Cheng Zhao

Mentorship Proposal – Naval Research Lab

October 2, 2003

Title: The Effect of Sound Modulation on Hearing Perception. 

Problem Statement: The object of this research is to discover to what extent sound can be modified before it can no longer be recognized. 

Purpose: The ability to hear is perhaps the most important sense we have. Our ears are sensitive enough to pinpoint the source of a sound, and in most cases, the event that caused the sound. However, our capacity to hear may be compromised where there are sounds of an identical fundamental frequency present, an effect called masking. Thus, to counteract the effects of masking, we must change or distort the fundamental frequency without changing it so drastically that it is no longer recognizable. While the ultimate goal is to create an auditory display that will intelligently modify sounds to offset masking, we must first determine how sound distortion effects hearing perception. The results of this study will be useful for naval engineers, as it will assist them in making more effective use of auditory information in naval operations. 

Scope of Study: There are several ways to change the characteristics of sounds (i.e. adding vibrato, harmonics, filtering, etc.) Through this experiment, we want to discover which of these variables can best change sound while best retaining identity. 

Background: Scientists and researchers have been interested in sound identification for years. In a study done on the perception of environmental sounds (Vanderveer, 1979), it was discovered that rhythm and continuity were major influences on perceived similarity. In addition, it was also hypothesized that similar events will generate similar sounds. A simple example to illustrate this point would be slamming a door shut and slamming a book down on a table. These actions are similar, and thus they both generate a loud, abrasive attack. In another study on speech timbre (pronounced TAM-ber), Matsumoto et al provided a stimulus of ½ second fragments of the Japanese vowel ‘a’ with various distortions. Subjects were instructed to identify which sounds they perceived to be spoken by a different individual. In an effort to quantify dissimilarity between sounds, researchers took the percentage of times the two voices were perceived to be different. Analysis of the results showed that about 50% of the differences were due to a change in fundamental frequency. 

Procedure and Methodology: We are trying to discover the effects of sound modification on human hearing perception. Thus, we need to conduct experiments to test our hypotheses. By prerecording sounds and making adjustments to them, we hope to discover which sonic properties can best minimize masking while also maintaining a fairly constant perceptual sound. A common visual representation of differences between sounds can be modeled through multidimensional scaling, which is essentially a multivariate scatter plot.  A color sonogram is another way to visually represent sound. These graphs show bands of fundamental frequencies, which allow the user to easily identify harmonic series and detect the effects of vibrato.  Sound modification can be done through SoundForge, a professional sound editor. 

Expected Results & Value to Others: We expect that under different conditions, different attributes will be more advantageous to exploit. We believe that our research could prove to be beneficial not only to scientists in this field, but will also prove to be an integral part in compiling the auditory display that is the ultimate goal of this project. However, I believe I can complete this experiment during the course of the fall semester. Setting up the experiment may take a couple of months, while implementation may take one or two more months. 
