higher than those a thigh
sound level, and when the subjects heard the gdso winter and in the transition season, as \asll
conversation sound in summer, there was a decreabe acoustic evaluations with the increasingnsou
level.

3.2 Effects of sound types and sound levels on the ther mal evaluations

Fig. 4 shows the average values of the thermalatiahs relative to the condition of without sound
stimuli (subtracted from the evaluation values oigd in the absence of sound stimuli). The thermal
evaluations, which varied remarkably in the threasens, were obviously different from the acoustic
evaluations. In terms of TSV, TSV at the high solexel was slightly lower than that observed withthe



sound stimiili in winter and the averane differemma= ahniit 0 R In the transitinon seasnn reaardieghe
Changca 111 SUUTIU 1eveEl, 1OV wdd Slyliuy rnyglierinat vytallicu 1 uie ausceiive Ul Suuliu aumuu,th
average difference was about 0.3. In summer, TSMvatand medium sound levels was lower than that
obtained in the absence of sound stimuli, and vieeage difference was 0.4. However, high-sound lévg
barking, conversation, and traffic sound resultecaislight increase in TSV. In terms of TCV, TCV at
medium and high sound levels was lower than thaeded in the absence of sound stimuli in winted a
the average difference was 0.2-0.5. In the tramsgeason, regardless of the changes in sound TEU#®!
was always significantly lower than that observedthe absence of sound stimuli, and the average
difference ranged between 1.1 and 1.3. In summemédium and high-sound levels, birdsong, slowedan
music, and fast-dance music resulted in the inerea3 CV, while other sound types resulted in tkelitie

in TCV. In terms of TAV, in winter and the transiti season, regardless of the changes in sound TeAé|
was always lower than that observed in the absehseund stimuli, with an average difference of-0.2
and 0.8-1.3, respectively. In summer, regardlesth@fchanges in sound level, birdsong and slow@lanc
music increased TAV, while other sound types reslilh the decrease.

The results showed that in winter, the sound hadbwious effects on the thermal evaluations, aisl th
could be attributed to the poor sensitivity of thebjects to the environment at low temperatureghén
transition season, all the sounds resulted in arease in TSV, and decreases in TCV and TAV. ltnhdeat
the subjects were more sensitive to the sounds Wienwere exposed to a good thermal environment. J
et al. observed that higher-level traffic soundrdased residents’ TCV, and such an effect was most
pronounced in the transition season [20], dematistyahat the subjects were more sensitive to ssund
the transition season. In summer, high-sound lelegl barking, conversation, and traffic sound slight
intensified hot sensation, decreasing TCV and TAdwever, regardless of the changes in sound lavel,
summer, birdsong and slow-dance music always deetdeBSV and an increased TCV and TAV.



Table 6 shows the significances of the effects amingl types and sound levels on the thermal
evaluations. In winter and summer, the main efféstound types and sound levels had significamicesfon
TSV (p < 0.01); however, the interaction betwees sbund types and sound levels only had a signtfica
effect on TSV in summer (p < 0.01). In the tramsitseason, the main effect of sound types and sewets,
as well as the interaction between them exertedffeats on TSV (p > 0.05). However, the main effefct
sound types and sound levels had remarkable eff@ctsCV and TAV in the three seasons. Additiondhg
interaction between sound types and sound levadsah&ious effects on TCV and TAV in winter and
summer (p < 0.05 and p < 0.01, respectively). Wthere was interaction, only the effects of therat&on
on the thermal evaluations were analysed, and siraffécts tests were performed (as shown in Fig. 5)
When there was no interaction, the effects of tlanneffect on the thermal evaluations were analyaaed
post hoc tests (Bonferroni) were performed.
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Fig. 4. Average values of the thermal evaluati@tative to the condition of without sound stimuli.

Table 6. Significances of the effects of sound $yged sound levels on the thermal evaluations.

