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Introduction

Unwanted sounds in the environment interfering with task 
performance or communication and evoking disturbance 
and annoyance are typically considered as noise.>�@ Although 
DFRXVWLFDOO\�QRLV\�VRXQGV�DUH�LGHQWL¿HG�E\�KLJK�YDOXHV�LQ�
VSHFL¿F� IHDWXUHV�� VXFK� DV� ORXGQHVV�� URXJKQHVV�� VSHFWUDO�
HQWURS\�� DQG� LQKDUPRQLFLW\�� HYHQ� VRXQGV� ORZ� LQ� WKRVH�
features can be experienced as noise.>���@�+HQFH��SHUFHSWLRQ�
of sounds as noise is subjective and may vary from person 
to person. A personal attitude toward the sounds of the 
environment represents an individual’s noise sensitivity.>�@ 

Noise sensitivity refers to physiological and psychological 
internal states that increase the degree of reactivity to 
QRLVH�>�@ and is a predictor of noise annoyance.>���@ Noise-
sensitive individuals display stronger affective reactions 
to noise.>�@ No strong evidence for an auditory component 
DW�WKUHVKROG�OHYHOV�LQ�QRLVH�VHQVLWLYLW\�KDV�EHHQ�IRXQG��DV�LW�
has not been related to auditory acuity.>���@ Noise sensitivity 
DJJUHJDWHV� LQ� IDPLOLHV�� DQG� WKH� HVWLPDWH� RI� KHULWDELOLW\�
LV�����>�@
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Abstract

$IWHU�LQWHQVLYH��ORQJ�WHUP�PXVLFDO�WUDLQLQJ��WKH�DXGLWRU\�V\VWHP�RI�D�PXVLFLDQ�LV�VSHFL¿FDOO\�WXQHG�WR�SHUFHLYH�PXVLFDO�
VRXQGV��:H�ZLVKHG�WR�¿QG�RXW�ZKHWKHU�D�PXVLFLDQ¶V�DXGLWRU\�V\VWHP�DOVR�GHYHORSV�LQFUHDVHG�VHQVLWLYLW\�WR�DQ\�VRXQG�
of everyday life, experiencing them as noise. For this purpose, an online survey, including questionnaires on noise 

sensitivity, musical background, and listening tests for assessing musical aptitude, was administered to 197 participants 

in Finland and Italy. Subjective noise sensitivity (assessed with the Weinstein’s Noise Sensitivity Scale) was analyzed for 

associations with musicianship, musical aptitude, weekly time spent listening to music, and the importance of music in 

each person’s life (or music importance). Subjects were divided into three groups according to their musical expertise: 

Nonmusicians (N = 103), amateur musicians (N = 44), and professional musicians (N = 50). The results showed that noise 

sensitivity did not depend on musical expertise or performance on musicality tests or the amount of active (attentive) 

listening to music. In contrast, it was associated with daily passive listening to music, so that individuals with higher 

noise sensitivity spent less time in passive (background) listening to music than those with lower sensitivity to noise. 

Furthermore, noise-sensitive respondents rated music as less important in their life than did individuals with lower 

sensitivity to noise. The results demonstrate that the special sensitivity of the auditory system derived from musical 

training does not lead to increased irritability from unwanted sounds. However, the disposition to tolerate contingent 

musical backgrounds in everyday life depends on the individual’s noise sensitivity.
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7KH�VWXG\�RI�QRLVH�VHQVLWLYLW\�LV�UHOHYDQW�IRU�PHGLFDO�VFLHQFH��
DV�KLJK�VHQVLWLYLW\�PD\�UHGXFH�TXDOLW\�RI�VOHHS�>�@ have negative 
HIIHFWV� RQ� FRJQLWLYH� SHUIRUPDQFH� LQ� QRLV\� HQYLURQPHQWV�>��@ 
and even increase the harmful cardiovascular health effects 
of noise.>�����@ Noise may prevent individuals with high noise 
sensitivity from achieving the same work results compared 
WR� OHVV� VHQVLWLYH� LQGLYLGXDOV�� OHDGLQJ� WR� SV\FKRVRPDWLF��
QHXURWLF�� DQG� RWKHU� GLI¿FXOWLHV�� ZKHUHDV� LQGLYLGXDOV� ZLWK�
lower noise sensitivity may better adapt to noise during 
mental performance.>��@ Self-reported impaired health and 
noise exposure have been shown to be correlated in noise-
VHQVLWLYH�LQGLYLGXDOV��EXW�QRW�LQ�QRQVHQVLWLYH�RQHV�>��@

