
Status of sound field audiometry among
audiologists in the United States.

Item Type text; Dissertation-Reproduction (electronic)

Authors Rochlin, Gail Deborah

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:16:29

Link to Item http://hdl.handle.net/10150/185402

http://hdl.handle.net/10150/185402


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 

to order. 

U·M·I 
University Microfilms International 

A Bell & Howell Inforrnatlon Company 
300 North Zeeb Road. Ann Arbor MI 48106-1346 USA 

313 761-4700 800 521-0600 





Order Number 9123456 

Status of sound field audiometry among audiologists in the 
United States 

Rochlin, Gail Deborah, Ph.D. 

The University of Arizona, 1991 

Copyright ©1991 by Rochlin, Gail Deborah. All rights reserved. 

U·M·I 
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





NOTE TO USERS 

THE ORIGINAL DOCUMENT RECEIVED BY U.M.I. CONTAINED PAGES 

WITH SLANTED AND POOR PRINT. PAGES WERE FILMED AS RECEIVED. 

THIS REPRODUCTION IS THE BEST AVAILABLE COPY. 





STATUS OF SOUND FIELD AUDIOMETRY AMONG AUDIOLOGISTS 

IN THE UNITED STATES 

by 

Gail Deborah Rochlin 

Copyright © Gail D. Rochlin. 1991 

A Dissertation Submitted to the Faculty of the 

DIVISION OF SPECIAL EDUCATION AND REHABILITATION 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN SPECIAL EDUCATION 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 9 1 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

2 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by Gail D. Rochlin 

entitled 
~Hatl:ls gf lij9U-1Hl-- Fislll AUQiometry Among 

Audiologjsts in the JInited States 

and recommend that it be accepted as fulfilling the dissertation requirement 

Doctor of Philosophy 

3/4/9] 