Subjective | Season Winter Transition season Summer
evaluation | Factor Leve Type Leve * Type Level Type Leve * Type Level Type Level * Type
df 1.383 2.551 6.478 2.000 5.000 6.492 1.565 4.432 4412
TSV F 6.452 5.554 0.276 0.303 2.116 1.214 10.133  16{737 9.132
Sig. 0.008 0.003 0.955 0.740 0.066 0.298 0.001 0.000 0.000
df 1.412 3.206 6.870 1.473 2.427 5.489 2.000 3.614 6.017
ey F 16.679 | 6.778 2.442 4981  11.1p9 0.742 6.798 21|26 8.326




| Sia. | 0.000 | 0.000 | 0.021 0.019 | 0.000 | 0.605 0.002 | 0.000 | 0.000

ar 1413 3.413 0.848 L.ooZ 2414 0.80/ 2.Uyu 5.YyuU  b.bbY
TAV F 17.995| 9.162 2.087 10.936 12.0p7 1.645 7.440 3224 3.602
Sig. 0.000 | 0.000 0.048 0.000 | 0.000 0.126 0.001 | 0.000 0.003

Fig.5 shows the average values of the thermal atiahs owing to the interaction between the sound
types and sound levels (The error bars represenStD. of the average values). Regarding TSV, even
though there was no interaction in winter, the meffiect of sound types and sound levels had sicaifi
effects on the thermal evaluations, and there walffarence between the effects of dog barking and
fast-dance music (p = 0.015 < 0.05); meanwhile, BBthe low sound level was slightly higher thaat tht
other sound levels (p < 0.05). In summer, there avamteraction between the sound types and saaweads|,
none of the sounds at the low sound level had #egte on TSV (p > 0.05). When the sound levelsewer
medium and high, TSV for birdsong was significadiyer than that for conversation and traffic sognme
0.01), and TSV for slow-dance music was signifisafdwer than that for conversation (p < 0.05). Vit
respect to sound levels, when the sound types bwetsong, dog barking, and fast-dance music, séewel
had no effects on TSV (p > 0.05). When the soupésywere the other three types, TSV at the lowdoun
level was significantly lower than that at the hgghund level (p < 0.01), with an average differeo8.7.

In the transition season, sound types and souralisleas well as the interaction between them haefffiect
on TSV (p > 0.05).

Regarding TCV, there was an interaction betweensthend types and sound levels in winter and
summer. In winter, when the sound levels were mmdind high, TCV for slow-dance music was higher
than that for conversation sound (p < 0.05). Wikpect to sound levels, when the sound types were
birdsong, dog barking, and fast-dance music, TCthatow sound level was significantly higher thhat
at the high sound level (p < 0.05), with an averddterence of 0.5, and when the sound types were
conversation, traffic sound, and slow-dance muBRY at the low sound level was higher than thaither
sound levels (p < 0.01), with an average differeoic8.6. In summer, regardless of the changes umd&o
level, TCV for birdsong and slow-dance music wasagk higher than that for conversation and traffic
sound. Additionally, when the sound types weredurd) and fast-dance music, sound levels had notgffe
on TCV (p > 0.05), and when the sounds were therdthur types, TCV at the low sound level was highe
than that at the high sound level (p < 0.05), withaverage difference of 0.5. In the transitiorsgseaeven
though no interaction was observed, the main etiesbund types and sound levels had significaeces
on TCV. The effects of birdsong and slow-dance musere different from those of dog barking,
conversation, and traffic sound (p < 0.05), whilere was always a difference in the effects of mmadand
high sound level on TCV (p = 0.013 < 0.05).

Regarding TAV, there was an interaction betweemddypes and sound levels in winter and summer.
In winter, when the subjects heard the slow-dangsiecrat low and medium sound levels, TAV was betwee
0.0 and 1.0, and the subijects felt slightly acddptaHowever, the other sound types resulted in VAlles
that were less than 0 (p < 0.05). With respeciotind levels, when the sound types were conversatidn
traffic sound, TAV at the low sound level was highlikan that at other sound levels, with an average
difference of 0.5 (p < 0.05), and when the soundeevthe other four types, TAV at the low sound levas
significantly higher than that at the high soungklewith an average difference of 0.6 (p < 0.05)summer,



the siihiects itidaed hirdsona aAnd slow-dance mikibva Aand mediiim <oniind levels tn he slightly

aCCUIJl.d.UIU, wiiie uie 1AV Ul ulliel SUUNIU LYPEDS Ved Lidll U (P = U.ULl). AUUIUUIlIdlly, wIiich] uie rﬂd)u
types were birdsong and fast-dance music, souralsi@xerted no effects on TAV (p > 0.05), and wtien
sound was any of the other four types, TAV at th& sound level was higher than that at the higmdou
level, with an average difference of 0.6 (p < 0.08) the transition season, even though there veas n
interaction, the main effect of sound types andhdolevels had significant effects on TAV. The effeof
birdsong and slow-dance music were different froose of dog barking, conversation, and traffic sb(m