Musical training can alter perceptual sensitivity to the 
incoming auditory information. Musicians often begin 
their instrument and ear training in early childhood and 
subsequently undergo intensive musical practice for many 
years. Such training results in functional adaptations of the 
FHQWUDO�DXGLWRU\�V\VWHP�IRU�¿QH�JUDLQHG�SHUFHSWLRQ�RI�PXVLFDO�
VRXQG� FRPSRQHQWV�� VXFK� DV� SLWFK�� WLPEUH�� DQG� WLPLQJ�>�����@ 
)XUWKHUPRUH��LW�LV�QRZ�ZHOO�GRFXPHQWHG�WKDW�PXVLFDO�WUDLQLQJ�
KDV�DQ�HIIHFW�RQ� WKH�SHUFHSWLRQ�RI�QRW�RQO\�PXVLF��EXW�DOVR�
RWKHU� VRXQGV� ULFK� LQ� VSHFWUXP�� VXFK� DV� VSHHFK� SURVRG\� RU�
second-language phonemes.>�����@ The increased perceptual 
skills in musicians are observed even when speech is masked 
by background noise. Parbery-Clark et al.>��@ compared 
subcortical neurophysiological responses to speech in 
quiet and noise in a group of highly trained musicians and 
QRQPXVLFLDQ�FRQWUROV��7KH\�IRXQG�WKDW�LQ�EDFNJURXQG�QRLVH��
the musicians demonstrated earlier onset and transition 
UHVSRQVH� WLPLQJ�� EHWWHU� VWLPXOXV�WR�UHVSRQVH� DQG� TXLHW�
WR�QRLVH� FRUUHODWLRQV�� DQG� JUHDWHU� QHXUDO� UHSUHVHQWDWLRQ� RI�
the stimulus harmonics than did the nonmusicians. Earlier 
response timing as well as a better stimulus-to-response 
correlation in the noise condition was associated with better 
VSHHFK�SHUFHSWLRQ� LQ� QRLVH��7KXV��PXVLFDO� H[SHUWLVH� UHVXOWV�
in a more robust subcortical (brainstem) representation of 
VSHHFK� LQ� WKH� SUHVHQFH� RI� EDFNJURXQG� QRLVH�� ZKLFK� PD\�
contribute to musicians’ behavioral advantage in speech-in-
noise perception.>�����@

7R� RXU� NQRZOHGJH�� RQO\� RQH� VWXG\� KDV� LQYHVWLJDWHG� WKH�
UHODWLRQVKLS�EHWZHHQ�QRLVH�VHQVLWLYLW\��PXVLFDO�EDFNJURXQG��
and experience. Franek>��@ found that individuals who 
played any musical instrument or had played in the past 
had slightly higher levels of noise sensitivity than people 
who never played a musical instrument but who liked to 
OLVWHQ�WR�PXVLF��,Q�WKDW�VWXG\��VXEMHFWV�ZKR�GLG�QRW�OLVWHQ�WR�
background music very frequently and those who preferred 
FRPSOH[� DQG� UHÀHFWLYH� PXVLFDO� JHQUHV� KDG� VOLJKWO\� KLJKHU�
levels of noise sensitivity.>��@�+RZHYHU��OLVWHQLQJ�WR�PXVLF�DQG�
instrumental training/practice are different components of 
PXVLFDO�EHKDYLRU��KHQFH��WKH\�PD\�RU�PD\�QRW�UHODWH�WR�QRLVH�
sensitivity independently from each other. Musical behavior 
as a complex phenomenon should be studied by investigating 
VHYHUDO� PDLQ� FRPSRQHQWV� RI� LW�� VXFK� DV� WKH� LPSRUWDQFH� RI�

PXVLF�� PXVLFDO� DSWLWXGH�� DPRXQW� RI� WUDLQLQJ�SUDFWLFH�� DQG�
OLVWHQLQJ�WR�PXVLF��ZKLFK�FDQ�DOVR�EH�YLHZHG�DV�WLPH�VSHQW�LQ�
passive (background) and active (attentive) music listening. 
Taking into consideration various details of musical behavior 
may bring forth new evidence on the relationship between 
LQGLYLGXDO�QRLVH�VHQVLWLYLW\�DQG�PXVLFDO�EHKDYLRU��+HQFH��WKLV�
VWXG\�DLPV� WR� LQYHVWLJDWH�ZKHWKHU�PXVLF� OLVWHQLQJ�� WUDLQLQJ��
and aptitude increase general sensitivity to environmental 
VRXQGV�� UHVXOWLQJ� LQ� DOWHUHG� QRLVH� VHQVLWLYLW\� LQ� PXVLFLDQV�
FRPSDUHG� WR� QRQPXVLFLDQV�� DQG� RYHUDOO� ZKHWKHU� DQG� KRZ�
musical behavior and attitude relate to noise sensitivity.

