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ABSTRACT
CONTRALATERAL THRESHOLD SHIFT AND REDUCTION

IN TEMPORARY THRESHOLD SHIFT AS INDICES
OF ACOUSTIC REFLEX ACTION

OBJECT

To compare narrow band noise and clicks as AR eliciting stimuli
and to correlate the contralateral TS and TTS reduction methods of
estimating amount of reflex activation.

RESULTS

Contralateral shifts produced by the clicks and by the noise were
of the same order of magnitude. However, considerable adaptation of
the AR was observed for the noise stimulus, none for the clicks. Cor-
relations between contralateral TS and TTS reduction were small and
not statistically significant.

i tatatataha

CONCLUSIONS

Click AR eliciting stimuli are superior to noise stimuli because
no decrease in reflex activity {adaptation) is observed over a period of
at least two minutes. Perhaps because of individual differences in
susceptibility to noise, no relation can be observed between the TS a:
TTS methods of estimating AR activity.

RECOMMENDATIONS

Click stimuli should be used to elicit AR response because of
their demonstrated nonadaptability over time. Additional research
should be performed to investigate the reasons for the lack of cor-
relatior between two methods that apparently ineasure or estimate the
sarne phenomenon.
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CONTRALATERAL THRESHOLD SHIFT AND REDUCTION
IN TEMPORARY THRESHOLD SHIFT AS INDICES
OF ACOUSTIC REFLEX ACTION

I INTRODUCTION

Several different techniques have been used in the determination
and measurement of the activity of the stapedius and tensor tympani -
muscles (acoustic reflex or AR). Among the methods employed were
measurement of changes in cochlear microphonics (1-3), measure-
ment of threshold shift in the contralateral ear (TS) (4, 5), and the
temporary threshold shift (TTS) reduction technique (6). Other techniques
that have been used include the impedance change method (7), and the
manometric method (8). A more detailed account of other means of ob-
serving or measuring acoustic reflex contractions may be found in
Wersall's excellent monograph (9).

Examination of the research in this area reveals that much in-
genuity and considerable work has been directed toward the development
of ways of detecting and measuring AR contractions in man and animals.
But no research can be found where attempts have been made to relate
data by one technique to those obtained through another method. This
research will relate the data obtained by the TS method to that obtained
using the reduction in TTS technique.

Previous research (6) has shown that reduction in T TS (protection)
afforded by pure tones presented prior to exposure to loud impulse
noises was of considerable magnitude. Recent research {10) has demon-
strated that either narrow band noise (NBN) oxr broad banc noise was
more effective in arousing AR responses tiian were pure tones with
NBN significantly better than the broad band noise. Preliminary findings
from research undertaken prior to this experiment showed that clicks
were more effective than 1{BN in producing TS in the contralateral ear.
A similar determination should be made of the protective value of clicks
and of NBN as AR eliciting stimuli.

Contraction of the AR serves to attenuate sound transmission
through the middle ear. In general, the greater the magnitude of the
muscle contractions (stapedius and tensor tympani, particularly the
stapedius), the more the sound being transmitted through the middle ear
will be attenuated (9). It is reasonable, therefore, to assume that a
large TS for a given AR activating sound is indicative of a considerable
AR contraction, and further, because attenuation by the AR is great,




should be associated with a small TTS after exposure to loud impulse
noise while protected by the AR so elicited.

The objective of this investigation, then, was to relate TS and TTS
estimates of AR activity and to determine the relative efficiency of NBN
and clicks as AR eliciting stimuli using both the TS and TTS methods.

II. METHOD, APPARATUS, PROCEDURE AND SUBJECTS

The experimental methods used were essentially those described
by L.oeb and Riopelle (4) and Fletcher and Riopelle (6), except that the
reflex activating stimuli were presented througn earphones in both
phases of this research. The TS method was utilized in Phase I of this
experiment, while the TTS method was used in Phase II.