< 0.01); meanwhile, the effect of the high sounelevas different from those of the other souncls\(p <
0.01).
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Fig. 5. Average values of the thermal evaluationsg to the interaction between the sound typessanchd levels.

Based on the results obtained, it could be condubat sound types and sound levels, as well as the
interaction between them all had effects on thgesidi thermal evaluations to varying extents. Reug
sound types, there was a difference between teetefbf dog barking and fast-dance music in wirter.
summer, when the sound levels were medium and kighTSV for birdsong and slow-dance music was
significantly lower than that for conversation sdubut TCV and TAV were always higher than those fo
conversation sound. In the transition season, ffeetse of birdsong and slow-dance music on TCV aAd
were different from those of dog barking, convemgtand traffic sound; however, there were noificant
differences between the effects of the former tauansl types and those of the latter three soundstyyvith
respect to sound levels, in winter, when the saypds were birdsong, dog barking, slow-dance masid,
fast-dance music, TCV and TAV at the low sound llevere significantly higher than those at the high



sound level and when the sniind tvnes were comimmssnd traffic sniind TCV and TAV at the low sdun
lever weie Siyrinediiuy rmyrien uidll uiuse di ULHDUITIU IEVEIS. 11T SUITIITIEr, WIIEIN uIe Suuliu lypes were
birdsong and fast-dance music, sound levels dichawgé any effects on the thermal evaluations. Hewev
when the sound types were conversation, traffimdpand slow-dance music, TSV was lower, TCV and
TAV were higher at the low sound level; in the s#ion season, there were differences betweenffaete

of medium and high sound level on TCV and TAV.

3.3 Effects of sound types and sound levels on the overall evaluations

Fig. 6 shows the average values of the overalluaw@ns relative to the condition of without sound
stimuli (subtracted from the evaluation value aedi in the absence of sound stimuli). The overall
evaluations were similar to the acoustic evaluatidnut were obviously different from thermal evaioias,
and were consistent in the different seasons. RegpOCV, regardless of the changes in sound lievitle
three seasons, dog barking, conversation, andctisdiind always resulted in the significant deczdas
OCV, and the average differences in winter, thaditeoon season, and summer were 0.6-1.3, 1.5-8d, a
0.8-1.4, respectively; however, low-sound levetdfimg and slow-dance music increased OCV, and the
difference ranged between 0.3 and 1.2. Regardiny, @A summer, low-sound level birdsong, and
slow-dance music resulted in the increase in tlgests’ OAV to a certain degree. Additionally, redjass
of the changes in sound levels in the three seasdinthe sounds led to the decrease in OAV, ard th
subjects felt more annoyed; The effects of dodibgr conversation, and traffic sound were alsoemor
pronounced.
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Fig. 6. Average values of the overall evaluaticgiative to the condition of without sound stimuli.

Table 7 shows the significances of the effects ainsl types and sound levels on the overall
evaluations. It is evident that in the three seastire main effect of and the interaction betwemmd types
and sound levels significantly affected OCV and QA 0.01). As shown in Fig. 7, owing to the prese
of interaction, only the effects of the interactimm the overall evaluations were analysed and sraffects
tests were performed.



Tahle 7. Sianificances of the effects of solnd svaed soilind levels on the overall evaluations.