Methods

Subjects

,Q�)LQODQG��VXEMHFWV�ZHUH�UHFUXLWHG�DURXQG�WKH�+HOVLQNL�DUHD�
using email lists. The majority were students and alumni of the 
8QLYHUVLW\�RI�+HOVLQNL��6LEHOLXV�$FDGHP\��DQG�RWKHU�)LQQLVK�
universities. In Italy the subjects were Psychology students of 
the University of Foggia recruited during a Psychology course. 
$� WRWDO� RI� ����SDUWLFLSDQWV�ZHUH� UHFUXLWHG� LQ� WZR� FRXQWULHV�
(Finland: N� ��������PHQ�����ZRPHQ��DQG� ,WDO\��N� ������
���PHQ�����ZRPHQ���7KH�DJH�UDQJH�ZDV�������\HDUV�>PHDQ� 
�0��  � ������� VWDQGDUG� GHYLDWLRQ� �6'��  � ����� IRU� )LQODQG��
0� ��������6'� ������IRU�,WDO\@��7KH�UHFUXLWHG�VXEMHFWV�DOVR�
participated in other studies on brain determinants of music 
SHUFHSWLRQ�DQG�DSSUHFLDWLRQ��)LQODQG���DQG�ODQJXDJH�OHDUQLQJ�
(Italy). The results of these studies will be reported elsewhere. 
7KH� VXEMHFWV� ZHUH� FODVVL¿HG� LQWR� WKUHH� JURXSV� DFFRUGLQJ�
WR� WKHLU�PXVLFDO� H[SHUWLVH�� VLPLODU� WR�SUHYLRXV� VWXGLHV� �H�J���
Tervaniemi et al�� ������ %UDWWLFR� et al�� ������ 9XXVW� et al. 
������� 1RQPXVLFLDQV� �N�  � ������ DPDWHXUV� �N�  � ����� DQG�
professional musicians (N�  � ����>�����@ Nonmusicians were 
the individuals who never played any music outside regular 
VFKRRO��RU�KDG�D�OLWWOH�SUDFWLFH�WKDW�ZDV�QRW�UHFHQW��$PDWHXU�
musicians were musically trained individuals who were self-
WDXJKW� RU� GLG� QRW� JUDGXDWH� IURP� D� PXVLF� VFKRRO�� DQG� KDG�
weekly practice. Professional musicians had attended music 
OHVVRQV� IRU� PRUH� WKDQ� �� \HDUV�� SUDFWLFHG� DQ� LQVWUXPHQW� RU�
VDQJ�UHJXODUO\��DQG�HDUQHG�PRQH\�IURP�PXVLF�WHDFKLQJ�DQG�
or performance. The study was approved by the local Ethical 
Committees at the University of Helsinki and the University 
of Foggia and it conformed to the Declaration of Helsinki. 
Written informed consent was obtained from all subjects. 
The Finnish subjects were not paid for their participation in 
the study but a small compensation was provided for the time 
VSHQW��RU�WUDYHO�H[SHQVHV�ZHUH�RIIHUHG�LQ�WKH�IRUP�RI�FXOWXUH�
SDVVHV��YDOXH�RI�¼�����)RU�WKH�,WDOLDQ�VXEMHFWV��SDUWLFLSDWLRQ�
in the study was part of the study credits for the Psychology 
curriculum.

Procedures

6XEMHFWV�ZHUH�LQYLWHG�WR�¿OO�LQ�WKH�+HOVLQNL�,QYHQWRU\�RI�0XVLF�
and Affective Behaviors (HIMAB) online.>��@ The HIMAB 
is an Internet-based test battery that includes listening tests 
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IRU� WKH�HYDOXDWLRQ�RI� LQGLYLGXDO�PXVLFDO�DSWLWXGH��TXHVWLRQV�
DVVHVVLQJ� WUDLQLQJ� KLVWRU\�� OHYHO� RI�PXVLFDO� WUDLQLQJ�� \HDUO\�
DQG� ZHHNO\� DPRXQW� RI� PXVLFDO� SUDFWLFH�� ZHHNO\� PXVLF�
OLVWHQLQJ�� DQG� QRLVH� VHQVLWLYLW\�� +,0$%� ZDV� SURYLGHG� LQ�
)LQQLVK�� ,WDOLDQ�� DQG� (QJOLVK�� WR� EH� ¿OOHG� LQ� GHSHQGLQJ� RQ�
the language preferred by each individual subject. The test 
included a list of questions and links. The links directed 
participants to sound tracks or an external website where 
WKH\� FRXOG� ¿OO� LQ� RQOLQH�PXVLFDO� DSWLWXGH� WHVWV�� ,Q� )LQODQG��
DIWHU�UHFUXLWPHQW��DQG�XSRQ�LQIRUPHG�FRQVHQW��VXEMHFWV�ZHUH�
sent an email containing instructions and link to the online 
IRUP� WKDW� WKH\� FRXOG� ¿OO� LQ� DW� KRPH� RU� LQ� WKH� ODE�� DV� WKH\�
ZLVKHG��:KHQ� VXEMHFWV�¿OOHG� LQ� WKH�+,0$%�DW�KRPH�� WKH\�
were given the telephone number of a research assistant who 
would guide them in case any technical issues arose during 
WKH� H[SHULPHQWDO� VHVVLRQ�� ,Q� ,WDO\�� LQIRUPHG� FRQVHQW� ZDV�
collected from the participants during a Psychology course. 
6WXGHQWV�ZHUH�LQYLWHG�WR�¿OO�LQ�WKH�+,0$%�LQ�WKH�ODE�RI�WKH�
Department on different days.