William C. Healey ~ Date 

~~~ <~H<. A() (-) ;. _____ t'£ ___ . 3/4/91 

Shirin D. Antia Date 

') - '1 d:\~ V\r\a:3y.J ~ 3/4/91 
Date 

Dat.e 

Date 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
directio and recommend that it be accepted as fulfilling the dissertation 

3/4/91 
Date 

William C. Healey 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
university of Arizona and is deposited in the university 
Library to be made available to borrowers under the rules of 
the Library. 

Brief quotations from this dissertation are allowable 
without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the 
copyright holder. 

SIGNED: 



4 

ACKNOWLEDGEMENTS 

I wish to express my deep appreciation to my 
dissertation director and academic advisor, Dr.' William C. 
Healey. He has served as a mentor and guide for many years, 
and his support has made a significant difference for me. 

I would also like to acknowledge the contributions of 
other members of my dissertation committee. Dr. Shirin 
Antia has offered helpful advice and encouragement. Dr. 
Noel Matkin's enthusiasm and interest in this study are 
truly appreciated, and I am grateful for his invaluable 
scholarly guidance. 

Finally, I'd like to thank my husband, Jay Rochlin, for 
his innumerable small tasks, his gentle needling, his 
perpetual optimism, and his unwavering partnership. 



TABLE OF CONTENTS 

Page 

List of Tables •..••.••.•••.••.••...•••...•.....•........... 6 

Abstract ................................................... 9 

Chapter 1 ..•. Introduction ••..••••..•..•..•.........•...... 11 

Chapter 2 •... Review of Literature ••••..••.....•........... 23 

Chapter 3 ...• Methods and Procedures ••.•.•.......•......... 36 

Chapter 4 •... Resul ts •.•••...••..••.•••••..•............... 39 

Chapter 5 .... Discussion, Conclusions, & Recommendations ... 74 

Appendix A ..• Survey Questionnaire •••.........•...•........ 84 

Appendix B .•. Letter to pilot Study Participants ........... 93 

Appendix C .•. Cover Letter and Followup Postcard .•......... 95 

Ref erences ...........• I •••••••••••••••••••••••••••••••••••• 98 

5 



Table 2.1 

Table 4.1 

Table 4.2 

Table 4.3 

Table 4.4 

Table 4.5 

Table 4.6 

Table 4.7 

Table 4.8 

Table 4.9 

Table 4.10 

6 

LIST OF TABLES 

Page 

Recommended RETSPLs by frequency, Azimuths, 
Frequency deviations, and modulation rates ••.•. 32 

Percentage of respondents who use sound field 
testing •••..•.•••.•••..••••••.••••••.•.•••..•. ,.40 

Characteristics of respondents who use sound 
field testing •••••••••••••••.•.•••.••••••••..•. 42 

Geographic region of practice •••.••..••••..•... 42 

Purpose(s) of sound field usage •••.•.•...•..•.. 44 

Frequency of sound field usage •.••••••.•••.•..• 44 

Number of loudspeakers •••..•••••.•••••..••••..• 44 

Placement of client for sound field testing .... 45 

stimuli used for sound field testing •.•.••...•. 46 

Make and model of audiometers used •........•... 47 

Warble tone characteristics of most frequently 
used audiometers ••••..•••.••.•••••.•••.••..•... 48 

Table 4.11 Narrow band noise characteristics of most 
frequently used audiometers ••..•...•.••........ 48 

Table 4.12 Maximum output levels for warble tones in sound 
field •••••••..•..••..•••..••.••.••.•••..••.••.. 48 

Table 4.13 Maximum output levels for narrow band noise in 
sound field •.•••..•.••••..•...•.•.....•......•. 49 

Table 4.14 Responsibility for sound field calibration .•... 51 

Table 4.15 Average frequency of sound field calibration ... 51 

Table 4.16 Method of sound field calibration •.•.•..••..•.. 52 

Table 4.17 Sources used for standards in electroacoustic 
calibration ..•••••...••••••.......•............ 53 

Table 4.18 Number of subjects used for biological 
calibration .....•••..••••.•••.••............... 53 



Table 4.19 Method of making corrections during testing .•.. 53 

Table 4.20 Source of knowledge re: calibration methods .•.. 54 

Table 4.21 Method by Highest Earned Degree ••..•••......•.. 56 

Table 4.22 Method by Region of Practice •••.•.•.•..•....... 57 

Table 4.23 Method by Number of Years Worked ........•...... 58 

Table 4.24 Method by Type of Work setting ••..•.•.•.•..•.•. 59 

Table 4.25 Method by Age of CI ientele ..•.••.•.•.•.•..•.... 59 

Table 4.26 Method by Times per Week Sound Field is Used ... 60 

Table ~.27 Method by Number of Purposes for Using Sound 
Field Testing .•....•.•....•.•..•.••...•........ 60 

Table 4.28 Frequency of Calibration by Highest Earned 
Degree ••••.••.•.•..•.••.•.•....•....•......•... 61 

Table 4.29 Frequency of Calibration by Region of Practice.61 

Table 4.30 Frequency of Calibration by Number of Years 
Worked ••.••.•.••.•.....••.•....••...•.......... 62 

Table 4.31 Frequency of Calibration by Type of Work 
Setting ...•••••••...•..••.......••.....•....... 63 

Table 4.32 Frequency of Calibration by Age of Clientele ... 64 

Table 4.33 Frequency of Calibration by Times/Week Sound 
Field is Used ••••.••••••••.•.•..••...•...•..... 64 

Table 4.34 Frequency of Calibration by Number of Purposes 
for Using Sound Field Testing ••.••.....•....... 65 

Table 4.35 Person Responsible for Calibration by Highest 
Earned Degree •.••.••.••.••...•.......•......... 65 

Table 4.36 Person Responsible for Calibration by Region of 
Practice ••.••.••.•..•.••.•.........•.•......... 66 

Table 4.37 Person Responsible for Calibration by Number of 
Years Worked ••..•....••.•••••.•.........•...... 66 

Table 4.38 Person Responsible for Calibration by Type of 
Work setting .••.••.••••..•.•...••..•........... 67 

7 



Table 4.39 Person Responsible for Calibration by Age of 
Cl ientele .. " ................................... 67 

Table 4.40 Person Responsible for Calibration by Times/Week 
SF is Used ••••.••..•...•••••.•.•..•..••...•.... 68 

Table 4.41 Person Responsible for Calibration by Number of 
Purposes for Using Sound Field Testing ....•.... 68 

Table 4.42 significant relationships between demographic 
variables and calibration variables ....••...... 69 

Table 4.43 Number and percentage of respondents who meet 
minimum standards of acceptable practice in 
sound field testing •••••••..•.•.•.............. 73 

8 



9 

ABSTRACT 

Results of a national survey on sound field usage and 

sound field calibration are presented. The purposes of this 

study are: (1) to describe and analyze sound field stimuli, 

sound field test conditions, and sound field calibration 

procedures currently employed by audiologists natiomride, 

and (2) to investigate the extent of agreement between 

current practice and suggested practice from the current 

literature. 

Respondents to the survey were 418 ASHA certified 

audiologists, who answered questions on demographic 

variables, sound field testing conditions, and sound field 

calibration procedures. Eighty-one percent of the 

respondents use sound field audiometry as part of their 

audiological practice. Demographic characteristics of the 

respondents indicate that they were representative of the 

population of ASHA certified aUdiologists. Most respondents 

use two loudspeakers for sound field testing and use warbled 

pure tones for the stimuli. Forty-two different models of 

audiometers are in use, although three models account for 

over one-half of the responses. 
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Electroacoustic -calibration of the sound field stimuli 

is done most often by an equipment technician, and only a 

small percentage of the respondents knew how the calibration 

was done. No pattern of significant interactions was found 

among the calibration methods, sound field test conditions, 

and demographic variables of the sUbjects. 

Results show a lack of standardization among sound 

field test rooms, great diversity in the stimuli used for 

sound field testing, and inconsistent calibration methods. 

Results therefore indicate the need for national standards 

and improved pre-service and in-service training in sound 

field testing and sound field calibration techniques. 

Recommendations for clinical practice in sound field testing 

and sound field calibration are proposed. 



Chapter 1 

Introduction 
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Sound field audiometry, in which the test stimuli are 

delivered through a loudspeaker instead of earphones, is 

commonly used in the clinical evaluation of difficult to 

test clients, such as infants, young children, and persons 

with developmental disabilities, as well as in the 

assessment of hearing aid benefit for adults and children. 

Once the use of calibrated earphones has been 

discarded, the interactions between test stimuli, room 

acoustics, and psychoacoustic perceptions in the listener 

become critical. Although the results of sound field 

testing are used regularly for making decisions about the 

magnitude of hearing loss and commensurate auditory 

expectations, as well as the need for and benefit from 

hearing aids, the current standard for audiometers (ANSI 

3.6-1989) does not include recommendations for the 

calibration of stimuli used in sound field testing. The 

American Speech-Language-Hearing Association (1991) recently 

published a tutorial on sound field measurement that 

discusses some of the problems encountered with sound field 

measurements and offers suggestions to reduce or eliminate 

the problems, but at this time the ASHA recommendations are 

not part of any formal professional standard. 



12 

Therefore, each practitioner is obligated to perform 

calibration procedures as deemed appropriate. In doing so, 

the reliability and validity of the audiological data 

obtained are potentially jeopardized, as are the educational 

and rehabilitative decisions ,that are derived from such 

findings. 

A review of research on sound field stimuli, sound 

field test room conditions, and sound field calibration 

reveals a lack of consensus about "appropriate practice" in 

using sound field audiometric techniques. Recent revisions 

to the American National Standard Institute's Specifications 

for Audiometers (ANSI S3.6-1989) include an appendix that 

recommends standards for the test room, loudspeaker 

frequency response," and location of speakers, but do not 

contain specific threshold values for stimuli in the sound 

field. 

Selection of stimuli 

Orchik and Rintelmann (1978) and stephens and 

Rintelmann (1978) suggested that frequency modulated warble 

tones produce more accurate thresholds than narrow band 

noise for sloping hearing losses, due to the relatively wide 

frequency spectrum contained in narrow bands of noise 

produced by commercial audiometers. Dillon and Walker 

(1980), Byrne and Dillon (1981), and ASHA (1991) also 

supported the use of frequency modulated warble tones. 
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In a later study, Dillon and Walker (1982a) clarified 

their position on FM warble tones and argued that frequency 

modulated warble tones and narrow bands of noise produce 

equally uniform fields if the noise bandwidth is controlled 

to be similar to the worhle tone bandwidth. 

Use of narrow band noise as the preferred stimulus is 

advocated by Barry and Resnick (1978), Gengel, Pascoe and 

Shore (1971), and Morgan, Dirks, and Bower (1979), in 

opposition to the recommendations of most researchers on 

-this topic. 

Warble tones may vary in the parameters of bandwidth, 

modulation rate, modulation waveform or repetition rate. 

Staab and Rintelmann (1972) surveyed 29 manufacturers of 

audiometers and found extreme variations in the 

characteristics of the warble tones used. Of those 

audiometers designed to produce warble tones, frequency 

deviations varied from +.2% above to ±10% around the base 

frequency; modulation rates varied from 2 to 10 times per 

second; and waveforms were about equally split between 

sinusoidal and rectangular shapes. 

Walker, Dillon, and Byrne (1984) proposed a modulation 

rate of 20 Hertz, a modulation waveform that is sinusoidal 

or triangular, and modulation bandwidths that vary by 

frequency, decreasing as frequency increases. 

Arlinger and Jerlvall (1987) disagreed with the 

modulation rate proposed by Walker et ale (1984) and found 
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that the modulation rate of 5 Hz in many clinical 

audiometers produces equally reliable thresholds compared to 

a higher modulation rate of 20 Hz. Also, they found 

frequency deviations of 4% and 25% elicited comparably 

reliable results from both hearing impaired and hearing 

sUbjects. However, hearing impaired subjects demonstrated 

better hearing levels with the larger frequency deviation of 

25% and with the smaller modulation frequency of 5 Hz, 

differences not found in normal listeners. Barry and 

Resnick (1978) also found normal hearing listeners achieved 

up to 10 dB better absolute thresholds with slower 

modulation rates (2jsec vs. 20jsec) and higher modulation 

devia,tions (±20% vs. 5% or 10%), with a significant 

interaction between the two parameters. 

position of the Loudspeakers and Listener 

Position of the patient in the sound field also may 

affect accuracy and repeatability of the results. Factors 

such as distance from the loudspeaker, position of the 

speaker, and azimuth from the patient to the sound source 

have been noted to affect test results. stream and Dirks 

(1974) found varying discrepancies between minimum audible 

pressure (MAP) thresholds and minimum audible field (MAF) 

thresholds, dependent on the azimuth of the loudspeaker 

sound source. Walker et al. (1984) described in 

considerable detail the recommended procedure for choosing 

the preferred listener position relative to the loudspeaker, 
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based on a series of experiments conducted at the National 

Acoustics Laboratory in Australia. The procedure involves 

multiple measurements of stimuli in the sound room to find 

the precise position where the sound is most stable. They 

also suggested an adjustable'chair and headrest, to maintain 

the listener's head in line with the center of the 

loudspeaker cone. Due to the absence of agreed-upon 