Subjective | Season winter I ransition season summer
evaluation | Factor Level Type Level * Type Level Type Level * Type Level Type Level * Type
df 1.474 2.895 7.164 1.651 2.682 6.707 2.000 3.717 10.000
ocv F 24.796 | 32.911 3.431 4843 48.243 5.079 20.649.125( 2.509
Sig. 0.000 | 0.000 0.002 0.000 | 0.000 0.000 0.000 | 0.000 0.007
df 1.610 3.083 6.086 1.481 3.045 7.209 1.711 3.301 6.712
OAV F 37.669 | 43.702 2.803 55.83L 56.175 5.634 38.683 .7985 6.715
Sig. 0.000 0.000 0.012 0.000 0.000 0.000 0.000 0.000 0.000

Fig. 7 shows the average values of the overalluawi@ins owing to the interaction between the sound
types and sound levels (The error bars represens . of the average values). Regarding OCV and, OA
there was an interaction between sound types amddsievels in the three seasons, and the effectiseof
interaction were relatively consistent. With respecsound types, regardless of the changes indstavel
in the three seasons, OCV and OAV for birdsongsdod-dance music were significantly higher thanstho
for dog barking, conversation, and traffic sounokwvhver, there were no significant differences betwhe
effects of the former two sound types and thosth@fatter three sound types. For birdsong and-slamce
music at low and medium sound levels, both OCV @AY were between 0.0 and 1.5, and the subijects felt
slightly comfortable and pleasant. Additionallystt@ance music always resulted in higher OCV and OA
than dog barking, with an average difference ofi@ ®inter and 1.2 in the transition season andrmam(p
< 0.05). With respect to sound levels, in winted #ime transition season, regardless of the chaingssund
type, OCV and OAV at the low sound level were higiian those at the high sound level, with an ayeera
difference of 0.8 and 1.1, respectively (p < 0.0fh)summer, when the sound type was birdsong, sound
levels had no effect on OCV (p > 0.05), and whengbund type was slow-dance music, sound leveds als
had no effect on OAV (p > 0.05). Additionally, whre sound types were dog barking, conversatiaffidr
sound, and fast-dance music, OCV and OAV at thedound level were significantly higher than thote a
the high sound level, with an average differenaegags maintained at about 0.7 (p < 0.01 and p <)0.05
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Fig. 7. Average values of the overall evaluatiowing to the interaction between the sound typessanchd levels.

4. Discussion

4.1 Differencesin the effects of sound types and sound levels

In previous studies, some researchers have exptbeedffects of multiple sound types and sound
levels on subjective evaluations. Although theymd study the interaction between sound typessandd
levels, there were still had some consistencieszdst the results of their work and this study.dmis of
sound levels, the results of this study and presiwark [16,17, 22,23,34] both showed that for samend
sources, the TCV, ACV and OCV at the low sound llevere significantly higher than those at the high
sound level.

In terms of sound types, Yang and Moon [22,34] tbthrat sound types had significant effects on TCV,
ACV, and OCV. The average values were ranked #&saisl fan noiseCbabble soung.water souneK music,
and when the sound types were water sound and nthsiaverage values of the evaluation were retiv
close. Guan et al. [23] indicated that at the samend level, the TCV, ACV, and OCV in a musical
environment were better than those in a noisy enment. Thus, it was seen that music was benefwial
the improvement in comfort votea result which was consistent with the resultshed study. In addition,
the subjective evaluations of birdsong and slowedanusic were better and closer (in terms of acmasd
overall evaluations in all three seasons and thleewveduation in summer); the reason for this phesioom
might be the frequency range and variability in$bends.

As there are more middle- and high-frequency coreptsrand higher variability in birdsong and
slow-dance music, peoples’ preference and acceptahthese sounds seemed to be more significantly
higher; while, a stronger beat might have weakdhedmprovement of subjective evaluations to aavert
extent. The mechanisms of the effects of soundstypesubjective evaluations require in-depth stibie
selecting more sound samples, whereas this stuagsé&s more on the interaction of sound types anddso
levels on thermal and overall evaluations, ad @ dbmprehensive comparisons under different sehsona



conditinons

4.2 Applicationsin related fields

Based on the results of this study, it is recomredritiat the effects of sounds on thermal evaluation
are considered, particularly for urban public spasbere the thermal environments are poor anccditfio
improve. The introduction of birdsong and slow-damausic at appropriate sound levels could improve
residents' thermal evaluations in summer to a iceratent, i.e., relief of hot sensation and thdrma
discomfort. In winter and summer, with respecthe sounds that the preference of residents arbiglot
such as dog barking, conversation, and traffic dpthe thermal comfort and thermal acceptanceeatoiv
sound level are significantly higher.