Musical background and listening to music

HIMAB questions on musical background were adapted from 
WKH� ³&UHDWLYLW\� LQ� 0XVLF´� TXHVWLRQQDLUH�>��@ The questions 
DVVHVVHG� VXEMHFWV¶� PXVLFDO� HGXFDWLRQ�� GXUDWLRQ� RI� PXVLFDO�
WUDLQLQJ��DJH�RI�PXVLFDO�WUDLQLQJ�RQVHW��DQG�DPRXQW�RI�ZHHNO\�
SUDFWLFH��7KHVH�YDULDEOHV�ZHUH�FROOHFWHG�WR�DI¿OLDWH�VXEMHFWV�
to a musical group and were not analyzed for association 
with noise sensitivity. Another set of questions from the 
³&UHDWLYLW\� LQ�0XVLF´� TXHVWLRQQDLUH� DVVHVVHG� WKH� KDELWV� RI�
listening to music at different age ranges. Listening to music 
ZDV�TXDOL¿HG�LQ�KRXUV�SHU�ZHHN�VSHQW�OLVWHQLQJ�SDVVLYHO\��H�J���
EDFNJURXQG� PXVLF�� RU� DFWLYHO\� �GLUHFWHG� OLVWHQLQJ�� ZLWKRXW�
GRLQJ� DQ\WKLQJ� HOVH��� )RU� WKLV� VWXG\��ZH� DQDO\]HG� RQO\� WKH�
amounts of listening to music at the subjects’ current age. 
Another HIMAB question assessed music importance:>��@ 
subjects were asked to evaluate the importance of music 
LQ� WKHLU�GDLO\� OLIH�RQ� WKH�VFDOH�IURP����QRW�DW�DOO� LPSRUWDQW��
WR����YHU\�LPSRUWDQW���,Q�VXPPDU\��ZH�WHVWHG�WKH�IROORZLQJ�
HIMAB variables for statistical association with noise 
VHQVLWLYLW\�� $FWLYH� OLVWHQLQJ� WR� PXVLF�� SDVVLYH� OLVWHQLQJ� WR�
PXVLF��DQG�PXVLF�LPSRUWDQFH�

Musical aptitude

Musical aptitude was tested with Seashore tests for pitch and 
time>��@ and the Montreal Battery of Evaluation of Amusia 
(MBEA).>��@ The Seashore pitch and timing discrimination 
subtests were used to evaluate tone and time discrimination. 
,Q� WKH� SLWFK� WHVWV�� SDLUV� RI� WRQHV� ZHUH� SUHVHQWHG�� 7KH� WDVN�
was to say whether the second tone was higher or lower 
WKDQ� WKH�¿UVW�RQH� LQ� WKH�SDLU�� ,Q� WKH� WLPH� WHVWV��DJDLQ�D�SDLU�
of tones was given to evaluate if the second tone was longer 
RU� VKRUWHU� WKDQ� WKH� ¿UVW� RQH��0%($�ZDV� GHVLJQHG� IRU� WKH�
diagnosis of different types of amusia by assessing musical 
abilities related to the processing of pitch and beat in the 
musical context. The original MBEA consists of six scales 

HYDOXDWLQJ� PXVLF� SHUFHSWLRQ� DQG� PHPRU\�� DQG� LW� UHTXLUHV�
about 2 h to complete in the lab. For our study we used the 
RQOLQH�YHUVLRQ�RI�0%($�>��@ testing musical aptitude on three 
VFDOHV��:H�FKRVH�WKH�RQOLQH�0%($�EHFDXVH�LW�WDNHV�RQO\����
���PLQ� DQG� FDQ� EH� DGPLQLVWUDWHG� UHPRWHO\� RQ� WKH� ,QWHUQHW�
without the assistance of a researcher. The test consists of 
VKRUW�PHORGLHV��VRPH�RI�ZKLFK�LQFOXGH�D�WRQH�DOWHUHG�LQ�SLWFK��
which is either mistuned (MBEA Scale) or does not belong 
to the key (MBEA Out-of-Key). Other melodies include a 
time-alternated tone (MBEA Beat).