normative data, Staab and Rintelmann (1972) advocated 

establishment of individual threshold norms for each sound 

room, loudspeaker, and audiometer combination. 

Calibration of Stimuli 

Regardless of the stimuli used and the physical layout 

of the test room, calibration is necessary for the tester to 

maintain confidence that results obtained in sound field are 

consistent with or predictive of earphone results for the 

better ear, and to monitor equipment constancy over time. 

Three methods of calibration currently found in-common 

practice are biological calibration, calibration by 

SUbstitution, and electroacoustic calibration using 

normative data. 

Biological calibration compares the calibrated earphone 

thresholds of a group of normally hearing persons to the 

sound field thresholds obtained for the same group. To do 

the procedure properly, the sample should consist of at 

least 25 adults from ages 18 to 25 (Wilber, 1985; ANSI 3.6-

1969). From these measurements, average normal thresholds 
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are obtained for each frequency, and correction values are 

noted for sound field testing done in that specific sound 

room. 

Calibration by substitution, as proposed by Walker 

(1979) involves obtaining thresholds for normal hearing 

subjects in sound field, then removing the subjects from the 

room and placing a measuring microphone in the position 

previously occupied by the center of the person's head. The 

threshold stimuli are presented again, and the measured 

sound pressure levels obtained become the calibration values 

for that sound room. Future recalibrations then utilize the 

electroacoustic norms for comparison. 

Several studies have been conducted that propose 

electroacoustic normative data for calibration purposes that 

are derived from experimental information, but do not depend 

on individual listeners' thresholds in a particular sound 

room. Several researchers (Wilber, 1979; Walker, Dillon, 

and Byrne, 1984; Morgan and Dirks, 1979; Stream and Dirks, 

1974; Goldberg, 1981) have proposed reference equivalent 

threshold sound pressure levels (RETSPLs) for frequency 

modulated warble tones. 

In summary, the literature on calibration of frequency

dependent stimuli delivered through loudspeakers, both 

warble tones and narrow bands of noise, is confusing, 

incomplete, and occasionally in conflict. The trend among 

current researchers is to recommend the use of warbled pure 



tones calibrated to electroacoustic normative values for 

sound field testing. The normative values most commonly 

discussed in the literature are those proposed by Wilber 

(1979; 1985), Morgan, Dirks, and Bower (1979), and Walker, 

Dillon, and Byrne (1984). However, since no universally 

accepted standards exist, it is hypothesized that 

audiologists use a variety of calibration techniques and 

procedures, many of which may produce inaccurate, 

inconsistent and, therefore, invalid test results. 

Need for the study 

17 

Research is needed to determine the current national 

practices in sound field testing and to analyze the data for 

patterns of sound field use and calibration procedures. 

Research is also needed to explore the statistically 

significant relationships among the demographic 

characteristics of audiologists and the sound field test 

conditions and calibr~tion procedures they use. Findings on 

clinical practice should be compared with alternative 

practices recommended in the literature as a first step in 

establishing national standards regarding sound field 

testing and sound field calibration. The extent of 

congruence among audiologists and the extent to which 

national practice matches recommended practice could be used 

to develop national standards and implement their use. 
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Purpose of the study 

The purposes of this study are: (1) to describe and 

analyze sound field stimuli and sound field test conditions 

currently employed by audiologists nationwide, (2) to 

describe and analyze procedures currently employed by 

aUdiologists nationwide in calibrating sound field 

audiometric stimuli, and (3) to investigate the extent of 

agreement between current practice and acceptable 

alternative practices in the literature regarding sound 

field stimuli, test conditions, and calibration. 

Research Questions 

specific research questions to be addressed are: 

1. What, if any, patterns exist in the sound field 

stimuli and sound field test conditions currently used by 

aUdiologists certified by the American Speech-Language

Hearing Association (ASHA)? 

2. What, if any, patterns exist in the sound field 

calibration methods currently used by ASHA certified 

audiologists? 

3. Wha~, if any, interactions exist among the reported 

calibration methods, sound field test conditions, 

and the demographic variables of the subjects? 
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significance of the Study 

This study will provide information on current 

practices in sound field audiometry throughout the country, 

including the conditions in which sound field testing is 

done, how sound field test rooms are calibrated, and to what 

extent clinical practice matches research recommendations. 

As the mandates of P.L. 99-457 are implemented nationally, 

more infants, toddlers, and preschool children will be 

evaluated for hearing problems, and many of them will 

require sound field testing. Also, there is a trend toward 

fitting hearing aids on more mildly hearing impaired and 

unilaterally hearing impaired school-age children, since 

those children have been noted to have significant 

educational problems. The need for valid and reliable sound 

field measures therefore becomes more critical than ever 

before. Knowledge about nationwide practices in sound field 

aUdiometry and the extent to which those practices match 

current research will resl.!lt in recommendations fa:" -Lhe 

revision or development of national standards in this area. 

Recommendations from this study could also impact 

educational training programs and continuing education for 

professionals in the field by presenting needed changes for 

pre-service and in-service training. 
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Assumptions and Limitations 

Assumptions are made that the ASHA certified 

audiologists who receive the survey are representative of 

persons who use sound field aUdiometry in clinical practice, 

and that the audiologists who complete the survey have 

knowledge of how their calibration is performed. Also, an 

assumption is made that the survey responses accurately 

reflect current clinical practices in sound field use and 

calibration. 

The design of the survey imposes certain limitations on 

the amount of detailed information that can be obtained 

about calibration methods. Also, the selection of survey 

respondents who are ASHA certified prohibits obtaining 

information from audiologists who are ineligible for 

certification or who choose not to obtain ASHA 

certification. 

Definitions 

The following definitions are provided to clarify the 

specialized lexicon in the field of sound field aUdiometry: 

(1) frequency deviation, modulation bandwidth, frequency 

modulation - the number of cycles (in Hertz) or the 

percentage of change (in %) around the center frequency used 

to produce a warble tone (i.e •• 250 Hz ± 40 Hz or 250 Hz ± 

5%) This is most often expressed as a symmetrical variation 
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both above and below the center frequency, but can be a one

sided shift, either above or below. 

(2) modulation waveform or waveform - the manner in which 

the center frequency is swept across the bandwidth. Four 

different modulation waveform shapes are ramp, sinusoidal, 

triangular, and rectangular (or square). Each waveform 

produces a unique distribution of energy within and outside 

th.e bandwidth. 

(3) modulation rate - the number of times per second th.at a 

pure tone is changed or warbled (2 per second, 20 per 

second). This is most often noted in the form #/sec, but 

can also be stated in Hz. 

(4) azimuth or angle of incidence - the angle between the 

loudspeaker output and the listener's head, measured in 

degrees. 00 azimuth means the listener's nose is facing 

the speaker; 90 0 azimuth means the listener's ear is 

directly facing the speaker. 

(5) minimum audible field (MAF) - the sound pressure level 

of a tone at the thI'eshold of audibility determined in the 

usual mode of listening, that is, with the listener's ears 

unoccluded in sound field. 

(6) minimum audible pressure (MAP) - the sound pressure 

level of a tone at the threshold of audibility determined by 

the pressure amplitude at the listener's eardrum, that is, 

occluded under earphones. The differences between MAF and 



MAP at each frequency must be accounted for in the 

calibration of sound field stimuli. 
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Chapter 2 

Review of Literature 
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Sound field aUdiometry involves the presentation of 

test stimuli through a loudspeaker, rather than through 

earphones. Sound field testing is commonly used in hearing 

aid assessment, and in the testing of young children or 

other patients who cannot or will not tolerate earphones. 

When the audiologist bypasses the use of calibrated 

earphones, the interaction between test stimuli and test 

room acoustics assumes critical importance. Unlike the 

uniform field obtained under earphones, reflections from the 

room surfaces and objects within the sound room cause the 

sound intensity to vary from place to place within the room. 

Since the measurements are made in a non-anechoic room, pure 

tone signals must be modulated in some form to avoid 

standing waves (Arlinger and Jerlvall, 1987; Byrne and 

Dillon, 1981; Wilber, 1979). The most common modifications 

of pure tone signals are warble tones and narrow band noise 

stimuli. 

A review of research in sound field calibration 

indicates that the way in which the pure tone is modulated 

and delivered affects measured thresholds, and therefore 

jeopardizes the desired correspondence between sound field 

and earphone thresholds. 
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preliminary Conditions 

The sound room used for sound field testing should meet 

the ANSI standard for permissible ambient noise during 

audiometric testing, ANSI-S3.1-1977. The loudspeaker itself 

should possess a broad bandwidth with a smooth frequency 

response, low distortion, high electroacoustic efficiency, 

and be capable of accurately transducing transient as well 

as steady state signals (ASHA, 1991). Walker et al. (1984) 

and Dillon and Walker (1981) noted that if an anechoic 

chamber cannot be used for testing, attempts should be made 

to maximize the sound absorptivity and minimize the 

reverberation characteristics through the use of absorbing 

materials on reflective surfaces such as tables and chairs. 

It is also· critical that the audiometer producing the 

stimuli be calibrated according to the published standards 

in .ANSI S3.6-1989, Specification for Audiometers, so that 

tests performed with different audiometers shall give 

substantially the same results under comparable conditions. 

Compliance with the ANSI specification ensures that the 

results obtained "shall represent a good comparison between 

the hea~ing of the ear tested and the reference threshold of 

hearing" (p. 1). In clinical practice, "a good comparison" 

is within 5 dB. 
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patient Location Parameters 

position of the listener in the sound field affects 

accuracy and repeatability of the results. Factors such as 

distance from the speaker, position of the speaker, and 

azimuth from the patient to the sound source have been noted 

to affect test results. stream and Dirks (1974) and Dirks, 

stream & Wilson (1972) found varying discrepancies between 

minimum audible pressure (MAP) thresholds and minimum 

audible field (MAF) thresholds, dependent on the azimuth 

between the listener and the loudspeaker sound source. The 

smallest differences between MAP and MAF thresholds were at 

00 azimuth, and the greatest differences were at 600 . They 

suggest either position could be used, so long as a 

correction is made in the measured thresholds. Melnick 

(1979) suggested a 00 azimuth for testing. 

Dillon and Walker (1981) suggested the patient's 

position be wherever the stimuli produces a uniform field. 

Due to the absence of agreed-upon normative data, Staab and 

Rintelmann (1972) advocated establishment of individual 

threshold norms for each sound room and audiometer 

combination. 

since intensity of the test signal is affected by head 

movement, the loudspeaker output must be maintained at the 

location where the listener is to be positioned (Dirks, 

Stream, & Walker, 1972). Dillon and Waker (1981) and Walker 



and his associates (1984) suggested the use of a head 

support attached to the chair to ensure maximum test 

reliability. 

stimulus Parameters 

26 

Although researchers agree that pure tones are 

unacceptable stimuli for sound field testing due to the 

presence of standing waves, there is dissent in the 

literature about which type of complex signal produces the 

best correspondence with pure tone stimuli delivered under 

earphones. 

Dockum and Robinson (1975) compared pure tone 

thresholds with warble tone thresholds, both under 

earphones, and found statistically significant differences 

(p<.Ol) at 500 Hz, 2000 Hz, 4000 HZ, and 8000 Hz. However, 

since the actual magnitudes of all the differences were less 

than 2.5 dB, they concluded that the differences were 

probably not clinically significant. It was noted, however, 

that the thresholds obtained with warble tones were less 

variable on repeated measures, with smaller standard 

deviations, than the thresholds obtained with pure tones. 

