
INTRODUCTION

Human cognition does not only depend on the properties of 

actual stimulation but also on frequency or sensory organ’s 

morphology in which stimuli are embedded. Various condition 

influences on perceptual judgments caused by a preceding or 

concurrently presented stimulus have been demonstrated.  

A well-known phenomenon is the so-called ventriloquism 

effect in auditory spatial perception on which the perceived 

position of an auditory stimulus appears to be shifted in the 

direction of a simultaneous, spatially disparate visual stimulus 

[1].  

The external ear (pinna) modifies the frequency spectrum of 

sounds in a fashion that depends on the direction of the sound 

source. This filtering action of the pinna produces spectral 

cues for source location, which are most important in 

determining the elevation of the source and its front-back 

position in human observers. Auditory space is also 

constituted from the sound of wind, a voice, the roar of a car 

heard from back [2, 3, 4, 5, 6, 7].  

Accurate spatial perception across a wide frequency range 

is a prerequisite for music and speech perception, for instance, 

in melodic, harmonic, and prosodic processing. In all natural 

pitched sounds, the sound spectrum consists of a time-varying 

pattern of multiple harmonic partials across a large frequency 

spectrum. However, the overwhelming majority of the 

experiments on pitch perception in psychoacoustics and 

auditory neuroscience used sinusoidal tones consisting of one 

harmonic partial (fundamental) only. For instance, Wier et al. 

[8] compared the frequency discrimination accuracy of 

sinusoidal tones at 8 frequency ranges from 200 to 8000 Hz by 

presenting 500ms sounds once a second against the 

background of a low-level broadband noise. More recently, 

Sek and Moore [9] employed three different psychoacoustic 

methods (difference limen for single tones, in paired sounds, 

and for frequency-modulation) at six frequency ranges from 

250 to 8000 Hz. Both experiments showed that frequency 

discrimination is the most accurate up to 2000 Hz, with the 

accuracy thereafter deteriorating at a rate depending on the  

method used. Kishon-Rabin et al. [10] compared the 

frequency discrimination of 300-ms sinusoidal tones at three  

frequency ranges 250, 1000, and 1500 Hz with each other by 

using 2 and 3-interval forced-choice methods. They found that 

the higher the frequency was, the more accurately subjects 

detected the frequency differences.  

Beside these examples of cross-modality context influence, 

a growing body of evidence shows that a preceding sound can 

also influence the localization of a subsequent sound. Under 

certain conditions, the position of the subsequent sound 

appears to be shifted in the direction opposite to the location 

of the prior sound. This auditory contrast effect has been 

reported for sound lateralization [11, 12] and for sound 

localization [12, 13, 14, 15, 16, 17]. In general, these studies 

showed that the occurrence of displacements depends strongly 

on certain conditions regarding timing, spectral characteristics, 

and spatial configuration of the preceding and the subsequent 

sounds. In a lateralization task based on interaural time 

differences (ITDs), Kashino and Nishida [18] found that the 

apparent displacements in sound position occurred only when 

the frequencies of preceding and the subsequent sounds were 

similar and when the two sounds were perceived to be in 

immediate vicinity. Thus, the contrast effect can be 

characterized as both frequency- and location-specific. The 

origin of this psychophysical effect is still unclear. However 

the basic mechanism of the cognition of the auditory target 

direction has been studied in terms of inter aural correlation of 

the sound intensity or time and phase of auditory stimulus. 

However, it still remains uncertain how the position of an 

auditory target is coded by the brain and what is the exact role 

of the pinna in localizing target direction [19, 20, 21, 22]. We 

are interested in what the role is of the right-side pinna versus 

the left-side pinna. In traditional anatomy textbooks, the left 

ear was known to be better for hearing and analyzing language, 

and right ear was better for non-linguistic sound like music or 

whispers [23].  

In this paper, we studied the relationship between sound 

color and the accuracy in the cognition of target localization 

and found the exact role of pinna in localizing target direction. 
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METHOD

1. Auditory stimulation 

Sound sources which include various sound color type were 

generated by computer. Each sound wave had 1 sec duration 

with a 3 sec interval and was delivered from a random position 

by LabVIEW software program. The sound source can be 

divided into four groups as shown in table 1. The first group 

was a pure sine wave with the frequency band of 1000Hz. The 

second group was a harmonics wave that was generated by 

summing the component of sine waves. The third group was a 

non-harmonics wave that was generated by summing sine 

waves with near-by the frequencies of sine waves. Thus these 

sounds do not contain harmonic components at all. The fourth 

one was the white noise that contains all possible frequencies. 

Sound pressure level was 57dB as measured at the subject’s 

head position. 