4.3 Limitations and further study

Although simply simulating outdoor temperature incllamber can allow effective control of the
variables and avoid the interference of too mawofs, it is necessary and significant to studyetffects of
various factors of the thermal environment on stibje evaluations. In future studies, the thermal
environment setting will be considered more comensively to reduce the discrepancy between the
physical environment in the chamber and the aoctudtloor environment or increase the feasibility of
conducting field measurements in the outdoor envirent.

5. Conclusions

In this study, by simulating typical outdoor temgaeres in different seasons (winter, transitiorseaa
and summer) in a controllable environmental chamdoed administering a questionnaire survey, the
subjective environmental evaluations, i.e., acoysiiermal, and overall evaluations of subjectsoegd to
different sound types and sound levels were exg|otiee effects of sound types, sound levels and the
interaction between the factors in different seasom the subjective environmental evaluations vedse
investigated. The results can provide a certaieregice for the environmental design of urban opeces.

(1) Sound types and sound levels, as well as the stienabetween them all had significant effects on
the subjects’ acoustic evaluations, and these teffigere relatively consistent in different seasons.
With respect to sound types, regardless of thegdsmim sound level in the three seasons, birdsong
and slow-dance music always resulted in higher stawavaluations than dog barking, conversation,
and traffic sound. However, there were no obviatfergnces between the effects of the former two
sound types and those of the latter three sounelstyppow-sound level birdsong and slow-dance
music could effectively improve ACV and SPV; howeveog barking, conversation, and traffic
sound always resulted in a remarkable decreaseoimstic evaluations. With respect to sound levels,
regardless of the changes in the sound type ire tbeasons, acoustic evaluations at the low sound
level were significantly higher than those at tighlsound level.

(2) Sound types and sound levels, as well as the oiterabetween them all had effects on the subjects’
thermal evaluations to a certain degree, and tbsets varied greatly in the different seasonghWwi
respect to sound types, in summer, birdsong and-dénce music could effectively improve the
thermal evaluations; in the transition seasonfygles of sounds led to a decrease in the thermal
evaluations. With respect to sound levels, in wirled summer, when the sound types were dog



harkina conversation traffic sniind and slow-dammisic TCV and TAV at the low sniind |evel
el siytiiicariuy rnyrier uiadil tuiuse dt ulie riyuinuicevel, ailu il uie ualisiuvll seasull, uiere were
differences in the effects of the main effect afirsth levels (medium and high sound level) on TCV
and TAV.

(3) Sound types and sound levels, as well as the stienabetween them all had significant effects on
the subjects’ overall evaluations. With respecsaoond types, regardless of the changes in sound
level in the three seasons, birdsong and slow-danasic always resulted in higher overall
evaluations than dog barking, conversation, andfidraound. Additionally, low-sound level
birdsong and slow-dance music could effectively niove OCV; however, dog barking,
conversation, and traffic sound always resulte@nnobvious decrease in the overall evaluations.
With respect to sound levels, in the three seasafen the sound types were dog barking,
conversation, traffic sound, and fast-dance muie, overall evaluations at the low sound level
were significantly higher than those at the higargblevel.

Acknowledgements

The authors would like to thank all the respondevrtis participated in this study.

Funding

This work was supported by the National NaturakS8ce Foundation of China [grant number 51438005].

References

[1] I. Knez, S. Thorsson, Influences of culture andirmvnental attitude on thermal, emotional and peica
evaluations of a public square, International Jaurnof Biometeorology, 50(2006) 258-268
https://doi.org/10.1007/s00484-006-0024-0

[2] T.P. Lin, Thermal perception, adaptation and at@ecd in a public square in hot and humid regionsldi®ig and
Environment, 44(10) (2009) 2017-2026 https://dgit®.1016/j.buildenv.2009.02.004

[3] M. Luo, X. Zhou, Y. Zhu, J. Sundell, Revisiting averlooked parameter in thermal comfort studies,nietabolic rate,
Energy and Buildings, 118(2016) 152—159 https:/figi10.1016/j.enbuild.2016.02.041

[4] W. Yang, J. Kang, Acoustic comfort evaluation ibam open public spaces, Applied Acoustics, 66(QD%2 211-229
https://doi.org/10.1016/j.apacoust.2004.07.011