Further support for correspondence between warbles tones and 

pure tones was provided by Morgan, Dirks, and Bower (1979), 

who also compared pure tone thresholds and warble tone 

thresholds (both under earphones and in free field) among 



several listeners, and concluded that equivalent results 

were produced, as did Byrne and Dillon (1981). 
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In contrast, Sanders and Josey (1970) proposed narrow 

band noise stimuli be used to obtain thresholds in difficult 

to test patients, since attention to noise bursts may be 

better. However, they caution that narrow band noise may 

underestimate thresholds in patients whose hearing losses 

have a sloped audiometric configuration. 

A number of studies have compared warble tones to 

narrow band noises. Orchik and Rintelmann (1978), Orchik 

and Mosher (1975), and Stephens and Rintelmann (1978) 

suggested that frequency modulated warble tones produce more 

accurate thresholds than narrow band noise for listeners 

with sloped audiometric configurations, whose hearing loss 

increases with frequency, due to the relatively wide 

frequency spectrum contained in narrow bands of noise 

produced by commercial audiometers. However, Dillon and 

Walker (1980, 1982a) argued that frequency modulated warble 

tones and narrow bands of noise produce equally uniform 

fields if the bandwidth of each type of stimuli is similar, 

thereby controlling for the relatively wider bandwidth of 

narrow band noise produced by most audiometers. 

Barry and Resnick (1978), Gengel, Pascoe and Shore 

(1971), and Sanders and Josey (1970) advocated the use of 

narrow band noise, while Dillon and Walker (1980), Morgan, 

Dirks and Bower (1979), Byrne and Dillon (1981), Orchik and 



Rintelmann (1978), Orchik and Mosher (1975), stephens and 

Rintelmann (1978), and Wilber (1979) supported the use of 

frequency modulated warble tones. 
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Warble tones may vary in the parameters of bandwidth, 

modulation rate, modulation waveform or repetition rate. 

staab and Rintelmann (1972) surveyed 29 manufacturers of 

audiometers and found extreme variations in the 

characteristics of the warble tones used. Of those 

audiometers that offered warble tones, frequency deviations 

varied from +.2% above to ±10% around the base frequency; 

modulation rates varied from 2 to 10 times per second; and 

waveforms were about equally split between sinusoidal and 

rectangular shapes. 

Arlinger and Jerlvall (1987) looked at the influence of 

two frequency deviations (4% and 25%) and two modulation 

rates (5 Hz and 20 Hz) on test-retest reliability of warble 

tones in sound field with normal hearing and hearing 

impaired sUbjects. Standard deviations of test-retest 

differences were not found to vary with frequency deviation 

or modulation rate for either group, leading the authors to 

conclude that test-retest reliability in sound field was as 

good, if not better, than under earphones. However, signal 

parameters did affect the absolute sound field thresholds of 

the hearing impaired group, with better thresholds obtained 

with the smaller (5 Hz) modulation rate and the larger (25%) 

frequency deviation. 
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Barry and Resnick (1978) systematically varied the 

modulation rate, frequency deviations, and type of 

modulation to explore the effects on the thresholds of 

normal hearing subjects. Their conclusion supported other 

findings (Arlinger and Jerlvall, 1987; Walker and Dillon, 

1983; Walker, Dillon, and Byrne, 1984) that a small 

frequency deviation (up to ± 10%) and high modulation rate 

(20/sec) result in thresholds that are closest to those 

obtained under earphones. The type of modulation evaluated 

by Barry and Resnick (ramp vs. sinusoidal) had almost no 

effect on thresholds. 

Conflicting research on modulation waveform is 

presented by Dillon and Walker (1982b). They indicated that 

square wave and ramp modulation waveforms should not be used 

to generate frequency modulated signals for sound field 

testing due to unwanted energy outside the bandwidth and 

uneven distribution of energy within the bandwidth. Of the 

other two types of modulation waveforms, triangular and 

sinusoidal, triangular is slightly better because of its 

more uniform energy distribution within the band. In making 

their recommendations, however, Dillon and Walker only 

looked at the spectral measurements of the various 

modulation patterns, but did not measure the threshold 

differences observed in a clinical population. 
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Calibration Procedures 

Besides the placement of the patient in the sound room 

and the characteristics of the signals used as test stimuli, 

the calibration of the sound field output is also debated in 

the literature. Regular calibration is necessary to 

establish the relationship between the attenuator setting on 

the audiometer and the sound intensity at some point in the 

sound room, and to verify the constancy of the equipment and 

its output over time. Although the method for calibrating 

sounds presented through earphones is rigorously proscribed 

(ANSI 83.6-1989), the method for loudspeaker signal 

calibration is not. Three methods of calibration currently 

found in common practice are biological calibration, 

calibration by substitution, and electroacoustic calibration 

using normative data. 

Biological calibration methods, also called real ear 

methods, compare earphone and sound field thresholds on a 

group of normally hearing persons to establish correction 

values that result in equivalent hearing sensitivity for 

both earphone and sound field conditions in that specific 

sound room. Wilber (1985) suggested that at least 25 young, 

otologically normal hearing adults should be used with this 

procedure, which makes it time consuming and unwieldy. 

In an argument against the biological calibration 

method, Cox and McCormick (1987) pointed out several serious 
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drawbacks. First, precise thresholds are unobtainable for 

sensitive normal listeners, due to masking by the ambient 

noise levels in sound rooms. Secondly, audiometer 

attenuators are often nonlinear at low levels, resulting in 

invalid threshold measurements. Finally, the time-consuming 

nature of biological calibration usually results in 

infrequent calibration and/or reliance on only a few normal 

hearing subjects. 

Calibration by substitution, as proposed by Walker 

(1979), Dillon and Walker (1980), and Walker, Dillon, and 

Byrne (1984) involves obtaining thresholds for a subject by 

sound field, and then removing the subject from the room and 

placing a measuring microphone in the position previously 

occupied by the center of the person '.5:, head. This method 

gives a sound level reading of the output at a specific 

location in the room, but does not relate that level to 

hearing thresholds measured under earphones. 

The third calibration method, electroacoustic 

calibration, utilizes empirically derived normative data as 

the expected output levels in sound field. Several authors 

have suggested reference equivalent threshold sound pressure 

levels (RETSPLs) for the electroacoustic calibration of 

warble tones. The use of RETSPLs as the standard of 

practice for sound field calibration eliminates the 

variables associated with a group of listeners in a 

particular sound room. 
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Electroacoustic calibration is done by taking sound 

pressure level measurements, as in the sUbstitution method, 

and then comparing those levels to expected values. The 

values recommended by various authors are listed in Table 

2.1 below, although it is somewhat difficult to make 

comparisons due to variations in the azimuths, frequency 

deviations, and modulation rates used. If azimuth is held 

constant, the values proposed by each author at each 

frequency are within 3 dB, except for 2 KHz and 4 KHz at 45 0 

azimuth, where sound field signals are most variable. 

Table 2.1 Recommended RETSPLs by frequency, azimuths, 
frequency deviations, and modulation rates 

Source 250 500 lK 2K 4K AZI FD MR 

Wilbera 15.0 9.0 3.0 -3.0 4.0 45 0 ? ? 

b 15.0 11.5 8.0 2.5 2.5 00 +5 6/s M,D,B 
20.0 8.0 4.0 4.0 -4.5 45 0 +5 6/s 
15.0 6.5 2.5 5.0 -2.0 90 0 +5 6/s 

W,D,Bc 16.0 9.5 5.5 2.5 1.5 00 var 20/s 
16.0 7.5 3.5 4.0 1.0 90 0 var 20/s 

Goldbergd 11. 7 3.5 0.7 1.0 -1.4 90 0 ? ? 

S & De 15.7 12.6 6.9 -0.7 3.2 0 0 0 0 
14.0 7.6 1.0 1.5 -1.1 90 0 0 0 

NOTE: aWilber (1979), ~organ, Dirks, and Bower (1979), 
~walker, Dillon, and Byrne (1984), Dillon, and Byrne (1984) , 
Goldberg (1981), estream and Dirks (1974) 
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One recent study (Cox & McCormick, 1987) evaluated the 

RETSPLs proposed by Walker, Dillon and Byrne (1984) by 

testing a group of normal hearing young adults both in sound 

field and under earphones. They concluded that although 

small statistically significant differences were noted in 4 

of 24 comparisons, none of the differences was clinically 

significant (i.e. greater than 5 dB), so the correction 

values proposed were deemed appropriate for use in a 

clinical setting. 

Reference levels for speech delivered through 

loudspeakers appear to be less variable than for warble 

tones. Tillman et ale (1966), Dirks, et ale (1972), Wilber 

(1985), and the ANSI Standard S3.6-1989 all recommend a 

sound pressure level reading of 13 dB SPL for words 

delivered through a loudspeaker, which accounts for the 

observation that listeners in sound field (at a 45° azimuth) 

can hear words at 7.5 dB less intensity than under 

earphones. 
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Summary and Recommendations 

The review of research in the area of sound field 

stimuli, sound field test room conditions, and sound field 

calibration reveals lack of consensus about t.he recommended 

IIbest practice II in using sound field aUdiometric techniques. 

The American Speech-Language-Hearing Association (ASHA) 

has recognized the need for standardization in sound field 

testing and has established a working group on sound field 

calibration, headed by Laura Wilber Ph.D. The group 

prepared several drafts of a manuscript on sound field 

testing and recommended procedures, (ASHA Staff, 1990; 

Wilber, 1988, 1990), and recently published a tutorial 

(ASHA, 1991). The tutorial claims not to provide a 

standard, but rather suggestions for clinical practice. 

since neither ASHA nor ANSI has developed standards or 

recommendations for sound field use and calibration, each 

practitioner must establish procedures as he or she sees 

fit. In doing so, the potential for jeopardizing the 

reliability and validity of the measured test results is 

increased. Additionally, the educational and 

rehabilitative implications derived from the test results 

may be erroneous. 
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. Although the literature on sound field stimuli and 

their calibration is incomplete and occasionally 

conflicting, the trend among researchers, supported by 

suggestions from the ASHA tutorial (1991), is to recommend 

the following for sound field testing: 

1. Warbled pure tones, or secondarily, narrow bands of 

noise, but not unmodulated pure tones should be used when 

stimuli are delivered through loudspeakers instead of 

earphones. 

2. Characteristics of the warble tones should include 

sinusoidal or triangular waveforms, small frequency 

deviations, and large modulation rates. 

3. position of the listener in sound field should be 

carefully established and maintained, with the patient's 

chair always an equal distance from the loudspeaker, so the 

sound pressure level of the test signal at the patient's 

pinna is a known constant. The azimuth between the 

loudspeaker and the listener's ear should be kept at one of 

the recommended angles of 00 , 45 0 , or 900 • 

4. Calibration of the warble tones in sound field 

should be completed regularly through electroacoustic 

measurements, with the observed values compared to one of 

the sets of published normative values. 



Chapter 3 

Methods and Procedures 

Survey Subjects 
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To assess the current status of sound field use and 

calibration procedures in the united States, a survey 

questionnaire instrument was sent to a sample of 942 ASHA 

certified aUdiologists selected by a random sample. A list 

of audiologists was obtained from ASHA, using every 8th 

certified audiologist, beginning with the fourth listing 

(the start position was chosen as a random number). Three 

hundred sixty-eight surveys, a return rate of 39%, was 

necessary to be representative of the 9000 certified ASHA 

audiologists (Krejcie and Morgan, 1970). 

Survey Instrument 

The survey instrument instructed the respondents who 

use sound field testing in their clinical practice to answer 

questions in the areas of demographic variables, use of 

sound field testing, and calibration methods. Questions on 

the survey were derived from topics in the literature and 

from common practice in clinical aUdiometry. Survey 

questions consisted of multiple choice answers for the 

respondents. The survey questionnaire is found in Appendix 

A. 
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11ethods 

The survey method followed the recommendations of 

Dillman (1978) and included a review of the instrument prior 

to dissemination, a survey packet mailed to each subject, 

and a followup contact letter to non-respondents. 

A pilot study of the survey instrument was conducted 

with a group of 32 aUdiologists. The pilot study group was 

solicited from the local audiology community to serve as 

reviewers for the survey instrument prior to its 

dissemination. The pilot study participants were asked to 

complete the survey and make recommendations for 

modifications in length, content or clarity (Appendix B) . 

