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ABSTRACT 

The presence of noise during the performance of cognitive tasks involving such as memory, 
commonly causes a subjective experience of annoyance, which can lead to a decline in 
performance. This tendency is stronger in response to meaningful noise, such as music and 
conversation, than for meaningless noise, such as the sound of traffic, and heating ventilating 
and air-conditioning noise. In designing a comfortable sound environment, it is important to 
understand the relationship between not only the measurable aspects of noise, such as the 
sound pressure level, but also the qualitative aspects, such as the degree of meaningfulness of 
the noise, and the subjective experience of annoyance. On the other hand, it is well known that 
the Event-Related Potential (ERP) in the brain wave elicited by internal or external stimuli are 
related to the operation of selective attention. The present experiment was designed to 
determine the effects of meaningfulness of the external noise on selective attention. In order to 
examine differences in the ERP components during the odd-ball paradigms under the 
meaningful noise or meaningless noise, the multivariate analysis such as Principal Component 
Analysis (PCA) was adopted to define a set of components on P300 under various external 
noise condition. 

 

INTRODUCTION 

To create a comfortable sound environment in which cognitive tasks are performed, it is 
important to understand the relationships between the acoustic characteristics of external noise 
and psychophysiological evaluation of the noise. When carrying out intellectual activities 
involving memory or arithmetic tasks, it is common for external noise to increase levels of 
subjective annoyance, which can lead to a decline in performance. This tendency is stronger in 
response to meaningful noise, such as music and conversation, than for meaningless noise, 
such as the sound of traffic, and heating, ventilating and air-conditioning noise. Hence, in 
designing a comfortable sound environment, it is important to understand the relationship 
between not only the measurable aspects of external noise, such as the sound pressure level, 
but also the qualitative aspects, such as the degree of meaningfulness of the external noise, 
and the subjective experience of annoyance. On the other hand, it is well known that the 
transient event-related potentials (ERPs) elicited by internal or external stimuli in the brain wave 
are related to the operation of selective attention [1]. In this study, the effects of meaningfulness 



The 13th ICBEN Congress on Noise as a Public Health Problem, 
Karolinska Institutet, Stockholm, Sweden, 14-17 June 2021 

 

2 

 

 

of the external noise on selective attention during mental task were considered by 
psychophysiological experiment. In order to examine differences in the ERP components during 
the odd-ball paradigms under the meaningful noise or meaningless noise, the multivariate 
analysis such as Principal Component Analysis (PCA) [2] was adopted to define a set of 
components on P300 under various external noise condition.    

 

OUTLINE OF EXPERIMENT 

Psychophysiological experiments were conducted to determine the effects of the 
meaningfulness of external noise on selective attention to auditory stimuli by examining 
differences in brain ERPs during the completion of the repetitive odd-ball paradigm. The outline 
of the experiments was as follows. 

 

Participants 

A total of 8 students with normal hearing participated in the experiment. 

 

Odd-ball paradigm 

The odd-ball paradigm is typically used to examine selective attention and information 
processing ca-pacity [1]. In this task, subjects detect and respond to rare target events 
embedded in a series of repeti-tive events. Thus, to complete the odd-ball task it is necessary 
to regulate attention to a stimulus. In the auditory odd-ball paradigm, the common non-target 
stimulus (“frequent”) was a 1,000 [Hz] tone burst. The target stimulus was 2,000 [Hz] tone burst 
(“rare”) with an occurrence probability of 20 [%]. Both stimuli were presented binaurally at 60 
[dB], and 120 [ms] duration (includng 10 [ms] rise-fall time and 100 [ms] plateau). The frequent-
rare sequence was randomly presented with an inter-stimulus interval of 2 [s]. The subjects task 
was only to count the “rare” stimuli for approximately 10 [min]. 

 

External noise 

The following external noises with different degree of meaningfulness, were employed as 
examples of typical indoor noises. 

(a) Meaningless noise  

Pseudo voice-noise from a CD that was originally produced for the evaluation and fitting of 
hearing aids (TY-89) [3] was used as meaningless noise. 

(b) Meaningful noise 1 

Multi-talker noise from a CD for the evaluation and fitting of hearing aids (TY-89) [3], was used 
as meaningful noise 1. 