In Phase I, threshold for a 500 cps tone was obtained in the right -
ear (hereafter called the test ear) for 30 seconds with a Grason-Stadler
Model E-800 Bekesy audiometer. At the end of the 30 second period the
click stimuli or a narrow band noise was introduced in the other ear
(referred to as the reflex ear). The subject meanwhile continued to
track the 500 cps tone in the test ear. The reflex eliciting stimuli were
continued for two minutes in the reflex ear, then terminated. The S,
however, continued to track his threshold in the test ear for another 30
seconds following cessation of the AR eliciting sound in order to es-
tablish a post-exposure threshold for comparison with the threshold
before and during presentation of the activating stimulus. Thus we have
the S operating the audiometer to determine his threshold for a 500 cps
tone for three minutes, with a 30 second threshold determination before
presentation of the activating stimulus, two minute threshold determj-
nation during presentation of the eliciting stimulus, and a 30 second
post-activation reference.

The NBN stimulus was provided by feeding the output of a General
Radio random noise generator through a Krohn-Hite active filter. The
cut-off values were set at 2000 and 2200 cps. Slope for the Krohn-Hite
filter, as cited by the manufacturer is 48 db/octave.

Clicks were furnished by a Tektronix pulse generator with a rate
of 15 per second and a duty cycle of 10%.

Data for Phase I were collected in an anechoic chamber with an
ambient noise level of 28 db; while those for Phase II, (TTS) which in-
volved {firing, were obtained in a sound treated mobile laboratory whose
ambient noise level was 35 db.




In both phases of this experiment the NBN reflex eliciting stimulus
was set at 100 db sensation level (SL). In the TS phase clicks were
presented at 100 and 110 db SL clicks; while only the 110 db SL clicks
were used in the TTS phase. '

With three exceptions, the TS data were collected prior to the
TTS data.

The gunfire exposure sound, used in Phase 1I, was prbvided by a
30 cal. machine gun and consisted of the firing of 125 rounds singly,
with random time intervals of 1-3 seconds between rounds. In Phase II
the pre- and post-exposure thresholds were for sweep frequencies from
250-8000 cps. Reflex activating stimuli (110 db SL clicks or 100 db
noise) were initiated 150 msec before each gunshot and terminated at
the time of firing. Post-exposure threshold determinations were begun
within 15-30 seconds after firing of the last-round. The threshold ob-
tained in Phase I was for-a 500 cps tone only (this was in order to
minimize possible masking effects due to bone conduction of the sound
from the reflex ear to the test ear).

Sixteen subjects. ranging in age from 19 to 53 were used in the
experiment. No screening for hearing deficit was performed. There
were three experimental sessions in both the TS and the TTS portions
of the experiment and all Ss served under all conditions. A Latin
square design was utilized to insure that within the group each stimulus
appeared equally often first, second, or third in order. An exception
to this provision was S No. 16, who was run first in order in both
Phase I and Phase II.

II1. RESULTS

Results of the TS portion of the experiment may be seen in Figure
1, page 4. Notice that 'adaptation' or a decrease in attenuation occurred
for the NBN reflex sound over time, while no such occurrence accompa-
nied stimulation by either of the click stimuli. Initially, TS was the
same for the NBN and the 100 db SL click. Two minutes later, however,
they differed by over 8 db. Wilcoxon T tests were used to determine
the statistical significance of the differences noted in Figure l. Table
1, page 5, presents the results of the tests. Table 1 shows that the
110 db click reflex eliciting sound was significantly better than either
the NBN or the 100 db SL click during exposure, and did not differ
significantly from them upon termination of exposure. The decrease
in TS over time found with NBN reflex arousal was of statistical sig-
nificance, as was the difference between the reaction to the 100 and the
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TABLE 1

RESULTS OF THE WILCOXON T TEST FOR SIGNIFICANCE OF
THE DIFFERENCES AMONG EXPERIMENTAL CONDITIONS

Stimulus Conditions Significance
NBN 1-6 %
NBN 1-5 k%
NBN 2-4 *
NBN 4-5 *%
NBN 4-6 Ak
100 db Click 1-6 gl
100 db Click 1-5 *%
100 db Click 2-4 *%k
100 db Click 4-5 *x
100 db Click 4-6 =%
110 db Click 1-6 X
110 db Click 1-5 %
110 db Click 2-4 NS
110 db Click 4-5 kK
110 db Click 4-6 %
NBN - 100 db Click 2-2 NS
100 - 110 db Click 2-2 %
NBN - 110 db Click 2-2 *%
NBN - 100 db Click 4-4 ol
100 - 110 db Click 4-4 Fesks
NBN - 110 db Click 4-4 %%
NBN - 100 Click 5-5 NS
NBN - 110 db Click 5-5 NS
100 - 110 db Click 5-5 NS

*% Significant beyond the 1% level of confidence.