sixteen responses were received, reviewed,.and used to 

modify the questionnaire prior to the main study. Only 

minor modifications were needed to improve clarity or reduce 

ambiguity on two questions. Reviewers of the pilot survey 

indicated that the survey could be completed in 10 to 20 

minutes. Data from the pilot study were not included in the 

final results. 

Once the survey was printed in its final form, a packet 

of materials, including a cover letter, survey, and postage 

paid return envelope was sent to each selected audiologist. 

The cover letter explained the purpose of the survey and the 

importance of a high return rate. The letter also 

guaranteed confidentiality to the respondents, since only 
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group data would be reported. The surveys were numerically 

coded for identification purposes to monitor responses. 

Approximately three weeks later, a followup postcard 

was mailed to each person who did not respond, reminding 

them to complete and return the survey. The cover letter 

and followup postcard are found in Appendix c. 

Of the 942 surveys mailed, 5 were returned as not 

deliverable. A total of 418 surveys were returned (45%), 

which exceeds the value of 368 needed to be statistically 

representative (with 95% confidence) of the 9000 ASHA 

certified audiologists (Krejcie & Morgan, 1970). 

If, after six weeks from the date of the original 

packet mailing, the overall response rate had been less than 

40%, a second reminder card and another copy of the survey 

would have been mailed to all non-respondents. 
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Chapter 4 

Results 

The data were analyzed for patterns of sound field test 

conditions and calibration procedures. Because most of the 

survey items involved categorical data, analysis consisted 

of descriptive statistics on each of the items (totals and 

percentages) in the three sections of Respondent 

Characteristics, Test Conditions, and Calibration Methods. 

In addition, selected demographic variables, sound field 

test condition variables, and sound field calibration 

variables were examined to determine if statistically 

significant relationships exist. The X2 test of 

independence was used to analyze the strength of the 

relationships between variables, using the SPSS/PC+ computer 

program and an IBM personal computer. 

The data show a majority of the 418 respondents (338 

audiologists, 81%) use sound field testing in their clinical 

practice (Table 4.1) .. Although the survey instrument did 

not contain a request for more information, some of those 

who did not use sound field testing offered explanations, 

such as no longer in active practice or currently working in 

administrative positions. 



Table 4.1 percentage of respondents who use sound field 

testing Cn=418) 

Yes, use SF testing 
No, don't use SF testing 

% 

81% 
19% 

RESPONDENTS' DEMOGRAPHIC CHARACTERISTICS 

n 

338 
80 

Analyses of data from questions in Part I of the 

survey, General Information, were used to determine the 

representativeness of the sampled group of respondents to 

the larger population of ASHA certified aUdiologists. 
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Of the 338 responding audiologists who use sound field 

testing, most are female (71%), with Master's degrees (90%) 

and 1-10 years of experience (59%). Forty-eight of the 50 

states were represented by the respondents, with. only 

Delaware and Vermont not represented. Additionally, three 

respondents were from the District of Columbia, and one 

lived overseas. Using the U.S. census regions, the 

distribution of respondents was within 5% of the national 

population's regional distribution (U.S. Bureau of ~he 

Census, 1990). 

Respondents work in a variety of settings, with the 

largest groups employed in a hospital or clinic (30%) or in 

a private practice setting (37%). Employment settings 

aggregated into the "other" category include a research 
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laboratory, interdisciplinary clinic, industrial clinic, 

early intervention center, state health department, 

psychiatric center, and institutions for the developmentally 

disabled. 

The age groups of the clientele served varied among 

clinics. One-third of the respondents reported that their 

facility served adults most of the time. In contrast, only 

4% of the respondents serve infants, toddlers and 

preschoolers as their primary clientele. Most other 

audiologists serve a combination of children and adults at 

their facility. Demographic characteristics of the 

respondents are shown in Tables 4.2 and 4.3 on the following 

page. 

Respondents to this survey are demographically very 

similar to the larger population of ASHA certified 

audiologists. The percentage distributions of gender, 

highest earned degree, number of years of employment, and 

type of employment setting are all within 5% of the ASHA 

1990 Omnibus Survey results (Keough, 1990). 
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Table 4.2 Characteristics of respondents who use sound field 

testing (n=338) 
% n 

Gender 
Male 29% 98 
Female 71% 240 

Highest Earned Degree 
Master's 90% 303 
Doctorate 9% 30 
Other 1% 4 
No response <1% 1 

Years of Employment in Audiology 
Less than 1 <1% 1 
1 to 10 59% 197 
11 to 20 33% 112 
over 20 8% 27 
No response <1% 1 

Type of Employment setting 
School 11% 36 
College or university 7% 23 
Hospital or clinic 30% 101 
Rehab or Sp/Hrng facility 8% 26 
Private office 37% 126 
other 7% 25 
No response <1% 1 

Age of Clientele Served at Facility 
infant-preschool mostly (>75%) 4% 14 
school age mostly (>75%) 6% 19 
adults mostly (>75%) 34% 116 
infant-school mostly (>75%) 8% 26 
school - adults mostly (>75%) 20% 67 
a·ll ages (no predominance) 28% 96 

Table 4.3 Geographic region of practice (n = 338; National 

population percentages are from u.S. Bureau of the Census, 

1990) 

Northeast (National = 20%) 
South (National = 35%) 
Midwest (National = 24%) 
West (National = 21%) 
Overseas 

% 
20% 
30% 
28% 
22% 
<1% 

n 
68 

100 
95 
74 

1 
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SOUND FIELD TEST USAGE AND TEST CONDITIONS AMONG RESPONDENTS 

In the second section of the survey, respondents were 

asked about the sound field stimuli and sound field test 

conditions they used. Analyses of the responses to the nine 

questions from Part II of the survey, Use of Sound Field 

Testing, were used to answer the first research question: 

What, if any, patterns exist in the sound field stimuli and 

sound field test conditions currently used by ASHA certified 

audiologists? 

As shown in Table 4.4, sound field testing is used by 

over 70% of the respondents for testing infants, toddlers, 

and uncooperative clients who refuse earphones, and for 

performing hearing aid evaluations. Other purposes, such as 

the confirmation of earphone results and pre-surgical/post

surgical comparisons were reported by fewer than one of five 

respondents. This question produced the largest number of 

write-in responses. Other purposes for using sound field 

testing include: testing speech discrimination in noise, 

measuring the functional gain of hearing aids after fitting, 

measuring the thresholds of developmentally disabled clients 

of all ages, evaluating central auditory processing 

difficulties, conditioning groups of children for testing, 

verifying earplug attenuation, checking thresholds when 

collapsing ear canals are a problem, evaluating cochlear 

implant patients, evaluating auditory trainers, meeting the 
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report requirements of an agency, demonstrating hearing loss 

and educating family members, and research. 

Table 4.4 purpose(s) of sound field usage (n=338) 

testing infants and toddlers 
testing clients who refuse earphones 
hearing aid evaluations 
confirmation of earphone results 
pre-surgical/post-surgical audiograms 
other 

*NOTE: will add up to more than 100% 

%* 
87% 
73% 
92% 
20% 
10% 
13% 

n 
293 
247 
311 

67 
35 
44 

Respondents administer sound field evaluations from 

under 5 to over 20 times per week, and nearly all use two 

loudspeakers for sound field testing (93%). The patient is 

most often placed at a 90 0 azimuth to the speakers (43%), or 

at an azimuth that depends on the type of testing being done 

(23%). These findings are shown in Tables 4.5, 4.6, and 

4.7. 

Table 4.5 Frequency of sound field usage (tests per week) 

(n=336) 

less than 5 
6 to 10 
11 to 20 
over 20 

Table 4.6 Number of loudspeakers (n=338) 

One 
Two 
Three 
Four 

% 
28% 
39% 
21% 
12% 

% 
4% 

93% 
1% 
1% 

n 
93 

133 
70 
40 

n 
15 

315 
4 
4 



Table 4.7 Placement of client for sound field testing 

(n=338) 

00 azimuth 
900 azimuth 
45 0 azimuth 
depends on situation 
other (greater than 900 ) 

% 
14% 
45% 
17% 
23% 

1% 

45 

n 
48 

151 
58 
77 

4 

Most respondents use warble tones (93%) and/or narrow 

bands of noise (63%) to obtain thresholds across 

frequencies. Some respondents (16%) report using pure tones 

in sound field, despite the known problems of standing waves 

(Table 4.8). A number of respondents apparently misread the 

question and indicated that they used live or recorded 

speech, but these responses were discarded, since unfiltered 

speech stimuli do not provide frequency-dependent 

thresholds. Twenty-one audiologists did report using some 

other type of stimuli, including calibrated noisemakers and 

toys, filtered speech or noise, the Ling 5 Sound Test, 

filtered environmental sound tapes, or music. 

Forty-two different models of audiometers are used by 

the respondents, with three models (Grason Stadler GSI16 and 

GSI10, Madsen OB822) accounting for over one-half of the 

audiometers, as shown in Table 4.9. The other thirty-nine 

models were each used by fewer than 5% of the respondents. 
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Tables 4.10 and 4.11 show the frequency deviations, 

modulation rates, waveforms and bandwidths of the warble 

tones and narrow bands of noise produced by the three most 

frequently used audiometers. 

Table 4.8 Stimuli used for sound field testing (n=335) 

pure tones 
warble tones 
narrow band noise 
other 

*NOTE: will add up to more than 100% 

%* 
16% 
93% 
66% 

6% 

n 
52 

310 
220 

21 
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Table 4.9 Make and model of audiometers used (n=333) 
% n 

Grason Stadler GSI 16 28% 94 
Grason Stadler GSI 10 16% 54 
Madsen OB822 14% 46 
Grason Stadler GSI 1701 5% 16 
Beltone 200C 4% 14 
Grason Stadler GSI 1715 3% 10 
Maico MA22 2% 8 
Grason Stadler GSI 1704 2% 7 
Grason Stadler GSI 1716 2% 6 
Maico 24 2% 6 
Aurora Nicolet 2% 6 
Madsen OB802 2% 5 
virtual 320 2% 5 
Teledyne TA200 2% 5 
Maico MA32 2% 5 
Fonix 3100 2% 5 
Tracoustic Program III 1% 4 
Qualitone Acoustic Oppa 1% 4 
Madsen OB22 1% 3 
Madsen Midimate 1% 2 
Madsen OB77 1% 2 
Amplaid 209 1% 2 
Amplaid 300 1% 2 
Saico SC6 1% 2 
Tracor 115A 1% 2 
Beltone 2000 1% 2 
Grason Stadler GSI 20 <1% 1 
Grason Stadler GSI 33 <1% 1 
Grason Stadler 17 <1% 1 
Grason Stadler GSI 1710 <1% 1 
Maico MF6 <1% 1 
Maico 41 <1% 1 
Madsen OB70 <1% 1 
Beltone CR5000 <1% 1 
Beltone C520 <1% 1 
Constamat 4000 <1% 1 
Amplaid 450 <1% 1 
Amplaid 207 <1% 1 
Qualitone Appraiser <1% 1 
DynaAura 1050 <1% 1 
Tracor 207 <1% 1 
Interacoustics AC3 <1% 1 



48 

Table 4.10 Warble tone characteristics of most frequently 

used audiometers 

Grason Stadler GSI16 
Grason Stadler GSI10 
Madsen OB822 

Freq.Dev 
± 5% 
± 5% 

±.2 to 5% 

Mod. Rate 
5 Hz 
5 Hz 
4 Hz 

Wave 
Triang 
Triang 
Triang 

Table 4.11 Narrow band noise characteristics of most 

frequently used audiometers 

Grason Stadler GSI16 
Grason STadler GSI10 
Madsen OB822 

Bandwidth 
1/3 octave 
1/3 octave 
1/3 octave 

The average maximum output levels across frequency for 

warble tones and narrow band noise are shown in Tables 4.12 

and 4.13. Large individual differences were noted, but 

overall, the warble tones had higher maximums, larger 

standard deviations, and greater ranges than the narrow 

bands of noise. 

Table 4.12 Maximum out12ut levels for warble tones in sound 

field 

Frequency Mean Max. Standard Dev. Range 

250 Hz (n=266) 82 dB 12.5 40-115 dB 
500 Hz (n=273) 95 dB 12.4 55-125 dB 
1K Hz (n=273) 98 dB 11.5 60-125 dB 
2K Hz (n=273) 99 dB 12.1 60-130 dB 
4K Hz (n=273) 101 dB 12.8 50-135 dB 
6K Hz (n=257) 93 dB 12.1 40-135 dB 
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Table 4.13 Maximum out:gut levels for narrow band noise in 

sound field 

Frequency Mean Max. Standard Dev. Range 

250 Hz (n=258) 77 dB 12.7 40-110 dB 
500 Hz (n=266) 90 dB 11.7 55-120 dB 
1K Hz (n=267) 93 dB 10.2 60-120 dB 
2K Hz (n=266) 93 dB 10.4 60-120 dB 
4K Hz (n=266) 95 dB 11.2 60-120 dB 
6K Hz (n=255) 88 dB 11.9 50-120 dB 



SOUND FIELD CALIBRATION TECHNIQUES USED BY RESPONDENTS 

The second research question was: What, if any, 

patterns exist in the sound field calibration methods 

currently used by ASHA certified audiologists? 
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This was addressed by responses to the third section of 

the survey, where respondents were instructed to answer 

questions about the sound field calibration techniques they 

use. Most respondents (74%) report that an equipment repair 

person is responsible for performing the sound field 

calibration. Included in this group are calibration 

technicians, specialists, or instrumentation/calibration 

service providers. Only one of 10 aUdiologists is 

rCGponGible for the calibration of his/her sound field 

system (Table 4.14). The group of "other" responsible 

persons included acoustical or staff engineers, biomedical 

personnel, vendors, former employees, or a rotation among 

audiological staff. 

Table 4.15 shows the repor.ted frequency of the sound 

field calibration, with the majority response (55%) of once 

a year. Nearly all respondents (97%) report that their 

sound field stimuli are calibrated at least once a year. 



Table 4.14 Responsibility for sound field calibration 