[5] S.C. Lee, J.Y. Hong, J.Y. Jeon, Effects of acoushiaracteristics of combined construction noiseaonoyance,
Building and Environment, 92(2015) 657-667 httjit/org/10.1016/].buildenv.2015.05.037

[6] J. Kang, Q. Meng, H. Jin, Effects of individual sdusources on the subjective loudness and acoumtidort in

underground  shopping  streets, Science of the TotBhvironment, 435-436 (2012) 80-89

https://doi.org/10.1016/j.scitotenv.2012.06.105

[7]1 J.Y.Hong, Z.T. Ong, B. Lam, et al., Effects of ampnatural sounds to urban noises on the percédegthess of noise
and soundscape quality, Science of The Total Enmient, 711(2020), available online
https://doi.org/10.1016/j.scitotenv.2019.134571

[8] J. Xiao, M. Tait, J. Kang, A perceptual model of eflstape pleasantness, Cities, 76(2018) 105-115,

https://doi.org/10.1016/.cities.2018.01.013




[9] R.S. Herz_ 1 know what | like: lInderstandina odeefarences. In 1. Drohnick (Fd.)). The smell cultveader. 2006,
LYU-2U5, DEIY FUBIISIIELS. UXIUIU.

[10] R.D. Dean, C.L. McGlothen, Effects of combined haad noise on human performance, physiology angesiine
estimates of comfort and performance, Proceedirigdhe Institute of Environmental Science Annual Aical
Meeting, Mount Prospect, (1965) 55-64.

[11] P.A. Bell, Effects of noise and heat stress on @rynand subsidiary task performance, Human Fack&) (1978)
749-752 https://doi.org/10.1177/001872087802000614

[12] D.P. Wyon, R. Kok, M.I. Lewis, G.B. Meese, Combinauise and heat stress effects on human performérdzor
Climate, Copenhagen, (1978) 857-881.

[13] T. Witterseh, D.P. Wyon, G. Clausen, The effectsnoderate heat stress and open-plan office nogeadiion on
SBS symptoms and on the performance of office worlkqdoor Air, 14(s8) (2004) 30-40
https://doi.org/10.1111/j.1600-0668.2004.00305.x

[14] G. Clausen, D.P. Wyon, The Combined Effects of MBifferent Indoor Environmental Factors on Accejitgband
Office Work Performance, HVAC & R Research, 14(1) 20@8) 103-113
https://doi.org/10.1080/10789669.2008.10390996

[15] P.O. Fanger, N.O. Breum, E. Jerking, Can colour moide influence man's thermal comfort ?, Ergonem&0(1)
(1977) 11-18 https://doi.org/10.1080/00140137705381

[16] K. Nagano, T. Horikoshi, New index of combined eff®f temperature and noise on human comfort: summe

experiments on hot ambient temperature and traffise, Archives of Complex Environmental Studie(2001) 3-4.

[17] K. Naganoa, T. Horikoshi, New comfort index duric@mbined conditions of moderate low ambient tenpeeaand
traffic noise, Energy and Buildings, 37(3) (2008By294 https://doi.org/10.1016/j.enbuild.2004.08.00

[18] N. Pellerin, V. Candas, Combined effects of temjueeaand noise on human discomfort, Physiology &aor,,78(1)
(2003) 99-106 https://doi.org/10.1016/s0031-9381{0956-3

[19] N. Pellerin, V. Candas, Effects of steady-statesm@nd temperature conditions on environmentalepéon and
acceptability, Indoor Air, 14(2) (2004) 129-136gstt/doi.org/10.1046/j.1600-0668.2003.00221.x

[20] H. Guan, S. Hu, G. Liu, L. Zhang, The combined &fef temperature and noise on the comfort peimepdf young
people with a normal Body Mass Index, Sustainablégie and Society, 54(2020), available online
https://doi.org/10.1016/j.5¢s.2019.101993

[21] B.H. Dalton, D.G. Behm, A. Kibele, Effects of soutypes and volumes on simulated driving, vigilamasks and
heart rate, Occupational Ergonomics, 7(3) (2003)163