Noise sensitivity

Noise sensitivity was studied using the Weinstein’s Noise 
Sensitivity Scale administered online within HIMAB. It 
FRQVLVWHG�RI���� LWHPV��ZKLFK�ZHUH�SUHVHQWHG�RQ�D�VL[�SRLQW�
VFDOH� UDWLQJ� IURP� ³DJUHH� VWURQJO\´� WR� ³GLVDJUHH� VWURQJO\�´�
Several items were scored in the opposite direction before 
the responses were summed.>��@

Data analysis

7KH�GLIIHUHQFHV�LQ�QRLVH�VHQVLWLYLW\�EHWZHHQ�FRXQWULHV��,WDO\��
)LQODQG��� JHQGHUV� �PDOHV�� IHPDOHV��� DQG� JURXSV� FODVVL¿HG�
DFFRUGLQJ� WR� PXVLFDO� H[SHUWLVH� �PXVLFLDQV�� DPDWHXUV��
nonmusicians) were tested in separate one-way analyses of 
YDULDQFH��$129$V���6SHDUPDQ¶V�UKR�FRHI¿FLHQW�ZDV�XVHG�WR�
WHVW�WKH�FRUUHODWLRQV�EHWZHHQ�SDVVLYH�DFWLYH�OLVWHQLQJ�WR�PXVLF��
PXVLF�LPSRUWDQFH��PXVLFDO�DSWLWXGH��DQG�QRLVH�VHQVLWLYLW\�

Results

1RLVH�VHQVLWLYLW\�VFRUHV�ZHUH�LQ�WKH�UDQJH�RI���������ZLWK�D�
PHDQ�RI��������6'� ��������:H�GLG�QRW�¿QG�DQ\�GLIIHUHQFHV�
in noise sensitivity between the two countries (P = .79) 
>)LJXUH��@��,Q�DGGLWLRQ��PHQ�DQG�ZRPHQ�GLG�QRW�GLIIHU�LQ�WKH�
level of noise sensitivity: Neither in the general sample of 
subjects (P� �������QRU�LQ�)LQODQG��P� ������RU�,WDO\��P = .26) 

Figure 1: Histogram showing the means (bars stand for standard 

deviation) of noise sensitivity scores in Finland and in Italy among 

men and women
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DORQH�>)LJXUH��@��&RQVLGHULQJ�WKLV��ZH�FRPELQHG�WKH�)LQQLVK�
and Italian samples for the following analyses of noise 
VHQVLWLYLW\�LQ�UHODWLRQ�WR�PXVLFDO�H[SHUWLVH��PXVLFDO�DSWLWXGH��
and listening to music.

Musical expertise

1RQPXVLFLDQV�� DPDWHXUV�� DQG� PXVLFLDQV� GLG� QRW� GLIIHU�
VLJQL¿FDQWO\�IURP�HDFK�RWKHU�LQ�WKHLU�QRLVH�VHQVLWLYLW\�VFRUHV�
(P� ������>)LJXUH��@�

Musical aptitude

The correlation between noise sensitivity and results on the 
SLWFK�VXEVFDOH�DSSURDFKHG�VLJQL¿FDQFH��UKR� �±������P� ������
>)LJXUH� �@��ZKLOH� QR� VLJQL¿FDQW� UHODWLRQVKLS� EHWZHHQ� QRLVH�
sensitivity and performance on the Seashore test for time 
(P� � ����� >)LJXUH��@�ZDV� IRXQG��1R�VLJQL¿FDQW�FRUUHODWLRQV�
between noise sensitivity and MBEA scores on any of the test 
subscales were observed (P� �����IRU�0%($�6FDOH��P� �����
IRU�0%($�%HDW��P� �����IRU�0%($�2XW�RI�.H\��>)LJXUH��@�

Listening to music and music importance

Noise sensitivity was negatively correlated with the amount 
RI�SDVVLYH�PXVLF�OLVWHQLQJ��UKR� �±������P� ��������PHDQLQJ�
that subjects with higher noise sensitivity use music as a 
background more rarely than subjects with lower noise 
VHQVLWLYLW\�>)LJXUH��@��+RZHYHU��WKHUH�ZDV�QR�UHODWLRQ�EHWZHHQ�
noise sensitivity and the amount of active music listening in 
��ZHHN��P� ������>)LJXUH��@��:H�DOVR�IRXQG�WKDW�VXEMHFWV�ZLWK�
higher sensitivity to noise rated the importance of music in 
their life lower than those who were less sensitive to noise 
GLG� >)LJXUH��@��DV�ZDV� LQGLFDWHG�E\� WKH�VLJQL¿FDQW�QHJDWLYH�
FRUUHODWLRQ��UKR� �±������P� ��������:H�DOVR�IRXQG�D�VWURQJ�
positive correlation between the  importance of music and 
DPRXQWV�RI�SDVVLYH�DQG�DFWLYH�OLVWHQLQJ�WR�PXVLF��UKR� �������
P� �������DQG�UKR� �������P����������UHVSHFWLYHO\���PHDQLQJ�
that individuals who reported music as being important in 

their everyday life spent more time listening to music both 
actively and passively.