(n=337) 

Respondent 
Another audiologist 
Equipment repair person 
other 

% 
10% 

4% 
74% 
11% 

Table 4.15 Average frequency of sound field calibration 

(n=336) 

% 
More than once a month 2% 
Every 3 months 20% 
Every 6 months 20% 
Once a year 55% 
Less than once a year 2% 
Other 1% 

51 

n 
35 
14 

250 
38 

n 
8 

68 
68 

185 
5 
2 

The most frequently reported method for performing the 

sound field calibration (Table 4.16) was with the ~s~ of 

electroacoustic normative values (58%), although the second 

most frequent answer was "Don't know" (18%). The "other" 

category included several respondents who indicated that a 

sound level meter was used, but did not specify the method. 

Of the subgroup of 240 respondents who use the 

electroacoustic calibration method, either alone or in 

combination with another method, over 60% were unable to 

give the normative values used in their clinics, as shown in 

Table 4.17. 

Even the respondents who used the biological or real 

ear method for calibrating were not consistent in their 

methodology. Most used under 10 normal hearing subjects 
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(Table 4.18). Slightly over one-half (28 of 54, or 55%) 

corrected the subjects' measured sound field thresholds by 

their earphone thresholds. Thirty percent of the 

respondents who used a biological calibration method (16 of 

54) occluded the non-test ear while obtaining thresholds. 

Since binaural free field listening is kno~m to improve 

hearing acuity by about 6 dB over monaural earphone 

listening (Sivian and White, 1933; Dirks, stream, and 

Wilson, 1972), failure to occlude the non-test ear in sound 

field would result in non-equivalent thresholds between 

earphones and loudspeakers. 

Calibration corrections between observed and expected 

values in sound field pressure were made either by internal 

recalibration of the audiometer (41%) or by a correction 

chart posted on the audiometer (29%). As shown in Table 

4.19, twenty-six percent of the respondents reported that no 

corrections were necessary. 

Table 4.16 Method of sound field calibration 

Biological calibration 
Electroacoustic calibration 
No calibration of loudspeaker 
Combination of methods 
Other 
Don't know 

(n=337) 

ll-
0 

5% 
58% 

3% 
13% 

2% 
18% 

n 
18 

197 
11 
43 

8 
60 
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Table 4.17 Sources used for standards in electroacoustic 

calibration (n=240) 

Morgan, Dirks & Bower (1979) 
Walker, Dillon & Byrne (1984) 
Wilber (1979) 
ANSI S3.6-1969 
ANSI S3.6-1989 
Self-generated norms 
Other 
Don't know 

Table 4.18 Number of subjects used for biological 

calibration (n=54) 

10 normal subjects used 
<10 normal subjects used 
>10 normal subjects used 

% 
28% 

1% 
3% 
1% 
1% 
1% 
4% 

62% 

% 
18% 
78% 

4% 

Table 4.19 Method of making corrections during testing 

(n=322) 

Correction chart on audiometer 
Internal recalibration 
No corrections needed 
Other 
Don't know 

% 
29% 
41% 
26% 

2% 
2% 

n 
68 

2 
7 
1 
1 
2 

10 
149 

n 
10 
42 

2 

n 
94 

133 
84 

6 
5 
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When the respondents were asked where they learned 

about calibration methods (Table 4.20), most (91%) indicated 

that they got their information from their university 

training programs. However, the questionnaire did not 

ascertain if the university coursework on calibration 

included issues that are unique to sound field measurement. 

Some audiologists have solicited or received additional 

knowledge through on-the-job training (48%), independent 

reading (28%), and workshops (11%). The additional sources 

listed as "other" included talking with other audiologists 

or service people, personal background or interest, teaching 

the subject, and one response that said "I figured out on my 

own what suited me best." 

Table 4.20 Source of knowledge re: calibration methods 

(n=332) 

university training program 
On-the-job training 
Workshops/seminars/conferences 
Independent reading 
Other 

%* 
91% 
48% 
11% 
28% 

6% 

*NOTE: results will add up to more than 100% 

n 
302 
16 ) 

35 
94 
19 
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RELATIONSHIPS BETWEEN SELECTED DEMOGRAPHIC VARIABLES, SOUND 

FIELD CONDITIONS AND SOUND FIELD CALIBRATION VARIABLES 

The final research question was IIWhat, if any, 

interactions exist among the calibration methods, sound 

field test conditions, and demographic variables of the 

subjects?1I 

The relationships among selected demographic 

characteristics of the respondents, their sound field 

conditions, and the calibration procedures they use were 

examined for significance using the CHI SQUARE statistic. 

Five demographic variables (highest earned degree, 

geographic region of practice, number of years worked, type 

of work setting and age of clientele) and two condition 

variables (times per week and purposes for using sound field 

testing) were each paired with one of three calibration 

variables (method of calibration, frequency of calibration, 

and person responsible for the calibration). 

A low probability (~.05) means that the relationship 

between the variable pairs is unlikely to be attributable to 

chance, with less than a 5 out of 100 probability. Tables 

of frequencies, X2 values, degrees of freedom and 

probabilities for the relationships tested are found in 

Tables 4.21 through 4.41. For variable pairs that have a 

significant relationship (p ~ .05), column percentages are 

also shown in parentheses. 



Table 4.21 Method by Highest Earned Degree 

Highest Earned Degree 
Method 

Biological 

Electroacoustic 

Earphones Only 

Combination 

Other 

Don't 

TOTAL 
TOTAL 

Know 

N 

x2 = 18.241 

Master 

16 
( 5.3) 

171 
(56.6) 

11 
( 3.6) 

41 
(13.6) 

6 
( 2.0) 

57 
(18.9) 

302 
(100.0) 

DF = 10 

Doctorate 

2 
( 6.7) 

24 
(80.0) 

1 
( 3.3) 

1 
( 3.3) 

2 
( 6.7) 

30 
(100.0) 

p = .05* 

Other 

2 
(50.0) 

1 
(25.0) 

1 
(25.0) 

4 
(100.0) 

56 

TOTAL 

18 

197 

11 

42 

8 

60 

336 
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Table 4.22 Method by Region of Practice 

Region of Practice 
Method NE South MW West TOTAL 

Biological 2 5 7 4 18 

Electroacoustic 39 51 62 44 196 

Earphones Only 1 3 3 4 11 

Combination 8 16 10 9 43 

Other 4 3 1 8 

Don't Know 13 22 13 12 60 

TOTAL 67 100 95 74 336 

x2 = 14.581 DF = 15 p = .48 



Table 4.23 Method by Number of Years Worked 

Method 

Biological 

Electroacoustic 

Earphones Only 

Combination 

Other 

Don't 

TOTAL 
TOTAL 

Know 

N 
% 

x2 = 31. 263 

Number of Years Worked 
<1 1-10 11-20 >20 

14 3 1 
( 7.1) ( 2.7) ( 3.7) 

102 77 18 
(52.0) (68.8) (66.7) 

9 2 
( 4.6) ( 1. 8) 

20 16 6 
(10.2) (14.3) (22.2) 

3 4 1 
( 1. 5) ( 3.6) ( 3.7) 

1 48 10 1 
(100.0 (24.5) ( 8.9) ( 3.7) 

1 196 112 27 
(100.0) (100.0) (100.0) '(100.0) 

DF = 15 p = .01* 

58 

TOTAL 

18 

197 

11 

42 

8 

60 

336 



Table 4.24 Method by Type of Work setting 

Type of Work setting 
Method School Univ Hosp Rehab PrLOff 

---Biological 1 2 5 2 4 

Electro- 24 17 61 13 68 
Acoustic 

Phones Only 2 3 5 

Combination 5 4 16 3 11 

Other 1 3 4 

Don't Know 5 14 5 33 

TOTAL 36 23 101 26 125 

x2 = 33.835 DF = 25 p = .11 

Table 4.25 Method by Age of Clientele 
. :..1 

Age of Clientele Served 
Method 0-5 5-18 >18 0-18 >5 

Biological 2 7 1 4 

Electro- 8 14 65 18 41 
Acoustic 

Phones Only 1 1 6 1 

Combination 2 1 13 4 8 

Other 1 3 2 

Don't Know 1 2 22 3 11 

TOTAL 14 19 116 26 67 

x2 = 16.399 DF = 25 p = .90 

59 

Other TOTAL 

.. 
4 18 

14 197 

1 11 

3 42 

8 

3 60 

25 336 

All TOTAL 

4 18 

51 197 

2 11 

15 43 

2 8 

21 60 

95 337 
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Table 4.26 Method by Times per Week Sound Field is Used 

# of times per week 
Method <5 6-10 11-20 >20 TOTAL 

Biological 6 6 5 1 18 

Electroacoustic 51 87 35 23 196 

Earphones Only 6 3 1 1 11 

Combination 10 14 14 5 43 

Other 1 2 3 2 8 

Don't Know 19 20 12 8 59 

TOTAL 93 132 70 40 335 

x2 = 15.707 DF 15 p = .40 

Table 4.27 !1ethod by Number of Purposes for Using Sound 

Field Testing 

# of different purposes 
Method 1 2 3 4 5 6 TOTAL 

Biological 2 7 4 5 18 

Electroacoustic 17 33 91 40 15 1 197 

Earphones Only J. 4 5 1 11 

Combination 1 8 19 9 5 1 43 

Other 1 1 5 1 8 

Don't Know 10 13 26 11 60 

TOTAL 32 66 150 67 20 2 337 

x2 = 28.128 DF = 25 p = .30 
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Table 4.28 Frequency of Calibration by Highest Earned Degree 

Frequency 

> Once/month 

Every 3 months 

Every 6 months 

Once/year 

< Once/year 

Other 

TOTAL 

X2 8.714 

Highest Earned Degree 
Master Doctorate Other TOTAL 

6 2 8 

62 6 68 

59 9 68 

157 13 4 184 

5 5 

2 2 

301 30 4 335 

DF 10 p = .56 

Table 4.29 Frequency of Calibration by Region of Practice 

Region of Practice 
Frequency NE South I MW West TOTAL 

I 

> Once/month 2 4 1 1 8 

Every 3 months 16 16 18 18 68 

Every 6 months 1J. 15 25 17 68 

Once/year 38 63 49 34 184 

< Once/year J. 1 3 5 

Other 1 1 2 

TOTAL 68 99 94 74 335 

17~434 DF 15 p .29 



Table 4.30 Frequency of Calibration by Number of, Years 

Worked 

Frequency 

> Once/month 

Every 3 months 

Every 6 months 

once/year 

< Once/year 

Other 

TOTAL 
TOTAL 

N 
% 

50.471 

Number of Years Worked 
<1 1-10 11-20 >20 TOTAL 

1 5 1 1 8 
(100.0 ( 2.6) ( 0.9) ( 3.7) 

34 28 6 68 
(17.4) (25.0) (22.2) 

34 28 6 68 
(17.4) (25.0) (22.2) 

116 54 14 184 
(59.5) (48.2) (51. 9) 

4 1 5 
( 2.1) ( 0.9) 

2 2 
( 1. 0) 

1 195 112 27 335 
(100.0) (100.0) (100.0) (100.0) 

DF = 15 p .00* 

62 
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Table 4.31 Frequency of Calibration by Type of Work setting 

Frequency 

>Once/month 

Every 3 mo. 

Every 6 mo. 

Once/year 

< Once/year 

Other 

TOTAL N 
TOTAL % 

Type of Work Setting 
School Univ Hosp Rehab PrLOff Other TOTAL 

2 2 3 1 8 
( 2. 0) ( 7.7) ( 2.4) ( 4. 0) 

3 9 33 7 12 4 68 
( 8.3) (39.1) (33.3) (26.9) ( 9.5) (16.0) 

5 6 20 5 28 4 68 
(13.9) (26.6) (20.2) (19.2) (22.2) (16.0) 

27 7 43 11 80 16 184 
(75. 0) (30.4) (43.4) (42.3) (63.5) (64. 0) 

1 1 1 2 5 
( 2.8) ( 1. 0) ( 3.8) ( 1. 6) 

1 1 2 
( 4.3) ( 0.8) 

36 23 99 26 126 25 335 
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) 

x2 = 48.420 DF = 25 p = .00* 



Table 4.32 Frequency of Calibration by Aqe of Clientele 

Age of Clientele Served 
Frequency 0-5 5-18 >18 0-18 >5 All 

>once/month 1 3 1 3 

Every 3 mo. 3 4 22 2 20 17 

Every 6 mo. 4 3 25 3 12 21 

Once/year 6 11 63 19 34 52 

< once/year 3 1 1 

Other 1 1 

TOTAL 13 19 116 26 67 95 

x2 = 21. 008 DF = 25 p = .69 

Table. 4.33 Frequency of Calibration by Times/Week Sound 

Field is Used 

# of times per week 
Frequency . <5 6-10 11-20 >20 TOTAL 

... 

> Once/month 3 3 1 1 8 

Every 3 months 15 28 11 13 67 

Every 6 months 17 24 18 9 68 

Once/year 55 74 38 17 184 

< Once/year 2 2 1 5 

Oth.er 1 1 2 

TOTAL 93 132 69 40 334 

x2 = 10.092 DF = 15 p = .81 

64 

TOTAL 

8 

68 

68 

185 

5 

2 

336 



Table 4.34 Frequency of Calibration by Number of Purposes 

for using Sound Field Testing 

# of different purposes 

65 

Frequency 1 2 3 4 5 6 TOTAL 

> Once/month 3 3 2 8 

Every 3 months 4 8 3'8- 12 5 1 68 

Every 6 months 12 15 26 12 3 68 

Once/year 14 37 82 40 11 1 185 

< Once/year 1 1 2 1 5 

Other 1 1 2 

TOTAL 31 65 151 67 20 2 336 

x2 = 26.633 DF = 25 p = .::t8 

Table 4.35 Person Responsible for Calibration by Highest 

Earned Degree 

Respon. Person 

Self 

Other 
Audiologist 

Repair 

Other 

TOTAL 
TOTAL 

Person 

N 
% 

x2 = 18.300 

Highest Earned Degree 
Master 

27 
( 8.9) 

10 
( 3.3) 

233 
(77.2) 

32 
(10.6) 

302 
(100.0) 

DF = 6 

Doctorate 

7 
(23.3) 

4 
(13.3) 

14 
(46.7) 

5 
(16.7) 

30 
(100.0) 

p = .01* 

Other 

1 
(25.0) 

2 
(50.0) 

1 
(25.0) 

4 
(100.0) 

TOTAL 

35 

14 

249 

38 

336 
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Table 4.36 Person Responsible for Calibration by Region of 

Practice 

Region of Practice 
Respon. Person NE South MW West TOTAL 

Self 5 11 13 6 35 

Other 3 5 3 3 14 
Audiologist 

Re!;lair Person 52 69 67 61 249 

Other 7 15 12 4 38 

TOTAL 67 100 95 74 336 

x2 = 7.358 DF = 9 p = .60 

Table 4.37 Person Responsible for Calibration by Number of 

Years Worked 

Number of Years Worked 
Respon. Person <1 1-10 11-20 >20 TOTAL 

Self 17 12 6 35 

Other 10 2 2 14 
Audiologist 

Repair Person 1 151 82 15 249 

Other 18 16 4 38 

TOTAL 1 196 112 27 336 

x2 = 10.606 DF 9 p = .30 
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Table 4.38 Person Responsible for Calibration by Type of 

Work Setting 

Type of Work Setting 
Resp.Person School Univ Hosp Rehab PrLOff Other TOTAL 

Self 4 --3-- 6 2 13 7 35 
( 11.1) (13.0) ( 6.0) ( 7.7) (10.3) (28.0) 

Other 1 3 5 1 2 2 14 
Audiologist ( 2.8) (13.0) ( 5.0) ( 3.8) ( 1.6) ( 8.0) 

Repair 29 13 76 16 99 16 249 
Person I (80.6) I (56.5) I (76.0) I (61.5) I (78.4) I (64.0) I 

Other 2 4 13 7 12 38 
( 5.6) (17.4) (13.0) (26.9) ( 9.5) 

TOTAL N 
TOTAL % 

36 23 100 26 126 25 336 
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) 

x2 = 30.525 DF = 15 p = .01* 

Table 4.39 Person Responsible for Calibration by Age of 

Clientele 

Age of Clientele Served 
Respon. 0-5 5-18 >18 0-18 >5 All TOTAL 

Person 

Self 1 4 17 1 4 8 35 

Other 2 4 2 6 14 
Audiologist 
Repair 10 13 83 20 57 67 250 
Person 
Other 2 12 5 4 15 38 

TOTAL 13 19 116 26 67 96 337 

21. 977 DF 15 p = .11 
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Table 4.40 Person Responsible for calibration by Times/Week 

SF is Used 

Respon. 
Person 

Self 

Other 
Audiologist 

Repair Person 

Other 

TOTAL N 
TOTAL % 

x2 = 21. 014 

# of times per week 
<5 6-10 11-20 >20 TOTAL 

15 14 2 ·4 35 
(16.1) (10.5) ( 2.9) (10.3) 

6 2 5 1 14 
( 6.5) ( 1. 5) ( 7.1) ( 2.6) 

66 105 53 25 249 
(71. 0) (78.9) (75.7) (64.1) 

6 12 10 9 37 
( 6.5) ( 9.0) (14.3) (23.1) 

93 133 70 39 335 
(100.0) (100.0) (100.0) (100.0) 

DF = 9 p = .01* 

Table 4.41 Person Responsible for Calibration by Number of 

Purposes for Usina Sound Field 'T'estincr 

# of different purposes 
Respon. Person 1 2 3 4 5 6 TOTAL 

Self 6 7 16 4 2 35 

Other 2 5 4 3 14 
Audiologist 