110 db SL clicks. The negative adaptation (slight increase in attenuation)
found during stimulation with the 100 db SL click was statistically signi-
ficant but is of insufficient magnitude to be of practical importance. It

is of interest to note that increasing the magnitude of the click 10 db re-
sulted in a 10 db increase in the amount of TS produced. These results
suggested that masking rather than, or in company with, reflex action
could be occurring. This was checked by assuming 60 db attenuation
through the skull and then having several subjects begin tracking their
threshold to a 500 cps tone and adding a 50 db SL click in the same phone
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used to determine threshold. This method indicated that about 10 db
masking of the 500 cps tone resulted when a 50 db SL click was added.
When-the-clicks were decreased to 40 db SL the masgking was reduced
to less than 5 db. Therefore we concluded that nearly all the 500 cps
TS resulting from contralateral stimulation by the 100 db SL clicks is
due to reflex action rather than masking. Similarly, the results from
NBN are also reflex attenuation rather than masking, as the remote
masking of a 500 cps tone by a narrow band noise of this nature should
be negligible.

Results from Phase II, the TTS data, are shown in Figure 2. The
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Fig. 2. TTS following firing without AR and with click and NBN AR

stimuli,
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""protection' (in db TTS) due to AR responses elicited by both the click
and the NBN stimulus stimuli was statistically significant (see Table 2,
summary of the analysis of variance). 'Protection', in this experiment,

TABLE 2

SUMMARY TABLE OF THE 3 X 7 X 16 ANALYSIS OF VARIANCE

Source =Sq. daf X Sq. Error Term F
Conditions (C) 9260 2 4630 5 13.81%x%
Frequencies (F}) 5258 6 876. 33 6 8. 38#%x
Subjects (S) 7267 15 484. 47 7 7. 63%%
CxF 2444 12 203. 67 7 3.21%%
CxS 10057 30 335.23 7 5.28%%
FxS 9407 90 104. 52 7 1. 65%*
CxFxS 11421 180 63. 46 - .-

**Significant beyond the 1% level of confidence.

as in that of Fleicher and Riopelle (6), is defined as the number of db
TTS difference between the TTS observed under the no AR experimental
condition and that found following the same firing exposure with the AR
activated by cne or the other of the reflex activating stimuli.

Pearson product-moment correlations were calculated to determine
the relationships, if any, obtaining between the TS and TTS data. The
parametric conditions correlated were TS for the 110 db SL click and
NBN and TTS for click and NBN at 1000, 2000, 6000, and 8000 cps. TS
was also correlated with mean TTS and percentage TTS reduction. All
such correlations were very low, and none were statistically significant.

IV. DISCUSSION

The "adaptation' effect noted in the TS portion of the experiment
while stimulating with the NBN arousal sound could be of practical
importance. It would certainly suggest using clicks rather than NBN in
order to avoid lessening of AR action over time. It could also indicate
the reflex stimulus itself is inducing auditory fatigue in the reflex ear,
a situation in itself that is not desirable.

The failure to find TS and TTS correlated is somewhat disappointing
but not necessarily unexplainable. Several possibilities come to mind.
The range of TTS induced in this experiment was necessarily restricted.
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Subjects were very carefully exposed to the gunfire in order that no one
incur a permanent threshold shift. Because of individual differences
in noise susceptibility, almost a third of the Ss had little or no TTS in
the no AR condition, indicating they were insufficiently stimulated.
Restriction of the range of the TTSs in the manner could serve to de-
crease the possibility of obtaining significant correlations with the TS
method where the range of response was not so restricted. The re-
striction imposed, in effect, could magnify the relative contribution of
chance variation to the total variance and inthat manner reduce cor-
relation. Another possibility is that two (or more) factors operate in
determining TTS. One is amount of attenuation of ambient sound pro-
vided by AR action (indicated in our case by TS obtained in Phase I};

the other is the relative sensitivity of the individual to noise induced
threshold shifts. This sensitivity to noise induced thresheld shift could
be completely divorced from the size of the same person's TS to an AR
arousal signal. Therefore, even if, in a specific case, S had a large
TS, indicative of considerable AR attenuation of sound, the individual's
noise susceptibility or sensitivity could be so great that the exposure
sound still produced a large TTS. In this case then, random associ-
ation of sensitivity to noise induced threshold shifts with AR attenuation
might obscure the expected relation of TS and TTS.