Table 1 Sound source type of auditory target

2.  Experimental instrument  

Figure 1 shows the block diagram of the experimental 

system to investigate the human’s spatial cognition by 

auditory stimulation.  Since a laser pointer (error 0.5%) 

showed much less error in localizing target position especially 

for the left side angle of the subject position than FASTRAK 

(error 30%), it was used for the pointing task. 

Fig. 1 Block diagram of stimulation system 

The experiment was performed in a soundproof chamber as 

shown in Fig. 2. For the localization test, 19 numbered loud 

speakers arrayed in the horizontal plane of 1.15m radiuses 

were used and each target was 10 degree apart from each other.  

In this experiment, one side of the pinna function was 

distorted intentionally by inserting a short tube on the ear 

canal. The localization error caused by right and left side 

pinna distortion was investigated. 

Fig. 2 Surrounding panel for auditory stimulation 

3. Subjects  

 Data were obtained from ten subjects (four women and six 

men) with normal visual, head and arm motor function. Their 

ages ranged from 24-34 years. Each subject had clinically 

normal hearing in both ears as determined by a pure-tone 

audiogram. Subjects were asked to participate in these 

experiments with full knowledge that they could withdraw at 

any time   

RESULTS 

1. Harmonic vs. Non-harmonic 

Table 2 shows the average RMS cognition errors for various 

sound sources. Figure 3 shows pointing errors (root mean 

square (RMS) error) in locating target direction that was 

measured for the groups of various sound sources. It shows 

quite a large dependence on sound types. The RMS pointing 

error for the pure tone of 1000 Hz sine wave appeared to have 

large error. The pure tone and white noise were not very good 

sounds for localizing direction of targets.  

The harmonic groups shows better results but non-harmonic 

groups shows much better results. Sound source type A 

(1000Hz+1100Hz) showed the best value, which had a less 

than 8 degrees error.  

In general, the cochlear’s function is a harmonic 

analyzer [24], however the harmonic components were not 

helpful in localizing sound direction. Pure sine wave was 

even more confusing. This result reveals cochlea-brain 

interaction to localizing target direction was independent 

path from harmonic recognition. And directional filtering 

action of pinna for non-harmonic near-by frequency sound 

source was more important for localization of auditory 

target
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Table 2 Average RMS cognition errors for various sound 

sources

Sound source 
Average rms cognition error 

(degree)

Pure tone  

Non-Harmonic tone 

Harmonic tone 

White noise 

10.49 ± 1.05 

8.54 ± 0.76 

10,45 ± 0.47 

11.10 ± 1.08 

Fig. 3 Cognition errors for various sound source type

2. Right pinna vs. Left pinna 

Figure 4 shows the pinna distortion effect. The localization 

error of the distorted right pinna was higher than that of the 

distorted left pinna. However left pinna distortion did not any 

large change compared to non-pinna distorted normal 

condition. It also showed that it did not depend on sound 

source type very much. Thus we knew that the right pinna was 

one most important function in localizing target direction.  

Fig. 4 Pinna distortion effect 

Table 3 Direction dependence cognition errors for various  

sound source types  

RMS cognition error (degree) 
Sound type 

Center Right side Left side 

Pure tone  

Non-Harmonic

tone

Harmonic tone

White noise 

15.25 ± 0.79 

5.02 ± 0.39 

6.06 ± 0.46 

5.69 ± 0.24 

9.86 ± 0.81 

7.37 ± 0.42 

13.14 ± 0.41  

14.78 ± 0.35 

10.61 ± 0.75

11.19 ± 0.58

17.25 ± 0.56 

15.19 ± 0.27

Average 8.05 ± 0.47  11.29 ± 0.42  13.56 ± 0.62 

Table 3 shows right-left-center localization error for various 

sound types. As you shown in the table 3, it showed that the 

total average of RMS cognition error on the center was best 

(8.05 ), the next was right side (11.29 ) and the left side was 

worst (13.56 ).However, when we compared with various 

sound groups; center than right side and left side was not true 

for pure tone. This hierarchy can also be seen in the Fig. 4. 

Figure 4 illustrated cognition error angle for various sound 

source type classified by direction. In right side, cognition 

error angle of direction dependence was extremely higher in 

white noise. In left side, cognition error of direction 

dependence was higher in harmonic tone. In center, the 

cognition error of direction dependence was most high in pure 

tone.

Fig. 4 Cognition error of direction dependence for various  

sound source type 

CONCLUSION

In this paper, the human's spatial cognition using auditory 

stimulation was investigated. Our results clearly indicated the 

spectral response, due to directionally different pinna 

resonance effects, was the basic mechanism in the auditory 

cognition of direction.  

1. It was found that harmonic components were not 

essential for the auditory target localization, however, 

non- harmonic nearby frequency components were more 

important to localize target direction of sound.  
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2. The right pinna had one most important function in 

localizing target direction and pure tone with only one 

frequency component was confusing for localization.  
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