Repa.ir Person 21 49 112 53 14 1 250 

Other 3 5 18 7 4 1 38 

TOTAL 32 66 150 67 20 2 337 

13.332 DF = 15 P = .58 
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A summary of the relationships analyzed is shown in 

Table 4.42. 

Table 4.42 Significant relationships (p < .05) between 

demographic variables and.calibration variables 

Method Frequency Respon.Person 

Highest Degree * ns * Region of Practice ns ns ns 
Yrs. Employment * * ns 
Type of Setting ns * * Age of Clientele ns ns ns 
Times per Week ns ns * No. Different Purposes ns ns ns 

ns - not significant * significant 

Further examination of the statistically significant 

relationships showed the method of calibration varied with 

both the highest earned degree and the number of years of 

employment. Respondents with doctoral degrees were more 

likely to calibrate using electroacoustic values than 

respondents with master's degrees. Conversely, master's 

degree audiologists reported that they did not know the 

method for calibration more often than doctoral 

audiologists. As the number of years of employment 

increased, the use of a combination method for calibration 

(electroacoustic and biological) increased and the 

percentage of audiologists who did not know their 

calibration method decreased. 
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Method of calibration was not significantly related to 

the other var.iables investigated: geographic region of 

practice, type of setting, age of clientele, number of times 

sound field is used per week, or the number of different 

purposes for using sound field testing. 

The frequency of calibration of the sound field was 

statistically related to the years of employment, although 

no clear pattern was noted in the relationship. Frequency 

of calibration was also related to the type of work setting 

at a statistically significant level. Calibration was 

generally done once a year in private offices and schools, 

while university settings, hospitals, and rehabilitation 

centers tended towards more frequent calibration, with 

larger percentages reporting that calibration was done at 

three or six month intervals. 

Frequency of calibration was. not significantly related 

to the other variables investigated: highest earned degree, 

region of practice, age of clientele, number of times per 

.week sound field testing is used, or the number of different 

purposes for using sound field testing. 

The person responsible for performing the sound field 

calibration showed a significant positive relationship with 

three of the variables: highest earned degree, type of work 

setting, and number of times per week that sound field 

testing was used. Although master's level and doctoral 

level audiologists both reported an equipment repair person 
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was most frequently responsible for calibration, the 

percentage was greater for master's degree audiologists. In 

contrast, the percentage of audiologists who were 

responsible for calibration themselves was greater among 

those with doctoral degrees.· The repair person was most 

frequently cited as responsible for calibration across all 

types of work settings, although this response was most 

prevalent in schools, hospitals, and private offices, and 

least prevalent in universities. The repair person was also 

named as responsible regardless of the number of times per 

week that sound field testing was used. When sound field 

testing was done more than twenty times each week, a slight 

decrease in the percentage of repair person responsibility 

was noted, with a commensurate increase in the percentage of 

audiologists naming themselves as the responsible person. 

The person responsible for the calibration was not 

significantly related to the other variables investigated: 

region of practice, number of years of employment, age of 

clientele, or the number of different purposes for using 

sound field testing. 



SOUND FIELD USAGE AND CALIBRATION COMPARED TO MINIMUM 

STANDARDS OF PRACTICE 
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One additional question. that arose as a result of this 

investigation was "To what extent does the respondents' 

practice in sound field aUdiometry match acceptable 

practice?" For the purpose of this study, a minimum 

standard of acceptable practice includes the following four 

criteria: 

1. stimuli delivered through loudspeakers to obtain 

frequency dependent thresholds should be warble tones or 

narrow bands of noise, but not pure tones (ASHA, 1991; 

Arlinger & Jerlvall, 1987; Byrne & Dillon, 1981; Dillon & 

Walker, 1982b; Goldberg, 1981; Morgan, Dirks & Bower, 1979; 

Walker & Dillon, 1983; Walker, Dillon & Byrne, 1984; Wilber, 

1979, 1985). 

2. The method for calibration of sound field stimuli should 

include electroacoustic measurements, either as the sole 

method or in combination with biological calibration (ASHA, 

1991; Cox & Mccormick, 1987; Morgan, Dirks, & Bower, 1979; 

Stream & Dirks, 1974; Walker, Dillon & Byrne, 1984; Wilber, 

1985) . 
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3. Electroacoustic measurements obtained should be compared 

to one of the sets of normative values reported in the 

literature (ASHA, 1991; Cox & Mccormick, 1987; Morgan, 

Dirks, & Bower, 1979; stream & Dirks, 1974; Walker, Dillon & 

Byrne, 1984; Wilber, 1979) •. 

4. Calibration of sound field stimuli intensities should be 

done at least four times a year (ASHA, 1978, revised in 1989 

to a standard that is not time-specific; Wilber, 1985). 

Wnen the respondents' data were analyzed, only 7% of 

the audiologists (23 of 338) met all four of the criteria 

necessary for a minimum standard of acceptable practice. As 

shown in Table 4.43, 27% of the respondents met at least 

three criteria, 71% met at least two criteria, and almost 

all (99%) met at least one criterion. 

Table 4.43 Number and percentage of respondents who meet 

minimum standards of acceptable practice in sound field 

testing (n=338) 

4 Criteria Met 
3 Criteria Met 
2 criteria Met 
1 criterion Met 

n % 

23 7% 
68 20% 

150 44% 
94 28% 

Cumulative n 

91 
241 
335 

Cumulative % 

27% 
71% 
99% 



74 

Chapter 5 

Discussion, Conclusions, and Recommendations 

A national study of sound field testing conditions and 

calibration methods used by audiologists in the United 

states examined current national practices and the 

significant relationships among the variables surveyed. 

The survey was completed by 418 audiologists, and over 

80% of the respondents (n=338) report using sound field 

testing in their clinical practice. Analyses of the 

respondents' demographic variables (gender, highest degree, 

geographic region of practice, years of employment, and type 

of employment setting) closely match the demographics of 

ASHA member audiologists in general. Therefore, the results 

of this survey are believed to be representative of current 

practice throughout the nation. 

The results obtained for each research question are 

discussed below, followed by a set of implications for 

clinical practice and recommendations. 

Research Question One: What, if any, patterns exist in the 

sound field stimuli and sound field test conditions 

currently used by ASHA certified audiologists? 



The study answered this question by showing great 

diversity in the way audiologists use sound field stimuli 

and establish their sound room conditions. 
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A significant majority of the audiologists use sound 

field testing to complete hearing aid evaluations, and for 

testing infants, toddlers, and clients who refuse earphones. 

Sound field testing is used from under five to over twenty 

times each week. Over 90% of audiologists use two 

loudspeakers, but the way in which the listener is_ 

positioned varies. 

Most audiologists use warble tones and/or narrow bands 

of noise to obtain thresholds across frequencies, but a 

small group of practitioners (16%) continue to use pure 

tones in sound field, despite the known proplems of standing 

waves and literature that strongly recommends against it 

(Byrne & Dillon, 1981: Walker, Dillon & Byrne, 1984; Dillon 

& Walker, 1982a; Morgan, Dirks & Bower, 1979; Wilber, 1979, 

1985). 

A surprisingly large number of different audiometers 

are in use nationally, with 17 manufacturers and 42 models 

reported. Three models (Grason Stadler GSI16, Grason 

Stadler GSl10, and Madsen OB822) account for over one-half 

the audiometers in use, while the other 39 models are each 

used by fewer than 5% of the audiologists. 
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Research Question Two: What, if any, patterns exist in the 

sound field calibration methods currently used by ASHA 

certified audiologists? 

One of the most apparent deviations from preferred 

practice is the lack of information aUdiologists have about 

their sound field calibration. Only one in ten 

aUdiologists is responsible fo.: his or her own calibration, 

and 18% do not know the method by which the calibration was 

done. Even those who stated that their method included 

electroacoustic calibration using normative values are often 

(60% of the responses) unable to give the decibel values 

used in their clinics. 

The use of electroacoustic normative values in the 

calibration of sound field stimuli is the preferred practice 

in the literature. It is also the most common method used 

in clinical practice, since 58% of the audiologists report 

using it exclusively, and an additional 13% report using it 

in combination with another method. This still leaves over 

one-fourth of the practitioners using some other method, or 

worse, no method at all for calibrating sound field stimuli. 

The subgroup of respondents who do use electroacoustic 

normative values for calibrating sound field warble tones 

shows a distressing lack of knowledge about what standards 

are used and where those standards originated. sixty-two 

percent did not know the source of their standards, which 



represented about double the number of respondents who 

accurately cited one of the researchers who have proposed 

standards. 
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Research Question Three: What, if any, interactions exist 

among the calibration methods, sound field test conditions, 

and demographic variables of the subjects? 

The presence or absence of statistically significant 

relationships between variables was investigated. Most 

variable pairs showed only a chance relationship, meaning 

that the calibration variable (method, frequency, 

responsible person) varied only by chance as the demographic 

factor or test conditions varied. 

The oHly significant relationships were between highest 

earned degree and method, highest earned degree and 

responsible person, years of employment and method, years of 

employment and frequency of calibration, type of work 

setting and frequency of calibration, type of work setting 

and responsible person, and times per week sound field is 

used and responsible person. A trend was noted for 

audiologists who have doctoral degrees to use an 

electroacoustic method for calibration and to be responsible 

for the calibration themselves more often than audiologists 

with master's degrees. To a less dramatic extent, 

audiologists who work in university settings tended to 
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calibrate more frequently, and assume responsibility for the 

calibration themselves more often, than audiologists 

employed in other work settings. A decrease in the 

respondents' dependency on a repair person for calibration 

was also noted when sound field testing was done more 

frequently than 20 times per week. other than these 

pairings, no combination of factors appears to be predictive 

of calibration method, frequency of calibration, or the 

person responsible for the calibration. 
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Implications for Clinical Practice 

The most basic assumption in sound field testing is 

that the thresholds obtained through loudspeakers correlate 

with those obtained under earphones. Research shows that 

the position of the loudspeakers, the characteristics of the 

stimuli used for testing, and the calibration of the sound 

field signals all affect the measured thresholds of the 

listener. In contrast, the results of this survey show a 

distinct lack of standardization among sound field test 

rooms, a variety of stimuli used for sound field testing, 

and inconsistent calibration methods. 

Only 7% of the respondents met all four criteria 

considered to constitute a minimum standard of practice. 

Compliance with other factors known to influence sound field 

thresholds, such as characteristics of the stimuli and 

optimal placement of the listener, could not be ascertained, 

due to discrepancies in the literature and/or limitations of 

the research methodology. Even with incomplete information 

about "best practice" in sound field audiometry, the 

validity of test results obtained via loudspeakers in most 

test situations must be considered to be suspect. 

More specifically, aUdiologists may be making incorrect 

assumptions about the extent of hearing loss, need for 

amplification, improvement from a hearing aid, improvement 

or decrease in hearing over time, improvement in hearing 
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after surgery, or eligibility for special education. 

Although the measured sound field thresholds may indicate a 

certain audiological conclusion and recommendation for the 

patient, the changes noted may instead be attributable to 

one or more instrumentation factors. 
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Reccmmendations 

The primary recommendation from this study would be the 

establishment of standards for sound field testing and 

calibration as part of the ANSI specifications for 

audiometers. Currently, ANSI S3.6-1989 contains an appendix 

on sound field speech testing that recommends a standard 