The above reasoning suggests another important possibility for AR
research. Perhaps we can study or possibly even predict noise sensi-
tivity by determining AR action, then exposing S to noise and noting TTS.
If TS were great and TTS great, this could indicate sensitivity to noise
induced hearing loss. If TS were small and TTS small, one might pre-
dict the person has 'tough'' ears. Prediction would be difficult, however,
in the mid-range of both TS and TTS. Certainly it would be worth while
to investigate this possibility.

V. SUMMARY AND CONCLUSIONS

The purpose of the experiment was twofold: to compare the ef-
fectiveness of narrow band noise and a train of clicks.in eliciting the
middle ear acoustic reflex and to correlate two methods of estimating
amount of reflex activation. One method involved measurement of
increase in threshold in the contralateral ear; the other, measurement
of reduction of TTS produced by a series of gun shots. Sixteen subjects
were employed. Shifts produced by the clicks and noise were of the
same order of magnitude (after correction for the direct masking effect
by the clicks), but there was considerable reflex adaptation to the noise
and none for the clicks. Correlations between contralateral threshold
shift and reduction of TTS were srnall and not significant.

8
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Langley Research Center, National Aeronautics and Space Administration, Langley Field,
Virginia, Attn: Librarian

Rome Air Development Center, Air Research and Development Command, US Air Force, Griffiss.
Air Force Base, New York

US Air Force Aerospace Medical Center. SAM. (SAMRSCH: P} Brooks Air Force Base, Texas

US _Air Force Hospital, US Air Force Aerospace Medical Center (ATC). Luckland Air Force
Base. Texas, ttn: Medical Librarian

US Air Force, ‘Strategic Air Command, (SUP3), Offutt Air Force Base, Nebraska

GOVERNMENTAL - AGENCIES

Argon;e Nationaul Laboratory, 9700 Scuth Cass Avenue, Argomne, Jllinois, Attn: Hoylande
. Young
Central Intelligence Agency, 2430 E. Street, N.W.. Washington, D. C., Attn: 1331, R&S Bldg.

Civil Aercmedical Research Institute, Federal Aviation Agency, Past Office Box 108%,
Oklahoza City, (klahoma

Library of Congress, Science and Technology Division, Washington 25, D. C., Attn: Dr.
A. J. Jacobius

National Institute of Health, Library, Building 10, Room 3N118, Bethesda 14, Moryland,
Attn: Acquisitions Section

National Library of Medicine, 7th Street & Independence Ave, S.W., Washington 25, D. C.

National Institutes of Health, Division of Research Grants, Information Office, Bethesda
14, Maryland

Prosthe tic and Sensory Aids Service, Chief, HResearch and Development Division, Veterans
Adwinistration, 252 7th Ave., New York 1, New York, Attn: Eugene F. Murphy, Ph.D.

OTHER AGENCIES -
Arctic Health Research Center, Library, Post Office Box 960, Anchorage, Alaska
Bell Telephone Laboratories, Murray Hill, New Jersey. Attn: Max S. Schoeffler

Boeing Airplane Company, Central Medical Library, Box 11-40, Post Office Box 3707,
Seattle, Washington

Boeing Airplane Company, Chief, Space Medicine Section, Aero-Space Division, Seattle 24,
Washington, Attn: Dr. Romney H. Lowry, (Box 19-29)

Boeing Airplane Company, Library, Wichita Division, Wichita 1, Kansas

Chrysler Corporation, Box 1118, Engineering Research Department 921, Detroit 31, Michigun,
Attn: John Versace, Engr. Psychologist

Electric Boat Division, General Dynamics Corp., Human Factors Section, Grotom, Conn