[22] W. Yang, H.J. Moon, Cross-modal effects of noisd #rermal conditions on indoor environmental peticepand
speech recognition, Applied Acoustics, 141 (2018)titps://doi.org/10.1016/j.apacoust.2018.06.019

[23] H. Guan, S. Hu, M. Liu, M. He, Z. Mao, G. Liu, Pép subjective and physiological responses todhmbined

thermal-acoustic environments, Building and Envinemt, 172(2020), available online
https://doi.org/10.1016/j.buildenv.2020.106709

[24] Y. Jin, H. Jin, J. Kang, Combined effects of therthal-acoustic environment on subjective evaluatiomurban
squares, Building and Environment, 168 (2020),lalsé online_https://doi.org/10.1016/.buildenv.20106517

[25] E.L. Kruger, P.H.T. Zannin, Acoustic, thermal anthinous comfort in classrooms, Building and Envinemt, 39(9)
(2004) 1055-1063 https://doi.org/10.1016/).build@0®4.01.030

[26] V. Mellert , I. Baumann, N. Freese, R. Weber, Impat sound and vibration on health, travel comfartd

performance of flight attendants and pilots, Aesxsp Science and Technology,12(1) (2008) 18-25



httns://doi.ora/10.1016/i.ast. 2007.10.009

[27] L. Auany, 1. 21U, Y. Uuydily, D. Ldu, A SWUYy Ul "IKECLS UL LIl IUTITNUUS, diu douusuc ernvmornts on
indoor environmental comfort in offices, Building nda Environment, 49 (2012) 304-309
https://doi.org/10.1016/j.buildenv.2011.07.022

[28] M. Ba, J. Kang, A laboratory study of the sounddiateraction in urban environments, Building dfavironment,
147(2019) 314-326 https://doi.org/10.1016/].builde§18.10.019

[29] S. Hygge, |. Knez, Effects of noise, heat and imdighting on cognitive performance and self-repdraffect, Journal
of Environmental Psychology, 21(3) (2001) 291-28831//doi.org/10.1006/jevp.2001.0222

[30] L.T. Wong, K.W. Mui, P.S. Hui, A multivariate-lodis model for acceptance of indoor environmentalliqy (IEQ) in
offices, Building and Environment, 43(1) (2008) hifps://doi.org/10.1016/j.buildenv.2007.01.001

[31] C. Buratti, E. Belloni, F. Merli, P. Ricciardi, Aewv index combining thermal, acoustic, and visuahiwot of moderate

environments in temperate climates, Building and viBnment, 139 (2018) 27-37
https://doi.org/10.1016/j.buildenv.2018.04.038
[32] G. Horie, Y. Sakurai, T. Narguchi, N. MatsubarantBgsized evaluation of noise, lighting and therowalditions in a

room, Proceedings of the International ConferemcBloise Control Engineering, Krakow, Poland, (198%)—496.

[33] G. Clausen, L. Carrick, P.O. Fanger, S.W. Kim, dulBen, J.H. Rindel, A Comparative Study of DiscorhCaused
by Indoor Air Pollution, Thermal Load And Noisec, ndbor Air, 3(4) (1993) 255-262
https://doi.org/10.1111/j.1600-0668.1993.00006.x

[34] W. Yang, H.J. Moon, Combined effects of acoustiermal, and illumination conditions on the comfoftdiscrete

senses and overall indoor environment, Building an8nvironment, 148 (2019) 623-633
https://doi.org/10.1016/j.buildenv.2018.11.040

[35] Y. Pan, Z.H. Meng, Influence of attention on visaad auditory masking effect in condition of visaaditory dual
tasks, ACTAACUSTUCA, 2 (2013) 215-223.




Highlights
In summer, birdsong and slow-dance music at diffeseund levels effectively improve
subjects’ thermal evaluation.
In the transition season, all types of sounds té@swa decline in the thermal evaluation.

In winter and summer, for conversation and slowedamusic, thermal comfort at the
low sound level is significantly higher than thatlze high sound level.

Birdsong and slow-dance music at the low soundl lemprove overall comfort, while
dog barking, conversation, and traffic sound reisudt significant decrease.

For dog barking, conversation, traffic sound, arastfdance music, the overall
evaluations at the low sound level are higher thase at the high sound level.
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