(c) Meaningful noise 2 

Male speech, produced by deleting handclaps, sound effects, and music, etc. from commercially 
avail-able speech Tapes, was used as meaningful noise 2. 

 For practical reasons, the energy-mean value of the sound pressure level of the above external 
noises was adjusted to approximately 50 [dB]. In addition, the following conditions were tested. 

(d) No external noise 
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Measurements 

Participants were seated in a sound-attenuated electrically shielded room. The auditory signal 
was gen-erated by a CD player and presented through loud-speaker. Electroencephalogram 
(EEG) was recorded from 20 locations ( Fp1, Fpz, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, 
T5, P3, Pz, P4, T6 O1, O2 ) of scalp based on 10-20 system with Ag/Ag Cl electrodes of which 
impedance was held below 10 [kΩ]. Electrodes were referenced to linked earlobes, and the 
ground electrode was placed on the midfore-head electrode (Fpz). The electrooculogram 
(EOG)was recorded from an electrode located at the su-pra-orbital ridge of the right eye and 
referenced to the linked earlobes. EEG and EOG signals were amplified with a bandpass filter 
of 0.01 to 30 [Hz], and recorded with 16-bit quantization level at sam-pling rate of 1 [kHz], 
continuously. ERPs for the responses to the “rare” and “frequent” stimuli were synchronously 
averaged to enhance the evoked signal and suppress the background brain activity. 

 

EFFECT OF MEANINGFULNESS OF THE EXTERNAL NOISE 

Event-related potentials 

It is well established that ERPs elicited by internal or external stimuli, can be measured using 
EEG . A waveform of ERPs after stimulus-triggered averaging to “frequent” and “rare” stimuli,  
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(a) Meaningless noise  (b) Meaningful noise 1 

(c) Meaningfull noise 2 (d) No external noise 

Figure 1:  Component loadings 
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Noise condition Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8

(a) Meaningless noise 0.19 0.32 0.46 0.57 0.68 0.77 0.85 0.91 

(b) Meaningful noise 1 0.22 0.38 0.52 0.65 0.75 - - - 

(c) Meaningful noise 2 0.23 0.39 0.50 0.59 0.69 0.78 0.84 0.92 

(d) No external noise 0.23 0.36 0.51 0.64 0.76 0.86 - - 

 

 

was individually calculated on each electrode position under each external noise condition. 
Furthermore, wave forms were summing and averaging across subjects. The P300 component, 
which is a positive peak occurring around 300 [ms] after presentation of stimulus, thought to 
reflect the resolution of uncertainty or the perceptual decision that an expected signal has 
occurred. These components are related to selective attention and working memory. 

 

Principal component analysis for event-related potentials 

Techniques such as principal component analysis (PCA) [4] use correlational structure of an 
ERP data set to define a set of components, may sometimes be useful for identifying latent ERP 
components. For each 704 wave forms of ERPs after stimulus-triggered averaging to auditory 
“rare” stimuli (external noise condition: 4 × electrodes: 19 × subjects: 8), voltages from 0 [ms] to 
500 [ms], were averaged for 20 [ms]. 15,200 (608 × 25) data sets were employed for PCA. 
Based on Minimum Average Partial test (MAP) [5] for determining the number of factors to retain 
in PCA, at most 8 principal components were extracted for each external noise condition. The 
loading for each component under the meaningless noise, meaningful noise 1, meaningful noise 
2 and no external noise, are shown in Figure 1 (a), (b), (c) and (d). Table 1 shows the cumulative 
proportion for each external noise condition. The results revealed that principal component I, 
which has the largest eigenvalue, was associated with P300 component. 

 

CONCLUSION 

This study focused on the effects of the meaningfulness of external noise. We examined the 
effects of meaningful noise and meaningless noise on physiological activity while carrying out 
auditory cognitive tasks. Specifically, the P300 components of the ERPs elicited by the auditory 
odd-ball paradigms, were measured using EEG. The principal component analysis (PCA) was 
adopted to define a set of components. Our results extract at most 8 principal components 
associated with latent component of ERPs during the completion of repetitive auditory odd-ball 
paradigm under the meaningful noise and meaningless noise.  

 

Table 1:  Cumulative Proportion 
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