Ford Motor Company, Technical Imformatioe Sectiom, Scientific Laboratory, Post Office
Box 2053, Dearborn, Michigan

Genera! Electric Company, Technica} Military Planning Operation, Library, 735 State
Street., Santa Barbara, California
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OTHER AGENCIES - CONTINUED

Ge;}era; E‘l(ectric Company, Advanced Electronics Center, at Cornell University, Ithaoca,
ew Yor

IBPS Bgsegxt-cithenter, Biophysics Group, Box 218, Yorktown Heights, New York, Attn: Dr.
. . o ¢

ITT Laboratories, Human Fac tors Division, 390 Washington Avenue, Nutley 10, New Jersey,
Attn: Richard G Lazar, Human Factors Analyst

John Crerar Library, 86 East Randolph Street, Chicago 1, Illinois
Miyo Clinic, Section of Biophysics, Rochester, Minnesota, Attn: Dr. Kenneth N. Ogle

Mercy Hospital, Anesthesia Research laboratory, Locust and Pride Streets, Pittsburgh 19,
Pennsylvania

Motoréla Incorporated, Systems Reserch Laboratory, 9330 Indiana Avenue, Riverside,
California, Attn: R. E. Freese, Tech Info Supervisor

National Aeronautics and Space Adiinistration, 1520 H Street, N. W , Washington 25, D. C,,
Attn: Bertram A. Mulcahy, Asst Director for Technical Information

Rheem Califone Corporation, 1020 North la Brea, los Angeles 33, California, Attn: Mr.
¥. R. Deutsch, Head. Research and Development

Space Technology laboratory, Subcommittee on Noise, 327 South Alvarado Street, Los
Angeles 57, California :

Systems Research Center, Lockheed Electronics Company, Bedminster, New Jersey, Attn:
R. E. Wever, Box 37

Yerkes laboratories of Primate Biology, Incorporated, Orange Park, Florida
MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS

Albany Medical College Library, New Scotland Avenue. Albany 8, New York
Antioch College. Engineering Psychology Research Project, Yellow Springs, Chio
Bowman Gray School of Medicine Library, Winston-Salem, North Carolina

Brown University, Department of Psychology. Providence 12, Bhode lsland, Attn: Prof.
L. A. Riggs

Brown University. Department of Psychology, Providence 12, Rhode Island, Attn: Prof,
Harold Schlosberg, Consultant

College of Medical Evangelists, White Memorial Medical Library, 1720 Brooklyn Avenue,
Los Angeles 33, California

College of Medical Evangelists, Vernier Radclif fe Memorial Library, Loma Linda, California

College of Physicians of Philadelphia, Library, 19 South 22nd Street. Philadelphia, 3
Pennsylvania

Columbia University, Department of Psychology, New York 27, New York,- Attn: Dr. C. H.
Graham

Columbia University Medical Library, 5630 West 168th Street., New York 32, New York

Cornell University Medical College Library, 1300 York Avenue, New York 21, New York
Creighton University, Medical-Pharmacy Library, 140! Davenport, Omaha 2, Nebraska

Emory University, Department of Psychology, Atlanta 22, Georgia, Attn: Dr. E. A, Alluisi

Florida State University, Department of Psychology, Tallahassee, Fiorida, Attn: Dr
¥. W. Dawson

Fordham University, Fordham Road, New York 58, New York, Attn: R. T. Zegers, Sr.

George Washington University, Human Resources Research Office, P. O. Box 3596,
Washington '?, D. C.. Attn: Library

Harvard School of Public Health, I Shattuck Street, Boston 15, Massachusetts, Attn: Dr.
Albert Damon

Harvard Medieal Library,25 Shattuck Street, Boston 15, Massachusetts, Attn: Library

Indiana University, Department of Psychology, Bloomington, Indiana, Attn: Prof. R. C.
Davis

Indiana University Medical Center, School of Medicine Library, 1100 West Michigan Street,
Indianapolis 7, Indiana

Indiana University Medical Center, 1199 West Michigan Street, Indianapolis 7, Indiana,
Attn: Dr. Harris B Shumacker Jr., Prof. of Surgery
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1 Indiana University, Anatomy-Physiology Department, Bloomington, Indiana, Attn: Dr. Sid
Robinson