Discussion

Our aim was to investigate whether noise sensitivity is 
DVVRFLDWHG�ZLWK�PXVLF� OLVWHQLQJ�� WUDLQLQJ��DQG�DSWLWXGH��7KH�
results show that cultural differences between Italy and 
)LQODQG�GR�QRW�PRGHUDWH�QRLVH�VHQVLWLYLW\��DQG�QHLWKHU�GRHV�
JHQGHU�RI�WKH�DGXOW�SDUWLFLSDQWV��)XUWKHUPRUH��QRLVH�VHQVLWLYLW\�
GRHV�QRW�GLIIHU�VLJQL¿FDQWO\�EHWZHHQ�QRQPXVLFLDQV��DPDWHXUV��
DQG�PXVLFLDQV��,Q�WKH�WHVWV�FRQFHUQLQJ�PXVLFDO�DSWLWXGH��ZH�
GLG�QRW�¿QG�VLJQL¿FDQW�FRUUHODWLRQV�EHWZHHQ�QRLVH�VHQVLWLYLW\�
and performance on the Seashore test for pitch and time. No 
correlations were found between noise sensitivity and MBEA 
VFRUHV�RQ�DQ\�RI�WKH�VFDOHV��,Q�FRQWUDVW��VLJQL¿FDQW�FRUUHODWLRQ�
tests indicated that subjects with higher noise sensitivity use 
music as a background less often and rate the importance 
of music in their lives lower than those with lower noise 
sensitivity.

Figure 2: Histogram showing the means (bars stand for standard 

deviation) of noise sensitivity scores in nonmusicians, amateur 

musicians, and musicians

Figure 3: Scatterplots representing the relationship between noise 

sensitivity and performance in the Seashore test for pitch and time
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,Q� RXU� VWXG\�� QRLVH� VHQVLWLYLW\� GLG� QRW� GLIIHU� EHWZHHQ�
participants recruited in Finland and Italy. We also did 
not observe differences in noise sensitivity between male 
DQG� IHPDOH� SDUWLFLSDQWV�� 3UHYLRXVO\�� VLPLODU� OHYHOV� RI� QRLVH�
sensitivity in different countries were found in a study 
FRQGXFWHG�DURXQG�WKUHH�LQWHUQDWLRQDO�DLUSRUWV�LQ�$PVWHUGDP��
6\GQH\�� DQG�/RQGRQ�>�@ Gender effects on noise sensitivity 
ZHUH�QRW�FRQVLVWHQW�DFURVV�VWXGLHV��DV�VRPH�RI�WKHP�UHSRUWHG�
QRLVH�VHQVLWLYLW\�WR�EH�LQGHSHQGHQW�RI�JHQGHU�>�����@ whereas in 
DQRWKHU�FDVH�ZRPHQ�ZHUH�IRXQG�WR�EH�D�VLJQL¿FDQW�PDMRULW\�
of individuals with high noise sensitivity.>�@ As regards the 
UHVXOWV�RI�RXU� VWXG\��ZH�QRWH� WKDW� WKH� UHFUXLWHG�SDUWLFLSDQWV�
might not be representative for the whole population in 
HLWKHU�)LQODQG�RU�,WDO\��)LUVW��WKH�UHODWLYHO\�\RXQJ�PHDQ�DJHV�
RI� VXEMHFWV� LQ� WKH� VDPSOHV�� WKHLU� KLJK� OHYHO� RI� HGXFDWLRQ��
and the prevalence of female Psychology students among 
the Italian participants limited the generalizability of our 
UHVXOWV��6HFRQG��UHFUXLWPHQW�IURP�D�VLQJOH�JHRJUDSKLFDO�SRLQW�
represented a single sample and might not be common for the 
general population.