reference sound pressure level of 13 dB for binaural 

listening for spondee speech words delivered at a 400 to 600 

azimuth, consistent with the findings of Dirks, stream and 

Wilson (1972). Although a reference value for speech 

delivered via a loudspeaker exists, no standards for 

frequency dependent stimuli are included. until a uniform, 

nationally accepted standard for sound field signals and 

their calibration is established, discrepancies in clinical 

practice will continue. 

However, because changes in ANSI standards occur 

neither rapidly nor easily, practitioners should, in the 

interim, use one of the published sets of equivalent sound 

pressure levels as references to calibrate their warble tone 

signals in sound field. The ASHA tutorial on sound field 

measurement (1991) recommends a different set of values for 

each of the three most common loudspeaker/listener azimuths: 

Walker, Dillon and Byrne's (1984) values for 00 and 90 0 

azimuths, and Morgan, Dirks and Bower's (1979) values for 

45 0 azimuth. In contrast, the results of this study would 
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support use of the levels recommended by Morgan, Dirks, and 

Bower (1979) as the most logical selection for an interim 

standard, because values are included in a single reference 

for three different azimuths, and they are the values 

currently used by most audiologists who report knowing their 

source. 

Because such a large percentage of practitioners (74%) 

indicated that their calibration was done by an audiometer 

repair technician or calibration service representative, it 

would be interesting to readminister the calibration portion 

of this survey to those technicians. Whether or not the 

calibration "professionals" are more systematic and more 

consistent in their calibration methodology and use of 

normative values than aUdiologists is unknown at this time. 

However, it would be difficult to obtain a random sample of 

technicians who perform calibration, because no national 

organization of service providers analogous to ASHA exists. 

One approach could be to recontact those audiologists who 

indicated their calibration was done by a service technician 

to obtain the name and address of that person. The list 

generated would not be a random sample of persons who 

provide calibration service, but would provide a pool of 

names across the country, each of whom may calibrate 

anywhere from one to a large number of audiometers per year. 

A final recommendation would be for graduate training 

programs in audiology and professional organizations of 
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aUdiologists to respond to the need for improved preservice 

and inservice training on the subject of sound field 

audiometry and calibration. The large number of respondents 

who defer responsibility for sound field calibration to 

others or who claim responsibility but do not know what to 

do is troublesome. Participants in this study wrote 

additional comments to this effect more often than on any 

other issue. Examples of comments include: 

"I feel it was a very weak link in my university 

training program and something that needs to be taken more 

seriously by university professors." 

"Needs more attention and study." 

"I'm very interested in the work you're doing, since 

90% of my work is in sound field." 

"The subject of sound field calibrati6n has been rather 

unsettling for me since I've never seen anything that all 

can agree on." 

"I often don't complete questionnaires but I wanted to 

complete this one as I fear many aUdiologists approach sound 

field testing cavalierly. I hope you prove me wrong." 
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Use of Sound Field Audiometry 
Among Audiologists 

in the 
United States 
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The purpose of this survey is to obtain information about sound field audiometry and 
calibration procedures used by audiologists. Your cooperation in completing this survey 
is appreciated. A postage-paid envelope has been included for your convenience in 
returning the survey. 

Do you use sound field testing (through loudspeakers) as part oiyour audiological 
practice? 

__ No. Please return the questionnaire unanswered. 

__ Yes. Please continue with the questionnaire. !fyou work in more than one 
facility, please answer the questions as they pertain to the setting and sound booth where 
sound field audiometry is used most frequendy. There are three sections to the 
questionairre, with a total of 23 questions. 
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Gc:neral Information 
(6 Questions) 

1. In what state do you practice audiology? ____ _ 

2. What is your gender? 
Male 
Female 

3. What is your highest earned academic degree? 
B.S.orB.A. 
M.A. or M.S. 
Ph.D. or Ed.D. 
Oilier(~ _________________________ ~) 

4. How many years have you worked in audiology? 
less than 1 
1 to 10 
11 to 20 
over 20 

5. In what type of employment setting do you most often use sound field testing? 
__ school (incl. preschool or special school) 
__ college or university 
__ hospital or clinic 
__ rehabilitation or speech-hearing facility 
__ private office (incl. physician's office) 
__ hearing aid dispensary 
__ oilier (describe: __________ --' 

6. Please estimate the percentage of your clientele by age group: 
__ % preschool (under 5 years old) 
__ % school age (5-21 years) 
__ % adult (over 21 years old) 

100 % TOTAL 

---- --- ----~~- ~~.~- -.. -
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Use of Sound Field Testing 
(9 Questions) 

1. For what purpose(s) do you use sound field testing? (CHECK ALL THAT APPLY) 
__ testing infants and toddlers 
__ testing uncooperative clients who refuse e:uphones 
__ hearing aid evaluations 
__ confirmation of earphone results 
__ pre-surgical and post-surgical audiograms 
__ other (Describe: _____ ~ ____ __.J 

2. Approximately how many times per week do you use sound field testing? 
less than 5 
6 to 10 
11 to 20 
over 20 

3. How many operational loudspeakers do you use in your most frequently used sound 
booth? 

1 
2 
3 
4 
more than 4 

4. Please draw the location of the loudspeaker(s) and the position of the patient in the 
booth you use most frequently: 
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5. When doing sound field testing, how do you seat the patient in the room? 
__ 00 azimuth (nose facing loudspeaker) 
___ 900 azimuth (ear facing loud speaker) 
___ 4SO azimuth (loudspeaker at angle between nose & ear) 
___ other (Describe: ) 

6. What stimuli do you use to obtain thresholds across frequency in sound field? 
(CHECK ALL THAT APPLy) 

__ pure tones 

warble tones 
narrow band noise 

--- oth~r (Describe, __________ --J) 

7. What is the make and model of the audiometer you use for sound field testing? 

Make~---------------Mooei, __________________ ___ 

8. What are the maximum output levels (in dB HL) for warble tones in your sound field 
for each of the following frequencies? 

250 Hz __ 
500 Hz __ 
1000Hz 
1500Hz:::: 
2000 Hz __ _ 

4000Hz 
6000 Hz----

9. What are the maximum output levels (in dB HL) for narrow band noise in your sound 
field for each of the following frequencies? 

250 Hz __ 
500 Hz 
1000 Hz_ 
1500 Hz 
2000 Hz 
4OOOHz __ 
6000Hz __ 
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Calibration of Sound Field Stimuli 
(8 Questions) 

1. Who is responsible for performing the sound field cah"bration? 
lam = Another audiologist in this facility 

__ Another audiologist in another facility 
__ An equipment repairperson 

I don't know = Other (Describc, __________ ..J 

2. On the average, how often is your sound field ouput calibrated? 
More 01te4 than once a month = Every three months 

__ Every six months 
__ Once a year 
__ Less than once a year 

3. By what method do you calibrate your sound field output? 
__ biological calibration using normal subjects 
__ substitution cahDration using sound pressure 

level measurements of normal subjects' thresholds 
__ electroacoustic calibration using normative data 
__ no cah"bration of loudspeaker output, only 

earphone output 
a combination of methods 

(please describe ) 
other 

(please describe __________ ---' 

don't know 

4. If you use the biological calibration method, please answer the following questions. 
Ifnot, go on to Question #5. 

a. How many normal hearing subjects do you use? __ 
b. Do you occlude one ear while testing? __ 
c. Do you correct each subject's sound field thresholds by their earphone 
thresholds? 

5. If you use the calibration by substituion method, please answer the following 
questions. Ifnot, go on to Question #6. 

a. How many normal hearing subjects do you use? __ 
b. Do you occlude one ear while testing? __ 
c. How do you position the substitution microphone in the test room? 
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6. If you use the electroacoustic calibration method. please answer the following 
questions. Ifnot, go on to Question tn. 

a. What are the normative values do you use at C3Ch frequency'? 
_dB@250Hz 
_dB@SOOHz 
_dB@lOOOHz 
_dB@2000Hz 
_dB@4000Hz 
_dB@6000Hz 

b. Are these values in dB SPL or dB HL? (CIRCLE ONE) 

c. Where did you get these normative values? 
_ Morgan. Dirks & Bower (1979) 
__ Wa1Icer. Dillon & Bryne (1984) 
_ Wilber (1979) 
_ ISO R266 (1961) 

ANSI S3.6-1969 
ANSI S3.6-1989 

__ Self-generated norms 
Uncertain of source 

__ Other (Please describe ,----------) 
7. How do you make sound field calibration corrections when testing? 

__ com:ction chart posted on audiometer 
__ audiometer has been intemalIy corrected 

no corrections are needed 
don't know 

__ other (Descn"be ) -

8. How did you learn about calibration? (CHECK All THAT-APPLy) 
__ University training program 
__ on-the-job training 
__ workshops/seminars/wiif;;i"uCQ 
__ independent reading 
__ other (Describe __________ ~ 
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If you have any additional CODlUlCD~ on sound field audiometry or sound field , 
calibration. please write them Oil the space provided on the below. Thank you for your 
time and cooperation. 

Please return the questiODll3ire in the enclosed stamped envelope to: Gail D. Rochlin. 
P.O. Box 3371. Tucson. AZ 8S722. 

. -_._----_. --------- .-._.--- --
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Appendix B 

Letter to pilot study Participants 
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Letter to pilot study Participants 

August 1, 1989 
Dear , 

I am asking you to review the enclosed questionnaire 
and provide suggestions for improvement in its content and 
clarity. I will be sending the questionnaire soon to a 
random sample of ASHA audiologists nationally as part of my 
dissertation on the subject of sound field aUdiometry. 

Please complete the 25-item questionnaire and the four 
questions on the bottom of this letter, and return both of 
them to me in the enclosed envelope BY SEPT 1. Feel free to 
write your comments on the survey questionnaire itself, or 
on this letter. Your responses will not be used for data 
analysis, but the information you provide will be most 
appreciated. 

If you have any questions, please call me at 628-5427 
(work) or 299-6515 (home). Thank you for your help. . 

Sincerely, 

Gail Rochlin 

1. How long did it take you to complete the questionnaire? 

2. Did you understand the instructions? What, if anything, 
was unclear? 

3. Did you ever feel forced to make a choice that didn't 
fit your particular situation? If so, on which question and 
why? 

4. Did the questions strike you as reasonable and 
appropriate? In your judgement, which questions could be 
improved, and how? 
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Appendix C 

Cover Letter and Followup Postcard 
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Cover Letter To Participants 

November 22, 1989 

Dear Colleague, 

Recently, ASHA established a committee on sound field 
testing and calibration. Recommended practices in the 
literature are diverse and contradictory, and little 
information currently exists on the methods used by 
audiologists in the field to calibrate sound field test 
rooms and stimuli. Therefore, we are conducting a study to 
determine national practices in sound field audiometry. 

You are one of a group of ASHA audiologists being asked to 
provide information on sound field test conditions and 
calibration methods. Your response is very important in 
obtaining national data that are representative of current 
practice. 

The information you provide will be kept strictly 
confidential. Only group data will be reported. The 
investigators are not members of the ASHA Sound Field 
Committee, but the findings will be forwarded to that group 
and submitted for publication to an appropriate ASHA 
journal. 

Your response by (date) is critical. Please take a few 
moments to complete the questionnaire and return it in the 
enclosed postage-paid envelope. Thank you for your valuable 
contribution to this study and to our field. 

Sincerely, 

Gail Rochlin, M.S. CCC-A 
Principal Investigator 
Audiologist, Arizona School for the Deaf and Blind 

William C. Healey, Ph.D. 
Co-Investigator 
Professor, Special Education and Rehabilitation 
University of Arizona 
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Followup Postcard to Non-Respondents 

December 14, 1989 

Dear Colleague: 

Recently, I mailed you a questionnaire seeking information 
about sound field testing. Your name was selected from an 
ASHA certification list as a prominent audiologist involved 
in clinical practice. 

To date, I have not received your response. If you returned 
the questionnaire, please accept my sincere thanks. If not, 
please do so today. It is important that your information 
be included to accurately represent nationwide practices. 

If you did not receive the questionnaire, or if it was 
misplaced, please call me at (602) 628-5427 (work), and I 
will send another one in the mail to you. 

Sincerely, 

Gail Rochlin, M.S. 
Principal Investigator 
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