Jefferson Medical College Library, 1025 Walnut Street, Philadelphia 7, Pennsylvania

1 John Hopkins University, Welch Medical Library. 1900 E. Monument Street, Baltimore S,
Maryland

1 Kag:as State University, Psychology Division, Manhattan, Kansas, Attn: Dr. William
van

Marquette University., Medical-Dental Library, 560 North 16th Street, Milwaukee, Wisconsin
1 Medical College of Virginia, Tompkins-McCaw Library, Richmond 19, Virginia

1 Nervs Yo;'.k [}iniversity. College of Engineering Research Division. 252 Tth Avenue, New York
ew York,

1 New York Academy of Medicine Library, 2 Eest 103rd Street, New York 29, New York

1 New York University Medical Center, Medical Library, 550 First Avenue, New York 16, N. Y.

1 Northwestern University. Department of Psychology, Evanston, Illinois, Attn: William A.
Hunt

1 Northwestern University Medical School, Archibald Church Library, 303 E Chicago Avenue,
Chicago 11, Illinois

1 Ohio State University Research Center, Director, Awiation Psychology Laboratory, 1314
Kennear Road, Columbus 12, Chio

1 Ohio State University Research Center, Psycholinquistics Laboratory, 1314 Kenpear Road,

Columbus 12, Chio

1 Ohio Stﬁte University, Topaz Library, School of Optometry, 338 West 10th Avenue, Columbus
0, Ohio

1 Ohio State University, School of Optometry, Columbus 10, Chio, Attn: Glenn A. Fry, Dir.

1 Rush Medical College Library, 1758 West Harrison Street, Chicago 12, Illinois, Attn:
Librarian .

1 Stanford University, lane Medical Library, 300 Pasteur Road, Palo Alto., California

1 Stanford University, Department of Physiolegy, Stanford, California, Attn: J. M.
Crismon, M.D.

1 State University of Jowa, College of Medicine Library, Medical Lakoratories Building,
Towa City, Iowa

1 State Universitx of New York, Downstate Medical Center, Department of Anesthesiology,
450 Clarkson Avenue, Brooklyn 3, New York

1 State University of New York, Downs tate Medical Center, Medical Library, 450 Clarkson
Avenue, Brook{yn 3., New York

1 Texas Medical Center Library, Jesse H Jones Library Building, Houston 25, Texas

2  Tufts University Institute for Applied Experimental Psychology , Medford, Massachusetts

1 Tulane University, School of Medicine, 1430 Tulane Avenue, New Orleans 12, Louisiana,
Attn: G. E. Burch, M.D., Professor of Medicine

1 West Virginia University, Medical Center Library, Morguntown, West Virginia

1 University of Alabama, Medical Center Library,1919 Seventh Avenue South, Birmingham 3,

A labama
1 University of Arkansas, Medical Center Library, 4301 West Markham, Little Rock, Arkansas
1 University of Buffalo, Depar tment of Psychology, Buffalo 14, New York
1 University of Buffalo, Health Sciences Library, Copen Hall 141, Buffale 14, New York,
Attn: ibrarian
1 University of California, Medical Center. Biomedicai Library, Los Angeles 24, Californig

1 University of Chicago, Laboratory of Physiological Psychology, Faculty Exchange Box 184,
Chicago 37, Illinois, Attn: W. D. Neff

1  University of Illinois Airport, Aviation Psycholegy laboratory, Savoy, Illinois

1 University of Illinois, Depurtment of Psychology, Urbana, Illinois, Attn: W. E. Kappau f

1 University of Illinois, Department of Psychology, Training Research Laboratory, 45 Lincoln
Hall, Urbana, ¥1linois, Attn: Professor lawrence M Stolurow, Ph.D.