The invariance of noise sensitivity between individuals 
with different musical backgrounds provides evidence for 
selectivity in the development of musicians’ auditory skills. 
&RPSDUHG� WR� PXVLFDOO\� XQWUDLQHG� LQGLYLGXDOV�� PXVLFLDQV�
GHYHORS� ¿QH�JUDLQHG� VNLOOV� IRU� WKH� SHUFHSWLRQ� RI� PXVLFDO�
sounds>�����@ as well as more effective processing of speech 
sounds>��@ and emotional sound components.>��@� +RZHYHU��
it has also been shown that musicians are sensitive to 
particular sound properties that carry some meaningful 
LQIRUPDWLRQ� DERXW� WKH� VRXQG�� )RU� H[DPSOH�� PXVLFLDQV�
are especially sensitive to the sound quality of their own 
instrument>��@ and to portions of vocalizations that contain 
emotional information.>��@ In our study we observed 
WKDW� PXVLFLDQV� GLG� QRW� KDYH� JUHDWHU� VHQVLWLYLW\� WR� QRLVH��
perhaps due to the irrelevance of noise to musical training. 
These results support the notion that sound perception 
LPSURYHPHQWV� LQ� PXVLFLDQV�� DV� D� FRQVHTXHQFH� RI� WKHLU�
UHJXODU�ORQJ�WHUP�PXVLFDO�WUDLQLQJ��GHYHORS�DV�DGDSWDWLRQV�
for perceiving meaningful (salient) signals rather than as 
nonselective general sensitivity to perceive any sounds 
with higher accuracy.>��@

+RZHYHU��RXU�UHVXOWV�VKRZLQJ�WKDW�QRQPXVLFLDQV��DPDWHXUV��
DQG�PXVLFLDQV�GR�QRW�GLIIHU�VLJQL¿FDQWO\�IURP�HDFK�RWKHU�LQ�
their noise sensitivity are at variance with previous results. 
A study by Franek>��@ found that people who have played an 
instrument show slightly higher levels of noise sensitivity to 
certain noise dimensions than people who have no playing 
experience but like to listen to music. Yet one should keep 
in mind that there are methodological differences between 
WKLV� VWXG\� DQG� WKH� VWXG\� RI� )UDQHN�� )LUVW��ZH� XVHG� JHQHUDO�
QRLVH� VHQVLWLYLW\� ZLWKRXW� GLYLGLQJ� LW�� DV� )UDQHN GLG�� LQWR�
GLIIHUHQW� VXEVFDOHV� UHÀHFWLQJ� VHQVLWLYLW\� WR� VSHFLDO� W\SHV� RI�
HQYLURQPHQWDO�VRXQGV��,Q�WKH�)UDQHN�VWXG\��PXVLFDOO\�DFWLYH�
individuals and those who were not interested in music 
showed sensitivity to different sorts of noises. We could 
not observe a similar effect in general noise sensitivity. 
6HFRQG��PXVLFDO� JURXSV�ZHUH� FDWHJRUL]HG� XVLQJ� D� GLIIHUHQW�
DSSURDFK��,Q�RXU�VWXG\��ZH�GH¿QHG�PXVLFDO�JURXSV�DFFRUGLQJ�
to experience in playing a musical instrument or singing and 
IRUPDO�PXVLFDO�WUDLQLQJ��ZKHUHDV�)UDQHN�FRQVLGHUHG�PXVLFDO�
SUDFWLFH�DQG�OLVWHQLQJ�DFWLYLW\�WDNHQ�WRJHWKHU�ZKHQ�GH¿QLQJ�
WKH� JURXSV�� ,Q� ERWK� VWXGLHV�� PXVLF� OLVWHQLQJ� KDELWV� ZHUH�
VLJQL¿FDQWO\�UHODWHG�WR�QRLVH�VHQVLWLYLW\��7KHUHIRUH��)UDQHN¶V�
use of music listening for classifying musical groups could 
be a reason for the positive result on the relationship between 
QRLVH�VHQVLWLYLW\�DQG�SOD\LQJ�D�PXVLFDO�LQVWUXPHQW��ZKLFK�ZH�
GLG�QRW�REVHUYH��+RZHYHU��LQ�)UDQHN¶V�VWXG\��LQGLYLGXDOV�ZKR�
were not interested in music were also slightly more noise-
VHQVLWLYH��7KLUG��)UDQHN¶V�VWXG\>��@ was obtained with subjects 
surveyed from a single geographical location and did not 
consider the variety of musicianship that can be typically 
HQFRXQWHUHG� LQ� D� SRSXODWLRQ�� KHQFH� OLPLWLQJ� WKH� H[WHUQDO�
YDOLGLW\�RI�WKH�¿QGLQJV�

Our results suggest that noise sensitivity affects only passive 
listening to music but does not relate to the amount of active 
OLVWHQLQJ� WR� PXVLF� �H�J��� OLVWHQLQJ� WR� PXVLF� ZLWKRXW� GRLQJ�
anything else or attending musical performances). Along 
ZLWK�WKDW��QRLVH�VHQVLWLYLW\�LV�QHJDWLYHO\�DVVRFLDWHG�ZLWK�WKH�
VXEMHFWLYH� LPSRUWDQFH�RI�PXVLF� LQ� HYHU\GD\� OLIH��+RZHYHU��
the importance of music is strongly related to active 
listening to music as well as to passive listening to music. 
7DNHQ� WRJHWKHU�� WKH� REVHUYHG� UHODWLRQVKLSV� LQGLFDWH� WKDW�

Figure 4: Scatterplots representing the relationship between noise sensitivity and performance in MBEA Scale, Beat, and Out-of-Key
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QRLVH� VHQVLWLYLW\� LV� VSHFL¿FDOO\� UHODWHG� WR�KDELWV� IRU�SDVVLYH�
OLVWHQLQJ� WR� PXVLF�� ZKHUHDV� UHGXFHG� PXVLF� LPSRUWDQFH� LQ�
noise-sensitive individuals seems thus to be a consequence of 
lowered tolerance to background music. Listening to music is 
HVSHFLDOO\�LPSRUWDQW�FRPSDUHG�WR�RWKHU�OHLVXUH�DFWLYLWLHV��DV�LW�
serves a variety of personal needs.>��@ In the investigation by 
Lonsdale and North>��@�RQ�WKH�UHDVRQV�IRU�OLVWHQLQJ�WR�PXVLF��
SDUWLFLSDQWV�PHQWLRQHG�UHJXODWLQJ�PRRG��SHUIRUPLQJ�PXVLFDO�
DFWLYLWLHV��UHFDOOLQJ�PHPRULHV��HQMR\LQJ�WKH�VRXQG�RI�PXVLF��
LQWHUDFWLQJ� VRFLDOO\�� DQG� DFFRPSDQ\LQJ� RWKHU� DFWLYLWLHV��
These reasons imply an emphasis on individuals’ free will in 
OLVWHQLQJ�WR�PXVLF��+RZHYHU��D�FRQVLGHUDEOH�TXDQWLW\�RI�WKH�
music heard in everyday life is not chosen.>��@ When music is 
XQZDQWHG�EXW�VWLOO�SUHVHQW�LQ�WKH�HQYLURQPHQW��LW�PLJKW�PHHW�
IRU� FHUWDLQ� LQGLYLGXDOV� WKH� GH¿QLWLRQ�RI� QRLVH�� WKXV� FDXVLQJ�
QHJDWLYH�HIIHFWV��GHSHQGLQJ�RQ�LQGLYLGXDO�QRLVH�VHQVLWLYLW\�

Noise sensitivity is related to individual traits such as a 
desire for privacy>��@ and introversion.>��@�,Q�D�QRLV\�FRQGLWLRQ��
introverts have reported more concentration problems 

DQG� IDWLJXH� GXULQJ�PHQWDO� SURFHVVLQJ�� DQG� DUH� VORZHU� WKDQ�
extroverts.>��@� )RU� D� UHDGLQJ� FRPSUHKHQVLRQ� WDVN�� LQWURYHUWV�
ZHUH� PRUH� QHJDWLYHO\� DIIHFWHG� E\� PXVLF� WKDQ� H[WURYHUWV��
and introverts were also more negatively affected by 
noise.>��@� )XUWKHUPRUH�� WKH� SHUIRUPDQFH� RI� LQWURYHUWV� RQ�
FRPSOH[�FRJQLWLYH�WDVNV��VXFK�DV�WKH�6WURRS�WHVW��ZDV�IRXQG�WR�
be especially worsened by noise and background music with 
high arousal.>��@�,Q�WKH�IXWXUH��XQGHUVWDQGLQJ�QRLVH�VHQVLWLYLW\�
ZLOO� UHTXLUH�¿QGLQJ� WKH�XQGHUO\LQJ�QHXUDO�PHFKDQLVPV� WKDW�
cause one individual to be more sensitive to noise than 
another.

Conclusions

1RQPXVLFLDQV�� DPDWHXUV�� DQG� PXVLFLDQV� GLG� QRW� GLIIHU�
significantly from each other in noise sensitivity. 
We did not find a clear relationship between musical 
DSWLWXGH��DVVHVVHG�E\�OLVWHQLQJ�WHVWV��DQG�QRLVH�VHQVLWLYLW\��
+RZHYHU�� ZH� IRXQG� WKDW� QRLVH� VHQVLWLYLW\� LV� DVVRFLDWHG�
ZLWK�GDLO\�PXVLFDO�EHKDYLRU��VXFK�DV�SDVVLYH�OLVWHQLQJ�WR�
music and the importance given to music in everyday life. 
Individuals with higher noise sensitivity spent less time 
on passive (background) listening to music than people 
with lower sensitivity to noise. Noise sensitivity does not 
correlate with the amount of active (attentive) listening 
to music.
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