1 University of Illinois, Documents Division, Urbana, Illinois

1 University of Tllinois, Speech Hearing Clinics, 601 E. John Street, Champaign, Illinois,
Attn: John J 0O’Neill

1 University of Kansas, Medical Center, Clendening Medical Library, Kansas City, Kansas
3 University of Louisville, School of Medicine Library, 101 W. Chestnut,St, Louisville, Ky.
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University of Miami, School of Medicine, Department of Ophthalmology, Miami 38, Florida

University of Michigun, 4506 Kresge Medical Research Building, Ann Arbor, Michigan,
Attn: Dr. Merle gawrence

University of Michigan, Serials and Documents Section, General Library, Ann Arbor,
Michigan

University of Minnesota Library, Serials Division, Minneapolis 14, Minnesota

University of Nebraska, College of Medicine Library, 42nd and Dewey Avenue, QOmaha,
Nebraska, Attn: Librarian

University of North Carolina, Division of Health Affairs Library, North Carolina
Memorial Hospital, Chapel Hill, North Carolina

University of North Carclina, Department of Medicine, Chapel Hill, North Carolina,
Attn: Dr. Richard L. Dobson

University of North Carolina, School of Medicine, Department of Physiology, Chapel Hill,
North Carolina

University of Oklahoma, Medical Center Library, 801 N. E. 13th Street, Oklahoma City 4,
Ck lahoma

University of Oregon, Medical School Library, Portland 1, Oregon, Attn: Librarian
University of Pittsburgh, Falk Library of the Health Professions, Pittsburgh 13, Pa
Jniversity of Pittsburgh, Graduate School of Public Health, Pittsburgh 13, Ru

University of Rochester, Department of Psychology. Rochester 20, New York, Attn: Dr.
S. D. 8. Spragg

University of Tennessee, College of Medicine, Clinical Physiology - Institute of
Clinical Investigations., 62 South Dunlap, Memphis 3, Tennessee

tUaiversity of Tennessee, Medical Units, Mooney Memorial Library, 62 South Dunlap,
Memphis 3, Tennessee

University of Utah, Medical Library, Salt Lake City. 12, Utah

Iniversity of Vermont, College of Medicine Library. Burlington, Vermont

Uriversity of Virginia, Division of Educational Research, Old Cabell Hall,
Churlottesville, Virginia

University of Virginia, Medical Library, University Hospital, Charlottesville, Virginia

University of Virginia, Psycholegical laboratory, Peabody Hall, Charlottesville, Virginia

University of Washingten, Health Sciences Library. Seattle 5, Washington

University of Wisconsin, Psychological Abstracts, 600 N. Park St., Madison 6, Wisconsin

Univer-ity of Wisconsin, Medical School Library, S.M.I. Building, N Charter Street,
Madison 6 Wisconsin

University of Wisconsin, Physiology Studies Division, 600 N. Park Street, Madison 8,
Wisconsin, Aftn: Janice (Gams, Administrative Assistant

FOREIGH
fmer iman Embassy, Office of the United States Army Attache. Foreign Service of the
United States of America, london, England, Army Attache, (Medical)
BrIi)tiéh Army Medical Liaison Officer, British Army Staff, British Embassy, Washington 8,

British Navy Stafr Office, Benjamin Franklin S\t\ati’on,-"P’ost Office Box 165, Washington,
D. C.. Attn: Surgeon, Captain F. P, Ellis

Canadics Liaison Office, US Army, Office of The Surgeon General, Room 170%, Main Navy
Building, Washington 25, D. C.

Defence Research Member, Canadian Joint Staff, 1450 Massachusetts Avenue, N. W.,
Washington 8, D. C.

J. J. Thomson Physical laboratory, Reading University, Whiteknight Park, Reading, England
Attn: Professor R. W. Ditchburn .

Ka&olins}l:a Institute, Department of Histology, Stockholm 60, Sweden, Attn: Dr. Jan
er sa

Royal Society of Medicine, Library, 1 Wimpole Street, London W.l, England

Uriversita Di Pisa, Instituto De Fisiologia, Pisa, Ttaly, Attn: Professor Giuseppe
Moruzzi

son
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Institute of Occupational Health, Haartmaninkatu 1, Helsinki, Finland, Attn: Dr Martti
J. Karvonen, Director of the Physiological Department

University of Western Ontario, Medical School, Department of Biophysics, South Street,
london, Ontario, Canada, Attn: Dr. Allen C. Burton

University of Western Ontario, Department of Physiology, London, Ontario, Canada, Atta:
Professor J. A. F, Stevenson
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